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AGRICULTURE FOR PRODUCING BOTH FUEL AND
FOOD: OPTIMISM AND PRUDENCE FOR INDIA
Yogesh Bhatt, Nilabja Ghosh and M. Rajeshwor*
ABSTRACT
This paper considers the prospect of embracing biofuel as a reasonable
energy source for the future of the world where dependence on fossil fuel
faces the threat of exhaustion and environmental adversities. In the backdrop
of experiences of other countries of producing and consuming ethanol and
biodiesel based on farm-generated feedstock, the paper weighs India’s
option of switching to biofuel for sustainable growth and agricultural
development against possible trade-offs like land diversion from food and
possible but less discussed environmental implications.
Keywords: Crude oil, biofuel, GHG emission, food security
JEL Classification: Q16, Q18, Q20, Q42, Q54

the crops grown in India namely, maize,
soyabean and sugarcane are potential feedstock for biofuel production, substitution of
conventional fuels by biofuel as a public policy
is an option. This policy can potentially create
new markets for agro-commodities that in turn
will generate more employment in agriculture
and agro-processing and enhance farm
incomes. Yet, the replacement in the energy
sector will go hand in hand with substitutions
within agriculture as land will be diverted from
food to fuel and traditional emissions of fuel
use will give way to emissions generated
elsewhere. Thus production of fuel in
agriculture is not without cost. Such policy
needs caution and deliberation.
India, though deficient in natural fossil fuel
resources has not yet firmly set foot on the
path of producing biofuel in agriculture.
Although producing foodgrains at
comfortable levels now, India is till not relieved
of the challenges of food insecurity. Like crude
oil, edible oils are also major import items in
India. Besides, there are also misgivings about

INTRODUCTION
Biofuel is increasingly seen as a cheaper
option for transportation over petrol, diesel
and other fossil fuels. This source of energy
merits special consideration in countries like
India that have to incur large import bills on
crude petrol. Worldwide, biofuel has received
attention also due to its favorable
environmental implications. It is recognized
to be cleaner than conventional fuels measured
by its emissions. Substitution of conventional
hydrocarbon by biofuel could be a powerful
way of reducing Greenhouse gas (GHG)
emissions to combat global warming and
climate change.
As an emerging economy India faces the
challenge of meeting energy demands for
powering high growth which should also be
sustainable while complying with international
norms and minimizing natural hazards that
global warming may cause. Given that some of
*
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biofuel’s potentials for reducing GHG
emissions. In other words the biofuel sector
is still nascent in India and calls for research,
even if based on evidences at the international
level, for future planning. This paper gives an
overview of the emergence of agriculture
generated biofuel and, drawing lessons from
other countries, discusses the prospects and
problems facing India.
The Energy crisis
Fossil fuels fulfill about 87percent of
world’s total energy requirements but they are
exhaustible and fast depleting resources. The
most important source of energy is petroleum
oil with a share of 33 percent, followed by coal
and natural gas with shares of 30 percent and
24 percent, respectively (Figure 1). It is
supposed that at the present rate of
exploitation oil reserves are enough for less
than a century, natural gas will last not much
more than six decades and there is enough
coal for about 133 years (Chen, 2011).
Undoubtedly, human race faces the
compulsion of planning a transition to
sustainable energy sources even when many
countries are faced with the difficult imperative
to develop, grow and move from traditional to
modern methods of production.

Crude oil often associated also with the
location of natural gas is found only in limited
pockets of the world. Middle Eastern countries
together have a share of 49 percent of both
natural gas and crude oil. With this
concentration of natural advantages, oil
producing countries came together forming the
Organization of the Petroleum Exporting
Countries (OPEC)1 in 1960 and leading to a
steep rise in energy prices in early 1970s. The
crude oil price rose in the 1960s and 1970s and
subsequently also in the 1990s when emerging
countries like India, China, Malaysia and
Indonesia embarked on economic reforms with
a development agenda that transformed the
type of energy used from traditional (human
and animal) to fossil fuel based. Further the
volatility of the price with its reactions to
sudden international events and perceptions
(Table 1) of uncertainty in which a world
dependent on fossil fuel has been living. The
geo-political events unfolding in the wake of
the formation of the OPEC changed the human
perspective of the way the world development
was taking place in the aftermath of the
industrial revolution.
Soon, research in various disciplines
started placing increased focus on other
options variously described by alternative,
non-conventional and renewable energy.
Solar, hydrological, tidal, wind, nuclear and
biological sources received attention in
research, policy and industry. Although the
average share of fossil fuel in world energy
consumption came down from 83.8 to 80.7
percent during the period 1971-80 to 2001-10
(World Bank, IEA), the share largely stagnated
at that level in the recent decades. Also, the
declining trend was manifest only in a handful
of high energy consuming nation groups such
as USA, Canada and EU. Hardly evident in the
developing countries, the imperative for the
shift loomed as a challenge in international
relations. The global energy demand is
expected to increase by one third from 2011 to
2035 but the share of fossil fuels in the world’s
energy is expected to 76 percent (IEA, 2012

Figure 1: Sources of world energy
consumption by type, 2013

Natural Gas
24%
Coal
30%

Oil
33%

Renewables
2%

Hydroelectricity
7%

Nuclear
energy
4%

Source: BP, 2014
1

OPEC’s mandate is to “coordinate and unify the
petroleum policies” of its members and to “ensure
the stabilization of oil markets in order to secure an
efficient, economic and regular supply of petroleum
to consumers, a steady income to producers and a
fair return on capital for those investing in the
petroleum industry

2

Table 1: Crude oil prices during 1861-2013
Period Events

1861-69 Pennsylvanian oil boom
1870-79
1880-89 Russian oil exports began
1890-99 Sumatra production began
1900-09 Discovery of Spindletop, Texas
1910-19 First World War
1920-29 Fears of shortage in US, Growth of Venezuelan production
1930-39 East Texas field discovered
1940-49 Post-war reconstruction
1950-59 Loss of Iranian supplies, Suez crisis
1960-69 Formation of OPEC
1970-79 Yom Kippur war, Iranian revolution
1980-89 Netback pricing introduced
1990-99 Iraq invaded Kuwait, Asian financial crisis
2000-09 Invasion of Iraq
2010-13 Arab Spring

End period
Average
price @ US $ price @ US
2013
$ 2013
63.4
60.2
21.4
44.6
24.3
21.3
36.0
25.0
18.1
20.5
27.1
22.0
17.3
20.0
17.1
16.0
17.4
16.7
16.6
16.2
11.4
13.0
101.4
45.1
34.2
55.2
25.1
27.4
67.0
60.2
108.7
105.5

Periodic
growth rate
(%)
13.9
-10.3
0.5
9.7
-4.5
8.0
-3.2
6.6
0.8
0.9
-2.4
27.0
-13.8
-4.4
15.3
7.5

Source: BP, 2014

and 2013)
For the emerging economies already
constrained by their access to energy, a further
challenge came from the Kyoto Protocol (KP)
signed in Japan and adopted in 1997 by which
37 industrialized countries committed
themselves to reductions of GHG emissions
from economic activities. The world was slow
in waking up to the fact that the GHG
concentration, attributed especially to the
industrial revolution based on intensive use
of fossil fuel generated energy, was warming
up the earth in an irreversible way although
systematic recording of weather data was

making the inference easier over time. In 2005,
Exxon Mobil’s report acknowledged that the
accumulation of greenhouse gases poses risks
for society and ecosystem that justify actions
(Ghosh, 2011) and paved the way to
international conventions and protocols. The
KP went through a path which was far from
smooth with US refraining from ratifying the
treaty and India, a large developing country
joining only in 2002 (Wikipedia).
Indeed the shift in paradigm and any
compromise on fuel consumption can be hard
decisions for all poorer and developing
countries as also a constraint on industrialized

Figure 2: Fossil fuel as percent of total fuel consumption
100

80

60

40
Arab World Argentina

Source : World Bank, IEA
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Table 2: Energy use efficiency in major economies, 2010
(Tonnes)
Emitter countries
(Rank wise)
China
USA
EU
India
Russian F.
Japan
Germany
Iran
Korea Rep.
Canada
World

CO2
emissions
(Million)
8286.9
5433.1
3709.8
2008.8
1740.8
1170.7
745.4
571.6
567.6
499.1
33615.4

CO2
emissions
intensity*
1.4
0.4
0.2
1.2
1.1
0.2
0.2
1.4
0.5
0.3
0.5

Energy use Energy use
(Million)
intensity*
2516.7
2215.5
1724.3
723.7
702.3
499.1
329.8
210.7
250
251
12515.7

0.4
0.1
0.1
0.4
0.5
0.1
0.1
0.5
0.2
0.2
0.2

Growth rate (%) (2010 over 2000)
Co2 Emission
Co2 Emission per
Capita
143.4
129.7
-4.9
-13.3
-5.2
-8.3
69.3
46.3
11.7
15
-4
-4.4
-10.2
-9.7
53.4
35.8
26.8
20.6
-6.6
-15.5
35.5
20.1

Source: World Bank
At 000' US$ GDP
Energy use: Oil equivalent

*

during period 1990 and 2000 to 35.5 percent
during period 2000 to 2010 enhancing the
apprehension of irreversible global warming
(Table 2). At the per capita level the emission
however fell by 13 percent in US, eight percent
in EU, 16 percent in Canada, 10 percent in
Germany during 2010 compared to 2000 but in
China and India it went up by 130 percent and
46 percent, respectively, during the period
(World Bank). Brent crude price grew at 14
percent annually in the decade 2001-10 to reach
79.5 US$ per barrel from 24.4 US$ per barrel
but came down between 2011 and 2013 by 1.2
percent to 108.7 US$. In 2014 December it
stands at a mere $60 a barrel!. This change in
global tendencies could be a sign of success
at achieving energy use efficiency and
availability of fuel options but this softening
of crude price leads to other global economic
complexities and challenges as well. Oil
exporting countries face the prospect of
defaults creating a threat for the world capital
market and India’s economy is hardly insulated
from the global economic disturbances
(Economic Times, 2014).
Biofuel as an energy source in the World’s
future
Biofuel, a comprehensive term, is an
alternative to conventional fuel that can help
in mitigating the energy threats. Generated from

nations used to earlier privileges. The KP
however allows for several ‘flexible
mechanisms’ such as International Emission
Trading (IET), clean development mechanism
(CDM) and joint implementation (JI) to enable
industrialized countries to meet their GHG
emission limitations by purchasing reduction
credits from elsewhere. Financial exchanges
are encouraged to facilitate these operations
and to be linked to the conventional financial
instrument trading markets. The perusal of
Table 2 indicates that countries like China, India,
Russian Federation and Iran are less efficient
in energy use and emission intensity compared
to USA, EU, Japan, Germany and emerging
economies China, India, Iran and Russia
increased per capita emissions in the 2000s
decade while USA and EU reduced them. The
situation can be ameliorated if the lagging
countries can catch up with efficient
technologies and switch to cleaner fuels.
With the new realization, not surprisingly
in the most recent years 2011-13 consumption
of fossil fuel increased only at a rate by 1.9
percent per year compared to 2.7 percent
during the period 2001-10 (BP,2014) though
fossil fuel’s share in total energy consumption
moved up from 80 percent to 81.2 percent
between in 2001 and 2011 (World Bank, IEA).
CO2 emission has increased by 11.6 percent
4

farmlands and forest lands devoted to plantlife its production is a regenerative process.
Ethanol and bio-diesel are two important
primary forms of biofuel. US and Brazil lead in
the production and consumption of ethanol
while EU and US lead in the production and
consumption of biodiesel (Table 5 and 6).
Organic materials from agriculture and forest
products, directly convertible to combustible
fuels, are considered appealing because they
generate cleaner emissions besides being nonhazardous, renewable and affordable.
Ethanol’s first use was to power an engine
in 1826 and in 1876, Nicolaus Otto, the inventor
of the modern four-cycle internal combustion
engine, used ethanol to power an early engine.
In the 1850s it was used as a lighting fuel but
its use was curtailed when it was taxed as
liquor to help pay for the Civil War. Ethanol
use as a fuel continued after the tax was
repealed, and fueled Henry Ford’s Model T in
1908. The first time ethanol was blended with
gasoline was in the 1920s and 1930s
(ag.ndsu.edu). In the period of World War II,
the high demand for biofuel was due to its
increased use as an alternative for imported
fuel. Serious shortage of fuel in Germany
accelerated the use of gasoline along with
alcohol that was derived from potatoes.
Further UK explored the concept of grain
alcohol mixed with petrol (biofuel.org.uk). In
1990 United States Environmental Protection
Agency released the report-Analysis of the
Economic and Environmental Effects of
Ethanol as an Automotive Fuel. It explores
the properties and conducted economic
analysis of ethanol as a fuel (ww.epa.gov).
During 1980 USA’s ethanol production was
175 Million Gallon (MG) which crossed the
1000 MG mark in 1993 and 2000 MG mark in
2002. A sharp acceleration was witnessed in
US between 2005 and 2013 when production
reached 13000 MG from 3900 MG (Renewable
Fuel Association). Brazil did not show similar
performance in the same period rising by 24.5
percent in 2013 from 5020 MG in 2007. In
response to the dramatic rise in imported

petroleum prices in 1973 in Brazil the first
ethanol program (ProAlcool) was launched in
1975. Since then the production has increased
by more than fifty folds till 2010 (Meyer et.al.,
2012 and Goldemberg et al., 2004).India
produced about 53 MG of ethanol in 2007 and
reached 545 MG in 2013 with a share of nearly
two percent in world map.
Production and use of biofuels started in
several European countries during 1990s
(Thuijl and Deurwaarder, 2006). Germany and
France are the major consumers in the EU region
for biodiesel and ethanol, and EU itself is a
major importer of biodiesel and ethanol due to
high demand. Input use for producing biofuel
reflects regional variation based on the
availability and domestic use pattern of the
feedstock. Worldwide major feedstock used
for the production of ethanol and biodiesel
are given in Table 3.
Ethanol constitutes more than 80 percent
of global biofuel production which is
geographically highly concentrated, Brazil and
US together contributing about 86 percent of
world ethanol production by 2011 (FAPRI
Outlook, 2012). The other producers are EU,
China, India, Canada and Indonesia. In US
nearly all of the ethanol is derived from Maize
though switch grass and corn stover are other
minor sources. Brazil itself produced about
30percent of the world total ethanol in 2010
Table 3: Sources of biofuels in different
producer countries
Countries Ethanol sources
Biodiesel sources
U.S.
Corn (almost 100%), Corn Soybean oil (99%),
Stover, Switch grass
Canola oil (1%), Other
Fats and oils
Brazil
Sugarcane (almost 100%) Soybean oil (almost
100%)
E.U.
Wheat (26%), Barley (4%), Rapeseed oil (80%),
Corn (9%), Sugar Beet
Soybean oil (16%),
(58%), Other (2%)
Sunflower oil (4%)
India
Sugarcane (major), Maize Jatropha (major)
Canada
Corn (73%), Wheat (27%)
Argentina
Soybean oil (almost
100%)
China
Corn (70%), Wheat (30%)
Indonesia
Palm oil (almost 100%)
Malaysia
Palm oil (almost 100%)
Note: Share in terms of feedstock used as an input. Source: FAPRI
outlooks, Author's computations
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period. About 37 percent of road transport fuel
demand in Brazil, 19 percent in the US and
16percent in the EU is expected to be met by
biofuels (IEA, 2012).
Biofuel was first promoted in EU with the
introduction of The Directive on the
promotion of the use of biofuels or other
renewable fuels for transport (2003/30/EC)
(Amezaga et al., 2010). In 2003 the indicative
target for biofuel use in the total volume of
fuel consumed in EU was set at two percent
by 2005 and the target for 2010 was revised to
5.75 percent. Biofuel use increased more than
two folds between 2003 and 2005 (The German
Marshall Fund of the United States, 2007) but
at 1.4 percent in 2005, it fell short of the two
percent target (Schnepf, 2006). In US a proposal
to raise the blending target to a high level
(approximately 15 percent) is highly debated
(www.worldwatch.org). Currently, U.S.
Environmental Protection Agency (EPA)
controls the nation’s biofuel standard. Biofuel
Blending norms are controversial for their
impact on biofuel industry, environmental
concerns and other macroeconomic aspects.
An estimated global compound annual
growth of biofuel production by six percent in
2013-2023 (www.greencarcongress.com)
manifests the projected rise of the biofuel. The
emergence of biofuel has generated options
both in the energy market and in agriculture. A
remarkable competitive spiraling also became
evident in the fuel market. World ethanol prices
increased from US$ 1.72 per gallon in 2006 to
US$ 3.30 per gallon till 2011 (FAPRI Outlook,

Table 4: Ethanol Production in major
Producer Countries, 2007 versus 2013
(Million gallon)
Countries
USA
Brazil
Europe
China
Canada
Rest of world
World

2007
6521
5019
570
486
211
315
13123.10

2013
13300
6267
1371
696
523
1272
23429.00

Source: US Department of Energy

(EPE, 2011 and RFA, 2012) and sugarcane is
the major feedstock. Wheat, barley, beet and
rice are other feedstock in the other producing
countries. Ethanol production during two
recent time periods is reported in Table 4.
Production of biodiesel is concentrated in EU,
USA, Brazil and Argentina. More than 95
percent of biodiesel is produced in these
countries by 2011. Biodiesel production in
Brazil is mainly motivated by domestic
consumption needs. Malaysia, China, India,
Indonesia are the other minor producers.
Indonesia, Malaysia and Argentina produce
biodiesel with a focus on exports. The
feedstock of biodiesel is Soya bean oil in US,
Brazil, EU and Argentina while Rapeseed and
Sunflower oils are also used in EU and Canola
oil in US. Soya bean oil is the only source in
Brazil and Argentina and Palm oil in Indonesia
and Malaysia (Table 3). In India biodiesel is
produced only from Jatropha, a forest product
and ethanol mostly from Sugarcane. Maize,
wheat and rice are also used at very low
proportion. India’s share in world production
of ethanol is about two percent and that of
biodiesel is negligible. A huge burden of edible
oil import due to domestic demand restricts
India from using edible oilseeds to produce
biodiesel (National Policy on Biofuels, 2009).
Biofuel use is expected to increase by more
than three folds from 1.3 million barrels of oil
equivalent per day (mboe/d) in 2010 to 4.5
mboe/d in 2035, driven primarily by blending
mandates. Supply of ethanol is expected to
rise from 1 mboe/d to 3.4 mboe/during this

Table 5: Ethanol: M ajor produce r and
consumers in 2011
(Million gallon)
Countries
USA
Brazil
EU
China
India
Canada
Indonesia

Production
13,823
6,456
1,614
725
511
357
172

Source: FAPRI outlooks
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Consumption
13,118
6,232
1,984
724
531
515
94

themselves in coming years as the shift
intensifies, some early indications are already
visible also in the tendencies and shifts seen
in agriculture in the period starting 1995 when
biofuel production started gaining ground. A
simple trend analysis conducted on acreages
under different crops in the biofuel producing
countries using data reported by Food and
Agriculture Organization (FAO) for the period
1975 to 2008 showed improvement in growth
rates of Maize acreage in corn based ethanol
producing USA even when it is negative in
EU, China, India and Canada, for Sugarcane in
sugarcane based ethanol producing country
Brazil and also in India while being negative or
declining in USA, EU and China (Table 7). No
increase in the growth rate of area under the
biodiesel feedstock (mustard, rapeseed) is
seen in EU but Soyabean acreage has
accelerated in Brazil and China. The area under
wheat and its growth rates declined in US.
Similar performance is seen in respect of the
staple wheat in the other countries, most
notably EU and China. It may be noted however

Table 6: Biodiesel: Major producer and
consumers in 2011
(Million gallon)
Countries
EU
USA
Brazil
Argentina
Malaysia

Production
3,079
899
719
676
15

Consumption
3,731
960
715
251
1

Source: FAPRI outlooks

2012) but in recent time it decreased to 2.05
US$ per gallon in December 2014 with the
average price being US$ 2.5 per gallon during
2013 to 2014 (www.tradingeconomics.com). In
Brazil the increase of ethanol production and
consumption by 0.9 and 7.7 percent
respectively in 2009 translated to diversion of
333 million tonnes of sugarcane for the
purpose from traditional uses.
All this shows that the shift to biofuel
triggers competition affecting prices of different
fuels, different countries and between different
agro-forest based products. While such
competitive forces are likely to reveal

Table 7: Worldwide trends in area under the crops used as a feedstock for ethanol and
biodiesel production in major producer countries/region
Particulars
Maize
1975-2008
1995 2008
Sugarcane
1975-2008
1995 2008
Wheat
1975-2008
1995 2008
Rapeseed
1975-2008
1995 2008
Soyabean
1975-2008
1995 2008
Mustard
1975-2008
1995 2008

USA

Brazil

EU
China
Ethanol

India

Canada

World

0.011***
0.01

0.007***
0.01***

0.0004***
-0.003***

-0.01***
-0.01***

0.004***
-0.001***

-0.097***
-0.19***

0.03
0.028***

0.02***
0.02***

-0.01***
-0.02***

0.005
-0.01***
-0.0001
-0.024**
Biodiesel

0.009
0.005

0.17***
0.05***

0.05***
0.04***

0.02***
-0.001

0.003
0.01**
0.009***
-0.004***

0.007
0.008
0.023***
0.047***

0.03***
0.04

0.035***
0.06***

0.002**
-0.035

0.009***
0.013***

0.12***
0.04

0.02
0.01
-0.007
-0.02

-0.003***
-0.002

0.04***
0.02
0.1*** (Arg)
0.09***(Arg)

0.025***
0.04***
0.015***
-0.009

0.07
0.02

Note: Notation (Arg) for the soyabean crop is taken for Argentina for all three periods as Argentina uses almost 100 of its
soyabean feedstock to produce biodiesel. ***, ** indicates significance under 5 and 10 percent, respectively, no star is given
for insignificant coefficients. Source: FAO
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that the change in acreage can have many
reasons other than biofuel production. Also,
since the crops used as feedstock are
themselves food items the diversion of the
same product for use as biofuel input also
serves to curtail food availability.
Biofuel, Food and Other Trade-offs
That biofuel is a panacea for the fuel
problem and the developmental paradox facing
the world at large can be a delusion. Many
caveats inherent in the optimism have been
pointed out by pragmatics and the critics. The
most glaring of the possible consequence lies
in the food-fuel substitution that can make
about this shift.
Ethanol and biodiesel are made from crops
produced in agriculture. Land is the major
factor of production and like the nonrenewable forms of energy, land is limited in
supply. Moreover in countries with growing
population and falling land-man ratio growing
of biofuel crops will invariably mean a
compromise of other gainful uses. Urbanization
and development generally imply demand for
land for the purposes of housing, roads and
other infrastructure and factories.
Development activities have already had their
toll on forests and remaining forest cover is
stoutly protected. All this means a substitution
between biofuel crops and other crops most
of which are food crops. These food crops
include cereals that are important as staples
besides protein and fat generating crops such

as legumes, pulses and oilseeds. Diversion of
land to biofuel crops would also compromise
production of animal feed and restrain
production of animal based food such as meat
and dairy products. Moreover the common
biofuel crops maize, sugarcane, soya bean are
themselves alternative sources of human and
animal nutrition and are essential in human diet,
and so their use as feedstock can reduce their
availability as food or feed (Figure 3).
Biofuel use in India
For India the challenge of reducing reliance
on fossil fuel while meeting a GHG target is a
difficult task compared to developed
countries. This is clear from the fact that the
energy consumption is only 613 kg of Oil
equivalent per capita (kgpc) in year 2011 in
India compared to China (2029 kgpc), UAE
(7407 kgpc), EU (3285 kgpc), Russian
Federation (5113 kgpc) and USA (7032 kgpc)
(Word Bank). The world energy consumption
during same year was 1890 kgpc. India has a
population of about 1.25 billion with 269.3
million living under the poverty line in 201112, as estimated by Tendulkar committee,
using Mixed Reference Period (MRP) (Planning
Commission, 2013). Dependence on energy
sources such as fire wood and animal power is
common among the rural people.
Modernization of the traditional small
enterprises and the large agricultural sector to
accelerate industrialization, generate
employment and deliver acceptable standards

Figure 3: Usefulness of biofuel feed stock derived from agriculture

Biofuels

Edible Oils (Rapeseed
and Mustard,
Soyabean, Sunflower,
Palm oil)

Human
Consumption (Oil)

Industrial Use
(Soap,
glicerine, etc.)

Animal
feed

Non-Edible Oils
(Jataropha, Karanja,
Pongamia etc.)

Organic Manure

Industrial Use
(Soap,
glicerine…)

Biodiesel

Sugar (Cane, beet,
husk, molasis etc.)

Human
Consumption
(food-sugar)

Industrial Use

Ethanol

Roots and Cereals
(Maize, Wheat, Rice,
Cassava etc.)

Human
Consumption
(food-sugar)

Ethanol

Biomass, forests,
wood, residue, waste,
algae

Biogas

Ethanol
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Organic
Manure

Biodiesel

of living to large sections of people is the most
important objective of the government. In this
endeavor the government confronts the
challenge of meeting environmental
safeguards that tend to come in conflict with
the objective. The consumption of oil has
increased from 2.3 million barrels per day in
2001 to 3.7 million barrels per day in 2013
indicates the continuous rise in energy
demand, as reflected in Table 8.
For India dealing with the energy crisis is
not just meeting the resources required for oil
imports. Sustainable development is now also
ingrained in India’s economic policy as the
objective transcending growth imperatives.
Achieving development needs with the least
possible damage inflicted on the environment
appears as a serious socio-political issue. It is
only prudent that development plans factor in
the possible adversities of global warming on
the economic and social lives of people
because even as growth is important for
development, frequent natural disasters,
coastal submergence and the pressure
imposed on farming practices and calendars
by climate change can be costly in terms of

budgetary resources and welfare.
Although, the production of biofuel is at
early stages in India, in the last few years the
policy has however been less than static.
Blending petrol with 5 percent of biofuel by
2012, raised to 10 percent in 2017 is made
mandatory though there are bans of use of
edible oilseeds to produce biodiesel and the
sugarcane molasses is used for ethanol
production. In order to fulfill 10 percent
blending target by the year 2016-17,
Government of India will require producing
approximately 736.5 million tonnes of
sugarcane with area coverage of 10.5 million
hectare (Raju et al., 2012). Large scale biofuel
production is held in check by apprehensions
of scarcity generated of other necessary
products. India has been producing ethanol
at global map since last decade and the
production reached a peak in 2007 (633 million
gallon) after which it came down to 511 million
gallon in 2011 (FAPRI outlook, 2012) (Table 9).
Biodiesel production is negligible and focus
is on tree-borne oil and policy for assuring a
minimum support price is under consideration.
The National Biofuel Policy has a vision of
accelerating cultivation, production and use
of biofuel but the possible conflicts with other
objectives, most notably the national food
security is a major concern.
The adequacy of food production is a
serious factor for achieving food security but
it is not the only one (Ghosh and Khasnobis,
2006). In India the green revolution has helped
to achieve high levels of production of rice
and wheat and management of stocks has

Table 8: India's daily oil consumption and
consumption share in world
(Million gallon)
Years
1965
1975
1985
1995
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013

Oil Consumption
'000 barrels per day
252.6
477.4
896.9
1581.3
2288.3
2413.4
2485.3
2555.5
2605.6
2736.7
2940.8
3076.9
3236.7
3319.3
3488.3
3685.4
3726.6

Share in World Oil
Consumption (%)
0.8
0.9
1.5
2.2
2.9
3.1
3.1
3.1
3.1
3.2
3.4
3.6
3.8
3.8
3.9
4.1
4.1

Table 9: India's Ethanol production and
consumption
(Million gallon)
Years
2005
2006
2007
2008
2009
2010
2011

Source: BP-Statistical Review of World Energy
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Production
330.0
501.4
633.4
567.9
283.4
379.1
510.9

Consumption
385.0
432.9
462.3
512.5
470.2
470.2
530.9

become a serious challenge. Public
procurement, distribution targeting the poorest
and the recent legislation on the right to food
are policies to enable all people to attain
desirable nutrition. However, the achievement
on the nutrition front has been less than
satisfactory. One factor highlighted by critics
is the limited role of food sufficiency triggered
by technology in determining food security.
In reality, poverty and poor infrastructure both
coming in the way, the market has not helped
in equitably distributing the produced food
for meeting the needs of the people, especially
the most vulnerable. Despite large budgetary
allocations on subsidies and the occasional
experimental innovations the public
distribution system has also not adequately
served the purpose even though it operates at
large administrative costs and deprives the
country of other required amenities that call
for public investment and administration.
A second factor that also gained
recognition is the limited perspective taken of
food security that has driven India’s food
policy. Nutrition is not just intake of calories
but other nutrients like proteins, fats and
vitamins are also important for a healthy and
meaningful life. Incidences of child
malnutrition and deficiency diseases have
been shown to be high while resistance to other
diseases is also undermined by poor nutrition.
Thus shortage of pulses, a major source of
protein in India also needs to be mitigated.
Similarly deficit in oilseed makes India
dependent on edible oil imports for fat and
protein. Thus, food security in a market
economy and especially in a globalized market
cannot be equated with food grain production
as access to various type of food can come
via market provided the purchasing power is
present. This is why the poor are most
vulnerable to food insecurity and are likely to
be hit hardest by any adverse shock in the
food market. Livelihood is thus also an
important contributor to food security.
In this background large scale biofuel
production inclined with the competitive
10

process of the market raises optimism as well
as apprehensions. Market opportunity created
by biofuel use for energy can help enhance
farm incomes and purchasing power. On the
contrary, India hardly has any advantage for
producing biodiesel from agriculture and such
a move will intensify the scarcity of edible oil.
Edible oil is produced from groundnut,
rapeseed and soyabean with conversion rates
being low in India by international standards.
Soya bean, the dominant feedstock in major
biofuel producing countries is grown only in a
limited belt but in physical measure it has the
largest share, 47.4 percent, of India’s oilseed
production (Ministry of Agriculture, 2012). It
is produced almost entirely in three states,
approximately 53 percent in Madhya Pradesh
followed by 32 percent in Maharashtra and 10
percent in Rajasthan (Ministry of Agriculture,
2012). The import of edible oils in India during
October, 2013-November, 2014 is likely to stand
at 11.8 million tonnes meeting nearly 65.3
percent of consumption needs(Business
Standard, 2014).Unless the productivity of
oilseed production is improved significantly
accompanied by more efficient pressing
technology, the potential for biodiesel
production does not exist. Besides oilseeds
are also sources of industrial inputs and the
emerging processing industry would benefit
from greater availability. They are also used
for producing animal feed and any diversion
for biofuel generation will affect the dairy
sector which is also seen to be of emerging
significance for livelihood and food security.
Ethanol is produced from maize, other
cereals and sugarcane. Maize is a crop grown
in various parts of the country and makes little
demand for resources. It is not an irrigated crop
in many regions and in some states like- Bihar,
Andhra Pradesh, Karnataka and West Bengal,
a number of maize crops (Kharif, Rabi and
Zayad) can be raised in a year. Maize too has
uses other than for purpose of direct
consumption as a minor food. Processing
industries require maize for producing breakfast
cereals, different snacks, corn oil, starch, feed

and other products and feed. Rice and wheat
are cereal crops with vast political importance
but there is a case for considering their surplus
as possible feedstock on a case to case basis.
Sugarcane is already produced for electricity
co-generation and grown in large amounts in
several states. While pricing of sugar raises
some serious issues in India’s political
economy, a sound policy on sugarcane
production and pricing needs to take account
of this potential as well.
Land is a scarce resource in India where
the population density in 2013 is 421 people/
km2 of area compared to China (145 people/
km2 of area) and USA (35 people km2 of area),
(World Bank). Irrigation endowment is also
limited and unequal. Depending on the land
quality and irrigation endowment the land can
be cultivated in more than one season though
kharif and rabi are the two most dominant crop
seasons. Maize and soya bean are grown even
under un-irrigated conditions and sugarcane
is grown in a long season in states Uttar
Pradesh, Maharashtra and Andhra Pradesh.
Estimated supply response equations of food
crops suggest that biofuel cultivation can
mean diversion of land from pulses which are
protein crops in India, and oilseeds (Bhatt et.
al., 2014).Edible oil seed crop groundnut and
staple rice will also be affected by large extent
by promoting large scale use of sugarcane as
a biofuel crop. To protect oilseed production
for the purpose of food, bio-diesel in India is
restricted to be produced from non-edible oil
seeds. Using waste, degraded and marginal
lands for the purpose is seen as an appealing
option over using farmlands. According to
plans plantations of Jatropha plant on forest,
community and Government owned waste
lands will be promoted and no taxes and duties
should be levied on bio-diesel.Examples of
biodiesel production initiatives in the country
include the establishment of Chhattisgarh Biodiesel Development Authority (CBDA) in 2005
to undertake need based research, Orissa
Renewable Energy Development Agency
(OREDA) in 2007 as the nodal agency for bio-

diesel development in Orissa and similar such
establishments in states like: Maharashtra,
Uttarakhand, Tamilnadu, Rajasthan, Andhra
Pradesh, Madhya Pradesh and Karnataka.
Way Ahead
Biofuel offers a much coveted answer to
the human quest for alternative energy
sources to overcome the problems of
exhaustion and adverse environmental
implications of fossil fuel. Biofuel as an option
merits serious consideration in India which
sets a composite target for high growth,
sustainable development and international
responsibility. There is a need for serious
research on producing and consuming biofuel
on larger scale in the medium term future. Given
that the experiment with biofuel is yet to take
off in India lessons may be learnt from
information collected in other parts of the
world.
Intuitively, production of ethanol and
biodiesel promises to expand market for farm
products specifically maize, sugarcane and
oilseeds and in the process improve farm
incomes, generate employment in industry and
agriculture and promote livelihood and welfare.
At the same time it will help India to reduce
dependence on imports of crude and on limited
reserves of coal while enabling the economy
to meet compliance standards on pollution and
emission. International experiences indicate
that use of biofuel draws the markets for energy
as well as agricultural products into
competitive turmoil and volatility. This means
that India has to brace herself for the
uncertainty and shifts in tandem with global
markets calling for a sound underlying priority
fuel and flexible technologies like combined
cycle plants and multi-fuel engines. The
shadows of food insufficiency linger in the
country where monsoon determines farm
performance and deficits in other food
products like pulses and oilseeds need to be
eliminated making the decision difficult.
Even if oilseeds and other essential food
materials are not diverted for the purpose,
competition among varied crops for limited land
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is still likely to result in temporal declines in
production of cereals, pulses or oilseeds due
to diversion of land. Besides, there are also
other issues about the shift from fossil fuel to
agriculture based biofuel that need to be taken
account. Production of biofuel is not simply
cultivation of specific crops but involves
transportation of feedstock, drying and
processing which would also demand energy
and create emission and the net effect may
actually fall far short of what is visualized.
Shifting from crop based to forestry based
production of biofuel as is done in India may
affect natural biodiversity of forests and create
unknown imbalances. That import of biofuel
is an alternative to importing crude cannot be
ruled out. The revival of the Global oil-shale
industry in recent times and the US legislation
permitting the extraction of oil-shale and oilsands in 2005 generate better prospects for
energy outlook. Besides, a next generation of
biofuel is under research, development and
construction and success in exploring biofuel
based on algae and agricultural waste could
confront the Indian economy with another
turning point. Thus, it is advisable for India
continue treading the transition in fuel with
caution.
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SUSTAINING RICE CROP THROUGH EXPLORING
POTENTIALITIES OF BASMATI WITH REFERENCE
TO INDIAN PUNJAB
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ABSTRACT
Despite serious allegations leveled against rice by the environmentalists, it is
rather impossible to root it out of the state. An important workable solution
can be to replace non-basmati rice with basmati rice which would improve the
product quality, reduce the volume and make it more exportable and lesser
eco-unfriendly. However, it needs to ascertain profitability to the farmers, at
least equivalent to non-basmati rice through minimum price support.
Key words: Basmati, environment, price support, Punjab, sustainability
JEL Classification: O11, O33, Q01, Q13

security angle of the country. Within rice crop,
basmati offers to be an alternative to shrivel
the problem.
Traditionally grown in the specific in the
Himalayan foothills of Indian sub-continent,
Basmati is long slender grain aromatic rice
which elongates and gets soft and fluffy upon
cooking. As per the WTO ruling, certain
varieties of rice grown in India and Pakistan
only can be labeled as Basmati. About threefourth of its production comes from certain
parts of India and the rest one-fourth from
Pakistan. In India, there are three main
locations of basmati production namely Punjab
state bordering with Pakistan, Taraori region
of Haryana and Tarai region of Uttar Pradesh,
which together account for 97 percent of total
output of the country (Table 1). The remaining
thtree percent is contributed by Uttarakhand,
J&K, Himachal Pradesh and Delhi. The area
and production of basmati is vibrating to the
tunes of global market forces followed by
domestic market prices. Although, official
figures were not available, trade industry

INTRODUCTION
Rice is not a new crop of Punjab and it
figures in its cultivation by Guru Nanak Dev ji
in Kartarpur (now in Pakistan) but typicality
of it that it entered the crop pattern of northern
region of India in a big way during green
revolution era and has come to stay as the
most important kharif crop covering 68 percent
of the cultivated area in Punjab and 33 percent
in Haryana. This belt has witnessed spurt in
rice production, landed in ecology based
productivity stagnation and thus crop
diversification has become one of the most
serious concerns, which attracted the attention
not only of national and state governments
but also and the scientific world and public at
large. Now the dilemma is to displace area from
rice to other alternative crops but such a large
scale area replacement can jeopardize food
*

Professor, Department of Business Management,
Ludhiana College of Engineering & Technology,
Katani Kalan, District Ludhiana
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Table 1: State-wise basmati production
(Lakh tonnes)
State

2009

2010

2011

Punjab
31.68 28.32
Haryana
24.32 27.52
UP
9.86 14.43
Uttarakhand 0.58 0.97
J&K
0.79
0.8
HP
0.09
0.1
Delhi
0.06 0.05
Total
67.27 72.19

28.32
26.77
20.66
0.8
0.95
0.43
0.06
77.99

2012 % of total
output,
2012
27.23 38.29
24.26 34.12
17.53 24.65
0.58
0.82
1.39
1.95
0.06
0.08
0.06
0.08
71.1
100

Source: Anonymous, 2013.

sources report that Basmati rice production in
India was 67.3 lakh tonnes in 2009 which shot
up to 77.1 lakh tonnes in 2011. This was
possible due to a lot of genetic improvements
made particularly by evolving Pusa Basmati
1121 and Pusa Basmati 1509 varieties recently,
which are yielding significantly higher (almost
double) over the average yields of earlier
varieties in Punjab. But responding to market
signals, production again declined to 71.1 lakh
tonnes in 2012. Therefore, it is clear that
production responding to market forces has
been increasing overtime but improvement in
average yield is much faster than that leading
us to infer that area under basmati is rather
shrinking in the country.
ECOLOGICALPARAMETERS
Recently, stagnating productivity of nonbasmati rice crop accompanied by it as a cause
for ecological degradation has become
worrisome. The indiscriminate use of agrochemicals, air pollution caused due to burning
of straw, decelerating ground water and
imbalanced use of soil fertility, human labour
and machinery, technological fatigue, etc. are
some glaring associated ecological and
economic problems. Thus, for diversifying area
from rice to alternative crops in the cropping
pattern, there is a need for seeking the
economically potential alternatives. Basmati
within rice is important to reduce the problem
in view of the fact that it would at least reduce
the use of natural resources, particularly water.
The water requirements of paddy are 25-30
16

per cent higher than basmati rice because the
crop period of basmati synchronizes better with
the rainy and lower temperature season. As a
result of this, the use of electric power and
diesel also gets reduced. It has better global
market and thus, can generate exportable
potential to evade the problem of storage and
post harvest wastage, commonly observed in
the case of paddy stocks. Amongst, numerous
other advantage of basmati is that it minimizes
air pollution because straw is economically
used for livestock and hence improves the soil
health by recycling straw. The time gap
available between harvest of wheat and
transplanting of basmati offers to improve farm
income by introducing a short duration fodder,
moong, green manuring third crop in rotations.
Having higher nutritious value, it can replace
non-basmati in consumption pattern to a great
extent.
GLOBAL MARKET
There are two types of potential global
markets, European countries, USA and Canada,
highly conscious about quality in terms of
fragrance, length of grain and free from
pesticide residue. The second shade of the
market is Western Europe (Iran Saudi Arabia,
Iraq, Kuwait UAE, Yemen, Jordan Oman etc),
where size of the grain and its elongation is
given higher preference (Table 3). If these two
producers join to share the market, much
higher returns can be realized. The price of
basmati prevailing in the domestic market
approximates to two-thirds of the global prices.
Of the total output of about 7-7.5 million
tonnes, India is exporting about 40-50 percent
finds export market (Table 2). Iran, Saudi Arabia
and Iraq account for two-thirds of exports. The
Table 2: Export from India
Year

2010-11
2011-12
2012-13
2013-14

Export
Value
Lakh Percent (`crores)
tonnes
23.70
32.88
11355
31.78
41.25
15450
34.60
48.66
19409
37.57
NA
29300

Source: DGCIS Annual Report

Average
Price (`kg-1)
47.91
48.61
56.1
77.99

basmati and basmati-like rice and ways of
analyzing that rice. RiceTec, faced
international outrage over allegations of biopiracy. Both voluntarily and due to review
decisions by the United States Patent and
Trademark Office, RiceTec lost or withdrew
most of the claims of the patent, including,
most importantly, the right to call their rice lines
basmati. Henceforth, on the basis of
geographical appellations under WTO regime,
only India and Pakistan are the two countries
which can produce basmati rice.
But both countries have never negotiated
with each other for market sharing and are thus,
getting competitive lowest prices. In the
meantime, a variety of Basmati called Pishori
or Pisori is grown in the Mwea region of Kenya,
a variety of basmati called Texmati is grown in
the United States of America, Siamati variety
in Thailand and a similar attempt in Philippines
and some other countries are made to cultivate
of long slender grain rice to compete with
basmati. Consumers’ preference for basmati is
increasing due to increasing income level and
consumerism the world over.
As shown in Table 5, the non-basmati in
the international market has almost stabilized
for the past few years while the basmati prices
have shown buoyancy from $937 per tonne in
2009 to $1361 per tonne in 2014. Thai fragrant
has also been placed prominently as a close
substitute, with a price $200 per tonne trailing
behind basmati. This is due to interplay of
supply and demand forces including previous

Table 3: Te n major countries of e xport
destination of basmati rice
Country

Export
000't ` lakhs
Iran
14407 10976
Saudi Arabia
8263
6717
Iraq
2196
1600
Kuwait
1754
1513
UAE
1490
1189
Yemen Republic 1468
1108
EU
1034
870
UK
1189
786
Jordan
791
624
Oman
431
355
Total
37570 29300

Average price
(`kg -1)
76
81
73
86
80
75
84
66
79
82
78

Source: DGCIS Annual Report

entire trade is in the hands of private sector
and basmati farmers have not made organized
attempt possibly due to lack of information
and procedural problems. Even analysis and
assessment of market trends by public agencies
dealing with export are not systematically
made. The domestic market also pulsates to
the global market but signals are received too
late to benefit the basmati farmers.
Hence, there is strong need for setting up
of market intelligence cell which should help
farmers to take crucial decisions about when,
where and how to sell and even planning for
area under the crop to enter to the highly
volatile global market.
THREATTO PATENTING
In September 1997, USA Company RiceTec
was granted U.S. Patent on basmati rice lines
and grains. The patent secures lines of

Table 4: Monthly average international prices
(US$t-1)
Month

January
February
March
April
May
June
July

Pakistani Basmati
ordinary FOB
Karachi
Year 2014
1242
1260
1280
1280
1280
1280
1280

Pakistani Super
Basmati (New Crop)
FOB Sind
Year 2014
1350
1407
1407
1407
1407
1407
1407

Source: http://www.airea.net/stataistical-data/international-prices
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Month

Pakistani Basmati
Pakistani Super
ordinary FOB
Basmati (New Crop)
Karachi
FOB Sind
Year 2013
Year 2013
January
900
1150
March
900
1150
August
1150
1375
September
950
1275
October
1140
1235
November
1150
1300
December
1150
1320

years’ stocks, planning area under basmati,
crop conditions, tariff and other export-import
policy issues of importing and exporting
countries. In spite of spurt in global price, the
farmers were again deprived of gain which
percolated to them when most of the produce
is already sold out.
PROBLEMS OF EXPORT
The global market field is unleveled with
the lack of information about tariff and nontariff barrier restrictions as well as trade
practices and other distortions. To quote a
few;
a) A typical problem in trade is to adulterate
basmati rice with other basmati varieties
and long-grain non-basmati varieties. A
PCR-based assay similar to DNA
fingerprinting in humans allows
adulterated and non-basmati strains to be
detected, with a detection limit from one
percent adulteration upwards with an
error rate of ±1.5 percent. Exporters of
basmati rice use purity certificates based
on DNA tests for their basmati rice
consignments. Based on this protocol,
which was developed at the Centre for
DNA Fingerprinting and Diagnostics, the
Indian company Labindia has released
kits to detect basmati adulteration.
b) Knowledge and experience of Basmati
procurement and processing required.
The best types of basmati rice are aged
for18-24 months before milling and selling.
Therefore, basmati rice requires storing
inventory, thereby, necessitating huge
capital requirements.
Ta ble 5 : A nnua l a v e ra g e inte rna tio na l
price s
($t-1)
Ye ar

India non-bas mati
25%
2009
361
2010
372
2011
433
2012
396
2013
371
2014*
369

Pakistani
bas mati
937
881
1060
1137
1372
1361

Thailand
fragrant
964
1045
1054
1091
1180
1162

Source: D G CIS Annual Report
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c) Exports of Basmati rice continued is to be
allowed subject to a minimum export price
(MEP), which if not addressed
accordingly, sometimes does hinder the
export process and damage the customer
relations.
d) The month-wise variations in the market
(Table 4) are definitely there which need
to be taken care in the analysis for rational
marketing decisions.
URGENCY OF PRICE SUPPORT
In Punjab about 20 percent of rice area is
occupied by basmati and in Haryana almost
one-third rice area is accounted under this
crop. At this juncture, strong vibrations in its
price need to be dampened. This would help
farmers in rationally plan area under basmati
crop. Compared to non-basmati varieties,
genetic potential of basmati has recently been
successfully explored. Introductions of Pusa
1121 and recently Pusa Basmati 1509 are glaring
examples of pushing the productivity closer
to the yield of non-basmati strains.
To break the stagnation in rice productivity
in this high potential belt of the country which
is haunting the farmers, planners and scientists,
improvement of rice for better quality but low
volume output is desired. A vivid comparison
shows that non-basmati rice yields about 50
percent higher than that of basmati. Compared
to minimum support price (MSP) `1400
announced for non-basmati, a MSP of `2200
for basmati can offset the gap in productivity
and keep parity with non-basmati rice. This
can thus help divert a significant area from
non-basmati to basmati crop. The market by
and large would rule higher than MSP
depriving the government to enter into
procurement. It, in turn, would also lower the
storage space requirements and reduce carry
over losses, improve the nutritional aspect of
food security, minimize air pollution (since straw
is used as cattle feed) and strengthen the
economy through foreign exchange earnings.
SUMMARY
It is therefore, imperative to encourage
basmati rice in place of no-basmati rice crop.

This needs effective price support though, it
may not be operative but would definitely break
the impasse in rice wheat system and
overcome various socio-economic and
environmental problems which are otherwise
getting stronger. Market analysis wing should
be made an essential feature to explore the
potential market and a guiding force for the
basmati growers.
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CROP DIVERSIFICATION FOR SUSTAINABLE
AGRICULTURAL DEVELOPMENT: A CASE OF
HARYANA (INDIA)
Neeru Gehlot and Navneet Kaur*
ABSTRACT
In the present scenario, Haryana is severely facing the problem of
deteriorating natural resource; soil and water, and the only solution could
be the alternate cropping pattern; crop diversification. Therefore, the
present study is an attempt to study the monoculture of Haryana’s agriculture
and to highlight the need for change in cropping pattern not only for the
survival of agriculture in the state but also for preserving natural resources
and providing social equity and economic benefits in the long run, to farmers
in particular and state in general. Hence, the present study conducted in
two phases; 1970-71 to 1982-83 and 2000-01 to 2011; is primarily based
upon secondary data. The cropping pattern during this time period reveals
the prevalence of monoculture in the state and declining water table and
soil fertility and suggests, crop diversification (towards horticulture and
pulses) as a solution to sustainability of agricultural development; to retain
natural resource and for economic benefits too.
Keywords: Crop diversification, fertilizer, sustainable development
JEL Classification: O10, O12, Q01, Q15, Q18

Agricultural development means the
qualitative and quantitative upward shift in
the performance of agriculture, leading to
general well-being of the people involved in it.
It’s an evolutionary and ongoing process;
starting from the origin of civilization to till
date and will continue in future also.
Throughout the centuries, agriculture has
experienced many changes (Fire, animals
taming, seeds sown, settlements, cultivation,
animal domestication, cattle on farm, ploughs,
better seeds, mechanization, technology), what
are considered as the progressive steps in the
process of agricultural development. Although
these changes have developed agriculture
dramatically, but with significant cost of soil
and water depletion, neglect of working and
living conditions, increasing production cost,

INTRODUCTION
Agriculture is very important for the overall
development of any nation and its people, as
it meets some of the basic amenities of human
life (food, clothing and shelter). Therefore not
only in India, but also all over the world,
agriculture has remained a major source of
livelihood to a major proportion of population,
since time immemorial. And that is why it
(agriculture) is considered as a way of life.
Hence, the development of agriculture is vital
for stimulating growth in other parts of the
economy.
*
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disintegration of social and economic
communities and have posed threat to the
sustainability of agriculture. The concept of
sustainability can be well understood with
Bruntland Report (1987) defining it as meeting
the needs of the present without
compromising the ability of future
generations to meet their own needs.
For a layman, agriculture is the cultivation
and domestication of plants and animals, but,
sustainable agriculture includes the act of
farming with the principles of environment
sustainability. The Sustainable Agriculture
Initiative Platform gives the definition,
Sustainable agriculture is the efficient
production of safe, high quality agricultural
products, in a way that protects and improves
the natural environment, the social and
economic conditions of farmers, their
employees and local communities, and
safeguards the health and welfare of all
farmed species. Hence, the concept of
sustainable agricultural development rests
upon three pillars; environment health, social
equity and economic profitability as illustrated
in the Figure 1.
Though, all these three pillars are very
important and need to be dealt with together,
but the present study will emphasis upon the
prevailing cropping pattern in relation to
environment health, which will ultimately led
to social equity and economic profitability.
According to Hulse (2007) soil health, water
quality, plant health, genetic homogeneity,
abiotic stress and post harvest management
must be given due consideration, for
sustainable agricultural development.
Agricultural development as a concept took
place in the World Food Conference in 1974,
when a discussion on world food crisis took
place and an urgent need for effective means
was felt for increasing food production,
whereas the concern about the future of
agriculture was first encountered by Lord
Northbourn (1940) in his book Look to the Land
but worldwide sustainable agricultural
development term emerged after the Earth
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Summit, 1992 emphasizing for the evolution
of a new type of agriculture; governed by
information and technology than by the usage
of intensive energy and market inputs.
The sustainable agricultural development
enforces the need for the sustainable socioeconomic-environmental development, what
becomes acute, where rural population is larger,
especially in developing countries, where all
hopes lie on increasing food production;
straining the resources. Among developing
countries, India holds an important place as it
has tremendously developed its agriculture
after independence. With the introduction of
Green Revolution in mid 1960’s, the process of
agricultural development through progressive
changes in agriculture on modern lines got
initiated in the country.
STATEMENT OF PROBLEM
The environmental degradation (land and
water resources) due to present agricultural
practices is apparent throughout the world,
threatening the future of agriculture. Hence, it
becomes mandatory for agriculture to
rediscover its role for environment
stewardship or risk management (Martin and
Smith, 2004) and a solution to this problem is
the change in the existing cropping pattern;
from specialization to diversification, to provide
soil with suitable nutrients and to maintain the
quality and level (groundwater) of water.
Though, the central purpose of sustainable
agricultural development is increasing security,
both in food supply for consumers and
livelihood for rural producers (Martin and
Smith, 2004). But, the rate at which the world
population is increasing, it is expected to get
double by 2050 (9.2 billion) and to feed that
population, production must be increased in a
sustainable manner as half of the habitable
land on earth is being used for agriculture, no
scope for further expansion. Therefore, for
fulfilling the food requirement of rising
population, food production needs to be
increased and for that intensification of
agriculture and multiple cropping pattern is the
only strategy, which will require intensive use

of irrigation and fertilizers, leading to
degradation of soil and water. The regional
degradation of these resources is harmful for
the inhabitants throughout the world, because
change in environmental condition of one
region in a country affects other regions also.
Hence, to solve the problem at regional level
can help to solve the problem at national level
and vice versa.
The two consecutive droughts of 1960’s
have compelled India to increase its food
production. Therefore, Green Revolution was
introduced in the country, but only in the
irrigated areas; Punjab, Haryana and Western
Utter Pradesh. The increased use of HYV
seeds, fertilizers, pesticides and insecticides,
irrigation, machinery and decreasing fallow
land has resulted in the development of
agriculture in general and increase in food
production in particular. Green Revolution has
drastically changed the cropping pattern
(specialization; Wheat and Rice) of the state
(Haryana) and the resultant increased
agricultural production, placed it in the pace
of agricultural development.
There is a need to break the dominance of
Wheat-Paddy rotation as most of the districts
of southern Haryana are not suitable for this
rotation and hence pose stress on resources.
That’s why because of this growing
specialization, the state is now focusing on
White and Blue Revolution. Though, the state
has shown the way to the country in the field
of agriculture (Green Revolution), dairy farming
(white revolution) and fisheries (blue
revolution), but in the process of agricultural
development, Haryana is losing its valuable
natural resources that is, land and water.
In the recent past, there is stagnation in
agricultural production and also the
degradation of natural resources (land and
water). All this have questioned the future of
agriculture in the study area. Due to emphasis
on water intensive crops, the overexploitation
of groundwater resources is occurring in many
parts of the state, ranging between 20-30 m
bgl in the north and north-western boundary

mainly in Ambala and Panchkula. Deeper water
levels are in the southwestern part of the state
especially in the Mahendragarh district which
is a cause of worry.
A majority of the state’s population
depends on agriculture and stagnant
agricultural growth means no improvement in
the living standards of farmers. Due to
excessive use of fertilizers (3-220kg per ha from
1967-2010) and pesticides area under
cultivation has decreased. The natural vegetal
cover has also been depleted by about 50
percent and might pose a serious threat to
ecological balance. The sustainability of
agricultural development is completely
dependent on the fertility of arable land and
assured and safe water supply, but both are
disastrously being misused, wasted and
degraded and hence becoming the prominent
determinants for sustainable agricultural
development in Haryana. At present, the heavy
reliance of agriculture on chemical fertilizers
and pesticides, mechanization and
monoculture has adversely eroded, depleted
and contaminated soil and water resources.
Though, there are arguments that organic
farming, technology usage, management of
land and water resources, subsides on inputs
and promotion of agro-based industries are
the various approaches to trickle down the
threat to the sustainability of agriculture, but
until and unless the choices of farmers of crops
to be grown are not altered no such approach
can yield into fruitful results. Therefore,
diversification of agriculture is the most
pragmatic approach for the survival of
agriculture.
Geographical Approach
A geographical approach is required for
the better understanding, identification,
description and interpretation of the problem
of the sustainability of the agricultural
developmental process. As space is an
important concept of geography, a spatial
approach will help in studying the diffusion of
diversifications options for sustainable
agricultural development at micro level; linking
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to national and international level in a
hierarchical order, over the time period
(temporal approach).
Study Area
Haryana, an agricultural dependent state
of India is the area for the present study. After
Punjab, Green Revolution has been applied
here to its fuller extent. The state was created
on 1st November, 1966, on linguistic basis,
bifurcated from Punjab. Haryana is the 16th
largest state in India. It lies in the northwest
part of India, with geographical location of 27°
37' - 30° 35' N latitude and between 74° 28' - 77°
36' E longitude. The state is landlocked and
bordered by Uttar Pradesh in East, Punjab in
West, Himachal Pradesh in North and
Rajasthan in South and land locks national
capital; Delhi on three sides. Haryana has total
25,353,081 (2011) population. Sex ratio of the
state is 877 and literacy rate is 76.6 percent.
The state has well developed infrastructure.
Almost all villages are connected with roads
and it’s the first 100 percent rural electrified
state of the country.
The total geographical area of the state is
4.42 million ha, which is 1.4 percent of the
geographical area of the country. The cultivable
area is 3.8 million ha, which is 86 percent of the
geographical area of the state out of which
3.62 million ha (96.2 percent) is under
cultivation. The gross cropped area of the state
is 6.32 million ha and the net cropped area is
3.62 million ha, with a cropping intensity of
177 percent.
Climate of the state is sub-tropical
continental type with 47°C maximum
temperature of hot summers and 5°-9°C for cool
winters. It receives 455 mm. of average rainfall
and 70 percent of rain is received during
monsoon (southwest) period and except
monsoon period, it remains mostly dry.
Groundwater and canals are the main source
of water for irrigation in the state. Western
Yamuna Canal, Gurgaon Canal, Jui Canal,
Jawahar Lal Nehru Canal and Bhakhra Canal
are the various canals operating in the state.
The state has a very fertile land and is
24

called The Green Land of India. It stretches
on the fertile soil of Indo-Gangetic plain and
dominated by Yamuna-Ghaggar plain hence,
has high productivity. The slope is from NorthEast to South-West with an elevation of 700900 feet above sea level. There is a narrow belt
of hills in North-East and sandy terrain in
South and South-West. It consists of variety
of soils from stony, clayey in North-East to
loamy sand, sandy in South-West.
Most parts of Haryana are suited for
farming. The North-Western part of the state
is suitable for the cultivation of Rice, Wheat,
Vegetable and Temperate Fruits, whereas, the
South-Western part is suitable for high quality
agricultural produce, Tropical Fruits, Exotic
Vegetables, Herbal and Medicinal Plants. The
other crops grown are Cotton, Jute, Sugarcane,
Sesamum, Groundnut, Oilseeds, Tobacco and
others.
There are mainly two cropping season
Kharif (September-October) and Rabi (OctoberDecember) and Tropical, Sub-Tropical and
Temperate crops are grown. In between of the
Kharif and Rabi seasons, there is a short Zaid
season during the summer months. Haryana
is famous for its Wheat, Basmati Rice and Milk
production. Dairy farming is prominent in rural
areas and is a major source of their income.
Horticulture is also gaining importance from
last two decades, whereas, Organic Farming is
a recent phenomena, from the last decade only.
Objectives
The present study with special reference
to cropping pattern seeks to evaluate the
changes that have taken place on the
landscape of the state (Haryana) during the
agricultural developmental process. Other
parameters will also be considered in order to
study the impact of changed cropping pattern
on the degradation of natural resource; soil
and water. The study would also visualize the
diversification as a solution to the
sustainability of agricultural development.
METHODOLOGY
The study is based on the secondary data
collected from the published sources of

various government departments of Haryana,
situated at Panchkula, such as, The
Agricultural Department, The Horticulture
Department, The Directorate of Land-Use and
Land Cover, The Economic and Statistical
Organization. The study is conducted for all
the districts of the state. The data will be
represented through maps. The study is
conducted in two phases; 1970-71 to 1982-83
and 2000-01 to 2011-12, the time when green
revolution was spread in the state with its
greatest impacts and the time when Green
Revolution started showing its negative
impacts and when globalization of agriculture
was introduced in the state.
RESULTS AND DISCUSSION
The cropping pattern refers to the
proportion of area under different crops in a
year or in given time period. Cropping pattern
is a dynamic process of change over time and
space, which is influenced by various physical,
socio-cultural and economic factors. It is also
an indicator of farmer’s decision making ability,
as it reflects the share of different crops in an
area, which are grown by farmers. A good
cropping pattern is that which maximizes the
agricultural production with the efficient use
of land and other resources (Arrora, 1976).
India is the second largest populous country
of the world after China, so there is a great
demand of food-grains; these (food-grains)
also provides straw for livestock’s food.
Moreover, only food-grains can satisfy the
human demand for food. And for fulfilling this
demand North-Western part of India;
especially Punjab and Haryana, has played
magnificent role. These both, Punjab and
Haryana, are jointly the largest contributor to
India’s central pool of food grains and hence,
called as food-basket of India.
The land of Haryana is suitable for a variety
of crops. In the beginning, in 1966-70, the
cropping pattern of the state was highly
diversified several crops, such as millets, bajra,
wheat, rice, jowar, cotton, gram and many
others were grown. But with the adoption of
new agricultural technology (after 1970), the

cropping pattern has shifted towards
specialization and commercialization in the
study area. During this pace, wheat, rice,
cotton and sugarcane have over-taken all other
major crops of the state, many crops, such as
barley, fodder, ragi and others have
disappeared over this landscape and some
major crops of 1966 have become the minor
crops over the time period. Now, wheat and
rice jointly covers more than half of the total
cropped area of Haryana.
During the time period (1970-71 to 198283), wheat, rice and horticultural (vegetables)
crops experienced the positive change, as can
be illustrated from the Figure 2. Area under
wheat and rice crops have increased
significantly as compared to other crops,
whereas, area under Horticultural crops did not
experience much changes. The area under gram,
millets, maize, fodder, bajra, oilseeds, cotton,
sugarcane and pulses has decreased
(experienced negative changes). Rice and
wheat have surpassed all the other crops of
the study area. Gram, bajra, pulses, fodder and
ragi crops have drastically loosed their
cropping area. This decline was due to
devotion of much area to rice, wheat and
cotton. Hence, the cropping pattern has shifted
from diversification to specialization and
commercialization. Wheat and rice are the main
dominating crops in Haryana, wheat, rice,
cotton and sugarcane covering more than 80
percent of the total cropped area of Haryana
followed by jowar, bajra, rapeseed and mustard
and some horticultural crops. This was
because of the changing scenario of the
society and of agricultural composition and
improvements in necessary facilities
(irrigation, infrastructure and technology)
major proportion of net sown area is under
food grains and cash crops. Moreover, foodgrains are more suited to the state’s agroclimatic conditions compared to other crops
such as cotton, sugarcane and others.
In the second phase of the study (200001to 2011-12), wheat and rice are still the
dominating crops of the study area, followed
25

by cotton and sugarcane, which are important
commercial crops. Except gram, pulses and
horticultural crops are the most deficient crops
in the state. In the starting of the second
phase, area under jowar, bajra, oilseeds and
horticultural crops has significantly declined
but, in the later time-period, an increase in area
under bajra and oilseeds have been noticed.
Area under horticultural crops has also shown
some increase as compared to 1982-83;
especially in the surrounding areas of Delhi
and Chandigarh, reason being the ready and
easily accessible market for these perishable
products, huge demand and supply due to the
changing dietary habits of urban people.
During the second phase the spatial
distribution of cropping pattern shows the
highly developed nature of agriculture, as
mostly districts was having large cropped area.
However, rice is a monsoonal crop and well
suited to the North-East and central NorthEast parts of Haryana, due of the existence of
loamy and clay-loamy soils. Because of the
existence of alluvial soils, wheat is grown in
the Ghaggar-Yamuna plain. Other crops have
less areal extent. Wheat and rice concentration
lies in Sirsa, Hisar, Bhiwani, Jind, Fatehabad,
Kaithal, Karnal, Sonipat, Gurgaon, Faridabad,
Jhajjar, Kurukshetra, Rohtak and Panipat.
Oilseeds are numerous, except rapeseed and
mustard, grown mainly in the South-Western
part. Among Pulses Gram is popular; other
Pulses are also significant, but mainly for the
South-Western dry and sandy areas of the
state. Sugarcane is concentrated in the areas
having heavy monsoon rain (North-East) and
cotton is concentrate in the dry West parts of
Haryana. Among horticultural crops, mangoes
and guavas are important and potatoes, peas,
onion and tomato are other important
Vegetables grown in the state. Horticulture is
being developed from last two decades, as the
area under Horticultural crops is increasing after
2000. But still in the state, there is the
dominance of food-grain crops because of the
availability of the fertile soil, suitable climate
and economic benefits. The state is specialized
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for rice and wheat, which have surpassed all
other crops in the state and the Basmati Rice
grown here are world famous. The shift in
cropping pattern towards more remunerative
and less risky crops like rice, wheat, cotton,
rapeseed and mustard has resulted into a
decline in bajra, maize, barley, jowar and gram.
However, pulses, rapeseed and mustard,
millets and horticultural crops have the rich
potential for crop diversification.
If the whole scenario is considered from
1966-2011, area under pulses, cereals, oilseeds
and other horticultural crops has increased,
as more land is brought under cultivation, total
cropped area has increased from 4599 to 6505
thousand ha and fallow land has decreased
from 259 to 125 thousand ha from 1966-67 to
2010-11.
Notwithstanding, these very impressive
achievements, the State is facing problems of
decreasing size of farm holdings, decreasing
cultivable area, increasing soil salinity,
declining as well as rising water tables,
imbalanced use of fertilizers and micronutrient deficiency, harsh climate, low forest
cover (3.52 percent), considerable area still
under rain fed farming (about 19 percent),
lack of required processing and value
addition facilities, storage constraints and
off late shortage of labour for farming
operations. All these factors are adversely
affecting productivity enhancement
(Government of Haryana, 2012).
Though various climatic, physical, social
and economic factors determine the choices
of crops to be grown, but the factors like;
competition and economic benefits can
overcome the other factors. The present
analysis of trends in cropping pattern indicates
that the farmers have not been properly guided
for suitable policy for farming, because they
are more interested in economic benefits at the
cost of natural resources. They are still growing
those crops which are now yielding low
productivity, in order to earn more (these crops
have high values, more demand and supply).
Hence the need of the hour is to develop an

alternate cropping pattern, which can raise
total agricultural production.
No cropping pattern can be good for all
times to come, as evident from Haryana; the
prominent rice-wheat cropping system of the
state has resulted in overuse of water, fertilizer,
and other natural resources related problems.
To produce one tonne of wheat and rice, on an
average, 5000 to 15-20,000 to tonnes of water
is used, resulted in alarming level of ground
water mining. But if water is efficiently used,
then one tone of wheat and rice can be
produced with 1000-3000 and 5000 tonnes of
water. In 2012, the depth to water level in
Haryana State varies from 0.87 m bgl in
Rohtak district and 68.53 m bgl in
Mahendragarh district (CGWB, 2014,).
Shallow water zones lies mainly in the central
parts (Rohtak, Bhiwani and Hisar) of the state,
due to closed basin created by the water’s flow
direction (towards centre), indicating water
logging problem. During the period from 1974
to 2001, district Mahendergarh witnessed
maximum decline in water table (11.74 m)
followed by Kurukshetra (11.15 m), Panipat
(5.94 m), Gurgaon (5.89 m), Rewari (4.13 m)
Panchkula (3.30 m), Karnal (3.09 m), Kaithal
(3.00 m), Faridabad (2.05 m), Ambala (1.49 m)
and Yamuna Nagar (1.10 m) (Vijay et al., 2007).
Notwithstanding this, the state’s water use
efficiency is very poor, even in the high rainfall
and well irrigated areas also. More than 80
percent of fertilizers are being consumed alone
by Wheat-Rice crop rotation; posing threat to
human health (insecticides and pesticides),
water and soil. Soil fertility is deteriorating and
there is stagnation in food-grains production
from last decade.
If this cropping pattern is altered with some
other crops, such as pulses, fodder and
horticultural crops, to regain the essential
nutrients of the soil, then soil fertility can be
retained which will be economically viable too.
Moreover, the increasing demand of land for
housing, animals, rapid urbanization and
industrialization are posing threat to
agricultural land, as there is no possibility of

any further expansion of agricultural land, as
it has already reached to its extreme. So, the
only hope is agricultural development and that
is through increasing agricultural production
per unit of area in available time with rational
and sustainable use of modern farm
technology, land and water resources and
Haryana has tremendous scope for this,
because of its favorable climate for throughout
year cropping. That is why, the state has now
banned summer paddy cultivation and strictly
enforcing The Ground Water Draft Bill, 2008
and Haryana Preservation of Sub-Soil Water
Act, 2009, what has resulted in seven percent
saving of water (Government of Haryana,
2012).
It can be envisaged that for crop
diversification, a shift towards horticultural
crops is the most appropriate method for
sustainable agricultural development, as it not
only increases the returns to land (10-fold than
cereals) but also increases the income and
provide on-farm (labor) and off-farm
(p r ocessin g- packa gin g- mar ket in g)
employment. Infact, fruits and vegetables are
growing faster and over the last two decades
their production at world level has increased
marvelously and in India also these crops, were
the most important growth sector for crop
production in the 1990’s . The increase in
income and urbanization are the driving forces
for crop diversification, by changing the
dietary habits of people, especially in the
transforming and urbanized economies, dietary
patterns are shifting away from cereals roots,
tuber and pulses to livestock products,
vegetable oils, fruits and vegetables (The
World Bank, 2007).
The state has vast scope for agricultural
diversification too, development of allied
sectors. Every year, large amount of Murrah
buffalo is exported not only to Indian states
but also in abroad, indicating the potential for
rich diary development. Livestock sector alone
contributes 4-6 percent to total GDP and 30
percent to agricultural GDP of the state and if
the total contribution is increased to 10 percent
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then agricultural development in sustainable
manner can be proceed on sound tracks.
Moreover, organic farming, bee-keeping and
fish culture is being developed and showing
good results as well. Haryana produces 39000
tonnes of freshwater fish from nearly 14000 ha
ponds and Tanks (Department of Agriculture,
Haryana).
CONCLUSIONS
Sustainable agricultural development is
necessary for an agricultural dependent
economy like Haryana. But, growing alone
staple food (cereals) can’t stimulate the
process of agricultural development and
economic development in counter, infact, it will
compel the government, organizations and
farmers to coin new strategy to combat the
issues for the survival of agriculture.
Considering the present scenario
sustainable agricultural development is a
more challenging task, as it is much more than
increasing agricultural productivity with
environmental sensitive ways. Although,
Green Revolution has placed the state on the
path of agricultural development, but strained
the natural resources, neglected the concept
of sustainability. There is a great decline in
water table and its quality, soil is poorly being
degraded resulting in the stagnation of crop
yield and production. The only solution can
be of growing nutrient rich crops to provide
soil with essential nutrients. The state has huge
potential for agricultural diversification; crop
diversification. Hence, it (Haryana) must utilize
its vast potential for sustainable agricultural
development.
Understanding and appropriately
modifying household and community-level
incentives to reduce the socially
inappropriate degradation of resources will
often be the key to achieving necessary
investments in natural resources for
sustainable agricultural development (Scherr
and Hazell, 1994). Therefore, if appropriate
knowledge is provided to farmers, then they
will manage the resources underpinning
agriculture, as it is the major and only source
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of their livelihood. Hence, diversification is
sine qua non for sustainable agricultural
development.
The choices we make, and the choices
made for us, about agriculture today and
tomorrow are of huge importance to all of the
world’s people (Martin and Richard, 2004).
Limitations
Due to paucity of time and availability of
data at various places, the present study could
be conducted for 1970-71 to 1982-83 and 200001 to 2011-12.
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ABSTRACT
The present paper examine the growth and prospects of agricultural sector
in the state of Punjab by utilizing secondary data sources pertaining to
different time periods. The results of the study revealed that cropping pattern
in the state of Punjab did not experience any significant transformation
and remained highly favourable towards the production of wheat and paddy
during the studied period. The study also examines the importance of
horticulture sector in the state of Punjab. On the basis of the findings the
study suggest that special efforts are required to promote horticultural
activities in the state and bring more area under other crops except wheat
and paddy.
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delivery system of credit and other agricultural
inputs along with effective implementation of
agricultural price policy for wheat and paddy
played significant role in agriculture and rural
development of state. Consequent to the
policies adopted under the regime of green
revolution, production and productivity trends
of two principal crops viz., wheat and paddy
saw drastic change during 1970’s. The state’s
wheat production jumped from 1.9 million
metric tones to 5.6 million metric tonnes during
the period 1965-66 to 1971-72. By any standard,
the rise from 1.9 to 5.6 million metric tonnes
over a five year period is a remarkable
achievement (Gill, 1983). It is due to the impact
of Green Revolution Punjab state earned the
name of granary of India as the state of Punjab
contributes 35-40 percent of rice and 40 to 75
percent of wheat to the central pool of the
country. However, the positive impact of Green

INTRODUCTION
The agricultural sector in Punjab has gone
through substantial transformation under the
impact of Green Revolution during late 1960’s.
Agrarian economy, consolidation of
landholdings, reclamation of new agricultural
lands, development of irrigation, use of
biochemical inputs comprising high yielding
variety seeds, chemical fertilizers, insecticides
and mechanical inputs were among the
important factors which helped Punjab
agriculture in making rapid strides. (Singh et
al., 2012). In addition of it, extension of
irrigation network, rural link roads, rural
electrification, establishment of focal points
and agricultural market centers, efficient
*
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Revolution only sustained till the eighties. After
the eighties, the agricultural production started
experiencing stagnation. In nineties, the rising
cost of cultivation curbed the profits of
peasants which have led to the poor socioeconomic condition of farmers in the state. In
addition, the monoculture of wheat and paddy
has adversely impacted the state’s natural
resource base. The continuous cultivation of
water guzzling crops like paddy due to frequent
flood irrigation has resulted into depletion of
ground water in the original green revolution
states namely, Punjab, Haryana and Uttar
Pradesh (Agricultural Policy for Punjab, 2013).
It has been estimated that, out of 137
development blocks in the state, 103 fall in over
exploited category, five blocks are recognized
in critical stage, four are in having semi-critical
category and 25 blocks have been recognized
in safe category (Singh, 2009). Thus, it can be
maintained from above discussion that
agricultural sector in the state has reached a
plateau making it very hard to make further
progress under available technologies and
natural resource base. Hence, diversification
of cropping pattern towards environment
friendly high value crops with emphasis on
quality output and promotion of agroprocessing industry is the need of hour.
Crop diversification shows the shift from
the dominance of single crop to number of
diverse crops with the objective to meet ever
increasing demand of cereals, pulses,
vegetables, fruits, oilseeds, fibers, fodder,
grasses, etc. It aims to improve soil health and
to maintain dynamic equilibrium of the agroecosystem. In the instant case, crop
diversification is intended to promote
technological innovations for sustainable
agriculture and enable farmers to choose crop
alternatives for increased productivity and
income. Therefore, it is essential to diversify
the areas from paddy to alternate crops not
only to improve soil fertility and arrest depletion
of ground water but also to enhance the farm
income.
The present study attempts to study the
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scope and strategy of agricultural
diversification for the sustainable agricultural
development in the state of Punjab by utilizing
various secondary data sources. More
specifically the objectives of the present study
are:
i) to examine the cropping pattern and
growth of horticulture sector in the state
of Punjab and
ii) to provide alternative diversification
strategy for the sustainable agricultural
development in the state of Punjab.
METHODOLOGY
Data Sources
To fulfill the desired objectives, the
proposed study utilises various secondary
data sources like government reports,
concerned books and journals etc. The data
pertaining to different time periods have been
collected from the different secondary data
sources.
RESULTS AND DISCUSSION
Declining Contribution of Agricultural
Sector in Punjab
Agricultural sector has always remained
central to the economic development of the
State. The unprecedented growth of the
agriculture sector in the State following the
Green Revolution significantly contributed to
making it one of the richest states in the
country. However, the share of agricultural
sector in the state’s national income has been
rapidly declining over the past few years. The
Table 1 gives percentage distribution of Gross
State Domestic product at factor cost in Punjab
for the period 2000-01 to 2012-13.
It is seen in Table that the share of
agriculture and allied sector in the GSDP was
27.66 percent in 2007-08 which decreased to
20.67 percent in 2013-14. This fact shows the
structural transformation of the economy from
agriculture to other sectors of the economy.
The agriculture sector in the state is showing
signs of a serious slowdown over the past few
years. Not only the contribution of agriculture
has declined in state’s national income, the
average annual compound growth rate has too

Table 1: Percentage distribution of gross state domestic product at factor cost
(At 2004-05 prices)
Sector
2000-01 2001-02 2002-03
Agriculture and Livestock
36.02 35.61 34.16
Agriculture
25.5
25.08 23.14
Livestock
10.52 10.53 11.02
Forestry and Logging
0.32
0.31
30
Fishing
0.26
0.29
0.33
Mining and Quarrying
0.01
0.01
0.04
Sub-total (Primary)
36.61 36.22 34.83
Manufacturing
14.92 13.88 14.32
Registered
8.97
8.12
8.3
Un-registered
5.95
5.76
6.02
Electricity, Gas and Water
3.31
3.25
3.3
Supply
Construction
4.89
5.08
4.64
Sub-Total (Secondary)
23.12 22.21 22.26
Trade, Hotels and
12.53 12.72 12.78
Restaurants
Transport, Storage and
5.22
6.08
6.64
Communication
a) Transport,
17.75
18.8
19.42
Communication and trade
Banking and Insurance
4.49
4.61
4.99
Real Estate, Ownership of
4.6
4.63
4.6
dwellings & Business
Services
(b) Sub-total: Finance and
9.09
9.24
9.59
Real Estate
Public Administration
4.74
4.73
5
Other Services and Sanitary 8.69
8.8
8.9
Services
(c) Sub-total Community
13.43 13.53
13.9
and Personal Services
Sub-Total of Tertiary
40.27 41.57 42.91
Total Gross State Domestic
100
100
100
Product

2003-04 2004-05 2005-06 2006-07 2008-09
34.2
33.25 32.01
31
25.39
23.6
22.88 21.19
20.4
16.99
10.6
10.37 10.82
10.6
8.4
0.29
0.27
0.26
0.24
1.03
0.39
0.34
0.36
0.34
0.24
0.04
0.04
0.04
0.03
0.03
34.92
33.9
32.67 31.61 26.69
14.08 14.24 14.53 15.32
19.08
7.92
8.05
8.18
8.6
10.49
6.16
6.19
6.35
6.72
8.59
3.34
3.23
3.31
3.39
3.17

2009-10 2010-11 2011-12 2012-13
23.76 22.64
21.63
20.67
15.93 15.09
14.42
13.57
7.83
7.55
7.21
7.1
1.02
0.98
0.96
0.96
0.24
0.24
0.22
0.22
0.02
0.02
0.01
0.01
25.04
23.88
22.82
21.86
20.12 20.59
19.93
19.6
11.56
12
11.63
11.5
8.56
8.59
8.3
8.1
3
2.85
2.76
2.71

5.12
22.54
12.76

6.03
23.5
12.88

7.13
24.97
12.69

6.44
25.15
12.23

7.88
30.16
11.47

7.74
30.88
11.17

7.33
30.79
11.46

6.89
29.59
11.62

6.73
29.05
11.75

7.15

7.29

7.5

7.87

6.7

6.78

6.64

6.9

6.93

19.91

20.17

20.19

20.1

18.17

17.95

18.1

18.52

18.68

4.68
4.46

4.87
4.42

5.01
4.29

5.93
4.14

6.32
5.08

6.89
4.97

7.69
4.84

9.28
4.74

10.05
4.7

9.14

9.29

9.3

10.07

11.4

11.86

12.53

14.02

14.75

4.88
8.61

4.75
8.39

4.73
8.14

4.74
7.95

4.73
8.88

4.89
9.4

4.84
9.88

4.96
10.1

5.13
10.54

13.49

13.14

12.87

12.69

13.61

14.29

14.72

15.06

15.67

42.54
100

42.6
100

42.36
100

43.24
100

43.18
100

44.1
100

45.35
100

47.6
100

49.1
100

Source: Statistical Abstract of Punjab for Various Years, Government of Punjab
R: Revised Estimates for 2010-11, P.E.: Provisional Estimates for 20111-12 and Q.E.: Quick estimates for 2012-13

remained sluggish during past few year. The
average annual compound growth rate of
state’s gross income during the period 200708 to 2012-13 are presented in Table 2. The
growth rate agriculture (proper) has remained
way below two percent during past six years,

with growth turning negative in 2009-10 and
2012-13. The agriculture (proper) recorded a
nominal growth of 0.21 percent in 2013-14 (A)
as compared to the negative growth of 0.05
percent in 2012-13. Slow growth of the
agriculture (proper) sector has kept the overall
growth of the agriculture and allied sectors
low below one per cent during 2012-13.
Cropping Pattern
The agricultural sector in the state
experiencing sluggish growth as cropping
intensity in the state and further irrigation
possibilities have already been exploited and
the productivity of agricultural sector has also
reached a saturation point. The cropping
pattern in the state has highly remained
favourable towards the monoculture of wheat

Table 2: Average annual compound growth
rate of gross state/national income
Sectors

2007-08
2008-09
2009-10
2010-11 (R)
2011-12 (P)
2012-13 (Q)

Primary

Secondary

Tertiary

3.84
2.05
-0.32
1.65
1.81
0.14

16.1
4.22
8.79
6.27
2.38
2.75

7.52
9.57
8.63
9.44
11.82
7.95

Overall
State
Income
9.05
5.85
6.29
6.52
6.52
4.63

Source: Statistical Abstract of Punjab for various years, Government
of Punjab.
R: Revised Estimates, P: Provisional estimates and Q: Quick estimates
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and paddy.
The perusal of Table 3 exhibits the
production of kharif and rabi crops in Punjab
from the period 1970-71 to 2010-11. The
analysis of the results reveals that the
production of rice, wheat, total cereals, total
food grains, cotton, and potatoes increased
manifold during the studied period. For

instance, the production of wheat in Punjab
increased by 3 to 4 fold from 5145 thousand
metric tonnes in 1970-71 to nearly 16472
thousand metric tonnes during 1970-71 to 201011. On the other part, the production of rice
recorded 16 fold increase from 688 thousand
metric tones to 10819 thousand metric tonnes
during the same period. However, the

Table 3: Productivity of principal crops in Punjab, 1970-71 t o 2010-11
(kgha-1)
Crops
1970-71 1980-81 1990-91 2000-01 2007-08 2008-09 2009-10 (R) 2010-11 (P) Overall change (%)
Rice
688
3233
6506
9157
10486
11000
11236
10819
1472.53
Bajra
243
86
13
5
5
5
4
3
-98.76
Maize
861
612
333
461
525
514
475
491
-42.97
Wheat
5145
7677
12159
15551 15716
15733
15169
16472
220.15
Barely
57
108
101
109
57
55
47
44
-22.81
Total Cereals
6997
11717
19113
25283 26789
27307
26931
27829
297.72
Total Pulses
308
204
105
39
20
19
16
17
-94.48
TFGs
7305
11921
19218 25322 26809
27326
26947
27846
281.19
TOS
233
187
93
88
78
73
84
73
-68.67
Cotton
818
1178
1909
1199
2359
2285
2006
1822
122.74
Potatoes
216
767
543
1166
1714
2014
1918
1609
644.91
Sugarcane
261
392
601
777
657
467
370
417
59.77
Source: Statistical Abstract of Punjab for various years, Government of Punjab.
TFG: Total food grains, TOS: Total oil seeds, R: Revised and P: Provisional

Table 4: Area under principal crops in Punjab, 1970-71 to 2010-11
('000 ha)
Crops
Rice
Bajra
Maize
Wheat
Barely
Total cereals
Total pulses
Total food grains
Total oil-seeds
Cotton
Potatoes
Sugarcane

1980-81
1183
(17.49)
69
(1.02)
382
(5.65)
2812
(41.58)
65
(0.96)
4513
(66.73)
341
(5.04)
4854
(71.77)
238
(3.51)
649
(9.60)
40
(0.31)
71
(1.05)

1990-91
2015
(26.86)
12
(0.16)
188
(2.50)
3273
(43.63)
37
(0.49)
5525
(73.65)
143
(1.91)
5668
(75.55)
104
(1.39)
701
(9.34)
23
(0.31)
101
(1.35)

2000-01
2612
(32.89)
6
(0.07)
165
(2.08)
3408
(42.92)
32
(0.40)
6223
(78.37)
54
(0.68)
6277
(79.31)
86
(1.08)
474
(5.97)
60
(0.76)
121
(1.52)

2007-08
2609
(33.15)
5
(0.06)
154
(1.96)
3487
(44.31)
16
(0.20)
6271
(79.68)
27
(0.34)
6298
(80.03)
60
(0.76)
605
(7.69)
90
(1.14)
108
(1.37)

Source: Statistical Abstract of Punjab for various years, Government of Punjab.
R: Revised, P: Provisional
Figures in the parentheses under the relevant columns represent percentages of the total.
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2008-09
2735
(34.57)
5
(0.06)
151
(1.91)
3526
(44.56)
16
(0.20)
6433
(81.31)
22
(0.28)
6455
(81.58)
60
(0.76)
527
(6.66)
82
(1.04)
81
(1.02)

2009-10 (R) 2010-11 (P)
2802
2826
(35.41)
(35.85)
3
3
(0.04)
(0.04)
139
133
(1.76)
(1.69)
3522
3510
(44.72)
(44.53)
14
12
(0.18)
(0.15)
6480
6484
(82.28)
(82.26)
18
20
(0.23)
(0.25)
6498
6504
(82.50)
(82.52)
62
56
(0.79)
(0.71)
511
483
(6.49)
(6.13)
74
64
(0.94)
(0.81)
60
70
(0.76)
(0.89)

production of other crops remained relatively
poor during the same period. The production
of wheat and paddy crops have replaced that
of bajra, maize, barely, total pulses, total
oilseeds, etc. Actually, these crops have
recorded sharp deceleration during the last five
decades. The results prsented in Table 4 show
that wheat and paddy accounted for the most
of the increase in the area under these crops.
Both these crops, together accounted for the
80.38 percent of the total area during the year
2010-11. On the other side area under other
crops such as oil-seeds, cotton, potatoes, bajra
experienced relatively very small increase in
the respective year. It can be concluded that
the monoculture of wheat and paddy had
dominated most of the increase in the area
under these crops.
Horticulture and Punjab
Horticulture sector consists of production
of fruits, vegetables, root and tuber crops,
mushroom, and floriculture, etc. This sector
has proved to be the diversification for land
use. The sector has established it’s credibility
for improving productivity of land generating
more employment than agriculture, improving
economic condition of the farmers and

entrepreneurs, enhancing export and above all
providing nutritional security to the people.
Table 5 and 6 gives area under different fruits
and vegetables in the state of Punjab during
the period 1990-91 to 2012-13.
The perusal of Table 5 and 6 revealed that
the area under different fruits and vegetables
experience fluctuating trends during the
studied period. However, there is an
continuous increase of area under fruits like
kinnows, mangoes and guava during the same
period. Similarly, area under different crops too
saw rising trends during last two and half
decades. This fact shows the rising importance
of different fruits and vegetables in Punjab.
Diversification Strategy for Sustainable
Agriculture in Punjab
The sustainability of Punjab’s agriculture
should be the major concern in the future
stategy development of the state. In order to
promote production of vegetables, milk and
fruits, state can play a major role. This section
explores the key policy options for the overall
development of Punjab economy vis-a vis
agricultural sector of the state. These policy
options will help the policy makers to formulate
the policies in the desired directions.

Table 5: Distribution of area under different fruits in Punjab
(ha)
Year
1990-91
2000-01
2009-10
2010-11
2011-12
2012-13

Kinnow Orange and Malta Mangoes Litchi Guava Pear Peach Grapes Others Total fruits
21718
10987
11581
1386 4015 7427 3137
2187
3258
68835
11434
3317
5608
1146 4357 2147 1101
1378
1198
34209
38837
2984
6434
1582 7972 2598 1530
541
1739
67554
41207
2886
6509
1628 7840 2665 1526
457
1852
69813
42795
2857
6564
1672 7938 2706 1561
441
1714
71473
43851
2761
6564
1752 8072 2787 1649
438
1728
74897

Source: Director of Horticulture, Punjab.

Table 6: Distribution of area under different vegetables in Punjab
(ha)
Year

Potato

Onion

1990-91
2000-01
2009-10
2010-11
2011-12

23107
59602
74201
64397
69716

646
1973
1029
1522
1198

Other vegetables
Winter
Summer
14412
16354
24837
23893
18085
17126
20561
16413
25852
17063

Source: Director, Land Records, Punjab
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Total vegetables
54612
110316
110441
102893
113830

Diversification of Crops Sector
It has been found in the analysis that
monoculture of wheat and paddy has
dominated the cropping pattern in the state of
Punjab. Paddy is recognized as a high water
consuming crop. As a consequent many parts
of the state are suffering from depleting wtater
table resources. Thus, to achieve long term
sustainability, diversion of area from this high
water consuming crop towards other high
yielding low water consuming crops must be
promoted. In addition, there is a need to
develop other varieties/hybrids of paddy
which are of shorter duration and coincide
their cultivation with monsoon season.
Towards this end, the yield of basmati, which
requires less water than non-basmati varieties
should be given emphasis and area under this
crop must be increased. Paddy cultivation
practices like aerobic cultivation, System of
Rice Intensification (SRI) and direct seeding
which require comparatively less water should
be fine tuned/researched and encouraged. It
is found at the national level that demand for
export of maize has been rising continuously
during past few years. There is also shortage
of edible oils and pulses and this shortage is
likely to persist for long time. Thus state
government should encourage farmers to
cultivate these crops. The kharif pulses and
oil seed crops can also substitute paddy but
currently available varieties of these crops are
not economically competitive with rice.
Likewise, some improvement in the incentives
for cotton need to be provided to keep it
continuously more attractive than paddy.
Vegetables and fruits are other options for
replacing some area under paddy and also for
increasing income of farmers.
Improvement in Crop Productivity
The introduction of Green Revolution in
the state was the result of sophisticated
technology based on high yielding varieties.
The second push to agricultural development
in the state must be accompanied by the new
technology. However, the second push needs
to be knowledge intensive rather than input
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intensive. This time the revolution has to be
knowledge intensive rather than input
intensive.
Adaptation to the Climate Change
There is a need to focus on the
development of technologies to overcome the
adverse effects of climate change on crop
production. Special efforts need to be made to
develop suitable methodology/models for
prediction of extreme weather events such as
excessive rainfall in a short period, frost,
hailstorms etc. and identify crop genotypes
showing tolerance to such extremes. Efforts
should be made to provide area specific and
crop specific weather advisory services to the
farmers to mitigate the adverse effects of
sudden changes in weather. Multiple-cropping
systems like potato-spring maize-rice, summer
mungbean-rice-wheat, agro-forestry, etc. need
to be promoted as adaptive measure to
changing climate.
Improving Irrigation Water Management
It is found that the irrigated area under
canal in the state has declined from 16.6 lakh
ha in 1990-91 to 11.13 lakh ha in 2010-11. The
decrease in surface water availability and poor
maintenance of canal system has led to this
trend in the state. The central region of Punjab
has badly affcetd in terms of depleting wtare
resources. Thus, it is imperative to reduce
ground water use in the central region by
developing and refining water saving
technologies in crop production. To rationalize
the utilization and conservation of water
resources Water Resources Regulatory
Authority should be set up in the state. In
addition, efficient on-farm water management
should be promoted to conserve water at field
level by lining field channels and promoting
cost-effective water-saving technologies such
as laser leveling, underground pipe line
conveyance system, drip irrigation systems,
sprinklers, mulching, etc. Given the alarming
rate of decline in water table in the state, there
is a need to assess the future requirements to
promote the inter generational equity in access
to water. An Act based on Model Bill prepared

by Government of India for The Conservation,
Protection and Regulation of Groundwater,
2011 should be enacted for this purpose. It is
imperative to create awareness amongst the
farmers about the need for conservation and
efficient use of water and its quality
management.
Soil Health Management
The health of soil holds the key for
agricultural development for any region.
Hence, for multiple functions especially, related
to crop production and environmental
protection on a sustainable basis health of soil
need to be maintained. Consequent the over
utilization of irrigation resources, the health of
soil in the state has degraded which has caused
mining of soil nutrient reserves leading to
depletion of soil fertility and emergence of multi
nutrient deficiencies of macro and micro
nutrients. In addition to this, non-judicious use
of fertilizers and dumping of municipal and
industrial wastes containing heavy metals in
soils is posing a serious challenge to soil health
and water quality. In order to address these
challenges, there is a need for concerted efforts
to improve nutrient use efficiency and improve
soil health through a combination of measures.
Integrated nutrient management systems need
to be refined and promoted under different
cropping systems to improve nutrient use
efficiency and maintaining good soil health.
Integrated Pest Management
Insects and diseases cause heavy losses
to field crops in the state. It is found that new
and less known insect-pest species and
diseases have emerged in the field of Punjab.
Thus there is need to generate basic and
applied information for developing sustainable
pest management programmes for effective
mNgement of emerging insect and disease
problems.
Environmental Pollution
Burning of residues of paddy and other
crops during the later part of the year is causing
serious environmental problems. It is estimated
that about 18 million tonnes of paddy straw
being burnt every year in the state. Hence, a

legislation for Management of Crop Residues
should be enacted to check their burning.
Mechanization of Farm Operations
Punjab farmers are facing the problem of
suitable machinery for rice transplanting,
sugarcane harvesting, cotton picking and
cultivation of vegetable and horticultural
crops. In addition to this, shortage of labour
creating hurdles in farm operations. In order
to improve rural economy mechanization of
dairy operations should be accorded high
priority in the state. To achieve this, dairy
machinery service centres should be set up
for providing costly machinery for fodder
sowing, harvesting and silage/hay making to
the dairy farmers on custom-hiring basis.
Horticultural Development
To improve farm economy and promote
crop diversification horticulture should be
given high priority in the state. There is a need
to promote peri-urban cultivation of vegetables
in the state. Towards this end, necessary
support infrastructure and incentives for
promoting mechanization, processing and
export of vegetables such as chilli, onion,
potato, garlic, muskmelon, etc. should be
provided. To make horticulture activities a
success in the state supportive national trade
policy must be developed. More emphasis
needs to be given to develop and introduce
varieties of vegetables and fruits suitable for
processing, for example, seedless kinnow for
better juice quality. Daisy tangerine, a newly
recommended tangerine cultivar, needs to be
promoted for getting early harvest and varietal
diversification in citrus. Kandi area is found
more suitable for horticulture crops such as
amla, guava and kinnow. Special efforts are
requied to promote these crops. It is also
recommended that floriculture activities must
be promoted in the demand driven cities. For
this more flowers varieties need to be
developed for cultivation during summer
seasons.
Supply of Quality Seeds and Planting
Material
Quality seed and planting material is
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essential for higher productivity. The seed
policy for major crops should aim at achieving
coverage of the entire State with the new seeds
at an interval of 3-5 years. However, the seeds
of hybrids need to be replaced every season.
Accordingly the total availability of breeder
seed, foundation seed and certified seed needs
to be determined and produced. Creation of
adequate infrastructure and institutions for
supply of enough quality seeds by
strengthening the Punjab State Seeds
Corporation (PUNSEED) and Seed Certification
Authority for effective delivery of quality seed
at farm gate should receive top priority. Seed
testing laboratories in the State should be
strengthened and equipped with modern
equipments for testing of Genetically Modified
(GM) crops and fingerprinting of Deoxyribose
Nucleic Acid (DNA) for checking quality of
seeds. The role of the private sector in
strengthening seed production of the high
yielding varieties/hybrids developed by it and
PAU need to be expanded in public private
partnership (PPP) mode.
Agricultural Marketing
The State has a vast net work of regulated
markets covered under the Agriculture Produce
Market Committee (APMC) Act. At present,
the annual market arrivals consist of more than
33 million tonnes of food grains and non-food
grains in the State. The procurement of wheat
and paddy can be termed as satisfactory, but
the marketing of fruits, vegetables, maize and
basmati rice pose many problems as stated
earlier particularly the lack of required
infrastructure for perishables, long chain of
middlemen, low price received by the
producers and higher prices paid by the
consumers and collusion/exploitation by the
exporters. The product specific markets, for
example for maize, basmati, potatoes, chillies,
flowers, milk products should be developed
to facilitate the handling of produce and its
aggregation for purchasers. Producer ’s
markets on the lines of Apni Mandi/
Cooperative Markets should be encouraged
in all the major towns of the State. A regulatory
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mechanism should be set-up for regulation and
efficient operation of public and private
markets.
Development of Livestock Sector
Livestock, in addition to yielding regular
income, also provides house hold nutritional
security, more employment to small and
marginal rural households. Growth in livestock
sector is demand driven in view of increase in
income, rapid increase in consumption of
animal food products, a fast-growing urban
population, burgeoning middle-income class
and changing lifestyles. For meeting the ever
increasing demand for livestock products, a
sustained growth rate in excess of five percent
per annum as against 3.7 percent at present
would be essential. This, however, would
require addressing challenges of effective
breed improvement programs, high
reproductive disorders, shortage of fodder and
quality feed and occurrence of some deadly
diseases. Livestock farming is now gradually
moving out from part-time farm production to
specialized farming. Appropriate incentives to
encourage farmers to adopt livestock farming,
especially dairying as an independent
entrepreneurship need to be provided. A
systematic planning and development of
various segments like breeding, input delivery,
procurement of livestock produce, processing,
value addition, marketing and extension
services need to be put in place to achieve the
target growth rates.
Development of Dairy Sector
Although, the number of dairy animals in
the State has come down over time and the
milk production has increased, still there is vast
potential for increasing the productivity of
milch animals. According to Livestock census
of 2007, there are about 39 lakh milk producing
animals - 29 lakh buffaloes and 10 lakh cows in
the state. Most of the farmers rear about 2-3
milch animals. This practice of rearing a few
animals in the mixed farming system is not a
commercial venture but will continue for
meeting the domestic milk consumption and
also for sale of some quantity to meet their

day to day financial needs. As such dairy based
farming system, both at large and small scale
need to be promoted to improve the livelihood
in rural areas. To develop dairy farming as a
profitable venture, large dairy farms with high
yielding cross bred cows, Sahiwal cows,
Murrah and Nili Ravi buffaloes should be set
up and the farmers should be trained for the
management of these farms. They should also
be assisted to meet part of the capital
investment.
Research Infrastructure
The green, white and blue revolutions were
the result of development and application of
new technology which led to higher
productivity. The future starategy of
development will also come from development
of new technologies. For this purpose,
allocation of funds for research, both in crop
and livestock sector has to be increased. There
is a dire need for capacity building of research
scientists through regular training at the
national and international institutes of repute.
In view of the importance and role of
research, the State should ensure adequate
budgetary support to both PAU, Ludhiana and
GADVASU, Ludhiana for strengthening and
restructuring their research programmes, to
meet the urgent and anticipated future needs.
Agricultural Credit
The contribution of cooperative societies
in providing short and long terms loans to the
peasants in the state has increased manifold
during past three decades. In spite of the
progress of cooperative societies, institutional
lending remains inadequate for the state’s
farmers and most of the farmers are dependent
on private non-institutional source of finance
at very high rate of interest for their diverse
loan requirements. Thrust should be laid to
streamline the working of cooperative credit
infrastructure to improve their outreach and
to ensure cost effective, adequate and timely
flow of agricultural credit to the farmers. Credit
facilities at affordable interest should be
provided for capital investment in crop and
livestock sector.

Development of Skills for Off-farm
Employment
It is now universally accepted that off-farm
activities provide diverse employment
opportunities for large amount of rural
workforce and help them to raise their standard
of living. In Punjab, too the importance of offfarm activities have increased past two an half
decades. Hence it is recommended that the
investment in rural infrastructure particularly
rural industrialization should be increased so
as to promote diversified livelihood
opportunities in rural areas to provide rural
poor and landless an adequate scope for
upward mobility through participation in offfarm and non-farm sources of employment and
income. As a long term strategy, the rural youth
need to be empowered with proper access to
education and skills acquisition in
collaboration with the industry so as to be able
to take-up gainful employment both within and
outside agriculture including service sector.
The state should provide stipends to get
training in the required trades. Simultaneously,
the new industrial units in the rural areas
should be encouraged and mandated to recruit
persons from the surrounding rural areas.
The policy options provided above will
help policy makers to bring the economy of
Punjab out of severe socio-economic crisis and
to put it on the path of growth and prosperity.
CONCLUSIONS
The paper examines the growth and
prospects of agricultural sector in the state of
Punjab. The results of the study revealed that
the monoculture of wheat and paddy has
replaced the contribution of other important
crops in the state’s food basket. Not only the
production, but ever increase in area under
these two crops (wheat and paddy) too has
replaced the production of other crops in the
state. Thus, it can be concluded that, the
agricultural sector has reached a saturation
point from where it is difficult to increase further
the productivity of these two principal crops.
Hence special efforts are required to promote
horticultural activities in the state and bring
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more area under other crops except wheat and
paddy. Major thrust needs to be laid on
construction of modern/scientific storage
facilities for food grains particularly silos in
Public or Private Sector or in PPP mode. Area
under fruits and vegetables should be
extended both for diversification and improving
farmers’ income. More emphasis needs to be
given to develop suitable varieties of
vegetables for protective cultivation, and fruits
for higher yield and processing, for example
seedless kinnow for better juice quality. Work
on root stocks of different fruits need to be
strengthened for tolerance to biotic and
abiotic stresses. Special efforts are required to
rationalize the utilization and conservation of
water resources. The through diversification
coupled with a well-synchronized system of
technological-cum-infrastructural-cuminstitutional mechanisms for the entire
economic base of Punjab can prove to be an
ultimate solution to deal with the various socioeconomic challenges that state’s economy is
currently facing.
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NEED OF CROP DIVERSIFICATION TO ACHIEVE
SUSTAINABLE AGRICULTURE IN PUNJAB: A BRIEF
REVIEW
Indpreet Kaur*
ABSTRACT
The agrarian economy of Punjab witnessed a significant growth since the
mid 1960s due to the success of Green Revolution. The increased
profitability of paddy and wheat crops, due to adoption of advanced
technology and supportive government, directed farmers to shift substantial
area under these crops, which have led to a situation of monoculture of
paddy-wheat in the State. While the rapid growth in rice and wheat
production yielded high dividends, it was realized during late 1980’s that
gains may not be sustainable. Currently, there is a growing concern about
the sustainability of Rice Wheat Cropping System (RWCS), as the growth
rates of rice and wheat yields are either stagnating or declining. The
sustainability of agricultural production is basically based on the optimal
and sustainable use of natural resources, such as land and water. In lieu of
earning high profits, farmers as well as public policy aiming at votes are
ignoring the degradation of crucial resources, particularly groundwater,
soil, human-health, etc. The degradation of groundwater has increased the
cost of production manifolds. The study concluded the realization of need
to shift from monoculture to diversified cropping pattern to achieve
sustainable agriculture.
Keywords: Cropping pattern, diversification, sustaniable agriculture
JEL Classification: Q01, Q10, Q18

of diversification conveys different meaning
to different people at different levels.
Diversification signifies usually three
situations (i) a shift of resources from farm to
non-farm activities, (ii) use of resources in a
large mix of diverse and complimentary
activities within agriculture, and (iii) a
movement of resources from low value
agriculture to high value agriculture (Joshi et
al., 2004). The idea of diversification in
agriculture considers the varying nature of risk
and expected returns from each crop/livestock
activity and adjust it in such a way that it leads
to optimum portfolio of income. Agricultural

INTRODUCTION
Diversification can be used as a tool to
augment farm income, generate employment,
alleviate poverty and conserve precious soil
and water resources. Several studies
supported the diversification as an important
strategy to overcome many emerging
challenges (Braun, 1995, Pingali and
Rosegrant, 1995 and Chand, 1996). The concept
*
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diversification has emerged as an important
alternative to attain the objectives of output
growth, employment generation and
sustainability of natural resources in the
developing countries (Chand, 1999). The recent
experience in Asia, particularly South-east
Asia, Middle-east and North Africa indicates
that policy makers and planners are
increasingly focusing on agricultural
diversification to promote agricultural
development (Petit and Barghouti, 1992). Due
to diversification South Asia has showed
improved performance of agriculture sector
with its growth rate rising from 3.2 percent per
annum during the 1980s to 3.7 percent per
annum during 1990s. The index of diversity
also witnessed an increase from 0.59 during
TE 1981-82 to 0.64 during TE 1999-2000 due to
the gradual diversification of the crop sector
towards high value crops such as fruits and
vegetables (Joshi et al., 2004). Agricultural
diversification has also picked up gradually in
India towards high value crops, livestock and
fishery activities largely as an income
enhancing strategy and not as a risk
management strategy (Ibid).
The sustainability of agriculture
production system is largely dependent upon
the optimal and sustainable use of natural
resources such as land and water. Despite all
efforts, the crop diversification in India could
not succeed in the recent times due to many
reasons. Contract farming implemented by
Government of Punjab during rabi season of
2002-03 get failed due to poor quality of seed
supplied, improper extension services, non
procurement of crop produced and even
failures of some crops. Farmers suffered the
monetary losses up to `14500 per acre in the

case of peas as compared to non contract crop.
Due to this set back, majority of farmers were
not willing to enter into contract farming of
the alternative crops in future (Dhaliwal, 2004).
Taking all these factors into consideration,
it is imperative to assess the critical issues of
Punjab agriculture, which highlights the need
of shift from crop specialization to crop
diversification to achieve sustainable
agriculture. Thus current study makes an
attempt to explore the existing cropping
pattern, declining index of crop diversification
and further the extent of degradation in Punjab
agriculture.
METHODOLOGY
The study is mainly based on the
secondary information. The data were largely
from various issues of the Statistical Abstracts
of Punjab, Agricultural Statistics at a Glance
(Government of India) and many other
published and unpublished sources. The
secondary data on these parameters pertained
to the period 1965-66 to 2007-08.To evaluate
the regional differences, the State was divided
into three agro-climatic region, namely Central
Zone (CZ), South-west Zone(SWZ) and Submountainous Zone(SMZ) (Table 1).
Measure of Crop Diversification
Considering the objective of assessing the
extent of diversity in crop, HirschmanHerfindhal index method was used. This
measure was compared over time to study the
trend of diversification in the state.
DI  1  HI and
n

HI   Pi 2
i 1

Where, n is the total number of crops and
Pi represents the acreage proportion of ith crop

Table 1: Features of three agro-climatic regions of Punjab
Region

Blocks Area Features
(No.) (Percent)
Central Zone
86
50.7 Main rice belt, 100 percent tube well coverage, Medium rainfall = around 60 cm.
South West Zone
21
31.2 Lowest rainfall range= Around 40 cm, marginally fit underground water, extensive
canal water supply
Sub-Mountain Zone 31
18.1 High rainfall = more than 80 cm.
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in the gross cropped area. The HI is bound by
zero and one. Actually, it is measure of
concentration. It becomes one with perfect
specialization and its value decreases as
diversification increases.
RESULTS AND DISCUSSION
Spacio-temporal Trends of Cropping Pattern
and Diversification Index
The area under cereal crops was about
eight times larger than under coarse cereals in
1965-66 but currently the ratio of the area under
cereals to that coarse cereals is 315:1 during
2007-08 (Table 2). Cereals occupied around 80
percent share of gross cropped area (GCA) in
2007-08. Whereas, coarse cereals occupied
only 0.25 percent share. Out of cereals, area
under rice and wheat increased to 9 and 2.25
times respectively over the period. There are
more concerns for rice crop for its acreage and
water consumption in Punjab. The rice area
occupied less than 6.5 percent of GCA in 196566, which increased to 33.1 percent of GCA in
2007-08. The Central Zone of state is the rice
belt, 100 per cent extensively irrigated with
tubewells. Whereas maize crop reported
continuously declining trend with just1.94
percent of GCA during 2007-08. Area under
pulses declined in Punjab during 1965-66 to
2007-08. It declined from 643.6 to 219.02
thousand ha during 1965-66 to 1985-86 and
further remained declining and reached to just
25.5 thousand ha in 2007-08. There has been a
significant increase in the area under cotton

and potato, while the area under oilseeds
declined. However there were wide
fluctuations in the area under sugarcane.
Area under cotton and potato increased
from 458.4 thousand ha and 14.6 thousand ha
to 604 thousand ha and 89.8 thousand ha
respectively during 1965-66 to 200708.Whereas the area under oilseeds declined
from 233.9 thousand ha to 59 thousand ha for
the same period. However, area under
sugarcane crop decreased initially from 167
thousand ha to 71 thousand ha during 196566 to 1980-81, thereafter increased to 136.3
thousand ha in 1995-96. But, this pace could
not be maintained longer and it ended up with
just 110 thousand ha of area during 200708.The declining acreage under diverse
cropping pattern clearly confirmed the
existence of monoculture or poor crop
diversification.
Extent of Crop Diversification in Punjab
The extent of crop diversification in Punjab
as measured by diversification index is being
presented in Table 3. Index of crop
diversification declined continuously over the
period, indicating the decline in the extent of
crop diversification in the state. CZ of Punjab
shows the least level of diversification,
whereas, SWZ and SMZ of Punjab were
comparatively more diversified. The high
cultivation of rice and wheat production in the
CZ is the major reason of specialization in this
zone over the period. However, in the SWZ

Table 2: Trends in area under various crops in Punjab
(Percent to GCA)
Particulars
1965-66 1970-71 1975-76
Rice
6.01
6.87
9.08
Wheat
31.73 40.49 39.15
Maize
7.89
9.48
9.27
Coarse cereals
4.65
4.73
4.91
Pulses
13.19
7.08
6.79
Cotton
9.40
7.00
9.28
Oil Seeds
4.79
5.18
5.05
Potato
0.30
0.30
0.41
Sugarcane
3.42
2.25
1.81
Other crops
18.62 16.62 14.25
GCA (000 ha)
4878
5678
6255

1980-81
17.48
41.56
5.65
1.92
4.71
9.59
3.37
0.59
1.05
14.09
6763

1985-86
23.95
43.48
3.63
1.15
3.06
7.82
2.94
0.60
1.09
12.29
7158

Source: Statistical Abstract of Punjab
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1990-91
26.87
42.27
2.51
0.64
1.71
10.07
1.38
0.31
1.35
12.89
7502

1995-96
28.37
41.29
2.27
0.63
1.21
7.99
3.24
0.44
1.77
12.79
7712

2000-01 2005-06 2006-07 2007-08
32.89
33.58
33.34 33.17
42.92
44.08
44.10 44.33
2.07
1.88
1.96
1.94
0.48
0.36
0.32
0.25
0.69
0.38
0.37
0.32
5.97
7.08
7.72
7.68
1.08
1.04
0.90
0.75
0.72
0.90
0.96
1.14
1.52
1.07
1.26
1.40
11.67
9.64
9.07
9.02
7941
7868
7861
7869

Table 3: Extent of dive rsification index
across the different zones of Punjab during
1965-66 to 2007-08
Period
1965-66
1970-71
1975-76
1980-81
1985-86
1990-91
1995-96
2000-01
2005-06
2006-07
2007-08

Central South West Sub-Mountain Punjab
Zone
Zone
Zone
0.82
0.83
0.81
0.83
0.75
0.8
0.79
0.79
0.77
0.81
0.78
0.8
0.74
0.78
0.76
0.77
0.69
0.75
0.74
0.73
0.66
0.75
0.72
0.71
0.67
0.76
0.74
0.72
0.64
0.72
0.72
0.69
0.62
0.7
0.71
0.68
0.62
0.7
0.71
0.68
0.62
0.69
0.71
0.68

Source: Author's own estimates from the Statistical Abstract
of Punjab (various issues)

and SMZ, apart from paddy and wheat, cotton
and maize crops have shown an expansion in
the area under cultivation leading to
diversification of crop production to some
extent.
On the other hand, CZ known as sweet
water zone because of availability of quality
water for the cultivation of rice and wheat has
favoured the expansion of the area under
paddy and wheat cultivation. Whereas in the
SWZ, poor quality of water (water salinity) has
rendered problems in the extensive cultivation
of paddy and wheat. On the other hand,
declining water table in the SMZ of Punjab
has threatened further increase in the area
under water extensive paddy and wheat crops.
Because of these reasons SWZ and SMZ have
resorted to crop diversification to some extent.
Over the period, extent of diversification
has declined continuously from 0.83 index to
just 0.68 index level during 1965-66 to 200708.The extent of diversification declined from
0.82, 0.83 and 0.81 to just 0.61, 0.69 and 0.71 in
CZ, SWZ, and SMZ of Punjab respectively
over the same period. Hence, from the indices
of crop diversification it is clear that agriculture
in Punjab has continuously moved towards
monoculture of paddy and wheat crops. The
argument holds good for all the cropping zones
in Punjab, though the SWZ and SMZ have
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shown some degree of diversification.
Monoculture being unsustainable from the
viewpoint of natural resource base, there is a
need to shift towards diverse cropping
systems in the state.
Extent of Degradation and Question of
Agriculture Sustainability
The wheat-paddy monoculture that covers
76.9 per cent of the GCA has led to ecological
degradation in terms of depletion of
groundwater, depletion of soil health, pollution
due to burning of surplus straw, soil salinity
due to excessive use of fertilizers, water
logging, micro nutrient deficiency (Chand,
1999 and Kalkat, 2008). Sustainability in
physical sense can be viewed in terms of
utilization of the most scarce and productivity
of the resource use (Johl, 2005). Land and water
are the two most critical resources on which
Punjab’s rural economy is built (Singh, 2002).
In the case of resource use, the main question
is of underground water. The water balance in
the state is getting seriously disturbed through
excessive withdrawal of groundwater.
Declining Water Table in Punjab
The State Water Policy, 2008 document
gives the total supply at 3.939 million ha meters
(mhaM), out of which 1.795 mhaM is the river
water allocation and 2.144 mhaM is the
replenishable groundwater, the total draft from
groundwater is 3.116 mhaM, which implies the
rate of depletion of groundwater of 0.989 mhaM
(Government of Punjab, 2008). The area of
central Punjab having depth of water table
more than 20 meters was only 0.4 percent in
1973 which increased to more than 50 percent
during 2010 (Government of Punjab, 2013).
The long-term rate of fall in water table
shows there was a serious fall @ 23 cm per
year in CZ and a quick rise in the SWZ @ 14
cms per year (Table 4). The gravity of fall in
water table in CZ increased overtime, the fall
was at the rate of 14, 20, and 82 cm per year
during, 1973-1990, 1990-1999 and 1999-2005,
respectively. The water table in SWZ increased
to @ 29 cm per year during 1973-1990. The
water level in this zone during 2005 was about

Table 4: Rate of fall in water table region-wise in Punjab, 1973-2005
(cm)
Region
Period
1973-2005
1973-1990
1990-2005
1990-1999
1999-2005

Central zone
June
October
23.1
23.3
13.7
12.8
38.0
43.5
19.6
19
81.7
84.1

South Western zone
June
October
-14.3
-12.5
-29.0
-26.7
0.1
2.9
-13.2
-12.6
29.2
29.8

SMZ
June
October
7.5
6.6
13.3
11.3
8.1
13.5
-8.3
-6.3
31.3
34.8

Punjab
June October
12.8
12.8
7.4
6.3
22.1
27.2
6.7
7.1
53.2
54.8

Source: Singh, 2011

Over the last one and a half decade, 75- 80
percent of the water requirements of agriculture
have been met through tube-wells in all the
zones of Punjab (Table 5). Consequently, water
table is receding. Hand pumps in Punjab have

the same as in 1990 (the rate being only 0.1
cms per year during 1990-2005), but it increased
@ 13 cm per year during 1990 to 1999 and
thereafter, fall sharply @ 29 cm per year during
1999-2005.

Table 5: Trends in area under various sources of irrigation in Punjab
(000 ha)
Particulars
Canals
CZ
SWZ
SMZ
Sub-total

Tubewells
CZ
SWZ
SMZ
Sub-total

Other sources
CZ
SWZ
SMZ
Sub-total

Total

1965-66 1970-71 1975-76 1980-81 1985-86 1990-91 1995-96 2000-01 2005-06

2006-07 2007-08

413
446.7
429.8
464.1
456
452.1
429.1
341.7
232
319
249
(31.90) (34.59) (32.26) (32.46) (30.70) (29.16) (28.93) (34.11) (20.39) (26.74) (22.45)
813
786
815.7
885.4
958.4
968.3
966.7
612.8
857
828
778
(62.79) (60.85) (61.23) (61.92) (64.53) (62.46) (65.17) (61.17) (75.31) (69.40) (70.15)
68.8
58.9
86.6
80.3
70.8
129.8
87.5
47.3
49
46
82
(5.31)
(4.56)
(6.50)
(5.62)
(4.77)
(8.37)
(5.90)
(4.72)
(4.31)
(3.86)
(7.39)
1294.8 1291.6
1332.1 1429.8 1485.2 1550.2 1483.3 1001.8
1138
1193
1109
(100.00) (100.00) (100.00) (100.00) (100.00) (100.00) (100.00) (100.00) (100.00) (100.00) (100.00)
[57.24] [44.72] [42.30] [42.28] [40.33] [39.95] [38.89] [24.92] [28.03] [29.25] [27.20]
689.6
1100.1
1246.1 1339.9 1476.5
(77.75) (69.14) (68.73) (69.10) (67.38)
75.7
323.7
328.7
361.1
413.6
(8.54)
(20.34) (18.13) (18.62) (18.87)
121.6
167.3
238.3
238.1
301.2
(13.71) (10.51) (13.14) (12.28) (13.75)
886.9
1591.1
1813.1 1939.1 2191.3
(100.00) (100.00) (100.00) (100.00) (100.00)

1554
1576.1 1785.6
1893
1809
(67.03) (67.86) (59.19) (64.96) (62.70)
473.8
396.9
698.3
427
484
(20.44) (17.09) (23.15) (14.65) (16.78)
290.4
349.6
532.6
594
592
(12.53) (15.05) (17.66) (20.38) (20.52)
2318.2 2322.6
3016.5
2914
2885
(100.00) (100.00) (100.00) (100.00) (100.00)

1873
(63.19)
531
(17.91)
560
(18.89)
2964
(100.00)

[39.21]

[55.09]

[57.58]

[57.34]

[59.5]

[59.75]

[60.90]

[75.02]

[71.77]

[70.75]

[72.70]

49.6
(61.61)

3.6
(67.92)

2.2
(59.46)

1.9
(14.96)

1.9
(30.65)

2.3
(20.00)

1.7
(20.99)

-

-

-

-

1.3
(10.24)
9.5
(74.80)
12.7
(100.00)
[0.38]
3381.6
[100.00]

0.9
(14.52)
3.4
(54.84)
6.2
(100.00)
[0.17]
3682.7
[100.00]

0.2
5.5
5
(1.74)
(67.90)
(62.50)
9
0.9
2.4
3
4
(78.26) (11.11) (100.00) (37.50)
(100.00)
11.5
8.1
2.4
8
4
(100.00) (100.00) (100.00) (100.00)
(100.00)
[0.30]
[0.21]
[0.06]
[0.20]
[0.10]
3879.9
3814
4020.7
4060
4078
4077
[100.00] [100.00] [100.00] [100.00] [100.00] [100.00]

17.6
0.3
(21.86)
(8.11)
13.3
1.7
1.2
(16.52) (32.08) (32.43)
80.5
5.3
3.7
(100.00) (100.00) (100.00)
[3.56]
[0.18]
[0.12]
2262.2
2888
3148.9
[100.00] [100.00] [100.00]

Source: Statistical Abstract of Punjab
Figures in parentheses () are percentages to respective totals, whereas figures in parentheses [] are percent to total area under irrigation in Punjab
CZ: Central Zone
SWZ: South-western Zone
SMZ: Sub-mountainous Zone
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become obsolete for agriculture purposes. All
dysfunctional centrifugal pumps replaced by
submersible pumps, the private investments
on irrigation expenditure(at constant prices of
2003-04) for rice jumped up by `1527 per ha
and that for wheat by `620 per ha between
1993-94 and 2003-04 (Singh and Sidhu, 2006).
Moreover 78 percent tubewells in the state
are electricity operated (Table 6). Power is the
another scarce resource available with the
state.

1970-71
1975-76
1980-81
1985-86
1990-91
1995-96
2000-01
2005-06
2006-07
2007-08

Per hectare
1993-94
2003-04
Increase
Per quintal
1993-94
2003-04
Increase

Diesel operated Electric operated Total
1.01
3.04
3.20
2.21
2.00
1.75
2.85
2.88
2.80
2.75

0.91
1.46
2.80
4.41
6.00
7.00
7.88
9.05
9.52
9.71

Table 7: Increase in cost of production for
rice and wheat crops
(`)
TE

Table 6: Trends in the number of tube wells
in Punjab
(Lakh)
Period

Impact on Cost of Production
Due to intensive use of electric operated
tubewells, the irrigation cost went up by `1527
per ha at constant prices during TE 1994 to TE
2004 in case of rice and `620 per ha in the case
of wheat. At average productivity levels, the
increase was `33 per q for rice and `10 per q
for wheat (Table 7).

1.92
4.50
6.00
6.62
8.00
8.75
10.73
11.93
12.32
12.46

Cost of Production at 2003-04 prices
Paddy
Wheat
5901
7428
1527

1663
2283
620

174
207
33

43
53
10

Source: Sidhu and Vatta, 2006
TE: Triennium ending

Source: Statistical Abstract of Punjab (various issues)

Given the widespread rural electrification,
the surface water (canal water) use is
overshadowed by groundwater based
irrigation. Following the same policy used in
other states of the country, Punjab Government
offers free electricity to agriculture,
contributing to a dramatic rise in number of
tubewells and to a faster depletion in the
ground water, which has been termed as
possibly the largest mining of water on the
earth based on the satellite images (Rodell et
al., 2009).
The farmers who used to pump
groundwater from just 5-10 ft below surface
are currently drilling the tubewells upto 300 ft.
The increasing fiscal burden, due to
burgeoning electricity subsidy for the farming
sector, poses a perpetual budgetary challenge
for the State government and adverse impact
on industrial development (Sidhu et al., 2011).
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Soil Health
The high nutrional requirements of paddy
and wheat rotation in the State, has exhausted
the soil of nutrients. A particular crop enterprise
exhausts the soil of specific soil nutirients, for
example paddy takes more Zinc from the soil.
Imbalance in soil nutrients may be caused if
farmers continue to raise the same crop year
after year on the same piece of land.
The puddling of field for paddy has
disturbed soil-texture and structure. Also the
raising of a single crop on the entire farm may
ruin the farmer due to the destruction of the
whole crop during natural calamities (Grover
et al., 2002).
Consumption of Fertilizers
The consumption of fertilizers in Punjab
increased by more than five times from 197374 to 2007-08 (Table 8). There was a continuous
increase in the use of fertilizers from 3.28 to
16.98 lakh nutrient tonnes during this period.
The zone wise examination of trend in
consumption of fertilizer revealed that its usage
in CZ increased from 1.95 to 9.13 lakh nutrient
tonnes, in SWZ from 0.86 to 5.15 lakh nutrient

state.
The intensive cultivation leads to faster
and extensive depletion of micro nutrients in
soil over time necessitating higher doses of
fertilizers. Increase in area under rice over time
has contributed towards increase in relative
humidity as rice is cultivated under flood
irrigation method. More and more area under
this crop creates a shallow lake type situation,
increasing the evaporation and hence the
levels of humidity. Increasing humidity favors
the larger incidence of insects and pests which
lead to highest use of insecticides/pesticides
to prevent the economic damage.
Human-Health Issues
Punjab is one of the leading food grain
producing states in India. It is also the region
with the highest cancer rate. The cancer
prevalence (per million per year) in the Malwa
region is indicated to be 1089 (DHFW,
2013).This is much higher than in two other
regions of Punjab, Majha (647 per million per
year) and Doaba (881 per million per year). The
national average cancer prevalence in India is
800 per million per year. Four of the 11 districts
in the Malwa region are most afflicted by
various cancers, Muktsar, followed in order
by Mansa, Faridkot and Bathinda. Cancer is
widely feared, and studies indicate that
excessive use of mineral fertilizers and
pesticides has led to water and soil
contamination, affecting farming communities.
In the Malwa region, cancer mortality is directly
correlated with gender and farming (Singh,
2008). The indiscriminate use of pesticides and
fertilizers, as well as poor groundwater quality,
are considered to be among the main reasons
for the high incidence of several diseases in
the Malwa belt. Farming communities have
higher cancer rates (Blaurock-Busch et al.,
2014).
Other Issues
The declining growth rate of agriculture
along with income and profitability of the farm
sector has compelled the Government to think
about crop diversification. The growth rate of
agriculture has come down from 4.87 percent

Table 8: Tre nds in the fe rtilize r use in
Punjab during 1973-74 to 2007-08
(Lakh nutrient tonnes)
Period
1973-74
1975-76
1980-81
1985-86
1990-91
1995-96
2000-01
2005-06
2006-07
2007-08

N
2.33
(71.06)
2.32
(78.50)
5.19
(71.41)
7.81
(72.15)
8.77
(71.93)
10.11
(80.59)
10.19
(76.74)
12.55
(74.35)
12.99
(76.77)
13.16
(77.50)

P
0.72
(21.94)
0.53
(18.08)
1.79
(24.65)
2.78
(0.26)
3.28
(26.88)
2.28
(18.15)
2.87
(21.59)
3.69
(21.88)
3.54
(20.92)
3.44
(20.26)

K
0.23
(7.00)
0.1
(3.42)
0.29
(3.94)
0.23
(0.02)
0.15
(1.19)
0.16
(1.26)
0.23
(1.67)
0.64
(3.77)
0.39
(2.30)
0.38
(2.24)

Total
3.28
(100.00)
2.95
(100.00)
7.26
(100.00)
10.82
(100.00)
12.2
(100.00)
12.55
(100.00)
13.28
(100.00)
16.88
(100.00)
16.92
(100.00)
16.98
(100.00)

Figures in the parentheses are percentages of total nutrients
consumed in a given year.

tonnes and in SMZ from 0.46 to 2.70 lakh
nutrient tonnes during 1973-74 to 2007-08.
Consumption of Agro-Chemicals
The consumption of insecticides in Punjab
increased from 3200 to 7200 metric tonnes of
technical grade during 1980-81 to 1995-96
(Table 9). Then it started declining and reached
at the level of 5900 metric tonnes of technical
grade in year 2007-08. Over the period,
consumption of insecticides has increased by
1.8 times basically due to existence of
monoculture of rice and wheat crops in Punjab
Table 9: Trends of consumption of technical
grade insecticides/pesticides in Punjab from
1980- 81 to 2007-08
Year
1980-81
1990-91
1995-96
2000-01
2005-06
2000-07
2007-08

Consumption (MT)
3200
6500
7200
6970
5970
5975
5900
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during 80’s to just 0.36 per cent during 90’s
(Singh, 2004 and Jodhka, 2006). The
contribution of primary sector in GSDP reduced
from 32.53 percent in 2004-05 to 24.92 per cent
in 2009-10 (Economic Survey of Punjab, 201011). Moreover, farmers’ indebtedness due to
increased use of inputs (due to depletion of
soil health and environment) and its rise in
prices is another threat for Punjab Agriculture.
This deteriorating situation of indebtedness
has led to the incidence of farmers’ suicides.
Such a critical situation of Punjab agriculture,
which traversed from food bowl to cancer
epicenter has become cause of concern and
accentuates the need to bring variation in
cropping pattern through crop diversification
which can sustain the greenery of Punjab
agriculture.
Recommended Solution on the basis of
Empirical Evidences
High value agriculture generates better
returns, land productivity increases with the
increasing diversification towards HVCs, so
does the per capita value of agricultural output.
High value agriculture is likely to emerge as an
important source of agricultural growth, which
has started showing signs of fatigue mainly
due to the deceleration in yield growth of
foodgrains. High value agriculture-led growth
is expected to be more equitable as
smallholders have a greater tendency to
diversify. Producing additional food is a major
challenge when population and incomes are
rising, and natural resources are degrading.
There are apprehensions that shift in crop
portfolio from food to non-food crops may lead
to food insecurity. Interestingly, the
consumption basket is changing over time. The

food consumption is shifting from cereals to
non-cereals in both rural and urban areas. The
per capita cereal consumption in rural and
urban areas has declined, while those of milk
and milk products, vegetables and fruits have
increased significantly (Kumar and Mathur,
1996). Diversification of crops is essential to
maintain soil fertility, to minimize risk and to
maintain ecological and hydrological balances
(Grover et al., 2002).
Diversified Farming System Approach
Emergence of rice-wheat monoculture due
to favourable agricultural price and marketing
polices of the government and their higher
economic returns, has resulted in loss of biodiversity and degradation of natural resources.
Some alternative farming systems are not only
equally profitable to rice-wheat rotation but
are also resources conserving in nature (Table
10). Definitely, their effective marketing of the
alternative crops is necessary for the wider
adoption of these farming systems. Yet, the
long-term sustainability of the agroecological
system of the state calls for their adoption and
expansion (Sidhu et al., 2010).
In terms of highest yield and net returns,
Maize-Potato-Onion combination reported
highest yield as well as net returns as compare
to traditional Rice-Wheat cropping system.
Whereas Groundnut-Potato-Bajra Fodder
confirmed maximum saving in terms of water
and power which further lead to highest net
benefits. With assured marketing system,
these cropping systems proved to be more
economically viable option for diversification.
Maize and oilseeds are low nutrient absorbing
crops and pulses can be the best option to
preserve the soil health by fixing the nitrogen.

Table 10: Resource conservative alternative cropping system to rice-wheat rotation
(`ha-1)
Rotation
Rice-wheat
Maize-wheat-summer-moong
Maize-potato-Moong
Maize-Potato-Onion
Groundnut-Potato-Bajra fodder

Rice equivalent
yield (qha-1)
12.1
13.8
19.3
21.8
21.5

Net Water savings w.r.t. rice- Power saving
returns
wheat system (cm)
(kWhha-1)
47100
51100
12.5
73.69
56400
120
707.4
86700
97
571.82
64400
124
730.98

Source: Gill and Toor, 2007 and Sidhu et al., 2010
*Net benefits comprise the cost reduction and increase in revenue due to yield increase w.r.t. rice-wheat rotation.
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Cost
Net
reduction benefits*
211
1996
2023
9583
1635
11820
2091
11961

Maize in combination with potato and
onion fetches around `87,000 per ha to farmers
as compared with `47,000 per ha from ricewheat rotation. This farming system also saves
water by 97 cm per ha due to relatively lower
water requirements. Similarly, other cropping
systems such as maize-wheat summer moong,
maize-potato-moong and groundnut-potatofodder are more profitable and water
conserving. The cost reduction in these
farming systems ranged from `211 to `2091
per ha, while the overall benefits were huge
and lied between `1196 per ha and `11961 per
ha, when compared to the traditional rice-wheat
system. These cropping systems also improve
soil health by increasing levels of organic
carbon and other macro nutrients because
pulses fix nitrogen in soil while maize and
oilseeds are less nutrient using crops. These
crop systems offer economically viable
diversification options, if efficient marketing
systems exist for them (Sidhu et al., 2010).
Proposed Alternative Crop Choices for
Diversification
The Punjab Agricultural University
estimated that paddy can be grown over an
area of 1.6 million hectares without adversely
affecting the ground water levels. The current
area (2011-12) under paddy is about 2.8 million

hectares. Thus an area of 1.2 million hectares
has to be replaced. The currently available
choices to replace paddy are maize, cotton,
sugarcane, soybean, pulses, groundnut etc.
(Table 11). However, this will require assured
price and marketing particularly for maize as
for paddy and wheat. Since maize hybrids
yielding 6-7 tonnes per hectares are available,
area under maize can be increased to 5.5 lakh
hectares. However research efforts are needed
to develop high yielding maize hybrids which
are tolerant to pest attack. Apart from
requirement of maize for cattle feed, poultry
and starch production, this can be utilized for
producing ethanol for mixing with petrol.
Demand for export of maize from India has also
arisen (Government of Punjab, 2013).
The country is short of edible oils and
pulses and this shortage is likely to persist for
long time. Farmers will face no problem in their
marketing. The kharif pulses and oil seed crops
can also substitute paddy but currently
available varieties of these crops are not
economically competitive with rice. Likewise,
some improvement in the incentives for cotton
need to be provided to keep it continuously
more attractive than paddy. Vegetables and
fruits are other options for replacing some area
under paddy and also for increasing income

Table 11: Proposed alternative crop choices for diversification
(lakh ha)
Crop
Rice

Current area
28

Maize
Cotton
Sugarcane
Guar
Kharif Fodder
Arhar
Mungbean
Kinnow
Guava
Agroforestry

1.3
4.8
0.7
4
0.2
0.4
0.1
1.3

Groundnut
Turmeric, Chilli,Tomato,Garlic and
Capsicum and Onion

0.2

Potential area Districts
16
Amritsar, Gurdaspur, Tarntaran, Ferozepur,
Kapurthala
5.5
Traditional areas
7
South-western districts
2.6
Majha and Doaba regions
0.3
South-western districts
5.5
Throughout districts
0.6
Central districts
0.6
Central districts
0.8
Traditional areas
0.2
Hoshiarpur, Ferozepur
3
Kandi belt and Central districts (Poplar); SouthWestern districts (Eucalyptus)
0.2
Hoshiarpur, Nawanshahar
0.5
Hoshiarpur,kapurthala,Jalandhar, Amritsar

Source: Based on historical data of area under various crops, Department of Agriculture, Punjab
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of farmers.
CONCLUSIONS
Government has taken various initiatives
like: Johl Committee and Alagh Committee
recommended a significant shift in crop
production pattern to check the natural
resource degradation and to ensure future
growth in Punjab agriculture with improved
farm profitability (Johl, 1986 and 2002). The
committee suggested shifting of at least 20 per
cent of the area (one million ha) from under
rice and wheat crops in order to bring about a
perceptible change in the cropping pattern of
the State which consume lesser water, are
compatible ecologically and are in demand in
the Country. Even State agriculture policy,
2013 is also focused to achieve crop
diversification, there is no decline in area under
rice and wheat, and diversification is still a
distant dream. The sustainability of natural
resources can be achieved only if same
platform of technology-market-Govt.
assurance for other alternative crops will be
provided to the farmers.
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MEASURING THE TECHNICAL EFFICIENCY OF THE
COTTON PRODUCTION: THE STOCHASTIC
FRONTIER PRODUCTION FUNCTION APPROACH
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ABSTRACT
The present study was conducted to measure the technical efficiency of the
cotton farms in Punjab using the parametric technique of stochastic frontier
production function during the agricultural year 2010-11. The results
revealed that the variance parameters, s2 and g for the three categories of
farms were significantly different from zero and having positive coefficients
and statistically significant. This provides statistical confirmation that there
were differences in the technical efficiency among farmers.For small, medium
and large farms, the value of g was estimated to be 0.88, 0.98 and 0.87,
respectively which indicated that the most of the total variation in cotton
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.
Keywords: Cotton, frontier production function, technical efficiency
JEL Classification: C52, C81, Q01, Q12

percent of rice and 50 to 60 percent of wheat to
the central pool since last two decades
(Anonymous, 2011).
Cotton, The White Gold or the The King of
Fibres, as it is often referred to, still holds its
position high. It is an important commercial
crop worldwide and is more so in India. It is a
primary raw material in the textile industry.
Cotton, cotton yarn, cotton fabrics and
garments have substantial demand in the
global market. It is not cultivated in all parts of
the world. Certain tropical conditions are
needed for cultivation of cotton. At present
cotton is being cultivated in some 80 countries
in the world of which the top five countries are
China, India, USA, Pakistan and Brazil. India
has the largest cotton area in the world with
about 11 million hectares accounting for one-

INTRODUCTION
Agriculture not only provides food and
raw material but also employment
opportunities to a very large proportion of
population in our country. In Punjab, about
60.50 percent of population is directly engaged
in agriculture which contributes about 24
percent of GDP of the state. The state, which
has only 1.53 percent of the geographical area
of the country is known as food grain bowl of
the country and contribute about 40 to 50
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fourth of the global cotton area. Cotton
contributes 29.90 per cent of the Indian
agricultural gross domestic product and
provides livelihood to nearly six crore people
with half of this population employed directly
by the textile industry. The annual production
of cotton in India during 2010-11 was 33.90
million bales (Anonymous, 2011).
The Indian cotton cultivation sector has
not only been increasing its productivity, but
also has been undergoing a drastic
improvement in terms of quality of cotton.
Cultivation of hybrids, Bt cotton varieties,
latest production technology and plant
protection technologies, adoption of scientific
and agronomic practices by farmers, increase
in area under assured irrigation, Government
policies such as giving greater force to
research and development in cotton,
encouraging use of quality seeds and
pesticides and price support, are all responsible
for the present drastic changes in Indian
cotton scenario. But India still has to go a long
way to catch up with the world average yield
of 735 kg per hectare as of 2009-10. India’s
yield position as of today is only 505 kg per
hectare (Pal, 2010). The severe economic stress
confronting cotton producers today has
prompted research efforts in production and
marketing risk management strategies. Yet it is
equally important to assess the production and
scale efficiency of specific farming units,
which can help producers focus on necessary
adjustments within their operations and
improve productivity. In such cases, a
comparison of output in relation to the level of
inputs used reveals the true picture of
efficiency. This is referred to as technical
efficiency which is the maximum possible yield
achievable with a given level of input used
(Jayaram et al., 1992). Technical efficiency can
also be defined as the farm’s ability to obtain
the maximum output from a given set of
resources (Farrell, 1957).
In other words, technical efficiency of a
farm can be defined as the ability and
willingness of the farm to obtain the maximum
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possible output with a specified endowment
of inputs (represented by a frontier production
function), given the technology and
environmental conditions surrounding the
farm (Mythili et al., 2000). As pointed out by
Little et al. (1987) comparison of indexes of
technical efficiency of individual enterprises
provides information on the relative as well as
absolute levels of total factor productivity. For
this reason measurement as well as
interpretation of the technical efficiency of the
individual farms in the area under study is an
important exercise to do (Banik, 1994).
A number of empirical study have been
undertaken to measure the technical efficiency
by using cross-section data with the help of
both parametric and non-parametric techniques
(Farrell, 1957, Aigner and Chu, 1968, Timmer,
1971, Meeusen and Broeck, 1977, Kaliranjan
and Shand, 1994, Chakraborty et al., 2002,
Goyal et al., 2006, Umoh, 2006, Abedullah et
al., 2007, Murthy et al., 2009, Houshyar et al.,
2010, Grover, 2012, Hota and Pradhan, 2012,
Mobtaker, 2012, Kaur and Singh, 2013 and
Singh and Kaur, 2014). In this regard, the
deterministic and stochastic fortier approach
were used very commonly. A number of
comprehensive work has been undertaken in
this context by considering also the panel data
approach and measurement of technical
efficiency using cost functions (Greene, 1993).
Therefore, the present study uses the
parametric technique of stochastic frontier
production function to measure the technical
efficiency of the cotton farms in Punjab during
the agricultural year 2010-11.
METHODOLOGY
The primary cross-sectional data relating
to various inputs and output for cotton
cultivation in Punjab were collected by directly
interviewing the farmers engaged in cotton
production through a well-structured
schedule.
Sampling Design
Multi-stage random sampling technique
was followed for the selection of the study
subjects. Keeping in view, the major cotton

growing districts, three districts were randomly
selected for the present study. Further, two
blocks from the each selected district were
selected. At the third and final stage, two
villages from each of these six blocks were
randomly chosen. The list of selected cotton
growing villages along with districts and
blocks is presented in Table1.

or potential output thatcan be produced by a
production unit such as farm, given level of
inputs and technology. The actual production
function (corresponding to the production
unit’s actual output) can be written as:
Qi = f (Xi; β ) exp (-ui)
and 0 <ui<  ; i = 1, 2… n
…(1)
where Qi represents the actual output for
the ith sample (production) unit; Xi is a vector
of inputs and β is a vector of parameters that
describe the transformation process; f (.) is
the frontier production function and ui is a onesided (non-negative) residual term. If the
production unit is inefficient, its actual output
is less than the potential output. Therefore,
we can treat the ratio of the actual output Qi
and the potential output f (.) as a measure of
the technical efficiency of the production unit.
Using equation (1) above, we can write this
measure as:

Table1: List of selecte d cotton growing
villages in Punjab during 2010-11
District
Faridkot

Block
Faridkot
Kotkapura

Muktsar

Malout
Giddarbaha

Mansa

Bhikhi
Budhlada

Village
Chandbaja
Tehna
Dhilwan Kalan
Ramsar
Jandwala
Malko ki Dabwali
Madheer
Rakhala
Aklia
Samaon
Kishangarh
Bareh

TE = Qi / f (Xi; β ) = exp (-ui)
…(2)
Notice that ui is zero if the production unit
produces the potential output (full TE) and is
less than zero when production is below the
frontier (less than full TE). A random variable
vi (independently and identically distributed
normal with mean 0 and variance σ 2v ) can be
included in the equation (1) to capture the
effect of other omitted variables that can
influence the output as:

From each district, using simple random
sampling technique, 40 farmers,that is, 10
farmers from each village were taken for the
study. Therefore, a total sample of 120 farmers
covering 12 villages, six blocks and three
districts of cotton belt of Punjab was finally
chosen for the ultimate analysis.
The required information pertaining to the
size of operational holding, human labour, seed,
fertilizer and farm yard manure, pesticides,
insecticides, machinery, area, production,
productivity of cotton crop was collected from
the selected farmers of each category.
The Analytical Framework
The data were analysed by using tabular
method to show the extent of inputs used for
per hectare cotton production on various farm
size categories.
Technical Efficiency
This study uses the stochastic (or
econometric) frontier production function
model (Abedullah et al., 2007) for cross
sectional data. We define the frontier
production function as the maximum feasible

Qi = f (Xi ; β ) exp (vi-ui),
…(3)
This new function is known as the
individual-specific stochastic production
frontier function. In order to estimate equation
(3), we consider a half normal distribution for
ui (after empirical verification). The likelihood
function for this model is:
1
L   N In σ  constant  [lnΦ(εi λ/σ)  (ε i / )2 ] .(4)
2

where, l = su / sv, s2 =sv2+ su2 , and F is the
cumulative standard normal distribution
function and ei= (vi–ui); su and sv are standard
deviations of the residuals u and v,
respectively. The maximum likelihood
estimation (MLE) method can provide the
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estimates of the stochastic frontier production
equation. The individual specific TE is given
by the conditional mean of exp (-ui), given the
distribution of the composite error term, ei.
Some other important parameters of the
model are:
s = ( su2+ sv2), l = su/sv (>0) and g = (su2 /s v2)
A significant s (and l) would indicate the
significant variations in the output levels. The
l term with value above one would indicate
that output variations due to inefficiency are
higher than that due to random factors. A zero
value of g would indicate that the deviations
from the frontier are due entirely to the noise
and, in this case, the ordinary least squares
(OLS) estimates of the model are equivalent to
the MLE results. A value of one would indicate
that all deviations are purely due to differences
in TE across farms.
RESULTS AND DISCUSSION
Estimates of Frontier Production Function
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.
The measures of technical efficiency in
cotton cultivation during 2010-11 were based
on estimated parameters of stochastic frontier
production function. The parameters estimates
are presented in Table 2. The results revealed
that the variance parameters, s2 and g for the
three categories of farms were significantly
different from zero and having positive
coefficients and statistically significant. This
provides statistical confirmation that there
were differences in the technical efficiency
among farmers. For small, medium and large
farms, the value of g was estimated to be 0.88,
0.98 and 0.87, respectively which indicated that
the most of the total variation in cotton
cultivation from the observed (actual) and
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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 g 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 2 further exhibits that
the estimated value of g for small farms was
0.88, implying that about 88 percent of the
difference between the actual and potential
outputs were primarily due to technically
inefficient performance of the farms. This
indicates that on an average, the small farms
tended to realise only 88 percent of their
technical abilities in cotton cultivation during
the study period. This implies that
approximately 12 percent of technical
potentials were not used. Similarly, the
Table2: Estimates of the stochastic frontier
production function for cotton cultivation in
the Punjab, 2010-11
Input variables

MLE - Frontier functions
Small
Medium Large
Intercept
-0.594
3.57
1.94
(0.224)
(0.997) (0.354)
Seed
-0.205*
-0.049* 0.055*
(0.142)
(0.827) (0.434)
Human labour
0.411*
0.067*
0.016*
(0.291)
(0.490) (0.877)
Tractor use
-0.242*
0.090*
0.117*
(0.207)
(0.968) (0.483)
Irrigation
-0.082*
-0.071* 0.111*
(0.099)
(0.902) (0.102)
Urea
0.491
-0.160* -0.051*
(0.131)
(0.566) (0.498)
DAP
0.057*
0.274*
0.028*
(0.072)
(0.695) (0.125)
Plant protection
-0.001*
-0.043* -0.471
chemicals
(0.059)
(0.235) (0.143)
s2
0.018*
0.050*
0.039*
(0.015)
(0.097) (0.063)
g
0.884*
0.980*
0.871*
(0.873)
(0.836) (1.403)
Figures in parentheses indicate standard error
*
Significance at one per cent level

estimated value of g was 0.98 and 0.87 for
medium and large farms, respectively, indicated
that these two categories of farms were unable
toutilize their technical abilities. The technical
inabilities was worked out to be two and 13
percent for medium and large farms,
respectively.
In Table 2, the regression estimates
illustrates that the coefficients of human
labour and DAP for small, medium and large
farms were positive and significant statistically,
whereas, the coefficients of seed, irrigation and
plant protection chemicals had a negative
effect on technical efficiency for small and
medium farms. For large farms, only seed and
irrigation had positive effect on technical
efficiency which was statisticallysignificant.
The tractor use had positive significant
coefficients for medium and large farms
indicated positive efficiency effects. On the
other hand, for small farms, coefficients on
tractor use were negative at one per cent level
of significance. The coefficients of urea were
negatively significant representing that it had
negative effect on technical efficiency of
medium and large farms.
The frequency distribution of technical
efficiency ratings for all categories of cotton
growers for the year 2010-11 was presented in
Table 3. The overall mean technical efficiency
was 72 percent. The majority of the farmers
(45 percent) had the technical efficiency
ranging from less than and equal to 70 percent.

Nearly 22 percent farmers belonged to the
technical efficiency range of more than 90 per
cent and 19.17 percent farmers were in the range
of 71 to 80 percent. Further, 14.17 percent
farmers was 81 to 90 percent technically
efficient. Among the technical efficiency range
of less than and equal to 70 percent, medium
farmers account for more than half of the
percentage followed by small and large farmers
with 43.75 and 33.33 percent, respectively.
In the range of 71 to 80 percent of technical
efficiency, the majority of the farmers of about
25 percent were from medium category, while
14.81 percent farmers were from large category
and 12.50 percent were from small category.
The mean technical efficiencies for small,
medium and large categories were 77, 73 and
79 percent, respectively.
Comparison of Farm Categories in Relation
to their Efficiency Levels and Input use
Pattern
In order to present the comparison of
different sizes of farms with regard to their
efficiency level and input use pattern, per
hectare use of different input was calculated
for different inputs for four groups of the
farmers representing different levels of
efficiency. The efficiency level of all the farmers
was measured as already discussed. This
ranged between zero per cent to 100 percent.
These farmers were classified in four groups
according to their efficiency levels (Table 4).
Table 4: Classification of the farmers in
different groups on the basis of efficiency
score

Table 3: Dis tribution of farmers on all
categories of farms according to level of
technical efficiency in the Punjab, 2010-11
TE ranges (per cent)
< 70

Small
14
(43.75)
71-80
4
(12.50)
81-90
7
(21.88)
> 90
7
(21.88)
Total farmers
32
(100.00)
Mean TE
77
Figures in parentheses indicate

Medium Large
31
9
(50.82) (33.33)
15
4
(24.59) (14.81)
2
8
(3.28) (29.63)
13
6
(21.31) (22.22)
61
27
(100.00) (100.00)
73
79
percentage

Groups
I
II
III
IV

Overall
54
(45.00)
23
(19.17)
17
(14.17)
26
(21.67)
120
(100.00)
72

Efficiency score (per cent)
Less than equal to 70
71 to 80
81 to 90
Above 90

The perusal of Table 5 showed the
comparison of different sizes of farms in
relation to their efficiency levels and input use
of pattern. In the case of expenditure on seed,
the highest percentage of expenditure of about
11.53 percent was among the medium farms
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Table 5: The comparison of different sizes of farms in relation to their efficiency levels
and input use pattern in the Punjab, 2010-11
Particular
Group I 770
Small
Medium
Large

Seed
(Rs./ha)
4400
(7.25)
4854.77
(8.00)
4851.67
(7.99)

Group II 71-80
Small
3559.5
(5.86)
Medium
5239.2
(8.63)
Large
5956.25
(9.81)
Group III 81-90
Small
4821.43
(7.94)
Medium
7000
(11.53)
Large
4871.87
(8.03)
Group IV >90
Small
5213.28
(8.59)
Medium
5090.38
(8.38)
Large
4850
(7.99)
Total
60708.35
(100.00)

Human Labour Tractor use Irrigation
(human hrs./ha) (hrs./ha)
(kwh/ha)

Urea
(kg/ha)

DAP
(kg/ha)

Plant protection
(Rs./ha)

974.71
(7.99)
1014.74
(8.32)
1077.75
(8.83)

6.09
(7.65)
6.77
(8.51)
7.14
(8.97)

271.73
(3.15)
530.93
(6.15)
792.19
(9.18)

212.64
(5.87)
295.74
(8.17)
319.67
(8.83)

104.57
(7.67)
116.5
(8.54)
118.11
(8.66)

3119.71
(6.02)
3858.22
(7.44)
4045
(7.81)

944
(7.74)
1031.53
(8.45)
1091.23
(8.94)

7
(8.80)
6.32
(7.94)
6.12
(7.69)

405.03
(4.69)
968.06
(11.22)
882.03
(10.22)

297.25
(8.21)
337.6
(9.33)
328.25
(9.07)

125.25
(9.19)
111.07
(8.15)
109.5
(8.03)

6857.5
(13.23)
5189.27
(10.01)
4853.25
(9.36)

973.86
(7.98)
947
(7.76)
1049.37
(8.60)

7.39
(9.29)
5.5
(6.91)
6.91
(8.69)

257.12
(2.98)
759.37
(8.80)
1018.6
(11.81)

321.43
(8.88)
250
(6.91)
328.25
(9.07)

116.28
(8.53)
73
(5.35)
125.12
(9.18)

3752.57
(7.24)
3500
(6.75)
3769.87
(7.27)

991.43
(8.12)
939.15
(7.70)
1167.96
(9.57)
12202.73
(100.00)

6.57
(8.26)
6.54
(8.22)
7.21
(9.06)
79.56
(100.00)

341.29
(3.96)
1044.61
(12.11)
1356.8
(15.73)
8627.76
(100.00)

339.28
(9.37)
298.15
(8.24)
291.83
(8.06)
3620.09
(100.00)

107.57
(7.89)
91.69
(6.72)
164.83
(12.09)
1363.49
(100.00)

3580.71
(6.91)
4929.46
(9.51)
4369.33
(8.43)
51824.89
(100.00)

Figures in parentheses indicate percentage

belonged to technical efficiency range of 81 to
90 percent and the least percentage was 5.86
percent, among the small size farms of technical
efficiency range of 71 to 80 percent. Human
labour use pattern showed that highest
proportion of 9.57 percent of the total use of
human labour was among the large farms of
technical efficiency range of more than 90
percent, while those having the minimum
proportion was 7.70 percent among the medium
farmers belonged to the same technical
efficiency range of more than 90 percent.
The results further revealed tractor use was
highest with 9.29 percent and lowest with 6.91
percent among the small and medium farms,
respectively, lying within the technical
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efficiency range of 81 to 90 percent, whereas
the application of urea was being observed
maximum (9.37 percent) and minimum (5.87
percent), both, in the case of small farms
belonged to the technical efficiency ranges of
more than 90 percent and less than and equal
to 70 percent, respectively. Irrigation was being
highly used by the large farms having
percentage share of 15.73 percent in the
technical efficiency range of more than 90
percent and 2.98 percent by small farms of
technical efficiency range of 81 to 90 percent.
The use of DAP was maximum by large
farms with 12.09 percent lying in the technical
efficiency range of more than 90 percent and
minimum by the medium farms with 5.35 percent

belonged to range of 81 to 90 percent. Small
farmers of both the technical efficiency ranges
of 71 to 80 percent and less than and equal to
70 percent used the plant protection chemicals
with the percentage shares of 13.23 percent
and 6.02 percent, respectively.
CONCLUSIONS
The measures of technical efficiency in
cotton cultivation during 2010-11 were based
on estimated parameters of stochastic frontier
production function. The results revealed that
the variance parameters, s2 and g for the three
categories of farms were significantly different
from zero and having positive coefficients and
statistically significant. This provides
statistical confirmation that there were
differences in the technical efficiency among
farmers. For small, medium and large farms, the
value of g was estimated to be 0.88, 0.98 and
0.87, respectively which indicated that the most
of the total variation in cotton cultivation from
the observed (actual) and frontier (potential)
were attributed to technical efficiency and not
chance alone.The mean level of technical
efficiency ranged between less than and equal
to 0.70 to above 0.90 with overall mean
technical efficiency for small, medium and large
farms came out to be 0.77, 0.73 and 0.79.,
respectively. Thus, the results indicate 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 cotton suggested that
cotton 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 cotton production in state can be
maintained by reducing the area under cotton
and by improving the technical efficiency of
farmers at the same time.
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DIVERSIFICATION OF PUNJAB AGRICULTURE:
ISSUES AND PERSPECTIVES
H.S. Rai, L.S. Brar and P.S. Cheema*
ABSTRACT
Diversification is an integral part of structural transformation of an economy,
especially rural. Diversification of agriculture seems to possess huge
potential to create new employment avenues and mitigate the problem of
under and seasonal unemployment. The present study has been carried out
with the objectives to examine the diversification in cropping pattern,
operational holding and factors affecting crop diversification in Punjab. It
was observed that wheat and rice were the dominant crops covering about
44 and 41 per cent of gross cropped area, respectively. The area under
cotton and sugarcane was almost eliminated during the study period due
to various production, marketing and environmental constraints. Area
under vegetables increased during the period under study. The crop
diversification index in the village declined from 0.39 to 0.32 during Kharif
and 0.23 to 0.20 during Rabi season indicating that farmers were moving
towards specialization except in the case of medium farmers whose
diversification index (DI) increased significantly during Kharif season.
Keywords: Agriculture, diversification, diversification index, rural economy,
JEL Classification: C43, C81, Q01, Q10, Q15, Q18

and insurance markets are not fully developed,
diversification of crop enterprises and sources
of off-farm and employment are the most
important strategies adopted by rural
households to combat the crop risk and
stabilize their incomes and consumption (Bhal
et al., 1997). Indian economy can be
segregated into two main sectors namely rural
and urban sector. In both these sectors,
agriculture plays a dominant role as 60 percent
of the rural and eight per cent of the urban
households are dependent on it for employment
and livelihood. The rural agricultural sector
plays a vital role in the growth of the Indian
economy because it is a source of foreign
exchange, raw material for various industries
and provides livelihood and employment
opportunities. Diversification of rural economy

INTRODUCTION
Diversification is an integral part of
structural transformation of an economy,
especially rural. In essence, diversification to
commercial crops/enterprises becomes an
essential strategy that can increase income in
agriculture, minimize risk due to crop failure
and earn foreign exchange (Kebebe et al.,
2000). Diversification of agriculture seems to
possess a huge potential to create new
employment avenues and mitigate the problem
of under and seasonal unemployment. In
developing agrarian economies, where credit
*
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is not only important in terms of output, but
also in terms of employment, is thus essential
for the sustainability and development of the
rural economy of Punjab. The importance of
non-farm employment is gaining momentum
in India as rural economy is becoming
diversified and is being extended well beyond
agriculture. The labor absorptive capacity of
agriculture has reached the upper limit and it
is not able to keep the rural workers engaged
throughout the year. The rural households also
seek employment outside the agriculture sector
to tide over the inter-year and intra-year
variations in agricultural income. Several
distress factors like poverty, unemployment,
under-employment and frequent natural
calamities like droughts have pushed the rural
households to go in search of various nonfarm activities to supplement their income and
employment. The slow growth of agriculture
would not have caused an increase in
disparities, if there was a commensurate decline
in population dependent on agriculture. But
this is not happening and the population
dependent on agriculture is increasing (Chand
et al., 2007). Since time immemorial, India has
been, still continues to be, and will remain in
foreseeable future, a land of village
communities. As a matter of fact, the village
was the basic unit of administration as far back
as the Vedic age; there is a reference to graminic
village leader, in the Rig Veda. The India’s
national economy can be truly reflected as a
rural economy become of very high proportion
of its population living in rural areas. Therefore,
rural development is a prerequisite for overall
development of Indian economy and hence it
deserves the highest priority in terms of
allocation of resources. In the rural
development, the following two sectors must
grow simultaneously.
The present case study was, therefore,
conducted in Punjab with the following
specific objectives:
i. examining the diversification in the
cropping pattern, and
ii. examining the factors affecting crop
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diversification;
MATERIALS AND METHODS
The present study was conducted in
village Pherurain, Tehsil- Raikot of Ludhiana
district of Punjab. The main occupation of the
villagers was farming and livestock cultivation.
The farm households in farm sector were
further categorized in to three classes on the
basis of their total operational holding i.e.,
small, medium and large famers by using
cumulative cube root frequency method.
The classification of farm size categories
and details of population and selected sample
from the village is presented in Table 1 and 2,
respectively.
Table 1: Classification of farm households
in different farm size categories
(Acres)
Farm size category
Small
Medium
Large

Total operational holdings
< 5.97
5.97-14.39
> 14.39

Table 2: Details of population and selected
sample from the village
Category
Total households Sample households
Small Farmers
92
46
Medium Farmers
63
32
Large Farmers
11
11
Total
166
89

Data Collection
The self-designed schedules for each
sector were prepared for the collection of
information at two time periods that is for the
year 2000-01 and 2010-11 from the selected
respondents keeping in view the objectives of
the study. Before starting the data collection,
pre-testing of the schedule was done. The
questions which were undesirable, ambiguous
or difficult to respond by the respondents were
simplified or deleted. Certain questions which
emerged during the course of pre-testing and
considered important were also included in the
final schedule. The primary data were collected
using personal interview method. The data
related to their socio-economic profile,

occupation, operational holding, cropping
pattern, income, etc. were collected and
tabulated.
Analysis of Data
After the collection and tabulation, the data
were analyzed using various mathematical and
statistical tools like Hirschman-Herfindahl
Index (HHI), Mann-Whitney U-test and step
wise log linear regression to find out various
factors affecting crop diversification. Further,
averages, percentages and tabular analysis
were used to explain the trends of
diversification among the non-farmer class of
rural masses.
Hirschman-Herfindahl Index (HHI)
The Hirschman-Herfindahl Index was used
to measure the cropping pattern
diversification.
An application of Hirschman-Herfindahl
Index (HHI) of concentration is to check the
degree of diversification among different
crops. The HHI was first used by Hirschman
in a trade study in the 1940s where the square
root of the sum of squared market shares was
calculated (Hirschman, 1980). In 1950,
Herfindahl used the version of the HHI as it is
used today in his Ph.D. dissertation, and in
1959 in a study of the international copper
industry. The index came to be known as the
Herfindahl Index. In 1964, Hirschman published
a short article in the American Economic
Review claiming original ownership of the
index (Hirschman, 1964). The index has been
known by its current name since that time.
The Hirschman-Herfindahl Index (HHI) is
a standard index used in analyzing the degree
of market concentration of a particular industry
in a particular geographic market. It is defined
as the sum of squares of the market shares of
each individual firm, that is the average market
share weighted by market share. As such, it
can range from zero to one moving from a very
large amount of very small firms to a single
monopolistic producer. Decreases in HHI
generally indicate a loss of pricing power and
an increase in competition, whereas increases
imply the opposite. The formula for calculating

Hirschman-Herfindahl Index (HHI) is given as
under:
n

HHI   Si2
i 1

where,
HHI = Hirschman-Herfindahl Index
Si
= Share of ith crop in the total cropped
area.
n
= Number of crops
Thus, a farmer growing two crops, in a year,
that each have 50 per cent share in total
cropped area, the HHI0.502 + 0.502= 0.50. The
HHI ranges from 1/N to one, where N is the
number of crops in the farm. Equivalently, the
index can range up to 10,000, if per cents are
used as whole number as in 75 instead of 0.75.
The maximum in this case is 1002 = 10,000.
A smaller index value indicates a lesser
concentration meaning higher diversification
i.e. a large number of crops are grown at a farm
and no particular crop is dominant. If all crops
have an equal share the reciprocal of the index
shows the number of crops. When crops have
unequal shares, the reciprocal of the index
indicates the equivalent number of crops.
Diversification Index
The Diversification Index is calculated by
subtracting the HHI from unity. It can be
expressed in a mathematical form given as:
DI = 1 - HHI
where,
DI = Diversification Index
HHI = Hirschman-Herfindahl Index.
Mann-Whitney U-test
The Mann-Whitney U-test has been used
to compare significance of extent of
diversification at two points of time.
The Mann-Whitney U-test is based upon
the comparison of the rank of the figures of
one sample in an array of the combined figures
of the two samples. It is fairly obvious that if
the two samples come from the same
population, or two populations with equal
means, the average ranks for each sample
should be equal. U is the sample statistic for
the distribution of the sum of ranks (R) for one
of the samples.
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U1  n 1 n 2 

n1 (n1  1)
 R1
2

U 2  n 1n 2 

n 2 (n 2  1)
 R2
2

where,
n1 and n2 : The two sample sizes for the year
2000-01 and 2010-11 respectively.
R1 and R2 : The sum of the ranks of the first
and second sample, respectively.
U1 and U2 : Lower value of U-statistics
Assuming that n1 and n2 are sufficiently
large (810), the sampling distribution of U can
be normal with the parameters
n 1n 2
2
Now the null hypothesis that both the
samples came from the same population can
be tested using Z-test:
U

Z

U-U
Su

where
n 1n 2 (n1  n 2  1)
12
If Z<Za (critical value of Z), then the null
hypothesis of common population is accepted
and vice-versa.
Stepwise Regression Analysis
At macro level, diversification is affected
by a large number of factors such as price
policy of the Government, irrigation facilities,
marketing infrastructure, technical progress,
etc. However, at micro level the factors such
as family income, education level, age, size of
operational holding of the farmers, etc. may
affect crop diversification. An attempt has
been made to examine the micro level factors
in crop diversification. The following step wise
log-linear regression analysis has been carried
out to find out the income elasticity, age
elasticity, education elasticity and operational
holding elasticity of diversification.
Su 

logYi  β 0  β1logx 1  β 2 logx 2  β 3 logx 3
 β 4 logx 4  U i
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where,
Yi = Diversification Index
x1 = Income of the head of the family
(`annum-1)
x2 = Age of the head of the family (Years)
x3 = Education of the head of the family
(Years of schooling)
x4 = Size of operational holding (Acres)
Ui = Error term or Disturbance term
Cropping Intensity
Cropping intensity indicates the number
of times a field is grown with crops in a year. It
is worked out by dividing gross cropped area
with total operational holding of the farmer.
GCA
Cropping intensity (%) =
TOH
where,
GCA = Gross cropped area
TOH = Total operational holding
RESULTS AND DISCUSSION
Diversification in Cropping Pattern
Cropping patterns in India were tied to food
grain production for a long time. Only few
reasons devoted some resources for
commercial crops, like cotton, sugarcane,
groundnut, etc. As food grain production is
saturated, a trend towards diversification set
in. In this section the results of analysis of
changes in diversification in cropping pattern
at two points of time wise 2000-01 and 2010-11
are discussed along with the changes in
operational holding of farmers in the village
Pherurain. The information worked out on this
aspect is discussed as under:
Changes in Operational Holding
It is evident from the Table 3 that the total
operational holdings of the small farmers
decreased from 4.35 acres in the year 2000-01
to 4.06 acres in 2010-11. Total operational
holdings of the medium farmers also decreased
from 10.05 to 9.99 acres while in the case of
large farmers it increased from 27.86 to 34.25
acres, during the same time period
On an average total operational holdings
increased from 14.09 to 16.25 acres. In the case
of small and medium farmers owned land
decreased from 4.18 and 9.98 to 3.95 and 9.11

acres, respectively in time period from 2000-01
to 2010-11 but the owned land of the large
farmers increased from 25.13 to 28.65 acres.
Large farmers purchased land in the last ten
years due to which the size of overall owned
land increased from 13.10 to 13.90 acres in the
decade. On an average leased-in land also
increased from 1.29 to 2.51 acres while on the
other hand leased out land was almost same in
both the time periods. The share of owned land
was decreased from 92.97 to 85.54 percent while
the share of leased in land increased from 9.16
to 15.45 percent. The share of leased out land
decreased from 2.13 to 1.91 percent.
Changes in Cropping Pattern
It can be observed from the Table 4 that all
the farmers had grown rice crop in the year
2000-01 while in the year 2010-11 their
percentage had decreased to 98.88 percent. It
was due to the fact that one small farmer
adopted vegetable instead of rice cultivation

Ta bl e 3 : Ov e rt ime c ha ng e s i n to ta l
operational holding in farm sector
(Acre)
Particulars

Owned Leased Leased
in
out

Small
2000-01
2010-11

4.18

0.29

0.12

4.35

(96.09)
3.95
(97.29)

(6.67)
0.39
(9.61)

(2.76)
0.28
(6.90)

(100.00)
4.06
(100.00)

Medium
2000-01
2010-11
Large
2000-01
2010-11

9.98

0.84

0.77

10.05

(99.30)
9.11
(91.19)

(8.36)
1.54
(15.42)

(7.76)
0.66
(6.61)

(100.00)
9.99
(100.00)

25.13

2.73

-

27.86

(90.20)
28.65
(83.65)

(9.80)
5.6
(16.35)

-

(100.00)
34.25
(100.00)

Overall
2000-01
2010-11

Total operational
holding

13.1

1.29

0.3

14.09

(92.97)
13.9
(85.54)

(9.16)
2.51
(15.45)

(2.13)
0.31
(1.91)

(100.00)
16.25
(100.00)

Figures in the parentheses are percentages to total operational holding

Table 4: Cropping pattern followed by sample farmers in 2000-01 and 2010-11
Crop
Rice
Cotton
Maize
Potato
Sugarcane
Mentha
Kharif vegetables
Kharif fodder
Moong
Wheat
Sarson
Rabi vegetables
Rabi fodder

Small
2000-01 2010-11
46
45
(100.00) (97.83)
13
4
(28.26)
(8.70)
2
(4.35)
3
(6.52)
-

-

4
9
(8.70)
(19.57)
46
46
(100.00) (100.00)
6
8
(13.04) (17.39)
46
46
(100.00) (100.00)
5
7
(10.87) (15.22)
46
46
(100.00) (100.00)

Medium
2000-01
2010-11
32
32
(100.00) (100.00)
6
2
(18.75)
(6.25)
1
4
(3.13)
(9.38)
2
(6.25)
1
(3.13)
2
(6.25)
6
8
(18.75)
(25.00)
32
32
(100.00) (100.00)
5
3
(15.63)
(9.38)
32
32
(100.00) (100.00)
1
2
(3.13)
(6.25)
2
6
(6.25)
(18.75)
32
32
(100.00) (100.00)

Large
2000-01 2010-11
11
11
(100.00) (100.00)
4
2
(36.36)
(18.18)
1
(9.09)
5
(45.45)
-

1
(9.09)
-

11
(100.00)
1
(9.09)
11
(100.00)
-

1
(9.09)
11
(100.00)
5
(45.45)
11
(100.00)
-

3
(27.27)
11
(100.00)

1
(9.09)
11
(100.00)

Figures in the parentheses are percentages to the total number of sample farmers.
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-

Overall
2000-01
2010-11
89
88
(100.00)
(98.88)
23
8
(25.84)
(8.99)
3
4
(3.37)
(4.49)
4
3
(4.49)
(3.37)
6
(6.74)
2
(2.25)
10
18
(11.24)
(20.22)
89
89
(100.00) (100.00)
12
16
(13.48)
(17.98)
89
89
(100.00) (100.00)
1
2
(1.12)
(2.25)
10
14
(11.24)
(15.73)
89
89
(100.00) (100.00)

in 2010-11. It was interesting to note that 25.84
percent of the farmers were growing cotton
crop in 2000-01 but in the year 2010-11 only
8.99 percent of the farmers were growing
cotton. The substantial decline in the number
of cotton growers was due to the unsuitable
climatic conditions, developing over time, such
as untimely rainfall at harvest resulting in yield
loss due to which farmers had to bear a great
loss. The percentage of farmers that cultivated
maize crop increased from 3.37 to 4.49 percent
during the year 2000-01 to 2010-11. Percentage
of potato growers decreased from 4.49 to 3.37
percent during the same period. Farmers lost
their interest in sugarcane cultivation due to
poor marketing facilities. Some of the farmers
had also started mentha cultivation in the
village during last few years. The shift towards
vegetable cultivation was evident during the

Kharif season as number of farmers growing
Kharif vegetables increased from 10 to 18
during the study period.
The percentage of Rabi vegetable growers
also increased from 11.24 to 15.73 percent
during this period. The number of farmers
growing moong after the harvesting of paddy
increased from 12 (13.48 percent) to 16 (17.98
percent) during the same period. The category
wise analysis of farm-size showed that there
was a decline in number of moong growers in
medium farm size categories while in small and
large categories number of moong growers had
increased. Wheat was the major dominating
crop during the Kharif season in all farm
households at both the time periods.
The results pertaining to the area under
different crops are depicted in Table 5. It is
observed that wheat and rice were dominating

Table 5: Overtime changes in area under different crops in 2000-01 and 2010-11
(Acre)
Crop
Rice
Cotton
Maize
Potato
Sugarcane
Mentha
Kharif Vegetables
Kharif Fodder
Moong
Wheat
Sarson
Rabi Vegetables
Rabi Fodder
GCA
Cropping Intensity
(%)

Small
2000-01
2010-11
2.39
2.37
(26.85)
(28.21)
0.6
0.28
(6.74)
(3.33)
0.2
(2.25)
0.12
(1.35)
-

-

0.43
(4.83)
0.61
(6.85)
0.2
(2.25)
3.67
(41.24)
-

1.19
(14.17)
0.66
(7.86)
0.28
(3.33)
3.11
(37.02)
-

0.07
(0.79)
0.61
(6.85)
8.9
(100.00)
204.6

0.13
(1.55)
0.82
(9.76)
8.84
(100.00)
217.73

Medium
2000-01
2010-11
7.45
8.21
(37.38)
(40.76)
1.23
0.12
(6.17)
(0.60)
0.03
0.16
(0.15)
(0.79)
0.06
(0.30)
0.51
(2.56)
0.25
(1.24)
0.2
0.51
(1.00)
(2.53)
0.63
0.68
(3.16)
(3.38)
0.34
0.16
(1.71)
(0.79)
8.64
8.81
(43.35)
(43.74)
0.11
0.03
(0.55)
(0.15)
0.14
0.43
(0.70)
(2.14)
0.65
0.72
(3.26)
(3.57)
19.93
20.14
(100.00)
(100.00)
198.31
201.6

Figures in the parentheses are percentages to gross cropped area
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Large
2000-01
2010-11
22
29.9
(40.30)
(43.30)
3.18
0.36
(5.83)
(0.52)
0.55
(1.01)
1.31
(2.40)
-

0.91
(1.32)
-

0.82
(1.50)
0.18
(0.33)
24.83
(45.48)
-

1.81
(2.62)
1.27
(1.84)
0.55
(0.80)
31.61
(45.78)
-

0.91
(1.67)
0.81
(1.48)
54.59
(100.00)
195.94

1.41
(2.04)
1.23
(1.78)
68.14
(100.00)
201.61

-

Overall
2000-01
2010-11
10.61
13.49
(38.15)
(41.17)
1.67
0.25
(6.01)
(0.76)
0.08
0.05
(0.29)
(0.15)
0.22
0.32
(0.79)
(0.98)
0.61
(2.19)
0.08
(0.24)
0.21
1.17
(0.76)
(3.57)
0.69
0.87
(2.48)
(2.65)
0.24
0.27
(0.86)
(0.82)
12.38
14.51
(44.52)
(44.28)
0.04
0.01
(0.14)
(0.03)
0.37
0.66
(1.33)
(2.01)
0.69
0.92
(2.48)
(2.81)
27.81
32.6
(100.00)
(100.00)
197.37
201.66

the cropping pattern during the decadal
comparison. The area under wheat was around
44 percent in both the periods while the area
under rice was increased by about three per
cent that is from 38.15 percent in 2000-01 to
41.17 percent in 2010-11. The area under Kharif
vegetables increased significantly from 0.76
percent in 2000-01 to 3.57 percent in 2010-11. It
was due to the fact that some of the farmers in
the village shifted their area towards vegetable
cultivation. The area under cotton declined
from 1.67 to 0.25 acre per farm during the study
period. Similarly the area under maize decreased
from 0.08 acre per farm in 2000-01 to 0.05 acre
per farm in 2010-11, respectively. The marketing
problems, lack of drying facilities, shortage of
labor at farm level resulted into decline in area
under maize. It was found that sugarcane which
occupied 2.19 percent of the gross cropped
area during 2000-01 was eliminated from the
cropping pattern in the village.
This happened due to the poor marketing
conditions/transport and delayed payments by
the sugar mills. In addition, efficient marketing
and higher returns from other crops as
compared to sugarcane also played a
significant role in the shift of area. Area under
moong slightly decreased from 0.86 to 0.82
percent during the same period due to high
labor requirement for the crop. The area under
Rabi vegetables was increased from 1.33 to
2.01 percent during the same time period.
Fodder in the Rabi season was also slightly
increased from 2.48 to 2.81 percent from the
year 2000-01 to 2010-11. It was observed that
gross cropped area in the village increased
from 27.81 to 32.60 acres over ten years due to
elimination of sugarcane crop. From the
available results it could be concluded that
wheat-rice cropping pattern was still dominant
in the selected village. Sugarcane crop was
eliminated in the village due to the bad
marketing conditions of the crop and more
income security in the wheat-rice cropping
pattern due to MSP. The elimination of
sugarcane crop affected the cropping
intensity in the village. The cropping intensity

in the village increased from 197.37 to 201.66
percent from the year 2000-01 to 2010-11.
Crop Diversification Indices
In order to capture real picture of crop
diversification during 2000-01 and 2010-11 the
diversification Indices (DI) for Kharif and Rabi
seasons have been worked out. The crop
Diversification Indices (DI) so computed for
each farm size category is depicted in Table 6.
It is evident from the table that the overall crop
diversification index of the selected farmers
decreased in both the seasons. During the
Kharif season it decreased from 0.39 to 0.32
and during Rabi season it decreased from 0.23
to 0.20. The decline in DI indicated that farmers
were moving towards specialization because
decision making in diversified farming was
more difficult and complex than in specialized
farming.
During the Kharif season the decline in DI
was registered in the case of medium and large
farmers while in the case of small farmers it
had increased slightly (from 0.42 to 0.44) as
they had started cultivating vegetable crops
to earn more, during the study period. During
the Rabi season overall DI declined from 0.23
to 0.20 and the decline was registered in all the
farm size categories. The Diversification
Indices were 0.31, 0.25 and 0.14 in the case of
small, medium and large farm size categories,
respectively in 2000-01. It was observed that
in the case of small and medium farmers DI
had declined to 0.28 and 0.18 during 2010-11
while in the case of large farmers it remained
same. Results presented in the table reveal that
specialization in cropping pattern was taking
place in the village.
Table 6: Diversification in cropping pattern at
different farm size categories in the selected
village
(Diversification Index)
Kharif
Farm size
categories 2000-01 2010-11
Small
0.42
0.44
Medium
0.41
0.25
Large
0.33
0.26
Overall
0.39
0.32
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Rabi
2000-01 2010-11
0.31
0.28
0.25
0.18
0.14
0.14
0.23
0.20

2.25 per cent of the households were falling in
the range of 0.61 to 0.70 and 1.12 percent in the
range of 0.71 to 0.80. The results show that the
level of diversification in the village was very
low as most of the farming households in the
village were found to be falling within the
Diversification Index range of less than 0.50.
Also the fact, people in the village desiring
more leisure inversely affected the
diversification (Table 7). Some of the persons
from the farming families were diversifying
towards non-farm activities rather than
diversify their cropping pattern due to which
diversification was affected.
Comparison of Diversification Indices by
Mann-Whitney U-Test
The diversification index was calculated for
all the selected farmers in the year 2000-01 and
2010-11. Mann-Whitney U-test was used to
find out any significant changes in the
cropping pattern by using the DI for all the
farmers and it was observed that the results
were significant only for the medium farmers
in the Kharif season, at five percent level of
significance. While for all the other category
of farming families the figures were nonsignificant.

Farm Households falling in different ranges
of Diversification Indices
It can be seen from the Table 7 that in the
Kharif season (2000-01) about 66.29 per cent
of the farming households were falling in the
range of less than 0.50 while in the year 201011 that percentage increased to 69.66. The
percentage of households falling in the range
of 0.51 to 0.60 in the year 2000-01 was 19.10
which was in the year 2010-11 decreased to
17.98 percent.
Number of households falling in the range
of 0.61 to 0.70 also decreased from 13.48 percent
to 6.74 while the percentage of farmers falling
in the range of 0.71-0.80 increased from 1.12 to
5.62 percent in the Kharif season. For the Rabi
season, most of the persons were falling in the
range of less than 0.50 in both the time periods.
92.13 percent of the farming families in the year
2010-11 and 97.75 per cent in the year 2010-11
were falling in the range of less than 0.50. In
the year 2010-01, 4.49 percent of the
households were falling in the range of 0.51 to
0.60 and the value decreased to 2.25 percent in
the year 2010-11. None of the household in
the year 2010-11 was falling in the range of
0.61 to 0.80 while in the year 2000-01 about

Table 7: Farm households falling in different ranges of Diversification Index
Crop Season

Small
2000-01 2010-11

Medium
2000-01 2010-11

Large
2000-01 2010-11

Overall
2000-01
2010-11

31
(67.39)
10
(21.74)
5
(10.87)
-

24
(52.17)
14
(30.43)
3
(6.52)
5
(10.87)

20
(62.50)
5
(15.63)
6
(18.75)
1
(3.13)

28
(87.50)
2
(6.25)
2
(6.25)
-

8
(72.73)
2
(18.18)
1
(9.09)
-

10
(90.91)
-

59
(66.29)
17
(19.10)
12
(13.48)
1
(1.12)

62
(69.66)
16
(17.98)
6
(6.74)
5
(5.62)

45
(97.83)
1
(2.17)
-

31
(96.88)
1
(3.13)
-

11
(100.00)
-

-

-

-

-

-

-

-

82
(92.13)
4
(4.49)
2
(2.25)
1
(1.12)

87
(97.75)
2
(2.25)
-

0.71 - 0.80

27
(84.38)
2
(6.25)
2
(6.25)
1
(3.13)

11
(100.00)
-

0.61-0.70

44
(95.65)
2
(4.35)
-

Kharif
Less than 0.50
0.51 - 0.60
0.61-0.70
0.71 - 0.80
Rabi
Less than 0.50
0.51 - 0.60

Figures in the parentheses are percentages to the total
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1
(9.09)
-

-

Table 8: Comparis on of dive rsification
indices by Mann-Whitney U-Test

Table 9: Factors affecting diversification in
kharif and rabi season

Farm size categories
Kharif season
Small

Factors

Medium
Large
Overall
Rabi season
Small
Medium
Large
Overall

U-values

Z-values

982NS
(0.552)
354.50**
(0.034)
50.5NS
(0.511)
3436.5NS
(0.127)

-0.592

866.59NS
(0.132)
490.5NS
(0.772)
54NS
(0.669)
3633.5NS
(0.340)

1.511

Kharif season
Intercept
-10.94
Annual farm income 1.24*
(5.19)
Age
-0.26NS
(-1.62)
Education
-0.07NS
(-0.32)
Size of operational 0.316NS
holding
(2.02)
R2 (Percent)
71.23
Rabi season
Intercept
-3.07
Annual farm income 0.47*
(11.68)
Age
-0.07NS
(-1.22)
Education
0.06NS
(0.84)
Size of operational -0.07NS
holding
(-0.54)
R2 (Percent)
78.70

2.114
0.661
1.524

0.282
0.432
0.953

Figures in the parentheses are p-values
** Significant at 5 per cent level
NS: Non-significant

The results were based upon the Z value.
This showed that there was no significant
change in the cropping pattern over a time
period of ten years i.e. from 2000-01 to 2010-11
except for the medium farmers during the Kharif
season.
Factors affecting Crop Diversification
An attempt was made to find out the
various factors that were affecting crop
diversification. Diversification index was taken
as a dependent variable while income, total
operational holding, age and education were
taken as independent variables. Step wise log
linear regression analysis was carried out and
the following results were obtained for Kharif
and Rabi season.
Kharif Season
The above mentioned regression model
was estimated for Kharif season by applying
step-wise regression analysis. The perusal of
Table 9 presents the estimated figures of the
parameters along with the Coefficient of
Multiple Determination (R2) for Kharif season.
The four explanatory variables explained about
71 percent of total variations in the dependent
variable but rest of the variation remained

Results of stepwise regression
analysis
I
II
III
IV
-10.86 -8.95
1.20*
1.05*
(5.90) (5.37)
-0.24NS
(-1.76)
-

-7.78
0.96*
(5.05)
-

0.288NS 0.140NS
(2.30) (1.43)
69.02 63.00 61.58
-3.21
-3.08 -2.97
0.47*
0.46* 0.43*
(11.84) (12.15) (18.04)
0.07NS
(1.18)
-0.07NS -0.05NS
(-1.22) (-0.87)
78.60 78.56 77.52

Figures in the parentheses are the t-values
* Significant at 5 per cent level
NS: Non-significant

unexplained. Among these four variables, age
and education had negative effect as
education elasticity of diversification was 0.07 with t-value of -0.32. However due to low
value of t-statistics, education appearsed to
be a non-significant factor causing the
variation in diversification index.Thus in the
second step of regression this variable was
dropped. The dropping of education reduced
the power of explanatory variable to about 69
per cent that means 69 percent of the variations
were explained by income, age and size of
holding. It simply meant that about two per
cent of the variation in the diversification was
due to education. In the third step age variable
was dropped, and in the last step only income
was positively and significantly affecting
diversification in Kharif season.
Rabi Season
In the Rabi season, the income was found
to be the significant factor in diversification.
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But some of the results of stepwise regression
were different as in the second step age variable
was dropped as it negatively affected the
diversification, in the third step education
variable was dropped. In the last step only the
income was found to be the significant variable
in diversification. The regression coefficient
of the annual farm income was found to be
significant in crop diversification and worked
out to be 0.43 implying that one per cent
increase in annual farm income of a farmer
would result in to 0.43 per cent increase in crop
diversification during Rabi season.
It can be concluded from the above values
that in both the seasons, income variable
comes out to be significant. In Kharif season
it explained 61.58 percent of the total variation
in diversification while in Rabi season it
explained 77.52 percent of the total variation
while rest of the variation was remained
unexplained.
CONCLUSIONS
From the entire study it was concluded that
Rice-wheat cropping system was still dominant
in the village, however the farmers were
diversifying towards vegetable cultivation due
to more profits. On the other hand sugarcane
crop was totally eliminated over the decade
due to its poor marketing facilities, transport
and late payment issues by the sugar mills.
Area under cotton and sarson decreased while
the area under potato and maize crops was
almost same in both the time periods. Cropping
intensity for each of the farmers at both the
time periods that is 2000-01 and 2010-11 was
calculated and it was concluded that most of
the farmers were falling in the range of 191-210
in both the time periods. In Kharif, 2000-01
about 66.29 percent of the village farmers were
falling in the DI range of 0.0 to 0.50 which
increased to 69.66 percent in 2010-11. For the
Rabi season in 2000-01, the percentage of
farmers falling in range of 0.0-0.50 was 92.13
percent which in 2010-11 increased to 97.75
percent. These Figures show that most of the
farmers in the village were falling within the DI
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range of less than 0.50 in both the seasons
which means that most of the farmers in the
village were growing two crops in a year.
Diversification Index (DI) for each of the
farmer was calculated at both the time periods
for Kharif and Rabi season. In the selected
village, the DI for Kharif season in the year
2000-01 was 0.39 which was in the year 201011 decreased to 0.32 and for the Rabi season
DI in the year 2000-01 was 0.23 which
decreased to 0.20 in the year 2010-11. It was
also noticed that the value of DI was lesser in
the case of medium farmers as compared to
small and large farmers i.e. in Kharif season.
The DI for medium farmers was 0.41 in the year
2010-11 decreased to 0.25, whereas, in Rabi
season the DI decreased from 0.25 to 0.18.
Mann-Whitney U-test was used to test
whether the extent of crop diversification was
significant or not over ten years. For that DI
was used, which was calculated for both the
time periods for each of the selected farmers.
The results revealed that diversification
indices were significant only for the medium
farmers in the Kharif season while all the other
results were non-significant.
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DIRECT SEEDED RICE FOR SUSTAINABLE
AGRICULTURE IN PUNJAB
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ABSTRACT
A survey was undertaken to study the socio-personal characteristics and
prospects of direct seeded rice in Punjab covering five districts viz., Moga,
Mukatsar Sahib, Faridkot, Sangrur and Patiala. From each district one
village and from each village 15 farmers were selected randomly. The data
were collected by using personal interview method. The socio-personal
characteristics of direct seeded rice growers were studied. It was observed
that majority of the DSR respondents in the age group of 41-58 years,
educated up to matric, had medium operational land holding, had medium
mass media exposure and had low extension contacts. Majority of
respondents growing direct seeded rice had high level of economic
motivation. Questions were asked from the farmers regarding the prospects
of direct seeded rice. The results revealed that more than 53.33 percent of
the respondents were willing to increase the area under direct seeded rice.
This was due to the reasons that DSR is a profitable enterprise, it increase
the income by reducing the labour cost, while 46.67 percent of the
respondents was willing to keep the area constant under direct seeded rice.
This was due to the reason that though DSR is profitable, it involves weed
problem which requires too much hard work to control.
Keywords: Direct seeded rice, prospects,sustainability, economic motivation
JEL Classification: C81, Q01, Q12, Q16

production (Anonymous, 2010). However, the
decade of 1990-2000 witnessed overexploitation, causing widespread deterioration
in soil and water resources. The conventional
systems created problems of high production
cost, low input-use efficiency, decline in
groundwater, deterioration in soil health, and
environmental pollution. Now a days Punjab
contributes 2/3rd part of rice production of
India. In Punjab, rice occupies an area of 2.84
million hectares during 2013 with total
production of 11.37 million tonnes and
productivity of 3.74 tonnes per ha
(Anonymous, 2014).
Its cultivation is mainly practiced through
transplanting in puddle conditions. The food

INTRODUCTION
Rice is cultivated in 113 countries and it is
the staple food of more than 50 percent
population of the world. However the rice
production fluctuates depending upon the
weather conditions. During the 1960’s, India
became self efficient in food grain production
but the benefit was restricted to irrigated areas
and rich farmers. The total rice-wheat
production in Asian countries is 314.5 million
tonnes, about 25 percent of world food
*
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security of India is highly dependent on Punjab
as is evident from the contribution of this
region to the national buffer stock of food
grains, which is generally 30-48 percent in rice
(Chauhan, 2012). Therefore, sustainable
production of rice in Punjab is crucial for the
food security of India.
In India, especially in Punjab the rice is
cultivated mainly through transplanting
method into flooded puddled fields. This
practice requires a large amount of water
(approximately 150 cm), of which 10 cm (Singh
and Singh, 2001) is used only for puddling and
further maintenance of standing-water
conditions for the first 15 days for weed control
in puddled-transplanted rice (PTR) increases
the water requirement. This technique requires
puddling and continuous ponding of water for
first 15 days for establishment of the seedlings.
It leads to nutrient losses through leaching
besides causing high evapo-transpirational
losses during hot summer. To meet the water
requirement of transplanted paddy,
underground water is being over exploited by
excessive pumping resulting into decline in
water table. It is estimated that ground water
in the major rice growing areas of the state is
declining at the rate of 0.23 meter per year
(Gupta et al., 1995), causing serious concern
and raising doubt about the future
sustainability of the rice-based system. In
Punjab, the increasing use of groundwater for
rice cultivation has lead to a decline in the water
table by 0.1–1.0 m per year, esulting in water
scarcity and increased cost for pumping water
(Hira, 2009).
Out of the 142 blocks in Punjab, 110 blocks
have been declared as dark zone. The
traditional method of rice cultivation in Punjab
requires a large amount of labour, water, and
energy. Water and labour however are
becoming increasingly scarce in this region,
raising questions about the sustainability of
rice production and the overall environment.
The implementation of the Mahatma Gandhi
NREGA, introduced by the Indian Government
in 2005 (Anonymous, 2011) promising 100 days
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of paid work in people’s home village, has been
creating a labour scarcity in Punjab as rice
transplanting in this region depends on
migrant labourers from other states (eastern
Uttar Pradesh and Bihar). These concerns
suggest to find alternatives to puddletransplanted rice. One approach to reduce
water and labour demand is to grow directseeded rice (Chauhan, 2012). It is the
technology which is water, labour and energy
efficient along with eco-friendly characteristics
and can be a potential alternative to
transplanted rice (Gathalaa et al., 2011). Direct
seeding refers to the process of establishing a
rice crop from seeds sown in the field rather
than by transplanting seedlings from the
nursery. It is most effective method of reducing
cost, labour and water input (Bhushan et al.,
2007). This technique avoids three basic
operations such as puddling, transplanting and
standing water thus saving of substantial
amount of water.
Keeping in view, the cost effectiveness of
DSR practice, there is need to study the
prospects of direct seeded rice in Punjab.
MATERIAL AND METHODS
In order to accomplish the objective of
study, five clusters were selected from the
Punjab state and from these clusters, five
districts viz., Moga, Mukatsar Sahib, Faridkot,
Sangrur and Patiala were purposively selected
based on their crop productivity. From each
district one village and from each village 15
farmers were selected by using random
sampling technique, thereby constituting a
sample of 75 farmers. The primary data were
collected by using personal interview method.
The socio-personal characteristics of the
farmers growing DSR and prospect of the
direct seeded rice in these areas were studied
during the year 2014. Questions were asked
from the farmers growing direct seeded rice
about their planning for DSR in future, about
their willingness to increase the area under DSR
or they will keep the area constant.
RESULTS AND DISCUSSION
The information regarding socio-personal

characteristics of selected farmers which
included age, education, operational land
holdings, agricultural machinery owned, mass
media exposure, extension contacts, risk
bearing capacity, innovativeness, scientific
orientation, and economic motivation was
analysed. The information pertaining to the
profile of the farmers has been given in table 1.
Age
Age is an important social variable as it
influences the attitude and values of an
individual to a great extent which determine
the status of the individual in the family and
society.
The perusal of Table 1 indicate that age of
the respondents varied from 24-75 years.
About 57 percent of the respondents growing
rice with DSR technique belonged to the age
group of 41-58 years while 31 percent of DSR
respondents were in the age group of 2441years and rest were in the age group of 5875 years. It can be concluded that maximum
number of the DSR farmers were of the middle
age group (41-58 years).
Education
Education was measured in terms of
number of years one has attended the school/
college successfully. The results presented in
Table 1 pertaining to education of the
respondents showed that about 39 percent of
DSR respondents were matriculates, about 30
percent of DSR respondents were having
senior secondary level of education and about
seven percent of respondents were graduate
and above. About, 20 percent of respondents
had gained education up to middle level. More
than five percent of DSR respondents were
educated up to primary.
Operational Land Holding
The respondents were asked about their
land owned, land leased in and land leased
out and were categorized into four groups as
shown in the Table 1.
It can be observed from the data given in
Table 1 that 37.33 percent of DSR respondents
had medium (10-25 acres) operational land
holdings, 16 percent of DSR respondents had

Table 1: Distribution of re s ponde nts
a c c o rding to t he i r s o c i o -pe rs o na l
characteristics
(N=75)
Particulars

Farmers practising Percent
DSR (No.)

Age(years)
24-41
41-58
58-75
Education
Primary
Middle
Matric
Senior secondary
Graduation and above
Operational land holding (acres)
Marginal (< 2.5)
Small (2.5-5.0)
Semi-medium (5-10)
Medium (10-25)
Large (> 25)
Mass media exposure
Low (1-6)
Medium (6-11)
High (11-16)
Extension contacts
Low (up to 3)
Medium (3-6)
High (6-9)
Risk bearing capacity
Low (1-6)
Medium (6-11)
High (11-16)
Innovativeness
Low (2-7)
Medium (7-12)
High (12-17)
Scientific orientation
Medium (5.5-9)
High (9-12.5)
Economic motivation
Low (1-4.5)
Medium (4.5-8)
High (8-11.5)

23
43
9

31.00
57.00
12.00

4
15
29
22
5

5.33
20.00
38.67
29.33
6.67

12
12
28
23

16.00
16.00
37.33
30.67

29
36
10

38.67
48.00
13.33

39
20
16

52.00
26.67
21.33

1
47
27

1.33
62.67
36.00

10
61
4

13.33
81.33
5.33

8
67

10.67
89.33

2
27
46

2.67
36.00
61.33

semi-medium operational land holdings
between 5-10 acres, about 30.67 percent of DSR
respondents had large (>25 acres) operational
land holdings and 16 percent of DSR
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respondents had small operational land
holdings between 2.5-5 acres. It can be
concluded that none of DSR respondent fell
under marginal category. The most of the
farmers fell in the category of medium land
holdings (10-25 acres).
Mass Media Exposure
It refers to the frequency of using different
media viz., radio, television, farm literature and
newspaper by the respondents to gain or
improve knowledge regarding direct seeded
rice. Mass media exposure plays a significant
role in the development of agricultural sector.
Farmers learn about new technology, new
cultural practices, new machinery and new
varieties of different crops from various
sources of mass media. Mass media is the back
bone of agricultural extension through which
agricultural universities, agricultural experts
can easily disseminate the new knowledge to
the farmers.
Mass media exposure was studied in terms
of reading farm literature, viewing television
programme and listening to radio. The
respondents were placed into three categories
by using range method. The data so collected
has been placed in Table 1 reveal that majority
of the DSR (48 percent) respondents had
medium mass media exposure. About 38.67
percent of DSR respondents had low mass
media exposure while, 13.33 percent had high
mass media exposure. Thus, it can be
concluded that majority of farmers growing
direct seeded rice had medium mass media
exposure.
Extension Contacts
It refers to the frequency of contacts made
by the respondents with different extension
agencies for seeking information related to
production of direct seeded rice. These
extension contacts tell about how much the
respondents are tied up with the agricultural
experts.
The results presented in Table 1 indicate
that more than 26 percent of DSR respondents
had medium level of extension contacts,
whereas, about 52 percent of DSR respondents
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had low level and 21.33 percent of DSR
respondents had high level of extension
contacts. So, it can be concluded that majority
of farmers growing rice by direct seeded had
low extension contacts.
Risk Bearing Capacity
It refers to the degree to which an
individual is oriented towards risk and
uncertainty and had courage to face the
problems emerging from time to time while
starting an enterprise.
A close examination of the results
presented in Table 1 reveals that 62.67 percent
of DSR respondents had medium risk bearing
capacity whereas, 36 percent of DSR
respondents had high risk bearing capacity.
Only about one percent of DSR respondents
had low risk bearing capacity. The Majority of
the respondents had medium risk bearing
capacity.
Innovativeness
It is taken as the degree to which an
individual is relatively earlier in adopting direct
seeded rice technique than other members of
his social system.
The results given in Table 1 further show
that majority of the (81.33 percent) DSR
respondents had medium level of
innovativeness, whereas, 13.33 percent of DSR
respondents had low level of innovativeness.
Only about five percent of DSR respondents
had high level of innovativeness. The results
further concluded that majority of farmers
growing direct seeded rice had medium level
of innovativeness.
Scientific Orientation
It refers to the degree to which
respondents use scientific approach. A perusal
of data given in Table 1 further indicate that
majority of the DSR respondents (89.33
percent) had high level of scientific orientation.
More than 10 percent of DSR respondents had
medium level of scientific orientation. None of
the DSR respondent had low scientific
orientation. Majority of farmers growing direct
seeded rice had high level of scientific
orientation.

Economic Motivation
It refers to the degree to which a
respondent desires to increase farm income
and maximize his profit. A close examination of
the data given in Table 1 depict that majority
of the DSR respondents (61.33 percent) had
high level of economic motivation. In the
medium level of economic motivation 36
percent of DSR respondents were categorized
and only 2.67 percent of the DSR respondents
had low level of economic motivation. It was
concluded that majority of farmers growing
direct seeded rice had high level of economic
motivation.
Prospects of DSR
The findings related to the prospects of
direct seeded rice have been presented under
the following subheads:
1. Year of starting of direct seeded rice
2. Prospects of direct seeded rice
3. Percentage increase in the number of
direct seeded rice growers during last six
years
4. Percentage increase in area under direct
seeded rice during the last seven years
5. Satisfaction of the respondents about
various aspects of direct seeded rice
Year of starting of DSR
The results presented in Table 2 revealed
that 16.00 percent of the respondents started
the DSR during the period of 2008-10 while
41.33 percent of them started it in the year 201012 and 42.67 percent of respondents started
DSR in the year 2012 and onwards.

Table 3: Distribution of the respondents
according to prospects of direct seeded rice
(N=75)
Category
Frequency Reasons
Willing to increase
40
1. Increase income by
the area
(53.33)
reducing labor cost
2. It is easy practice
Willing to decrease
the area
Keep the area
35
1. N o n- availability o f
constant
(46.67)
DSR drill
2. Electricity cuts before
10th June
3. Wee d s p ro b lem is
there
*Multiple response
Figures in parentheses are percent to total

years. It is clear from the Table 3 that more
than 53 percent of the respondents were willing
to increase the area under direct seeded rice.
This was due to the reasons that direct seeded
rice is a profitable enterprise, it increase the
income by reducing the labour cost.
The results further point out that 46.67
percent of the respondents were willing to keep
the area constant under direct seeded rice. This
was due to the reason that though direct
seeded rice is profitable, it involves weed
problem which requires too much hard work
to control.
Change in DSR growers
The results in the Table 4 reveal that out of
the total sampled respondents who were
producing direct seeded rice, more than ten
per cent of the respondents adopted this
technique in 2008.The results further revealed

Table 2: D is tribution of re s ponde nts
according to ye ar of s tarting of dire ct
seeded rice
(N=75)
Year of staring DSR
2008-10
2010-12
2012 and onwards

Frequency
12
31
32

Table 4: Percentage increase in the number
of direct seeded rice growers during the last
six years
(N=75)

Percent
16.00
41.33
42.67

Year Cumulative frequency
2008
8
2009
12
2010
22
2011
43
2012
71
2013
75

Prospects of DSR
It referred to willingness of the farmers to
increase/decrease/discontinue/keep the area
constant under direct seeded rice in the coming
75

% addition per year
5.33
13.33
28.00
37.34
5.33

that percent addition of the number of new
farmers adopting this technique during 2009,
2010, 2011. 2012 and 2013 was 5.33, 13.33, 28,
37.34 and 5.33 percent, respectively.
It indicates that there is uniform increase
in the number of adopters. The data also
indicates that in the year 2011 and 2012 there
is remarkable increase in adoption of direct
seeded rice.
Area under DSR
The perusal of the Table 5 show that out of
the total sampled area (1794 acres), the direct
seeded rice was adopted on 1.51 per cent of
the area during 2008.
Table 5: Percentage increase in area under
direct seeded rice during the last seven
years
Year
2008
2009
2010
2011
2012
2013
2014
Total sampled area (acres)

CF
27
57
120
259
404
438
639.5

% addition per year
1.67
3.51
7.75
8.08
1.89
11.23
1794

CF: Cumulative frequency

The results indicated that 1.67 per cent of
the area increased during 2009. The percentage
increase in the area during the year 2010, 2011,
2012, 2013 and 2014 was 3.51, 7.75, 8.08, 1.89
and 11.23 percent, respectively. It indicates
that there is uniform increase in the area under
direct seeded rice.
The results also show that in the year 2011
and 2012 there is remarkable increase in area
under direct seeded rice.
Satisfaction Level
The resultsin the Table 6 reveal that a large
majority of the respondents (88 percent) were
satisfied from direct seeded rice with the
reasons that it is profitable, easy and labour
saving practice while 12 percent were
dissatisfied from it due to late delivery of
fertilizers and weedicide to the farmers from
state department of agricultural and lack of
knowledge of this technique.
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Table 6: Distribution of the respondents
according to their satisfaction level in direct
seeded rice
(N=75)
Category Frequency* Reasons
Satisfied
66
1. High profit
(88.00) 2. Easy practice
3. L a b o u r s a v in g b e c a u s e
trans p la nting lab o ur co st
reaches to `2500-3000 acre-1.
Dissatisfied
9
1. Late delivery of fertilizers and
(12.00)
weedicide to the farmers from
agricultural department
2. Lack of knowledge of new
techniques.
*

Multiple response
Figures in parentheses are percentages to the total

CONCLUSION
As Direct Seeded Rice is a water, labour
and energy saving practice. So, this practice
is to be popularized among the farmers by
organising awareness camps.
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DIVERSIFYING CROPPING SYSTEM THROUGH
DAIRYING IN PUNJAB-AN APPROACH TO SUSTAIN
LIVELIHOOD
Parminder Singh Cheema and Parminder Kaur*
ABSTRACT
The results revealed that out of total milch animals, the proportion of
buffaloes was higher (53.75 percent) followed by crossbred cows (43.59
percent) and local cows (2.66 percent). The annual fixed cost was
`16259.88, `36147.79 and `83919.24 on small, medium and large dairy
farms respectively while the total variable cost was estimated to be
`55570.22, `132778.95 and `272462.12 on the respective dairy farms. On
an average, the percentage expenditure on feeds and fodders was observed
to be about 93 percent of the total variable cost. The net returns of milk
came out to be `8.35, `10.03 and `10.12 per litre on small, medium and
large farms, respectively. The break-even output was 38.47, 29.95 and 31.95
percent of total output obtained on small, medium and large farms,
respectively indicating that the break-even output was comparatively
earlier on medium farms than on small and large farms. The major problems
faced by the producers were shortage of quality breed animals, costly
medicines, low price of milk, absence of good marketing network, etc. It
seems desirable to address these problems so as to develop dairy farming
on sound footing.
Keywords: Break-even output, investment, milk production, returns
JEL Classification: C67, C81, O13, Q01

industry in many spheres over-powering the
traditional dominance exercised by agriculture.
Fortunately, our country is blessed with vast
dairy resources (Chauhan and Murthy, 2006).
The revolutionary progress often termed as
White Revolution was enabled by
technological change in production and
improved linkages between production and
marketing through a network of dairy
cooperatives. The growth in milk production
occurred from both increase in number of dairy
animals as well as their productivity (Birthal
and Jha, 2005).
Milk production is an important rural
activity in India providing supplementary

INTRODUCTION
Ever since the creation of mankind, the
major thrust was on the search of food for
existence. Plants and animals were utilized by
man as food during the pre-historic period.
Subsequent domestication of animals and
evolution of crop raising activities made animal
farming as a subsidiary to agriculture.
However, of late, dairy industry has shown
the ability to sustain itself as a profitable
*
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income, employment and nutrition to millions
of rural households. With a value of about
`1539 billion at 2004-05 prices during 2010-11,
milk group ranked first, surpassing rice in
India’s agricultural sector (Anonymous, 2012).
The output of milk and milk products has
increased faster than the crops since 1970’s.
Milk production was more or less stagnant
during 1950’s and 1960’s and annual growth in
milk production was negative in many years.
During the second half of 1960’s, the
Government of India made major policy changes
in dairy sector. Milk production in rural milk
sheds through milk producer cooperatives and
movement of processed milk to urban demand
centres became the cornerstone of government
policy for dairy development. This policy
initiative of the government gave a boost to
dairy development by linking up rural
producers with urban consumers through
pricing, procurement, processing and
marketing which reduced transaction costs
and large public investments in milk
processing sector. The performance of Indian
dairy sector over the last four decades (postOF period-1970) has been extremely impressive.
The milk production in the country has been
more than trebled to 132.4 million tonnes
between 1970-71 and 2012-13 with an average
increase of about 4.5 percent per annum which
in comparison to world’s rate of about one
percent is much higher. Consequently, per
capita per day availability of milk in India has
increased from 112 gm per day in 1968-69 to
290 gm per day in 2012-13, meeting the minimum
nutritional requirement of 250 gm as
recommended by Indian Council of Medical
Research. The changing pattern of food
consumption in the developing countries
including India is now well documented
(Gandhi and Mani, 1995 and Delgado et al.,
1999). Sustained economic and income
growth, a fast growing urban population and
the increasing integration of global agri-food
markets are fuelling rapid growth in demand
for animal food products in India. This implies
tremendous potential for future growth of dairy
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sector and significant income opportunities for
dairy owners especially small holders.After
achieving Green Revolution, great efforts have
been made in Punjab state to bring white
revolution. Punjab government for the last few
decades, has envisaged increased milk
production through massive programmes of
training to the farmers, key village schemes,
intensive cattle development programmes,
production of higher quality feeds and proper
health care of animals etc. With only 1.53
percent of the geographically area of the
country, Punjab is the 4th largest milk producing
state, producing around 7.33 percent of the
country’s milk production. It has the
advantage of 1.06 million cross bred cows and
4.57 million buffaloes population. The total milk
production of Punjab is 9.72 million tonnes and
per capita per day availability of milk is 961
gm. (Anonymous, 2013). With the increased
demand for milk in urban areas and
concentration of milk production activity in
the rural areas, a large number of co-operative
and private milk marketing agencies have
entered into the business of procurement,
processing and distribution of milk (Singh and
Khattra, 1998). As such dairy development has
assumed a position of paramount importance
in the rural economy of India because of its
immense potential for supplementing the
income of small and marginal farmers and
landless agricultural labourers and for
augmenting the employment of rural people.
Diversification in agriculture can act as a
cushion against crop failures. Dairying is
emerging as a better alternative in
diversification. Recognizing the importance of
dairy farming in its substantial contribution to
the agriculture economy and to the livelihoods
of resource poor farmers/ rural population, the
present study was, therefore, conducted in
Punjab with the specific objectives to examine
the costs and returns of milk production in
different size groups of dairy units; to assess
break even output and the magnitude of
profitability of dairy enterprise across
categories of herd size and to identify the

constraints faced by the dairy farmers in the
production of milk.
MATERIAL AND METHODS
The study was conducted in the Punjab
state. Multistage random sampling technique
was used for selection of sample. In the first
stage two districts were selected on the basis
of average milk production in Punjab. Ludhiana
being the highest milk producing district and
Faridkot being the lowest milk producing
district than the state’s average milk production
were selected. In the second stage, one block
from each district was selected randomly. Out
of 13 blocks in Ludhiana district and 2 blocks
in Faridkot district, Doraha and Faridkot blocks
were selected randomly from the respective
districts. In the third stage, Jargari and Rauni,
Machaki Kalan and Chet Sing Wala two
villages from each selected block were chosen
randomly.
In the fourth stage of sampling, for the
selection of dairy units, a list of all the
households from all the four villages having
at least one milch animal and also who
marketed the milk throughout the year was
prepared. These dairy farms were pooled and
arranged in the ascending order of the number
of milch animals held on them. The size
distribution of the herds of these farms then
transformed to identify the size ranges of small,
medium and large dairy units using cube root
frequency method of stratification was given
in Table 1.
The selection of households was done on
the basis of probability proportion to the
number of households in each category.

Consequently 59 small, 27 medium and 14 large
sized dairy households rearing buffalo,
crossbred cow and indigenous cow were
selected randomly making total sample of 100.
The field data on fixed investments, working
capital, main products (milk yield), by product
(dung produced and off springs added), the
price of inputs and outputs for the summer
(March to June), rainy (July to October) and
winter (November to February) seasons of year
2010-11 were collected from the respondent
dairy farmers by personal interview method
using a specially designed and pre-tested
schedule. To study the costs and returns from
milch animals, uniformity of animals was
necessary. Dairy animals maintained at farms
were converted into Standard Animals Units
(SAUs) as per the methodology suggested by
Khumbare et al. 1983. To work out the cost of
production, the data were collected on capital
investment on animals, sheds and equipment
expenses incurred on feeding, labour,
veterinary and insemination charges. The
interest on fixed capital was worked out at the
then prevailing rate of interest (7.75 percent
per annum). The cost of green fodder, dry
fodder and concentrates was estimated by
quantity fed as reported by respondents
multiplied by prevailing rate per unit in the
study area. For purchased feeds, the actual
purchase price was taken. For evaluating the
family labour, the wages were computed as per
the prevailing wage rate for permanent hired
labour. The amount of labour used to maintain
animals was estimated by recording the actual
time spent on different category of animals.
The actual expenses incurred on health care,
medicines, vaccinations and inseminations of
milch animals were also incurred. The income
from dung and young stock was subtracted
from the total maintenance cost. The milk yield
of milch animal was recorded on the basis of
the actual milk produced after the calf suckling.
The average sale price of milk reported by the
respondents was also recorded. The data was
subjected to the tabular analysis for estimating
the costs and return in milk production. Break-

Table 1: Distribution of households in four
s e le cte d village s in diffe re nt he rd s ize
categories
Size of category
Small Medium Large Overall
Size range
1-3
4-7
8 and
(No. of milch animals)
above
Distribution of sample households
Jargari
14
5
2
21
Rauni
18
10
6
34
Machaki Kalan
19
8
3
30
Chet Singh Wala
8
4
3
15
Sample households (No.) 59
27
14
100
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even output was worked out as follows:
BEO 

Total fixed cost per milch animal
Price per litre - Variable cost per litre

RESULTS AND DISCUSSION
Dairy Herd Structure
As all the dairies in the four villages were
categorized into small, medium and large ones
and synthetic farm situations were developed
for each category. The perusal of Table 2
reveals that the total number of milch animals
on small, medium and large dairy units was
2.13, 5.18 and 10.52, respectively.
It was found that out of total milch animals
the proportion of in milk animals was relatively
higher on medium sized dairy units because of
tendency of these farmers to make frequent
replacement of animals and also they did not
want to incur heavy costs on fodder and feeds
for dry animals. Besides, the milch animals, the
farmers maintained a few of other animals such
as calves, heifers and bulls. Thus, the total
Table 2: Dairy herd structure on different
size categories of dairy units in Punjab
Particulars
Small Medium Large
Total milch animals 2.13
5.18
10.52
Buffaloes
1.48
2.75
4.31
(69.48) (53.05) (40.98)
In milk
1.02
1.98
2.78
[68.92] [72.03] [64.49]
Dry
0.46
0.77
1.53
[31.08] [27.97] [35.51]
Crossbred cows
0.58
2.29
5.99
(27.23) (44.25) (56.93)
In milk
0.41
1.68
4.11
[70.69] [73.28] [68.62]
Dry
0.17
0.61
1.88
[29.31] [26.72] [31.38]
Indigenous cows
0.07
0.14
0.22
(3.29)
(2.70) (2.09)
In milk
0.05
0.10
0.15
[71.02] [73.69] [66.19]
Dry
0.02
0.04
0.07
[28.98] [26.31] [33.81]
Calves and heifers 0.26
0.42
0.77
Bulls
0.03
0.05
0.14
Total animals
2.42
5.66
11.43

Overall
4.13
2.22
(53.75)
1.53
[68.75]
0.69
[31.25]
1.8
(43.59)
1.27
[70.62]
0.53
[29.38]
0.11
(2.66)
0.08
[70.59]
0.03
[29.41]
0.36
0.05
4.55

Figures in parentheses () indicate the percentages to the
total milch animals and the figures in parentheses [] show
that wet percentage to the respective breed of milch animal.
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number of animals on small, medium and large
dairy units came out to be 2.42, 5.66 and 11.43,
respectively. On overall farm situation, the
number of animals came out to be 4.55.
The fixed investment in the dairying was
in the form of milch animals, dairy building,
dairy equipments and pattern of fixed
investment is presented in Table 3. On an
average, of the total fixed investment, 73.74
percent was invested on milch animals. The
investment on milch animals on small, medium
and large dairy units accounted for 77.29, 76.55
and 68.76 percent respectively of the total fixed
investment thereby indicating that small dairy
farmers invested more on animals. It is, thus,
clear that investment on milch animals is quite
high due to higher price of milch animals. The
farmers who had adopted dairy as
supplementary occupation needed no extra
land. The percentage investment on buildings
in the case of large dairy units was higher than
that of small and medium dairy units which
may be due to intended expansion of dairy
units. The investment on buildings in the case
of total sample was to the tune of 24.34 percent.
The proportion of expenditure on buildings
was lower than the total on animals but more
than that on machinery. The total fixed
investment on an average dairy farm was to
the tune of `202764.77, whereas it was `103318,
`233167 and `563229 on small, medium and
large sized dairy units, respectively. These
figures clearly indicated the capital intensive
nature of dairy enterprise. However, the total
fixed investment on large dairy units was much
more than that of small and medium dairy units
which may be due to their sound financial
position.
Cost and Returns Structure
The costs and returns from milk production
on different size categories of dairy units is
presented in Table 3. Fixed costs include
depreciation on the value of milch animals,
buildings and equipments, and the interest on
fixed capital. An examination of Table 3 reveals
that annual fixed cost was `16259.88, `36147.79
and `83919.24 on small, medium and large

tune of 0.87, 0.87 and 1.04 percent of the total
variable costs for small, medium and large size
categories, respectively. These were found to
be higher on large size group compared to the
small and medium sized dairy units. The
transportation costs accounted for 0.33, 0.39
and 0.46 percent of the total variable costs in
the respective size categories, respectively.
The miscellaneous costs accounted for 0.28,
0.16 and 0.25 percent on small, medium and
large dairy units, respectively. The
miscellaneous costs included the bills paid for
the various utilities like electricity, water used,
etc. Interest on working capital at the rate of
7.75 percent per annum for a period of two
months during the year, contributed overall
1.28 percent of the total variable costs. It was
estimated that total costs were `71830.09,
`168926.74 and `356381.36 on small, medium
and large farms, respectively. It varied directly
with quantum of dairy business. On the whole,
total costs were found to be `137883.37 per
farm. It was also found that on an average fixed
and variable costs formed about 22.56 and
77.44 percent, respectively of the total cost.
This indicates that total costs varied with the
herd size which may be due to better feeding,
veterinary, medicine and management practices
and high value animals on the respective dairy
farms.
The costs and returns from milk production
on different size categories of dairy units is
presented in Table 4. Fixed costs include
depreciation on the value of milch animals,
buildings and equipments, and the interest on
fixed capital. An examination of Table 4 reveals
that annual fixed cost was `16259.88, `36147.79
and `83919.24 on small, medium and large
dairy farms, respectively which directly varied
with the size of dairy units. On an average farm,
the fixed cost was `31101.92. Interest on fixed
capital was the major item of fixed cost and it
accounted for 49.24, 49.99 and 52.01 percent
of the total fixed costs on small, medium and
large dairy units, respectively. On an average,
it was to the tune of 50.53 percent. For the
dairy enterprise, expenses on fodders, feeds,

Table 3: Investme nt (Fixed) patte rn on
different size categories of dairy units in
Punjab
(`)
Items
Milch Animals

Small
79856
(77.29)
Dairy Buildings
21498
(20.81)
Equipments
1964
(1.90)
Total fixed Investment 103318
(100.00)
FI per milch animal
42693.39

Medium
178498
(76.55)
49687
(21.31)
4982
(2.14)
233167
(100.00)
41195.58

Large
Overall
387262 149526.18
(68.76) (73.74)
166098 49353.03
(29.49) (24.34)
9869
3885.56
(1.75)
(1.92)
563229 202764.77
(100.00) (100.00)
49276.38 44563.69

Figures in parentheses indicate the percentages to the total fixed
investment.

dairy farms, respectively which directly varied
with the size of dairy units. On an average farm,
the fixed cost was `31101.92. Interest on fixed
capital was the major item of fixed cost and it
accounted for 49.24, 49.99 and 52.01 percent
of the total fixed costs on small, medium and
large dairy units, respectively. On an average,
it was to the tune of 50.53 percent. For the
dairy enterprise, expenses on fodders, feeds,
labour, veterinary, transportation charges and
miscellaneous charges and interest on
working capital constitute the variable costs.
On an average farm situation, the total variable
cost was estimated to be `106781.44 while the
figure varied from `55570.22 on small farms to
`272462.12 on large dairy farm. Feeds and
fodders, labour, veterinary were the major
items of variable costs. It was observed that
percentage expenditure on feeds and fodders
was to the tune of 93.30, 93.29 and 92.65 percent
on the respective dairy units and depicted an
inverse relationship with the size of dairy farms.
Labour cost was the next higher component
of cost accounting for about 3.94, 4.01 and
4.32 percent of the total variable costs in the
case of small, medium and large dairy units,
respectively. The labour cost was found to be
increasing with the increase in herd size. The
labour at the farm was either family labour or
the hired labour. The overall average
expenditure on labour was 4.10 percent of the
total variable costs. The percentage
expenditure on veterinary medicine was to the
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Table 4: Cost and returns from milk production different size categories of dairy units in
Punjab
(`)
Particulars
Fixed cost
Depreciation on fixed assets
Interest on fixed capital
Total fixed cost
Variable cost
Green fodder
Dry fodder
Concentrates
Total feed cost
Labour
Veterinary
Transportation
Miscellaneous
Interest on variable cost
Total variable cost
Gross cost

Small

Medium

Large

Overall

8252.73
(50.76)
8007.15
(49.24)
16259.88
(100.00)

18077.35
(50.01)
18070.44
(49.99)
36147.79
(100.00)

40268.99
(47.99)
43650.25
(52.01)
83919.24
(100.00)

15387.66
(49.47)
15714.27
(50.53)
31101.92
(100.00)

12092.38
(21.76)
10131.45
(18.23)
29625.88
(53.31)
51849.71
(93.30)
2190.58
(3.94)
482.66
(0.87)
185.49
(0.33)
153.14
(0.28)
708.63
(1.28)
55570.22
(100.00)
71830.09
(100.00)

28654.03
(21.58)
24604.87
(18.53)
70612.46
(53.18)
123871.36
(93.29)
5330.02
(4.01)
1156.43
(0.87)
516.48
(0.39)
211.47
(0.16)
1693.19
(1.28)
132778.95
(100.00)
168926.74
(100.00)

58449.02
(21.45)
50438.88
(18.51)
143556.8
(52.69)
252444.69
(92.65)
11764.9
(4.32)
2834.65
(1.04)
1251.59
(0.46)
691.87
(0.25)
3474.42
(1.28)
272462.12
(100.00)
356381.36
(100.00)

23053.95
(21.59)
19682.31
(18.43)
56642.59
(53.05)
99378.85
(93.07)
4378.64
(4.10)
993.86
(0.93)
424.11
(0.40)
244.31
(0.23)
1361.67
(1.28)
106781.44
(100.00)
137883.37
(100.00)

253482.62
(90.13)
17544.51
(6.24)
10210.51
(3.63)
281237.64
(100.00)
148458.7
112310.9

535094.31
(89.85)
36857.49
(6.19)
23598.61
(3.96)
595550.41
(100.00)
323088.33
239169.05

201079.19
(90.15)
13566.25
(6.08)
8414.33
(3.77)
223059.77
(100.00)
116278.31
85176.4

Returns
Returns from the sale of milk

97840.14
(90.55)
Value of dung
6218.95
(5.76)
Value young stock
3989.3
(3.69)
Gross returns
108048.39
(100.00)
RFFR
52478.17
Net return
36218.3
Figures in parentheses indicate the percentages to the total

labour, veterinary, transportation charges and
miscellaneous charges and interest on
working capital constitute the variable costs.
On an average farm situation, the total variable
cost was estimated to be `106781.44 while the
figure varied from `55570.22 on small farms to
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`272462.12 on large dairy farm. Feeds and
fodders, labour, veterinary were the major
items of variable costs. It was observed that
percentage expenditure on feeds and fodders
was to the tune of 93.30, 93.29 and 92.65 percent
on the respective dairy units and depicted an

inverse relationship with the size of dairy farms.
Labour cost was the next higher component
of cost accounting for about 3.94, 4.01 and
4.32 percent of the total variable costs in the
case of small, medium and large dairy units,
respectively. The labour cost was found to be
increasing with the increase in herd size. The
labour at the farm was either family labour or
the hired labour. The overall average
expenditure on labour was 4.10 percent of the
total variable costs. The percentage
expenditure on veterinary medicine was to the
tune of 0.87, 0.87 and 1.04 percent of the total
variable costs for small, medium and large size
categories, respectively. These were found to
be higher on large size group compared to the
small and medium sized dairy units. The
transportation costs accounted for 0.33, 0.39
and 0.46 percent of the total variable costs in
the respective size categories. The
miscellaneous costs accounted for 0.28, 0.16
and 0.25 percent on small, medium and large
dairy units, respectively. The miscellaneous
costs included the bills paid for the various
utilities like electricity, water used, etc. Interest
on working capital at the rate of 7.75 percent
per annum for a period of two months during
the year, contributed overall 1.28 percent of
the total variable costs. It was estimated that
total costs were `71830.09, `168926.74 and
`356381.36 on small, medium and large farms,
respectively. It varied directly with quantum
of dairy business. On the whole, total costs
were found to be `137883.37 per farm. It was
also found that on an average fixed and variable
costs formed about 22.56 and 77.44 percent,
respectively of the total cost. This indicates
that total costs varied with the herd size which
may be due to better feeding, veterinary,
medicine and management practices and high
value animals on the respective dairy farms.
The gross returns consisting of sale proceeds
from total milk produced, sales of dung and
young stock during the year were worked out
and the gross returns in the case of small,
medium and large dairy units were estimated
to be `108048.39, `281237.64 and `595550.41,

respectively. The sale of fluid milk constituted
the most important item of the gross income. It
was found that milk sale accounted for 90.55,
90.13 and 89.85 percent in the case of small,
medium and large farms, respectively. The
overall figure for milk sale turned out to be
90.15 percent. As such income from sale of
dung and young stock was meager i.e. only
5.76 and 3.69 percent of the total gross income
on small category, 6.24 and 3.63 percent on
medium category and 6.19 and 3.96 percent in
the case of large category, respectively. The
returns to fixed farm resources (RFFR) in the
case of small, medium and large dairy units
were `52478.17, `148458.70 and `323088.33,
respectively whereas for the total sample, it
was `116278.31. The net returns were
estimated to be `36218.30, `112310.90 and
`239169.05 in the case of small, medium and
large dairy farms, respectively. The overall
figure turned out to be `85176.40. All the farms
were found to be financially viable indicating
that dairy business is quite rewarding.
Break-even Output Levels
Break-even output is the one which covers
total costs of production below which there is
a loss to the dairy farmers. In other words, it is
a point the farmer neither incurs loss nor gains
profit. Therefore, break-even analysis was
carried out to estimate the minimum quantity
of milk per milch animal to be produced to cover
the total cost in the three herd size groups. To
evaluate the profitability in milk production on
different size categories of dairy units with the
help of break-even analysis, the results of the
analysis are presented in Table 5.
The perusal of table reveals that the breakeven output per milch animal was worked out
to be 689.06, 592.20 and 660.60 litres on small,
medium and large farms, respectively. The
percent break-even output to total output was
38.47, 29.95 and 31.95 on the respective
categories of dairy units. This indicated that
break-even output was achieved much earlier
on medium farms than on small and large farms
which means medium farmers were able to
cover their total costs much earlier than small
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Table 5: Break-even output (per milch animal) on different size categories of dairy units
in Punjab
Particulars
Milk production per milch animal per annum (litres)
Fixed cost per milch animal (`)
Sale price (`litre-1)
Variable cost (`litre-1)
Break-even output (litres)
Break-even output to the total output (%)

Small
1791.32
6718.96
22.57
12.82
689.06
38.47

and large farmers. The difference in break-even
point may be attributed to variation in
maintenance cost and milk yield due to feed
resource availability and cost of inputs.
Production Constraints
Most of the dairy farmers of Punjab were
facing one or other problem related to
production of milk (Table 6). It was observed
that for all categories of the households taken
together, high cost of animal feed like fodder,
food grains and concentrates etc was shared
by 70 percent of the households.
According to 74 percent of farmers the first
calving is very late putting extra economic
burden. Non-availability of quality breed
animals in Punjab was another weakness and
problem for dairy as it has been reported by
about 79 percent farmers. Low price of young
stock was also an important factor which makes
dairy farming uneconomical and unviable. If
these problems are addressed at an appropriate
level, it can go long way to make dairy farming
Table 6: Problems faced by dairy farmers
on different size categories of dairy units in
Punjab
Particulars
Availability of fodder and
concentrate
Feed Cost
First calving is late
Shortage of quality breed
animals
Inadequate knowledge of
quality breed animals
Costly medicines

Number of Farmers
Small Medium Large Overall
28
13
3
44
(47.46) (48.15) (21.43) (44.00)
45
16
9
70
(76.27) (59.26) (64.29) (70.00)
49
18
7
74
(83.05) (66.67) (50.00) (74.00)
52
17
10
79
(88.14) (62.96) (71.43) (79.00)
39
20
9
68
(66.10) (74.07) (64.29) (68.00)
51
22
12
85
(86.44) (81.48) (85.71) (85.00)

Figures in parentheses indicate the percentages to the total sample
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Medium
1977.46
6386.54
22.65
11.86
592.20
29.95

Large
2067.40
7342.02
22.64
11.53
660.60
31.95

Overall
1953.37
6835.59
22.62
12.01
644.27
32.98

an economically viable enterprise in the study
area.
CONCLUSIONS
The study brought out that milk
production increased with increase in herd size
category. The composition of herd showed
that it was dominated by buffaloes in small
and medium farms while crossbred cows
dominated the large farms. Dairy is not only a
labour intensive enterprise but also a capital
intensive one. The average capital investment
on sample households was estimated to be ¹
2.02 lakh per farm. In absolute terms the
investment on machines and equipments
showed a positive and direct relationship with
herd size. The results revealed that total fixed
cost per farm increased with the increase in
the herd size. It was observed that on an
average, 93.07 percent of the total variable cost
per farm was spent on feeds and fodders and
rest was on human labour, veterinary and
insemination charges, transportation,
miscellaneous and interest on variable cost. It
was found that total costs varied with the herd
size which may be due to the adoption of better
feeding, veterinary, medicine and management
practices and high value animals on the
respective dairy farms. Sale of fluid milk
constituted the most important item of the
gross income. The results revealed that on an
average, the milk sale accounted for about
90.15 percent. Income from the sale of dung
and young stock was very low. The results
indicated that all the farms were found to be
financially viable indicating that dairy
business is quite rewarding. The break-even
output was achieved much earlier on medium
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1470-75.
Chauhan, A.K. and Murthy, V.C. 2006. Strategies
for sustainable dairy production in India. Indian
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International Food Policy Research Institute,
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Gandhi, V.P. and Mani, G. 1995. Are livestock
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50: 283-292
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farms than on small and large farms which
means medium farmers were able to cover their
total costs much earlier than small and large
farmers. Thus it can be concluded that dairy
farming plays a vital role in the context of rural
economy as it provides opportunity for
supplementary employment and additional
income to rural people. Though, the dairy
farming is a capital intensive enterprise, but it
fetches handsome returns. The producers
need to be advised on the production of higher
milk per animal at the lowest cost by following
better breeding and feeding dairy management
practices. The major problems faced by the
producers were shortage of quality breed
animals, costly medicines, low price of milk,
etc. It seems desirable to address these
problems so as to develop dairy farming on
sound footing.
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SUSTAINABILITY OF AGRICULTURE SYSTEMS:
PUNJAB’S SCENARIO
Sanica Abbott*, S.S. Chahal*, J.L. Sharma# and Kamala#
ABSTRACT
Agriculture is a backbone of economy in the Indian state of Punjab where
green revolution has contributed largely to make India self-sufficient in
food production. Although it has enhanced food production and
consequently the economic returns in agriculture sector, but it has many
backlash effects. The intensive agriculture, is posing a serious problem of
declining water table in large part of the state where ground water has
been exploited in an indiscriminate manner through tube-wells and now
submersible pumps. Keeping in view the sustainable agricultural
development of the state, there is urgent need for judicious planning and
use of the scarce water resource of the state. The use of organic sources like
farm yard manure, compost, green manure in a sequence and management
of crop residues through recycling holds a great promise for sustaining
productivity. At the present stage of agricultural development in the state
there is a need to practice farm management approach for improving the
inputs use efficiency and developing a scientific system of farming. Further,
the use of latest recommended agronomic practices like bi-directional
sowing, intercropping, minimum tillage, etc. will not only help in sustaining
and stabilizing the present level of production but also increases the
profitability.
Keywords: Intensive agriculture, sustainability, input use, profitabilty
JEL Classification: Q01, Q10, Q13, Q18

in the growth of farm output in the State. The
impressive agricultural growth in Punjab is
exemplified by the increase in the state’s
foodgrains production from two million tonnes
to 29 million tonnes during the years 1950-51
to 2011-12. The success story of wheat and
rice has been amazingly spine-shivering. The
production of wheat which was 1.02 million
tonnes in 1950-51 increased tremendously to
17.9 million tonnes in 2011-12. Similarly, the
rice production in the state increased from 0.11
million tonnes in 1950-51 to 6.54 million tonnes
in 1990-91 and further to 10.5 million tonnes in
2011-12.
Punjab is called the Granary of India or

INTRODUCTION
The progress made by agriculture in Punjab
state is unparalleled in the history of world
agriculture. The state which was deficit in food
at the time of independence had made rapid
strides in agricultural development. The strides
that Punjab has made in agricultural
development, particularly after the adoption
of seed-water-fertilizer technology is reflected
*
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India’s bread-basket. It produces four percent
of India’s wheat, and 15 percent of India’s rice
(2013). In worldwide terms, this represents 1/
30th or three percent of the world’s production
of these crops, so Indian Punjab produces two
percent of the world’s cotton, two percent of
its wheat and one percent of the world’s rice.
With adoption of new agricultural
technology in mid sixties backed with adequate
agricultural policies, the state turned surplus
in food grains and became a model of India’s
successful green revolution strategy. This
progress has been made possible by speedy
adoption of improved seeds, irrigation and
increased use of non-conventional inputs like
fertilizers, machinery and pesticides supported
by the natural resource base of state. Besides
these, sound government policies for
providing subsidized inputs, price support,
credit facilities and the inspiring institutional
arrangements like the extension services has
led to the prosperity of the state.
Presently, it is visualized that agriculture
sector faces many challenges making it more
and more difficult to achieve its primary
objective-feeding the world each year.
Population growth and changes in diet
associated with rising incomes drive greater
demand for food and other agricultural
products, while food systems are increasingly
threatened by land degradation, climate
change, and hence risking its sustainability.
Agriculture must change to meet the rising
demand to contribute more effectively to the
reduction of poverty and malnutrition, and to
become ecologically more sustainable
(Dobermann et al., 2013, Melkani and Kataria,
2014 and Shekhar and Toor, 2014).
It is widely believed that the main engine
of agriculture development in the state is fast
approaching its peak capacity. The ground
water resources are nearly exploited. Almost
all the area under wheat cultivation is saturated
with high yielding varieties, fertilizer use is
close to the optimum and plateau in agriculture
production has almost reached. It is also a
matter of concern that weeds, pests and
90

diseases arising from dominant wheat-paddy
rotation seem to be posing a threat to soil
health and diversification of agriculture is
moving at a slow pace (Prihar et al., 1993 and
Singh 2004). The margin of profitability which
is considered as the main spur to agricultural
development is getting eroded. In view of these
developments, the challenges in the future
development of agriculture in the state would
be to increase sustainability and profitability
of agriculture. Since farming has enormous
impacts on the most critical resources, it is
necessary for the farmers to ensure for
provision of vital eco-system services
(Giovannucci et al., 2009)
In order to accomplish the prescribed
objectives it is necessary to interpret the word
sustainability. The Global Environment
Outlook defines sustainability as a
characteristic or state whereby the needs of
the present and local population can be met
without compromising the ability of future
generations or populations in other locations
to meet their needs thus capturing two
fundamental issues: the intra-generational
equity (meeting human needs now) and intergenerational equity that is, fulfilment of basic
needs of all global citizens in the future (UNEP
2010). The essence of sustainability is the
maintenance of natural resource productivity.
Among the major resources available is land
and water. Efforts should, therefore, be made
to promote optimum use of these resources
(Kumar et al., 2005 and Alagh, 1995).
Agriculture Sustainability is the ability
of farmland to produce food and other
agricultural products to satisfy human needs
indefinitely as well as having sustainable
impacts on the broader environment. This
requires agriculture to avoid severe or
irreversible damage to the endogenous or
external ecosystem services upon which it
depends, notably soil fertility, irrigation water,
genetic variability, pollinators, etc. and have
acceptable impacts on the broader
environment. It is believed that if the concept
of sustainability is to serve as a guide to

practice, it must include the use of technology
and practices that both sustain and enhance
productivity. An attempt has, therefore, been
made in the present study to examine the use
pattern of various resources and to suggest
strategies for sustainable development of
Punjab agriculture.
METHODOLOGY AND DATA
This paper is based on descriptive analysis
of secondary data sourced out from various
published sources such as Statistical Abstract
of India, Statistical Abstract of Punjab,
Agriculture At a Glance, published reports
pertaining to the sustainability, etc. The data
was collected relating to gross cropped area,
net sown area, cropping intensity, land use
pattern, area, production and productivity of
major crops. Besides, the data on fertilizer use,
insecticide uses, level of water table etc. were
also collected. The reference period of the
present study was 1970-71 to 2012-13. In
addition, some of the information was also
collected from the Department of Agronomy,
Punjab Agricultural University, Ludhiana
pertaining to the adoption of various
agronomic practices vis-à-vis productivity of
some crops. The data were analyzed by using
simple statistical tools such as averages,
percentages, etc.
RESULTS AND DISCUSSION
Shifts in Agriculture-Land Use Pattern
Land-based resources are a critical asset
to people in developing countries, who rely
on such resources to generate most of their
income and subsistence goods. The
management of land-based resources,
including cropland, grazing land, forests,
wetlands and other land uses can have a major
impact not only on the welfare of direct users
of these resources, but on others via impacts
on flows of environmental services such as
prevention of erosion and runoff, removal of
pollutants from water flows, sequestration of
atmospheric carbon and other greenhouse
gases, and preservation of biodiversity, among
others. The un-cultivated and fallow lands
provide the scope for its horizontal expansion.

Likewise, area sown more than once as
reflected in the cropping intensity; indicates
its scope for its vertical expansion.
Out of total geographical area of 5,036
thousand ha in the Punjab, about 10 percent
land is not available for cultivation. The
agriculture land comprising net area sown and
fallow land increased from 4192 thousand ha
in 1970-71 to 4220 thousand ha in 2006-07 and
further declined to 4195 thousand ha in 201011. This is also referred to as crop land. At
present 82 percent of the total area of Punjab
is under cultivation as compared with a
national average of 43 percent. Such a high
proportion of agricultural land use is a common
feature in the Punjab. This is partly due to
favourable physical milieu (flat topography),
easy workability of soils, excellent irrigation
facilities developed by the farmers and other
capital investments undertaken by the farmers
in public sector.
Over the years, the fallow lands have been
almost disappearing and the net sown area has
been increasing. The area under forests
increased from 123 thousand ha in 1970-71 to
294 thousand ha in 2011-12. Although these
figures show a substantial increase in the area
under forests, yet at present only about five
percent of the geographical area of the state is
under forests, which is dismal as compared to
a national average of about 20 percent.
However, of late, the farm forestry has been
becoming popular as many farmers have
started planting eucalyptus along the
boundary of fields and poplar as block
plantation. This needs to be promoted in a big
way.
Potential Agricultural Land
The extent of uncultivated land (including
barren land, cultivable waste and land under
tree crops and groves) decreased from 295
thousand hectares in 1970-71 to 32 thousand
hectare in 2010-11 (Table 1). Not much can be
done to this minuscule figure of 0.6 percent.
Thus, there is a little scope for further
increasing cultivated area in the state and
increase in agricultural production can be
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Table 1: Shifts in land use pattern in Punjab, 1970-71 to 2011-12
(000'ha)
Year
Geographical area
Total area acc. to village papers
Forests
Barren and uncultural land
Land put to non-agricultural use
Culturable waste
Permanent pasture and grazing land
Land under misc.
Current fallow
Fallow other than current fallow
Net area sown (NAS)
NAS as percent to total area
Area sown more than once
Total cropped area
Cropping intensity (percent)

1970-71 1980-81 1990-91 2000-01 2005-06 2006-07 2007-08 2008-09 2009-10 2010-11 2011-12
5036
5036
5036
5036
5036 5036
5036
5036
5036
5036
5036
5031
5033
5033
5033
5033 5033
5033
5033
5033
5033
5033
123
216
222
280
300
298
287
296
295
294
294
208
96
83
28
25
27
24
23
25
24
39
416
436
343
410
455
477
483
494
503
508
506
83
41
35
15
9
5
3
2
2
4
4
5
4
10
4
5
2
3
4
4
4
4
4
4
12
3
4
4
4
4
5
4
4
139
45
82
40
41
35
41
38
37
33
45
(a)
28
3
2
1
1
1
4
4
(a)
4053
4191
4218
4250
4192 4184
4187
4171
4158
4158 4134
81
83
84
84
83
83
83
83
83
83
82
1625 2572
3284
3691
3676 3677
3683
3741
3718
3724
3767
5678
6763
7502
7941
7868 7861 7870
7912
7876
7882
7902
140
161
178
187
188
190
190
191

Source: Statistical Abstracts of Punjab (Various issues)

achieved only by the efficient management of
already available land resources and increase
in cropping intensity.
The perusal of Table 1 also show that apart
from increase in the area of crop land, the
cropping intensity in Punjab increased from
140 percent in 1970-71 to 191 percent in 201112. This reflected a very effective and intensive
use of the agricultural land in Punjab. Likewise,
the area sown more than once increased from
1625 thousand ha in 1970-71 to 3767 thousand
ha in 2011-12. It is an indicator of major source
of agricultural growth in the Punjab state.
To conclude land use pattern it was
observed that 83 percent of the land in the

state is already under cultivation. Increasing
this is a difficult proposition and it will be
damaging to our fragile agro-eco-system.
Cropping intensity however can be increased
from the present level of 190 percent but it is
also not an easy proposition.
Shifts in Cropping Pattern
The continued impressive performance of
agriculture in Punjab has brought significant
changes in the cropping pattern. In the kharif
season, the percent area under rice increased
from 6.9 to 35.9 percent From 1970-71 to 201011, respectively (Table 2).This sharp increase
in area under rice has been at the cost of all the
competing crops; the major causalities being

Table 2: Shifts in cropping pattern in Punjab
(Percent of GCA)
Crop
Rice
Wheat
Maize
Bajra
Barley
Total pulses
Total oilseeds
Sugarcane
Cotton
Total vegetables
Total fruits
Cropping intensity percent
GCA (000’ ha)
NSA (000’ ha)

1970-71
6.9
40.5
9.8
3.7
1
7.3
5.2
2.3
7
0.9
0.6
140.1
5678
4053

1980-81
17.5
41.6
5.6
1
0.9
5
3.7
1
9.6
1.1
0.4
161.4
6763
4191

Source: Statistical Abstracts of Punjab (Various issues)
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1990-91
26.9
43.6
2.5
0.2
0.5
1.9
1.3
1.3
9.3
0.7
0.8
177.9
7502
4218

2000-01
33.3
43.4
2.1
0.1
0.4
0.7
1.1
1.5
6
1.4
0.4
186.8
7847
4250

2010-11
35.9
44.5
1.7
0.04
0.2
0.3
0.7
0.9
6.1
1.3
0.9
189.6
7882
4158

2011-12
35.6
44.6
1.6
0.04
0.2
0.3
0.7
1
6.5
1.4
0.9
191.1
7902
4134

bajra, maize, pulses, oilseeds and sugarcane.
The area under bajra declined from 3.7 percent
in 1970-71 to 0.04 percent in 2010-11. The
percentage share of maize decreased from 9.8
percent in 1970-71 to 1.7 percent in 2010-11.
The area under cotton has displayed relatively
greater stability. Its share was seven percent
in 1970-71 increased to 9.3 percent in 1990-91
came down to 6.1 percent in 2010-11. The
percent area under pulses and oilseeds has
declined significantly over a period of time.
Thus, there has been an increasing trend
towards crop specialization.
In rabi season, the percentage area under
wheat increased from 40.5 percent in 1970-71
to 43.6 percent in 1990-91 and further to 44.5
percent in 2010-11 (Table 2). The area under
wheat has increased by replacing mainly gram
and barley. The area under barley declined from
one percent in 1970-71 to meager 0.2 percent
in 2010-11. Thus, in both kharif and rabi
seasons the analysis revealed a trend towards
crop specialization especially wheat in rabi and
rice in kharif season. This happened because
of better relative profitability of these crops
with minimum production and marketing risk
as compared to other crops. A number of other
factors that have influenced the shift in
cropping pattern viz., spread of irrigation
facilities and perhaps most significant of all,
the changing relative prices between different
crops and stability in its productivity.
The policy implications of a cropping
pattern revolving around a few crops are not
difficult to visualize, it runs in conflict with the
current emphasis on diversification of
agriculture. Also, cereal cropping pattern

would have deleterious effect on soil health
as area under pulses and oilseeds, which are
source of important natural nutrients have
declined. It is often said that rice-wheat
rotation is believed to be the main cause of
environment imbalance and un-sustainability
of Punjab agriculture.
Changes in Productivity of Major Crops
It is often said that plateau had reached as
far as productivity of major crops are
concerned. Backed with effective agricultural
policies, the farmers of state tended their crops
according to the advice of experts through
well-established agricultural extension
network and already achieved the record
productivity levels. The data on productivity
of wheat revealed that it increased from 22.99
quintal per ha in 1970-71 to 34.08 quintals in
2000-01 and further to 50.97 quintals in 201112 (Table 3). Similarly, the productivity of rice
increased from 17.65 quintals per hectare in
1970-71 to 35.06 quintals in 2000-01 and further
to 37.41 quintals per hectare in 2011-12.There
exists ample scope for increasing the
production of wheat and rice through increase
in productivity with improvement in
production technology particularly the
evolution of high yielding varieties. The
productivity of maize which is considered as
an alternative to paddy increased from 15.55
quintal per hectare in 1970-71 to 27.93 quintals
in 2000-01 and further to 39.77 quintals in 201112. The productivity of sugarcane however
declined in recent years from 64.25 quintals
per hectare in 2000-01 to 58.38 quintal per
hectare in 2011-12, the productivity of gram
showed fluctuation as it was 7.93 quintal per

Table 3: Productivity of major crops in Punjab, 1970-71 through 2012-13
(qha-1)
Crop
Rice
Wheat
Maize
Sugarcane
Gram
Cotton
Rapeseed mustard

1970-71
17.65
22.99
15.55
41.17
7.93
3.99
5.53

1980-81
27.33
28.12
16.02
55.21
5.81
3.29
5.67

1990-91
32.29
32.73
17.86
59.41
7.45
4.81
10.03

Source: Statistical Abstracts of Punjab (Various issues)
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2000-01
35.06
34.08
27.93
64.25
9.53
4.37
12.18

2010-11
38.28
46.93
36.92
59.57
10
3.77
13.13

2011-12
37.41
50.97
39.77
58.38
10
3.14
13

2012-13
39.98
47.24
36.82
58.92
15
3.38
12.8

hectare during 1970-71 and around 10 in 201112. The cotton productivity has declined from
4.37 quintal per hectare in 2000-01 to 3.14
quintal per hectare in 2011-12. During this
period the productivity of rapeseed and
mustard increased from 12.18 quintals per
hectare in 2000-01 to 13 quintals per hectare in
2011-12.
It can, therefore, be concluded that the
yield of cereals viz., wheat, rice, maize, etc. have
registered an increase in the recent years. The
development of high yielding varieties of these
crops still can increase the yield potential.
There is not much improvement in productivity
of cotton which needs serious attention of the
researchers.
Fertilizer Consumption in Punjab
Intensive agriculture, with high use of
synthetic fertilizers was introduced in India in
the 1960’s as part of the Green Revolution. The
quick adoption of synthetic fertilizers and
fertilizer responsive varieties along with
irrigation did help in a remarkable increase in
agricultural production of Punjab state.
Statistics on fertilizer consumption in state is
presented in Table 4. The consumption of
fertilizer in the state increased tremendously
from 213 thousand tonnes in 1970-71 to 1972
thousand tonnes in 2012-13. Thus the increase
in fertilizer consumption during the last four
Table 4: Consumption of chemical fertilizers
in Punjab
(000's nutrient tonnes)
Fertilizers Nitrogenous Phosphatic Potassic Total
1970-71
175
31
7
213
1980-81
526
207
29
762
1990-91
877
328
15
1220
2000-01
1008
282
23
1313
2001-02
1070
307
30
1407
2005-06
1255
369
63
1687
2006-07
1299
354
39
1692
2007-08
1316
344
38
1698
2008-09
1332
379
57
1768
2009-10
1358
434
74
1866
2010-11
1403
435
73
1911
2011-12
1416
448
54
1918
2012-13
1486
462
24
1972
Source: Statistical Abstracts of Punjab (Various issues)
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decades has been spectacular. It is worthwhile
to mention here that the Punjab soils are under
stress of higher productivity after the
introduction of high yielding varieties coupled
with optimized irrigation and fertilizer
application of major nutrients such as nitrogen,
phosphorus and potash. This has resulted in
causing micro nutrient deficiencies of zinc, iron,
sulpher, manganese, etc. No doubt chemical
fertilizer will continue to be one of the main
components for meeting the increased crop
nutrient needs, but due to depleting water
table and energy crisis, the use of organic
sources like farm yard manure, compost and
green manure in a sequence and management
of crop residues holds a great promise for
sustaining productivity.
It is worthwhile to mention here that for
increasing the fertilizer use efficiency, it is
important to link its use with crop rotation rather
than individual crop. The research studies have
revealed that the residual effect of fertilizer
nutrients applied to previous crop benefit the
succeeding crop. In maize-wheat rotation there
is a saving of 30 kg of phosphorus per hectare.
Similarly, in paddy-wheat rotation this saving
amount to 31.25 kg of phosphorus per ha.
In order to optimize production and to
sustain soil productivity, it is important to use
every piece of land according to its capability.
In many cases farmers have started using
marginal lands irrespective of its limitations
and potentials. Our endeavour should be to
use soils according to its suitability. The use
of inputs should be such that the net impact
on soil health is positive. Thus, it is not enough
to intensify the use of fertilizers but more
important is to improve its efficiency for
sustaining productivity.
Irrigation
Irrigation is one of the most important and
basic ingredients in the development of
agriculture. It is especially so in Punjab where
rainfall is variable, unreliable and inadequate.
In the initial years of agriculture development
in the state, attempts were made to expand
irrigation by strengthening the existing canal

Table 5: Source-wise net irrigated area in Punjab
(000 ha)
Source
Canal
Tube-well
Other sources
Total
GIA as per cent to GCA

1970-71
1286
(44.53)
1591
(55.09)
5
(0.17)
2888
(100.00)
74.7

1980-81
1430
(42.28)
1939
(57.33)
13
(0.39)
3382
(100.00)
85.4

1990-91
1660
(42.70)
2233
(57.10)
7
(0.20)
3909
(100.00)
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2000-01
962
(24.33)
3074
(75.62)
2
(0.05)
4038
(100.00)
96.5

2009-10
1114
(27.36)
2955
(72.51)
2
(0.05)
4071
(100.00)
97.95

2010-11
1116
(27.42)
2954
(72.58)
4070
(100.00)
97.99

2011-12
1116
(27.42)
2970
(72.69)
4
(0.10)
4086
(100.00)
98.34

Source: Statistical Abstracts of Punjab (Various issues)
Figures in parentheses are percentage to the total

system as well as construction of new canals.
But the system could not fully cope up with
the irrigation need of the intensive agriculture
system. Efforts were, therefore, made to
supplement it with wells/tube-wells or the
exploitation of underground water. Punjab has
developed an excellent irrigation distribution
network of canals, branch canals and minor
distributaries and field channels or water
courses.
The perusal of Table 5 revealed that in the
year 2011-12, Punjab has 98.34 percent of the
cropped area under irrigation of which 27.42
percent by canals and 72.69 percent by tubewells. Studies have revealed that yield
variability decreased with the increase in area
irrigated by tube-wells. Further, it is an
established fact that productivity is higher
where the water is at the command of the
farmers (Singh, 2004).
The perusal of Table 6 revealed the water
table situation in Punjab is divided into
different zones. It showed that in 1973, there
were as many as 113 blocks where water table
was less than 10 metres, 9 blocks where water
table was 10 to 15 metres and only 10 blocks
with water table at more than 15 metres (most
of which were in the south west with water
unfit for irrigation and these had rising water
table). In contrast, in 2005-2006 there were only
44 blocks with water table at more than 15
metres depth, 39 blocks where the water table
was 10 to 15 metres and 13 blocks with water
level of 5 meters. These 13 blocks like in the

Malwa block where water table has been rising.
According to the latest results, the water
table has declined 47.6 cm annually in over all
Punjab from 1998-2013 (Brar, 2014). In Punjab,
the water table situation is becoming critical,
especially in the Malwa region, which was
traditionally not a rice growing area. The
situation is less critical but still serious in
Doaba and Majha region, where the
proportion of the rice cultivation was
traditionally higher. These calls for efficient
Table 6: Water Table situation in different
regions of Punjab, 1973 to 2006)
Particulars

Majha Doaba Malwa Total
Number of Blocks

Water Table behaviour
Rising
0
0
9
9
Static / fluctuating@
7
9
18
34
Declining
22
21
46
89
Rate of decline
Gradually
18
11
27
56
Severe: 10 m or more
4
10
19
33
Severest: More than 15 m
1
2
9
12
Water table level, 1973D2006 (meters)
Up to 5
12D1 6D1 29D11 47D13
5 to 10
14D12 20D7 32D17 66D36
10 to 15
2D11 4D7 3D21 9D39
15 to 20
1D1 0D10 4D17 5D31
Above 20
0D1
0D5 5D7 5D13
Water table behaviour zones
Rising
0
0
9
9
River bed (Gradual decline)
11
14
10
35
Central
Going deep
10
6
13
31
Going deeper
1
1
13
16
Going deepest
0
0
6
6
Other: Fluctuating, generally
7
9
22
36
static, declining lately
Source: Shah et al., 2013
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use of surface and ground water which
requires; (i) the development of optimum
irrigation schedule for crops, (ii) uniform
application of water in fields by suitable
irrigation methods, (iii) lining of irrigation
channels for reducing seepage losses and (iv)
appropriate management of surplus crop
residues for reducing evaporation losses (Kaur
et al., 2010).
Pesticides
In yield exploitation and stability in state
agricultural production, the use of insecticides
and weedicides has played a crucial role. The
pest problem accentuated with the introduction
of high yielding varieties of crops, intensive
use of inputs and development of new
cropping patterns. Crops like cotton,
sugarcane, paddy, oilseeds and vegetables
have shown greater reliance on pesticides.
Problem of weeds also increased with increase
in cropping intensity and fertilizer use
particularly in irrigated areas like Punjab.
Punjab farmers had used weedicides
effectively in weed management of field crops
particularly in crops like wheat, paddy, potato,
etc.
In the case of pesticides, the present
thinking is in favour of adoption of crop
management measures rather than crop
protection measures, while crop protection
measures means use of pesticides and
insecticides, crop management applied
adoption of crop rotation which should help
in controlling pests and keep the fields free
from plant diseases and pests. Further, seed
Table 7: Cons umption of pe s ticide s in
Punjab
Year
1980-81
1990-91
2000-01
2007-08
2008-09
2009-10
2010-11
2011-12
2012-13

Consumption in technical grade (M.T)
3200
6500
6970
5900
5760
5745
5600
6150
6300

Source: Agriculture at Glance
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treatment is a cheap and effective way to
overcome some of the diseases and pest
problems which most of the farmers fail to
practice. Consumption of insecticides/
pesticides for recent years is given in Table 7.
Strategies for Sustaining Productivity and
Profitability in Punjab Agriculture
As discussed earlier, increasing area under
cultivation is a difficult proposition keeping in
view the fragile agro-eco-system of the state.
In order to meet the foodgrains requirements
of growing population in India, following
intensive system of farming is inevitable. This
approach however resulted in tremendous
pressure on the available resources in
agriculture.
To ensure sustainability and profitability
of Punjab agriculture the available resources
should be used rationally and efficiently. The
following strategies are required to be followed
in this direction.
Use of farm management approach in
agriculture
To ensure rational use of resources and
improving the resource use efficiency in
agriculture, use of farm management approach
is inevitable. Farm management approach
ensures the efficiency of whole system of
farming rather than a single practice or method
of production. At the present stage of
agriculture development in the state farmers
need higher managerial skill to ensure
sustainability and profitability from farming.
Added emphasis needs to be given on timely
agricultural operations.
Appropriate selection of cropping system
Crops and cropping system should be
selected such that the residual nutrient left by
one crop is efficiently utilized by the following
crops. Studies on evaluation of prominent
cropping systems in the Department of
Agronomy, Punjab Agricultural University,
Ludhiana revealed that there is a scope to shift
from rice-wheat cropping system spread over
72 percent of the cultivated area. There are
different cropping systems which not only
gave more productivity than rice-wheat system

but also helped to save irrigation water. These
are Maize-Wheat-Mungbean, Maize-PotatoMungbean, Maize-Potato-Onion, GroundnutPotato-Bajra (fodder) produced rice equivalent
yield as 16.12, 22.86, 31.98 and 24.65 tonne per
ha per annum, respectively as against 12.87
tonne per ha in Rice-Wheat System. The
corresponding saving of water over rice-wheat
system was 126, 119, 76 and 122 cm,
respectively (Table 8).
It is thus, evident that there is urgent need
to educate the farmers about the selection of
appropriate cropping system for the rational
use of resources and improving cropproductivity.
Bridging the productivity gap
There exists productivity gap to be bridged
when the farmer’s field yields are compared
with those obtained on research farms in the
state using modern technology. Even if this
gap is minimized partly by adopting complete
package of improved production technology
a significant break through in agriculture
productivity can be achieved. The
productivity gaps for some of the important
crops are given in Table 9. Minimizing the yield
gap will benefit particularly the small and
marginal farmers provided necessary
assistance in this regard is given to them.
Agronomic management
In realizing the genetic potential of high
yielding varieties, the improved production
technology plays an important role. Besides,

Table 9: Extent of exploitation of potential
yield, 2012-13
(qha-1)
Crops

Rabi crops
Wheat
Barley
Gram
Lentil
Field pea
Gobhi sarson
Toria
Linseed
Sunflower
Celery
Fennel
Coriander
Winter maize
Kharif crops
Paddy
Basmati
Maize
Mash
Moong
Arhar
Bajra
Bt Cotton
Cotton (Desi)
Sugarcane
Groundnut
Sesamum
Soyabean

Potential
yield of
crop

State
average
yield

Potential
yield
realized (%)

49.40
38.78
17.78
12.10
18.53
17.29
12.35
11.61
19.51
13.59
11.12
6.79
78.55

47.18
36.31
14.08
6.92
13.09
12.84
9.58
6.67
18.77
55.58

95.50
93.63
79.17
57.14
70.67
74.28
77.60
55.10
96.20
-

70.10
33.84
48.17
8.89
11.36
14.33
35.57
25.94
23.47
810.90
22.97
5.93
17.04

39.99
22.23
36.80
4.69
8.77
8.94
8.94
22.60
4.69
713.09
17.39
3.21
9.02

57.05
52.94
76.41
52.78
77.17
62.41
25.14
87.14
20.00
87.94
75.70
54.17
52.89

Source: Statistical Abstracts of Punjab (Various issues)

it also has a direct bearing on the sustainability
of crop productivity over a long period. The

Table 8: Yield, net returns and irrigation water consumption of different cropping system
(ha-1)
Cropping system
Rice-wheat
Maize-wheat
Maize-wheat-mungbean
Maize-potato-mungbean
Maize-potato-onion
Cotton-wheat
Cotton-African sarson
Cotton-gobhi sarson
Groundnut-toria+gobhi sarson
Groundnut-potato-bajra (fodder)

Rice equivalent yield
(t)
12.87
13.04
16.12
22.86
31.98
12.19
12.36
11.5
16.63
24.65

Source: Department of Agronomy, PAU, Ludhiana
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Net returns
(`)
59058
61321
72828
105856
165576
52784
60342
53669
94237
120781

Irrigation water applied
(cm)
224.3
73.7
98.3
105
148.7
77
71
66
72.3
102

impact of some of the agronomic practices on
sustaining productivity is discussed below.
Row spacing
The perusal of Table 10 indicates that there
is significant improvement in productivity by
following proper row spacing. Wheat
productivity is higher with 15 cm row spacing
over 22.5 cm row spacing.
Zero/minimum tillage
A large amount of expenditure is being
incurred by the farmers on preparatory tillage
for sowing of crops. Besides, it also consumes
much time and energy. Thus, efforts are needed
to reduce the tillage operations to the minimum.
For sustaining productivity under the present
energy crisis of petroleum products, the need
for minimum tillage approach is inevitable.
Experiments conducted in the Department of
Agronomy and at farmers field revealed that
preparatory tillage can considerably be
reduced without any loss of yield.
Bi-directional sowing
To harvest the beneficial effect of solar
energy sowing of wheat is recommended in
both directions in a crisis-cross fashion, half
the seed is sown in one direction and the
remaining half in other direction. Bi-directional
sowing has been focused to given higher
productivity of two quintals per acre as against
sowing in one direction as reported in the
experiments conducted in the Department of
Agronomy, PAU, Ludhiana.
CONCLUSIONS
The finding of the study revealed that there
are evidences of significant changes in the
natural resource base of the state. Irrigation
has been the single most important factor
responsible for the phenomenal development
of Punjab agriculture. The intensive
agriculture, is posing a serious problem of
Table 10: Wheat grain yield as influence by
row spacing
(qha-1)
Spacing (cm)
22.5
15

Grain yield (Experiments at PAU)
123.1
128.7

Source: Department of Agronomy, PAU, Ludhiana

98

declining water table in large part of the state
where ground water has been exploited in an
indiscriminate manner through tube-wells and
now submersible pumps. No doubt chemical
fertilizers will continue to be one of the main
components for meeting the increased crop
nutrient needs, but due to depleting water
table and energy crisis, the use of organic
sources like farm yard manure, compost, green
manure in a sequence and management of crop
residues through recycling holds a great
promise for sustaining productivity. Besides,
our endeavour should be to use soils
according to its capability and suitability as in
many cases the farmers have used marginal
lands irrespective of its limitations and
potentials. For sustaining productivity and
profitability there is a need to adopt crop
management measures rather than crop
protection measures. Crop management
measures include adoption of crop rotation
which should help in controlling pests and
keep the fields free from diseases and pests.
In a quest for higher and higher productivity
the farmers in the state are resorting to
excessive use of fertilizer, irrigation,
insecticides, weedicides and pesticides. At the
present stage of agricultural development in
the state there is a need to practice farm
management approach for improving the inputs
use efficiency and developing a scientific
system of farming. Moreover, farm
management approach looks at the efficiency
of whole system of farming rather than a single
practice or method of production. Besides, the
use of latest recommended agronomic
practices like bi-directional sowing,
intercropping, minimum tillage, etc. will not
only help in sustaining and stabilizing the
present level of production but also increases
the profitability. Increasing area under
cultivation from the present level of 82 percent
is a difficult proposition as it will be dangerous
to our fragile agro-eco-system. The only
possibility is to augment the cropped area
through increase in cropping intensity from
the present level of 190 percent although this

seems to be a difficult task. If the following the
mentioned measures are taken care of these
will help to sustain the agricultural
development in the state in a big way.
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SUSTAINABLE FARM INCOME OF DIFFERENT
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ABSTRACT
The per farm income pattern indicated that, the total income in Farming
system(FS)-II was double than the FS-I, while total income of FS-III was
four fold than that of FS-I. The total income from FS-I (crop production
activity) was very less as compared to FS-II and FS-III. The itemwise income
indicated that, the more than 50 per cent income was derived from crop
production in FS-I and FS-II, while in FS-III, more than 50 per cent income
was derived from horticulture and in the farming system-I, 31.52 per cent
income was derived from other than farm business activity but in FS-II and
FS-III, correspondingly, just 3.09 and 1.79 per cent income was derived
from other than farm business activity. This has indicated that FS-I, depends
more on other than farm business activity as compared to FS-II and FS-III.
In expenditure pattern, out of the total expenditure more than 70 percent
was the farm expenditure in all the farming systems. The expenditure on
crop production was the major expenditure in FS-I and FS-II, while
expenditure on horticulture was major expenditure in FS-III. The regionwise
total expenditure was higher in irrigated region than the rainfed region.
Keywords: Comparative advantage, cropping pattern, farming systems
JEL Classification: C81, Q01, Q18

INTRODUCTION
Farming systems research with a farmers’
perspective occupies pride place in India’s
agricultural research agenda. There is a need
to identify the location specific farming
systems and popularize it, which will be helpful
to raise the standard of living of farm families
by ensuring enough employment
opportunities (Shalander et al., 2006).
The Government of India has given top
priority for regional development by exploring
*

Junior Research Assistant, Head and Assistant
Profe)ssor, Department of Agricultural Economics,
Mahatma Phule Krishi Vidyapeeth, Rahuri- 413 722
Email: jtdorge@gmail.com

the agricultural potential of the region for
which it has the comparative advantage. In
the Eleventh Five-Year Plan, greater emphasis
has been laid on integration of crop
production with subsidiary activities like dairy,
poultry, etc. as one of the measures to solve
problems of seasonality in income and
employment, high risk and uncertainty
associated with crop farming (Gajanana and
Sharma, 1990).
The Maharashtra State has made rapid
strides in the production of cash crops like
sugarcane, soybean, cotton, oilseeds and
onions. The last few years have seen a healthy
shift towards horticultural crops (Dorge, 2010).
The State is well known for its mangoes,
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grapes, bananas, pomegranates and oranges.
Animal husbandry output constitutes about
30 percent of the country’s agricultural output
and the share of Animal husbandry in GSDP
of Agriculture and allied activities sector
during 2009-10 was 7.8 percent. The state’s
share in livestock and poultry population of
India was 6.8 and 9.9 percent, respectively. The
state ranks sixth in India in livestock and
poultry population. The production of milk at
the State level was 7.7 million tonnes and the
per capita daily availability was 190 gm per
day while the production of milk at all-India
level was 112.50 million tonnes and the per
capita daily availability was 263 gm per day
during the year 2009-10 (Pawar and Kale, 1990).
Farm income varies under different
situations like rainfed and irrigated cultivation
and farm supported with subsidiary activities
like dairy, poultry, etc. (Shalander et al., 2006).
Increasing productivity of small farms and
creating multiple livelihood opportunities
through crop-livelihood integrated farming
systems as well as agro-processing, provide
the answer for varying income levels (Pawar
and Kale, 1990). The existing practices of
different farming systems in the region give
exact idea of the return.
There are several farming systems viz., crop
based, horticultural based, dairy based and
their combinations. The profitability of
different crop and livestock combination is
varying from region to region and even within
the region also. Therefore, in the present study,
comparative economics of various farming
systems have been workout for ascertaining
the sustainability of most profitable one.
DATA AND METHODOLOGY
The three widely adopted farming systems
in Western Maharashtra were selected for the
study viz., I) Crops only, II) Crops + Livestock,
III) Crops + Livestock + Horticulture crops.
The two districts viz., Ahmednagar and Solapur
were selected purposively, on the basis of
gross cropped area and livestock population.
Further, the study area was stratified into
two situations, viz., irrigated and rainfed area.

From Ahmednagar district, Sangamner tahsil
was selected as irrigated tahsil and Pathardi
tahsil was selected as rainfed tahsil and from
Solapur district, Pandharpur as irrigated tahsil
and Sangola, as rainfed tahsil were selected.
Thus, total four tahsils were selected
purposively on the basis of having highest
net irrigated area and lowest net irrigated area
from each district. From each tahsil, three
villages were selected, randomly. In all, 12
villages were selected. From each village, 15
farmers were selected in such way that, 5
farmers from each farming system (FS-I:Crops
only, FS-II:Crops + livestock and FS-III: Crops
+ livestock + horticulture) were get selected.
As such, 180 sample farmers were selected
randomly for the study. The primary data were
collected by survey method from the selected
farmers with the help of specially designed
schedule for the year 2007-08.
RESULTS AND DISCUSSION
Family Size
The family size plays an important role in
determining the capacity to save and re-invest
in farming. It was found that the family size of
Table 1: Composition of the farm families in
irrigated and rainfed regions
Particulars

FS-I
(Crops only)
Irrigated region
Family size
5.7
(No./farm)
Small (76
14
members)
(46.67)
Large
16
(>6members)
(53.33)
Families (No.)
30
(100.00)
Rainfed region
Family size
5.57
(No./farm)
Small (76
16
members)
(53.33)
Large
14
(>6members)
(46.67)
Families (No.)
30
(100.00)

FS-II FS-III Total
(C+L) (C+L+H)
6.63

5.87

-

10
21
45
(33.33) (70.00) (50.00)
20
9
45
(66.67) (30.00) (50.00)
30
30
90
(100.00) (100.00) (100.00)
5.43

6.47

-

17
14
47
(56.67) (46.67) (52.22)
13
16
43
(43.33) (53.33) (47.78)
30
30
90
(100.00) (100.00) (100.00)

C+L = Crops + Livestock, C+L+H = Crops + Livestock +
Horticulture
Figures in the parentheses are the percentages to the total
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different farming systems ranged from 5.70 to
6.64 members in irrigated region, while in rainfed
region; it ranged from 5.43 to 6.47 members
(Table 1).
Land Use Pattern
The land holding of the sample farmers of
the irrigated and rainfed region of study area
is presented in Table 2.
In irrigated region, 1.61, 1.72 and 1.49
hectares was the average land holding and
actual area under cultivation was 1.57, 1.66 and
1.42 hectares, in FS-I, FS-II and FS-III,
respectively. Out of that, 66.88, 75.30 and 78.17
percent was irrigated land and 33.12, 24.70 and
21.83 percent was unirrigated land in FS-I, FSII and FS-III, respectively. The average land
holding was maximum in farming system II and
the actual area under cultivation was maximum
also in this farming system, but the irrigated

Ta ble 2 : Land us e patte rn o f farming
systems
(ha)
Particulars
Irrigated region
Total land
Permanent fallow
Operational land
Current fallow
Area under cultivation
Irrigated
Unirrigated
Rainfed region
Total land
Permanent fallow
Operational land
Current fallow
Area under cultivation
Irrigated
Unirrigated

FS-I
FS-II
FS-III
(Crops only) (C+L) (C+L+H)
1.61
0.03
1.58
0.01
1.57
(100.00)
1.05
(66.88)
0.52
(33.12)

1.72
1.49
0.03
0.06
1.69
1.43
0.03
0.01
1.66
1.42
(100.00) (100.00)
1.25
1.11
(75.30) (78.17)
0.41
0.31
(24.70) (21.83)

1.42
0.02
1.4
0.02
1.38
(100.00)
0.32
(23.19)
1.06
(76.81)

1.61
1.78
0.04
0.05
1.57
1.73
0.01
0.04
1.56
1.68
(100.00) (100.00)
0.63
0.67
(40.38) (39.88)
0.93
1.01
(59.62) (60.12)

C+L = Crops + Livestock, C+L+H = Crops + Livestock +
Horticulture
Figures in the parentheses are the percentages to the area
under cultivation

land was maximum in FS-III.
In rainfed region, 1.42,1.61 and 1.78 hectares
was the average land holding and the actual
area under cultivation was 1.38, 1.56, and 1.68
hectares in FS-I, FS-II and FS-III, respectively.
Out of that, 23.19, 40.38 and 39.88 percent was
irrigated land and 76.81, 59.62 and 60.12
percent unirrigated land in FS-I, FS-II and FSIII, respectively. The average land holding was
maximum in FS-III and actual area under
cultivation was maximum also in the FS-III, but
the irrigated land was maximum in FS-II.
Average land holding was greater in FS-I
and FS-II of irrigated region than the FS-I and
FS-II of rainfed region but in the case of FS-III,
the average land holding was more in rainfed
region than irrigated region. The irrigated land
was more in irrigated region than in rainfed
region in all the farming systems.
Employment Pattern
The details of sourcewise employment
pattern of the per farm male and female workers
in different farming systems is presented in
Table 3.
The main activity of the farmer is to
cultivate land and grow crops in such a way
so as to make the efficient use of labour to
secure the maximum income. However, owing
to limitation of land holding and irrigation, all
the family members do not find adequate
employment in crop production activity
throughout the year. At the overall level,
irrespective of the region, the total own farm
employment generated was 113.44, 248.89 and
304.78 mandays in FS-I, FS-II and FS-III,
respectively. This indicated that farmers of FSI, do not get adequate employment in crop
production activity throughout the year. They
get just 30 percent employment out of the 365
days of the year. Therefore, farmers have to
findout the employment in alternative activities
in order to earn more. Out of the total
employment generated in farming system-I,
95.12 percent employment was generated
through crop production activity and 4.88
percent through livestock (bullock) activity,
but in FS-II, 61.93 percent employment was
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Table 3: Employment pattern on sample farms, 2007-08
(Mandaysfarm-1)
Particulars

Farming system I
(Crops only)
Irrigated Rainfed Overall

Crop production
Male
Owned
Hired
Female
Owned
Hired
Sub total
Livestock
Male
Female
Sub total
Horticulture
Male
Female

Farming system III
(Crops + Livestock + Hort.)
Irrigated Rainfed Overall

76.9
38.4
40.73
57.18
213.21
(95.03)

49.85
26.46
40.88
40.42
157.61
(95.54)

63.38
32.43
40.81
43.8
180.41
(95.12)

87.92
54.46
45.07
49.39
236.84
(62.74)

63.68
27.55
49.02
32.96
173.21
(60.86)

75.8
41.01
47.05
41.18
205.03
(61.93)

55.32
51.52
44.61
29.03
180.48
(34.05)

36.43
32.36
22.11
34.59
125.49
(33.11)

45.88
41.94
33.36
31.81
152.99
(33.65)

Owned
Owned

9.14
2.01
11.15
(4.97)

5.76
1.6
7.36
(4.46)

7.45
1.81
9.26
(4.88)

113.5
27.17
140.67
(37.26)

105.44
5.97
111.41
(39.14)

109.47
16.57
120.04
(38.07)

116.51
13.8
130.31
(24.58)

118.4
5.9
124.3
(32.79)

117.46
9.85
27.31
(28.00)

Owned
Hired
Owned
Hired

-

-

-

-

-

-

73.49
68.83
34.52
42.49
219.33
(41.37)

62.88
21.88
25.58
18.91
129.25
(34.10)

68.19
45.36
30.05
30.7
174.29
(38.35)

201.42
54.46
72.24
49.39
377.51
(100.00)
273.66

169.12
27.55
54.99
32.96
284.62
(100.00)
224.11

185.27
41.01
63.62
41.18
331.07
(100.00)
248.89

242.32
120.35
92.93
71.52
530.12
(100.00)
338.25

217.71
54.24
53.59
53.5
379.04
(100.00)
271.3

230.02
87.3
73.26
62.51
454.58
(100.00)
304.78

Sub total
Grand total
Male

Farming system II
(Crops + Livestock)
Irrigated Rainfed Overall

Owned
Hired
Owned
Hired

86.04
55.61
70.83
38.4
26.46
32.43
Female
42.74
42.48
42.61
57.18
40.42
43.8
Total
224.36 164.97 189.67
(100.00) (100.00) (100.00)
Total own farm employment
128.78
98.09
113.44
Figures in parentheses are the percentages to the total

generated through crop production activity
and 38.07 percent through livestock activities.
While, in FS-III, more employment was
generated in horticulture activity (38.35
percent) followed by crop production activity
(33.65 percent) and livestock activity (28.00
percent).
The regionwise employment indicated that
in irrigated region, the total own farm
employment was 128.78, 273.66 and 338.25
mandays on the FS-I, FS-II and FS-III,
respectively. Out of the total employment
generated in FS-I, 95.03 percent employment
was generated through crop production
activity and 4.97 through manures of draught
animals, but in FS-II, 62.74 percent employment
was generated through crop production and
37.26 percent through livestock activities,
while in FS-III, 41.37 percent through
horticulture activity, indicating maximum
employment generated through horticulture

activity and 34.05 percent employment being
generated through crop production activity
and 24.58 percent through livestock .
In rainfed region, the total own farm
employment generated was 98.09, 224.11 and
271.30 mandays for FS-I, FS-II and FS-III,
respectively. Out of the total employment
generated in FS-I, 95.25 percent employment
was generated through crop production
activity and 4.75 through draught animals and
in FS-II, 60.86 percent employment was
generated through crop production activity
and 39.14 percent by livestock activity while
in FS-III, highest employment generated
through horticulture (34.10 percent) followed
through crop production (33.11 percent) and
livestock activity (32.79 per cent).
The comparative picture showed that, the
employment generated were more in irrigated
region as compared with the rainfed region
because in irrigated region, irrigated crops such
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as sugarcane, wheat, fodder crops, etc. require
more labours. The own farm employment was
more in FS-III of irrigated region.
In all the farming systems, owned and hired
male-female played significant role in crop
production activity as compared to other
activities (Gajanana and Sharma, 1990).
Income Pattern
The detail of sourcewise income of farm
families in different farming systems is
presented in Table 4.
At the overall level, the total income of the
farm families was `68051, `147373 and `276045
in FS-I, FS-II and FS-III, respectively. At the
overall level, in FS-I, of the total income, 66.41
percent income was from crop production, 2.36
percent from dung value of draught animals,
that is, 68.77 percent income from farm
business and in the case of other than the farm
business income, 23.97 percent from business/
service and 7.26 was percent from wage
earnings. The total income of irrigated and
rainfed region of FS-I worked to ` 88,550 and
`47,552, respectively. In irrigated region, the
income was near about double than the rainfed
region, owing to more irrigation facilities in
irrigated region, with more proportion of

commercial crops (Sugarcane, fodder crops,
wheat, summer groundnut, etc.)
At the overall level in FS-II, it was observed
that out of the total income, 50.39 percent
income came from crop production, while 45.93
percent was from dairy and 0.59 percent from
poultry, thus 96.91 percent income was from
farm business and other than the farm business
income was only 3.09 percent from wage
earning at the overall level. Higher income was
from farm business activity owing to combined
effect of crop production activity with dairy
enterprise. The total income of irrigated and
rainfed region of FS-II worked to `161931 and
`132816, respectively. Out of the total income
of irrigated region, 54.56 percent income was
from crop production, 43.35 percent income
from livestock and 0.13 percent income from
poultry. Thus, 98.04 per cent income was from
farm business activity while the other than farm
business income was 1.96 percent (wage
earnings). In rainfed region, 45.31 percent
income was from crop production, 49.06
percent income from livestock and 1.15 percent
income from poultry. As such, 95.52 percent
income was from farm business activity and
from other than farm business, the income was

Table 4: Income pattern of farm families, 2007-08
(`farm-1)
Particulars

Crop
Production
Horticulture
Production
Dairy (Milk/Manures
etc.)
Poultry/Goats

Farming system I
(Crops only)
Irrigated Rainfed Overall
57,933.43 32457.37 45195.4
(65.42)
(68.26)
(66.41)
1545
(1.75)
-

1661.32
(3.49)
-

1603.16
(2.36)
-

Farming system II
(Crops + Livestock)
Irrigated Rainfed
Overall
88350.76 60178.93 74264.85
(54.56)
(45.31)
(50.39)
70197.41 65159.93 67678.67
(43.35)
(49.06)
(45.93)
215.93
1526
870.97
(0.13)
(1.15)
(0.59)
158764.1 126864.86 142814.48
(98.04)
(95.52)
(96.91)

Farm business income 59,478.43 34,118.69 46,798.56
(67.17)
(71.75)
(68.77)
Other Sources
Wages
3471.67
6415.21 4943.44
3166.67
(3.92)
(13.49)
(7.26)
(1.96)
Business/Services
25600
7018.47 16309.24
(28.91)
(14.76)
(23.97)
Income from other
29071.67 13433.68 21,252.68
3166.67
sources
(32.83)
(28.25)
(31.23)
(1.96)
Total income
88550
47,552
68051
161931
(100.00) (100.00) (100.00)
(100.00)
Figures in parentheses are the percentages to the total

105

5951.17
(4.48)
-

4558.92
(3.09)
-

5951.17
(4.48)
132816
(100.00)

4558.92
(3.09)
147373
(100.00)

Farming system III
(Crops + Livestock + Hort.)
Irrigated Rainfed
Overall
49650.15 26378.54 38014.34
(14.45)
(12.65)
(13.77)
182737.34 112748.85 147743.1
(53.20)
(54.05)
(53.52)
101362.89 66115.44 83739.17
(29.51)
(31.69)
(30.34)
2193.98
1024.1
1609.04
(0.64)
(0.49)
(0.58)
335944.36 206266.93 271105.65
(97.80)
(98.88)
(98.21)
7545.98
(2.20)
7545.98
(2.20)
343490
(100.00)

2333.33
(1.12)
2333.33
(1.12)
208600
(100.00)

1166.67
(0.42)
3772.99
(1.37)
4939.66
(1.79)
276045
(100.00)

4.48 percent (wage earnings). It indicated that
there is higher total income in irrigated region
than rainfed region. The income derived from
livestock was more than crop production
income in rainfed region. It is due to lack of
irrigation facility (19.55 percent) resulting in
lower crop production income as compared to
irrigated region. Farmers only alternative is to
go for livestock rearing and hence the more
income from that activity.
At the overall level, in FS-III, out of the
total income, 13.77 percent income was from
crop production, 53.52 percent from
horticultural crops, 30.34 percent from
livestock and 0.58 percent from poultry. Thus,
98.21 percent income was from farm business
activity, while other than farm business income
was 1.79 percent (wage earnings and service/
business). The total income of irrigated and
rainfed region of the sample farms of FS-III
worked to `343490 and `208600, respectively.
The difference between the farming systems
indicated that the total income in FS-II was
double than the FS-I, while total income of FSIII was fourfold than that of FS-I. The total
income from FS-I (crop production activity)

was very less as compared to FS-II and FS-III.
The sourcewise income indicated that the more
than 50 percent income was derived from crop
production in FS-I and FS-II, while in FS-III,
more than 50 percent income was derived from
horticulture and in the farming system- I, 31.23
percent income was derived from other than
farm business activity but in FS-II and FS-III,
correspondingly, just 3.09 and 1.79 percent
income was derived from other than farm
business activity. This has indicated that FSI, depends more on other than farm business
activity as compared to FS-II and FS-III.
Expenditure Pattern
The per farm annual expenditure of sample
farmers is depicted in Table 5. At the overall
level, the per farm total expenditure of the
sample farms were `54,823 , `136453 and
`210617 in FS-I, FS-II and FS-III, respectively.
Out of that more than 70 per cent was the farm
expenditure in all the three farming systems.
The expenditure on crop production was the
major expenditure in FS-I and FS-II, while
expenditure on horticulture was major
expenditure in FS-III. The regionwise total
expenditure was more in irrigated region than

Table 5: Expenditure pattern of sample farmers, 2007-08
(`farm-1)
Particulars

Crop production
Livestock/Poultry
Horticulture
Farm expenditure
Foods (Grains,oils,
vegetables, etc.)
Milks and milk
products
Others*

Family expenditure
Total expenditure
(Farm + family)

Farming system I
(Crops only)
Irrigated Rainfed Overall
43057.6 30494.73 36,776.17
(69.19)
(64.31)
(67.08)
2501.86 2726.86 2614.36
(4.02)
(5.75)
(4.77)
-

Farming system II
(Crops + Livestock)
Irrigated Rainfed
Overall
73,275.18 44328.99 58802.09
(50.08)
(35.02)
(43.09)
31171.9 57734.25 44453.08
(21.31)
(45.60)
(32.58)
-

45559.46
(73.21)
4972.34
(7.99)
3315
(5.33)
8382.67

104447.08
(71.39)
9898.17
(6.77)
4935.67
(3.37)
27025.88

102063.24 103255.16
(80.62)
(75.67)
7594.01
8746.09
(6.00)
(6.41)
3873.33
4404.5
(3.06)
(3.23)
13069.34 20047.61

Farming system III
(Crops + Livestock + Hort.)
Irrigated Rainfed
Overall
33406.67 23901.86 28654.27
(14.64)
(12.38)
(13.60)
54357.51 37778.28
46067.9
(23.82)
(19.57)
(21.87)
69,757.10 91056.13 80406.62
(30.57)
(47.17)
(38.18)
157521.28 152736.27 155128.78
(69.03)
(79.12)
(73.65)
11006.32
9395.5
10200.9
(4.82)
(4.87)
(4.84)
6511.68
4673.33
5592.51
(2.85)
(2.42)
(2.60)
53154.34 26235.4
39694.87

(18.47)
41859.72
(28.61)
146307
(100.00)

(10.32)
24536.68
(19.38)
126600
(100.00)

(23.29)
70672.34
(30.97)
228194
(100.00)

33221.59 39390.53
(70.06)
(71.85)
4214.3
4593.32
(8.89)
(8.38)
3036.1
3175.55
(6.40)
(5.79)
6945.21 7663.94

(13.47)
(14.65)
(13.98)
16,670.01 14195.61 15432.81
(26.79)
(29.94)
(28.15)
62,229
47417
54823
(100.00) (100.00) (100.00)

Figures in parentheses are the percentages to the total
Clothing, Medical, Education, Repayment of loan etc.

*
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(14.69)
33198.2
(24.33)
136453
(100.00)

(13.59)
40304.23
(20.88)
193041
(100.00)

(18.85)
55488.29
(26.35)
210617
(100.00)

the rainfed region. The family expenditure of
the sample farmers were `15433, `33198 and
`55488. In FS-I, the expenditure on the crop
production was the major and it alone
accounted for 69.19 and 64.31 percent
expenditure to the total annual expenditure in
irrigated and rainfed regions, respectively. In
FS-II, also the crop production. activity shared
the major expenditure and it alone accounted
50.08 percent in irrigated region but in rainfed
region farmers concentrated more on livestock
activity, so the major expenditure was on
livestock which was 45.60 percent. But in FSIII, the major expenditure was on horticulture,
which was 30.57 and 47.17 percent in irrigated
and rainfed regions, respectively.
Sustainable Income of Different FS
Economic sustainability depends on
profitable enterprises, family saving and the
family debt. Therefore, the sustainable farm
income means the annual income from farm
activities which meets the annual expenditure
of farm and family and remains surplus to the
farm family for saving or repayment of debt.
(Sullivan, 2003). Therefore, for sustainable farm
income, the farm expenditure and family
expenditure were deducted from the total farm
business income. The sustainable income of
different farming systems were worked out and
presented in Table 6. At the overall level, it

was observed that the sustainable farm income
of FS-II and FS-III were `6361 and `60489. But
FS-I could not meet their requirements on the
basis of their farm business income, that is,
income from crop production activity alone.
They experienced a deficit of `8025. The
farmers in FS-II and FS-III from both the regions
have an economic surplus. It means farmers in
FS-II and FS-III were having sustainable farm
income, whereas more sustainable farm income
was observed in FS-III. After adding the
income from other sources, the non sustainable
farm income of FS-I became sustainable and
came to `13228 and it removed the economic
deficit. The income from other sources (wages,
services and business etc.) was the only factor,
which helped them to sustain. In FS-II and FSIII, the sustainable farm income came to `10
920 and `65428, respectively. These farming
systems seemed to have more of an economic
surplus Regionwise sustainable farm income
indicated that, in irrigated region, the
sustainable farm incomes of FS-II and FS-III
were `12457and `107751, while in rainfed
region, sustainable farm income were `264.94
and `13226 in FS-II and FS-III ,respectively.
But, FS-I of irrigated and rainfed region could
not meet their requirements on the basis of
their farm business income i.e. income from
crop production activity alone. They

Table 6: Sustainable income of sample farmers, 2007-08
(`farm-1)
Particulars
Farming system I (Crops only)
Total farm business income
Total expenditure (Farm+Family expenditure)
Sustainable farm income from farm business
Income from other sources
Sustainable income from total income
Farming system II (Crops + Livestock)
Total farm business income
Total expenditure (Farm+Family expenditure)
Sustainable farm income from farm business
Income from other sources
Sustainable income from total income
Farming system III (Crops + Livestock + Hort.)
Total farm business income
Total expenditure (Farm+Family expenditure)
Sustainable farm income from farm business
Income from other sources
Sustainable income from total income

Irrigated

Rainfed

Overall

59478.43
62229.47
-2751.04
29071.67
26,321

34118.69
47417.2
-13298.51
13433.68
135.17

46,798.56
54823.1
-8024.54
21252.68
13228

158764.1
146306.8
12457.3
3166.67
15624

126864.86
126599.92
264.94
5951.17
6216

142814.48
136453.36
6361.12
4558.92
10920

335944.36
228193.62
107750.74
7545.98
115297

206266.92
193040.5
13226.42
2333.33
15560

271105.64
210617.06
60488.58
4939.66
65428
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experienced a deficit of `2751 and `13,299,
respectively. The farmers of FS-II and FS-III of
both the regions have surplus. It means farmers
of FS-II and FS-III of both regions were having
sustainable farm income, more sustainable farm
income was in FS-III of irrigated region and
less in FS-II of rainfed region. But the FS-I was
not having sustainable farm income.
After adding the income from other
sources, farmers in FS-I, had sustainable farm
income, which was `26321 in irrigated region
and `135.17 in rainfed region. Therefore, it
removed the economic deficit. The income from
other sources (wages, service and business,
etc.) was the only factor, which helped them to
become sustainable. The income from crop
production activity cannot meet the total
expenditure of farm family. Thus, the income
from crop production activity alone was not
enough and sustainable as compared to other
farming systems,
CONCLUSIONS
The farmers of FS-I, do not get adequate
employment through crop production activity
throughout the year. They get just 30 percent
employment out of the 365 days of the year.
Therefore, farmers were required to find the
employment in alternative activities in order
to earn additional income. But in FS-II and FSIII, about 70 and 84 percent employment was
generated. The total income of the FS-II was
double than the FS-I, while total income of FSIII was four times more of the FS-I. This
indicated that FS-I, need to depend more in
other than farm business activity as compared
to FS-II and FS-III. In both irrigated and rainfed
region, the FS-III was more profitable than the
FS-I and FS-II, also the all farming systems of
irrigated regions were more profitable than
rainfed region. In FS-I, the expenditure on the
crop production was the major expenditure
item in the total annual expenditure in irrigated
and rainfed regions. In FS-II, the crop
production activity was also the major
expenditure item in irrigated region but in
rainfed region since farmers concentrated on
livestock activity so it become the major

expenditure item. But in FS-III, the major
expenditure was on horticultural activity in
both irrigated and rainfed regions. All the
farming systems of irrigated as well as rainfed
region, were economically viable, while farming
systems of irrigated region were more
economically viable than farming systems of
rainfed region. The total expenditure which
included family expenditure and farm
expenditure, the FS-I, could not meet their
requirements on the basis of their farm
business income i.e. income from crop
production activity alone in both the regions.
But the farmers of FS-II and FS-III of both the
regions seemed to have an economic surplus.
This indicated that the farmers of FS-II and
FS-III of both regions were having sustainable
farm income. After accounting the income from
other sources, farmers of farming system-I
could manage the economic deficit. The
income from other sources (wages, service and
business, etc.) was the only factor, which
helped them to sustain in both the regions.
POLICY IMPLICATIONS
i) Farmers in dry land region be motivated
to cultivate dry land fruit crops alongwith
livestock for sustainable farm income.
Farmers in irrigated region should be
motivated to undertake cash crops,
horticultural crops and livestock for
enhancing their income and employment
on farms.
ii) For efficient use of available irrigation, it
is necessary to provide subsidy for microirrigation sets, farm ponds on wider scale
to bring more area under irrigation which
will result in higher employment and
income of the farmers.
iii) To avoid exploitation in marketing of
agriculture produce, Government should
strengthen the existing infrastructure and
provide the cold storage, processing
facility and implement the market model
act effectively.
The technical know-how, the availability
of inputs, diversification of crops and
activities, just and efficient use of irrigation
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and better marketing etc. will help the farmers
to have sustainable income consistently.
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ECONOMIC IMPACT OF FRONT LINE
DEMONSTRATION ON PULSES IN PUNJAB – A STEP
TOWARDS DIVERSIFICATION
Pankaj Kumar*, Kuldeep Singh** and Prabhjot Kaur*
ABSTRACT
The results revealed that in front line demonstrations highest average yield
of 11.4 q per ha was recorded during the year 2011 for moong and 18.25 q
per ha during 2011-12 for gram. The highest increase of 26.3 percent in
yield over check plots was recorded during the year 2009 in moong and
34.7 percent during the year 2007-08 in the case of gram. Although, the
cost of cultivation was slightly on higher side in FLD plots, returns were
much more. In FLD plots as well as local check plots average gross return
was highest during 2010 for moong and 2011-12 for gram. Farmers were
not aware of recommended pesticides, time of spraying and its doses. Farmers
convinced about the importance of time of sowing, seed treatment and
application of balanced use of fertilizer,proper pesticide as well as its time
of spray after looking the results of FLDs.
KEY WORDS: Crop rotation, diversification, front line demonstrations
JEL Classification: O13, Q1, Q55

INTRODUCTION
Punjab is very important state of India from
agricultural point of view. It was the leader to
bring green revolution in country. Currently, it
is facing ill effects of green revolution in terms
of problems of ecological and nutritional
nature. Due to prevalence of monoculture,
although productivity of cereals has achieved
its maximum limits but it has not achieved food
security. Food security exists where all people,
at all time, have physical and economical access
to sufficient safe and nutritious food to meet
their dietary needs and food preferences for
*
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an active and healthy life.The nutritional
dimension is integral to the concept of food
security (Anonymous, 2009). Although
availability of wheat and paddy is in abundance
at cheaper rates, but there is shortage of other
food items like pulses, vegetables, oilseeds
(Chand and Pal, 2003). Main reason behind
this was the low returns from pulses and other
crops as compared to paddy and wheat crop
rotation. Gram and Moong are very important
pulse crop which is an integral part of diet of
the people. But these crops were neglected
due to poor returns. As matter of fact farmers
have to purchase this from market. Reason
behind the low returns may be attributed to
marketing problems of the crop and low yield
which resulted from use of non-recommended
technologies. As Jalandhar district have a
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considerable area under potato and sugarcane,
the summer moong can fill the void of third
crop in paddy-potato and sugarcane-paddy
crop rotations. Moreover it can be adjusted in
paddy-wheat crop rotation and giving
additional monetary benefits apart from
improving soil fertility. Whereas gram which
requires less inputs and improve soil fertility
can replace the area under wheat. So, there
was urgent need to promote these pulses and
its recommended package of practices for the
diversification of agriculture and food security,
particularly in Jalandhar District. Hence front
line demonstrations (FLDs) on summer moong
and gram were undertaken from year 2007-08
onwards by KVK, Jalandhar for the promotion
of these crops.
MATERIAL AND METHODS
The study was carried out in Jalandhar
district of Punjab during years 2007-08 to 201112. A survey was carried over to select the
appropriate farmers for FLDs on summer
moong and gram. In this way 85 farmers were
selected in 25 villages while covering 39.0 ha
area. The necessary steps for selection of site
and farmers, layout of demonstrations etc. were
followed as suggested by Venkatasubramanian
et al. (2009). Farmers were provided with
technological package in the shape of seed of
improved varieties of summer moong (SML
668) and gram (PBG-1 and GPF-2), fertilizers
and insecticides as per recommended package
of practices. Selected farmers were trained
regarding cultivation of these selected pulses
through short duration skill oriented trainings.
All the operations right from sowing to
harvesting were carried out as per
recommendations of Punjab Agricultural
University, Ludhiana. The observations were
recorded at various stages of the crops and
yield data were recorded both in FLD plots
and check plots. The collected data were
analyzed with appropriate statistical tools.
RESULTS AND DISCUSSION
Jalandhar is an important district of Punjab
from agricultural point of view. It falls under
the Central Agro-Climatic Zone of Punjab

situated at a height of 247 m above mean sea
level. The total land of the district in 2.66 lakh
hectares out of which 2.41 lakh hectare land is
cultivated as well as irrigated (Anonymous
2013). The results revealed that the important
crop rotations prevalent in district were:
Paddy- Wheat
Paddy-Potato-Sunflower
Maize-Sugarcane
Paddy-Potato-Spring maize
Paddy-Potato-Cucurbits
Paddy-Wheat
Wheat-fodder-Maize
Data placed in Table 1 clearly indicate that
the wheat was the most widely sown crop in
the district which covered an area of 1.69 lakh
ha followed by paddy which was grown on
1.59 lakh ha. Although, other crops like, potato,
maize and sugarcane were also grown on
countable area, but area under pulses was
negligible to the tune of only 100 ha in rabi
season (Anonymous, 2014). This clearly gives
an idea that the pulses, an important
component of food security were nowhere in
the picture of agriculture scenario of the
district. Situation was so embarrassing that the
farmers which feed the world, themselves have
to purchase pulses to meet their dietary needs.
It can be understood that the pulses can’t
replace the profitable paddy-wheat rotation
due to poor returns. But summer moong is an
optionwhich is not decreasing returns by
replacing paddy but it provides additional
income by fitting in paddy/basmati-wheat
rotation. It was also reported in research that
majority of the farmers cultivated summer
moong to earn additional income (Singh, 2014)
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Table 1: Area, production and Productivity
of major crops cultivated in 2012-13
Crop
Wheat
Paddy
Maize
Sugarcane
Potato

Area
(ha)
169000
159000
11700
10000
20400

Source: Anonymous, 2013

Production Productivity
(Mt)
(kgha-1)
7730000
4574
5680000
3572
380000
3248
5400000
54000
4132000
20255

Table 2: Comparison between demonstration package and farmers' practices of summer
moong
Cultivation practices
Farming situation
Variety
Time of sowing
Method of sowing
Seed rate kg/ha
Seed treatment
(@3gkg-1 seed)
Fertilizers (kgha-1)

Demonstration package
Irrigated , sand y lo am so ils with med ium
Nitrogen, high Phosphorous and high Potassium
SML 668
20 March to 10 April
22.5X7 cm spacing with seed drill/kera/pora
37.5
Captan/Thiram

Farmers' practice
Irrigated , sand y loam soils with med ium
Nitrogen, high Phosphorous and high Potassium
Unidentified local available seed
Last week of March to 3rd week of April
Broadcasting
30-50
No seed treatment

As per recommendation after soil testing

Urea 60-65

Comparison between Demonstrated
Technology Package and Farmers’ Practices
Observations of the FLDs on summer
moong and farmers’ practice was compared
and tabulated in the form of Table 2. The
perusal of Table 2 revealed that farming
situation in both of the cases was same. As far
the variety is concerned, in FLDs SML 668
was used whereas farmers’ practice was local
unidentified varieties. Recommended time of
sowing was 20th March to 10th April whereas
farmers were sowing it from end March to end
of April. As a result there is incidence of pre
monsoon showers at harvesting time in
farmers’ practice which affect the crop badly
in terms of shattering, fungal attack and yield
loss. Farmers were sowing summer moong with
broadcasting method using 30-50 kg per ha
seed which is either less or more than the
recommended dose of 37.5 kg per ha. Seed
treatment was not prevalent among farmers.
They also applied non recommended fertilizers
and doses.
In this way FLDs on gram and farmers’

practice was compared and given in the Table
3. It is reflected in the table that farming
situation in both of the cases was same. In the
FLDs firstly PBG1 and then GPF2 variety of
gram was used whereas farmers’ practice was
locally available unidentified varieties.
Recommended time of sowing was 10-25
October, but farmers were sowing it during the
month of November. Farmers were using kera/
broadcasting as method of sowing as
compared to recommended seed drill,using 30
kg per ha seed which was less than the
recommended rate of 37-45 kg per ha. Seed
treatment was not prevalent among farmers.
They also applied non recommended fertilizers
and doses.
Performance of FLDs
FLDs on summer moong were conducted
during the years 2008 to 2012 by selecting 50
farmers. A total of 29 ha area was covered. It is
evident from the data in Table 4 that highest
average yield of 11.4 q per ha was recorded
during the year 2011 in FLD plots among all
the years. In check plots highest average yield

Table 3: Comparison between demonstration package and farmers' practice of gram
Cultivation practices
Farming situation

Variety
Time of sowing
Method of sowing
Seed rate (kgha-1)
Seed treatment
(@3gkg-1)
Fertilizers (kgha-1)

Demonstration package
Irrigated, sandy loam soils with medium
Nitrogen, high Phosphorous and high
Potassium
PBG1 and GPF 2
10-25 October
30cm spacing with seed drill/pora
40
Captan/Thiram @3gkg-1

Farmers' practice
Irrigated, sandy loam soils with medium
N it ro ge n, high P ho s p ho r o us a nd high
Potassium
Unidentified local available seed
During month November
Kera/Broadcasting
30
No seed treatment

As per recommendation after soil testing

Urea 25, DAP 60-65
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Table 4: Performance of FLD on summer moong
Particulars
Variety
No. of Farmers
Area (ha)
FLD Yield (qha-1)
Yield of local Check
(qha-1)
Increase in yield (%)

2008
SML
668
3
1
9.25
7.5

2009
SML
668
3
1
9.1
7.2

2010
SML
668
18
11
10.9
9.5

2011
SML
668
14
10
11.4
9.4

2012
SML
668
12
6
10.9
10.1

23.3

26.3

14.7

21.3

7.92

of 10.1 q per ha was recorded in 2012 in
comparison of all the years. However, the
highest increase (26.3 percent) in yield of FLDs
over check plots was recorded during the year
2009. Perhaps this was in starting years when
FLDs on summer moong were undertaken and
farmers were unaware of the recommended
practices. Over the years, they keep on partly
adopting recommendations which resulted in
improvement of yields as compared to FLDs.
The performance of FLDs on gram is given
in Table 5 which reveals that a total of 35
farmers were selected while 10 ha area was
covered. Maximum yield (18.25 q per ha) for
FLD plots and 16.3 q per ha for check plots
was recorded during 2011-12. Whereas,
highest increase in yield of FLD plots over
local check was reported during the year 2007Table 5: Performance of FLD on gram
(qha-1)
Year
2007-08 2009-10 2010-11 2011-12
Variety
PBG-1 GPF 2 GPF 2 GPF 2
No. of Farmers
5
7
14
9
Area (ha)
2
2
4
2
FLD Yield
15.9
17.6
16.9
18.25
Yield of local Check
11.8
13.2
12.8
16.3
Increase in yield (%)
34.7
33.3
32
11.9

08,this was again a staring year for the FLDs
in district.The results are in line with Prajapati
and Kumar (2012), Katare et al. (2011) and Mitra
and Samajdhar (2010) who reported increase
in yield of different crops in FLDs.
Economic Impact of the FLDs
Economics as an important aspect
associated with every technology. Success of
the technology is predominantly depends
upon the monetary returns as a result of
adoption of that particular technology. Similar
is the case with summer moong and gram.
Firstly farmers compare returns from these
crops with other better options. Secondly
within these particular crops they compare
whether the demonstrated technology package
gave any additional advantage in terms of
money or not with respect to locally prevalent
technology. So, the data placed in Table 6 and
7 gives the comparison between FLDs and
check plots of summer moong and gram. It is
quite clear that although cost of cultivation
was slightly on higher side in FLD plots over
the years but in result returns were much more
for both summer moong and gram. In FLD plots
as well as local check plots of summer moong,
average gross return was highest during 2010.
That year price of all pulses was sky rocketed
and same was the case with summer moong
which was being sold at `100-110 per kg that
year. That’s why the average return was
highest in this year. This would have true for
gram also as maximum rate was got by farmers
in that year. But in the case of gram the highest
returns were during the year 2011-12 because
in this year highest yields were achieved.
That’s’ why farmers get maximum returns in

Table 6: Economic impact of the FLDs on summer moong
(`ha-1)
Year Average cost of cultivation
FLDs Local technology
2008 11695
10392
2009 11,739
10,450
2010 13982
12276
2011 13200
12350
2012 13580
12325

Average gross return
FLDs Local technology
24050
19500
23,660
18,720
57285
49927
43360
35530
42360
34735

GR: Gross returns
GC: Gross cost
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Average net return (Profit) Benefit-cost ratio
(GR/GC)
FLDs Local technology
12355
9108
01:02.1
11,921
8,270
2.02:1
43303
37651
4.09:1
30160
23180
3.28:1
28780
22410
3.11:1

Table 7: Economic impact of the FLDs on gram
(`ha-1)
Year

Average cost of cultivation
FLDs Local technology
2007-08 10385
9135

Average gross return
FLDs Local technology
38955
28910

Average net return (Profit) Benefit-cost ratio
(GR/GC)
FLDs Local technology
28570
19775
3.75:1

2009-10

11540

9581

52800

39600

41260

30019

4.57:1

2010-11

11670

11110

62530

47360

50860

36250

5.36:1

2011-12

11970

11310

64750

57865

52780

46555

5.4:1

GR: Gross returns
GC: Gross cost

this year despite the low rate than 2010-11.
Similar findings were reported by Singh and
Aggarwal (2013) and Chauhan et al. (2013) in
crops gram and okra, respectively.
Feedback about summer moong and gram
cultivation
There were certain observations which
need to be mentioned as feedback with respect
to the practices prevalent among farmers:
· Farmers were ignorant about
recommended pesticides and its doses
and used these on the advice of dealers
only.
· Farmers were also ignorant about proper
time of spraying the pesticides.
· Generally, farmers knew that more amount
of water was required for spraying of
chemicals but use less because of labour
problem.
· Non recommended and over use of
fertilizers was there.
· Farmers realized the importance of time of
sowing, seed treatment and application
of balanced use of fertilizer, proper
pesticide as well as its time of spray after
looking the results of FLDs
CONCLUSIONS
Summer moong is an important pulse crop
which perfectly fit in the paddy-potato and
sugarcane-paddy and even in wheat-paddy/
basmati crop rotations. Particularly in
Jalandhar district where a countable area is
under potato, sugarcane, this crop can give
additional returns of about of `30000 per ha.
Similarly, gram is integral part of food in Punjab
which has diverse use like besan, dal, etc.
Efforts should be made to popularize among

farmers which will help in diversification of
agriculture and will meet the nutritional needs.
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STATUS AND ECONOMICS OF SUMMER MUNGBEAN
CULTIVATION FOR SUSTAINABLE DEVELOPMENT
IN PUNJAB
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ABSTRACT
The study was conducted to examine the present status of summer mungbean
cultivation in Punjab state. The findings revealed that 54.29 percent of the
farmers had started cultivation of summer mungbean from 0.25-2.50 acres
area. Almost, half of the farmers followed summer mungbean-basmati-ricewheat rotation as basmati rice being short duration crop and its late
planting in fields enable the growers to have enough time to produce summer
mungbean. A large majority of the farmers (81.43 percent) cultivated this
crop on commercial scale to earn an income, while most of them were
engaged in cleaning and drying of the summer mungbean so as to add
value to it. The sample summer mungbean growers fetched a gross return to
the tune of `20905.50 per acre. The return over variable cost was computed
to a tune of `14042.25 per acre.
Keywords: Gross return, summer mungbean, value addition
JEL Classification: C81, Q01, Q10, Q18

INTRODUCTION
Pulses are important for nutritional security
and for alleviating malnutrition among the poor
masses. They provide energy, dietary fibre,
protein, minerals and vitamins required for
human health. Pulses, by contributing about
10 percent in the daily protein intake and 5
percent in energy intake, are of particular
importance for food security in low income
countries, where the major sources of proteins
are non-animal products. In addition, pulses
also contain significant amounts of other
essential nutrients like calcium, iron and lysine
(Gowda et al., 2013). The major portion is
*

Department of Extension Education and
Department of Economics and Sociology, Punjab
Agricultural University, Ludhiana-141001
Email: manveerkaur@pau.edu
#

utilized in making dal, curries, soup, sweets,
fried foods, desserts, noodles, snacks etc
(Anonymous, 2010).
Mungbean is a highly nutritious crop and
is regarded as a quality pulse due to its rich
protein content (24 percent) and excellent
digestibility. It is rich in folate (549 mg), calcium
(324 mg), vitamin A (94 mg), iron (7.3 mg) and
zinc (3 mg) per 100g dry seed. Mungbean
sprouts are rich source of vitamin C (Calloway
et al., 1994). Mungbean (Vignaradiata (L.)
Wilczek) belonging to subgenus ceratoropis
is an important short duration pulse crop that
is under cultivation since prehistoric time in
India. Mungbean is also known as green gram
and it is cultivated in three different seasons
in India, viz., kharif, rabi and summer. It is
grown under rain fed condition during kharif
season and on residual moisture during rabi
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season in eastern and southern part of the
country. India is the largest producer of
mungbean and accounts for 54 percent of the
world’s production and covers 65 percent of
the world acreage (Anonymous, 2011). In spite
of being the world’s largest pulse producer,
India has been importing 3-4 million tons (MT)
of pulses every year to meet its domestic
demand (Reddy et al., 2012). India has achieved
a record output in pulses production of 18.1
MT in 2010-11. Even though pulses production
increased significantly during the last decade,
continuing the faster growth is a bigger
challenge for researchers, extension agencies
and policy makers. Still, the productivity of
pulses in India (694 kg per ha) is lower than
most of the major pulses producing countries
(Reddy, 2009).
Despite holding such great promise,
mungbean is often grown in marginal lands
with limited inputs making it prone to a number
of abiotic stresses causing tremendous yield
loss (Biyan et al., 2012). A phenomenal increase
in area, production and productivity has
occurred since 1964-65. The area has increased
from 1.99 million ha in 1964-65 to 3.54 million
ha in 2010-2011. The production has increased
from 0.60 million tonnes to 1.81 million tonnes
during the same period. According to an
estimate, the area under summer mungbean in
Punjab state is believed to be about 50,000 ha
and a total production of pulses is about 80
thousand tonnes (Anonymous, 2012). This
study was planned to see the present status
of the summer mungbean crop in Punjab in
terms of area, value addition and processing.
METHODOLOGY
The present study was conducted in
Punjab in 2013 where a stratified multistage
random sampling design was followed to select
the study area and respondents. At the first
stage on the basis of highest concentration of
mungbean growing areas in Punjab, five
clusters were selected, namely Ludhiana,
Sangrur, Ferozpur, Moga and Amritsar. At the
second stage, two villages from each cluster
were selected based on the highest

concentration of summer mungbean
cultivation. From each village, a complete list
of the summer mungbean growing farmers was
taken along with the information about their
size of land holding. A sample of seven farmers
was randomly selected from each selected
village on the basis of probability proportional
to number of farmers in each land holding
category. In this way, a total of seventy farmers
were selected from ten villages in the five
selected clusters for this study.
RESULTS AND DISCUSSION
Socio-personal Profile
The socio-personal profile of the farmers
in terms of age, education, operational land
holding, experience of farmers and family
members engaged in summer mungbean
cultivation has been presented in Table 1 which
showed that the age of the farmers varied from
27-60 years. The resultsalso indicated that
37.14 percent of the farmers belonged to the
age group of 38-49 years followed by 32.86
and 30.00 percent falling in the age groups of
49-60 years and 27-38 years, respectively. The
education of the farmers ranged from primary
to post graduation. The results revealed that
28.57 percent farmers were graduates followed
by 25.71 percent who were having senior
secondary level of education. Only 4.29
percent of the farmers were found to be post
graduates.
Regarding the operational land holding, the
farmers were categorized into five groups on
the basis of the categories mentioned in the
Statistical Abstract of Punjab as shown in
Table 1 (Anonymous, 2006). The results
revealed that 35.71 percent of the farmers had
medium (10-25 acres) operational land
holdings, where as an equal percentage (15.72
percent) of the farmers had small (2.5-5.0) and
large (>25 acres) operational land holding and
only 5.71 per cent of the farmers had marginal
operational land holdings of less than 2.5
acres. The experience of the farmers in summer
mungbean cultivation ranged from 2-14 years.
More than 50.00 percent of the farmers had an
experience of 2-6 years in summer mungbean
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Table 1: Distribution of farmers according
to their socio-personal characteristics
(N=70)
Socio-personal
Frequency
Percentage
characterstics
Age (years)
27-38
21
30
38-49
26
37.14
49-60
23
32.86
Education
Primary
4
5.71
Middle
10
14.29
Matric
15
21.43
Senior Secondary
18
25.71
Graduate
20
28.57
Post Graduate
3
4.29
Operational land
Marginal (< 2.5)
4
5.71
holding (acres)
Small (2.5-5.0)
11
15.72
Semi-Medium (5-10)
19
27.14
Medium (10-25)
25
35.71
Large (> 25)
11
15.72
Experience (years)
2-6
37
52.86
6-10
21
30
10-14
12
17.14
Family members engaged in summer mungbean
cultivation
0-1
8
11.43
1-2
25
35.71
2-3
37
52.86

Table 2: Distribution of farme rs on the
bas is of are a unde r summe r mungbe an
acultivation at different times
(N=70)
Area (Acres)
Frequency
Initially at the beginning
0.25-2.50
38
2.50-4.75
23
4.75-7.00
9
At present
0.5-5.5
41
5.5-10.5
22
10.5-15.5
7

cultivation and only 17.14 percent of the
farmers had 10-14 years experience in summer
mungbean cultivation. Regarding the family
members engaged in summer mungbean
cultivation, a little more than 50 per cent of the
farmers had 2-3 members engaged followed by
35.71 percent with 1-2 family members engaged
in the cultivation of this crop.
Area under Summer Mungbean Cultivation
A critical look at the data in Table 2 revealed
that initially at the starting of summer
mungbean cultivation, 54.29 percent of the
farmers started its cultivation under 0.25-2.50
acres of area followed by 32.86 and 12.86
percent who started summer mungbean
cultivation under 2.5-4.75 acres and 4.75-7.00
acres of area, respectively. The results further
revealed that 58.57 percent of the farmers were

Percentage
54.29
32.86
12.86
58.57
31.43
10

cultivating 0.5-5.5 acres of summer mungbean
crop at present that is, at the time of data
collection followed by 31.43 percent and 10.00
per cent of the farmers who were cultivating
this crop under 5.5-10.5 acre and 10.5-15.5 acres
at present.
Change in the Area through Time
Regarding the increase or decrease in the
area under summer mungbean cultivation from
beginning to present is shown in Table 3. The
results revealed that 44.29 percent of the
farmers fell in the category where area under
summer mungbean was kept constant to an
increase of 3.50 acres followed by 31.43 and
11.42 percent of farmers with an increase of
3.50-7.0 and 7.0-10.50 acres, respectively.
However, 12.86 percent of the farmers had
decreased their area under summer mungbean
to a maximum of 3.5 acres. There were majority
of farmers in increased category that may be
due to the adoption of the early maturing and
recommended varieties for summer season are
SML-668 and SML-832.
Table 3: Distribution of farme rs on the
basis of increased or decreased in the area
under summer mungbean from beginning to
present
(N=70)
Area (Acres)
-3.5
0.00-3.50
3.50-7.00
7.00-10.5
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Frequency
9
31
22
8

Percentage
12.86
44.29
31.43
11.42

Crop Rotation followed for Summer
Mungbean Cultivation
It can be pointed out from the data in the
Table 4 that 40 percent farmers followed
summer mungbean-basmati rice-wheat
rotation. Basmati rice being a short duration
crop and its late planting in fields, enable the
growers with enough time to produce summer
mungbean after wheat crop. Rice-wheatsummer mungbean was the second most
followed rotation (21.42 percent) for summer
mungbean cultivation. Wheat-rice is the most
dominant crop rotation in Punjab State. The
newly released short duration varieties of
summer mungbean have given a boost to its
cultivation during the follow period after wheat
crop in the wheat-rice crop rotation. Apart from
these two main rotations, summer mungbeanfodder/vegetables (cucurbits)-potato, summer
mungbean–maize-wheat, summer mungbean –
maize-wheat and summer mungbean -rice-toria/
mustard were the other rotations followed by
11.42, 10.00, 8.57 and 8.57 percent farmers,
respectively.
Table 4: Distribution of farmers according
to crop rotation followed unde r summe r
mungbean cultivation
(N=70)
Crop rotation
Rice-wheat-summer mungbean
Summer mungbean-basmati rice-wheat
Summer mungbean –maize-wheat
Summer mungbean –fodder/vegetables
(Cucurbits)-potato
Summer mungbean -rice-potato
Summer mungbean -rice-toria/mustard

Frequency Percent
15
28
7
8

21.42
40.00
10.00
11.42

6
6

8.57
8.57

Varieties of Summer Mungbean grown by the
Farmers
It is evident from data given in Table 5 that
68.57 per cent of the farmers were growing
SML-668 with 79.50 per cent of the total area
of sample farmers under summer mungbean.
The reasons behind this were its better yield
performance (with average of 1125 kg per ha),
early maturity, bold and shining seeds as well
as its tolerance to mungbean yellow mosaic

Table 5: Distribution of farmers on the basis
of varieties of summer mungbean grown by
them
(N=70)
Varieties grown
SML-668
SML-832
PAU-911
ML-613

Frequency
48
(68.57)
10
(14.29)
8
(11.43)
4
(5.71)

Area (acres)
309
(79.50)
54.7
(14.07)
19.5
(5.02)
5.5
(1.41)

Figures in parenthses are percetage of area allocated to each
variety and farmers

virus (MYMV) disease. This variety is
recommended for cultivation in both summer
and Kharif seasons. SML-832 was the second
most grown variety by farmers (14.29 percent)
on 14.07 percent area, since it is a new high
yielding variety, resistant to MYMV and grows
best during the spring/summer season. Farmers
were willing to adopt this variety but they faced
the shortage of its seed. Apart from these,
other varieties such as PAU-911 and ML-613
were grown by only11.43 and 5.71 percent of
the farmers respectively on 6.43 percent of the
total area of sample farmers under summer
mungbean.
Purpose of Summer Mungbean cultivation
Farmers were interested to grow summer
mungbean as it is an income generating crop.
Mungbean is expensive and most of the people
are willing to consume fertilizer and pesticide
free produce so summer mungbean cultivation
is gaining popularity day by day due to its
multi-faceted properties and benefits. The
results presented in Table 6 showed that 81.43
percent of the farmers cultivated summer
mungbean on commercial scale which earned
Table 6: Distribution of farmers on the basis
o f the purpo s e o f s umme r mung be a n
cultivation
(N=70)
Purpose
Only commercial
Both home consumption and
commercial
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Frequency Percentage
57
81.43
13
18.57

them an income whereas, 18.57 percent of them
cultivated summer mungbean both for home
consumption and commercial purpose.
Sale Outlets used for Summer Mungbean
Regarding the marketing of summer
mungbean, it was found from Table 7 that 72.85
percent of the farmers sold their produce to
wholesalers. This may be due to the reason
that by selling their whole lot of produce at
once, the farmers received an instant payment
for their whole produce. About 25 percent of
the farmers sold their produce direct to the
consumers as it is easy to sell without any
transportation cost. Only 2.85 percent of
farmers sold their produce to co-operative
societies as the procurement facilities are not
available in all the co-operative societies.
Table 7: Distribution of farmers according
to the channels used by them for marketing
of summer mungbean
(N=70)
Sale outlet
Wholesalers
Direct to consumers
Co-operative Society

Frequency Percentage
51
72.85
17
24.28
2
2.85

Different Forms of Value Addition
Value addition is referred to the additional
value of mungbean over the cost of production.
It also referred to the value added to the
summer mungbean as a result of a particular
post-production process. Value addition to the
summer mungbean at the time of data collection
from the farmers included: cleaning, drying,
grading, sorting, packaging, labelling and
processing.
The results presented in Table 8 revealed
that 91.42 percent of the farmers were engaged
in cleaning the summer mungbean so as to
add value to it while 75.71 percent of them were
involved in drying process. Only 12.58, 10.00 ,
5.71 and 4.28 percent of the farmers were
involved in packaging, sorting, labelling and
grading, respectively.
A little less than three percent of the farmers
were involved in processing of summer

Table 8: Distribution of farmers according
to the different forms of value addition to
summer mungbean at present
(N=70)
Value addition
Cleaning
Drying
Grading
Sorting
Packaging
Labelling
Processing

Frequency * Percentage
64
91.42
53
75.71
3
4.28
7
10.00
9
12.85
4
5.71
2
2.85

*Multiple responses

mungbean. Overall it can be concluded that a
very small proportion of farmers were involved
in grading, sorting, labelling and processing
forms of value addition to summer mungbean.
It may be because of the cost involved in such
activities, lack of knowledge and training
about these forms of value addition, lack of
machinery for value addition and marketing of
value added mungbean produce.
Economics of Summer Mungbean Cultivation
The data regarding economics of summer
mungbean cultivation as reported by the
farmers has been presented in Table 9. The
average cost and returns of seventy farmers
has been worked out and discussed below:
The total variable cost of summer
mungbean production per acre was found to
be `6863.25. Amongst the different items of
variable cost, 40.23 percent of the variable cost
was incurred on physical inputs followed by
human labour expenses which accounted to
39.30 percent. It was found that seed was the
most expensive input incurring a cost to an
account of 20.58 percent of the variable cost
besides plant protection chemicals (10.23
percent) and fertilizers (9.42 percent). The
maximum human labour was used at the time
of harvesting and weeding accounting to 16.32
and 12.51 percent of the total variable cost
followed by application of plant protection
chemicals, irrigation, tillage preparation,
fertilizer application, sowing and value
addition. The cost of tractor, combine and
irrigation machinery accounted to 8.57, 7.76
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Table 9: Economics of summer mungbean
cultivation
(Per acre)
Particulars
Quantity Value (`) Percentage
Physical inputs
2761.26
40.23
Seed (kg)
14.12
1412.4
20.58
Urea (q)
0.15
84.2
1.23
DAP (q)
0.3
562.5
8.19
Plant protection chemical (l)
2.14
702.16
10.23
Tractor and Combine (hr)
3.38
1121
16.33
Preparatory tillage
2.38
489.6
7.13
Sowing
0.58
98.6
1.44
Harvesting and threshing
0.42
532.8
7.76
Irrigation machinery (hr)
7.69
266.69
3.89
Human labour (hr)
892.3
2697.34
39.3
Preparatory tillage
2.34
73.71
1.08
Sowing
0.86
27.09
0.39
Fertilizer application
1.97
62.05
0.9
Irrigation
7.69
242.23
3.53
Weeding
27.26
858.69
12.51
Plant protection chemical
9.48
298.62
4.35
application
Harvesting
35.56
1120.14
16.32
Value addition
0.47
14.81
0.22
Interest on variable cost @ 7
16.96
0.25
percent for half period
Total variable cost
6863.25
100
Yield (q)
4.62
Price (`q-1)
4525
Gross return (`)
20905.5
Return over variable cost (`)
14042.25

and 3.89 percent of the variable cost,
respectively. The average yield of summer
mungbean crop was 4.62 q per acre and average
market price was `4525 per quintal. The sample
summer mungbean growers fetched a gross
return to the tune of `20905.50 per acre. The
return over variable cost were estimated to be
`14042.25 per acre.
Reasons for Adopting Summer Mungbean
Cultivation
The data pertaining to reasons for adopting
summer mungbean cultivation has been
presented in Table 10. The results revealed that
the majority of farmers (87.14 percent) adopted
summer mungbean to earn additional income
while 47.14 percent of the farmers cultivated
this crop to incorporate an additional crop
between wheat-rice crop rotation and 40.00
percent of them each cultivated this crop to
improve soil health/fertility and for crop
diversification.
Conclusions and Suggestions

Table 10: Distribution of farmers according
to the re a s o ns fo r a do pting s umme r
mungbean cultivation
(N=70)
Reasons
Frequency* Percentage
To get additional income
61
87.14
For home consumption
15
21.43
It gives additional crop between
33
47.14
wheat paddy crop rotation
To improve soil health/fertility
28
40.00
For more production
42
60.00
To increase the cropping
8
11.43
intensity
Increased status
11
15.71
For crop diversification
28
40
*Multiple responses

It can be concluded that majority of the
farmers followed the summer mungbeanbasmati rice-wheat cropping rotation system
with an experience ranging from 2-14 years.
Majority of the farmers belonged to the
category 0.00-3.50, where summer mungbean
area was kept constant to an increase of 3.50
acres from the beginning to present. Majority
of the farmers followed only the cleaning and
drying forms of value addition. The return over
variable cost was computed to a tune of
`14042.25 per acre. On the basis of the
observations made during the study, following
suggestions were made:
1. Availability of recommended varieties of
summer mungbean needs to be ensured.
Cost of seed should be made reasonable
to encourage small and marginal farmers
for summer mungbean cultivation.
2. Government should encourage the farmers
for summer mungbean cultivation by
providing sufficient electricity for
irrigation purpose.
3. Machinery for value addition should be
subsidized so as to encourage the farmers
for value addition and processing at grass
root level. Also these machines can be
provided to the cooperative societies to
facilitate their custom hiring by the
farmers.
4. Government should lay emphasis on
development of infrastructure for storage,
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marketing, value addition and processing
of summer mungbean.
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INFUSION OF FARM MECHANIZATION
TECHNOLOGIES IN INDIAN AGRICULTURE:
PROGRESS AND IMPACT
Mankaran Dhiman* and Jaskaran Dhiman**
ABSTARCT
India has shown remarkable progress in agriculture since independence.
The food production scenario has greatly improved. In view of the intensive
agriculture especially in the food bowl states (Punjab, Haryana, and western
Uttar Pradesh), short window of time available between harvesting of paddy
and sowing of wheat, as well as labour shortage, the farm mechanization
will have a crucial role to play. For making farming globally competitive
and checking impairment to natural resources (soil and water) base, a
major shift in farm mechanization is required to realize the goal of ecofriendly sustainable agriculture with cost-effective production of quality
produce. Appropriate and selective mechanization is needed for production
agriculture, post-harvest handling, and value addition using a prudent
combine of conventional and renewable energy sources. To devise long
term strategies for farm mechanization, it is vital to visualize the needs in
view of the prevailing and emerging challenges.
Keywords: Farm mechanization, Indian agriculture, technology infusion
JEL Classification: Q01, Q10, Q15, Q16, Q18

INTRODUCTION
Agriculture plays a vital role in the
economic development in India. Since
independence, India made a noteworthy
progress in agriculture in terms of rapid
transformation on the foodgrain front. The
Indian Green Revolution (GR), which indeed
has been an exemplary success story of
independent India, took roots in the mid
sixties. It was ushered in through taking up of
higher and balanced use of biological, chemical
and mechanical inputs together with the timely
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government intervention and support. The key
elements for the success of this wellorchestrated GR were development of high
yielding varieties of wheat and rice, generation
of complimentary production technologies,
efficient technology transfer to farmers,
adequate availability of inputs (irrigation,
fertilizers, etc.), highly responsive and keen
peasantry; pro-agriculture government policies
(paddy and wheat procurement at minimum
support price (MSP), public distribution
system (PDS), etc.). Besides, the
infrastructural facilities such as irrigation
systems, rural electrification, link roads and
storage facilities, marketing of farm produce
and input distribution system, machinery
manufacturing and farm mechanization,
consolidation
of
land
holdings,
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institutionalization of farm credit, etc. also led
to the success of Green Revolution.
The improvements in agro technology
including that of farm mechanization in India
brought about revolutionary enhancement in
agricultural production. From a net importing
country, India is nowproducing more than 264
million tons (mt) of food grains. For meeting
the food security needs of the country,
agricultural productivity and its growth needs
to be sustained and further improved.
Farm Mechanization provides the
technology to facilitate agricultural growth
through efficient use of inputs. It can have a
great role to play in the development of
agriculture. Mechanization is important from
tillage and seed-bed preparation, sowing/
planting, inter-culture, fertilizer application,
irrigation, harvesting, to post-harvest
operations. With newer technologies like zerotillage, raised-bed planting, residue
management, precision agriculture, microirrigation, mulching, etc. for farming the
dependence on farm mechanization has
increased. Adoption of mechanization ensures
timeliness of agricultural operations, reduces
cost of production as well as reduces drudgery
in carrying out various farm operations.
Equipment and implements for various
operations like tillage, sowing, irrigation, plant
protection and threshing, etc. are generally
being used by farmers.
India is in the early stage of development
as far as mechanization infusion is concerned.
A big leap toward mechanization is expected

in future due to labour shortage owing to rural
employment guarantee scheme and prevailing
pressure to boost productivity (Balachandar,
2014 and Srivastava, 1999). Although, India is
the largest manufacturer of tractors in the
world, accounting for one-third of world
production (Ravi, 2013), the average power
availability in the country is lower than many
countries (Korea, Japan, US).
The migration of people to urban areas and
availability of credit and money are also main
factors in mechanization. The movement of
labour away from agriculture has gained
momentum in recent years, although the share
of workers living off the land still remains at
54.6 percent of the work force (Ravi, 2013). The
farmer population has shrunk by nine million
between 2001 and 2011. In view of the efforts
being made to modernize Indian agriculture,
mechanization is an important element (Vatsa,
2013). The farm mechanization has been well
received world over as one of the central
elements of modernization of agriculture.
There has been a substantial progress of
mechanization in agriculture, however, its
spread has been in an uneven manner. Further,
efforts to identify specific farm equipments,
implements and machines, for different agro
climatic zones, as well as their promotion in
the respective zones has been lacking.
Looking at farm implements used per 1000 ha
of net sown area in the country, the tractor
operated machinery is most commonly used
(Table 1). The Ministry of Agriculture,
Government of India is giving a focus to

Table 1: Number of farm machines in India
(000'ha-1)
Machine
Manual seed drill/seed drill-cum- fertilizer drill
Animal drawn leveler
Animal drawn seed-cum-fertilizer drill
Manually operated plant protection equipment
Straw reaper
Forage harvester
Tractors
Tractor operator cultivator

Number
153.2
84.8
36.1
28.5
18.8
18.2
16.7
12.5

Source: Ministry of Agriculture (2012)
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Machine
Power operated horticultural tools
Drip and sprinkler equipment
Tractor drawn seed-cum-fertilizer drill
Tractor operated disc harrow
Tractor operated levlers
Power operated plant protection equipment
Potato digger
Tractor operated rotavator

Number
8.9
8.3
7.2
6.6
6.2
4.3
2.1
0.9

agricultural mechanization including R&D,
custom hiring and technology infusion,
through its various schemes. The focus is on
increasing the reach of mechanization to the
unreached regions and farmers.
Punjab, an agriculturally progressive state,
has achieved tremendous growth in rice and
wheat system where 3.5 million hectares (mha)
which form 80 percent of total cultivated area
is under wheat and 2.8 m ha (68 percent) is
under rice. Cropping intensity of the state is
191 percent. This unparalleled achievement has
been only possible through the required
mechanization of crop production system. This
paper appraises the findings of various
researchers on the progress and impact of the
infusion of farm mechanization technologies
on agriculture. The sale of tractors and power
tillers in India has shown exponential increase
over the years (Table 2).
Table 2: Sale of tractors and power tillers
in India
Year
2004-05
2005-06
2006-07
2007-08
2008-09
2009-10
2010-11
2011-12

Tractors (lakh)
2.47
2.96
3.53
3.46
3.43
3.94
5.45
6.07

Power tillers (000')
17.48
22.3
24.79
26.13
35.29
38.79
55.00
60.00

Source: Director of Agriculture, Punjab

INFUSION OF TECHNOLOGIES
Tractors
In the mechanization process, tractor the
common farm vehicle, has played a pivotal role
and at present there are about 4.77 lakh tractors
in the state (2012-13). The use of tractors and
tillers has increased five-fold in the last 40
years (Ravi, 2013). On an average, there is
almost one tractor for every 25 acres of land.
Now the tractor is available with several
features such as air conditioned cabins,
ergonomically designed pedals and levers.
Tractor performs several functions. All tillage
operations are mechanized through tractors.
These are also used for the operation of wheat

thresher and pumping water through generator
in the absence of electricity power supply.
Average HP in the state is almost 3.7 KW per
ha.
In India, tractor have been used for
performing operations using tillage equipment
like rotavator and spading machines (22.78
percent of total area) and sowing (21.3 percent
of total area) and is also used for running other
equipments like laser land leveler. The share
of farm workers and draught animals has come
down from 63.5 percent in 1971-72 to 13.6
percent in 2009-10, whereas the share of
tractors, power tillers, and motors has gone
up from 36.5 to 86.3 percent during the same
period (Ravi, 2013). The contribution of tractors
has increased from 7.5 percent in 1971 to over
51 percent in 2010-11(Singha et al., 2012). The
increasing cost of labour and upkeep of
draught animals also led to more adoption of
tractors for farm operations.
Tractors are available from 18 to 70 HP
range. The market has been moving toward
bigger tractors during the past few years. In
2005, 4-5 percent of the total industry was of
higher HP tractors (48 HP). In 2013-14, however,
the domestic tractor industry volume was in
the tune of 6.35 lakh of which 48 HP tractors
accounted for16 percent (Balachandar, 2014).
In view of shortage of labour, the need for
tractor mechanization arises. According to
Sharma (1998) the projected demand for
tractors in India is 22.58 lakh in 2024-25. Singh
and Jain (1981) estimated that agricultural
productivity and labour force were important
econometric variables determining the demand
of tractors in Punjab. Chatha and Grewal (1991)
revealed that demand for tractors in Punjab
would be 5.60 lakh in 2030-31 and indicated
that by 2010-11 there will be saturation point
as far as the number of tractors is concerned
and that further demand of 25-32 thousand
tractors will be due to replacement reasons.
With the recommendation of rotavator, the
higher HP tractors will play a vital role. There
are currently 12.35 thousand rotavators in
Punjab (2012-13). The tractors with advanced
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features but with affordable price range are
needed. The normative demand of tractors in
Punjab is higher than the prevailing tractor
use. In Punjab, the farmers are buying tractor
as their status symbol though its field use (264
h) is far below the normal annual requirement
(1000 h).
The big manufacturers of tractors and
pumpsets have their dealers in big towns in
the country. Almost in every town there are a
few manufacturers making different types of
machines and implements. There are tractor
manufactures in the Punjab with annual
production capacity of one lakh tractors. In
spite of good manufacturing base for
production of different types of farm
machinery, their availability in many places is
not very satisfactory. Subsidies on different
types of farm machines are available for
different categories of farmers under the micromanagement schemes of the state
governments.
Seed-cum-fertilizer Drills
Several types of tractor-operated drills and
seed planters with fertilizer attachments have
been developed and introduced in India in the
late sixties. Animal and tractor operated seed
planters were developed and made available
to farmers. During the seventies, R&D work
was devoted to evolving new models, fine
tuning the seed metering mechanisms, power
transmission systems, frame designs, and
developing suitable furrow openers.The
Punjab Government gave a subsidy of 33
percent to all farmers buying drills. Evaluation
and testing of various types of drills and
planters under varying soil and field conditions
also intensified during the seventies. A needbased target for introducing about 50,000
improved drills was set in 1968-69. At present
about 1.8 lakhs of seed-cum-fertilizer drills are
being used by the Punjab farmers. Drills in size
rangeof 7 to 15 rows for tractors are available.
The most common seed-metering device in
drills is the external fluted-feed roller and that
on planters is the inclined or vertical plate with
cells.

Although this method of wheat seeding
using zero-till seed-cum-fertilizer drill is
becoming popular in Haryana and Punjab
states but it not so in U.P. particularly in central
parts (Singh et al., 2014). According to Singh
et al. (2014) wheat can be sown 10-15 days
earlier as compared to conventional method
of sowing. This will result in timely sowing of
wheat and thereby obtain increase in yield.
Further, in zero-till ferti seed drill system, the
average cost of irrigation was `2592 per ha
which was `667.5 per ha lesser in comparison
to conventional system and gives 21 percent
saving. The zero tillage sowing was more
economical (79 percent) in comparison to
conventional methods of sowing. It was
observed that zero-till ferti seed-drill system
was found an acceptable machine by the
farmers of district Ambedkar Nagar (UP)
because the zero-till ferti seed-drill system gave
highest benefit cost ratio (1.76) in comparison
to conventional system. The machine has been
discussed from various angles (Chauhan and
Kumar, 1992).
The Indian drills and planters place fertilizer
in a band usually on one side of the seed at
the same depth or deeper. Agronomic research
shows fertilizer placement in a band about 2.5
cm to the side and about 2.5 cm deeper than
the seed leads to about 8 to 10 percent increase
in yield of cereal crops. Indian Standards
Institution (ISI) formulated several standards
relevant to the seeding machines. The
manufacturers of the state considerably
improved quality and started using jigs and
fixtures for making its components
(Guruswamy, 1985).
Threshers
An indigenous thresher called Ludhiana
Thresher was developed during the mid-l950s,
by Mr. S.K. Paul (farm engineer) and Mr.
Sunder Singh (an innovative small-scale
manufacturer of Ludhiana), which was the first
indigenous power thresher to be
commercialized and acknowledged. Indian
Council of Agricultural Research (ICAR)
recognized the inventors of the Ludhiana
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thresher in 1957. It was capable of threshing
and cleaning besides facilitating bagging.This
followed suit as it was followed by the lowcost drummythreshers, better-designed Naini
or Sherpur threshers, and low power
Syndicator/Toka threshers capable of handling
even moist wheat.
Recently, bulk automatic feeding with autoreverse, and multi-crop threshers have come.
Punjab State has reached acompletely
mechanized wheat threshing level. Now, there
are 10-64 lakh threshers in Punjab (2012-13).
The engineers are now focusing on precise
aspects like reducing energy consumption,
safety, quality control, and standardization.
The threshers are being manufactured on a
small scale industry level. Ancillary units
produce components required by thresher
manufacturers. The PAU designed and
developed multi crop thresher based on
conventional rasp-bar design. It can thresh
several crops except groundnut. However,
people require bruised straw for feeding to
cattle. Thus, a new design used a tractoroperated rasp-bar thresher to yield better
bruised straw. The infusion of this technology
has helped farmers to market their wheat
produce timely.
Threshers have been designed for different
crops such as wheat, maize, groundnut,
cowpea, mungbean, etc. Threshers often lead
to some accidents causing varying level of
injuries. It is estimated that every year in
Haryana, Punjab and Uttar Pradesh alone there
may be 5000 to 10,000 deaths 15,000 to 20,000
amputations and 1.5 to 2.0 lakh serious injuries
due to farm activities (Mohan and Patel, 1992).
Among these, threshing machines are
responsible for a significant number of serious
injuries. Kumar et al. (2002) suggested a cost
effective, improved design for safe operation
of threshers based on ergonomic principles.
Threshers have also been designed to suit the
needs of small farmers(Azouma et al., 2009).
Combine Harvesters
The combine harvester, or simply combine,
is a machine that harvests cereal crops. The

name is due to its combining three operations
(reaping, threshing, and winnowing) of
harvesting into a single one (Quick and
Wesley,1978). Combining is found to be the
cheapest method of harvesting and threshing
paddy and wheat (Alam, 2005). There are about
30 manufacturers fabricating combines.
Combine harvester machines for harvesting of
rice, wheat, maize, green gram, soybean, etc.
are available. Tractor mounted, tractor driven,
self-propelled combines with 8-14feet headers
have been manufactured.
In Punjab, 91 and 82 percent area under
paddy and wheat is harvested with combine
harvesters.Currently, there are nearly 15,000
harvesters available in the state, of there, nearly
5000 are tractor driven (2012-13). About 90-95
percent combine harvesters are operated on
custom hiring basis, which considerably
reduce the cost and availability of these costly
machines, which cannot be otherwise afforded
especially by the small farmers. The major
international companies like CLAAS and John
Deere have set-up their manufacturing base in
the state. Punjab is considered to be hub of
manufactures of combine harvesters and
supplies this machinery to the rest of the
country. The limitation is that the combine
harvesters do not handle crop residue and
create management problem. Track type small
harvesters are also manufactured, which can
be operating in water logged and wet lands.
Laser Land Leveler
The laser land levelling technology is used
to level bigger fields. Land leveling is an
important operation for good agronomic, soil
and crop management practices (Anuraja et
al., 2013). Cook and Peikert (1960) reported that
a significant (20-25 percent) quantity of
irrigation water was lost during its application
due to poor farm designing and unevenness
of the fields. The levelled fields have better
water use efficiency. Aggarwal et al. (2010)
assessed water saving in different crops (maize,
wheat, cotton, paddy, berseem, pea, potato)
through precision land leveling and reported
a water saving in the range of 22-33 percent
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(average 26. 64 percent). Reporting that 10, 25,
50, 75 and 100 percent adoption of laser land
leveller can result in saving of 1.46, 3.66, 7.33,
10.99 and 14.65 lakh haM of water, they
recommended the use of laser land leveller to
save water in Punjab where water table
depletion is a cause of serious concern.
Several researchers have conducted field
experiments to evaluate the performance of
laser land leveler for land leveling and grading
operations to determine its effect on water
requirements and yield of selected crops. In
the case of paddy crop, land leveling by laser
guided land leveler resulted in much lesser
variations in height of standing water as a
result of which 16.67 percent water saving was
observed per irrigation. Crop yields were
higher in the case of laser leveled and graded
fields. However, differences were significant
in the case of paddy and pigeon pea crop only
(Chaudhuri et al., 2007).
It was also noticed that the adoption of
laser land leveling technology resulted into
water saving of 28 and 12 percent in paddy
and wheat, respectively. The yield of paddy
and wheat was enhanced by 4.24 and 8.08
percent, respectively with the use of
technology. The water productivity of paddy
and wheat crop also improved by 31 and 19
percent, respectively. The important
constraints in the adoption of this technology
include nonavailability of laser land leveler,
high cost of leveling, small size of holding and
lack of awareness (Singh and Kaur, 2014).
In another report (Aryal et al., 2011) laser
leveling in rice fields reduced irrigation time
by 47-69 hrs per ha per season and improved
yield by approximately seven percent
compared with traditionally leveled fields. In
wheat, irrigation time was reduced by 10-12
hrs per ha per season and yield increased by
6.7 percent in Haryana and 8.8 percent in
Punjab by adopting laser leveling. The
monetary benefits of laser leveller in terms of
increased yields of paddy and wheat was
equivalent to USD 138 per ha per year. Thus,
the use of laser leveler has become

Table 3: Area levelled using laser land
levelers in Punjab
Year
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014

Area laser levelled (ha)
8
150
550
1000
2000
4100
6250
9370
11580
15000

economically accessible, even to small holders
and resource-poor farmers. The technology
was recommended in 2006 as it ensures better
water distribution efficiency, provides option
for providing slope, ensures better crop stand/
yield. The infusion of this scale neutral
technology (not biased towards large or small
farmers) has recently been picking up as the
number of laser levelers has been increasing
exponentially in the Punjab starting with
merely three in 2006 to more than 7200 at
present. It has levelled around 15000 ha area
in Punjab (Table 3). Cooperative Societies are
also helping farmers to avail facility of laser
land leveler.
About 32 percent of the cropped area has
been laser levelled in the state. Besides leading
to water saving, the laser levelling technique
is beneficial in many ways. Nearly 20-25
percent of irrigation water is lost due to
unevenness of the fields leading to nonuniformity in germination, poor crop stand,
more weeds and uneven crop maturity affecting
yield and quality of produce. Proper land
levelling is needed for optimum water and
nutrient use efficiency, better crop
establishment, saving in time for applying
irrigation and ultimately more productivity.
Number of manufacturers in the state are
producing and selling the machines in Punjab
and also in adjoining states.
Tools and Techniques for Precision Farming
Rapid socio-economic changes in some
developing countries, including India, are
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creating new scope for application of precision
agriculture (Mondal and Basu, 2009). As far as
precision farming technology development
and infusion are concerned, India is yet to
catch up with the developments made in
advanced countries (Mondal and Tewari, 2007).
Some work on this front has been initiated.
Various precision agriculture tools like grain
yield monitor and moisture sensor fitted on
indigenous combine harvesters are being
evaluated through online data collection.
Efforts are underway to modify tractor
mounted soil sensor to appraise electrical
conductivity (EC) and compaction of soil at
the same time. The CSIO, Chandigarh has
developed tractor mounted soil EC mapper.
Tractor operated pH monitoring system has
been developed. The tractor fitted GPS
Navigator is being evaluated to guide the
tractor and to analyze the effect on missing
and overlapping during different operations.
A ground-based integrated system was to
measure real-time crop conditions including
Normalized Difference Vegetation Index
(NDVI), real time images, biomass, etc. has
been developed.The prototype of variable rate
applicator for fertilizers has been developed
to reduce the common problems of over and
under fertilizer application. High resolution
multi spectral satellite data of different sensors
namelyWorld View (WV-02), Quickbird (QB02),
Geoeye and IKONOS-02 are being used to
establish relationships with soil and crop
parameters for selected sites in North-Western
India (Punjab and Haryana). The soil texture
analysis and spatial variability maps generated

in terms of sand, silt and clay percentage
(satellite data) are useful. Such precision
farming technologies using interdisciplinary
efforts and involving ICT will help enhance
efficiency and accuracy of mechanization
besides rationalizing the use of inputs.
Infusion of Farm Mechanization Technologies
through Custom Hiring
Indian agriculture, for that matter Punjab
agriculture, is largely dominated by small
holdings (Singh et al., 2013). The number of
operational holdings in India and Punjab is
compared in Table 4. The small holdings have
their intrinsic problems especially for
mechanized farming. The ownership of
machinery is mostly determined by the
economic viability. The custom-hiring system
can be greatly helpful (Dhillon and Sidhu,1987
and Pandey, 2000). Custom hiring service of
farm machinery was first introduced in prepartition Indian agriculture in 1912 when a 30inch (diameter) steam thresher was used for in
Layallpur district. These machines were taken
to about 10 different places working for 2 or 3
days at each place. The users were charged
half rate only such as 2 anna a maund. The
output of this thresher was about17 kg per ha.
Organized efforts to promote multi farm use of
agricultural machinery was made in mid 1960’s
when Agro-Industries Corporations (AIC) were
set-up in the states. The AICs acted as
facilitators of farm mechanization. The AICs in
most states setup Agricultural Machinery
Service Centers (AMSCs) to provide custom
hiring and servicing facilities to farmers. These
centres were run on no profit no loss basis.

Table 4: Number of operational holdings by size group
('000)
Farm category
Marginal
Small
Semi- Medium
Medium
Large
All Holdings

India
63389
20092
13923
7580
1654
106637

Punjab
59.44
18.84
13.06
7.11
1.55
100

1990-91
India
297
204
288
261
67
1117

Punjab
26.48
18.25
25.85
23.41
6.01
100

India
83694
23929
14127
6375
1095
129222

Punjab
64.77
18.52
10.93
4.93
0.85
100

2004-05
India
135
184
319
295
71
1004

Source: Department of Agriculture and Cooperation, Agricultural Census Division ( c.f. Singh et al., 2013)
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Punjab
13.45
18.33
31.77
29.38
7.07
100

From 1967, these centers also supplied other
machines like pump sets, tractors, power
threshers and power tiller on hire purchase
basis rather than on custom hiring. The custom
hiring system is better for the smaller farmers
for availing non-farm employment
opportunities.The government has also
developed the Primary Agricultural
Cooperative Societies as Agro-Service Centres
for such services. This would particularly be
beneficial to the small farmers to cut down their
cost of production, enhance productivity and
increase their net farm income.
The establishment of Agro Machinery
Service Centres (AMSCs) at various PACSs
was initiated during the early-2000s in Punjab.
These AMSCs purchased heavy farm
machinery such as tractors, trolleys, laser
levellers, etc. out of their own savings,
institutional loans and subsidy support from
the government to provide services to the
farmers, especially small and marginal farmers,
at reasonable rates. These AMSCs have
successfully catered to the farmers’ needs,
thereby reducing their fiscal burdens, and
costs of farm operations with subsequent
improving of economic viability of these farms.
Impact of Mechanization
A number of studies have been attempted
in different parts of the country to assess the
impact of farm mechanization which has been
viewed in relation to agricultural production
and productivity, enhancement of cropping
intensity, employment generation,
conservation of natural resources, etc.
Availability of mechanical power and
improved tools and equipment has enabled the
food bowl states (Punjab, Haryana and western
Uttar Pradesh) to achieve high level of land
productivity (Goyal et al., 2014) and the same
should happen to other states. A positive
relationship exists between farm power
availability and agricultural productivity
(Singh, 2001). According to Gajri et al. (2002),
farm mechanization has enhanced the area
under crop cultivation and thereby contributed
toward increased productivity mainly because

of the precision with which crop agronomical
operations can be accomplished.
Mechanization of farm operations has
greatly helped in reducing the labour
requirement, drudgery and cost of cultivation
and saving farmers from vagaries of weather.
It has also led to an enhancement in cropping
intensity. The tractorization, which is
considered as back bone of mechanization, has
played a key role in making the Green
Revolution a grand success in India (Bector et
al., 2008). Despite some divergence that the
tractorization displaces bullock, labour and
retrenchment of manpower in the labour
intensive country like India, the farm
mechanization or use of tractors (4.5 lakh in
Punjab) has contributed significantly to the
growth of Indian agriculture (Singha et al.,
2012) it enhances the agricultural GDP both in
the long and short run. According to Verma
(2005) tractor farms yield more than the nontractor farms in India, especially of the
commercial crops like sugarcane and potato.
Prioritization and Future Outlook for
Mechanization
In view of the intensive agriculture
especially in Punjab, Haryana, and western
Uttar Pradesh, short window of time available
between harvesting of a crop and sowing of
the next, as well as well as labour shortage, the
farm mechanization is critically important.
There are estimates that farm mechanization in
India is set to enter a new phase to meet the
growing demand for food grains and other food
and non-food commodities (Goyal et al., 2014)
and the process needs to be re-looked and reengineered so as to effectively include small
and marginal farmers (Aggarwal,1983).
According to Bakshi (2013), Indian agriculture
is undergoing a heavy stress as average land
holdings is decreasing day by day. The
acreage has remained at 140 million hectares
since 40 years but the number of farmers has
increased from 7 crore to 14 crore. We are
adding one crore farmers every five years. With
smaller land at disposal, there is a decrease in
farmers’ capacity to invest in land.
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For making farmers globally competitive
and checking damage to natural resources (soil
and water), a major shift in farm mechanization
is required to realize the goal of eco-friendly
sustainable agriculture with low cost of
production and high quality produce.
Appropriate and selective mechanization is
needed for production agriculture, post harvest
handling, and value addition using a proper
combine of conventional and renewable energy
sources. To devise long term strategies for
farm mechanization, it is vital to visualize the
needs in view of the prevailing and emerging
challenges (Goyal et al., 2014). The following
points are relevant in this regard:
 Power farming should be adequately
adopted for timeliness and precision of
field operations, maximizing use
efficiencies of agrochemical inputs
(fertilizers, seeds, etc.), for natural
resource (water and soil) conservation
and environment (Joshi, 1998, Srivastava,
2002 and Rijk, 1989).
 Due focus should be given to precision
equipment for placement of inputs at right
time and place (Gajri et al., 2002) for
precision farming. Tractor mounted
sensor based nutrient application and
yield monitoring for combine harvester
need to be developed for precision
agriculture.
 Sub-soilers and equipment for deep tillage
for breaking hard pan and managing with
perennial weeds should be introduced.
 Technologies for conservation tillage
(zero till drills, strip till drills, roto drills,
tillage machines, spading machines, raised
bed planters, ridger seeder, etc.) should
be promoted (Peter, 1993).
 Low cost multi-task and multi-crop farm
machinery needs to be developed and
promoted among marginal and small
farmers.
 Mechanization of collection and
management of residue of paddy and other
crops and mulching should receive
priority.
Combine
harvesters
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incorporating straw/crop residue
management options need to be
developed.
There is need to develop and promote
machines/equipment for sugarcane
harvesting, cotton picking and vegetable
harvesting.
Mechanization solutions for paddy,
sugarcane, cotton, potato, horticultural
crops, and green house protected
cultivation, etc. needs attention of
engineers and industries for their
development, production and marketing.
For mechanization of horticultural crops,
machines like pit makers, sapling planters,
mulch layers, orchard sprayers, fruit
harvesters, vegetable grafting machine,
etc. need to be identified, designed/
introduced and popularized.
Design, import, evaluation and promotion
of pneumatic planters and sprayers
should receive focus.
Design of automated green-house with
environmental control, mechanized
cultivation and product-handling
technology package should assume
focus.
Mechanization in hill agriculture, where
there is tremendous potential of growing
horticultural crops, flowers, etc. needs to
be focused.
In view of depleting water resource and
increasing demand for irrigation water,
efforts are needed for strengthening
research on drip, sprinkler and microsprinkler systems.
Electronic procedures/devices for
identifying gaps and counting seeds/
seedlings in planters/transplanters need
to be introduced (Singh and Bhardwaj,
1985).
Use of information and communication
technology (ICT) and computer concepts
for the designing, manufacturing and
management of farm machinery should be
encourged.
The public-private partnership (PPP)

needs to be encouraged to give a boost
to farm mechanization
 The future mechanization strategy may
have to be based on agro-ecological
diversity and economic disparity of the
farmers.
CONCLUSIONS
For meeting the food security needs of the
country, agricultural productivity and its
growth need to be further improved. This
requires among other efforts, strengthening
of farm mechanization. Viewed over the years,
there has been a substantial progress;
however, its spread has been uneven. Further,
efforts to identify specific farm equipment,
implements and machines, for different agro
climatic zones, as well as their promotion has
been lacking. The tractor operated machinery
is commonly used. The sale of tractors and
power tillers in India has shown exponential
increase over the years. All tillage operations,
running of wheat thresher and water pumps
(in the absence of electricity power) are
mechanized through tractors. With the
recommendation of rotavator, the higher HP
tractors will play a role. Sowing drills and
machines capable of threshing and cleaning
different crop produce besides facilitating
bagging are in practice. Combine harvester
machines for harvesting of rice, wheat, maize,
green gram, soybean, etc. are available. Tractor
mounted, tractor driven, self-propelled
combines with 8-14feet headers have been
manufactured. Laser land leveling technology
ensures better water distribution efficiency,
provides option for providing slope, and
ensures better crop stand/yield. The infusion
of this scale neutral technology has recently
been picking up. Rapid socio-economic
changes in India, are creating new scope for
of precision agriculture and some sensor based
equipment is being standardized for site
application of nutrients and adjusting soil
moisture. Precision farming technologies using
interdisciplinary efforts and involving ICT will
help rationalize the use of inputs. Our
contemporary agriculture is largely dominated

by small holdings having their intrinsic
problems. The impact of farm mechanization
has been viewed in relation to agricultural
production and productivity, enhancement of
cropping intensity, employment generation,
conservation of natural resources, etc.
Mechanization of farm operations has greatly
helped in reducing the labour requirement,
drudgery and cost of cultivation and saving
farmers from vagaries of weather. For making
farmers globally competitive and checking
damage to natural resources (soil and water),
a major shift in farm mechanization is required
to realize the goal of eco-friendly sustainable
agriculture with low cost of production and
high quality produce. Appropriate and
selective mechanization is needed for
production agriculture, post-harvest handling,
and value addition using an intelligent
combine of conventional and renewable energy
sources. To devise long term strategies for
farm mechanization, it is vital to visualize the
needs in view of the prevailing and emerging
challenges. Subsidies on different types of
farm machines are available for different
categories of farmers under the micromanagement schemes of the state
governments. The Government of India is
giving a thrust to agricultural mechanization
through its various schemes. The focus is on
increasing the reach of mechanization to the
unreached regions and farmers in India.
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ABSTRACT
The resource utilization pattern and yield performance between precision
farming technologies participants and non participants for the major crops
of North Eastern Karnataka region was analysed for the year 2013-2014. A
The results revealed that the average yield in kg per hecatre for participant
farmers in pigeon pea, cotton and paddy were 12.86, 36.64 and 97.08,
respectively against 9.32, 32.98 and 80.34 kg per ha recorded for nonparticipants, respectively. However, cotton crop participants more applied
significantly more fertiliser than non participants, while in case of pigeon
pea and paddy, participants applied significantly less fertiliser. But as far as
plant protection chemicals are concerned, participants for the three selected
crops saved more chemicals than non participants. There were no differences
in seed usage between participant and non-participant farmers however,
for all the three crops, participant farmers used more labour compared to
the non-participants.
Keywords: Precision farming, resource utilization, yield performance
JEL Classification: Q10, Q12, Q16, Q18, Q33

INTRODUCTION
During the past five decades, technological
changes in agriculture and allied sectors
backed by massive investment in irrigation,
infrastructure and institutions have propelled
many food insecure, import dependent
developing countries, including India into food
self sufficiency. The adoption of biochemical
and mechanical technologies in India have
*
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led to near tripling of food grains production
and fourfold increase in production of fruits
and vegetables during the period 1966-67 to
2011-12 (Birthal, 2013). However, the focus on
enhancing the productivity during the green
revolution without total regard to proper
management of inputs and ecological impacts
has resulted in environmental degradation.
About 120 million hectares of land in the
country suffers from one or the other form of
degradation (Singh 2011). Groundwater in the
intensively cultivated north western food
basket of the country has already reached its
limits of exploitation (Government of India,
2011a).
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The past growth effects of technology, as
a key driver of agricultural growth have started
diminishing of late. Growth in total factor
productivity in yields of most crops and
livestock species have decelerated
considerably in recent years (Chand et al.,
2011). For instance, yield of rice and wheat
that had grown at a rate of 2.4 and 2.9 percent
per year, respectively during the last quarter
of the twentieth century, decelerated to 1.4 and
0.8 percent in the first decade of the twenty
first century, a clear evidence of decline in the
contribution of convectional technology to
agricultural growth. The only alternative to
enhance productivity on sustainable basis
without any adverse effect, given limited
natural resources is by maximizing the resource
input use efficiency. Precision agriculture
focuses on effective resource utilization
through the management of spatial and
temporal variability of the soil and the
ecosystem. It is defined as the application of
technologies and principles to manage spatial
and temporal variability associated with all
aspects of agricultural production for the
purpose of improving crop performance and
environmental quality (Pierce and Nowak,
1999). The technology seeks to match in-field
variations in soil fertility and crop conditions
with agricultural inputs like seed, fertilizer,
irrigation, insecticide, pesticide, etc. in order
to optimize the input or maximizing the crop
yield from a given quantum of input (Mishra
et al., 2003). Moreover, specific profitability
of any technologies over the years has been
identified as the underline drive for such
technology adoption. Batte and Arnholt, (2003)
in their studies on the adoption of precision
farming in Ohio State, USA, reported that
profitability was the biggest motivating factor
in using precision agriculture tools. Benefits
such as on-farm experimentation, improved
information to support decisions, risk
reduction potential, resource use efficiency,
reduction in cost of production, saving inputs,
precision pest and stress management,
conservative farm management as well as

environmental sustainability have been
reported by several literature as reasons for
using precision agriculture technologies
(Snyder, 1996, Bongiovanni and LowenbergDeBoer, 1998, Patil, 2009 and Yu et al., 2000).
The technology was implemented in Karnataka
state under the RKVY funded project on
precision farming in selected crops since 2011.
The project was implemented through the three
state agricultural universities in the state with
University of Agricultural Sciences, Raichur
as the leading centre. It is against this
background that the study was undertaken to
evaluate the project with the objective of
comparing the resource utilization pattern and
yield performance in precision farming with the
farmers’ conventional practice to affirm its
profitability and diverse appropriate policies
for enhancement of agricultural productivity
and reduction of environmental degradation.
METHODOLOGY
Precision Technique Used
The study was carried out in three districts
of North Eastern Karnataka viz., Raichur,
Gulbarga and Koppal, which were purposively
selected based on the criterion of the
implementation of precision farming project by
University of Agricultural Sciences, Raichur
in three selected crops viz., cotton, paddy and
pigeon pea. A farmers’ participatory approach
was adopted to execute the project at the
farmers’ fields, covering an equivalent of 100
acres each in cotton, pigeon pea and paddy
crops, the major crops in North-Eastern
Karnataka region. This was done along with
on-farm research demonstration plots (5.00
acres in each crop) at research stations of
University of Agricultural Sciences, Raichur
(Patil et al., 2013). Delineation of management
zones was done through grid soil sampling
(50m  50m in participant farmers’ field) which
led to observation of spatial variability in soil,
crop conditions and yield of the crops.
Variability assessment and Geographical
Information Systems (GIS) mapping of the
variability were prepared. This enabled the
identification of the management zones and
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variable rate applications of fertilizers on site
specific basis using Soil Test Crop Response
(STCR) method.
Sampling and Sampling Procedure
A simple random sampling technique was
used to select 35 precision farming participant
farmers and 35 non-participant farmers of the
same selected crops in the district, leading to
a total sample size of 70 respondents. An
interview schedule was prepared to collect
information from the farmers on their resource
utilization pattern. The data were analyzed
using frequency count, descriptive statistics
as well as sample t-test statistic.
Independent sample t-test
To compare the resource utilization pattern
and yield performance of precision project
participants with non-participants,
independent t-test was applied. The critical
region consists of all the t-values, which are
greater than or equal to t-tabulated. If the
computed value of t-statistic falls in the critical
region, Ho shall be rejected, the hypothesis of
no difference between the two means.
RESULTS AND DISCUSSION
Socio-economic Characteristics
The socio-economic characteristics of the
respondents are presented in Table 1. A perusal
of Table 1 revealed that 71.43 percent of the
participant farmers were in middle age (36-55
years) while non-participants made up 65.72
percent. A clear indication that majority of the
farmers in North eastern Karnataka region were
experienced enough, active, full of vigour and
enthusiastic about the farming profession. The
findings are line with Angadi (1999), Sain (2008)
and Robert et al., (2001) who reported in
separate studies that the majority of the farmers
in the region were in active middle age. About
half (48.57 percent) of the participant had
education up to pre-university education while
only 25.71 percent of the non-participant
farmers had attained pre university education.
The relatively high observed education levels
among the respondents was due to
prioritization of formal education by the
government of Karnataka, through soft student

loans and subsidies for low caste people in
the study area.
In North Eastern Karnataka region, (Table
1), about half (41.43 percent) of the participants
were big farmers while 22.86, 20.00 and 25.71
percent of the participants were marginal, small
and medium farmers respectively. More so,
more than half (54.29 percent) of the nonparticipant farmers were small farmers. These
results conform to the report by Ahmad et al.,
(2007) who revealed a similar landholding
situation of developing countries. A further
perusal of Table 1 revealed that the average
size of landholding of the respondents was
525.93 hectares. However, as far as farming
experience is concerned, more than half (57.14
percent) of precision faming participants
belonged to high category of farming
experience while non participants made up
60.00 percent. The cotton, paddy, pigeon pea
cropping pattern has for long been dominate
Table 1: Socio economic characteristics of
the respondents
(Percent)
Particulars
Age
Young (< 35 years)
Middle age (36-55 years)
Old (> 55 years)
Education level
Illiterate
Primary
Middle school
High school
Pre-university
Degree and above (> 12
standard)
Land holding
Marginal farmers (up to 1 ha)
Small farmers (1 to 2 ha)
Medium farmers (2 to 4 ha)
Big farmers ( >4 ha)
Farming experience
Low (up to 8 years)
Medium (9-16 years)
High (17 and above)
Annual income (`)
Low (Up to 17,000)
Semi medium (17,000-34,000)
Medium (34,000- 51,000)
High (>51,000)
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Participants Non-participants
n1=35
n2=35
8.57
71.43
20.00

17.14
65.72
17.14

25.72
5.71
5.71
48.57
14.29

40.00
14.29
17.14
25.71
2.86

22.86
20
25.71
41.43

31.43
54.29
5.71
8.57

2.86
40.00
57.14

5.71
34.29
60.00

14.28
17.14
25.71
42.86

34.28
25.71
22.86
17.14

in North eastern Karnataka region and the
region has been dubbed the rice bowl of the
state due to the favourable climatic condition
for this particular crop. Pigeon pea is the major
pulses in the region while cotton is the major
commercial crop. Secondly, many of these
farmers were recognized as progressive
farmers and were aware of benefits in precision
farming technologies. The income distribution
analysis of the respondents (Table 1) revealed
that, 42.86 percent of the participant farmers
belonged to high income group (> `51000)
while 34.28 percent belonged to low annual
income category (< `17000), the maximum
annual income was `4.5 lakh while the minimum
was `10000. The observed high annual income
among precision farming participants could be
contributed to fairly large land holding,
remunerative cropping pattern and subsidiary
off farm incomes.
Psychological Attributes
The psychological attributes of the
respondents are presented in Table 2. A perusal
of Table 2 revealed that 68.57 percent of the
participant farmers belonged to most
favourable attitude category towards precision
farming technologies. This was as a result of
their full participation in the project. Most of
the respondents in the sample area had
undergone training and had fully participated
in extension activities on precision farming
practice. The result is in line with observation
of Sevier and Lee (2003).
Risk orientation assessment of the
respondents (Table 2) showed that 68.57
percent of the participant farmers were in high
risk category. This was because most
individual farmers were cautious in
understanding and adoption of the different
aspects of technology. Secondly, the tendency
to take more risk is based on income level, land
holding and other resources. On the other
hand, 45.71 percent of non-participant fell
under the medium risk orientation. The high
risk orientation of the participant farmers might
also be the reason for their participation in
precision farming technology. A further perusal

of Table 2 reveals that 55.00 percent of the
participant farmers had medium management
orientation while 42.50 percent of the nonparticipant farmers had low level of
management orientation.
As far as deferred gratification assessment
of the respondents is concerned, 45.71 percent
of the participant farmers were in high category
level, while the non-participant had medium to
high level of deferred gratification. The high
level of deferred gratification among
participants could have been the reason for
participation in the precision farming project.
The results of achievement motivation
revealed that 74.29 percent of the participant
farmers were in high achievement motivation
category, while, 42.86 percent of the nonparticipant farmers had low level of
Table 2: Psychological attribute s of the
respondents
(n1=n2=35)
Category
Deferred gratification
Low
Medium

Participant
F
%
7
12

20.00
34.29

Non- participant
F
%
14
9

40
25.71

High
16
45.71
12
34.29
Mean1 = 17.65, SD1 = 0.76; Mean2 = 9.77, SD2 = 1.73
Achievement motivation
Low
Medium

9
25.71
15
42.86
8
22.85
0
0
High
26
74.29
12
34.29
Mean1 = 14.7, SD1 = 2.23; Mean2 = 11.45, SD2 = 2.61
Scientific orientation
Low
6
17.14
9
25.71
Medium
0
0
19
54.29
High
29
82.86
7
20
Mean1 = 17.65, SD1 = 0.76; Mean2 = 13.4, SD2 = 2.3
Innovative behavior
Low
Medium
High

10
0
25

28.57
0
71.43

20
4
11

Mean1 = 14.5, SD1 = 0.81; Mean2 = 8.77, SD2 = 3.20
Attitude Category
Least favourable
11
31.43
Favourable
0
0
Most favourable
24
68.57
Mean1 = 14.7, SD1 = 2.23
F- Frequency; % - Percentage, SD-Standard Deviation
Low (Mean - 0.425*SD)
Medium (Mean ± 0.425*SD)
High (Mean + 0.425*SD)
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57.14
11.43
31.43

achievement orientation. The observed high
motivation to participate resulted from the fact
that majority of the respondents were
progressive farmers who considered farming
as a business and anticipated benefits, in terms
of higher profits from the new technology.
Scientific orientation of the respondents as
shown in Table 2 revealed that 81.86 percent
of the participant famers were in high scientific
orientation category, while 54.29 percent of the
non-participants were in medium scientific
orientation level. Further, 71.43 percent of the
participant famers exhibited high innovative
behaviour while 57.14 percent of the nonparticipant farmers were in low innovative
behaviour category. Most of the participant
farmers were progressive farmers and were
interested in trying new technologies.
Extension and Mass Media Utilization
The results in Table 3 revealed that 60
percent of the participant farmers had high
level of extension contact, while 68.57 percent
of the non-participant farmers had low level of
extension contact.
Table 3: Distribution of the respondents
a ccording to the ir e x te ns io n contact,
e xtension participation and mass media
utilization
(n1=n2=35)
Category
Extension contact
Low

Participant
F
%
14

Non- participant
F
%
24

68.57

Medium
0
0
2
High
21
60
9
Mean1= 3.7 SD1= 0.66; Mean2= 1.77 SD2= 1.31
Extension participation

5.71
25.71

Low
Medium

8
19

22.86
54.29

High
16
45.71
8
Mean1= 11.5 SD1= 2.87; Mean2= 8.28 SD2=3.25

22.86

11
8

40

31.43
22.85

Mass media utilization
Low

3

8.57

11

31.43

Medium
High

26
6

74.29
17.14

17
7

48.57
20

Mean1=8.97 SD1= 2.62; Mean2=7.05 SD2= 3.04
F- Frequency; % - Percentage, SD-Standard Deviation
Low (Mean - 0.425*SD)
Medium (Mean ± 0.425*SD)
High (Mean + 0.425*SD)

The intensification of extension services
from project scientists from University of
Agricultural Sciences, Raichur in the study area
explains the observed trends. It was further
observed that 97.14 percent of the participant
had contact with scientist from University of
Agricultural Sciences, Raichur once in a week.
The extension participation of the respondents
(Table 3) showed that 45.71 percent of the
participants had high level of extension
participation while 54.29 percent of the nonparticipant had medium level of extension
participation. Furthermore, all participant
farmers (100 percent), had attended the annual
university Krish Mela training programme,
made field visits, and had been in group
meetings while 91.43 percent of non-participant
attended only agricultural exhibitions and
Krish Mela.
The agriculture exhibition is conducted
annually enabling farmers to plan their
activities and participate in it. Demonstrations
are usually laid in farmer’s field and many of
them had participated.
Mass media utilization assessment of the
respondents revealed that 74.29 percent of the
participants had medium level of mass media
utilization whereas non-participant made up
48.57 percent. The results showed that the
participant utilized more the available mass
media sources than non-participant hence the
high awareness, interest and participation in
precision farming project.
Ta ble 4 : Dis tributio n o f re s po nde nts
according us a ge of pre cis ion fa rming
technologies
(n1=35)
Technologies
Frequency
Grid soil sampling
35
Global positioning system
35
Geographic information
35
system
Variable rate applicators/
35
techniques
Yield monitors
Remote sensing
Crop sensors
35
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Percentage
100
100
100
100
100

The assessment of precision farming
technologies usage (Table 4) at the
participants’ fields revealed that all the
participant farmers reported to have already
used Grid soil sampling, Global Positioning
System (GPS), Geographic Information System
(GIS), Variable Rate Applicators/Techniques
and crop sensors. The influence of positive
perception towards the precision farming
technologies could have enabled faster
technology adoption. This is in conformity
with the studies of Adrian et al. (2005).
However, none of the participant farmers had
used remote sensors and yield monitors, due
to their high purchasing costs and
unavailability in the local market. Participant
farmers expressed the need for the state
government to aid them obtain the components
at subsidized rate so as to maximize the full
potential of precision farming technologies.
Resource Utilization
The result of the sample t-test (Table 5) in
cotton revealed that participant farmers applied
statistically significant more fertiliser input
compare to non-participant farmers especially
for nitrogen fertilizer (316.06 kg per ha against
211.31 kg per ha), phosphorus fertilizer (476.53
kg per ha against 211.31 kg per ha) and
potassium fertilizer (538.24 kg per ha against
80.36 kg per ha). Cotton is a fibre crop that
requires high doses of fertliser as well as
irrigation water. The widespread adoption and
cultivation of Bt cotton variety that requires
more fertiliser application, explains the
relatively higher nutrient requirements. Also
higher fertiliser usage among precision faming
participants could have resulted from scientific
recommendations from the precision farming
project. However, participants saved plant
protection chemicals. They used 3602 gm per
hectare against 8065.47 gm per hectare for non
participants. There were no differences in seed
utilizations for the participant and nonparticipant farmers. Participant farmers used
slightly more labour (101.38 human days per
ha) compared to the non-participant (64.78
human days per ha) though it was not

statistically significant. The increase in labour
consumption for participants was due increase
in the activities involved in precision farming
practices such as grid soil sampling and
harvesting according to grids which demand
slightly more labour compare to conventional
farmer’s practice.
A perusal of Table 5 reveals that for the
pigeon pea crop, precision farming participant
farmers saved more input compared to nonparticipant farmers. For plant protection
chemicals, participants applied 4200 gm per
hectare while non participants applied 5162.72
gmper hectare.
Table 5: Comparison of resource utilization
patte rn in pre cis ion and conve ntional
farming in cotton, pigeon pea and paddy
(N=70, kgha-1)
Particulars
Participant Non-participant t-value
Resource utilization pattern in cotton (n1=n2 = 7 )
Seed Rate
1687.5
1848.2
1.00 NS
Manures (tha-1)
7.14
0
2.83*
Labour
101.38
64.78
4.71**
Plant protection
3602.5
8065.47
8.15**
Nitrogen
316.06
211.31
3.61**
Phosphorus
476.53
211.31
5.38**
Potassium
538.24
80.36
14.48**
Bio fertilizer
4682.53
1059.52
6.52**
NS
Micro Nutrients
2500
0
Resource utilization pattern in pigeon pea (n1=n2=11)
NS
Seed Rate
12500
12500
Manures (tha-1)
3
1.95
2.44*
NS
Labour
130
115
Plant protection
4200
5162.72
26.33**
Nitrogen
1.86
79.54
4.93**
Phosphorus
86.98
90.91
0.28 NS
Potassium
49.63
125
25.33**
Herbicides
4075
5081.36
30.71**
Resource utilization pattern in paddy (n1=n2=17)
Seed Rate
72941.18
73823.53
0.66 NS
-1
Manures (tha )
30.35
27.94
1.32 NS
NS
Labour
123.5
118.5
Plant protection 6618.94
10220.65
5.34**
Nitrogen
239.01
378.64
4.02**
Phosphorus
93.81
298.53
4.50**
Potassium
97.59
360.29
8.14**
NS
Machines (`)
12250
12250
Seed rate, micro-nutrients and plant protection=gha-1, Labour=
Human daysha-1
* and ** significant at 1and 5 percent level
NS-Non Significant
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As far as fertiliser consumption is
concerned, precision technology participants
applied statistically significant less fertiliser
compared to non participants for the pigeon
pea crop. The application rates were 1.86 kg
per ha for participants against 79.54 kg per ha
for non participants for Nitrogen, 49.63 kg per
ha for participants against 125 kilogrammes per
hectare for non participants for potassium
while Phosphorus fertilizer application rates
were 86.98 kg per ha against 90.91 kg per ha for
participants and non participants respectively.
The study further revealed that the average
manure usage by the participant farmers was
three tonnes per hectare while it was 1.96
tonnes per hectare for the non-participant
cotton farmers. The average labour employed
by the participant and non-participant famers
during the pigeon pea production period was
found to be 130 human days per hectare and
115 human days per hectare, respectively.
The results of input use for paddy famers
(Table 6) in North-eastern Karnataka showed
that precision technology participants saved
more plant protection chemicals compared to
non-participant farmers. Participants applied
6618.94 gm per ha of plant protection chemicals
while non participants used an average of
10220.56 gm per ha. A comparison of fertiliser
consumption revealed that project participants
applied statistically less fertiliser than non
participants. Participant farmers applied 289.01
kg per ha of Nitrogen fertilizer against 378.64
kg per ha for non participants, 93.81 kg per ha
of Phosphorus fertilizer against 298.53 kg per
ha for non participants and 97.95 kg per ha of
potassium fertilizer against 360.29 kg per ha

non-participant respectively. The average
labour employed by the participant and nonparticipant famers during the paddy
production period were found to be 123.5
human days per hectare and 118 human days
per hectare, respectively. The high labour
usage in precision paddy is because the
adoption of precision farming technology
comes with extra labour requirements such as
grid soil sampling.
Yield Performance
The results of yield performance
evaluation revealed that yield obtained under
precision farming technology was significantly
higher than that obtained through
conventional farming practice (Table 6). The
average yield for participant farmers in pigeon
pea, cotton and paddy were 12.86, 36.64 and
97.08 kg per ha, respectively while nonparticipant farmers recorded 9.32, 32.98 and
80.34 kg per ha, respectively. The better yield
performance of participants shows that
temporal and spatial variability of the project
sites had been properly managed. The sample
t-test statistic revealed that yield of pigeon
pea and paddy was significant at one percent
while that of cotton is non-significant. The
significant results obtained in the case of
pigeon pea and paddy is due to the crops’
response to even the slightest change in
fertiliser use. However, cotton is requires large
quantities of fertiliser that even a slight
increment may not change its productivity
significantly. The other reason for the
insignificant yield performance of cotton was
the indiscriminate application of fertilisers and
plant protection chemicals over time in the
study area which has led to imbalance of the
Table 6: Yield comparison between precision soil nutrients in the region. This finding was
and conve ntional farming for the crops in line with the report of Islam et al. (2007).
CONCLUSIONS
under the study
This paper has evaluated the resource
-1
(n=70, qha )
utilization pattern and yield performance
Crop
Participant Non-participant t-value
between precision technology participants and
Pigeon pea
12.86
9.42
3.41**
Cotton
34.64
32.98
0.626 NS
non participants under the RKVK precision
Paddy
97.08
80.34
7.21**
farming project for three major crops in North
* and ** significant at 1and 5 percent level
Eastern Karnataka region. The socio-economic
NS: Non Significant
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characteristics and farmers’ psychological
attributes revealed the readiness of the
participant farmers in the study area to harvest
the dividends of this innovative technological
intervention for better yield performance as
well as input optimization. The results further
revealed that participant farmers saved more
input compared to non participant, except for
cotton where participant farmers used more
NPK fertilizers. However, across all the crops
studied, precision farming participants used
more labour than non participants. The results
of sample t-test statistics revealed that
precision farming participant farmers obtained
more yield compared to their non-participant
counterpart. The study further revealed that
most of the participants had received extension
services and information from the project
officers via mass media platforms. The
assessment of precision farming technologies
usage revealed that all the participant farmers
had used Grid soil sampling, Global Positioning
System (GPS), Geographic Information System
(GIS), Variable Rate Applicators and crop
sensors. However, none of the participant
farmers had used remote sensors and yield
monitors, due to their high purchasing costs
and unavailability in the local market.
Therefore, the study has suggested the
following policy implications:
· Increase public awareness and encourage
adoption of the technology through mass
media platforms.
· Intensification of agricultural extension
services about the technology through
farmer field schools, agricultural
exhibitions and on farm demonstration
plots.
· Ensure easy access to institutional credit
facilities to enable farmers invest in the
technology since the initial capital
investments are relatively high.
· Increase local market access of precision
farming equipment at subsided rates to
enhance quick uptake by farmers.
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MICRO IRRIGATION FOR SUSTAINABLE
AGRICULTURE: A BRIEF REVIEW
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ABSTRACT
The decreasing availability of water to agriculture sector has become a
serious limitation in many areas, particularly in South East Asia. The share
of water for agriculture is expected to reduce further with the increasing
demand from other sectors. This necessitates efficient use of water and
nutrients to enhance crop productivity. To counter the deficit without missing
the production targets, adoption of micro-irrigation system in India is being
considered as a potential alternative. There is also a strong need to try out
these technologies in more crops. At present, more than 60 percent of the
area under drip irrigation can be attributed to orchids and plantation
crops. The challenge lies in popularising these technologies in major crops
such as wheat, mustard, potato, cotton, alfalfa etc. One of the ways of doing
this is through finding out the environmental and economic benefits of
these technologies in saving water, fuel, power and fertiliser. This paper
deals with the potential of micro-irrigation as an emerging tool for
sustainable agriculture in India.
Keywords: Drip, efficiency, micro-irrigation, sustainable agriculture
JEL Classification: Q01, Q15, Q16, Q18

INTRODUCTION
Water is a key factor in increasing
agricultural production. About 90 percent of
India’s water resources are used for agriculture
out of this only 50 percent is actually used by
plants and the remaining water resources are
wasted either as deep percolation or as
evaporation (FAO, 2010). Therefore, efficient
use of water which is delivered for irrigation
purposes needs to be given primary attention
for improving water delivery efficiency. This
requires appropriate method of measuring and
evaluating how effectively water extracted from
*

Research scholar, Senior Agronomist-cum-Head
and Aronomist, Department of Agronomy, Punjab
Agricultural University, Ludhiana-141004
Email:priyankaagrios@gmail.com

a water source is used to produce crop yield.
Agricultural water use efficiency involves
improvements in technologies and
management of agricultural water coupled with
improving crop yield. Recognizing the fast
decline of irrigation water potential and
increasing demand for water from different
sectors, a number of demand management
strategies and programmes have been
introduced to save water and increase the
existing water use efficiency in Indian
agriculture. One such method introduced
recently in Indian agriculture is micro-irrigation
which includes both drip and sprinkler method
of irrigation.
Sprinkler Irrigation
According to Dupriez and De Leener
(2002), Sprinkler irrigation imitates rainfall. It is
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also called overhead irrigation. It is a method
whereby the water is applied to the soil in the
form of a spray through a network of pipes
and pumps. It is a kind of artificial rain and
gives very good results in terms of fulfilling
the normal requirements of the plant and
uniform distribution of water. However, water
application efficiency under sprinkling
irrigation is strongly affected by strength of
wind, especially during day time when the air
is warm and dry, and if the droplets are small
and the application rate is low.
Surface Drip Irrigation
Drip irrigation is the latest techniques of
irrigation. In this method water is slowly and
directly applied to the root zone of the plant,
thereby minimizing the losses by evaporation.
Therefore, the principle of drip irrigation is to
wet dry ground with small amounts of water
just where the plants can absorb it.
Subsurface drip irrigation
It is used to provide water to plant roots
while maintaining a relatively dry soil surface,
which ensures that applied water becomes
available to a substantial fraction of the plant
root system. Drip line installation depth is
commonly installed within 10-30 cm below the
soil surface.
Area and scope of micro-irrigation
The micro-irrigated area grew slowly but
steadily and it was 0.41 million ha in 1981, 1.1
million ha in 1986, 1.77 million ha in 1991, 3.0
million ha in 2000, 6.2 million ha in 2006 and
about 8.0 million ha in 2009 (ICID, 2009). At
present United States (1.52 million ha) has the
greatest land area under micro-irrigation
followed by Spain (1.5 million ha) and India
(1.43 million ha). Although micro-irrigation
systems are considered the leading water
saving technologies in irrigated agriculture,
their adoption is still low. At present, of the
total world irrigated area, about 2.9 percent (8
million ha) is equipped with micro-irrigation.
In some countries such as Israel and Jordan,
where water availability limits crop production,
micro-irrigation systems irrigate about 75
percent of the total irrigated area. In India,

potential area for drip and sprinkler irrigation
is 21.09 and 50.22 M ha, respectively but
presently only 5 percent area is under these
systems. Adoption of drip irrigation for
suitable crops in the potential areas may lead
to reduction in crop water requirements to the
level of 44.46 BCM in India (Narayanamoorthy,
2005).
Impact of Surface Drip Irrigation on Crop
Yields
Wheat
Studies conducted in Morocco
demonstrated that drip irrigation gave 28
percent higher wheat yield and 24 percent
higher WP compared to surface irrigation
(Kharrou et al., 2011). Bandyopadhyay et al.
(2009) at Bhopal reported that application of
irrigation at 0.8 IW/CPE resulted in significantly
higher WUE of wheat (10.3 kg per ha-mm) as
compared to 0.6 IW/CPE (9.1 kg per ha-mm).
He also observed that application of irrigation
to wheat at 0.8 IW/CPE ratio significantly
improved the root length density as compared
to irrigation at 0.6 IW/CPE ratio.
Maize
Abd El-Waheda and Ali (2013) compared
drip and sprinkler systems under different IW
regimes on yield and WP of maize in Egypt.
Grain yield of maize under drip irrigation was
31.4 and 24.8 percent higher at irrigation regime
compensating 100 and 70 percent of
evaporation loss, respectively compared to
sprinkler irrigation system. The corresponding
increase in WP was 60.4 and 45.1 percent.
Potato
Kumar et al. (2006) conducted a field
experiment on potato and observed highest
irrigation production efficiency at IW/CPE ratio
0.8 under drip irrigation. Irrigation at 0.6 and
1.2 resulted in significantly lower irrigation
production efficiency as compared to irrigation
at IW/CPE ratio 0.8. The results further
revealed that the drip irrigation at IW/CPE ratio
1.2 significantly increased the net returns and
B:C ratio as compared to IW/CPE ratio of 0.6
and 0.8 and 1.0. Khan et al. (2001) reported
that drip fertigation with 100 percent water
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Table 1: Water-saving and productivity gains through drip irrigation
Crops

Potato
Tomato
Chilly
Sugarcane
Cotton
Coconut
Groundnut

Water consumption
(mmha-1)
CMI
DI
200
200
498
107
1097
417
2150
940
856
302
500
300

Yield (tha-1)

Water saving Yield increase
over FMI (%) over FMI (%)

CMI
DI
23.57 34.42
6.18 8.87
4.23 6.09
128
170
2.6
3.26
1.71 2.84

Nil
79
62
65
60
60
40

46
43
44
33
25
12
66

Water use efficiency$
CMI
8.49
80.58
259.34
16.79
329.23
292.4

DI
5.81
12.06
68.47
5.53
92.64
105.63

Source: INCID (1994) as cited in Narayanamoorthy (2004)
Yield in 1000 numbers; $: water consumption (mm) per ton of yield.
CMI: Conventional method of irrigation, DI: Drip irrigation

soluble fertilizers in potato had recorded a net
profit of `38,742 ha-1 as against `33,604 ha-1 in
drip fertigation +100 percent conventional
fertilizer and `32,583 ha-1 in furrow irrigation
with 100 percent normal fertilizer.
Sugarcane
Application of 80 percent recommended
dose of fertilizer by drip gave the highest cane
yield (182.84 t per ha) and superiority was
recorded in increasing WUE over conventional
method (Shelke et al., 2002). Adoption of drip
irrigation in sugarcane resulted in increased
yield over flood irrigation (Sivanappan, 1998).
Shinde et al. (1998) from Pune stated that, the
pressure compensating and inline drip
irrigation systems were effective and increased
cane yield by 17.42 to 20.32 percent compared
to
furrow
irrigation.
Similarly
Narayanamoorthy (2004) registered the
increased yield of 20-25 percent over flood
irrigation in Maharastra. Mahendran et al.
(2002) also reported that the drip fertigation at
100 percent IW/CPE in two row planting
system registered the highest cane yield of
202 tonnes per ha compared to a lowest cane
yield of 144 tonnes per ha with surface flood
irrigation.
Mustard
Garg et al. (2001) while working on mustard
observed that test weight and seed yield
significantly increased with the application of
irrigation at IW/CPE ratio of 0.7 (4 irrigations)
as compared to IW/CPE ratio 0.3 (2 irrigations).
Castor
Patel et al. (2004) carried out an experiment

on feasibility of drip irrigation in castor at S.K.
Nagar. They reported that irrigation scheduling
for castor at 0.8 PEF through drip after
cessation of monsoon increased 36 percent
castor seed yield with 25 percent saving of
irrigation water over surface irrigation (Farmers
practice). Desai et al. (2010) at Navsari in rabi
castor observed that scheduling of irrigation
through drip irrigation at 0.4 PEF resulted
similar yield as obtained in surface method
with 38 percent saving of water.
Cotton
Aujla et al. (2005) demonstrated that when
same quantity of water was applied through
drip irrigation seed cotton yield increased by
32 percent and WP increased by 26 percent
compared to that in normal sowing.
Furthermore, under paired sowing a yield
increase of 20 percent was achieved along with
the saving of 50 percent of water and cost of
laterals. Patil et al. (2004) showed that seed
cotton yields and WP were similar with drip
and alternate furrow irrigation but both were
significantly more efficient than flood
irrigation. Thind et al. (2008) reported that seed
cotton yield under drip irrigation under normal
sowing was significantly higher than checkbasin, when the same quantity of water and N
was applied. The WP in dense planting under
drip irrigation increased from 0.98 to 1.65 under
check-basin method to 1.79–2.13 kg per ha per
mm, when the same quantity of N and water
was applied. When the quantity of water
through drip irrigation was reduced to 75
percent, the increase in seed cotton yield was
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12 percent over the check basin. Thus dense
planting under drip irrigation increased seed
cotton yield, WP and N use efficiency over
normal sowing and also saved 25 percent IW
as well as cost of laterals. Nalayani et al. (2006)
at Coimbatore reported that scheduling of
irrigation through drip at 0.8 Etc was at par
with 1.0 Etc with respect to seed cotton yield
in upland cotton. The yield enhancement due
to drip system during summer was 28.9, 44.5
and 61.5, at 0.6, 0.8 and 1.0 Etc over
conventional method of irrigation,
respectively.
Summer Groundnut (Arachis hypogaea)
Application of 20 kg N+ 40 kg P205 ha-1 as
drip fertigation significantly improved the
nutrient availability in the soil and uptake by
crop and resulted an increase in pod yield by
20.7 percent as compared with fertilizer applied
in soil under surface irrigation (Devidayal and
Malviya, 2002).
Cumin
Rao et al. (2010) at Pali-Marwar reported
that application of irrigation to cumin at 0.8
IW/CPE ratio recorded significantly higher
plant height and dry matter accumulation/plant
over lower IW/CPE ratios, whereas, further
increase in IW/CPE ratio resulted in decreased
plant height and dry matter accumulation.
Other Vegetables
Tiwari et al. (2003) recorded higher net
profit per mm of water used in drip irrigation
(16.51 $) over surface irrigation (6.58 $) in
cabbage. Shinde and Firake (1998) stated that
amongst micro-irrigation systems adapted to
chilli, the cane wall drip tape was most
economical with the benefit: cost (B:C) ratio of
2.84 : 1 and net extra income of `42,164 ha-1
over surface irrigation.
Subsurface Drip System
According to Patel and Rajput (2007) a
subsurface drip system could be used to apply
water in small amounts and achieve water
saving in comparison to surface drip irrigation
in sandy loam textured soil. The use of
subsurface drip offers many other advantages
for crop production, including less nutrients

leaching compared to surface irrigation, higher
yields, a dry soil surface for improved weed
control and crop health and the ability to apply
water and nutrients to the most active part of
the root zone. Hanson et al. (2006) studied the
environmental impact of subsurface drip
system placed 20 cm below the soil surface
and observed that soil water remained at the
root zone for utilization of plants and was not
lost due to deep percolation. Water infiltration
in the subsurface drip takes place in the region
directly around the dripper, which is small
compared with the total soil volume of irrigated
field. The reason for better performance of
subsurface drip could be the favorable soil
moisture conditions in the active crop root
zone, while conventional surface drip probably
facilitates moisture losses primarily in the upper
soil layer. The broadest water pattern is
obtained under subsurface drip where most of
root system had enclosed by relatively higher
soil water content over surface drip, which was
conducive for good growth of crop and tuber
formation resulting in higher potato yields.
Moreover, subsurface drip system has the
potential to save irrigation water by reducing
soil surface wetting and thus reducing
evaporation losses compared to other
irrigation methods.
Economic profitability of Micro Irrigation
System
Power saving
Electricity savings is one of the important
advantages of drip method of irrigation (Andal,
2011). Drip irrigation substantially reduces the
working hours of pumpset by reducing the
water consumption. As a result, electricity
required for irrigating unit area of land also
reduces significantly (Narayanamoorthy,
2004). Narayanamoorthy, (1996, 1997 and
2001a) reported that the adoption of drip
irrigation resulted in a power savings of 44
percent in sugarcane 37 percent in grapes and
29 percent in banana over flood irrigation in
Maharastra. Similarly the field survey
conducted by Narayanamoorthy, 2004
revealed a power saving of 41 percent in
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sugarcane at Pune and 48 percent at
Ahmednagar.
Fertilizer saving
The right combination of water and
nutrients is the key for high yield and the
quality of produce. Fertigation (application of
fertilizer solution with drip irrigation) has the
potential to ensure that the right combination
of water and nutrients is available at the root
zone, satisfying the plants total and temporal
requirement of these two inputs (Patel and
Rajput, 2001). Fertigation in addition to saving
of fertilizers also permits applying fertilizer in
small quantities according to the plants
nutrient requirements. It is also considered ecofriendly as it avoids leaching of fertilizers.
Benefit cost analysis
Drip irrigation method requires fixed capital
for installing the drip system and the
magnitude of the investment varied from crop
to crop (Andal, 2011). Wide spaced crops
require relatively low fixed capital, while the
narrow spaced crops require higher fixed
capital (NABARD, 1989).
Though the initial investment on drip
system was high, due to its results in increased
yields, water savings and reduced cost of
cultivation result in a highest benefit cost ratio
(Sivanappan, 1998).
Environmental Sustainability through MicroIrrigation
Water saving
In traditional types of surface irrigation,
huge amount of water is lost through seepage
and deep percolation while conveying water
from the source to field. Whereas in case of
drip systems the water is applied to the root
zone of the crop in smaller droplets which
results in less losses of water and improved
water use efficiency (Rajbir sing et al., 2001).
Narayanamoorthy (2004) in Maharastra
registered a water saving of 12-84 percent in
vegetables, 45-81 percent in fruit crops and
40-60 percent in field crops like cotton and
groundnut; and 65 percent in sugarcane with
the adoption of drip irrigation over
conventional surface irrigation.

Table 2: Irrigation e fficie ncie s unde r
different methods of irrigation
Irrigation efficiencies

Method of Irrigation
Surface
Sprinkler Drip
Conveyance Efficiency 40-50 (canal)
60-70 (well)
Application efficiency
60-70
70-80
90
Surface water moisture
30-40
30-40
20-25
evaporation
Overall efficiency
30-35
50-60
80-90
Source: Sivanappan (1997)

Soil salinity and No3 levels
Drip irrigation can be advantageous in
using poor quality waters high in salt contents
(up to 8–10 dS m”1) without affecting the yield.
By using good-quality canal water, instead of
brackish groundwater, without any percolation
through drip system may help in arresting the
dangerous rise in water table resulting in
sustainable use of land resources (Rajak et al.,
2006). Ramakrishna (2003) reported that
properly designed trickle irrigation system has
the ability to minimize the salt concentration
of the soil water in the vicinity of plant roots,
salt movement and hence salt distribution in
soils is directly related to water movement.
Adoption of drip irrigation resulted in
concentration of salts at 0-50 cm depth and it
reduces with the increase in depth.
Drip fertigation provides an efficient
method of fertilizer delivery and allows precise
timing and uniform distribution of applied
nutrients. Fertilizer application through drip
irrigation (fertigation) can reduce fertilizer
usage and minimize groundwater pollution due
to less fertilizer leaching from irrigation (Badr
and Abou 2007). The fertilizer application
through fertigation device is restricted to the
wetted volume of soil where the active roots
were concentrate and hence was available to
plants fully (Patel and Rajput, 2001). Mirjat et
al. (2008) studied the nitrate movement in the
soil profile at Tanndojam, Pakistan and reported
that the NO 3- N concentration was
concentrated only in the top 0.6m depth under
trickle and sprinkler irrigation methods due to
insignificant water movement towards deeper
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depths, whereas under basin and furrow
irrigation methods the NO3 moved along with
water deep into th profile. Further the NO3
values were below threshold levels under drip
and sprinkler methods as compared to flood
irrigation.
Reasons behind Increased Yield and Water
Saving in Micro-irrigation
Better application efficiency
Sivanappan (1998) provides the data on
application efficiencies at various stages such
as conveyance efficiency, field application
efficiency and soil moisture evaporation (Table
2).
Favourable pattern of root distribution
Results showed that the main root
distribution zone moved upward under
sprinkler and surface drip irrigation when
compared to the traditional border irrigation.
Profile root distribution pattern changed with
irrigation methods. Soil profile water uptake
was correlated to the root system and soil water
dynamics. Due to the appropriate soil water
and higher root density in the surface soil layer
under sprinkler and surface drip irrigation, the
main water uptake zone was concentrated in
the upper layer. Because of the water deficit in
the surface layer under border irrigation, water
uptake in 50–100 cm depth was stimulated,
which caused the main uptake zone downward.
The amount and pattern of root water uptake
varied with irrigation methods. Proffitt et al.
(1985) compared the characters of root
distribution of wheat under microjet irrigation
with 4 and 12 days interval in field. With the
same amount of water, the high-frequency
treatment developed a shallower rooting
system than the low-frequency treatment.
Home et al. (2002) found that surface irrigation
appeared to leach the chemical more rapidly
than both drip and sprinkler irrigation, and
resulted in the different nutrients distribution
pattern. Tolk et al. (1995) and Liu and Kang
(2006) assessed that the air temperature and
vapor pressure deficit were lower in sprinklerirrigated field with respected to those in surface
irrigation field. In addition, result showed that

the top soil in sprinkler-irrigated fields was
looser than that in surface irrigated fields (Sun,
2006). All earlier mentioned factors affected by
irrigation methods would affect the growth of
roots (Unger and Kaspar, 1994). Bai and Li
(2003) compared the root distribution pattern
under sprinkler and surface irrigation. Results
showed that more roots in the upper and less
in the deeper layer were produced under
sprinkler irrigation than under surface
irrigation. Salgado and Cautin (2008) compared
the roots of avocado (Persea americana
Mill.) under drip and micro sprinkler irrigation.
Results indicated that 30 percent more roots
appeared in the drip-irrigated field than that in
microsprinkler- irrigated field.
Constraints in Adoption of Micro-irrigation
Although the farmers are well versed with
multiple advantages of drip system, yet their
decision on adoption of drip irrigation was
influenced by many factors, notably among
them is high initial cost and scarcity of water
in over exploited groundwater regions. Other
application problems include salt encrustation
and clogging of conveyance pipes irrigating
salt water. As per Garetts ranking technique
for non adoption of drip irrigation include salt
encrustation and clogging of conveyance
pipes as 1st rank, high initial cost as 2nd
followed by delay in subsidy amount
disbursement
(Palanisamy
and
Venkitapalanisamy, 2000). Government of India
has at present extended subsidies for varying
categories of farmers up to 50 percent of the
drip cost to meet the high installation cost and
to popularize these water saving methods in
the long run.
CONCLUSIONS
In this study an attempt is made to study
the potential and prospects of micro-irrigation
in India using the available information. The
study shows that that micro-irrigation
increases water saving and productivity of
crops and that too with reduced cost of
cultivation. Productivity gain is found in almost
all the crops cultivated under micro-irrigation
as compared to the same cultivated under

152

conventional irrigation method. Besides these
benefits, research also indicates that it can also
reduce fertiliser and electricity consumption,
over-exploitation of groundwater and nitrate
contamination in groundwater.
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ABSTRACT
Agriculture is the backbone of Indian economy and is largely dependent
upon natural resources like soil, water and vegetation. These resources
are limited in supply and are getting depleted day by day. One of the
practical solutions for conservation of these limited natural resources and
sustainable development is through proper watershed development
strategy. Watershed development projects have been undertaken with a
view to improve and stabilise crop productivity in rain fed areas on a
sustainable basis in the long run. There are some components of the
watershed development programme which require time to show their full
impact. Therefore, there is need to evaluate watershed development projects
after providing some gestation period on the completion of the projects.
The project in Haripura watershed was completed in 2010 and it was
assumed that it was showing its full impact during the study period (201011) on productivity, pattern of agriculture and income of the beneficiaries.
Both primary and secondary data were collected for the study. The primary
data were collected from the farmers on the field. Different factors
determining the cropping pattern, irrigation availability plays a paramount
role.
Key Words: Watershed development, cropping pattern, production pattern
JEL Classification: O22, Q01, Q10, Q12, Q18

INTRODUCTION
In India, most watershed projects are
implemented with the twin objectives of soil
and water conservation and enhancing the
livelihoods of the rural poor (Sharma and Scott,
2005). Different types of treatment activities
carried out in a watershed include soil and
moisture conservation measures in agricultural
*
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lands (contour/field bunding and summer
ploughing), drainage line treatment measures
(loose boulder check dam, minor check dam,
major check dam, and retaining walls), water
resource development/ management
(percolation pond, farm pond, and drip and
sprinkler irrigation), crop demonstration,
horticulture plantation and afforestation
(Palanisami and Kumar, 2009). The aim of
watershed programme is to ensure the
availability of drinking water, fuel wood and
fodder to raise income and employment for
farmers and landless labourers through
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improvement of agricultural production and
productivity (Rao, 2000). Today watershed
development has become the main intervention
for natural resource management. A total of
45.58 million hectares of land has been treated
through various watershed development
programmes in India with an investment of
`17,037 crore. The average expenditure per
annum during the tenth plan is around `2300
crore (Department of Land Resources, 2006).
Concept of watershed
A watershed or catchment is an area from
which all water drains to a common point,
making it an attractive unit for technical efforts
to manage water and conserve soil for
improving production. In water scare areas,
the objective is to capture water during rainy
period for subsequent use in the dry periods.
This involves conserving soil moisture and
supporting crop growth, encouraging water
filtration to recharge aquifers and harvesting
surface runoff water in small ponds or tanks. A
watershed is a hydrological unit that can serve
as a biophysical unit and as a socio-economic
and socio-political unit for planning and
implementing resource management activities
(Springate-Baginski et al. 2002).
Watershed development has been
recognized internationally as an important
holistic approach to natural resource
management, which seeks to promote the
concept of sustainable development.
Watershed development involves the coordinated use and management of land, water,
vegetation and other biophysical resources
within the entire watershed with the objective
of ensuring minimal land degradation, erosion
and also to manage and utilize the runoff for
useful purposes in order to enhance the ground
water recharge.
Under the programme, a total of 1842
watershed projects were sanctioned in India
including 85 projects in Rajasthan. Haripura
watershed located at Ladpura tahsil, Kota
district is one of the completed watershed
development projects of Rajasthan under
IWDP. Haripura watershed project, Kota,

Rajasthan watershed development projects
play very important role in rain fed areas and
government spending huge amounts on
various projects of watershed development. It
is assumed that watershed development
projects enhance crop productivity, cropping
intensity, income generation, fodder
availability and water availability on
sustainable basis. There are various views on
the impact of watershed based programmes
on rural development. Therefore, it is required
to assess the impact of watershed
development projects on different socioeconomic aspects of rural communities. It is
also believed that watershed development
programmes are one of the reasons for
achieving high agricultural growth rate in
Rajasthan. The impact of this micro-watershed
on different aspects of structural, operational,
agricultural production, income generation,
employment and extent of technological
adoption needs to be examined. This
information would lead to sound formulation
of policy for upliftment of the rural communities
as well as development of the villages. An
impact evaluation of such programmes is
essential to provide justification for the
investment of scarce financial resources and
to strengthen the hands of decision makers
for future investments.
A number of studies have been conducted
to assess the impact of watershed
development projects in different regions of
the country either during or just after the
completion of watershed development
projects, but these watershed development
projects have been undertaken with a view to
improve and stabilise crop productivity in rain
fed areas on a sustainable basis in the long
run. There are some components of the
watershed development programme which
require time to show their full impact. Therefore,
there is need to evaluate watershed
development projects after providing some
gestation period on the completion of the
projects. The project in Haripura watershed
was completed in 2010 and it was assumed
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that it was showing its full impact during the
study period (2010-11) on productivity, pattern
of agriculture and income of the beneficiaries.
Therefore, it was the right time to evaluate the
impacts of Haripura watershed development
project.
MATERIALS AND METHOD
This section deals with research design,
tools and techniques of the scientific
investigation used for data collection in light
of objectives of the study. The selection of
universe and sampling technique for
investigation as well as devices used for data
analysis are also explained in this chapter under
following sub heads:
1. Selection of study Area
2. Collection of data and
3. Analysis of data
Selection of Study Area
Rajasthan comprises six regions of
watershed development project viz., Kota,
Jaipur, Ajmer, Udaipur, Bhilwara, and Jodhpur.
Out of these Kota region was selected
purposely due to the following regions:
Firstly, Haroti area soils were black and rain
water was usually flown away by rivers.
Secondly, Watersheds were helpful in
retaining this water and helping in change of
scenario. Thirdly, Being native of this area, the
researcher was quite familiar with the farming
conditions of the area and well versed with
local dialect.
Selection of District
Kota region comprises four districts of
watershed viz., Kota, Bundi, Baran and
Jhalawar. Out of these, Kota district was
selected purposively.
Selection of Panchayat Samiti
Kota district comprises 5 panchayat
samities, namely Ladpura, Sultanpura, Itawa,
Sangod and Khairabad. Out of these Ladpura
panchayat samity was randomly selected for
the study.
Selection of Watersheds
Haripura watershed from Ladpura
panchayat samity was randomly selected for
the study.

Selection of Respondents
A total of 100 respondents was selected
for the study. Out of these, 50 respondents
were from beneficiary group and 50
respondents were from non-beneficiary group.
A proportionate random sampling procedure
was followed for the selection of respondents.
The beneficiaries from each village were
selected randomly in such a manner that there
would be proportional to total size of the
beneficiaries of watershed development
project in respective village fell under Haripura
watershed. Similarly, non-beneficiary
respondents were selected that is farmers
located outside but adjacent to watershed area.
Construction Tools of Data Collection
To gather the required information from the
respondents an interview schedule was
developed in view of objectives of the study.
The schedule contained following parts.
(i) The first part of schedule consists of
general information of respondents.
(ii) The second part of schedule was used
to collect data on the change in cropping
pattern and production pattern followed
by the farmers in the integrated
watershed development area.
(iii) The third part of schedule was used to
assess the effect of watershed on the
levels of cost, income and consumption.
Collection of Data
Both primary and secondary data was
collected for the study. The secondary data
were collected from the records maintained by
the implementation committee (land resource
development, kota and krashi pant bhavan,
jaipur). The primary data were collected from
the farmers on the field. The data on various
aspects of farm and household‘s economy of
the beneficiaries and non-beneficiaries sample
farm families were collected by survey method
through personal interview with the help of a
schedule specially designed for the purpose.
Analysis of Data
The data collected from different sources
through various schedules were statistically
analyzed for evaluating the objectives of the
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study.
Tabular analysis
The tabular presentation technique was
followed to study the socio-economic
characteristics of respondents such as land
holding, cropping pattern, productivity,
sources of irrigation, cost of crop and returns
etc. for analyzing the data elicited through
survey from the sample respondents. The data
were compared and contrasted with the help
of averages and standard deviation.
RESULTS AND DISCUSSION
Cropping Pattern and Production Pattern
This section deals with the distribution of
beneficiary and non-beneficiary farmers
according to their size of land holdings and
educational status, caste-wise distribution,
extent of area and livestock, family workers,
improved management practices followed by
the farmers for crop and livestock. This section
has been further divided into following subheads.
Distribution of the Respondents
The perusal of Table 1 depicts the category
wise distribution of beneficiary and nonbeneficiary farmers. They were categorized into
four categories-marginal, small, medium and
large according to their size of land holdings.
The table revealed that out of 50 beneficiary
farmers, 9 farmers belonged to marginal farmer’s
category, 17 farmers belonged to small farmer’s
category, 16 farmers belonged to medium
farmer’s category and 8 farmers belonged to
large farmer’s category. Similarly, in case of
non-beneficiary farmers the number of
marginal, small, medium and large farmer
families was 8, 18, 17 and 7, respectively. In per
cent term out of total beneficiary farmers, 16.00
percent farmers belonged to marginal farmers,
36.00 percent farmers belonged to small
farmers, 34.00 percent farmers belonged to
medium farmers and 14.00 percent farmers
belonged to large farmers. Similarly, in case of
non-beneficiary farmers out of total, 18.00
percent farmers belonged to marginal farmers,
34.00 percent farmers belonged to small
farmers, 32.00 percent farmers belonged to

Table 1: Cate gory-wis e dis tribution of
beneficiary and non-beneficiary farmers,
2011-12
Category
Marginal farmers
(< 1.0 ha)
Small farmers
(1.0 to 2.0 ha)
Medium farmers
(2.0 to 4.0 ha)
Large farmers
(> 4.0 ha)
Total

Beneficiary Non-beneficiary
farmers
farmers
9
8
(16.00)
(18.00)
17
18
(36.00)
(34.00)
16
17
(34.00)
(32.00)
8
7
(14.00)
(16.00)
50
50
(100.00)
(100.00)

Figures in parentheses indicates percentages to the total

medium farmers and only 16.00 percent farmers
belonged to large farmers.
Caste-wise Distribution
Caste was one of the most important
factors of social stratification in watershed
development project. Table 2 revealed the
caste-wise distribution of beneficiary and nonbeneficiary farmers. The respondents from
various castes were grouped under four
groups, namely, general, other backward
castes, scheduled castes and scheduled tribes.
The table revealed that out of 50 beneficiary
farmers 44.00 percent belonged to scheduled
tribes followed by 24.00 percent scheduled
castes, 12.00 percent other backward castes
and 20.00 percent general. Similarly, in case of
non-beneficiary farmers, 16.00 percent
Ta ble 2 : Cas te -wis e dis tributi on o f
beneficiary and non-beneficiary farmers,
2011- 12
Caste
General
OBC
SC
ST
Total

Beneficiary
farmers
10
(20.00)
6
(12.00)
12
(24.00)
22
(44.00)
50
(100.00)

Non-beneficiary
farmers
12
(24.00)
23
(46.00)
7
(14.00)
8
(16.00)
50
(100.00)

Figures in parentheses indicates percentages to the total
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belonged to scheduled tribes, while scheduled
castes accounted for 14.00 percent. Likewise
46.00 percent and 24.00 percent belonged to
other backward castes and general,
respectively
Distribution according to Educational Status
The educational status of beneficiaries and
non-beneficiaries has been highlighted in table
3. The table indicates that out of total
beneficiaries, 34.00 percent were illiterate while
22.00 percent were literate. Amongst literate,
16.00 percent were educated upto primary,
12.00 percent were educated upto middle, 10.00
percent were educated upto secondary, 4.00
percent were educated upto senior secondary
and 2.00 percent were educated above senior
secondary level.
Table 3: Educational status of beneficiaries
and non-beneficiaries, 2011- 12
Educational level
Illiterate
Literate
Primary
Middle
Secondary
Sr. Secondary
Above Sr. Sec.
Total

Beneficiaries Non-beneficiaries
17
15
(34.00)
(30.00)
11
13
(22.00)
(26.00)
8
9
(16.00)
(18.00)
6
5
(12.00)
(10.00)
5
4
(10.00)
(8.00)
2
2
(4.00)
(4.00)
1
2
(2.00)
(4.00)
50
50
(100.00)
(100.00)

Figures in parentheses indicates percentages to the total

Similarly, in the case of non-beneficiaries
30.00 percent were illiterate and 26.00 percent
were literate out of total. Amongst literate, 18.00,
10.00, 8.00, 4.00 and 4.00 percent were educated
upto primary, middle, secondary, senior
secondary and above senior secondary,
respectively.
Area
The beneficiary farmers who obtained
assistance under IWDP for agriculture
possessed the total land holdings as 6.7 ha,

30.3 ha, 49.9 ha, and 45.9 ha on marginal, small,
medium and large farmers, respectively as
shown in Table 4. The average size of land
holdings on marginal, small, medium and large
farmers was 0.74 ha, 1.68 ha, 3.33 ha and 5.74
ha, respectively.
Table 4: Distribution of beneficiary and
non-beneficiary farme rs based on are a,
2011- 12
(ha)
Category
Beneficiary farmers
Marginal farmers (up to one ha)
Small farmers (1-2 ha)
Medium farmers (2-4 ha)
Large farmers (4 ha and above)
Total
Non-beneficiary farmers
Marginal farmers (up to one ha)
Small farmers (1-2 ha)
Medium farmers (2-4 ha)
Large farmers (4 ha and above)
Total

Total
land

Average
land

6.7
30.3
49.9
45.9
95.8

0.74
1.68
3.33
5.74
1.916

5.75
28.3
52.8
37.2
90.0

0.71
1.57
3.10
5.31
1.8

The average size of land holdings on
marginal, small, medium and large farmers of
non-beneficiary farmers was 5.75 ha, 28.3 ha,
52.8 ha and 37.2 ha, respectively. The average
size of holding was slightly higher on
beneficiary farmers compared to nonbeneficiaries on all categories of farmers. The
average size of holding on beneficiary farmers
was 1.91 ha whereas it was 1.8 ha on nonbeneficiary farmers.
Livestock
The overall size of herd was almost equal
as it was 2.72 animals on beneficiary farmers
and 2.00 animals on non-beneficiary farmers
as depicted in Table 5. The non-beneficiary
farmers possessed the total livestock as 22,
32, 36 and 10 on marginal, small, medium and
large farms, respectively. The average number
of livestock on marginal, small, medium and
large farms was 2.44, 1.88, 2.25 and 1.25,
respectively. The average number of livestock
on marginal, small, medium and large farms
belonging to beneficiary farmers was 4.37, 2.27,
2.82 and 1.71, respectively.
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Table 5: Number of livestock on beneficiary
and non-beneficiary farmers, 2011-12
Category
Beneficiary farmers
Marginal farmers
Small farmers
Medium farmers
Large farmers
Total
Non-beneficiary farmers
Marginal farmers
Small farmers
Medium farmers
Large farmers
Total

Livestock
Total
Average
35
41
48
12
136

4.37
2.27
2.82
1.71
2.72

22
32
36
10
100

2.44
1.88
2.25
1.25
2.00

Family Workers
An overview of data presented in Table 6
indicated that among total workers, 20 workers
belonged to marginal farmer in beneficiary
category. In this category average workers
were 2.22. The sample of beneficiary farmers
consisted of 36 small family workers and 36
medium family workers with average
availability of 2.11 and 2.25 family workers,
respectively. Only 27 workers belonged to
large farmer category. The average number of
farm workers was also maximum i.e. 4.00 in this
category. Similarly, in case of non-beneficiary
families the number of marginal, small, medium
and large farm workers was 19, 37, 35 and 19
respectively. The average number of workers
Table 6: Distribution of family workers on
beneficiaries and non-beneficiaries, 201112
Category
Beneficiary farmers
Marginal farmers
Small farmers
Medium farmers
Large farmers
Total
Non-beneficiary farmers
Marginal farmers
Small farmers
Medium farmers
Large farmers
Total

Workers
Total
Average
20
36
36
27
119

2.22
2.11
2.25
3.37
2.38

19
37
35
19
110

2.37
2.05
2.05
2.71
2.20

on marginal, small, medium and large farms was
2.37, 2.05, 2.05 and 2.71, respectively. The
overall number of workers per family was
almost equal on beneficiary and nonbeneficiary farms.
Cropping Pattern
Among the different factors determining
the cropping pattern, irrigation availability
plays a paramount role. Generally, area under
water-intensive crops would be higher where
the availability of irrigation is higher. It is seen
earlier that the availability of irrigation was
higher for the beneficiaries compared to the
non-beneficiaries due to various treatments
taken up for improving the watershed system
under WDP. Therefore, it was expected that
the cropping pattern of the beneficiaries would
be different from that of the non-beneficiaries.
The results presented in Table 7 clearly
depicts differences in the cropping pattern
between above mentioned situations. Let us,
first compare the cropping pattern between
beneficiaries and non-beneficiaries. The
average area under soyabean and wheat were
found to be higher in case of beneficiaries
when compared to non-beneficiaries.
Percentage of area under rabi crops to gross
cropped area was higher in case of
beneficiaries (43.09 per cent) when compared
to non-beneficiaries (39.17 per cent). Similarly,
Machiwal et al. (2004) and Tilekar et al. (2009)
observed that the watershed helped farmers
to bring more area under rabi crops as well as
the higher availability of water had resulted in
diversification of the cropping pattern with the
substitution of more profitable crops.
Production Pattern
It was hypothesized that production of
crops increases because of watershed
development activities. Therefore, production
of major crops grown in watershed project area
and adjacent area was worked out and
presented in Table 7. The production was
increased in beneficiary farmers due to the
increase in irrigation facility, improvement in
the fertility of the soil and increased moisture
retention capacity. The highest production
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Table 7: Cropping and production pattern of sample farms, 2011-12
(ha)
Crop
Marginal
Kharif Season
Soyabean
Sorghum
Maize
Groundnut
Pulses
Sub total
Rabi Season
Wheat
Mustard
Gram
Barley
Vegetables
Sub total
Grand total

Kharif Season
Soyabean
Sorghum
Maize
Groundnut
Pulses
Kharif sub-total
Rabi Season
Wheat

0.4
(33.05)
0.11
(9.09)
0.2
0.02
(1.65)
-

Beneficiary
Small Medium Large
Overall
Cropping pattern
0.66
(23.91)
0.43
(15.57)
0.56
(20.28)
-

1.16
(21.56)
0.55
(10.22)
0.82
(15.24)
0.3
(5.57)
0.09
(1.67)
2.92
(54.27)

2.42
(25.12)
0.7
(7.26)
1.06
(11.00)
0.3
(3.11)
1.06
(11.00)
5.54
(57.52)

1.05
(23.80)
0.45
(10.20)
0.65
(14.73)
0.14
(3.17)
0.19
(4.30)
2.51
(56.91)

0.73
(60.33)

1.65
(59.78)

0.38
(31.40)
-

0.73
1.4
2.06
1.09
(26.44) (26.02) (21.39) (24.71)
0.15
0.46
1.25
0.39
(5.43)
(8.55)
(12.98)
(8.84)
0.02
0.21
0.12
0.1
(0.72)
(3.90)
(1.24)
(2.26)
0.09
0.21
0.5
0.17
(3.26)
(3.90)
(5.19)
(3.85)
0.12
0.18
0.16
0.13
(4.34)
(3.34)
(1.66)
(2.94)
1.11
2.46
4.09
1.9
(40.21) (45.72) (42.47) (43.08)
2.76
5.38
9.63
4.41
(100.00) (100.00) (100.00) (100.00)
Production pattern

0.05
(4.13)
0.05
(4.13)
0.48
(39.66)
1.21
(100.00)

5.77
(18.04)
1.11
(3.47)
4.11
(12.85)
0.44
(1.37)
-

7.52
(14.53)
3.94
(7.61)
4.23
(8.17)
-

11.43
(35.74)

15.69
(30.33)

-

10.75
(11.30)
7.06
(7.42)
9.75
(10.24)
1.41
(1.48)
0.93
(0.97)
29.9
(31.43)

24.16
(13.30)
9.37
(5.15)
11.87
(6.53)
4.12
(2.26)
7.75
(4.26)
57.27
(31.52)

10.9
(13.15)
5.29
(6.38)
7.19
(8.67)
1.18
(1.42)
1.53
(1.84)
26.12
(31.53)

20.11
(62.88)
-

30.52
46.31
84.5
42.33
(59.01) (48.68) (46.52) (51.09)
Mustard
3.11
10.37
21.75
7.85
(6.01)
(10.90) (11.97)
(9.47)
Gram
0.44
0.17
1.37
0.87
0.71
(1.37)
(0.32)
(1.44)
(0.47)
(0.85)
Barley
2.23
7.18
17.25
5.81
(4.31)
(7.54)
(9.49)
(7.01)
Rabi sub-total
20.55
36.03
65.23
124.37
56.72
(64.25)
(69.66) (68.56) (68.47) (68.46)
Total production
31.98
51.72
95.13
181.64
82.84
(100.00) (100.00) (100.00) (100.00) (100.00)
Figures in paraenthese are percent to the total.
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Marginal

0.32
(29.62)
0.37
(34.25)
0.69
(63.88)
-

Non-beneficiary
Small Medium Large

0.56
(22.67)
0.38
(15.38)
0.45
(18.21)
0.14
(5.66)
1.53
(61.94)

Overall

1.09
(22.89)
0.51
(10.71)
0.85
(17.85)
0.34
(7.14)
0.1
(2.10)
2.89
(60.71)

2.17
(25.17)
0.57
(6.61)
1.57
(18.21)
0.21
(2.43)
0.64
(7.42)
5.16
(59.86)

0.92
(23.71)
0.44
(11.34)
0.67
(17.26)
0.14
(3.60)
0.17
(4.38)
2.36
(60.82)

0.61
(12.81)
0.33
(6.93)
0.64
(13.44)
0.29
(6.09)
-

1.57
(18.21)
0.97
(11.25)
0.5
(5.80)
0.42
(4.87)
-

0.48
(12.37)
0.24
(6.18)
0.51
(13.14)
0.27
(6.95)
-

-

0.16
(6.47)
-

0.18
(16.66)
0.21
(19.44)
-

0.55
(22.26)
0.23
(9.31)
-

0.39
(36.11)
1.08
(100.00)

0.94
1.87
3.46
1.52
(38.05) (39.28) (40.13) (39.17)
2.47
4.76
8.62
3.88
(100.00) (100.00) (100.00) (100.00)

3.75
(26.07)
3.12
(21.69)
-

6.72
(21.79)
3.05
(9.89)
3.5
(11.35)
-

6.87
(47.77)
1.75
(12.16)
5.76
(40.05)
7.51
(52.22)
14.38
(100.00)

0.66
(2.14)
13.93
(45.18)
4.44
(14.40)
-

10.29
(15.56)
5.82
(8.80)
8.35
(12.63)
1.71
(2.58)
1.11
(1.67)
27.28
(41.27)

22.12
(17.54)
7.85
(6.22)
10.85
(8.60)
2.28
(1.80)
6.85
(5.43)
49.95
(39.61)

9.61
(17.95)
4.67
(8.72)
5.61
(10.48)
0.9
(1.68)
1.57
(2.93)
22.38
(41.81)

20
48.57
15.18
(30.26) (38.52) (28.36)
4.05
8.57
2.57
(6.12)
(6.79)
(4.70)
5.69
6.35
4
5.04
(18.45)
(9.60)
(3.17)
(9.41)
6.77
8.41
15
8.31
(21.95) (12.72) (11.89) (15.52)
16.9
38.81
76.14
31.14
(54.81) (58.72) (60.38) (58.18)
30.83
66.09
126.09
53.52
(100.00) (100.00) (100.00) (100.00)

gain was observed in case of wheat (51.09 per
cent) followed by soyabean (13.15 per cent)
and mustard (9.47 per cent). The production
of major crops was higher in case of
beneficiaries compared to the nonbeneficiaries. There were two main reasons
for higher production among beneficiaries
farmers. First, the beneficiaries used relatively
higher amount of yield increasing inputs,
which augmented productivity of different
crops. Second, due to various treatments taken
under the WDP, the availability of moisture
has improved which ultimately increased the
productivity of various crops.
The results were in line with the findings
of Jally et al. (1995), Rajput et al. (1996) and
Kumar et al. (1999) who observed that
increased soil moisture and fertility in
watershed area positively lead to increase in
the crop productivity.
CONCLUSIONS
It is concluded that among the different
factors determining the cropping pattern,
irrigation availability plays a paramount role.
Generally, area under water-intensive crops
would be higher where the availability of
irrigation is higher. It is seen earlier that the
availability of irrigation was higher for the
beneficiaries compared to the nonbeneficiaries due to various treatments taken
up for improving the watershed system under
WDP. Therefore, it was expected that the
cropping pattern of the beneficiaries would be
different from that of the non-beneficiaries.
The average area under soyabean and wheat
were found to be higher in case of beneficiaries
when compared to non-beneficiaries.
Percentage of area under rabi crops to gross
cropped area was higher in case of
beneficiaries (43.09 per cent) when compared
to non-beneficiaries (39.17 per cent). The
production was increased in beneficiary
farmers due to the increase in irrigation facility,
improvement in the fertility of the soil and
increased moisture retention capacity. The
highest production gain was observed in case
of wheat (51.09 per cent) followed by soyabean

(13.15 per cent) and mustard (9.47 per cent).
There were two main reasons for higher
production among beneficiaries farmers. First,
the beneficiaries used relatively higher amount
of yield increasing inputs, which augmented
productivity of different crops. Second, due
to various treatments taken under the WDP,
the availability of moisture has improved
which ultimately increased the productivity of
various crops.
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ADOPTION BEHAVIOUR OF RESOURCE
CONSERVATION TECHNOLOGIES IN PADDY
CULTIVATION IN PUNJAB
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ABSTRACT
The study revealed that the adoption of direct seeded rice and mechanical
transplanting of paddy technologies were adopted by large farmers having,
higher off farm income and extension contacts with the officials of PAU and
State Agriculture Department than their counterparts non-adopters. In the
case of DSR adopter farmers, the yield was lowest at 6481 and 2962 kg per
ha for common paddy and basmati, respectively and highest for MT at 7259
and 4713 kg per ha, respectively; yield varied between 6760 kg to 7109 kg
for CM for common paddy and 3705 to 4115 kg for basmati. The reason of
adoption of these technologies was save time and save water ranked first
and second in DSR and solve labour problem ranked first in MT technology.
Reasons for non-adoption were more weeds in case of DSR and costly
machines and lack of awareness in MT. Farmers are willing to adopt
mechanical transplanters provided the machinery is available with
cooperative societies or on rent. More technical knowledge is required for
the adoption of DSR technology. Among the problems faced in paddy
cultivation, labour problem and high wage scored first and second rank,
respectively in common paddy and volatility of price and only private
procurement in basmati cultivation.
Keywords: Adoption behaviour, DSR, mechanical transplanting, RCTs
JEL Classification: Q01, Q16, Q55

INTRODUCTION
The introduction of high yielding wheat
varieties in mid 1960s and of rice in late 1960s,
and their adoption in areas of assured
irrigation namely in Punjab, Haryana and Uttar
Pradesh paved the way towards green
revolution ensuring food security. The
intensive agriculture through conventional
*
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method has been successful in enhancing
production level of cereals, but simultaneously
led to degradation of natural resources. For
ever growing population and requirements for
other sectors land and water resources for
agriculture purpose are getting scare day by
day, a serious threat to food security. The new
challenges demand efficient resource use by
adopting resource conserving technologies to
fulfill the country’s requirements.
Conservation agriculture has emerged as a way
for sustainable intensive crop production
system and can save huge manpower
involvement, water and energy requirements
in agriculture. In Punjab rice is grown on 28.45
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lakh ha of area constituting 68.81 per cent of
net sown area and is being considered the main
culprit of depletion of ground water resources.
The transplanting of rice seedlings in generally
done manually in the puddle fields and for this
a huge amount of water, man-power and energy
is required. In recent years, water and labour
scarcity in agriculture has emerged as a serious
problem and for transplanting of rice it requires
about one-third of total man-power and water
requirement in rice (Dixit et al., 2007 and Sidhu
et al., 2007). The need has been realized to
explore possibility of rice cultivation by
eliminating puddling, huge labour and water
requirement. Direct Seeding of rice and
Mechanical Transplanting has emerged as a
solution over these burning problems and now
a days these are coming up in a bigway
through out the state.The diffusion of these
technologies need empirical verification, thus
field level observation are needed to motivate
the farmers for the adoption of new
technologies. With this backdrop the present
study was planned to examine:
i. the cost and returns of paddy cultivation
using direct seeded rice, mechanically
transplanted rice and manual
transplanting technologies,
ii. adoption behavior of farmers of these
technologies, and
iii. problems confronted by farmers in these
technologies.
METHODOLOGY
Sample Selection and Data Set
Three stage sampling procedure was used
for the selection of the sample farm
households. Three districts, Ludhiana (most
progressive district), Sangrur (having highest
area and production of paddy) and Amritsar
(the traditional paddy growing district) were
selected purposively at the first stage of
sampling. A list of farmers using direct seeded
rice and paddy transplanter technologies was
obtained from the Department of Farm Power
and Machinery, PAU, Ludhiana. Two blocks
from each district were selected and a sample
of 5 farmers from different villages using direct

seeded rice technology and paddy transplanter
each was selected, at random. A sample of 10
farmers, 5 small having less than 2 ha of
operational holdings and 5 others having more
than 2 ha of operational holdings were
randomly selected from the same villages. Thus
total sample comprised 15 farmers using direct
seeded rice technology, 15 using paddy
transplanter and 15 small and 15 large farmers
using conventional method. A total sample size
was 60 paddy cultivating farmers. The data
were collected during the year 2011-12.
Analytical Techniques
Simple averages and percentages were
used to work out cost and returns of paddy
cultivation using different technologies. To
study the adoption behaviour and problems
encountered by farmers in using these
technologies; Garrett Ranking Technique and
Logistic Regression Model were used.
Garrett Ranking Technique
The Garrett ranking technique was used to
rank the reason of adoption/non adoption of
direct seeded rice/transplanter technologies,
problems faced in these technologies and in
paddy cultivation. In the Garrett’s rank scoring
technique, the respondents were asked to rank
the factors or problems and these ranks were
converted into per cent position by using
Equation (1):

Percent position 

100 (R ij  0.5)
N ij

……(1)

where,
Rij = Rank given to the ith attribute by
the jth individual, and
N j = Number of attributes ranked by the
jth individual
Using Garrett’s table, the estimated percent
position of each attribute was converted into
scores. Thus the mean score of each factor
was obtained by adding the scores of each
individual. The attributes were arranged in
descending order of the mean score.
Logistic Regression Model
Logistic regression model was used to
empirically quantifying the relative influence

168

of various socio-economic parameters in
adoption of technologies in paddy cultivation.
The study has postulated that the probability
of a farmer adopting DSR/transplanter depends
on socio-economic variables such as age,
education, farm size, income, number of earners
in the family, extension contacts. The index
variable Zi indicating whether a farmer is
adopting new technology or not has been
expressed as a liner function of the
independent variables. Thus, the logit
regression model has been specified as
Equation (2):
Li = bo+ b1x1+ b2x2+b3x3+ b4x4+ b5x5+b6x6+Ui
where,
x1 = Age of the respondent (years)
x2 = Education of the head of the family
(in years)
x3 = Farm size ( ha)
x4 = Income of household (`annum-1)
x5 = Number of earners in the family (no.)
x6 = Extension contacts (if yes=1, if no= 0)
bo = Constant
bis = Parameters to be estimated, and
Ui = Error-term
RESULTS AND DISCUSSION
The conventional method (CM) of rice
growing is not only water-guzzling but also
cumbersome and labourious. Direct seeded rice
and mechanical transplanting of rice were the
technologies introduced to overcome the
problem of labour for rice transplantation.
Before discussing the impact of direct seeded
rice and paddy transplanter technologies on
cost structure, yield and labour use for paddy
cultivation it is imperative to brief these
technologies.
DSR and Paddy Transplanter
In direct seeded rice (DSR) technology the
technique involved careful laser leveling of the
fields, irrigation of the field and then preparing
the field fine in proper moisture, shallow drilling
with the drill especially designed for the
purpose, which is available with the
Department of Agriculture for demonstration,
using recommended practices for application
of weedicides, irrigation, fertilizers etc. It has

been reported by Johl 2011 that direct seeding
in flat fields saved at least 30 per cent water
application and improved the yield by more
than 10 per cent along with saving
considerably on production costs and
drudgery of work involved in raising nursery,
puddling of fields and the back-breaking
operation of transplanting. The PSFC has
introduced 10 machines to demonstrate this
practice during 2009 ( PSFC, 2009).
Use of mechanical device for paddy
transplantation (MT) has been introduced in
Punjab agriculture. For this an initiative has
been taken by PSFC in collaboration with the
PAU, Ludhiana and State Department of
Agriculture. Machines are being imported from
China and Japan. For mechanical transplanting
‘mat nursery’ is required for which
demonstrations/ training is being imparted by
PAU, and Department of agriculture. Success
stories of transplanter have also been reported
by PSFC, 2010. It is reported that the
transplanter ensured optimum plant
population. The Punjab Government has
announced a subsidy of `75,000 for the
purchase of transplantation machines. Two
models of Japanese planters are available in
the market; one manually pulled costs about
`2.5 lakh while another model that is motorized
and can be driven costs between `8-`10 lakh.
Socio-economic Parameters of Sample
Farmers
The socio-economic parameters of sample
farmers has been incorporated in Table 1. The
operational size of holding was large for the
technology adopter farmers at 13.54 and 13.32
ha for DSR and MT sample households,
respectively whereas it was 1.50 and 7.12 ha
for the small and other farmers using CM
technology. DSR and MT sample household
leased-in-higher percentage of area than their
counterparts CM. The family size was large
and the number of earners were also more for
DSR and MT sample households. Education
level of the sample households showed that
the maximum of 29 percent of small farmers of
CM category were illiterate. Among the
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Table 1: Socio economic parameters of selected farm households
Particular
A. Operational holding (ha)
Owned land
Leased-in
Leased-out
B. Age of the head of the household (years)
C. Family size (No.)
Number of earners (No.)
Dependency ratio
D. Education of the head (percent)
Illiterate
Primary
Middle
Matric
+2
Graduate
Post graduate
D. Off-farm income (` lakh per annum)

DSR

MT

13.54
(100.00)
10.70
(79.03)
3.24
(23.92)
0.40
(2.95)
47
8.67
2.83
3.06

13.32
(100.00)
12.66
(95.05)
1.80
(13.49)
1.14
(8.54)
54
8.00
3.81
2.10

6.0
17.0
11.0
44.0
6.0
16.0
2.17

13.0
25.0
19.0
13.0
24.0
6.0
2.76

CM
Small
1.50
(100.00)
1.74
(115.32)
0.22
(15.32)
47
6.00
2.50
2.40
29.0
14.0
36.0
7.0
14.0
1.11

Other
7.12
(100.00)
5.79
(81.35)
1.33
(18.65)
43
7.20
2.70
2.67
6.0
6.0
38.0
19.0
13.0
13.0
5.0
0.78

CM: Conventional method
Figures in paraentheses are percent to the total.

literates, however marked difference was not
observed in the level of education of sample
farmers using different technologies of paddy
cultivation. The percentage of graduates and
post graduates was the highest for MT at 30
and varied between 14 to 18 per cent for other
sample farms. The age of the farmers was the
highest at 54 years for MT adopters and varied
between 43 and 47 years for other categories.
The off-farm income was higher for technology
adopters at `2.17 and `2.76 lakhs per annum
for MT and DSR farms respectively followed
by small farmers of CM technology at `1.11
lakhs and lowest at `78 thousands for large
farmers.
Cropping Pattern
Cropping pattern of sample households
has been compiled and presented in Table
2.The perusal of the table showed that
maximum area was allocated to wheat during
rabi season and paddy during kharif season
by all the categories of sample farm
households. All the farm household grew both
basmati and non-basmati (referred as common

paddy) varieties of paddy. More area was
allocated to basmati at 15.21, 14.39 per cent by
DSR and MT adopters than CM of small and
other categories forming 8.72 and 7.88 per cent
of the area. Fodder was the next important crop
grown by all type of farm households to meet
the fodder requirement of dairy animals.
Fodder formed higher percentage of
operational area on small farms at 14 to17
percent because of small size of holding.
Sugarcane was important crop for large farm
size category. The farms of DSR and MT
technology adopter farmers were more
diversified than the farmers using
conventional method of transplanting paddy.
The crops grown were vegetables, pulses,
winter maize, potatoes, oats, etc. The cropping
intensity was higher for technology adopters
being 196.53 and 215.04 percent for DSR and
MT and lower for non adopters large farms at
190.0 per cent for small and others,
respectively.
Area Sown by DSR and MT
It is important to mention that the adopter
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Ta ble 2 : Cro ppi ng pa tte r o f s a mple
ho us e ho l d s us i ng d i f f e re n t p a dd y
transplanting techniques
(hafarm-1)

Ta bl e 3 . A re a unde r pa ddy s a mpl e
h o us e ho l ds us i ng di f f e re nt pa ddy
transplanting techniques
(hafarm-1)

Particular

Particular
DSR adopter
DSR method

Kharif crops
Paddy common
Basmati
Total Paddy
Maize
Fodders
Vegetables
Sugercane
Cotton
Others
Sub-total
Rabi crops
Wheat
Fodder
Oilseeds
Pulses
Vegetables
*

Others

Sub-total
Total
Cropping intensity

DSR

MT

9.02
(67.92)
2.02
(15.21)
11.04
(83.13)
-

9.92
(64.00)
2.23
(14.39)
12.15
(78.39)
0.25
(14.52)
0.85
(5.48)
2.25
(14.52)
-

1.11
(74.50)
0.13
(8.72)
1.24
(83.22)
-

5.62
(79.27)
0.56
(7.88)
6.18
(87.15)
-

0.26
(16.78)
-

-

-

0.3
(4.28)
0.01
(0.17)
0.6
(8.45)
-

-

-

-

0.55
(4.14)
1.2
(9.04)
0.3
(0.34)
0.45
(3.39)
13.28
(100.00)
10.53
(75.53)
0.45
(3.23)
0.08
(0.57)
0.94
(6.74)
1.33
(9.54)
13.33
(100.00)
26.61
196.61

Traditional method
Small
Other

-

15.5
1.5
(100.00) (100.00)

7.09
(100.00)

11.68
1.29
(87.62) (86.00)
0.66
0.21
(4.92)
(14.00)
0.05
(0.38)
0.28
(2.10)
0.48
(3.60)
0.18
(1.35)
13.33
1.5
(100.00) (100.00)
28.83
3
215.04
200

6.11
(92.02)
0.31
(4.67)
0.02
(0.30)
-

Conventional method
Total
MT adopter
DSR method
Mechanical transplanter method
Convetional method
Total

Paddy

Basmati

2.33
0.78
(25.90) (34.30)
6.68
1.23
(74.10) (60.70)
9.01
2.01
(100.00) (100.00)
0.2
0.13
(2.00)
(5.83)
4.83
1.74
(48.60) (78.02)
4.9
0.36
(49.40) (16.15)
4.93
2.23
(100.00) (100.00)

Figures in paraentheses are percent to the total.

6.44
(100.00)
13.53
190.03

*Others includes, Winter maize, litchi, potato, oats etc.
Figures in parentheses indicate percentages to respective totals

farmers did not use DSR and MT technologies
for whole of the area under common paddy
and basmati crop. The area under paddy using
these technologies has been presented in Table
3. On an average the area under common
variety of paddy was 9.01 and 4.93 ha for DSR
and MT technologies for the adopter farms.
The area under basmati was 2.01 and 2.23 ha
for these categories of farms. The DSR adopter
farmer has sown about 26 percent of area using

direct sowing method and 74 percent of the
area was sown using manual transplanting of
nursery technique whereas they adopted direct
sowing of basmati for 34 percent of the area
and 61 percent that of basmati was sown using
manual nursery transplanting method. On
other hand, the adopter farmers of MT
technology used direct sowing and
conventional
method
for
paddy
transplantation. Also, they transplanted 49
and 78 percent of common variety and basmati,
respectively using mechanical transplanter.
About two per cent and six per cent area of
common paddy and basmati was sown using
direct sowing method. The area of 49 and 16
percent of both these varieties were get
manually transplanted by the MT adopter
farmers. This indicates that higher adoption
for MT than direct sowing technique.
Awareness about DSR and MT technologies
Awareness about new technologies and
their source of information was reported in
Table 4. About 67 percent of small and 80
percent of other categories of non-adopter
farmers were having knowledge about DSR/
MT technologies. Among the DSR adopter
farmers the source of information was PAU
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Table 4: Aware ne s s about te chnology
among sample farmers
Particular
Awareness
Source of information
PAU
Agricultural department
Local farmers
Pepsi official

Adopter
DSR
MT
15
15
(100.00) (100.00)

Non-adopter
Small Other
10
12
(66.67) (80.00)

7
(46.67)
3
(20.00)
4
(26.67)
1
(6.67)

1
2
(10.00) (16.67)
10
(83.33)
9
(90.00)
-

5
(33.33)
8
(53.33)
1
(6.67)
1
(6.67)

Figures in parentheses are percentage to total sample households in that
category

(46.67 percent), about 27 percent farmers had
information from local farmers. In the case of
MT the source of information was Agriculture
Department (53.33 percent) followed by PAU
(33.33 percent). Local farmers were the
important source of information for small nonadopter farmers. Agriculture Department and
PAU were the source of information for large
non-adopter farmers. It is indicated that the
PAU and Agriculture Department were playing

significant role in diffusion of new technology.
Economics of paddy cultivation
The analysis of the cost structure, yield
and returns in paddy cultivation using
different technologies shows the impact of
technology on different items of costs and
yield. The DSR and MT adopter farmers had
also used conventional method of manual
transplanting of paddy area. Thus, the
economics of common paddy and basmati
cultivation has been worked out for the adopter
farmers for the area on which the technology
was used and for the area where technology
was not used on per ha basis (Table 5 and 6).
The area sown by MT adopter farmers using
DSR method was not included in the analysis.
It is important to mention that only paid out
costs were taken into consideration while
working out the costs of paddy cultivation.
The investment costs on machinery in the case
of DSR and MT were not considered. The
perusal of Table 5 shows that the per ha
variable costs of common paddy which
included the cost of seed/nursery, human

Table 5: Cost of cultivation of common paddy sample households using different paddy
transplanting techniques
(`ha-1)
Particulars

DSR
MT
With DSR Without drill
With planter Without planter
Seed/ nursery
499
385
311
368
(3.21)
(2.66)
(2.85)
(2.52)
Human labour
2957
5120
879
4905
(19.03)
(35.34)
(8.06)
(33.60)
Machine use
4229
3399
3416
2794
(27.22)
(23.46)
(31.31)
(19.14)
FYM/fertilizers
4271
2729
2969
3446
(27.49)
(18.84)
(27.21)
(23.60)
Irrigation
457 [18]
682 [23]
776 [21]
842 [22]
(2.94)
(4.70)
(7.11)
(5.78)
Plant protection
3124
2174
2559
2243
(20.11)
(15.00)
(23.46)
(15.36)
Total variable expenditure
15537
14489
10910
14598
(100.00)
(100.00)
(100.00)
(100.00)
Yield Kg/ha
6481
6760
7259
7109
Production cost/qtl
239.73
214.33
150.3
205.34
Gross returns price
70640
73248
78395
76916
Gross margins
55103
58759
67485
62318
Note: Gross returns includes value of main product and by-product.
Figures in parentheses indicate percentages
Figures in [] parentheses are number of irrigations
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CM
Small
Others
390
346
(2.62)
(2.24)
4779
4167
(32.06)
(27.02)
4572
4268
(30.68)
(27.67)
3325
2907
(22.31)
(18.85)
69 [27] 1675 [31]
(0.46)
(10.86)
1769
2060
(11.87)
(13.36)
14904
15423
(100.00) (100.00)
7326
6958
203.44
221.66
79122
75150
64218
59727

Table 6: Cost of cultivation of bas mati sample house holds us ing diffe re nt paddy
transplanting techniques
(`ha-1)
Particulars

DSR
MT
With DSR Without drill
With planter Without planter
Seed/ nursery
751
835
736
602
(5.12)
(6.78)
(5.58)
(4.52)
Human labour
3255
4896
5414
5649
(22.21)
(39.66)
(41.07)
(42.39)
Machine use
4263
2606
2369
2556
(29.08)
(21.15)
(17.97)
(19.18)
FYM/fertilizers
3209
1736
2312
1554
(21.89)
(14.19)
(17.54)
(11.66)
Irrigation
257 [14]
583 [22]
430 [21]
566 [22]
(1.75)
(4.73)
(3.26)
(4.25)
Plant protection
2925
1675
1922
2398
(19.95)
(13.59)
(14.58)
(18.00)
Total variable expenditure
14660
1232
13183
13325
(100.00)
(100.00)
(100.00)
(100.00)
Yield Kg/ha
2962
4115
4713
3777
Production cost/qtl
494.93
299.42
279.72
352.79
Gross returns price
57860
87739
98286
79072
Gross margins
43200
75418
85103
65747
Note: Gross returns includes value of main product and by-product.
Figures in parentheses indicate percentages
Figures in [] parentheses are number of irrigations

labour, machine labour, fertilizers, irrigation and
plant protection was the highest in the case of
directly seeded rice at `15537 whereas it was
lowest for the mechanical transplanted rice at
`10910 per ha. Among the conventional
method of paddy transplantation the cost was
the highest in case of large farmers using
manual transplanting methods at `15423.
Among different items of costs in case of direct
seeded rice the major cost items were fertilizer
cost, machine cost and plant protection costs;
irrigation formed only 2.94 percent of the
variable costs. Human labour cost was the
lowest in case of mechanical transplanting at
`879 per ha whereas labour costs varied
between `2957 to 5120 in other cases. The yield
was the highest in case of mechanical
transplanted paddy at 7259 kg per ha and the
lowest in case of directly seeded rice at 6481
kg per ha. The no. of irrigation applied to paddy
were minimum for DSR at 18 for MT 21 and for
CM varied between 22 to31. Among the sample
DSR farmers the quality of grains was not at

CM
Small
790
(5.54)
7519
(52.69)
1670
(11.70)
2552
(17.88)
- [20]
1739
(12.19)
14270
(100.00)
3705
385.15
81784
67514

Others
642
(3.67)
10023
(57.34)
1593
(9.12)
2794
(15.98)
325 [20]
(1.29)
2203
(12.60)
17481
(100.00)
4187
417.51
91531
74050

par with the other method. The production cost
per quintal was estimated to be minimum for
mechanical transplanted common paddy at
`150.30 and the highest for direct seeded rice
at `239.33 and varied between 203.44 to 221.66
between manually planted common paddy. For
manually transplanted paddy the production
cost was lower for the DSR and MT adopter
farmers than non-adopter farmers.
Cost structure and returns of the different
categories of farm households for basmati crop
has been given in Table 5b. The variable cost
per ha was the highest for the other farm size
category at `17481 followed by direct seeded
rice at `14660. In the case of DSR adopter
farmers, per ha cost of manually transplanted
rice was lower than the direct seeded rice.
Among different items, the cost was higher
for machine labour, fertilizers and plant
protection chemical whereas less for human
labour and irrigation compared to the other
farms. No. of irrigations applied were minimum
for DSR at 14, for MT 21 and varied between
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20 to 22 for manual transplantation.
The cost of basmati cultivation on MT
adopter farms was littler lower for mechanically
transplanted basmati at `13183 than the
manually transplanted basmati at `13325 but
it was lower than their counterparts i.e. nonadopter farm households. Among different
items of cost the irrigation, plant protection
chemicals and fertilizer costs were less as
compared to manually transplanted nursery on
the MT adopter and non-adopter farms.
The yield of basmati was the highest for
mechanical transplanted basmati at 4713 kg per
ha and lowest for the direct seeded rice at 2962
kg per ha. The yield of manually transplanted
basmati varied between 3705 kg per ha to 4115
kg per ha among adopters and non-adopters.
The per quintal cost of production was
estimated to be lowest for the mechanical
transplanted basmati at `279.72 and the
highest for the direct seeded basmati at `494.93
per quintal. The average cost of production
for manually transplanted basmati varied
between `299.42 to `417.51 for adopters and
non-adopters of new technologies. Cost of
production was lower for adopters and higher
for non-adopters even for the manually
transplanted crop.
Adoption behavior of farmers for DSR and
MT
A multinominal logit model was used to
identify the probability of dependence of
adoption of new paddy transplanting
technologies on various socio-economic
parameters of the selected farmers. The
parameters included were age, education,
number of earners in a family, annual family
income, farm size and extension contacts. The
MLE estimates are presented in Table 7. It has
been revealed from the table that age, farm
income and extension contacts were the
positive and significant factors influencing the
adoption of these technologies. The extension
contacts influenced the adoption decision on
a high degree. The effect of education and
number of earners was negative though nonsignificant indicating more the number of

Table 7: Parame te r e stimate s for logit
model
Variables
Intercept
Age
Education
No. of earners
Farm size
Farm income
Extension contact
Log likelihood
Chi square

MLE co-efficient
-7.0867
(2.78)
0.0931**
(0.05)
-0.1626
(0.33)
-0.2432
(0.44)
0.1554
(0.11)
0.000023***
(0.00)
3.2743***
(1.11)
88.473
49.7118

Exp B

1.098
0.85
0.784
1.168
1
26.426

**

and * indicate significance at 1 and 5 percent probability
levels, respectively.

earners and year of education less would be
the probability of adoption of new
technologies.
Farm size has positive coefficient but nonsignificant indicating the tendency of adoption
of technology by large farmers. The nonsignificant coefficient of farm size might be due
to less variability in the farm size of selected
sample households, which was skewed toward
large farm size households. From the socioeconomic characteristics (Table 1) it was clear
that the large farmers were the only adopter of
new technology for comparison purpose small
and other category of farmers were selected in
equal proportion. The adoption of DSR and
MT technologies was only at initial stages,
the farmers who were contacted by the PAU
on Department of Agriculture, Punjab for the
adoption of technologies had purchased new
machines. These farmers were mainly large
farmers and had higher income and were willing
to invest for the purchase of selective
machinery. That is why the extension contacts
found to be influencing the adoption of
technology with highest probability followed
by farm income and age factors.
The adopter farmers were more risk taker
and progressive than the non-adopter farmers,
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this observation is supported by the fact, that
the farms of adopter farmers were more
diversified in cropping pattern than their nonadopter counterparts. The information
regarding burning of paddy straw in the fields,
another important issue of paddy cultivation,
was ascertained from the sample farmers and
presented in Appendix-I. About 61and 63
percent of DSR and MT adopter farmers
ploughed the common paddy straw in fields
and less than 40 percent burn it in the fields,
whereas 81 percent of the large and 50 percent
of small non-adopter farmers burnt paddy
straw in their fields. In the case of basmati none
of the farmer burnt the basmati straw, either it
was used as animal feed or ploughed in the
field.
Reasons for adoption of technologies
Farmers’ opinion regarding adoption of
DSR/MT was ascertained and analyzed using
Garrett ranking technique. The results are
presented in Table 8.The reasons for adopting
direct sowing rice were: save time, save water,
less costly and solve labour problem in order
of their importance. As per the information
given by DSR technology adopter farmers they
gave lowest importance to labour scarcity and
highest to save time followed by save water.
The reasons for adopting mechanical
Table 8: Reasons for adoption and nonadoption of DSR/MT technology
Particulars
Mean score Rank
Reasons for adoption of DSR
Save time
45.89
I
Save water
41.06
II
Less costly
36.50
III
Solve labour problem
17.56
IV
Reasons for adoption of MT
Solve labour problem
87.50
I
Save time
66.84
II
Save water
56.16
III
High yield
53.53
IV
Reasons for non-adoption DSR/MT
More weeds in case of DSR
70.82
I
Lack of awareness
51.65
II
High cost of trans planter
51.45
III
Adequate labour availability
48.80
IV
Lack of technical knowledge for
27.13
V
nursery raising

transplanter were almost similar to that of DSR
except less cost was in DSR and more yield in
MT. But ranking of these reasons were entirely
different. The respondents ranked ‘solve
labour problem’ as first out of the four reasons
identified by them that scored 87.50 point, save
time and save water was given the second and
third rank scoring 66.84 and 56.16 points,
respectively. Higher yield was the reason for
adoption was given fourth rank scoring 53.13
points.
The non-adopter respondents were also
asked the reasons of non-adoption of new
technologies. The non-adopter farmers listed
five major reasons for not adopting DSR/MT
technologies. The highest rank was assigned
to the problem of more weeds in case of DSR
having score 70.82 points. Lack of awareness
was the another problem given the second
rank, followed by high cost of transplanter,
adequate labour availability and lack of
technical knowledge of nursery raising in MT.
Problems in paddy cultivation
From the selected adopter and non-adopter
farmers the information was also sought
regarding the problems faced in paddy
cultivation. These problems were identified
and analysed using Garret ranking technique
for common paddy and basmati separately. In
case of common paddy the problems of labour
shortage and high wages were given the I and
II rank, respectively with the mean score of
Table 9: Proble ms face d by farme rs in
paddy cultivation
Particulars
Common paddy
Labour shortage
High labour wages
Erratic power supply
Declining water table
Costly inputs
Basmati
High price variability
Only private procurement
Declining water table
High labour wages
Erratic power supply
Labour shortage
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Mean score

Rank

60.08
55.58
53.13
47.81
32.90

I
II
III
IV
V

89.88
68.24
65.20
62.61
61.13
60.11

I
II
III
IV
V
VI

60.08 and 55.58 (Table 9). Declining water
table, erratic power supply were the other
problems identified by the respondents. Costly
inputs was assigned the lowest rank.
In case of basmati cultivation the volatility
in prices was the major problem faced by the
farmers and Ranked I scoring 89.88 value. The
rocurement of basmati was through the private
agencies and no public procurement is there
which was the main problem reported by the
farmer assigned second rank. Declining water
table, high labour wages, erratic power supply
and labour shortages were the other problems
identified by farmer and ranked in order.
CONCLUSIONS
From the above discussion it is concluded
that the adoption of direct seeded rice and
mechanical transplanting of paddy
technologies were more by large farmers
having, higher off farm income and extension
contacts with the officials of PAU and State
Agriculture Department than their non-adopter
counterparts. In the case of DSR adopter
farmers the yield was lower and variable costs
was higher due to higher expenditure on
weedicides and fertilizers in both common
paddy and basmati, thus yielding lower gross
margins. In case of MT adopter farmers the
yield was higher and cost was lower resulting
into high gross margins for both basmati and
common paddy. The reasons of adoption of
these technologies were save time and save
water ranked first and second in DSR and solve

labour problem ranked first in MT technology.
Reasons for non-adoption were more weeds
in the case of DSR and costly machines and
lack of awareness in MT. Farmers were willing
to adopt mechanical transplanters, provided
the machinery was available with cooperative
societies or on rent that too on timely. More
technical knowledge is required for the
adoption of DSR technology. Among the
problems faced in paddy cultivation labour
problem and high wages scored first and
second rank in common paddy and volatility
of price and only private procurement in
basmati cultivation.
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BIOGAS TECHNOLOGY INFUSION IN RURAL
PUNJAB
Rohit Sharma* and Iqbal Singh#
ABSTRACT
The study revealed that all the plants constructed were of fixed dome type
Deenbandhu model biogas plants and were being used at domestic level.
The land holdings of the farmers who installed the biogas plants vary from
02 to 60 acres. Of the 50 plants working in different villages, 94 percent
plants were functioning satisfactorily and only 6 percent plants were
working partially with intermittent gas supply. Out of these plants, 38 (76
percent) were of 6 m3 capacity and 12 (24 percent) were of 4 m3 capacity.
30 plants (60 percent) were being used only for cooking purposes at
household level whereas 20 (40 percent) were being used both for cooking
and heating purposes. 48 plants (about 98 percent) were installed between
2007 to 2012 by the trained masons that helped them in getting the required
subsidy from the government. The plants were being operated for 2 to 8
hours daily that helped in saving LPG consumption and all the farmers
were very satisfied with the use of biogas at domestic level that not only
resulted in socio-economic development but saves their time in getting
LPG cylinders from city.
Key words: Biogas, economics, fossil fuel, GIS
JEL Classification: Q16, Q42

INTRODUCTION
Energy plays key role for the socioeconomic development of any nation.
Industrialization, urbanization and mechanized
agricultural techniques have generated a high
demand of energy in all forms that is, thermal,
mechanical and electrical. To meet this
enhancing demand, fossil fuels such as coal,
oil and natural gas have been exploited in an
unsustainable manner. This exploitation has
been posing serious environmental problems
*

Assistant Processing Engineer, Dept of Processing
and Food Engineering and #Assistant Research
Engineer, School of Energy Studies for Agriculture,
Punjab Agricultural University, Ludhiana-141004
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such as global warming and climate change.
While we have shortage of energy and are
dependent on imports in case of petroleum,
we are boon with plenty of natural sources of
energy such as solar, wind, biomass and hydropower. These sources are environmentally
benign and non-depleting in nature and are
available in most parts of the country
throughout the year. Moreover, enhanced
energy security and climate change mitigation
are the main drivers for the transformation of
the energy system from fossil to renewable
sources. Biomass has to play a key role in this
transformation to a low carbon economy.
Biomass resources such as cattle dung,
agriculture wastes and other organic wastes
have been the main energy sources for mankind
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since the dawn of civilization. Among biomass
sources, anaerobic digestion of agro residues
to produce clean fuel (biogas) and nutrient rich
manure is an excellent technology for
improving health and prosperity of rural
people, particularly in developing countries
and has large potential to reduce our
dependence on fossil fuels as well. One of the
simplest applications of biogas is the direct
use for cooking and lighting, but in many
countries biogas is used nowadays for
combined heat and power generation, used as
vehicle fuel or in fuel cells. One of the main
advantages of biogas production is the ability
to transform waste material into a valuable
resource, by using it as substrate for anaerobic
digestion and therefore, can contribute to
reducing the volume of waste and of cost of
waste disposal. The present study was carried
out in 2011-12 to know the working status of
the installed 50 biogas plants randomly
selected in 38 villages of district Fatehgarh
Sahib of Punjab with the objective of knowing
the exact location of the plants along with the
use as well as any problem faced by the farmers
during the current usage and to prepare a
digitized GIS map for the biogas installations
for their effective display at the locations.
REVIEWOF LITERATURE
Community size fixed dome cattle dung
feed biogas plant of 25 m3 capacity, based on
solid-state fermentation can be used for
operating a spark plug assisted CI engine
genset to generate electricity, and also for
thermal application (Hakimuddin et al., 2010).
Sooch and Gautam (2013) surveyed the PAU
Kutcha-Pucca model biogas plants and
observed that the plant owners were very much
satisfied with the performance of the PAU
model biogas plants. The plants which were
found non-functional were only due to damage
of steel gas holder/structural damage of
masonry dome but not due to the damage of
the digester (Kucha pit) of the biogas plant.
Bensah and Brew-Hammond (2010)
recommended the promotion of biogas plants
among livestock farmers or those interested in

improving their yields will encourage the
utilization of digested slurry in agriculture and
reduce the dependence on imported inorganic
fertilizers. Kumar et al. (2014) conducted a field
study by visiting 117 Biogas plants covering
11 district of Chhattisgarh plains. Floating drum
biogas plants were found to be popular in the
surveyed areas. The installation rate is found
to be less than 100 units in 08 blocks out of the
eleven blocks surveyed.
MATERIAL AND METHODS
A survey of 50 biogas plants was
conducted in order to ascertain the state of
biogas technology in District Fatehgarh Sahib,
Punjab. Field visits to biogas installations were
conducted in the year 2011-12. The sample size
(50 plants) was determined randomly by
selecting different villages as well as farmers.
The survey was conducted by asking the
questions such as motivation for biogas plant
installation, year of construction, installed
capacity of plants, land holding capacity, use
of biogas at home, satisfaction from the biogas
use, etc. It was also imperative to know that
what are the factors governing the adoption
of biogas technology? What is the socioeconomic impact of adoption? Which size is
more popular and why? The failure plants
belong to which size and model? Therefore in
order to determine the answers of all such
queries present analysis was carried out at
random field survey.
RESULTS AND DISCUSSION
The survey was conducted by asking the
questions from the prepared questionnaire
from fifty farmers randomly selected from
different villages in district Fatehgarh Sahib
of Punjab. The results and the findings are
discussed as under:
Motivation for using Biogas Plants
As part of the survey, biogas users were
asked to state the main motivational factor that
influenced them to adopt biogas technology.
The response was the increasing cost of LPG
cylinders due to increasing inflation and the
inconvenience faced in getting LPG cylinders
from city dealers. Secondly, they were

178

shows the increased awareness of the people
about the benefits of using biogas for
household activities as compared to 2000 to
2008 in which only 13 plants were constructed
in the surveyed villages (Figure 2).
Gas utilization and Farmer Satisfaction
The gas from the plants was used for
mainly cooking purposes by all the farmers
whereas 40 percent of the farmers also used
the gas for heating purposes during winter.
Most of the famers use LPG during winter
season only as gas production decreases
during winter. The farmers (#47) were satisfied
with the performance of biogas plants as its
Figure 2: Period of construction of surveyed plants
20
18

18

16

Number of plants

motivated by the agricultural scientists to use
the slurry as organic fertilizer for improving
the soil health of their fields.
Type, Size and Subsidy of Plants Constructed
From the survey, it was revealed that all
the plants constructed in selected villages
were of Deenbandhu model as shown in Figure
1 (Sooch and Gautam, 2013). This is because
of low cost installation of this type of biogas
plant as compared to other models and
moreover, the space above the plant can also
be utilized for other purposes. Out of 50 plants
surveyed, 38 plants (76 percent) were of 6 m3
size and remaining 12 plants (24 percent) were
of 4 m3 size. The selection of large capacity
domestic plant is due to the availability of cow
dung required per day for smooth functioning
of the plant as 40 percent (#20) of the farmers
owned 6 to 10 animals. All the plants
constructed were made by trained masons who
helped them in getting the applicable subsidy
from the government department. It was also
found that there was no relation in installation
of biogas plant with the land holding capacity
of the farmers as it varies from 02 to 60 acres.
Year of construction
It was found that 37 plants (74 percent)
were constructed between 2009 to 2012 that

14
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8
6
4
2
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Figure 1: Deenbandhu Biogas Plant
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utilization decreased their LPG cost as well as
headache of standing in queue for getting LPG
cylinders. Only 03 farmers were partially
satisfied as their biogas plants provided
intermittent gas supply for last one year. This
might be due to some leakage in biogas plants
or gas delivery pipe needs to be checked.
Duration of biogas used was found to be 02 to
08 hours daily.
GIS Digitization
The biogas plants surveyed were digitized
with the help of GIS software as shown in
Figure 3 so as to display better about the
installations, to know the exact location of the
plants for future use and to show other
agencies about the work done in dissemination
of biogas technology in district Fatehgarh
Sahib.
Role of Biogas in Sustainable Agriculture
Renewable sources could provide the
much desired sustainable rural revitalization

in most developing countries. Biogas
production by anaerobic digestion is one of a
number of technologies that offers the
technical possibility of decentralized
approaches to the provision of modern energy
services using resources such as; cow dung,
human waste and agricultural residues to
produce energy. The use of biogas has a
potential to improve the quality of life in the
rural areas through reduced drudgery in
women and children, reduced indoor smoke,
improved sanitation and better lighting. Biogas
plants thus can help in reducing the workload
of women and girls in collecting firewood.
Burning traditional fuel releases smoke which
contains toxic pollutants such as carbon
monoxide, hydrocarbons and particulate
matter. Some of the prevalent health problems
caused by the smoke inherent to traditional
ways of cooking and heating include: sneezing,
nausea, headache, dizziness, eye irritation and

Figure 3: Digitized map of biogas installations in Fatehgarh Sahib, Punjab
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respiratory diseases (Oguntoke et al., 2010).
Biogas improves health of the rural people by
providing a cleaner cooking fuel thus avoiding
these health problems.
Potential environmental benefits include
reduction of local pollutants, reduced
deforestation due to logging for fuel, and
increased sequestration of carbon in soils
amended with the digested organic waste.
Ecosystem services that are potentially
delivered through implementation of biogas
digesters include carbon sequestration,
improved water quality and increased food
production. Carbon can be directly
sequestered in the soil through application of
soil organic matter originating from the
digested material through biogas manure that
supplies essential nutrients, enhances water
holding capacity and soil aeration, accelerates
root growth and inhibit weed seed germination.
Therefore, it can be remarked that as demand
for food increase and climate change and
ecosystem degradation impose new
constraints, biogas has an important role to
play in preserving natural resources such as
land, soil and water, reducing greenhouse gas
emissions, halting biodiversity loss for
sustainability of agriculture in India.
CONCLUSIONS
A field study was carried out in year 201112 with a questionnaire and by visiting 50
Biogas plants randomly selected in 38 villages
of district Fatehgarh Sahib of Punjab. Of the
50 plants surveyed, all the plants were found
of Deenbandhu Model with 38 plants of 6 m3
capacity. The plants were constructed by
trained masons and were being used mostly
for cooking purposes at domestic level. The
results revealed that 74 percent were

constructed between 2009 to 2012 due to
increase in awareness of farmers. The farmers
were satisfied with the performance of the
plants that helped in increasing their socioeconomic status. It has been concluded that
biogas has high ecological and economic
potential and the use of biogas manure should
be promoted with respect to the cropping
systems of the farmers who use biogas plants.
This can help the integration of the technology
with the vital aspects of the farmers’ life.
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ECONOMICS OF CROP PRODUCTION UNDER
ASSURED AND PROTECTIVE IRRIGATION SYSTEM
OF CHHATTISGARH
Vijay K. Choudhary, Youvraj Singh Rajput and Ajay K. Koshta*
ABSTRACT
The average cropping intensity is 210 and 165 percent in assured and
protective irrigated farm respectively in the study area. The output input
ratio was observed as 1:2.50 and 1:2.10 in assured and protective irrigated
farm respectively. The average per family employment pattern was 1074.90
man-days in assured and 1219.94 man-days in protective irrigated farm
household in the study area. The major problems reported included lack of
awareness about high growth of digging the tub wells, lack of nonavailability of water harvesting structure, recycling and proper management
in field of the study area. Adequate water availability has brought about
changes in the cropping pattern levels and pattern of input utilization,
yield and returns of number of crops. Promotion of assured irrigation in
state will result in enhancing water, fertilizer and recourse use efficiencies,
ultimately helping in achieving sustainability in agriculture.
Keywords: Protective and assured irrigation, cropping intensity
JEL Classification: O22, Q12, Q16, Q55

INTRODUCTION
Irrigation is one of the critical factors in
the growth of agricultural production in many
developing countries like India. In, agriculture
it is a direct source of livelihood for hundred
millions of the rural poor. Agricultural
production in the world will have to expand to
keep pace with population growth. With a view
to increase agricultural production and also to
ensure balanced regional development,
independent India like many developing
countries, has initiated construction of major
irrigation systems, apart from using
traditionally established systems like tanks,
wells and diversion weirs. Rural development
*
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and prosperity through irrigation has been a
dominant theme in Indian planning since the
beginning of the era of five year plans. Since
today water is limited so we must utilize it
properly and maximum benefit can take as
possible. Assured irrigation facility provide the
irrigation throughout all crop season such as
kharif, rabi, and summer, Well and Tube well
play a major role in irrigation. as the account
about 48 percent of the total irrigation and
remaining area are under the life saving or
protective source that is tank and canal majorly
irrigation tank contribute eight percent and
canal having 39 percent of total irrigation of
India. With the rapidly growing population and
expanding agriculture, water resources for
agricultural purposes are becoming scare in
most parts of India. Therefore, the importance
of groundwater development is increasing
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rapidly on account of inherent weaknesses
(maintenance and operational inefficiencies)
in the canal (surface water) irrigation system
(Kumar et al., 2003).The Average rainfall in
Chhattisgarh is around 1400 mm and the entire
state falls under Rice-agro-climatic zone. 80
percent population of the state is rural and the
main livelihood of the villagers is agriculture
and agriculture based small industry. Most of
the state is the paddy dominated mono
cropped state where more than 80 percent area
is allocated under paddy during kharif season
with only 25-27 percent irrigation on an
average. The state consists 58 lakh hectares
of gross cropped area having three well known
agro-climatic zones that is, Northern Hills,
Chhattisgarh plains and Baster plateau. in
Chhattisgarh state. Maximum assured irrigated
area is under the Chhattisgarh plain zone (33.72
percent) that is, tube well and well. Rice is
occupying an area of 3.8 million hectare out of
total kharif cereals of 4.3 million hectares
having 121 percent cropping intensity. The
agricultural land is continuously shrinking in
Chhattisgarh due to ever increasing population
and growing urbanization at one side and the
agricultural land is decreasing sharply due to
the lack of irrigation facilities. However there
are some areas in the state where percentage
of irrigated area is very low and underground
water resources has fully exploited in the nonagricultural field. This is particular true
especially for Abhanpur block in Raipur
district. In this district irrigated area is 127740
ha of total cropped area in some areas are
irrigated by assured source of irrigation that
is, tube well (23842 ha) and well (673 ha) and
remaining area are irrigated by protective
source of irrigation.In Abhanpur block the
total cropped area is 32585 ha in which 20.85
percent area are irrigated by assured source
and remaining 79.15 percent area irrigated by
protective sources of irrigation. Negligible area
is irrigated by assured sources of irrigation as
there are only 2484 tube wells and 44 numbers
of wells in the block .Present research work is
done on irrigation where compare to the

economy of crop production,this attempt has
been made in this study to work out the
comparative economics of assured and
protective irrigation on crop production at
Abhanpur block of Raipur district of
Chhattisgarh with the following specific
objectives:
i. to examine the cropping pattern and
cropping intensity under assured and
protective irrigation,
ii. to determine income and employment under
assured and protective irrigation, and
iii. to identify the constraint and suggest
suitable measure for crop production
under assured and protective irrigation
system.
METHODOLOGY
The detailed methodological framework
and background of study area is presented in
this research paper chapter. Chhattisgarh state
consist three well known zones that is,
Northern hills, Chhattisgarh Plain and Bastar
Plateau. Out of these, one zone namely
Chhattisgarh Plain is taken into consideration
for the present study. The share of
Chhattisgarh plain has maximum assured
irrigation: Chhattisgarh Plain has 17 districts,
out of which Raipur district was selected
purposively for study. Raipur district has four
block that is, Abhanpur, Dharsiva, Arang, and
Tilda. Out of these block, Abhanpur block is
selected purposively. This block was identified
under conjunctive water use planning of
distributaries command that is ongoing
project plan in the department of soil water
conservation engineering, College of
Agricultural engineering, Indira Gandhi
Agriculture University Raipur and this block
registered nearly 88 percent of irrigated area
to the total cropped area. Since the main
objectives of the study is to assess the
temporal impact of different sources of
irrigation on cropping pattern and crop
production. Abhanpur block having 121
villages out of them 21 village having assured
irrigation source i.e. tube well under the
conjunctive water use plan. Out of them 2
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village being selected on the basis of maximum
area under assured irrigation namely Murra and
Dhusera. To estimate the impact of assured
irrigated area over lifesaving irrigation source
two village were selected from lifesaving
irrigation source namely Parsati and Khilora.
Thus, two village under assured irrigation and
two village under lifesaving irrigation selected
to estimate the impact of assured irrigation on
cropping pattern, income and employment of
the farmer. Since there are large number of
crop producers, 20 farmers from each of the
selected village were considered to collect the
required information on cost of cultivation
and other necessary aspects of crop
production . In all, 80 respondents are taken in
to consideration for the present study. These
farmers are classified in to four different
categories based on their land holding that is,
marginal (up to 1.00 ha), small (up to 1.01 to 2
ha) medium (2.01 to 4 ha) and large (above 4
ha). The primary data was collected through
well prepared schedule and questionnaire to
full fill the requirement of different objectives
of the study. The primary data includes crop
technology like variety of seed, method of
sowing, transplanting, source of irrigation,
plant protection material, production and

productivity, cropping pattern, crop income
like on-farm income, off-farm income and
human employment. The data also includes
the problems faced by farmers during
cultivation practices under rain fed condition.
The secondary data was collected from
Directorate of Agriculture and Annual
Agricultural Statistics, Chhattisgarh, Deputy
Director of Agriculture Raipur, District
Statistical book of Chhattisgarh. The data on
irrigated area of different source of irrigation
was also collected from these sources.
RESULTS AND DISCUSSION
The general characteristics of the sample
households are presented in Table 1. It is clear
from the table that the assured and protective
irrigated household of Abhanpur block of
Raipur district, other backward caste consist
25.00 and 53.00 percent of the total households
while the percentage of schedule tribe,
schedule caste, and general is 15.00 and 10.00,
27.00 and 12.00, 33.00 and 25.00, respectively.
Land use pattern of sampled farmer is given in
the Table 1. It is evident from Table that the
per farm total cultivated area is observed to be
1.25, 0.99, 1.78, 1.82 , 3.42, 3.27, and 5.81, 3.05
ha, at marginal, small, medium and large farms,
respectively along with 3.45 and 3.05 ha overall

Table 1: Size of holding at sampled farms
(hafarm-1)
Particulars

Assured irrigated
Marginal Small Medium Large
Total owned area
0.92
1.52
3.27
5.66
(73.60) (85.39) (95.61) (97.42)
Leased-in land
0.33
0.26
0.28
0.2
(26.40) (14.61) (8.19)
(3.44)
Leased-out land
0.13
0.05
(3.80
(0.86)
Total cultivated area
1.25
1.78
3.42
5.81
(100)
(100)
(100)
(100)
Irrigated area
1.25
1.78
3.42
5.81
(100)
(100)
(100)
(100)
Area under kharif
1.25
1.78
3.42
5.81
(42.81) (43.95) (48.44) (48.76)
Area under rabi
1.19
1.63
2.54
4.03
(40.75) (40.25) (35.98) (33.82)
Area under summer
0.48
0.64
1.10
2.07
(16.44) (15.80) (15.58) (17.42)

Average
3.24
(93.78)
0.25
(7.42)
0.04
(1.19)
3.45
(100)
3.45
(100)
3.45
(47.57)
2.59
(35.62)
1.22
(16.81)

Figure in parentheses indicates the percentage to the cultivated area
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Protective irrigated
Marginal Small Medium Large
0.99
1.62
3.06
5.21
(100.00) (89.01) (93.58) (95.60)
0.23
0.25
0.31
(12.64) (7.65) (5.69)
0.03
0.04
0.07
(1.64) (1.22) (1.2)
0.99
1.82
3.27
5.45
(100)
(100) (100) (100)
0.69
1.1
2.99
3.32
(69.70) (60.44) (91.44) (60.92)
0.99
1.82
3.27
5.45
(50.25) (54.01) (62.05) 64.19)
0.98
1.55
2
3.04
(49.75) (45.99) (37.95) (35.81
-

Average
2.90
(92.78)
0.19
(6.22)
0.03
(0.98)
3.05
(100)
2.03
(66.56)
3.05
(60.85)
1.96
(39.15)
-

averages in assured and protective irrigated
household respectively. It is clear from the
table that leased in and leased out land is
revealing in both of the situation in the district
but area under leased in land is quite more
than across the categories of assured irrigated.
More enough availability of this farm may be
an important reason behind in these
phenomena. Availability of irrigation water in
seasonal wise is varies across the category, in
this situation area irrigated under kharif, rabi
and summer is observed to be about 47.00,
35.00, and 16.00 in the farm of assured irrigated
household while the same figures is observed
only for kharif season (40.56 per cent) and rabi
season (20 percent) at the farm of protective
irrigated households in the study area.
Cropping Pattern
Distribution of cropped area under kharif,
rabi and summer on the sample farmer of the
study area is presented in the Table 2. The
total cropped area was observed at marginal,
small, medium, and large farms as 2.92, 4.05,
7.06 and 11.91 ha respectively in assured

irrigated sample farm households while the
protective irrigated farm found 1.97, 3.37, 5.27,
and 8.49 ha, respectively in protective irrigated
sample households in the study area of Raipur
district. The same pattern during rabi season
were observed 40.75, 40.25, 35.98, and 33.82
per cent respectively in the sample household
of assured irrigated area and 49.75, 45.99, 37.95,
and 35.38 percent protective irrigated farm
respectively in the sample household of
protective irrigated area of marginal small
medium and large category of farmer in study
area. Summer crop is cultivated by only in
assured irrigated farms. During the summer
season only the farmer under the assured
irrigated area which has been same crops
grown on the availability of water for summer
crops which is only 16 per cent of the area of
the total cropped area by all the categories..
Cropping intensity of the sampled farms in the
all farm size group of assured irrigate farms is
more than 200 per cent whereas on average
cropping intensity is 164 per cent in protective
irrigated area.

Table 2: Cropping pattern at sampled households
(hafarm-1)
Particulars
Kharif
Paddy
Urd
Sub-Total
Rabi
Wheat
Gram
Lathyrus
Lentil
Mustard
Sub-Total

Assured irrigated
Marginal Small Medium Large Average
0.96
1.28
2.2
4.15
0.29
0.5
1.223
1.66
1.25
1.78
3.42
5.81
(42.81) (43.95) (48.44) (48.76)

Protective irrigated
Marginal Small Medium Large Average

2.44
1.01
3.45
(47.5)

0.99
1.23
2.07
4.07
2.27
0.59
1.2
1.38
0.78
0.99
1.82
3.27
5.45
3.05
(50.25) (54.01) (62.05) (64.19) (60.85)

0.56
0.63
0.67
0.58
0.66
0.95
1.66
1.03
0.06
0.1
0.2
0.10
0.21
0.23
0.29
0.34
0.27
0.12
0.18
0.67
1.36
0.69
1.19
1.63
2.54
4.03
2.59
(40.75) (40.25) (35.98) (33.82) (35.62)

0.32
0.47
0.5
0.59
0.47
0.39
0.63
0.84
1.3
0.82
0.04
0.09
0.14
0.21
0.12
0.2
0.24
0.29
0.31
0.26
0.07
0.21
0.37
0.84
0.41
0.98
1.55
2.00
3.04
1.96
(49.75) (45.99) (37.95) (35.81) (39.15)

0.44
0.42

Summer
Paddy
Sub-Total

0.48
0.64
1.1
2.07
1.22
0.48
0.64
1.1
2.07
1.22
(16.44) (15.80) (15.58) (17.42) (16.81)
Total cropped area
2.92
4.05
7.06
11.91
7.27
(100)
(100)
(100)
(100)
(100)
Net cultivated area
1.25
1.78
3.42
5.81
3.459
Cropping intensity(%) 233.60 227.53 206.43 205.08 210.23
Figure in the parentheses indicates the percentage to the total cropped area
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1.97
(100)
0.99
198.99

-

-

-

-

3.37
5.27
8.49
5.02
(100) (100) (100) (100)
1.82
3.27
5.45 3.059
185.16 161.16 155.78 164.33

Cost of Cultivation of Kharif Crops
Economics of different crops are presented
in the study area has covered large number of
cultivated area, paddy is main crop in kharif
seasion, whreas wheat gram, musturd, lentil
and lathyrus are grown in rabi seasion. Summer
seasion are fallow under protective irrigated
farm in raipur district. Major cost of economis
is given bellow. Under the kharif season, paddy
and urd are the most important crop observed
in the study area, operation wise cost of
cultivation are given bellow in which labour
cost, machine cost and material cost has
included in different variables cost.The total
cost of cultivation of paddy per hectare on
sampled farms of different size on the basis of
operation wise in sampled farms of assured
and protective irrigated households have been
presented in the Table 3.
The perusal of Table 3 shows that, the cost
of cultivation at marginal, small, medium and

large farms were calculated to `27345.37,
`30657.90, `34895.74, and `36483.69 per
hectare of paddy respectevely, in the sampled
housholds of assured irrigated farms as
compare to protective irrigated farms is about
`25584.87, `30734.94, `32886.50, and
`34520.42. In the case of average total cost of
incurred in FYM and fertilizer is 8.87 percent
per hectare of paddy, respectevely in assured
irrigated farms and 10.15 per cent of protective
irigated farms. The total cost of cultivation is
higher in all the category of the sampled farmer
in assured irrigated farms, because all the
majore operation during the crop season and
utilize of input timely so that all the farmer have
made higher investment per hectare then other
all farmer in protective irrigation.
The total cost of cultivation of urd per
hectare presented in Table 4. The results
revealed that the labour cost, machin cost and
material cost has included in different variables

Table 3: Cost of cultivation of paddy crop at different sampled farms
(`ha-1)
Particulars
Marginal
Variable cost
Ploughing
Manure/fertilizer
Sowing
Weeding
Plant protection
Irrigation
Harvesting
Threshing
Transportation
Sub-total
Fixed cost
Land revenue

Assured irrigated
Small
Medium Large

1947.3
2111
2356.10
(7.12)
(6.89)
(6.75)
3142
3312.14
2333
(11.49)
(10.80)
(6.69)
3045
3210.12 3456.23
(11.14)
(10.47)
(9.90)
2140
2210
3421
(7.83)
(7.21)
(9.80)
3512
3120
4212
(12.84)
(10.18)
(12.07)
2142
3978
3300
(7.83)
(12.98)
(9.46)
4750
5211
5507.23
(17.37)
(17.00)
(15.78)
3552
3142
4900.12
(12.99)
(10.25)
(14.04)
2243
3387
4300.12
(8.20)
(11.05)
(12.32)
26473.00 29681.26 33785.70

2942.01
(8.06)
2785
(7.63)
3958.55
(10.85)
3985
(10.92)
3548
(9.72)
3115.12
(8.54)
5731
(15.71)
4755
(13.03)
4504
(12.35)
35323.67

Protective irrigated
Small
Medium
Large

Average

Marginal

2428.60
(7.41)
2904.83
(8.87)
3496.69
(10.67)
3071.8
(9.38)
3559.8
(10.87)
3122.67
(9.53)
5354.115
(16.34
4146.79
(12.66)
3708.27
(11.32)
31793.58

2117.23 2730.10
2178
2249.34
(8.28)
(8.88)
(6.62)
(6.52)
2900
3214
2183
3688.56
(11.33)
(10.46)
6.64
10.69
2788.17
3987
4015.32 3915.65
(10.90)
(12.97)
(12.21)
(11.34)
2155.87
2145
3200.55 2796.28
(8.43)
(6.98)
(9.73)
(8.10)
3285
3013
4152.85 3400.03
(12.84)
(9.80)
(12.63)
(9.85)
1989.45
3386
3266.52
3531
(7.78)
(11.02)
(9.93)
(10.23)
4158
5232
5536
5632
(16.25)
(17.02)
(16.83)
(16.31)
3152.31 2955.20 4123.54 4105.23
(12.32)
(9.61)
(12.54)
(11.89)
2282
3166
3194.20 4185.23
(8.92)
(10.30)
(9.71)
(12.12)
24828.03 29828.10 31916.99 33503.32

12
12
12
12
12
(0.04)
(0.04)
(0.04)
(0.04)
(0.04)
Interest on working 860.37
964.64 1098.04 1148.02 953.81
capital
(3.15)
(3.15)
(3.15)
(3.15)
(2.91)
Total cost (A+B)
27345.37 30657.9 34895.74 36483.69 32759.39
(100)
(100)
(100)
(100)
(100)

12
12
(0.03)
(0.03)
744.84
894.84
(2.91)
(2.91)
25584.87 30734.94
(100)
(100)

Figure in the parentheses indicate the percentage to the total cost of cultivation
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12
((0.03)
957.51
(2.91)
32886.5
(100)

Average
2295.15
(7.44)
3131.24
10.15
3606.62
(11.70)
2534.45
(8.22)
3401.038
(11.03)
2999.863
(9.73)
5095.4
(16.52)
3592.05
(11.66)
3261.76
10.44)
29927.74

12
12
(0.03)
(0.03)
1005.10 897.83
(2.91)
(2.91)
34520.42 30837.57
(100)
(100)

Table 4: Cost of cultivation of urd crop at different sampled farms
(`ha-1)
Particulars
Marginal
Variable cost
Ploughing
Sowing
Manure/fertilizer
Plant protection
Harvesting
Threshing
Transportation
Sub-total
Fixed cost
Land revenue

1713.22
(12.93)
2926
(22.08
1720
(12.98
1323
(9.98
2116
(15.97)
1300
(9.81)
1723.75
(13.01)
12821.97

Assured irrigated
Small
Medium Large
2136.74
(15.26)
3000
(21.42)
1985.14
(14.17)
1356
(9.68)
1906
(13.61)
1347
(9.62)
1823.10
(13.02)
13553.98

2356
(15.79)
3156
(21.15)
2033
(13.62)
1409.60
(9.45)
2123.45
(14.23)
1396
(9.36)
1966.20
(13.18)
14440.25

2249.34
(13.42)
3958.55
(23.62)
2185
(13.04)
1610.10
(9.61)
2610.17
(15.58)
1403.66
(8.38)
2200.74
(13.13)
16217.56

Average

Marginal

Protective irrigated
Small
Medium
Large

2063.14
(14.08)
3291.20
(22.46)
1957.98
(13.36)
1418.00
(9.68)
2202.28
(15.03)
1331.34
(9.08)
1918.24
(13.09)
14182.21

2185
(17.10)
2788
(21.82)
1685
(13.19)
932
(7.30)
1750
(13.70)
1332
(10.43)
1720
(13.46)
12392

2298.38
2470
2249.34
(17.43)
(16.64)
(14.28)
2270
2785
3212
(17.22)
(17.90)
(20.39)
1877
1983
2170
(14.23)
(13.36)
(13.78)
1023
1443
1570
(7.76)
(9.72)
(9.97)
2020
2241.38
2342
(15.32)
(15.10)
(14.87)
1432
1510
1618.90
(10.86)
(10.18)
(10.28)
1870
2214
2117
(14.18)
(14.92)
(13.44)
12790.38 14395.43 15279.24

12
12
12
12
12
(0.09)
(0.09)
(0.09)
(0.09)
(0.09)
Interest on working 416.71
440.50
469.31 527.07 460.92
capital
(3.15)
(3.15)
(3.15)
(3.15)
(3.15)
Total cost (A+B)
13250.68 14006.48 14921.56 16756.63 14654.83
(100)
(100)
(100)
(100)
(100)

Average
2272.94
(16.00)
2832.35
(19.93)
1937.85
(13.64)
1250.15
(8.80)
2084.90
(14.67)
1479.11
(10.41)
1963.05
(13.82)
13782.72

12
12
12
12
12
(0.09)
(0.09)
(0.09)
(0.09)
(0.09)
371.76
383.71
431.86
458.38
413.48
(2.91)
(2.91)
(2.91)
(2.91)
(2.91)
12775.76 13186.09 14839.29 15749.62 14208.21
(100)
(100)
(100)
(100)
(100)

Figure in the parentheses indicate the percentage to the total cost of cultivation

cost. The higher cost incurred in sowing and
harvesting which is 22.46 percent and 15.03
percent of total cost of urd production
respectevely in assured irrigated farms and
19.93 percent and 14.67 percent in protective
irrigated farms, because these farms are higly
adopted HYV seed and harvesting is done in
contractual basis.A size wise compassion that
medium farmer have higher investment than
marginal small large category of farmer. It was
due to their high investment capacity and the
interest of receiving more remunerative price
of the own product.
Cost of Cultivation of Rabi crops
Under the rabi season wheat, gram,
mustard, lentil and lathyrus are the most
important crop observed in the study area,
operation wise cost of cultivation are
presented in Table 5. Total cost of cultivation
of gram is estimated `22359.30 and `20586.93
farm of assured and protective irrigated farm
respectively. The cost incurred on these
operations is calculated in the table. The total
cost of cultivation estimated as `25697.48 and

`22810.79 at farm of assured and protective
irrigated farm respectively. The average per
hectare cost of cultivation of lentil at marginal
small medium and large farm is `9900.00
`9164.89. in assured and protective irrigated
farm respectively. Which is 3.68 percent high
in assured irrigated farm households due to
higher input utilize for crop production as
compare to protective irrigated farm in the
study area.
The total cost of cultivation of lathyrus is
`4999.83 and `4747.82. at farm in assured and
protective irrigated respectively. Total cost of
cultivation is estimated only on utera
cultivation practice of lathyrus crop in which
total average cost of cultivation is in protective
irrigated farms of Raipur district because of
the farmer is highly utilize the excess moisture
for lathyrus cultivation in the study area.
Summer paddy
Paddy is only cultivated in assured
irrigated farm because of availability of
irrigation in these farm. The cost of cultivation
of summer paddy production is presented in
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Table 5: Cost of cultivation of rabi crop at different sampled farms
(`ha-1)
Particulars
Wheat
Variable cost
Ploughing
Sowing
Manure / fertilizer
Plant protection
Irrigation
Harvesting
Threshing
Transportation
Sub-total
Fixed cost
Land revenue

2353.37
(9.16)
4393.8
(17.10)
3623.725
(14.10)
3369
(13.11)
4198.47
(16.34)
2663.72
(10.37)
2426.82
(9.44)
2047.35
(7.97)
24876.98

Assured irrigated
Gram Mustard Lantil
1445.35
(6.26)
5245.25
(22.71)
2110.5
(9.14)
2405.8
(10.42)
4215.72
(18.25)
2559.775
(11.08)
2426.825
(10.51)
1950.075
(8.44)
22359.3

1062.98 1483.57
(10.84) (14.98)
2129.17 2920.7
(21.81) (29.50)
991.49 1150.42
(10.15) (11.62)
2301.88
840.5
(23.57)
(8.49)
-

Lathyrus

Wheat

Protective irrigated
Gram Mustard
Lantil

-

2234.85
(9.80)
3197.9
(14.02)
4143.8
(18.17)
3178.12
13.93
-

1002.69
(11.59)
1968.57
(22.69)
919.35
(10.60)
1768.54
(20.38)
-

1402.8
(15.31)
2671.56
(29.15)
1087.4
(11.86)
790.3
(18.62)
-

996.6
(11.49)
1042.03
(12.01)
713.89
(8.23)
8411.69

1127.9
(12.31)
841.25
(9.18)
978.4
(10.68)
8886.3

1321.55
(27.83)
948.4
(19.98)
841.25
(17.72)
4597.89

12
12
12
(0.05)
(0.06)
(0.14)
664.04
617.6
252.35
(2.91)
(2.91)
(2.91)
22810.79 21216.53 8676.04
(100.00) (100.00) (100.00)

12
(0.11)
266.58
(2.91)
9164.89
(100.00)

12
(0.25)
137.94
(2.91)
4747.82
(100.00)

1504.5
(29.04)
-

1099.17 1210.2
(11.26) (12.22)
1088.45 968.55
(11.45)
(9.78)
772.05 1103.67
(7.91)
(10.14)
9445.19 9577.63

1412.83
(28.26)
1003.68
(20.07)
968.55
(19.37)
4080.83

12
12
12
12
12
(0.05)
(0.06)
(0.12)
(0.14)
(0.24)
Interest on working
808.5
726.67
306.96
311.27
157
capital
(3.15)
(3.15)
(3.14)
(3.14)
(3.14)
Total cost (A+B)
25697.48 23097.98 9764.16
9900
4999.83
(100.00) (100.00) (100.00) (100.00) (100.00)

1861.75
(8.77)
4143.8
(19.53)
3197.9
(15.07)
2211.3
(10.42)
2921.2
(30.77)
3599
2232.88
(15.78)
(10.52)
2326.8 2273.45
(10.20)
(10.72)
2273.45 1777.95
(9.97)
(8.38)
1945.95 20586.93

Lathyrus
1440.3
(31.88)
-

Figure in the parentheses indicate the percentage to the total cost of cultivation

Table 6. The different necessary operations
are ploughing, manuring, fertilizer application,
sowing, intercultural operation, plant
protection, irrigation,
harvesting,
transportation and threshing. The cost
incurred on these operations is calculated in
the Table 6. The total cost estimated as
`32838.85 and `30837.55 per hectare in assured
and protective irrigated farm of Raipur district.
The manure and fertilizer is highly cost
intensive in paddy production.
Economics of Paddy
Production of paddy at different farms is
presented in Table 3. It is clear from the results
that the per hectare production of paddy at
marginal, small, medium and large farms was
estimated as 39.10, 4.09, 44.04, and 46.03
quintal, and 37.06, 40.22, 42.06 and 44.10
quintal in assured and protective irrigated farm
respectively. The average production of
assured irrigated farms is higher (4 percent)
then the production of protective irrigated

farms in the study area .The average cost of
cultivation is computed as `32838.85 and
`30837.55 in assured irrigated and protective
irrigated farms The per hectare average net
return estimated as `35874.59 and `34376.45
in assured and protective irrigated farms
respectively. The assured irrigated farmers are
getting more net return (2.13 percent) as
compared to the farmers of protective irrigated
farm. The average input output ratio is 1:2.50
and 1:2.10 in assured and protective irrigated
farms of Raipur district respectively. The
reason behind this phenomenon is the good
irrigation sources provided in assured irrigated
farms, which are essential to improve the
productivity of crop. Production of urd at
different farms is presented in Table 6.
It is clear from the figure that, the per
hectare production of urd at farms is estimated
as 8.57quintal, and 6.65 quintal in assured and
protective irrigated farm respectively. The
average production of assured irrigated farms
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is higher (12.61 percent) then the production
of protective irrigated farms in the study area.
The average cost of cultivation is computed
as `15027.87 and `14208.20 in assured irrigated
and protective irrigated farms. These figure
show that, the assured irrigated farmers spent
about 2.80 percent more than the farmers of
protective irrigated farms. The excess amount
spent by the farmers was incurred on the
application of more manure and fertilizers and
plant protection materials. The average gross
return estimated as `37592.5 and `29167 in
both of the farms which is 12.62 percent higher
than the gross return realized by the farmers
of Protective irrigated farm in the study area.
These figures shows that the higher gross
return estimated at different farmers of assured
irrigated farm more because of hectare high
production of this crop as compared to small
farmers of protective irrigated farms. The inputoutput ratio at farms of assured and protective
irrigated farmers is observed as 1:2.45 and 1:
2.01 respectively.
Economics of Rabi Crop production: Under
Assured and Protected Irrigation
Production of wheat at different farms is
presented in Table 6. It is clear from the figure
that, the per hectare production of wheat at

farms is estimated as 19.96 and 17.75 quintal
in assured and protective irrigated farm
respectively. The average production of
assured irrigated farms was higher (20.97
percent) then the production of protective
irrigated farms in the study area.
The cost of cultivation was computed as
`25697.47 and `22810.79 in assured irrigated
and protective irrigated farms. The gross return
estimated as `28896.87 and `25752.5 in both
of the farms which is 5.75 percent higher than
the gross return realized by the farmers of
protective irrigated farm in the study area.
These figures shows that the higher gross
return estimated at different farms of assured
irrigated farm more because of per hectare
high production of this crop as compared to
protective irrigated farms. The average input
output ratio is 1:1.12 and 1:1.10 in assured and
protective irrigated farms of Raipur district
respectively. Production of gram at different
farms is presented in Table .The average
production of assured irrigated farms is higher
(20.27 percent) then the production of
protective irrigated farms in the study area .
The average cost of cultivation of gram is
computed as `23097.97 and `21216.53 in
assured irrigated and protective irrigated farms.

Table 6: Comparative economics of paddy on different farm size groups of farmers in
assured and protective irrigated area
Particulars

Assured irrigated
Paddy
Urad
Wheat
Gram
Cost of cultivation (`ha-1) 32838.85 15027.87 25697.47 23097.97
Production (qha-1)
Main-product
42.95
8.57
19.96
12.10
By-product
50.97
29.96
38.95
23.82
Cost of production (`q-1)
Main-product
762.21 1878.86 1291.60 1946.81
Price (`q-1)
Main-product
1550
4300
1350
2800
By-product
42
40
50
40
Return (`ha-1)
Main-product
66572.5 36872.5 26949.37 34090
By-product
2140.95
720
1947.50 914.75
Gross return (`ha-1)
68713.45 37592.5 28896.87 35004.75
Net return (`ha-1)
35874.59 22564.62 3199.39 11906.77
Net return (`q-1)
837.69
2506.7
160.27
977.96
Input-output ratio
1:2.50
1:2.45
1:1.12
1:1.50
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Mustard
9764.16

Protective irrigated
Paddy
Urad Wheat
Gram Mustard
30837.55 14208.20 22810.79 21216.53 8676.04

4.90
14.37

40.80
47

2050.14

753.16

3000
40

1550
42

14700
559.25
15259.2
5495.08
1121.44
1.54

6.65
30.11

17.75
35.80

8.02
15.75

3.44
17.55

2261.68 1290.62 2644.76 2548.00
4300
40

1350
50

2800
40

3000
40

63240
28595 23962.50 22470
10320
1974
572
1790
630
702
65214.10 29167 25752.50 23100
11022
34376.45 14958.79 2941.70 1883.46 2345.95
845.18 2124.85 165.73 234.69 681.96
1:2.10
1:2.01 1:1.10
1:1.08
1.26

These figure show that, the assured irrigated
farmers spent about (4.24 percent) more then,
farmers of protective irrigated farms. The
excess amount spent by the farmers is incurred
on the application of more manure and
fertilizers and plant protection materials. These
indicate that the higher gross return estimated
at different farms of assured irrigated, more
because of per hectare high production of this
crop as compared to protective irrigated farms.
The average input output ratio is 1:1.50 and
1:1.08 in assured and protective irrigated farms
of Raipur district respectively. Production of
mustard at different farms is presented in Table
6. The average production of assured irrigated
farms is higher (18.07 percent) then the
production of protective irrigated farms in the
study area .The average cost of cultivation of
mustard is computed as `9764.16 and `8676.04
in assured irrigated and protective irrigated
farms. These show that, the assured irrigated
farmers spent about (5.90 percent) more then,
farmers of protective irrigated farms. The
average gross return estimated as `15259.20
and `11022 in both of the farms which is 15.86
percent higher than the gross return realized
by the farmers of protective irrigated farm of
study area. The per hectare average net return
estimated as `5495.08 and `2345.95 in assured
and protective irrigated farm respectively. The
assured irrigated farmers are getting more net
return (40.16 percent per) as compared to the
farmers of protective irrigated farm.
The average input output ratio is 1:1.54 and
1:1.26 in assured and protective irrigated farms
of Abhanpur block of Raipur district
respectively. The average production of lentil
in assured irrigated farms is higher (9.25
percent) then the production of protective
irrigated farms in the study area. The average
cost of cultivation is computed as `9900.90
and `9164.89 in assured irrigated and
protective irrigated farms. These figure show
that, the assured irrigated farmers spent about
(3.86 percent) more then, farmers of protective
irrigated farms. The excess amount spent by
the farmers is incurred on the application of

more manure and fertilizers and plant protection
materials. The average input output ratio is
1:1.45 and 1:1.31 in assured and protective
irrigated farms of Abhanpur block of Raipur
district respectively. The average input output
ratio is 1:2.76 and 1:2.26 in assured and
protective irrigated farms of Raipur district
respectively. Utera cultivation practices are
adopted for pulse production of assured and
protective irrigated farm. Whereas, the area was
adopted in protective irrigated farm under
lathyrus production.
Components of Farm Income
Components of farm income have been
presented in Table 7.The share of rabi crops in
farm income was more in assured as compare
to protective irrigated farms. The reason
behind these fact was higher cropped area in
assured irrigated farm household in the study
area . Paddy was only grown in summer crop
mainly in assured irrigated farm the share
portion of 21.06 per cent of total farm income
of assured irrigated farm in the study area.
Summer paddy was grown by the sample
households because availability of irrigation.
In the same way some of the selected
households were also using improved/HYV
seeds, fertilizers, plant protection chemicals
and improved method of sowing. This resulted
higher productivity of different crops in
assured farms as compared to protective
irrigated farm. Because of utilized,
recommended dose of inputs and agronomical
cultivation practices in the study area
Components of Off-farm and Non-farm Income
Components of off-farm and non-farm
income are presented in Table 8. The off farm
income was `3267.35 and `12284.86 in assured
and protective irrigated farm household. It is
clear from the table that the off-farm income
was (57.98 percent) higher in protective
irrigated farm household followed by assured
irrigated households. Business contribute
largest share (49 percent) to non-farm income
followed by service 22 per cent, construction
worker 12.14 per cent and remaining 16.44 per
cent shared by tailor, labour, milkman, poultry,
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Table 7: Component of farm income at different sampled farms
(`year-1)
Particulars

Assured irrigated
Small Medium Large

Protective irrigated
Marginal Small Medium Large

Average

35078.70 34992.10 35530.26 37042.31 35874.59
(41.07)
(36.67)
(28.41)
(26.88)
(31.40)
8729.31 16693.50 28918.44 31423.30 22564.63
(10.22)
(17.49)
(23.12)
(22.85)
(19.75)

33529.20 33197.06 34271.50
(69.85) (61.16) (53.68)
6974.24 10943.90 15860.70
(14.53) (20.16) (24.84)

34376.45
(53.98)
14958.79
(23.49)

1627.45
(1.90)
5963.82
(6.98)
833.59
(0.97)
3278.48
(3.83)
2858.50
(3.34)

1135.00
(2.36)
1786.36
(3.72)
159.40
(0.33)
2688.98
(5.60)
1725.00
(3.59)

1984.18
(3.65)
1206.53
(2.22)
428.30
(0.78)
3509.31
(6.46)
3006.04
(5.51)

-

-

Marginal
Kharif
Paddy
Urad
Rabi
Wheat
Gram
Mustard
Lentil
Lathyrus
Summer
Paddy
Total Farm income

2382.17 3130.07 4665.25
(2.49)
(2.50)
(3.38)
6471.01 14360.92 17588.73
(6.78)
(11.48)
(12.76)
942.11 4117.80 5133.15
(0.98)
(3.29)
(3.72)
4571.52 4757.68 4988.66
(4.79)
(3.80)
(3.62)
4321.36 10997.66 14828.26
(4.52)
(8.79)
(10.76)

Average

3199.39
(2.80)
11906.77
(10.42)
3045.08
(2.66)
4469.59
(3.91)
9100.67
(7.96)

27036.90 25030.50 23249.33 22088.70 24067.06
(31.65)
(26.23)
(18.59)
(16.03)
(21.06)
85406.77 95404.27 125062.2 137758.40 114227.80
(100)
(100)
(100)
(100)
(100)

35821.58
(43.46)
23710.38
(28.76)

2243.16 4758.28 2739.20
(3.51)
(5.77)
(4.30)
1683.36 2439.28 1883.46
(2.63)
(2.95)
(2.95)
582.61 1157.38 625.95
(0.91)
(1.40)
(0.98)
2475.28 2476.73 2746.70
(3.87)
(3.0)
(4.31)
6724.25 12053.8 6346.17
(10.53) (14.62)
(9.96)
-

-

-

47998.19 54275.33 63840.87 82417.43 63676.75
(100)
(100)
(100)
(100)
(100)

Figure in the parentheses indicate the percentage to the total farm income

Table 8: Components of off-farm and non- farm income of sample households
(`family-1year-1)
Particulars
Off farm
Non-Farm
Service
Business
Labour
Tailor
Construction worker
Milkman
Dairy
Goutry
Poutry
Total Non-farm income

Assured irrigated
Marginal Small Medium Large
4250.01 3433.22
2255
2052
16000
(34.07)
9000
(19.16)
700.99
(1.49)
3200
(6.81)
13500
(28.74)
1600
(3.41)
2200
(4.68)
300
(0.64)
465
(0.99)
46965
(100)

19000
15000
(19.36)
(18.37)
56000
48000
(57.05)
(58.80)
560
1350
0.57
(1.65)
6300
600
(6.42)
(0.73)
5600
8000
(5.71)
(9.80)
1900
1300
(1.94)
(1.59)
4530
4580
(4.62)
(5.61)
1600
233
(1.63)
(0.29)
2666.6 2571.42
(2.72)
(3.15)
98156.67 81634.43
(100)
(100)

Protective irrigated
Average Marginal Small Medium Large Average
3267.35 9095.57 23400 12600 10237.5 12284.76

33000
(27.12)
67200
(55.22)
2200
(1.81)
5299
(4.35)
3200
(2.63)
2100
(1.73)
2642
(2.17)
4852
(3.99)
1200
0.99
121693
(100)

10500
(22.37)
23025
(49.05)
519.75
(1.11)
2242.5
(4.78)
5697.5
(12.14)
1015
(2.16)
2315.75
(4.93)
468.275
(1.00)
1154.62
(2.46)
46938.4
(100)

140400
(63.42)
65613
(29.64)
630
(0.28)
7000
(3.16)
2250
(1.02)
1055
(0.48)
1900
(0.86)
1350
(0.61)
1200
(0.54)
221398
(100)

23400
(17.45)
96000
(71.60)
2300
(1.72)
1250
(0.93)
4500
(3.36)
1575
(1.17)
2500
(1.86)
1200
(0.90)
1350
(1.01)
134075
(100)

124800 668577.1 299522
(60.29) (90.88) (83.60)
64000 54857.14 48483.9
(30.92)
(7.46)
(13.53)
600
1300
739
(0.29)
(0.18)
(0.21)
4500
1250
3025
(2.17)
(0.17)
(0.84)
6000
3452
2475
(2.90)
(0.47)
(0.69)
1400
1458
841.5
(0.68)
(0.20)
(0.23)
300
1442
1115
(0.14)
(0.20)
(0.31)
4800
2047
1365
(2.32)
(0.28)
(0.38)
600
1285.71
720
(0.29)
(0.17)
(0.20)
207000 735669 358286.4
(100)
(100)
(100)

Figure in the parentheses indicate the percentage to the total non-farm income

dairy and goatry in assured irrigated farm
household. Whereas service contribute largest
share to non-farm income 83 per cent followed
by business 13.53 per cent and remaining 2.55

percent income share by labour, tailor,
construction worker, milkman, dairy poultry
and goatry. The perusal of Table 8 concluded
that the farmer are engaged in business and
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service (government and private) for off farm
income in both of the sample households.
Component of off-farm and non-farm
employment
The perusal of Table 9 indicated that offfarm activities provided 62.59 man days and
132.95 man-days employment at farmers, in
assured and protective irrigated farm
households. The farmer was higher engaged
in nonfarm sector in both of the farm in the
study area. The result is finding that protective
irrigated farmer are highly engaged in off and
non-farm activity whereas the assured irrigated
farmer are only highly engaged in farm
employment because of availability of water
throughout the year for commercial crop.
Constraints related to water resources at
sampled farm
Constraints of crop production is based
on several major point of irrigation which is
heavily impact the area and production of

kharif, rabi and summer crops in the study area
of Raipur district. The Table. 10 & 11 shows
that the problem related to the water resources
has heavily in protective irrigated farm, canal
create the major impact for improper
distribution of water 30 percent and 47.5
percent, due to lack of distributor command
therefore the farmers of protective irrigated
farm have low farm economy as compare to
assured irrigated farm of the study area.
whereas the power supply of irrigation, lack of
conjunctive use of water, lack of recycling the
drainage water, and lack of technical knowledge
about rain water harvesting in assured and
protective irrigated farm is observed as 40, 47.5
and 40 percent, 47.5, 60, 25.5 percent and 45,
55 percent farmer of study area. Therefore,
the proper irrigation water has not available
for crop production in assured (10 percent)
and protective (45 percent) irrigated farm of
Raipur district.As high as 70 percent farmers

Table 9: Component of farm, non-farm and off farm Employment of sampled households
(Mandaysyear-1)
Particulars
Farm
Off farm
Non-Farm
Survice
Business
Labour
Tailor
Construction worker
Milkman
Dairy
Goutry
Poutry
Total non-farm
employment (Day’s)
Total household
Employment(Man-days)

Assured irrigated
Marginal Small Medium Large
172.32
199
236.96
274.04
(18.47) (17.33) (20.19)
(25.61)
47
51
60
80.12
(5.04)
(4.44)
(5.11)
(7.49)

Average
227.78
(21.19)
62.59
(5.82)

Marginal
131.11
(11.10)
182
(15.40)

Protective irrigated
Small Medium Large
155.3
196
220.9
(14.76) (17.48) (15.88)
121
151
90
(11.50) (13.46)
(6.47)

98.3
45
177
(13.77)
(5.01)
(20.19)
90
180
120
(12.61) (20.04) (13.69)
72
42.33
20.5
(10.09)
(4.71)
(2.34)
60
90
60
(8.41)
(10.02)
(6.85)
32
135
180
(4.48)
(15.03) (20.54)
90
135
120
(12.61) (15.03) (13.69)
150.78
135
120
(21.13) (15.03) (13.69)
88
45
19
(12.33)
(5.01)
(2.17)
32.64
91.01
60.3
(4.57)
(10.13)
(6.85)
713.72
898.33
876.5
(76.49) (78.23) (74.69)
933.04 1148.33 1173.46
(100.00) (100.00) (100.00)

111.43
(14.20)
120.31
(15.34)
40.56
(5.17)
73.17
(9.33)
107.64
(13.72)
129.48
(16.50)
114.22
(14.56)
38.87
(4.96)
48.81
(6.22)
784.53
(72.99)
1074.9
(100.00)

123
(14.16)
130
(14.97)
80
(9.21)
180.3
(20.76)
106.2
(12.23)
77
(8.87)
80
(9.21)
12
(1.38)
80.1
(9.21)
868.5
(73.50)
1181.61
(100.00)

170
(21.91)
180
(23.20)
60
(7.73)
30
(3.87)
99.12
(12.77)
21
(2.71)
113
(14.56)
70
(9.02)
32.8
(4.23)
775.92
(73.74)
1052.22
(100.00)

128.57
(17.96)
102.85
(14.37)
30
(4.19)
77.14
(10.78)
102.85
(14.37)
154.28
(21.55)
77.14
(10.78)
15
(2.10)
28.33
(3.91)
715.83
(66.90)
1069.99
(100.00)

Figure in the parentheses indicate the percentage to the total non-farm employment
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Average
177.1
(14.52)
132.95
(10.90)

154.28
192
161.24
(19.92) (17.78) (17.72)
102.85
192
157.63
(13.28) (17.78) (17.32)
70
40
60.5
(9.04)
(3.70)
(6.65)
102.85
77
102.46
(13.28)
(7.13)
(11.26)
102.85
216
142.71
(13.28) (20.00) (15.68)
51.42
69
59.16
(6.64)
(6.39)
(6.50)
154.28
216
145.34
(19.92) (20.00) (15.97)
23
56
40.65
(2.97)
(5.19)
(4.47)
13.06
22.32
40.21
(1.68)
(2.04)
(4.42)
774.53
1080
909.91
(69.06) (77.65) (74.59)
1121.53 1390.9 1219.94
(100.00) (100.00) (100.00)

Table 10: Constraints in water resources and crop production at sampled farm
Particulars

Assured irrigated
Freq. Percent

Constraints in water resources
Improper distribution of water
lack of distributary command
Irrigated area shrinking under ponds and canal
High growth the well and tube well
lack of proper power supply
Lack of conjunctive use of water
lack of recycling the drainage water
Lack of watershed development
Lack of timely supply of irrigation
Lack of water harvesting structure
Lack of irrigation water management
Lack of rain water harvesting
Lack of awareness water utilized
Lack of technical knowledge*
Constraint in crop production
Timely sowing
Irrigation facility
Lack of money to purchase HYV seed
Cash crop
Land utilization pattern
Changing of cropping pattern
High input use
Large area of crop grown
High production
Proper use of field ridge
Proper use of fallow land
*

Protective irrigated
Freq.
Percent

Total
Freq. Percent

12
6
19
31
16
16
24
14
4
18
15
8
14
18

30
15
47.5
77.5
40
40
60
35
10
45
37.5
20
35
45

26
18
26
29
22
22
26
31
32
22
18
28
18
26

65
45
65
72.5
55
55
65
77.5
80
55
45
70
45
65

38
24
45
60
38
38
50
45
36
40
33
36
32
44

47.5
30
56.25
75
47.5
47.5
62.5
56.25
45
50
41.25
45
40
55

32
28
17
26
33
23
30
22
23
19
16

80
70
42.5
65
82.5
57.5
75
55
57.5
47.5
40

12
14
14
4
12
14
22
13
16
2
6

30
35
35
10
30
35
55
32.5
40
5
15

44
42
31
30
45
37
52
35
39
21
22

55
52.5
38.75
37.5
56.25
46.25
65
43.75
48.75
26.25
27.5

Technical knowledge about the construction of water harvesting structure

Table 11: Constraints in cropped area at sampled farm
Particulars
Industrialization
Decrease crop area
Agriculture land used in industry
Low effect on fertility of land
Construction
Actuation of land
Cultivated land change into building
Lack of government policy awareness
Sold Agriculture land
Marginal farmers
Small farmers
Proper utilize of water
Lack of rainwater storage facility

Assured irrigated

Protective irrigated

Total

Freq.

Percent

Freq.

Percent

Freq.

Percent

27
23
16

67.5
57.5
40

38
31
27

95
77.5
65.5

65
54
43

81.25
67.5
53.75

13
7
12
7
13
6
12
16

32.5
17.5
30
17.5
32.5
15
30
40

21
21
19
18
25
11
22
26

52.5
52.5
47.5
45
62.5
27.5
55
65

34
28
31
25
38
17
34
42

42.5
35
38.75
31.25
47.5
21.25
42.5
52.5

have reported late sowing in protective
irrigated farm of Abhanpur due to lack of
irrigation whereas 20 per cent farmers in
assured irrigated farm of Raipur district.
Assured irrigated farmer has highly (70

percent) irrigated farm therefore land utilization
pattern is high and annually changing their
cropping pattern. Highly input (75 percent)
was used in assured irrigated farm whereas
the proper utilization of fallow land, and ridges
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are more utilized (57.5 and 47.5 percent) in
assured irrigated farm of this figure is low in
protective irrigated farm of Raipur district and
also production was reported in assured
irrigated farm farmer has (57.5 percent) more
cultivated cash crop in off season then (47.5
percent) protective irrigated farmers
production. Industrialization play a major role
for the decreasing the area of agriculture land
of Abhanpur block of 67.5 percentage farmer
of assured irrigated farm has reported that the
area under the agriculture land has decreased
due to industrialization of assured irrigated
farm this figure was higher (95 percent) in
protective irrigated farm 40 and 65 per cent of
farmer reported that low fertility of land due to
the industrial development of assured and
protective irrigated farms respectively.
Whereas 17.5 and 52.5 percent former has
reported that agriculture land change into
building construction or business purpose this
fact is due to high density of population in
Abhanpur block of Raipur district
CONCLUSIONS
The total per farm cultivated area was
observed to be 1.25, 1.78, 3.42, and 5.81 ha at
marginal, small, medium and large farms
respectively in assured irrigated farm
households and 0.99, 1.82, 3.27 and 5.45 ha in
protective irrigated farm households, along
with an overall average of 7.27 ha in assured
and 5.20 ha in protective irrigated farm
households of Raipur district. The average
irrigated area was observed 100 percent in
assured and 66.56 percent in protective
irrigated farm of the study area. Most of the
irrigated area (95 and 5 percent) in assured
irrigated farm households of Raipur district is
covered under tube wells and wells while (84
percent, and 16 per cent) percent area is by
canal and pond in protective irrigated sampled
households. The average cropping intensity
was 210 percent and 165 percent in assured
and protective irrigated farm respectively in
the study area.The per hectare cost of
cultivation of paddy is estimated as `27345.37,
`30657.90, `34895.74 and `36483.69 at marginal

small medium and large farms respectively in
assured irrigated farms whereas `25584.87,
`30657.90 `32886.50, `34520.42 in protective
irrigated farms. The average per hectare
production was observed as 42.95 quintal in
assured irrigated farm and 40.80 quintal in
protective irrigated farm. The output input ratio
was observed as 1:2.50 and 1:2.10 in assured
and protective irrigated farm respectively The
per family annual income was observed to be
`210068.4 and `457730.10 in both of farm of
Raipur district whereas the farm, off farm and
non-farm income was differ as `114227.80,
`3267.35, `92573.28 and `63676.75, `12284.76,
`381768.60 in assured and protective irrigated
farm household. The per family average
employment pattern was 1074.90 man-days in
assured and 1219.94 man-days in protective
irrigated farm household in the study area.
Whereas the farm, off farm and non-farm
employment pattern was 227.78, 69.59, 784.53
and 177.10, 132.95, 909.91 man-days in assured
and protective farm households in the study
area. The major problems reported included
lack of awareness about high growth of digging
the tub wells, lack of awareness about water
harvesting, lack of utilization of conjunctive
source of irrigation, lack of non-availability of
water harvesting structure, pond canal with in
nearby villages, lack of proper supply of
irrigation water, recycling and proper
management in field of the study area. Lack of
money to afford the construction of water
resource was reported by farmers of study area.
Adequate water availability has brought about
changes in the cropping pattern levels and
pattern of input utilization, yield and returns
of number of crops. The input utilization of
farms under different sources of irrigation
revealed that crop wise profit could be raised
through reallocation of available resources,
even without significant shift in the level of
use of resources. So, farmers should be
educated about optimum utilization of
resources for maximizing profits. Even though,
sufficient water is available for irrigation
inadequate and erratic supply of electricity for
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running the irrigation pump sets has been a
major obstacle in the way for farmers improving
their farm incomes under well and lift source
of irrigation. The government should ensure
adequate and regular power supply to the farm
sector. Measures should be taken to
encourage conjunctive use of water in canal
command area by way of lift irrigation and bore
well irrigation so as to expand the utilizable
command area. With the availability of
adequate water farmers are prone to violate
the recommended cropping pattern. Therefore,
they need to be trained initially about the
recommended cropping pattern. Lift irrigation
along nalas, streams etc. in command area for
recycling drained water under canal command
area needs to be encouraged. Timely supply
of irrigation water is equally important as that
of quantity supplied in canals. Prior
information on the release of irrigation water
in the canals may help the farmers to adjust
the cropping schedule in consonance with
water availability. It was found that, most
farmers under canal source followed flood
irrigation, which resulted in wastage of water
and deterioration of soil health. Hence, there
is need to educate the farmers in this regard.
Provision of timely and adequate inputs and
infrastructure supported with mechanization,
credit availability and proper guidance through
services may help to raise the technical
efficiency of farms under all the sources of
irrigation
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CONSERVATION AGRICULTURE AND ITS IMPACT
STUDY: AN OVERVIEW
Amanpreet Kaur and D.K.Grover*
ABSTRACT
Indian agricultural scenario has surely undergone many drastic changes
and has achieved many milestones. The Green Revolution transformed India
from a food deficient stage to a surplus food market. To attain the target of
sustainable agriculture, the scientists are now more serious than ever before.
Conservation Agriculture (CA) has been identified as the immediate as
well as long-term solution to achieve goals of sustaining productivity, natural
resource base and economic growth of the farmers. For promoting
conservation agriculture need is felt to develop various resource conserving
technologies. RCTs like zero or reduced tillage practices save fuel and
improve plot-level water productivity. Laser leveling reduces the unevenness
of the field, resulting in better water application and distribution efficiency
and better weed management. Sowing wheat with HST reduces emissions of
greenhouse gases through lessened use of tractor, reduces number of
irrigations and labour expenses. RCTs such as bed planting, DRS and
tensiometer helps in saving water and labour cost. Thus, RCT’s reduce land
and water pollution/soil erosion, reduces long-term dependency on external
inputs, enhances environmental management, improves water use efficiency,
and reduces emissions of greenhouse gases through lessened use of fossil
fuels.
Key words: Conservation agriculture, resource conserving technologies
JEL Classification: Q10, Q01, Q16, Q18

INTRODUCTION
Indian agricultural scenario has surely
undergone many drastic changes and has
achieved many milestones. The Green
Revolution has transformed India from a food
deficient stage to a surplus food market. The
major research and development efforts in the
Green Revolution era in Indio-Gangetic plains
resulted in varietal breakthrough in crops,
*

Research Scholar, Department of Economics and
Sociology and Director, Agro Economic Research
Centre, Punjab Agricultural University, Ludhiana141004
Email: aman63585@yahoo.com

provided opportunities for enhancing
cropping intensity. Agriculture based on high
yielding seeds, chemical using production and
protection technologies and intensive use of
natural resources paid rich dividends by
bringing manifold increase in food grain
productivity and production, enhancing
farmers’ income, reducing poverty and
contributing significantly towards attainment
of food self-sufficiency at the national level.
However, in recent years Indo-Gangetic Plains
of India, the heartland of the Green Revolution
technologies has experienced serious
consequences of this practices in the form of
over exploitation of groundwater resources
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causing faster depletion in the ground water
table and degradation of the soils due to mining
of macro as well as micro nutrients, followed
by stagnant or declining grain yields,
increasing cost of production/shrinking profit
margins and degradation of environmental
quality. The new challenges demand efficient
resource use and conservation to meet the
emerging needs. Issues of conservation have
assumed importance in view of widespread
resource degradation problems and the need
to reduce production costs, increase
profitability and make agriculture more
competitive.
To attain the target of sustainable
agriculture scientists are now more serious
than ever before. Conservation Agriculture
(CA) has been identified as the immediate as
well as long-term solution to achieve goals of
sustaining productivity, natural resource base
and economic growth of the farmers.
The term CA refers to the system of raising
crops without tilling the soil while retaining
crop residues on the soil surface. Conservation
means preservation especially natural
environment (Gupta and Malik, 2009). The key
elements which characterize CA includesminimum soil disturbance by adopting notillage and minimum traffic for agricultural
operations, leaving and managing the crop
residues on the soil surface, and adopting
spatial and temporal crop sequencing/crop
rotations to derive maximum benefits from
inputs and minimize adverse environmental
impacts (Abrol and Sangar, 2006).
Conservation Agriculture, as per FAO
definition
Conservation agriculture (CA) aims to
conserve, improve and make more efficient
use of natural resources through integrated
management of available soil, water and
biological resources combined with external
inputs. It contributes to environmental
conservation as well as to enhanced and
sustained agricultural production. It can also
be referred to as resource efficient or resource
effective agriculture. (FAO)

As per FAO definition, the Conservation
Tillage is:
Conservation tillage is a set of practices
that leave crop residues on the surface which
increases water infiltration and reduces
erosion. It is a practice used in conventional
agriculture to reduce the effects of tillage on
soil erosion. However, it still depends on
tillage as the structure forming element in the
soil. Nevertheless, conservation tillage
practices such as zero tillage practices can
be transition steps towards Conservation
Agriculture. In other words CT uses some of
the principles of CA, but has more soil
disturbance.
FAO has characterized CA as follows:
§ Stop or reduce mechanical soil disturbance
by tillage practices
§ Maintain soil cover with plant residues
§ Use of crop rotations and crop covers
Resource Conserving Technologies (RCTs)
For promoting conservation agriculture
need is felt to develop various resource
conserving technologies. The RCTs are
typically the part of conservation agriculture
practices. RCTs are the practices, when
followed results in saving of energy, cost and
also reduced the environmental pollution over
the conventional practices.
Over the past three decades or so,
internationally, rapid strides have been made
to evolve and spread RCT’s like zero and
reduced tillage systems, better management
of crop residues and planting systems- bed
planting, direct seeding green manuring, etc
which enhance water and nutrient efficiency.
RCT’s reduce land and water pollution/soil
erosion, reduces long-term dependency on
external inputs, enhances environmental
management, improves water use efficiency,
and reduces emissions of greenhouse gases
through lessened use of fossil fuels. RCTs
typically include aspects of conservation
agriculture practices, but may become
unsustainable in the long run if they do not
combine all the components of conservation
agriculture (reduced tillage, ground cover at
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all times, crop rotation, etc.).
To achieve the goals of rapid adoption of
such conservation agricultural practices a
strong knowledge base and a combination of
institutional and technological innovations, is
required. Some of the RCTs that are being
promoted:
Tillage practices
•
Laser land leveling
•
Bed plantation
•
Zero/minimum tillage
•
Direct seeded rice
Straw management practice
•
Crop residue management
Other practices
•
Tensiometer
•
Leaf colour chart, etc.
Laser Leveling
Traditional farmers’ methods for leveling
by eyesight resulting in extended irrigation
times, unnecessary water consumption and
inefficient water use.
Laser leveling reduces the unevenness of
the field, resulting in better water application
and distribution efficiency, improved water
productivity, increased fertilizer efficiency and
reduced weed pressure.
Significant improvement
Increase in yield of wheat crop (15 to 25
percent), approximately 25-30 percent saving
in irrigation water and 15-25 percent increase
in nutrient use efficiency (Jat et al., 2006).
Curtail irrigation up to 25 percent and increase
crop yield up to 20 percent (Singh and Meena,
2013)
The perusal of Table 1 show that laser land
leveling results into decline tillage cost by
18.16 percent. The total cost of production
decline to the tune of 4.38 percent. Net profit
increased by 15.54 percent. For sustainability
point of view precisely leveled and smooth
field showed a positive impact on the total
water use resulting in increase in water
productivity by 22.73 percent.
The perusal of Table 2 revealed that per
hectare returns over variable cost was
estimated `66084 and `62747 on laser-levelled

Table 1: Comparative economics of laser
land le ve ling a nd traditional le ve ling
technique in wheat crop in U.P., 2011
(`ha-1)
Parameters

Traditional Laser land Change
method
leveling (percent)
10350
8470
-1880
(-18.16)
42.3
44.7
2.4
(5.67)
51.2
60.5
9.3
(18.16)
46045
49301
3256
(7.07)
19578
18720
-858
(-4.38)
26467
30581
4114
(15.54)
2.35
2.63
1.10
1.35
0.25
(22.73)

Tillage cost
Grain Yield (qha-1)
Straw Yield (qha-1)
Gross return
Cost of production
Net revenue
Benefit: cost ratio
Water productivity(kgm3)
Source: Naresh et al., 2014

Table 2: Comparative economics of laser
land le ve ling and traditio nal le ve ling
technique in paddy crop in Punjab, 2010
(`ha-1)
Particulars

Traditional

Preparatory tillage

1466

Seedling

1067

Manures and
fertilizer
Irrigation

2757

Interculture/weeding

600

Plant protection

2525

Family labour

1003

Hired labour

3670

Total cost

13576

Gross return

76323

Net return

62747

Water productivity
(kgm-3)

74.06

488

Laser
Change
leveled field (percent)
1575
109
(7.44)
1040
-27
(-2.53)
2849
92
(3.34)
60
-428
(-87.70)
563
-37
(-6.17)
2093
-432
(-17.11)
858
-145
(-14.46)
4446
776
(21.14)
13484
-92
(-0.68)
79568
3245
(4.25)
66084
3337
(5.32)
102.89
28.83
(38.93)

Source: Kaur et al., 2012

and conventional field, respectively, which
were about `3337 per ha higher than non-
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laser levelled fields. The total cost incurred on
the cultivation of paddy on laser levelled field
(`13484 per ha) was lower than on the
conventional field (`13576 per ha). A decline
in irrigation costs was also observed to the
tune of 78.70 percent. In a nutshell, laser
leveling technology increased productivity,
reduced irrigation and weeding costs and
hence increased the returns to the farmers.
Form sustainability point of view water
productivity increased by 38.93 percent under
laser-levelled field.
Furrow-irrigated Raised- bed Planting
Bed planting refers to a cropping system
where the crop is grown on beds. The height
of the beds is maintained at about 15 to 20 cm
and having a width of about 40 to 70 cm
depending on the crops. The irrigation water
is applied in furrows between the beds. The
technique offers a number of advantages,
such as improved fertilizer efficiency, better
weed control and reduced seed rate, saves
irrigation water.
Significant improvement
Nawab(2009) claimed that raised bed
planting has shown saving of 55, 42 and 44
percent in time, energy and cost of operation
respectively over conventional system on fresh
beds. On permanent beds, these are 63, 56 and
57 percent, respectively. The adoption of
furrow-irrigated raised-bed system (FIRBS) for
wheat saves 25-30, 30-40 and 25 percent of
seed, water and nutrients, respectively without
affecting the yield (Naresh et al., 2014). Bed
planting of rice save time (74-79 percent),
labour (64-71 percent), fuel (67-85 percent),
cost (65-81 percent) and irrigation (2-39 percent)
(Singh and Sharma, 2005)
Reduced Tillage/ Zero Tillage
Intensive soil tillage is the main cause of
reduced soil organic matter and hence soil
degradation. On the contrary, when soil tillage
is reduced or eliminated, soil life returns and
the mineralization of soil organic matter slows
down, resulting in better soil structure.
Minimum/reduced tillage
It involves considerable soil disturbance,

though to a much lesser extent than that
associated with conventional tillage. The
minimum tillage aimed at reducing tillage to
the minimum necessary for ensuring a good
seedbed, rapid germination, a satisfactory
stand and favorable growing conditions.
Zero tillage
System for planting crops without plowing,
using herbicides to control weeds and
resulting in reduced soil erosion and the
preservation of soil nutrients.
Significant improvement
The adoption of no-tillage save time,
energy and cost by 70, 67 and 6 percent,
respectively over the conventional practice.
ZT generally saves irrigation water in the range
of 20–35percent in the wheat crop compared
to conventional tillage (CT) (Nawab, 2009). ZT
achieved 28 percent increase in plant
availability soil water at sowing as compared
to conventional tillage (Singh and Kaur, 2012).
The perusals of Table 3 shows major farm
input used in wheat production under ZT and
CT method. The cost of cultivation amounted
to `26124 per ha in ZT method and `29935 per
Table 3: Major farm inputs used in wheat
production under traditional and zero tillage
in Haryana, 2010-11
(ha-1)
Particulars

Traditional Zero tillage Change
tillage
Human labour
54.9
51.2
-3.7
(human days)
(-6.74)
Machine labour
9.6
5.2
-4.4
(hours)*
(-45.83)
Seeds (kg)
112
108
-4
(-3.57)
Fertilizer (kg)
359
361
2
(0.56)
Weedicides (g)
889
1047
158
(17.77)
Plant protection
1203
1272
69
chemicals (mL)
(5.74)
Irrigation water (m3) 1581.7
1302.5
-279.2
(-17.65)
Source: Tripathi et al., 2013
figures in parentheses are percent change
Note: * On an average, 2 hours per ha were required for
sowing wheat by zero till machine. The remaining machine
hours were used for harvesting and threshing.
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ha in CT method.
The lower cost of cultivation was due to
lower expenses on human labor (6.74 percent),
machine labour (45.830 percent) and irrigation
(17.65 percent) in ZT than in CT method. The
production costs and returns of wheat
production using ZT and CT methods are
presented in Table 4. The gross returns were
`60181 per ha in ZT and `59070 per ha in CT.
The net return amounted to `34057 and `29135
per ha in ZT and CT method of wheat
production, respectively. The net income was
higher in ZT method due to higher yield and
lower cost of cultivation as compared to CT
method of wheat cultivation.
Table 4: Yield, cost and return in CT and ZT
methods of wheat production in Haryana,
2010-11
(`ha-1)
Particulars

Traditional
tillage
53.70

Zero
tillage
54.70

Operational cost

29935

26124

Gross income

59070

60181

Net income

29135

34057

5.57

4.78

Yield (qha-1)

Cost of grain
production (`kg-1)

Change
(percent)
1.00
(1.86)
-3811
(-12.73)
1111
(1.88)
4922
(16.89)
-0.79
(-14.34)

Source: Tripathi et al., 2013

Direct Seeded Rice
Rice is sown directly in dry soil (dry
seeding) or wet soil(wet seeding), and irrigation
is given to keep the soil sufficiently moist for
good plant growth, but the soil is never
flooded.
Significant improvement
• Reduced cost of cultivation as compared
to transplanting-save labor, puddling
costs, water for puddling-12-15percent;
diesel- 15-16 litres per acre, etc.
• Reduced seed rate 8-12 kg per acre as
against 25-30 kg per acre required for
transplanting.
The perusal of Table 5 delineates that the
cost of operation for sowing paddy using drum

Ta bl e 5 : C o mpa ri s o n o n e c o no mi c
parame te rs for conventional method of
transplanting paddy and direct seeded rice
(drum seeder) in UP, 2012
(`ha-1)
Economic
parameter
Cost of operation
Cost of weeding
Grain yield (q)
Cost of irrigation
Gross return
Cultivation cost
(Average)
Net profit
Benefit cost ratio

Traditional Direct
Change
method seeded rice (percent)
3000
800
-2200
(-73.33)
1500
700
-800
(-53.33)
58
60
2
(3.45)
4800
4600
-200
(4.17)
87000
90000
3000
(3.45)
17800
16100
-1700
(-9.55)
69200
73900
4700
(6.79)
3.89
4.59
-

Source: Singh and Hensel, 2012

seeder was `800 per ha as compared to `3000
per ha in conventional method. The cost of
weeding and cost of irrigation in the field of
drum seeded paddy declined by 53.33 percent
and 4.17 percent respectively as compared to
transplanted paddy. The grain yield was more
or less the same but shows positive increased
for DSR, yield was 60 quintal per ha for drum
seeded paddy and 58 quintal per ha for
transplanted paddy. Gross return for drum
seeded paddy was `90000 per ha leading to a
net profit of `73900 per ha and benefit cost
ratio of 4.59 whereas, gross return for
transplanted paddy was `87000 per ha
preceding a net profit of `69200 per ha and
benefit cost ratio of 3.89.
Looking at the Table 6, it can be concluded
that DSR results into the saving of human
labour and tractor hours. The human labour
under transplanted rice is 58 man days whereas
under DSR only 38 man days is involved. 50
percent of tractor hours are saved by DSR.
Number of irrigation reduces by 53 percent if
we plant the rice directly. Further the results
shows that DSR enhances farmers income by
the tune of `3000 per ha. If we look at the
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Table 6: Comparative performance of DSR
and conventional puddled transplanted rice
in Jalandhar, Punjab, 2011
(ha-1)
Parameter

Transplanted DSR

Human labour (man
days)
Tractor (hours)

57.5

Crop duration (days)

145

Benefits (`)

11

15500

Number of irrigation

22.5

Global warming
potential

3.25

Change
(percent)
37.5
-20
(-33.33)
5.5
-5.5
(-50.00)
135
-10
(-7.14)
18500
3000
(21.43)
15.5
-7
(-53.00)
2.15
-1.1
(-33.85)

Source: Pathak et al., 2013

sustainable point of view, DSR reduces global
warming potential by 33.85 percent per hectare.
The perusal of Table 7 indicates that cost of
cultivation under traditional method was
`34830 whereas in DRS this cost decline by
19.72 percent as the operations like nursery
field preparation, rising nursery, nursery
pulling and manual transplanting done in
traditional transplanting method are skipped
off.
Table 7: Differences between traditional
and direct seeder rice methods in Andhra
Pradesh, 2012
(ha-1)
Particulars

Traditional Direct
Change
method seeded rice (percent)
Seed rate(kg)
75
37.5
-37.5
(-50.00)
Cost of nursery (`)
3000
0
-3000
(-100.00)
Labour*
50
3
-47
(-94.00)
Yield recovered (kg)
5784
6469
685
(11.84)
Total cost of
34830
27962
-6868
cultivation(`)
(-19.72)
Gross return
69408
77628
8220
(11.84)
Net return
34570
49666
15096
(43.67)
Benefit-cost ratio
1.99
2.77
Source: Reddy et al., 2013
Labour required for transplanting/seeding operation

*

The yield was came out to be 57.84 and
64.69 quintal per ha under traditional method
and DSR, respectively, thereby showing an
increased by 11.84 percent. The net return was
`34570 per ha in traditional method, `49666
per ha in drum seeder method.
Crop Residual Management
Use of crop residual
Demand side
• Fodder for livestock
• Fuel for household
• Source of income
Conservation method
• Incorporation stubbles into soil
• Mulching
However general practice is stubble
burning. Globally, annual production of crop
residues is estimated at 3440 million tonnes of
which large quantities are not managed
properly. In India alone, more than 140 million
tones of crop residues are disposed of by
burning each year. Mulch is a good option for
rice residue management during the wheat
crop, especially with no tillage. Mulch can
increase yield, water use efficiency, and
profitability, while decreasing weed pressure
(Singh and Sidhu, 2014).
Why does farmers burn crop residues in
field?
• Poor quality for fodder
• Increased mechanization, particularly use
of combine
• Declining number of livestock
• No economically viable alternate use of
residues
Adverse consequences of residue burning in
field
• Release harmful particles and smoke
causing human health problems
• Emission of greenhouse gases (GHGs)
such as carbon dioxide, methane and
nitrous oxide causing global warming
• Loss of plant nutrients such as N, P, K
and S
• Adverse impacts on soil properties
• Wastage of valuable C and energy rich
residues
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Alternative to residual burning
• Incorporation stubbles into soil
• Mulching
What are the beneficial effects of retaining
crop residues
• Improves soil physical health
• Stubble Mulching reduced water
evaporation
• Retention of crop residues on soil surface
reduces soil erosion
• Residues act as reservoir for plant
nutrients.
Happy Seeder Technology
A recent novel approach to address crop
residuals with much promise is the Happy
Seeder which combines stubble mulching and
seed drilling functions into the one machine.
Turbo happy seeder is a planter capable of
direct drilling in the fields with surface
retention of residues and without any soil
disturbance which in turn take care of 2 of the
3 basic elements of CA.
Significant improvement
Singh et al. (2011) claimed the average
wheat yield for Happy Seeder was 4.58 as
compare to 4.46 t/ha in conventional wheat
plots. Dhaliwal et al. 2011 reported
Saving of electricity: 168kWh/ha
Labour saving: 30 hr per ha or `450 per ha
Lower pumping cost: `50-165 per ha
(centrifugal and submersible)
Lower machinery use: 7.5 hrsha-1 (45 liters of
Table 8: Wheat comparative economics
with Traditional me thod of sowing and
happy seeder technology in Punjab, 2009-10
Particulars

CT

HST

Yield (qha-1)

47.2

49.9

GR (`)

59,108

62,228

VC (`)

19975

16338

ROVC (`ha-1)

39133

45890

Change
(percent)
2.7
(5.72)
3120
(5.28)
-3637
(-18.21)
6757
(17.27)

Source: Dhaliwal et al. 2011
HST = Happy Seeder Technology, CT = Conventional tillage,
ZT = Zero tillage, GR =Gross return, VC = Variable costs,
ROVC = Return over variable costs

diesel saved)
Saving of `5,912.00 per hectare from HST
over conventional tillage.The perusal of Table
8 indicates that VC under CT was `19975 and
`16338 under HST. The method of sowing of
wheat with the HST has a clear edge over CT
methods as return over variable costs increased
by 17.27 percent. Yield obtained under CT was
47.2 quintal per ha, whereas 49.9 quintal per ha
yield was obtained by HST.
The perusal of Table 9 shows that
Comparative economics were better when
wheat was sown with Happy Seeder as HST
brought about improvement in yield by 24.05
percent over CT. VC decline by 20.37 percent
and GR increased by 17.55 percent under HST.
ROVC increased by 17.27 percent over CT.
Ta bl e 9 : Comparati ve e c o no mic s o f
mungbean with traditional method of sowing
and happy seeder technology in Punjab,
2009-10
Particulars

CT

HST

Yield (qha-1)

7.9

9.8

GR (`)

49768

58500

VC (`)

18150

14452.5

ROVC (`ha-1)

31,620

44,048

ROVC (`ha-1)

39133

45890

Change
(percent)
1.9
(24.05)
8732
(17.55)
-3697.5
(-20.37)
12428
(39.30)
6757
(17.27)

Source: Dhaliwal et al. 2011
HST = Happy Seeder Technology, CT = Conventional tillage,
ZT = Zero tillage, GR =Gross return, VC = Variable costs,
ROVC = Return over variable costs

Tensiometer
• A tensiometer is a simple device designed
to measure soil moisture or water potential.
• The tensiometer is placed in the field with
the ceramic cup in the soil in the plant
root zone.
• The idea behind the use of tensiometer is
that if the indicated soil moisture is below
what the plant optimally needs to grow,
there is need to apply irrigation water,
otherwise not.
• Adopted irrigation scheduling guided by
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Table 10: Potential of tensiometer for water
saving, power saving and cost reduction in
Punjab agriculture
(ha-1)
Conservation Water saving Power saving Cost Reduction
technology
(cm)
(kWh)
(`)
Tensiometer
37
218.13
624
Source: Sidhu et al., 2010

these simple and affordable tensiometers
reduces the application of irrigation water
by 1050m3 per hectare per year.
The perusal of Table 10 pointed out that
tensiometer save water by 37 cm per ha and
resulted into power saving of 218.13 kWh per
ha. Use of tensiometer results in water saving
by 22 percent and save energy by 90 kWh per
acre (Table 11).
Leaf colour chart (LCC)
• A simple handy, ever-lasting pocket tool,
made up high quality plastic material and
consists of 6 strips of different shades of
green from pale green to dark green
• Measures leaf color intensity which is
related to leaf N status
• Helps farmers determine the right time of
N application
Advantages of CA/RSTs
Economic benefits
• Resource conserving technologies save
time as compared to traditional method.
• Adoption of conservation agriculture
results into improved and stable yield with

Table 11: Results of Tensiometer over
Conventional methods in Punjab, 2010
(Acre-1)
Particulars
Mean water saving (percent)
Mean water savings (Litre)
Mean increase in yield (percent)
Mean reduction in energy usage (percent)
Mean reduction in energy usage (Kwh)
Total savings in energy
(in Kwh for 572 farmers)
Monetary savings in energy
(in ` for 525 farmers@ `4.15 per Kwh)
Source: Sharma et al., 2012

Change
22
419062
1.05
24
90
36081
149736

reduced use of inputs.
• Reduction of costs, e.g. fuel, machinery
operating costs and maintenance, as well
as a reduced labour cost.
Agronomic benefits
Long term application of crop residue or
organic amendments can• Increase organic matter.
• In-soil water conservation.
• Improvement of soil structure.
Environmental benefits
• Reduced soil degradation through
reduced impact of rainfall causing
structural breakdown, reduced erosion
and runoff.
• Improvement of water quality by reducing
pollution of surface and ground water from
chemicals and pesticides.
• Improvement of air quality.
• Savings in non-renewable energy use.
Area in India
In India, efforts to adopt and promote CA /
RCT have been underway for nearly a decade,
but it is only in past 4-5 years that technologies
are finding acceptance by farmers. Still
adoption of CA in India is negligible. In 2013,
1.5 million ha area was under CA in India (FAO,
2014). To make the adoption of CA/RCTs faster
there is need to identify the constraints in
adoption of this technologies and solution
there off.
Constraint in Adoption of CA
• Mind set of farmers
• Lack of knowledge and experience
• Lack of expertise
• Lack of inputs (especially equipment and
machinery)
• No economic intensive in term of yield
• Lack of adequate financial resources and
infrastructure, and poor policy support
Policy Implication
For faster adoption and to increased area
under CA there is need to:
• Providing Knowledge, Education and
Learning Services to the farmers.
• A particular challenge is the requirement
for affordable robust machinery.
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• Strict government policies like forbid
straw burning that results in emission of
greenhouse gases (GHGs) such as carbon
dioxide, methane and nitrous oxide
causing global warming
CONCLUSIONS
Conservation agriculture (CA) aims to
achieve sustainable and profitable agriculture
and subsequently aims at improved
livelihoods of farmers through the application
of the three CA principles namely minimal soil
disturbance, permanent soil cover and crop
rotations. With proper integration of various
cost effective and energy efficient RCTs, the
future agriculture may be shaped to bring out
the desired level of agricultural production to
fulfill food security needs and achieve
agriculture sustainability.
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SUSTAINABLE AGRICULTURE THROUGH
WATERSHED DEVELOPMENT PROGRAMME: A
STUDY OF BAHIRWADI WATERSHED PROJECT,
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ABSTRACT
The study revealed that the achievements in the watershed development
activities were to the extent of 94.25 percent. A remarkable increase of
about 29.63 percent was observed in the case of irrigated area during the
years under study. This was mainly because of completion of watershed
development works. The productivity of major crop had considerably
increased (7.84 to 29.45 percent in major crops) over the base year. The per
hectare total income accrued jointly from the crop production and the
livestock activities during the current year showed an increase of 59.23
percent over the base year with an overall B:C ratio of 1.56. The increased
irrigation facilities and milch animals had resulted in to increase in the per
worker annual employment for male and female workers during current
year by 43.71 and 53.70 percent, respectively over the base year. The
watershed project was found to be economically viable since the BCR was
observed to be more than unity with IRR as 39.86 percent.
Keywords: B:C ratio, IRR, sustainable agriculture, watershed project
JEL Classification: D61, H43, Q12, Q15, Q18, Q20, Q25, Q28

INTRODUCTION
According to the Planning Commission
and National Commission for Integrated Water
Resources Development (NCIWRD), irrigation
should be treated as an infrastructure
development project and conservation of
water should receive top priority. India is a
water scare country and it should optimize its
consumption by reducing indiscriminate
tapping and wastage.
The National Watershed Development
Project for rainfed areas is being implemented
*

Department of Agricultural Economics, MPKV,
Rahuri (Maharashtra)
E-mail: amaleaj@rediffmail.com

since Eighth Five Year Plan. This activity is
being extended to a large number of areas in
the country. The Government of Maharashtra
is implementing the project on a priority basis
for the conservation of the most important
natural resources like soil and water and
ultimately improving the farming system.
An economic evaluation of such type of
programme is essential for providing
justification to the investment of scare funds.
In order to have the empirical data on different
aspects of rural farm families which are being
influenced by the Watershed Development
Programme, the economic evaluations of such
programme is important. The economic studies
for assessing their impact on farm economy
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deserve importance. It is because, it can
provide sustainable livelihood to the
beneficiaries, if the results of such Watershed
Development Programme are fruitful. Therefore
the present study is an attempt in this regard.
METHODOLOGY
The National watershed, Bahirwadi from
Nagar tahsil was purposively selected for the
study where the watershed development
programme was initiated during the year 199596. A general information alongwith the list of
beneficiaries of watershed project was
collected form the implementing agency.
Amongst the total (455) beneficiaries of the
watershed project, the 60 farmers were chosen
as the sample cultivators by the simple
randomization method.
The ‘ex-ante’ and the ‘ex-post’ approaches
were adopted for the collection and analysis
of data. The year 1995-96 was taken as the exante and the year 2007-08 (Mid-point) and 201213 (Current year) being the study year
represented the ex-post situation. The data of
the base year (1995-96) and mid-point were
adjusted for the change in prices. This was
practiced in order to have realistic comparison
with the situations of the study year 2012-13.
This was accomplished by using current prices
for the above situations.
A tabular method of estimation was used
in most of the parts of investigation. With a
view to judge the economic viability of the
watershed project, the NPV, BCR and IRR were
computed by using the discounted cash flow
technique.
RESULTS AND DISCUSSION
Targets and Achievements
The perusal of Table 1 shows the targets
and achievements in respect of different
watershed activities of Bahirwadi Watershed
Project.
The soil and water conservation activities
such as afforstation on public land, CCT, CST,
refilling with stone plug and earthen plug etc.
have been carried out in the watershed area
from the year 1995-96.
A development target of 511.60 hectares

Ta ble 1 : Ta rg e t a nd a c hie v e me nt o f
different watershed activities of Bahirawdi
watershed project
Particulars
Area treatment
Afforestration* (ha)
Drainage line treatment
Earthen nala bunds
Cement nala bunds
Cement nala bunds (NGO)
Percolation tank
Farm ponds
Repairs of nala bunds
Well refilling
Vanarai Bandhara
Total

Target

Achieved
(%)

511.6

61.77

25
7
3
5
3
3
35
6
87

100.00
100.00
100.00
100.00
33.33
66.67
94.29
100.00
94.25

*

CCT/ CST with refilling techniques (with stone plug, earthen
plug)

was set and by the end of February 2014, of
the target fixed in the development of
watershed, the area of 316 hectares was
brought under these activities. Thus, 61.77
percent of the target set was achieved. In
respect of earthen nala bunds, cemment nala
bunds (NGO), percolation tank, check dams
and vanarai bandharas, the work achievements
were 100 per cent of the targets laid. As regards
to construction of, farm ponds, repairs of nala
bunds and well refilling, the targets were
achieved to the extent of 33.33, 66.67 and 94.29
percent, respectively.
Land Use and Cropping Pattern
The results in Table 2 presents the per farm
land use and cropping pattern of sample
cultivators in watershed development area.
It is noteworthy that there was a increase
in permanent fallow and grazing land (35.71
percent) in middle point of evaluation as
compared to baseline situation as a result of
decrease in the use of shallow and light soils
for cultivation, due to destruction of crops by
the deers. Whereas the permanent fallow and
grazing land was decreased by 7.14 and 31.58
percent in current year as compared to baseline
and middle point of evaluations, respectively.
The increase in the size of total land holding
had occurred because of purchases. A
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Table 2: Land use and cropping pattern of sample cultivator
(Per farm)
Particulars

Land use
Permanent fallow and
grazing land
Cultivable Land
Irrigated
Un irrigated
Total Holding
Cropping pattern
Total cereals
Total pulses
Total cash crops
Total fodder crops
Total vegetables
Total Fruit crops
Gross cropped Area
Cropping Intensity (%)

Baseline
(1995-96)

Mid-point
evaluation
(2007-08)

0.14
(4.46)
3
(95.54)
1.89
(60.19)
1.11
(35.35)
3.14
(100.00)

0.19
(5.86)
3.05
(94.14)
2.3
(70.99)
0.75
(23.15)
3.24
(100.00)

2.34
(63.24)
0.82
(22.16)
0.49
(13.24)
0.04
(1.08)
0.01
(0.27)
-

1.87
(43.09)
0.82
(18.89)
1.4
(32.26)
0.16
(3.69)
0.06
(1.38)
0.03
(0.69)
4.34
(100)
142.3

3.7
(100)
123.33

% change Current year
over baseline evaluation
(2012-13)
35.71
1.67
21.69
-32.43
-

-20.09
185.71
300
500
17.3
15.37

0.13
(3.98)
3.14
(96.02)
2.45
(74.92)
0.69
(21.1)
3.27
(100.00)
1.24
(30.1)
1.31
(31.8)
1.22
(29.61)
0.18
(4.37)
0.01
(0.24)
0.16
(3.88)
4.12
(100)
131.21

% change over
Baseline
Mid-point
evaluation
-7.14

-31.58

4.67

2.95

29.63

6.52

-37.84

-8

-

0.93

-47.01

-33.69

59.76

59.76

148.98

-12.86

350

12.5

-

-83.33

-

433.33

11.35

-5.07

6.39

-7.79

Figures in parentheses are percentages to respective totals

remarkable increase of about 21.69 percent was
observed in the case of irrigated area during
the middle point of evaluation where the
irrigated area was increased by 29.63 and 6.52
percent during current year situation as
compared to baseline and middle point of
evaluations, respectively. This was mainly
because of completion of watershed
development works.
The perusal of Table 2 revealed that, the
cropping pattern was dominated by cereals in
baseline and mid-point evaluation year.
Whereas, cropping pattern during current year
evaluation was dominated by pulses.
The area under total cereals decreased by
20.09 and 47.01 percent during the middle point

of evaluation and current year of study over
the baseline. A spectacular rise in the area of
vegetables (500 percent), fodder crops (300
percent) and cash crops (185.71 percent) was
noticed during the middle point of evaluation
over the baseline. While the rise in area of
fodder crops (350 percent), cash crops (148.98
percent) and pulses (59.76 percent) was
observed during the current year as compared
to baseline. The area increased under the
vegetables, fodders and cash crops were due
to activity of irrigation facilities. During the
mid-point of study period the fruit crop was
newly introduced in the cropping pattern of
sample cultivators. But, during the current year
fruit crops increased by 433.33 percent over
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the mid-point of study period.
Livestock Position on Sample Farms
The per farm livestock position of sample
cultivators is shown in Table 3.
The per farm average number of total cattle
reared by sample cultivators during the
baseline was 6.60, of which 36.67, 29.24 and
27.73 percent were the local cows, bullocks
and calves/heifers, respectively. At the end of
mid-point evaluation, the per farm number of
total cattle has decreased to 5.00, amongst
which 31.00, 27.40 and 18.60 percent were the
bullocks, calves / heifers and crossbred cows,
respectively. In the case of current year
situation, the per farm number of total cattle
has decreased to 3.94 amongst which 29.19,
23.86 and 19.04 percent were the bullocks,
crossbred cows and calves/heifers,
respectively.
During the current year, crossbred cows
have increased by 1.08 percent over the midpoint evaluation in study area which had
contributed about 23.86 percent of total cattle
possessed by the cultivators. There were
negative changes in the case of bullocks, local
cows, calves/heifers, sheep, goats and poultry
birds in current year over the baseline and midpoint evaluation. In the case of buffaloes which

had changed positively (2.38) in mid-point
over the baseline but decreased in current year
situation over the baseline and mid-point
evaluation by 4.76 and 6.98 percent,
respectively. With an increase in the number
of crossbred cows, a downfall of 71.07 and
2.78 was seen in case of local cows, in current
year over the baseline and mid-point
evaluation, respectively.
Resource Use and Productivities
The perusal of Table 4 reveals the per
hectare resource use and productivities of
major crops grown by the sample cultivators
at three different stages of evaluation.
The use of human labour for almost all the
crops had increased during mid point over the
base year, that was maximum in the case of
mung (32.95 percent) followed by bajra (18.24
percent) and jowar (14.89 percent). The use of
bullock labour for all the crops had increased
in mid-point over the base year. The
expenditure on machine labour used during
mid-point for almost all the crops except onion
has increased over the base year.
The use of human labour for all the crops
had decreased in current year over the midpoint of study period, that was maximum in
case of garlic (11.95 percent) followed by rabi

Table 3: Livestock position of sample cultivators
( No. per farm)
Particulars

Bullocks
Cows
Local
Crossbred
Buffaloes
Calves / Heifers
Total cattle
Sheep and Goats
Poultry birds

Baseline
(1995-96)
1.93
(29.24)
2.42
(36.67)
0.42
(6.36)
1.83
(27.73)
6.6
(100)
2.93
1.73

Mid-point
evaluation
(2007-08)
1.55
(31)
0.72
(14.4)
0.93
(18.6)
0.43
(8.6)
1.37
(27.4)
5
(100)
2.53
0.8

% change
Current year
over baseline evaluation
(2012-13)
-19.69
1.15
(29.19)
-70.25
2.38
-25.14
-24.24
-13.65
-53.76

Figures in parentheses are percentages to totals
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0.7
(17.77)
0.94
(23.86)
0.4
(10.15)
0.75
(19.04)
3.94
(100)
1.58
1.7

% change over
Baseline
Mid-point
evaluation
-40.41
-25.81

-71.07

-2.78

-

1.08

-4.76

-6.98

-59.02

-45.26

-40.3

-21.2

-45.96
-1.73

-37.42
112.5

Table 4: Resource use and productivities of major crops grown by the sample cultivators
(Per ha)
Particulars

Human labour (man, days)
Bullock labour (pair, days)
Machine labour
Seed (kg)
Manure (Qtls.)
Fert. (Kg.) N
P
K
Productivity (Qtls.)
Human labour (man, days)
Bullock labour (pair, days)
Machine labour
Seed (kg)
Manure (Qtls.)
Fert. (Kg.) N
P
K
Productivity (Qtls.)
Human labour (man, days)
Bullock labour (pair, days)
Machine labour
Seed (kg)
Manure (Qtls.)
Fert. (Kg.) N
P
K
Productivity (Qtls.)
Human labour (man, days)
Bullock labour (pair, days)
Machine labour
Seed (kg)
Manure (Qtls.)
Fert. (Kg.) N
P
K
Productivity (Qtls.)
Human labour (man, days)
Bullock labour (pair, days)
Machine labour
Seed (kg)
Manure (Qtls.)
Fert. (Kg.) N
P
K
Productivity (Qtls.)
Human labour (man, days)
Bullock labour (pair, days)
Machine labour
Seed (kg)
Manure (Qtls.)
Fert. (Kg.) N
P
K
Productivity (Qtls.)

Baseline
Mid-point
% change over
Current year
(1995-96) evaluation (2007baseline
evaluation (201208)
13)
Mung
42.18
56.08
32.95
55.54
7.6
9.45
24.34
7.65
0
431.22
1589
18.9
16.18
-14.39
16.31
7.34
0
-100
3.07
0
12.6
13.5
0
5.7
7.23
0
5.7
7.23
4.99
6.06
21.44
6.08
Bajra (irri)
80.19
94.82
18.24
92.86
11.42
11.55
1.14
10.09
934.31
1321.72
41.47
1502.42
3.93
3.81
-3.05
3.83
15.88
18.81
18.45
16.34
50
93.13
86.26
95.67
7.58
12.59
66.09
11.53
7.58
12.59
66.09
14.37
16.24
21.11
29.99
18.6
Jowar (irri)
94.52
108.59
14.89
103.15
6.51
10.91
67.59
8.88
566.96
716.84
26.44
597.2
10.98
10.27
-6.47
10.22
16.02
1.64
-89.76
3.09
42.64
50.07
17.42
52.04
8.24
12.21
48.18
12.35
8.24
12.21
48.18
12.46
11.17
13.36
19.61
14.46
Onion (kharif)
207.14
213.88
3.25
196.3
6.07
9.37
54.37
5.01
300
271.62
-9.46
585.11
10
9.8
-2
9.84
10.71
18.9
76.47
19.07
41.79
77.72
85.98
87.6
23.21
46.97
102.37
51.7
23.21
34.34
47.95
38.67
102
118.03
15.72
110
Onion (rabi)
213.27
234.38
9.90
207.38
7.49
8.06
7.61
6.70
321.64
606.94
88.70
626.51
9.71
9.60
-1.13
9.64
42.57
31.36
-26.33
22.60
66.83
75.14
12.43
77.23
48.96
61.48
25.57
64.53
32.82
50.80
54.78
52.17
180.20
200.93
11.50
195.25
Garlic
264.30
301.64
14.13
265.60
8.85
13.16
48.70
12.08
100.56
117.35
16.70
256.41
781.89
618.04
-20.96
619.60
49.90
37.05
-25.75
39.91
78.91
89.64
13.60
88.61
49.18
62.46
27.00
63.24
43.26
58.23
34.60
60.25
57.90
70.85
22.37
69.78
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% change over
Baseline
Mid-point
evaluation
31.67
0.66
-13.7
-58.14
21.78

-0.96
-19.05
268.49
0.8
7.14
26.84
26.84
0.28

15.8
-11.63
60.81
-2.54
2.92
91.34
52.11
89.58
14.53

-2.07
-12.63
13.67
0.52
-13.11
2.73
-8.42
14.14
-11.89

9.14
36.34
5.33
-6.92
-80.72
22.05
49.88
51.21
29.45

-5.01
-18.65
-16.69
-0.49
88.41
3.93
1.15
2.05
8.23

-5.23
-17.45
95.04
-1.6
78.06
109.62
122.75
66.61
7.84

-8.22
-46.52
115.41
0.41
0.9
12.71
10.07
12.61
-6.8

-2.76
-10.54
94.78
-0.72
-46.90
15.56
31.80
58.96
8.35

-11.52
-16.87
3.22
0.42
-27.92
2.78
4.96
2.70
-2.82

0.49
36.50
154.98
-20.76
-20.02
12.29
28.59
39.27
20.52

-11.95
-8.21
118.50
0.25
7.71
-1.15
1.25
3.47
-1.51

onion (11.52 percent) kharif onion (8.22
percent). The use of bullock labour for all the
crops had decreased in current year over the
mid-point of study period. The expenditure on
machine labour used in almost all crops except
jowar has increased over the mid-point of
study period. This was maximum in case of
mung (268.49 percent), garlic (118.50 percent)
and kharif onion (115.47 percent), respectively.
The per hectare use of seed of all the crops
has decreased during mid-point of study
period over the base year, where reduction in
the case of use of seed ranged between 1.13 to
20.96 per cent, as a result of adoption of new
technology by sample cultivators. The per
hectare use of seed for all the crops has remain
almost same in current year over the mid-point
of study period. The use of manure as regards
to bajra and kharif onion moved up by 18.45
and 76.47 percent during the mid-point over
the baseline. However, a decline in the use of
manures was noticed in the case of mung,
jowar, rabi onion and garlic since the manure
now-a-days is a scare commodity. During
current year the use of manure for mung, Jowar
and garlic has increased by 100.00, 88.41 and
7.71 percent, respectively over the mid-point

of study period.
The use of all the fertilizers taht is,
nitrogenous, phosphatic and potasic for all the
crops showed an increase during the mid-point
over the base year, this increase was highest
in kharif onion in the case of nitrogen (85.98
percent) followed by phosphorus (102.37
percent) and potash (47.95 percent). During
the current year the use of nitrogenous,
phosphatic and potasic fertilizers for all the
major crops should be increase over the midpoint of study period, except phosphatic
fertilizers in Bajra and nitrogenous fertilizers
in garlic.
The productivity of major crops
considerably increased during the mid-point
of study period, where maximum increase in
productivity was observed in the case of bajra
(29.99 percent) followed by garlic (22.37
percent) and mung (21.44 percent). The
productivity of jowar and mung has increased
by 8.23 and 0.28 percent, respectively during
current year over the mid-point of study period.
But in the case of bajra, kharif onion, rabi onion
and garlic the productivity has declined by
11.89, 6.80, 2.82 and 1.51 percent, respectively.
Where, the productivity of all the crops has

Table 5: Annual employment of male and female workers
(Days per worker)
Particulars

Baseline
(1995-96)

Mid-point
evaluation
(2007-08)

Crop production
Livestock
Wage earning
Exchange of labour
Service
Other farm work
Total

53.14
77.68
22.97
5.39
20.64
1.89
181.71

94.57
80.18
41.01
10.4
31.48
2.56
260.2

Crop production
Livestock
Wage earning
Exchange of labour
Service
Other farm work
Total

61.33
28.6
13.04
6.81
1.96
0.91
112.65

91.71
33.43
26.02
12.86
5.58
1.32
170.92

% change
Current year
over baseline evaluation
(2012-13)
Male
77.96
95.34
3.22
84.01
78.54
35.67
92.95
10.5
52.52
32.81
35.45
2.8
43.2
261.13
Female
49.54
93.21
16.89
34.5
99.54
24.6
88.84
13.08
184.69
6.07
45.05
1.68
51.73
173.14
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% change over
Baseline
Mid-point
evaluation
79.41
8.15
55.29
94.81
58.96
48.15
43.71

0.81
4.78
-13.02
0.96
4.22
9.37
0.36

51.98
20.63
88.65
92.07
209.69
84.62
53.7

1.64
3.2
-5.46
1.71
8.78
27.27
1.3

increased (7.84 to 29.45 per cent in major crops)
during current year over the base year.
Annual employment pattern
The per worker average annual
employment of male and female workers is
presented in Table 5. During the base year, the
per worker total annual employment of male
and female workers was 181.71 and 112.65
days. The per worker annual total employment
of male and female workers has increased by
43.20 and 51.73 percent, respectively during
mid-point of study period over the base year.
During the current year per worker annual total
employment of male and female workers has
increased by 43.71 and 53.70 percent,
respectively over the base year of study period.
The percentage change in the employment of
male workers during current year over the
baseline was found to be maximum in the case
of exchange of labour, it was highest in other
farm work if compared with mid-point of study
period. As regards to female workers, the

percentage change in the days of employment
during the mid-point of study period over
baseline was seen to be highest for service
followed by wage earnings. The per cent
change in employment for female workers
during current year has highest for service
(209.69 percent) followed by exchange of
labour (92.07 percent) over the baseline of
study period. The employment from wage
earning for both male and female workers has
gone decreased in current year over the midpoint of study period by 13.02 and 5.46 percent,
respectively.
Farm business analysis
The farm business analysis of sample
farms in watershed development area is shown
in Table 6. The per farm gross income secured
through crop production has increased from
`2,56,807 to `5,96,440 and `4,86,824 during the
mid-point and current year of study period,
respectively. The per hectare gross income
accrued form such activity has increased from

Table 6: Farm business analysis of sample cultivators
(`)
Particulars

Baseline
(1995-96)

Gross Income (Crop production)
Costs
Cost 'A'
Cost 'B'
Cost 'C'
Farm business analysis
Farm business income
Family labour income
Net income (Crop production)
B:C ratio

256807

Gross Income (Crop production)
Costs
Cost 'A'
Cost 'B'
Cost 'C'
Farm business analysis
Farm business income
Family labour income
Net income (Crop production)
B:C ratio

Mid-point
% change
evaluation
over
(2007-08)
baseline
Per Farm
596440
132.25

Current year
evaluation
(2012-13)

% change over
Baseline
Mid-point
evaluation

486824

89.57

-18.38

75359
121786
175569

133195
236935
336725

76.75
94.55
91.79

123131
208399
284391

63.39
71.12
61.98

-7.56
-12.04
-15.54

181447
135021
81237
1.46

363693
278425
202433
1.71

100.44
106.21
149.19
17.03

-21.49
-22.55
-22.06
-3.36

70971

463245
155.3
359505
166.26
259715
219.7
1.77
21.1
Per hectare
137910
94.32

118109

66.42

-14.36

20826
33657
48520

30798
54785
77859

47.88
62.78
60.47

29873
50560
68996

43.44
50.22
42.2

-3
-7.71
-11.38

50145
37314
22450
1.46

107112
83125
60051
1.77

113.61
122.77
167.48
21.1

88236
67549
49113
1.71

75.96
81.03
118.76
17.03

-17.62
-18.74
-18.22
-3.36
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`70971 to `137910 and `118108 during the
mid-point and current year of study,
respectively. The per farm and per hectare gross
income from crop production during current
year has decreased by 18.08 and 14.36 per cent,
respectively over the mid-point of study period
because of the drought situation during current
year in study area. But the per farm and per
hectare gross income from crop production
during current year has increased by 89.57 and
66.42 percent, respectively over the base year.
The per hectare cost ‘A’, ‘B’ and ‘C’ were
showed an increase of 76.75, 94.55 and 91.79
percent, respectively at the end mid-point of
study period over the base year, while these
are decreased by 3.00, 7.71 and 11.38 percent,
respectively during the current year over the
mid-point of study period. During the current
year per hectare farm business, family labour

and net income analysis showed a gain of
75.96, 81.03 and 118.76 percent, respectively
over the base year. But due to the drought
situation during the current year per hectare
farm business, family labour and net income
has decreased by 17.62, 18.74 and 18.22
percent, respectively over the mid-point of
study period. The per farm and per hectare
benefit cost ratio has increased from 1.46 to
1.77 and 1.71 during the mid-point and current
years of study period.
Income and Expenditure Pattern
The income and expenditure pattern of
sample cultivators in three different stages of
study is depicted in Table 7. The total income
jointly from crop production and livestock
activities has increased from `90236.00 to
`162115.00 and `143681.00 per hectare,
respectively during mid-point and current year

Table 7: Income and expenditure pattern of sample cultivators
(`)
Particulars

Income
Crop production
Livestock
Total Income
Expenditure
Crop production
Livestock
Total expenditure
B:C ratio
Crop production
Livestock
Overall
Income
Crop production
Livestock
Total Income
Expenditure
Crop production
Livestock
Total expenditure
B:C ratio
Crop production
Livestock
Overall

Baseline
(1995-96)

Mid-point
% change
evaluation
over
(2007-08)
baseline
Per Farm

Current year
evaluation
(2012-13)

% change over
Baseline
Mid-point
evaluation

256807
71283
328090

596440
104888
701327

132.25
47.14
113.76

486824
105357
592181

89.57
47.80
80.49

-18.38
0.45
-15.56

175569
84208
259777

336725
93023
429748

91.79
10.47
65.43

284391
95027
379418

61.98
12.85
46.06

-15.54
2.15
-11.71

1.71
1.11
1.56

17.03
30.97
23.58

-3.36
-1.67
-4.36

1.46
0.85
1.26

1.77
21.10
1.13
33.20
1.63
29.22
Per hectare

70971
19265
90236

137910
24205
162115

94.32
25.64
79.66

118109
25572
143681

66.42
32.74
59.23

-14.36
5.65
-11.37

48520
22758
71277

77859
21468
99326

60.47
-5.67
39.35

68996
23065
92061

42.20
1.35
29.16

-11.38
7.44
-7.31

1.46
0.85
1.27

1.77
1.13
1.63

21.10
33.19
28.92

1.71
1.11
1.56

17.03
30.97
23.28

-3.36
-1.67
-4.38
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of study period. The per hectare total income
during current year has gone up by 59.23 per
cent over the base year while it has declined
by 11.37 percent over the mid-point of study
period. The per hectare income during current
year from crop production has increased by
66.42 percent over the base year and decreased
by 14.36 per cent over the mid-point of study
period. The per hectare income during current
year from livestock has increased by 32.74 and
5.65 percent over the base year and mid-point
of study period, respectively. The per hectare
total expenditure jointly on the crop production
and livestock activities during current year
went up by 29.16 percent over the base year
but decreased by 7.31 percent over the midpoint of study period. The per hectare
expenditure on crop production during current
year has increased by 42.20 percent over the
base year but it has decreased by 11.38 per
cent over the mid-point of study period. In the
case of expenditure made on livestock during
current year has increased by 1.35 and 7.44
percent, respectively over the base year and
mid-point of study period. The overall benefit
cost ratio jointly for the crop production and
the livestock activities showed an change from
1.26 to 1.63 and 1.56 during mid-point and
current year of study period, respectively.
Economic viability of the watershed project
In order to judge the economic viability of
the Bahirwadi Watershed Development
Project, the Net Present Value (NPV), Benefit
Cost Ratio (BCR) and Internal Rate of Return
(IRR) were estimated by using the discounted
cash flow technique. The results are given in
Table 8.
The NPV, BCR and IRR were computed at
discount rates of 10, 15 and 20 percent,
assuming the life of the project as 10 years
with the total capital investment of
`1,56,00,000.00 as original cost and the per
annum net benefits of `3,72,18,025.00 from the
project.
The NPV, BCR and IRR at 15 percent
discount rate and at original cost and benefits
were worked out to `20.82 crores, 1.56 and 35.86

Table 8: Economic viability of Bahirwadi
watershed development project
Discount
Net benefits
NPV
BCR IRR
rate %
(crore `)
(crore `)
(%)
At original cost and benefits
10
3.72
25.01
1.56
15
3.72
20.82
1.56 39.86
20
3.72
17.75
1.56 48.86
At original benefit and 10 percent increase in cost
10
3.06
17.21
1.42
15
3.06
13.77
1.42 35.01
20
3.06
11.24
1.42 42.25
At original cost and 10 percent decrease in benefit
10
2.69
14.92
1.4
15
2.69
11.9
1.4 34.69
20
2.69
9.68
1.4 41.82

percent respectively, which indicates the
economic viability of the project. With the
increase in the rate of discount, the NPV and
BCR of the project would go on decreasing.
The analysis was further extended to workout
the NPV, BCR and IRR assuming the 10 percent
increase in the cost of original benefits and 10
percent decrease in benefits of original cost.
The analysis showed that the NPV, BCR and
IRR at 10 percent increase in cost and at 15 per
cent discount rate would be of the order of
`13.77 crores, 1.42 and 35.01 percent,
respectively. Assuming 10 per cent decrease
in benefits and 15 per cent rate of discount,
the NPV, BCR and IRR would be `11.90 crores,
1.40 and 34.69 percent, respectively. Since the
B:C ratio is greater than unity and IRR is more
than the market rate of interest, the investment
made on the watershed project is economically
viable.
CONCLUSIONS
1. The achievements in the watershed
development activities were to the extent
of 94.25 percent.
2. An increase in the irrigated area and
cultivable land during current year was
29.63 and 4.67 percent, respectively over
the base year, while it was 6.12 and 2.87
percent, respectively over the mid-point
of study period. The high value crops like
vegetables, cash crops (onion and garlic)
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and fodder crops occupied more share in
total gross cropped area of sample
cultivators during the middle point of
evaluation over the baseline. While the
rise in area of fodder crops (350 percent),
cash crops (148.98 percent) and pulses
(59.76) during the current year as
compared to baseline.
3. During the current year under study,
crossbred cows have increased by 1.08
per cent over the mid-point evaluation in
study area which had contributed about
23.86 per cent of total cattle possessed
by the cultivators.
4. The productivity of major crop had
considerably increased during the midpoint of study period over the base year.
The productivity of all the crops has
increased from 7.84 to 29.45 percent in
major crops) during current year over the
base year. But due to the drought situation
during current year the productivity of
bajra, kharif onion, rabi onion and garlic
has declined by 11.89, 6.80, 2.82 and 1.51
percent, respectively over the mid-point
of study period.
5. The per farm gross income from crop
production during current year has
decreased by 18.08 percent over the midpoint of study period because of the
drought situation during current year in
study area. But the per farm gross income
from crop production during current year
has more by 89.57 per cent over the base
year. The per hectare total income accrued
jointly from the crop production and the
livestock activities during the current year
showed an increase of 59.23 percent over
the base year while it has declined by 11.37
percent over the mid-point of study

period, with an overall B:C ratio of 1.56.
6. The increased irrigation facilities and milch
animals had resulted in to increase in the
per worker annual employment for male
and female workers during current year
by 43.71 and 53.70 percent, respectively
over the base year.
7. The Watershed Project was found to be
economically viable since the BCR was
observed to be more than unity with IRR
as 39.86 percent.
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ADOPTION ASSESSMENT OF PRODUCTION
TECHNOLOGY FOR PADDY CULTIVATION IN
KONKAN REGION OF MAHARASHTRA
R.B. Hile, A.S. Darekar and S.B. Datrkar*
ABSTRACT
The study revealed that the per hectare cost ‘C’ was `49,393.85 and BCR is
1.41, whereas the per quintal cost production was `1,069.78 at the overall
level for improved paddy cultivation methods. Further, there was a 16.59
percent yield gap between actual yield and demonstration plot yield, in
which cultural practices (11.58) have shown a stronger effect than input
use (5.01). The composite index of technology adoption was worked out to
67.46 per cent indicated that the sample farmers adopted less than 30
percent recommended paddy production technology and obtained 36.65
qtls/ha yield. The contribution of different components on impact of paddy
production technology in Kokan region, net returns was maximum (44.22
percent) followed by gross returns and main produce. The most important
constraint in improved method of paddy cultivation has been identified as
‘high cost of seed, fertilizers and labour charges, lack of knowledge about
fertilizers application, seed treatment small fragmented holding and low
price to produce. The improved paddy production technology method being
more skill oriented, the study has observed that yields can be made on
adoption and impact sustainable if constraints are addressed on war-footing
basis.
Keywords: Decompose model, technology addoption and impact, yield gap
JEL Classification: C81, Q12, Q13, Q14, Q19, Q33

INTRODUCTION
India is one of the leading rice producing
countries of the world with cultivated area of
43.97 Mha and production of 100 Mt in 201112. The leading states in rice cultivation are:
West Bengal, Uttar Pradesh, Orissa, Andhra
Pradesh and Panjab. Maharashtra is one of
the major rice growing states in India. Paddy
is grown on15.40 million ha with an annual
production of 35.00 million tonnes and
*

Department of Agricultural Economics, MPKV,
Rahuri, Maharashtra
Email: rbhile@gmail.com

productivity at 1821 kg per ha during the year
2011-12. Maharashtra ranks 12th in production
and 13th in productivity among major rice
growing
states of the country
(www.indiastat.com, 2011).
In India, rice is an important ingredient of
household food-basket, yet its yield level is
low, stagnant and uncertain (Barah, 2009).
Among the various agronomic practices
judicious use of manures and fertilizers is one
of the important strategies for increasing
production of rice per unit area. The breeding
of high yielding varieties have laid the basis
for rice production in India. The improved
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varieties can give the anticipated yield per unit
area, when grown under favorable
environmental conditions without which they
are not able to manifest their maximum yield
potential. The high yielding varieties are highly
responsive to fertilizers and proper timely
mamangement of cultural practices. In India,
taking into consideration the soils having low
levels of organic carbon, it is a great challenge
to feed hybrid rice with balanced nutrition.
Therefore, more attention needs to be given
on organic sources like FYM, poultry manures
and green manuring with optimum use of
chemical fertilizers.
More specially, green revolution denotes
the large increase in crop yields which in recent
years, resulted mainly from the development
and adoption of new hybrids and the improved
technology associated with their culture.
The present study is an attempt to analyze
the impact of improved technologies on paddy
production in different regions of Maharashtra.
The studies undertaken so far had mostly
focused on the favorable effects of
technological change. The reasons for the rate
of adoption lagging behind expectation have
been virtually unexamined. Therefore, a study
which focuses on both aspects of technical
changes i.e. its impact on yield, returns etc. as
well as the reasons for non adoption of
improved technology assumes great
importance. Considering the above facts it was
necessary to the “Economic analysis and
impact assessment of production technology
of paddy of Konkan region in Maharashtra”.
However, in spite of many advantages,
farmers have their own difficulties for not
adopting improved technology at a rapid pace
owing to improved methods of paddy
production technology requiring management
of resources skillfully which requires high
precision in handling of farm resources. With
this background, present study was
undertaken with the view:
i. to study the regionwise resource use
efficiency and cost and returns of paddy
ii. to study regionwise technology adoption

and its impact on production of paddy,
and
ii. to examine the constraints in adoption of
paddy production technologies
MATERIALSAND METHODS
The study was conducted in the Konkan
region of Maharashtra. Two districts from the
region viz., Thane and Raigad and from each
district two tehsil were selected on the basis
of maximum area under study. Two village from
each tehsil were selected. Among each village,
9 samples were selected as per the size group
of small, medium and large. The study was
based on primary data for the year 2013-14.
From each district, 36 farmers were selected
who were practicing improved production
technology of paddy of cultivation. Thus, there
were a total number of sample size of 72 farms.
The farmers were interviewed using specially
prepared schedules. The farmers were also
asked to prioritize the most important
constraints they were facing in adopting
improved method of paddy cultivation.
Analytical Tools
Apart from budgeting techniques,
following analytical tools were employed:
Cobb-Douglas Type of Production Function
To identify the important factors affecting
the paddy production technology for paddy
cultivation, following Cobb-Douglas type of
production function was employed. Five
inputs were considered as important factor
contributing to the production. The equation
fitted was used in following form.
b

b

b

b

b

Y  ax1 1 x 2 2 x 3 3 x 44 x 5 5 e u
where,
Y = Output of main produce in quintals
per hectare
a = Intercept
x1 = Per hectare use of human labour in
man days
x2 = Per hectare use of Bullock in pair
days
x3 = Per hectare use of Manure in quintals
x4 = Nitrogen (kgha-1)
x5 = Phosphorus (kgha-1)
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eu = Error term
Estimation of marginal value product
The marginal value products (MVPs) of the
individual resources were estimated and
compared with the marginal cost (MC). The
MVP of individual resources was estimated
by using the following formula,
MVP of X i  b i

Y
X

Py

where,
bi = Elasticity of production of ith input
Y = Geometric mean of output
Xi = Geometric mean of of ith input
Py = Per unit price of output
Technological Gap Analysis
Yield gap was worked out as the difference
between demonstration plot yield and actual
farmer’s yield. The following Cobb-Douglas
type of production function was used for this
purpose (Guddi et al., 2002).
Y  a 0 H a1 Ba 2 M a 3 N a 4 P a 5 e u
where,
Y = Output of main produce in quintals
per hectare
a0 = Intercept
H = Per hectare use of human labour in
man days
B = Per hectare use of Bullock in pair
days
M = Per hectare use of Manure in
quintals
N = Nitrogen (kg) per hectare
P = Phosphorus (kg) per hectare
eu = Error term
ai = Elasticities of production (i= 1 to 5).
The combination of different resources to
yield gap was estimated with the help of
Decomposition Model. The following
functional form was used to work out the yield
gap (Bisaliah, 1977). The Chow test was
conducted for checking the production
elasticity of the two functions.
Log (Y2/Y1) = [Log (bo/a0)] + [(b1-a1) Log H1+
(b2-a2) Log B1 +(b3–a3) Log M1+
(b4-a4) Log N1 + (b5-a5) Log P1] +

[b1 Log (H2/H1) + b2 Log (B2/B1)
+b3 Log (M2/M1)+b4 Log (N2/N1)
+ b5 Log (P2/P1)] + [ U2-U1]

Technological adoption pattern on sample
farm
In order to measure the technology
adoption, index the adoption of paddy
production technology viz; date of sowing,
method of sowing, seed rate, manures,
application of FYM, and chemical fertilizers and
plant protection measures, etc. were
considered. The Technology Adoption Index
(TAI) in percentage was estimated by using
the following formula.
TAI 

Ai
 100
Mi

where,
Ai = Average adoption score registered
by the farmer for particular
component
Mi = Maximum adoption score registered
by the farmer for particular
component.
RESULTS AND DISCUSSION
The cost of cultivation of paddy includes
the fixed cost and working cost. The per
hectare cost of cultivation of paddy was
worked out by using standard cost concepts.
The information on various items of cost of
cultivation of paddy for different size groups
of holdings is presented in Table 1.
It can be seen from the Table 1 that at the
overall level, per hectare cost of cultivation of
paddy that is, Cost C was `49,393.85. Amongst
the different items of cost, rental value of land
was the major item of cost which accounted
to `11,544.73 (23.37 per cent) followed by hired
human labour charges `10,056.30 (20.36
percent) and, family human labour `7,497.77
(15.18 percent). Of the total cost of cultivation
of paddy, the Cost A was `27,544.80 (55.77
percent) and cost B was `41,896.08 (84.82
percent). Among the size group of holdings,
the per hectare yield was 37.07, 39.80 quintals,
and 44.23 quintals in small, medium and large
size groups, respectively. It indicated that the
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Table 1: Cost of cultivation of paddy in Konkan region
(`ha-1)
Cost items
Hired human labour
Male
Female
Bullock power
Machine power
Seed
Manures
Fertilizers
N
P
K
Irrigation Charges
Plant protection charges
Incidental charges
Repairs
Working capital
Interest on working capital
Depre. on farm implements
Land revenue and taxes
Cost 'A'
Rental value of land
Interest on fixed capital
Cost 'B'
Family labour
Male
Female
Cost 'C'
Output
Main produce
By-produce
Total gross returns
Cost 'C' net of by-produce
Per quintal cost
B:C ratio at cost ‘C’

Small
Value Percent

Medium
Value Percent

Large
Value Percent

Overall
Value Percent

5351.65
4741.76
3060
2555
1216.6
695.97

11.62
10.29
6.64
5.55
2.64
1.51

4910.71
4691.09
1958.13
3386.7
1249.16
1022.17

10.11
9.66
4.03
6.97
2.57
2.1

6046.62
4253.34
2623.96
5388.38
1332.15
793.36

11.88
8.36
5.16
10.58
2.62
1.56

5589.97
4466.33
2497.78
4313.82
1287.92
845.52

11.32
9.04
5.06
8.73
2.61
1.7

1759.43
1660
179.85
50.55
400
251.44
301.13
22223.38
1333.4
2295.45
40
25892.23
9945.35
2500
38337.58

3.82
3.6
0.39
0.11
0.87
0.55
0.65
48.24
2.89
4.98
0.09
56.2
21.59
5.43
83.2

1773.32
1845.4
209.17
41.95
510
268.98
285.36
22152.14
1329.13
1829.13
50
25347.39
11658.97
2812
39818.36

3.65
3.8
0.43
0.09
1.05
0.55
0.59
45.6
2.74
3.74
0.1
52.17
24
5.79
81.96

1716.83
1930.81
201.24
16.84
312
278.38
272.69
25166.6
1510
2560
63
29299.6
11984.05
2900
44183.65

3.37
3.79
0.4
0.03
0.61
0.55
0.54
49.45
2.97
5.03
0.12
57.56
23.55
5.7
86.81

1740.89
1859.81
200.02
30.01
386.04
271.05
281.25
23770.41
1426.22
2292.922
55.25
27544.8
11544.73
2806.55
41896.08

3.52
3.77
0.4
0.06
0.78
0.55
0.57
48.12
2.89
4.64
0.11
55.77
23.37
5.68
84.82

4726.65
3007.33
46071.56

10.26
6.53
100

4898.4
3865.46
48582.22

10.08
7.96
100

3767.3
2944.82
50895.77

7.4
5.79
100

4266.85
3230.92
49393.85

8.64
6.54
100

55604.4
4307.69
59912.09
41763.87
1126.62
1.3

65669.46
4584.36
70253.82
43997.86
1105.47
1.45

per hectare yield of paddy increased with an
increase in the size of holdings. The gross
income received from paddy was observed to
be `59, 912.09, `70,253.82 and `72,282.29 in
small, medium and large size groups,
respectively, while at overall level, it was
`69,599.89. The per hectare net profit increased
with the increasing size of group. At the overall
level B: C ratio was 1.41. From the above
discussion it is indicated that the per unit cost
of cultivation was declining as size group
increased.

62736.16
5046.13
72282.29
45849.64
1036.62
1.42

64815.88
4784.01
69599.89
44609.84
1069.78
1.41

Resource Use Levels of Paddy in Konkan
Region
The quantities of various inputs used
directly affected the cost of cultivation and
therefore, utilization inputs such as human
labour, bullock labour, seeds, manures,
fertilizer, etc. have been studied in per hectare
physical and monetary terms. The per hectare
utilization of physical quantities of different
inputs are presented in Table 2.
It was accompanied by lower cost of
cultivation in improved method of paddy
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Table 2: Per hectare resource use levels of
paddy in Konkan region
Particulars
Total human labour (Days)
Male
Female
Bullock power (pair days)
Machine power(hours)
Seed (kg)
Manures (q)
Fertilizers (kg)
N
P
K
Irrigation Charges (`)
Plant protection charges (`)

Small Medium Large Overall
144.68 150.96 137.41 142.68
67.19
65.39 65.43 65.71
77.49
85.57 71.98 76.97
10.20
6.53
8.75
8.33
5.11
6.77
10.89
8.69
60.83
56.78 82.13 70.97
6.96
10.22
7.93
8.46
108.67
91.21
18.35
50.55
400.00

109.53 106.04 107.53
101.40 106.09 102.19
21.34 20.53 20.41
41.95 16.84 30.01
510.00 312.00 386.04

owing to the higher requirement of inputs,
except manure. This might be because of
organic nature of the improved method of
paddy cultivation. Inputs played a significant
role for boosting production of paddy. The
production and productivity of paddy depend
on the judicious and the balanced use of
inputs. The adoption level of production
technologies for paddy was primarily
influenced by the human labour, bullock power,
seed, manures, fertilizer etc. Besides this, the
balance use of these inputs was also very
important.
Resource Use Gap of Paddy in Konkan Region
Table 3 presents the per hectare resource
use gaps of paddy cultivation in recommended
and actual use levels of input and output as
per the adoption level.
The Agricultural Universities and various
Table 3: Per hectare resource use gap of
paddy for Konkan region
Particulars

Actual Recommended Absolute % Gap
use
dose
Gap
Total Human labour 142.68
221
48.32
35.44
(Days)
Bullock power
8.33
25
16.67
66.70
(Pair days)
Seed (kg)
70.97
40
-30.97 -77.42
Manures (q)
8.46
100
91.54
91.54
Fertilizers (kg)
N
107.53
100
-7.53
-7.53
P
102.19
50
-52.19 -104.38
K
20.41
50
29.59
59.18
Yield (q)
41.70
50
8.30
16.59
'-' Gap indicates excess use than recommendation
'+' Gap indicates low use than recommendation

research institutes recommended the input use
for higher production of the crops. This differs
usually from the actual use of inputs by the
farmers.
In Konkan region, the inputs viz; human
labour, bullok power manures and potash were
utilized less than the recommended. The per
hectare excess use of phosphorous was more
than recommendation in konkan region (52.19
per cent) followed by nitrogen (30.97 per cent)
and seed (7.53 per cent), for maintaining the
plant population and to increase the grain
production.
In the case of manures, the
recommendation is 10 tonnes per ha for the
crop. The farmers used the more than
recommended dose due to the availability and
increasing cost of manures. The gap between
actual and recommended yield was 16.59 per
cent. It was maximum in phosphorus (104.38
per cent) followed by manures (91.54 percent),
seed (77.42 percent), bullock labour (66.70 per
cent), potash (59.18 percent), human labour
(35.44 percent) and nitrogen (7.53 percent).
Production Function Estimates of
Demonstration Plot and Sample Cultivators
The Cobb-Douglas type of production
function was fitted to the observations for the
estimation of elasticities of important variables
contributing to the yield of paddy in both
demonstration plot and sample farms. The
analysis of variance in respect of the
production function showed a significant
variance, indicating the overall significance of
the estimated production function (Table 4).
The value for the Coefficient of Multiple
Determination (R2) for demonstration plot was
0.73, which suggested that the six resources
included in the production function had jointly
explained as high as 73 per cent of total
variation in the demonstration plot, whereas it
was 72 percent (R2 = 0.72) for the sample farms.
It showed that the variables taken into
consideration were more crucial factors in
demonstration plot than on the sample farm
cultivators. In the demonstration plot method,
human labour, bullock labour, nitrogen and
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Table 4: Results of C-D production function
in Konkan region

Table 5: Results of decomposition analysis
in Konkan region

Particulars

Source of productivity difference

Regression coefficients
Sample cultivators Demon
Human labour (Days)
0.6417***
0.6287**
(0.19)
(0.25)
Bullock labour (Days)
0.8112**
0.8015**
(0.38)
(0.29)
Seed (kg)
0.1225
0.1204
(0.14)
(0.12)
Manures (kg)
0.0199**
0.0181***
(0.01)
(0.73)
Nitrogen (kg)
0.0013
0.0013**
(0.17)
(0.06)
Phosphorous (kg)
0.0018
0.6014
(0.22)
(0.20)
Potash (kg)
0.0018
0.0012
(0.02)
(0.17)
R2
0.72
0.73
Number of observation
72
30
D.F.
64
22

Total difference observed in output
Source of contribution
Difference in cultural practices (Non neutral
technological changes)
Due to difference in input use level
(Neutral technological changes)
Human labour
Bullock labour
Seed
Manure
Nitrogen
Phosphorous
Potash
Due to all inputs
Total estimated gap from all sources

Figures in parentheses are standard errors of respective
regression coefficients
*, **, *** indicate significant at 10, 5, and 1 per cent level ,
respectively

manures were found positively significant.
This means that usage of less than the
recommended dose of these inputs would
result in a increases in production. On sample
farm cultivators, human labour, bullock labour
and manure were positively significant. Thus,
the sample cultivators farms were more
labourintensive and exhaustive as it responded
more to labour usage and manure application.
Results of Decomposition Analysis of Paddy
in Konkan region
Barah (2009) reported that SRI has potential
to increase rice production by 26 percent or
even more depending on the extent of
adherence to its basic principles.
In the present study, the yield gap between
actual farms and demonstration methods was
to the tune of 16.59 percent (Table 5).
Among other sources of yield gap, cultural
practices (11.58 percent) turned out to be the
major contributor. Thus, without incurring extra
expenditure on required inputs, only by
adopting the recommended cultivation
practices, the yield can be increased by 11.58
percent in paddy. The appropriate usage of

Percentage
contribution
16.59
11.58

1.40
1.81
1.73
0.09
-0.02
-0.01
0.01
5.01
16.59

inputs can reduce the yield gap between actual
farm and demonstration methods to the extent
of 5.01 percent.
Technology Adoption Index on Sample Farm
in Konkan Region
The technology adoption of index gives
the clear cut idea about the adoption of a
particular technology component whereas the
magnitude of composite index gives the
aggregate percentage of adoption of all
components of technology. The detail
procedure of constructing the technology
adoption index was given in methodology
chapter and the information are presented in
Table 6. The result indicated that at the overall
Table 6: Technology adoption inde x on
sample farm in Konkan region
Particulats

Size groups
Overall
Small Medium Large
Date of sowing
88.33
84.76 92.59 87.13
Seed rate
65.56
74.29 76.85 72.61
Method of sowing
90
91.43 94.44 92.08
Manures
15.56
33.33 28.70 26.40
Nitrogen
72.22
77.14 80.56 76.90
Phosphorous
62.22
74.29 77.78 71.95
Potash
23.33
33.33 36.11 31.35
Plant protection
56.67
85.71 88.89 78.22
Composite Index
58.61
69.29 71.99 67.08
Yield (qha-1)
37.07
39.80 44.23 41.70
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level, the adoption of method of sowing
technology component was observed
maximum (92.08 percent) to be on sample farms
followed by date of sowing (87.13 percent),
plant protection (78.22), nitrogen (76.90
percent), seed rate (72.61 percent) and
phosphorus (71.95 percent). The lower of
technology adoption index were found in use
of manures application.
The composite index of technology
adoption was worked out to 67.08 percent
which indicated that the sample farmers
adopted less than 30 per cent recommended
paddy production technology obtaining 41.70
q per ha yield. The positive relationship was

Ta ble 7 : Impa c t o f impro v e d pa ddy
production technology for Konkan region
Particulars

Local Improved Percent
Method method impact

Employments
Total human labour (Man daysha-1)
Male
52.11
65.71
Female
68.29
76.97
Bullock labour (Pairs days) 6.12
8.33
Machine power (hr)
6.44
8.69
Yield (qha-1)
Main produce
30.1
41.7
By-produce
37.62
47.84
Economics (`ha-1)
Gross returns
49892.12 69599.89
Cost of cultivation
38620.3 49393.85
Net returns
11271.82 20206.04

20.7
11.28
26.53
25.89
27.82
21.36
28.32
21.81
44.22

Table 8: Constraints in adoption improved production technology of paddy for Konkan
Particular
Small
(n1=24)
Constraints regarding rainfall
Excess
25
Abnormal distribution of rainfall
45.83
Inadequate
70.83
Recommended seed rate
High cost
100
Lack of awareness
50
Recommended time of sowing and recommended variety
Lack of awareness
29.17
Non-availability of proper variety seed
25
Method of Sowing
Recommendation not known
41.67
Expensive and more labour required
100
Adopted traditional methods
37.5
Fertilizer application
High cost of fertilizer
100
Recommendation not known
58.33
Lack of knowledge about fertilizers
41.67
Untimely supply
100
Labour constraints
High wage rates
100
Non-availability at peak period
45.83
Plant protection measures
Inadequate supply
62.5
Higher cost
100
Seed treatment
Unawareness
100
High cost
100
Line transplanting
Labour requirement is more
95.83
It is time consuming method
95.83
Improved implements
High cost
54.17
Poor economic condition
79.17
It requires trained man power
0
Lack of technical know-how
79.17
Low price to produce
100
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Group
Medium
(n2=24)

Large
(n3=24)

Overall
(N=72)

29.17
66.67
29.17

25
50
45.83

26.39
54.17
48.61

100
45.83

100
25

100
40.28

54.17
29.17

41.67
33.33

41.67
29.17

25
100
58.33

54.17
83.33
50

40.28
94.44
48.61

83.33
41.67
29.17
100

70.83
33.33
41.67
100

84.72
44.44
37.5
100

100
50

83.33
54.17

94.44
50

37.5
100

20.83
83.33

40.28
94.44

87.5
87.5

87.5
62.5

91.67
83.33

95.83
62.5

66.67
41.67

86.11
66.67

29.17
62.5
12.5
45.83
87.5

20.83
29.17
20.83
29.17
75

34.72
56.94
11.11
51.39
87.5

observed in between composite index and
yield obtained on sample farms i.e. increase in
composite index resulted in the increase in the
yield. It was also noticed that the magnitude
of composite index increases as size of holding
increased. The same trend was observed in
adoption of seed rate, application of nitrogen
and potash component of technology. The
increasing trend was observed in adoption of
use of fertilizer and plant protection component
of technology with size of farms.
Impact of improved paddy production
technology for Konkan region
The result of impact of improved paddy
production technology in Konkan region is
presented in Table 7.
It is noted from the table that, on an
average, the total employments for male,
female, bullock and machine powers was 20.70,
11.28, 26.53 and 25.53 percent impact,
respectively. Impact on yield of main produce
and by-produce was found to be 27.82 per cent
and 21.36 percent, respectively. In the case of
the economic impact of paddy production
technology on gross returns, cost of
cultivation and net returns was 28.32, 21.81
and 44.22 per cent, respectively. The maximum
impact of paddy production technology in
Konkan region was on net returns was (44.22
per cent) amongst the components considered.
Identification of major constraints in adoption
of improved production technology of paddy in
Konkan
The farmers were asked to offer opinions
as per priority-wise major constraints they
were facing in adoption improved production
technology of paddy cultivation in Konkan
region. All these were sorted and screened and
finally major constraints were identified and
presented in Table 8.
It is revealed that, at the overall level, the
major constraint opined were high cost of
seed, untimely supply of fertilizers, expensive
and more labour require wage rates, high cost
of plant protection measures, high wage rates,
unawareness, low price to produce, labour
require more and high cost of fertilizer were

reported by farmers, respectively.
CONCLUSIONS
With the forgoing discussion, the following
conclusions can be drawn
i. At the overall level, cost of production
of paddy (Cost C) was `44394 and of this
Cost A was 55.77 per cent and Cost B was
84.82 per cent and the B:C ratio was 1.41.
The per hectare resource use gap of paddy
in Konkan region, human labour, manures
and potash were having low use as
compared with the recommendation of
Agricultural Universities. The maximum
resource gap was observed in
phosphorous and manures application.
Whereas, per hectare resource use gap of
paddy in konkan region the yield gap was
to be found 16.59 percent.
ii. The result of Cobb-Douglas production
function for the Konkan region, revealed
that the coefficients of multiple for
demonstration plots for human labour,
bullock labour, manures, and nitrogen were
found positive and significant. The
regression coefficients for sample farms
for human labour, bullock labour and
manures were also found positively
significant. These positive and significant
coefficients indicated that, one unit
increase in the use of human labour,
bullock labour, manures and nitrogen will
minimise the gap.
iii. The decomposition function analysis,
revealed that 16.59 per cent yield increase
was to adoption of new technologies in
paddy, in which, cultural practices (11.58
percent) had higher role than the input
use levels (5.01 percent). At the overall
level, the technology adoption index (TAI)
was found high for method of sowing
fallowed by date of sowing, plant
protection measures, application of
nitrogen, use of seed rate and
phosphorous. At the overall level,
technology composite index was worked
out to be found 67.08 percent, the
contribution of component on impact of
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paddy production technology in Konkan
region, net returns was maximum (44.22
percent) followed by gross returns and
main produce. High level adoption impact
of paddy production technologies helped
to increase the annual income and
employment of the sample farm
families.The major constraint were
reported in paddy production technology
viz.‘high cost of inputs, unawareness and
low price to produce.
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INFUSION OF SINGLE BUD CHIP PLANTING
TECHNIQUE FOR SUGARCANE PROPAGATION
Jasvir Singh Gill* and Gurpreet Kaur**
ABSTRACT
Presently sugarcane is grown on 0.84 million hectares in Punjab and
according to planners’ area under this sweet crop should be enhanced to
squeeze some area from water guzzling paddy, because it is considered as
important crop diversification module and second vital agro-industrial
crop after cotton. Long waiting period, higher seed cost (`25000 - `30000
per ha), delayed payment and arrears by millers to the farmer, etc. are some
bottlenecks in spread of sugarcane to newer niches. To overcome the
problem of higher seed rate per unit area an idea of single bud chip planting
was floated in form of an experiment in which seed rate is reduced by
hundred times with ensured equal or higher yield levels with respect to
conventional planting. This chipping and chip planting method can curtail
seed cost by `20000 to `25000 per ha that is direct benefit to the farmers.
Keywords: Bud Chip Planting, arrears, seed cost, waiting period
JEL Classification: Q01, Q10, Q16,

INTRODUCTION
Sugarcane (Saccharum officinarum L.) is
one of the most efficient converters of solar
energy by virtue of its unique C 4
photosynthetic pathway into sugars and other
renewable sources of energy. The plant was
domesticated by the Polynesians (Brandes,
1958) for its sweet stem, but presently it has
emerged as the versatile crop providing
plethora of valuable products like paper,
ethanol and other alcohol derived chemicals,
animal feed, antibiotics, particle board, press
mud (bio-fertilizer) and raw material for
generating electricity in addition to sugar.
Global sugar consumption has been shooting
up at the steady rate of two per cent per annum
*

DES (Agronomy), FASS, Kapurthala and Assistant
Agronomist, Department of Plant Breeding and
Genetics, PAU, Ludhiana-141004
Email: gilljs@pau.edu

which clearly shows the scope of increasing
the sugarcane production in near future
(www.illovo.co.za). Ethanol has emerged as a
vital product from the sugarcane industry
globally, with ever increasing fuel prices, more
and more countries are keen to exploit plantbased fuels where ethanol is major one.
In a typical sugar mill, 100 tonnes (t) of
sugarcane on an average produce 10 t of sugar,
4 t of molasses from which ethanol is produced,
3 t of press mud which is converted into
biofertilizer, 30 t of bagasse used for
cogeneration of power to yield 1,500 kW
electricity and for manufacturing paper (Figure
1). Apart from these, about thirty tons of cane
tops and leaves (which have narrow C:N ratio)
are generally left in the field, which act as good
fodder for cattle or also be incorporated in field
for better nutrient recycling, further add to the
economic value of the crop.
In India sugarcane is the second largest
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agro-industrial crop after cotton; occupying
an area of 4.2 million hectares with an annual
production of 292.3 million ton of millable canes
with productivity level of 66.1 tonne per ha.
With this level of production average crushing
season prevails only for 109 days with average
crushing capacity of 3846 tonnes per day. As
far as Punjab state is concerned, sick sugar
industry is mainly responsible for squeezed
area under this sweet crop which is round about
seventy thousand hectares with productivity
level of 68.7 tonnes/ha that leads to total
annual sugarcane production of 4.2 million
tonnes. This level of production is not
sufficient for economic viability of cane
industry in the state where six co-operative
sugar mills were already closed and very short
crushing period of 70-80 days per annum in
remaining thirteen working sugar mills clearly
reflects the paucity of millable canes due to
lesser production and productivity of
sugarcane in the state. Shorter crushing period
also adversely affects the employment days
of seasonal employers in sugar mills where
daily wagers are not an exception. So to
overcome this problem area under cane should
be increased to boost production of marketable
canes. Although, in present situation
sugarcane growers are getting remunerative
prices (upto `290 per quintal and this price
may be boosted above `310 per quintal in
Punjab state during fore coming crushing
season) of their sugarcane but most of them
are reluctant to increase area under sugarcane
due to higher initial investment especially on
planting material (upto `30,000 per ha on seed),
long waiting period, less income per unit area
per unit time, etc., as these are some major
bottlenecks for increasing an area under
sugarcane crop. These problems can be
overcome by growing of high value crops in
between sugarcane rows by adjusting planting
geometries, curtailing the cost of planting
material, etc,.
Reducing the quantity of planting material
(Seed Cane) is the best and primary alternative
in reducing the planting cost up to twenty five

to thirty thousand rupees per hectare. This
task can be achieved by planting only single
bud chips avoiding burial of tonnes of
sugarcane setts that can be milled for
sustaining the industry. This technique of
single bud chip planting on which the authors
are working from the last four years, can save
tonnes of sugarcane that are usually buried
under soil annually in the form of seed setts
(approximately 8-10 tonnes per hectare). But
in single bud chip technique this seed
requirement is reduced by one hundred times
and falls to 90 -100 kg per hectare. These single
bud chips can be removed from the cane
without cutting or damaging the cane with
specialized single bud chipper machine
designed and developed by the author. After
removing buds, cane remained healthy and
millable that can be crushed in mills, used for
gur/jaggery preparation, for extracting juice
etc. Moreover, quantity of seed treatment
fungicides also reduces by manifolds that can
contribute in reducing pesticide load in
environment. Some famers usually avoid seed
treatment for curtailing the drudgery of lifting
and dipping bulky cane sets in fungicidal
solutions in present method of planting.
Similarly, there is more drudgery in cutting,
lifting, transporting and planting of bulky seed
setts in conventional method of sugarcane
planting. In totality, on the basis of the work
done so far, it can be concluded that there is
saving of twenty to thirty thousand rupees in
single bud chip technique as compared to the
conventional method of planting without any
yield reduction. But these savings may reduce
to three to eight thousand (depending upon
the planting geometry) if we go for nursery
preparation from single bud chips and
subsequent planting of 45 to 60 days old
seedlings in the field. Although, here in
transplanting technique savings are less but
by adopting this technique sugarcane crop
can fit well in multiple cropping systems as
germination, emergence phase of 40-50 days
is covered in the nursery. For example, fields
which are not vacant at the recommended time
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of autumn and spring planting of sugarcane in
current Rice-Wheat cropping system,
respectively in Punjab state, in transplanting
technique we can go for transplanting of 45 to
60 day old nursery in vacated fields after
harvesting of conventional crops.
In these days, the sugarcane prices are
better due to increased demand of crystal sugar
at national and international level that might
be due to increase in population pressure, rise
in living standard of the middle class society,
notable decrease in local/indigenous gur/
jaggery preparation by farmers, etc. At the
same time, demand for green energy has also
increased in this climate change era that is
clearly reflected through increased demand of
ethanol that is one of the most important byproducts of crystal sugar production chain
(Figure 1) and blended with gasoline for
reducing pollution. Similarly, the new technique
of co-generation increased the eagerness of
sugar millers for raw sugarcane to produce
electricity by using bagasse for making their
mills self reliant by dozing power cuts due to
short supply of electricity.
In a nut shell, single bud chip technique is
a cane planting innovation that has a great
potential for addressing the growing demands
of sugar sector players looking for increased

revenues and profitability. It also reflects the
bigger picture of improved natural resource
management, reduced anti-environmental
footprints and improved livelihoods of farmers
by means of technologies that are appropriate
and effective at household/farm level. The
estimated data are presented in Table 1 that
reflects the relevance of single bud planting at
farmers and at national level as well.
Review of research and development work in
purposed area
The research and development apropos
this technique is still in its infancy stage which
is clearly reflected through the availability of
limited references. The literature review
regarding this technique is summarized below.
Goud (2011) reported 85 percent reduction
in seed rate in single bud chip technique, along
with yield enhancement due to presence 9-10
milliable canes per clump that are only 4-5 in
crop planted in conventional manner. Maximum
net return were obtained were sugarcane is
grown from single bud chips due to saving in
seed material (Jain, 2011).
At Mayiladuthurai in Tamil Nadu,
Nagendran and Sekar (1988) working at
NPKRR Cooperative Sugar Mills reported that
‘bud chip seedlings transplanting technique’
as most suitable for adoption in the wet lands
of Cauvery delta. The very
good foundation laid earlier
SUGARCANE 1 ton
CANE JUICE
at TANUKU Sugars,
Sucrose (10 -15 %)
Sugar (15%)
encouraged Narendranath
Water (60-70 %)
Water (80 %)
Fiber (15 – 20%)
Others (5%)
(1992) to go in for 500 acres
of sugarcane with bud chip
raised seedlings. He added
that for seven weeks there
SUGAR
MOLASSES
BAGASSE
was a
saving
in
95-110 kg
45-50 kg
Pulp (80%) 330 kg 33% of
Recovery 9.3 percent in
4.5 – 5.0 % recovery
management
costs
on
99
Cane (@ `250q )
sugar mills of Punjab
(@ `250q )
acres for every 100 acres,
since one acre nursery was
sufficient to produce
Ethanol
POWER GENERATION
seedlings for planting 100
10 – 11 litres
114 kWh 1 ton Bagasse
21 – 23% of Molasses
acres.
In Philippines, forty
Figure 1: Sugarcane processing chain, where by-products are days old seedlings raised
in polybags from single
source of additional revenue besides main product
-1

-1
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bud chips gave 11 percent higher yield even
17 percent lesser number of millable canes were
obtained, but have 34 percent higher cane
weight than conventional method of
cultivation (Tianco, 1995).
Treatment of bud chip (portion of cane
bearing axillary bud) with two percent agar gel
slurry is beneficial for maintaining viability and
aggrandizes sprouting to produce a relatively
long shoot of saplings is reported by
Ramamoorthy and Ramanujam (1993).
At Sugarcane Breeding Institute, Prasad
and Sreenivasan (1996) used the bud chip
method as a low cost technology for exchange
of cane seed material. This eases the long
distance transport of Co canes as bud chips in
carton boxes across the country for the regular
varietal development programme.
Better germination was obtained with
single bud chips than with the conventional
three-bud setts in an experiment conducted
by Iqbal et al. (2002) at Sugarcane Research
Institute at the Bangladesh where Isd-16, Isd18 and Isd-19 cultivars were used.
Successful establishment of axillary buds
chips of sugarcane (Cultivar NCo310) was
obtained in Australia by Wagih et al with
surface sterilisation (sodium hypochlorite four
percent for five min), decontamination (100 mg
L-1 carbenicillin, 25 mg L-1 nystatin and 100 mg
L-1 benlate) and a double heat treatment applied

firstly to setts (single-bud vegetative cuttings;
50°C for 120 min) and then to the isolated
axillary buds (61°C for 30 min).
Inspired by the success of ‘System of Rice
Intensification’ under WWF-ICRISAT project,
Biksham Gujja and his Team extended the
concept to sugarcane and the Sustainable
Sugarcane Initiative was born (WWFICRISAT, 2009). The method using bud chip
raised seedlings was taken up on a fairly large
scale in several states, where farmers were
trained in the several states of the nation under
the WWF-ICRISAT project.
Although, there is plethora of benefits of
Bud Chip Technology, extensive research work
is being in progress at the Indian Institute of
Sugarcane Research, Lucknow and at other
institutions to study the physio-biochemical
basis of bud chip viability for long duration
storage, transport its treatment, storage,
preparation of seedlings and ultimately their
establishment at the farmers’ field. Numerous
experiments were conducted in past for
maintaining viability of bud chips for long time.
Bud chips stored in polyethylene bags after
fungicide treatment and stored at low
temperature conditions (10 ±1oC ) exhibited
about 80 percent bud germination after 10 days
of storage than one stored at room temperature
where germination falls near 40 percent (Jain,
2011).

Table 1: Extent of savings (due to the variance in crucial inputs) worked out by testing
single bud technique of sugarcane planting in different field experiments
(ha-1)
Input

Single
bud

Nursery preparation from single
buds and subsequent transplanting
of 45-60 day saplings
Seed Rate (q)
<1
<1
Effective seed cost# (`)
300
300
Net savings on seed cost w.r.t conventional 20262.5
2062.5
planting method (`)
Seed treatment fungicides (ml)
6.25
6.25
Labour requirement for seed preparation
6000
17000
and planting operations (`)

Single bud Conventiosett
nal
planting
25*
87.5
5875
20562.5
14687.5
42.85
3000

625
4000

Note: Ensuring the spacing of 75 x 20 cm, required plant population is 66666 plant per ha. As this spacing increases especially
in autumn planted cane the saving in single bud (DBP- Direct bud planting) and transplanting technique becomes more
relevant due to reduced seed rate.
*
15q Seed setts + 10 q bud less internodes
#
Seed price: ` 2350t-1
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The inducing effect of ethephon (2chloroethyl phosphonic acid) @ 100 mg per
litre and calcium chloride (0.1 percent) on the
sprouting and early growth of sugarcane bud
chips and a few physiobiochemical parameters
which regulate the process of shoot emergence
was also studied. Soaking of bud chips in
ethephon and calcium chloride solutions
promotes better sprouting, rooting activity,
plant vigor and tillering by altering some of
the key biochemical activities essential for their
early growth and better establishment
compared to untreated bud chips (Jain et al.,
2010 a and b, 2011).
METHODOLOGY
All experiments were conducted in farmers’
participatory mode at different locations in
district Kapurthala during 2011 to 2013.
Economics of different aspects/operations was
workout considering prevailing wage rate at
that time in that particular location. Similarly
projected savings are also worked out at
national level with this technology those are
also briefed in following head.
Savings at National Level
At national level if at least ten per cent
area can be put under single bud technique
then 3634.73 and 147 (each) tones of crystal
sugar, molasses, bagasse, and press mud may
be produced annually which is worth `10904,
`44.1, `24.26 and `0.66 crore, respectively.
Along with this, substantial amount of
electricity will be produced with existing levels
of boilers technology in various sugar mills of
the nation. Under Punjab conditions, if at least
twenty five per cent of the present cane area
will be brought under this single bud technique,
it will additionally produce 3750 tonnes of
additional crystal sugar annually (sugar
recovery @ 10 percent) which is worth `11.25
crores. This also increases the output of
molasses and bagasse upto the tune of 1500
tonnes each annually along with significant
increase in crushing days of sugar factories
with enhanced output of other by-products
like bagasse husk, press-mud etc. Moreover,
it also aggrandizes the co-generation process

and produces more electricity with ensuring
more employment days.
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ROLE OF RESOURCE CONSERVATION
TECHNOLOGIES IN SUSTAINABLE DEVELOPMENT
OF AGRICULTURE IN HARYANA
Dalip Kumar Bishnoi*, Jitender Kumar Bhatia*, Gajender Singh# and K. N. Rai*
ABSTRACT
Haryana agriculture is confronted with formidable problems of water
resource imbalances, soil degradation, inefficient input use, decreasing
factor productivity, high cost of production, labor shortage and low returns
to the farmers. All these, warrant conserving and saving fresh water and
arrest degradation of resource base by adopting appropriate management
practices. The conservation agriculture based agro-technological package
not only saves substantial quantity of water at no extra cost but also helps
in producing more output at low costs, improves soil health, promotes timely
planting and ensures crop diversification.
Keywords: agro-technological packages, DSR, hydrological imbalances
JEL Classification: Q01, Q16, Q18, Q25

INTRODUCTION
Haryana has made spectacular progress in
agriculture development after the advent of
green revolution. Green Revolution
technologies practiced by small and marginal
farmers (67 percent) increased food-grain
production from 2.6 million tonnes (mt) in 196667 to 16.6 mt during 2010-11. Increases in wheat
and rice production were 11 and 16 folds,
respectively during the period. As a
consequence, Haryana was awarded the Krishi
Karman Award for the best performance in
wheat production (11.6 mt) and productivity
(4624 kg per ha) during 2010-11 by the
Government of India. However, despite of
significant success on all fronts of agriculture,
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it is increasingly being felt that the strategies
adopted in the past for faster agricultural
growth would require a relook to address the
second generation problems of Green
Revolution. In the areas having good quality
of ground water, where predominantly high
water requiring crop rotations like rice- wheat,
sugarcane- wheat and cotton-wheat are being
practiced, the water table is depleting at an
increasing rate. On the other hand, in areas
with brackish ground water, introduction of
canal irrigation with inefficient on-farm water
management has resulted in the rise of water
table, soil degradation, salinization,
resodification and water logged conditions.
Cultivation of rice-wheat system has led to an
over-exploitation of fresh ground water
reserves, poor soil health, low carbon content
and multiple nutrient deficiencies. The
increased cost of production, labour shortage
and climate change, all pose additional threats
to the sustainability of major cropping systems

233

in Haryana. Therefore, it is necessary to have
introspection of the past accomplishments and
to workout strategies in order to reorient
existing cropping patterns and agrotechnological packages as well as production
practices for resource conservation and
sustainable agriculture (Gupta, 2012). In the
present paper, an attempt has been made in
this direction.
DATA AND METHODOLOGY
In order to accomplish the objectives of
the study, secondary data were collected from
the published sources. As such data relating
to various parameters such as total cropped
area, net sown area, yiled of rice and wheat,
foodgrain production, fertilizer consumption,
etc. were tapped from Statistical Abstract of
Haryana, Department of Agriculture, Haryana,
etc. Besides, some of information from the
studies alerady conducted earlier was also
used. The data were analysed by using
descriptive statistical tools such as avarages
and percentages.
RESULTS AND DISCUSSION
Agricultural Development in Haryana
Over the past four decades, the State has
made rapid strides to achieve goals of
enhanced agricultural productivity and
contributed significantly to achieve food
grains production goals meeting the growing
demand for increasing population, export, etc.
Expansion of area under irrigation involving a
network of canals, minors, lift canals, support
for sinking tube wells, credit and marketing
constituted the core of the strategy to achieve
production goals together with availability and
adoption of improved high yielding crop
cultivars, increased use of fertilizers and plant
protection chemicals. These efforts driven by
the Central Government support and
implemented by the State Government in the
form of number of schemes have yielded rich
dividends by way of Haryana emerging as a
front runner State in agriculture.
As a result of these efforts, the State has
witnessed increased food grain production
from just 2.6 million tonnes in 1966- 67 to 16.6

Ta ble 1 : Ag riculture de v e lo pme nt in
Haryana
(000 ha)
Particulars
1966-67 2010-11
Geographic Area ( km2)
4421
4421
Cultivable area (per cent of total GA)
86.45 86.27
Net sown area
3423 3576
Total cropped area
4599
6484
Cropping intensity (per cent)
134.4 185.0
Net irrigated area
Canals
991
1277
Minor irrigation
302
1602
Total
1293 2879
Gross irrigated area
1736
5528
Per cent net irrigated area
37.8
84.16
Per cent gross irrigated area
37.7
86.00
Production of total food grains (000 t)
2592 16568
Production of total oilseeds (000 t)
92
965
Production of sugarcane gur (000 t)
510
6042
Production of cotton (000 bales)
153
1747
Loan advanced by PACS (` In lakh)
800 513568
Source: Various issues of Statistical Abstracts of Haryana

million tons in 2010-11. Haryana with just 1.4
per cent (4.4 million ha) of the total geographical
area of the country is the second largest
contributor of food grains (17.6 percent in
2009-10) to the national food basket (Table1).
Similarly, production has increased by more
than 8 times in oil seeds, 6 times in cotton and
9 times in sugarcane.
Fertility Status of Soils
Haryana is one of the first State in India
having geo-referenced database and map on
soil nutrient status and groundwater and fresh
water quality (www.agriharyana. nic.in) but the
information on poor water quality tube-wells
is scanty. An analysis of total fertilizer
consumption in Haryana revealed that NPK
use ratio is highly disproportionate. More
than half the total fertilizer is consumed in just
7-8 districts of the State. In the intensive ricewheat cropping system of Haryana, and varies
widely between districts. Therefore, the georeferenced soil fertility maps are very important
to maintain the proper balance between
different nutrient usages in Haryana. Out of
the total 1.7 lakh analyzed samples between
2010-2011, 12 percent showed up iron
deficiency, nine percent zinc deficiency and
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Table 2: District-wise micro-nutrient deficiencies in Haryana, 2010-11
Name of District
Ambala
YamunaNagar
Kurukshetra
Kaithal
Karnal
Panipat
Sonepat
Rohtak
Jhajjar
Gurgaon
Mewat
Faridabad
Rewari
Mahendergarh
Bhiwani
Jind
Hisar
Fatehabad
Sirsa
Grand Total

Soil sample
analyzed/year
16564
4966
11897
2350
24432
2122
4040
4714
4018
3616
1766
2642
17988
10931
5558
17686
9035
11395
15875
173413

Zinc (Zn)
Samples Critical (%)
733
4.4
446
9.0
812
6.8
196
8.3
1825
7.5
222
10.5
441
10.9
438
9.3
520
12.9
286
7.9
209
11.8
276
10.4
1213
6.7
1271
11.6
663
11.9
1967
11.1
578
6.4
1547
13.6
1403
8.8
15046
8.6

Iron (Fe)
Samples Critical (%)
834
5.0
307
6.2
653
5.5
277
11.8
2594
10.6
168
8.0
470
11.6
433
9.2
597
14.9
433
12.0
292
16.5
359
13.6
2394
13.3
1888
17.3
964
17.3
2761
15.6
674
7.5
2177
19.1
2021
12.7
20480
11.8

Manganese (Mn)
Samples Critical (%)
262
1.6
57
1.1
270
2.3
49
2.1
342
1.4
25
1.2
97
2.4
63
1.3
164
4.1
77
2.1
96
5.4
178
6.7
395
2.2
343
3.1
209
3.8
176
1.0
101
1.1
209
1.8
413
2.6
3636
2.1

Source: Department of Agriculture, Government of Haryana

two percent manganese deficiency (Table 2).
In the districts where there is less NPK use,
micro-nutrient deficiency is prevalent such as
in Rewari, Gurgaon, Faridabad, Hisar, Rohtak,
Kaithal, Fatehabad, and Sirsa. In districts like
Jhajjar, in spite of high NPK use, micro-nutrient
deficiencies are prevalent (Table 2),
constraining crop production. Thus, soil test
based NPK recommendations may not help.
Significantly enough, iron deficiency is
emerging in several districts in coarse textured
soils and in alkali and saline situations. It has
been observed that continuous use of zinc and
phosphate fertilizers over the years has
improved the soil availability status of these
elements. Thus, all the fields no longer may
require application of zinc sulfate or P in every
season crops.
Therefore, an integration of conservation
agriculture based site-specific nutrient
management (SSNM) with the available soil
fertility maps, groundwater quality maps and
soil salinity maps of Haryana and it can play a
vital role in order to promote balanced use of
external fertilizer nutrients. With the help of

State Soil Testing Laboratory facility at Karnal,
soil health care service can be integrated with
the Conservation Agriculture (CA) based
practices in major cropping systems to reduce
fertilizer input usage and improve nutrient use
efficiency. An integrated soil test and SSNM
based fertilizer recommendations will help in
reducing production costs and improve
productivity. Further, these recommendations
need to be updated with CA based practices
like in presence/absence of residues, planting
time, water availability and its quality as well
as for irrigated or rain fed situations; and for
crop and cultivar or hybrid choices.
Consumption of NPK in Haryana
Consumption of nitrogenous, phosphatic
and potashic fertilizers in nutrient form over
years is presented in Table 3. The findings of
the table reveal disproportionate consumption
of NPK over years. Consumption of nitrogen
has increased at much faster rate as compared
to the consumption of phosphorous and
potash. Excessive and untimely use of nitrogen
has resulted in to higher level of nitrate content
in the water creating health hazard. Imbalanced

235

Table 3: Pe r he ctare co ns umptio n o f
fertilizers in Haryana
(In nutrient form)
Year
1966-67
1970-71
1975-76
1980-81
1985-86
1990-91
1995-96
2000-01
2005-06
2010-11
2011-12

N
2.74
12.30
15.83
34.31
52.92
74.88
98.27
116.81
130.29
149.74
157.32

P
0.12
1.38
1.52
5.74
12.43
23.32
22.36
33.74
38.83
51.64
56.96

K
0.03
0.45
0.42
2.21
1.10
0.85
0.53
1.58
4.41
7.32
5.78

Source: Statistical Abstract of Haryana

use of fertilizers is also responsible for fertilizer
use inefficiency. This may be one of the
plausible reasons for stagnation in yield and
increase in cost of production of input
intensive crops in the State.
Micro-irrigation Systems
Farmers tend to believe that rice prefers
puddle field and continuous pond water
conditions during the growing season for
optimal yields. Such a practice results in higher
requirement of water resulting in to very low
irrigation efficiency. Due to over-exploitation
of groundwater, there is immense pressure on
the agricultural sector to reduce its water
consumption. Researchers have been
evaluating if cereals such as rice and wheat
Table 4: Pote ntial of micro-irrigation
systems in improving water use efficiency
in rice-wheat cropping system
(ha-1)
Irrigation
method

Rice culture
Wheat (zero tillage)
Applied Yield
Applied Yield (t)
water (mm) (t) water (mm)
Flood irrigation
580
4.60
360
3.61
(PTPR-ZTW)
Drip Irrigation
211
5.49
206
4.63
(DSR-ZTW)
Sprinkler
269
5.50
206
4.2
irrigation
(DSR-ZTW)
Flood irrigation
470
5.35
354
4.32
(DSR-ZTW)
Source: HKA Working G roup Report on Conservation
Agriculture for Sustainable Crop Production in Haryana

can be grown with micro-irrigation systems.
Very recently, direct seeded rice crop was
grown with drip and sprinkler system in
Haryana and Punjab.
As compared to flood puddled
transplanted rice, drip and sprinklers saved
nearly 60 and 48 percent irrigation water,
respectively. With micro irrigation, yield
increased by 19per cent (Table 4). Similarly,
micro-irrigation systems saved 42 percent
irrigation water in wheat and improved crop
yields by 28 percent. The findings of the data
presented in Table 4 reveals that there is huge
potential for growing cereals with microirrigation systems.
Comparative Benefits of Conservation
Agriculture
The potential benefits of double no-till
(CA) in rice-wheat rotation over conventional
tillage based management practices are given
below in the Table 5. The findings of the table
reveals an increase of wheat production by
0.5 ton per hectare through CA practices over
conventional system of farming. Along with
this, total cost of production per hectare
decreased to `80415 from `84105 resulting in
to saving of `3690 per hectare on account of
increased production and reduction in cost of
production, the total net income increased to
`89505 from `78435, thereby an increase of
net income of `11070 per hectare. The maximum
benefit was observed in case of water saving,
the precious natural resource. Conservation
agriculture has also helped in increasing
Table 5: Comparative benefits of CA based
manage me nt ove r farme rs practice in
RWCS
Variables
Rice yield (tha-1)
Wheat yield (tha-1)
Total cost in RW system (`ha-1)
Net income in RW system (`ha-1)
Total water use in rice (mm)
Total water use in wheat (mm)
Carbon sustainability index (C
input/output ratio)

PTPR-- ZT DSR- +/- with
CTW
ZTW
CA
8.0
8.0
0
5.0
5.5
+0.5
84105 80415
3690
78435 89505 11070
1943
1352
-591
346
327
-19
5.66
7.91
+2.25

Source: Gathala, 2010, CSISA Research Platform at CSSRI, Karnal.
PTPR=Puddle transplanted rice, CTW= Conventional till wheat,
ZT=Zero till direct seeded rice, ZTW=Zero till wheat
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carbon sustainability index (Jat et al., 2009).
The perusal of Table 6 shows the yearwise break up of wheat acreage, production
Table 6: Are a, production and yie ld of
wheat crop in Haryana
Year
1966-67
1970-71
1975-76
1980-81
1985-86
1990-91
1995-96
2000-01
2001-02
2002-03
2003-04
2004-05
2005-06
2006-07
2007-08
2008-09
2009-10
2010-11
2011-12

Area
(000 ha)
743
1129
1226
1479
1700
1850
1975
2355
2300
2267
2315
2318
2303
2377
2461
2462
2488
2504
2522

Production
(000 tonnes)
1059
2432
2428
3490
5260
6436
7291
9669
9437
9188
9114
9043
8853
10059
10232
11360
10488
11578
13069

Yield
(kgha-1)
1425
2074
1980
2360
3094
3479
3697
4106
4103
4053
3937
3901
3844
4232
4158
4614
4215
4624
5182

Source: Department of Agriculture, Government of Haryana.

and productivity. A very significant change
noticed was that the farmers who could not
practice zero-tillage, drastically reduced the
number of tillage operations in wheat from 810 to 2 or 3. By 1999-2000, about 0.5 million ha
was planted to wheat in Haryana in reducedtill or no-till situations. The prime driver of the
ZT technology in Haryana was herbicide
resistance of the Phalaris minor, a problematic
weed in wheat crop.CA/ ZT helped control this
weed. Wheat yield in farmer fields continued
to improve in zero-till situations until 2000 when
terminal heat stresses began to adversely
affect production system, particularly the
wheat crop (Malik et al., 2005). During 200910, in Haryana, terminal heat stress decreased
the production by 6.5 per cent. However , with
the favorable climatic conditions in the year
2010-11 and 2011-12, wheat yield again picked
up and reached to the level of 5182 kg per ha
(Sharawat et al., 2011).
Production system constraints and Potential
options
Current natural resource management

Table 7: Crop production constraints and potential natural resource management solutions
in Haryana
Production system constraints
High production cost, resource fatigue, low
factor productivity
Water scarcity, declining water table
Late planting of cereals and other crops
Imbalance fertilizer use, multiple nutrient
deficiency and low NUE, Nitrate pollution
Herbicide resistance and weed escapes
Low profitability in sugarcane-wheat
Residue burning, air quality
Low diversification of RWCS
Labor/energy shortages
Low productivity, sodicity, alkalinity, water
logging and nutrient deficiencies
Low public-private sector linkages, trained
personals for CA
Use of poor quality water
Low productivity of Wheat in cotton-wheat
system
Yellow rust threat and low seed replacement
rate
Crop based management
Postharvest losses

Potential solutions
Conservation agriculture based RCTS
Laser leveling, ZT & Raised bed, alternate wetting drying (ADW), avoid puddling, DSR,
skip furrow irrigation, pressurized system of irrigation, diversification, mulching
Mechanization, DSR-ZT, Double ZT, relay seeding, short duration cultivars, use of high
clearance tractor frames for relay seeding of wheat in standing cotton.
Conjunctive use of organics(residue recycling, brown manuring) nutrient expert linked
to soil health card and SMS service, customized fertilizers, Mop up nitrates by spring
cropping
Crop rotations, rotate herbicides, residue mulching, herbicide resistant crops, zero tillage
Autumn planting in paired rows group inter-crops
Attach straw spreaders with combine, use turbo seeder
Intercrops/relay crops, new cultivars, diversification
Zero tillage, mechanization, land leveling, DSR, unpuddled transplanting
Application of gypsum, phosphor gypsum,/ distillery spent wash, diversification, cultivars
choices, fertilizer schedule, link watershed with CA in dry land areas
Capacity building, study hours/ travelling seminars, networking
Cyclic and conjunctive uses of multi-quality waters, salt tolerant crops, treatment of
industrial and sewage water for irrigation , mulching
Relay wheat in cotton in western and south western Haryana, using surface seeding and
relay planter
Farmer's participatory seed systems, seed cooperatives, seed village concept and quality
seed production etc.
Diversification, location specific models of IFS
Post harvest solutions(drying, storage, super bags), value addition and processing,
improved market intelligence and transportation
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problems are complex and require site specific
management solutions. Production system
constraints and technological options
identified are summarized in the Table 7.
CONCLUSIONS
Haryana agriculture is confronted with
formidable problems of water resource
imbalances, soil degradation, inefficient input
use, decreasing factor productivity, high cost
of production, labor shortage and low returns
to the farmers. The ill effects of climate change
and deterioration in quality of soil and water
resource base and environment poses new
threats for sustainability of major cropping
systems in Haryana. In the State, more than 60
percent of ground water is of poor quality,
while the fresh aquifers are over-exploited. The
fresh streams of water are also polluted with
industrial effluents and sewage waters. The
inland basin of Haryana suffers from major
problem of soil salinization and water logging.
All these warrant conserving and saving fresh
water and arrest degradation of resource base
by adopting appropriate management
practices to sustain higher crop productivity
of major cropping systems in Haryana. The
conservation agriculture based agrotechnological package not only saves
substantial quantity of water at no extra cost
but also helps in producing more output at
low costs, improves soil health, promotes
timely planting and ensures crop

diversification, reduces environment pollution
and adverse effects of climate change on
agriculture.
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INFUSION OF BIOGAS TECHNOLOGY IN PUNJAB: A
CASE OF LARGE CAPACITY BIOGAS PLANT
Sarbjit Singh Sooch*
ABSTRACT
The natural resources of energy are being depleted exhaustively and
uneconomically in a developing country like ours. In order to combat with
such a problem, one needs conservation of energy as well as harnessing of
natural resources of energy. India being a developing country, it needs to
reorient its different methods of use of energy so that it can be used effectively
as well as economically. Non conventional energy source like biogas is
becoming very much useful clean, efficient, economical and pollution free
source of energy. Setting up a biogas plant is the best way to handle the
waste. This stabilizes the waste properly and makes it free from odours.
Also, plenty of biogas is available for cooking and power generation for
running tubewells and other appliances. Digested organic manure is also
available for the crops. Biogas is not only an excellent alternative source of
energy, but also a step towards stopping global warming.
Keywords: Renewable energy, crop diversification, biogas, economics.
JEL Classification: Q16, Q42

INTRODUCTION
Under crop diversification, most of the
youth have adopted dairy farming and Poultry
Farming as an alternative. However, it is not
easy to keep the liverstock (for dairy) healthy
without proper fodder, nutritional feed, and
clean water. The air around the dairy farm
should also be free from foul smells of the
semisolid and liquid organic waste produced
by the animals. These attract flies and rodents
that can, in turn, cause health problems in
human beings and animals. This would require
proper sanitary management for handling the
*
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organic waste from the animal sheds, which
should further be decomposed scientifically
(Sooch, 2010).
In the conventional biogas plants the cattle
dung and water are mixed in 1:1 and fed to the
digester. The digested slurry from the biogas
plant has around seven percent total solids
and is difficult to handle. The problem of slurry
handling has remained a major problem in the
popularization of these biogas plants. Solid
state digestion of the cattle dung is considered
a suitable method of waste disposal for biogas
production. The digested slurry produced form
this type of biogas plant will have higher total
solid concentration and will be easy to handle
and hence slurry management problems will
be solved. Besides this the size of the biogas
plant will also be small and hence the plant will
become economical (Sooch et al., 2009).

239

In Punjab, thousands of family size biogas
plants are satisfactorily functioning for the last
two decades with 5 – 10 cattle heads. Now, the
concept is shifting towards keeping large herds
of cattle and adopting it as a full – time job.
There are around 4000 dairy farms for the
production of milk each having capacity
ranging from 50 - 500 cattle. Also there are large
number of goushalas having a very large
number of cattle available in Punjab. Thus,
there is huge quantity of cattle dung available
for the production of biogas. So, a large
number of large capacity (50 - 500 m3/d) biogas
plants based on cattle dung can be
installed.
In Punjab there are also around 15,000
poultry farms for the production of broilers,
each having capacity from 2000 – 50,000 birds

and around 2000 poultry farms for the
production of eggs, each having a capacity of
10,000-3,00,000 birds are available. Thus
sufficient number of large capacity (50 – 500
m 3 d -1 ) biogas plants based on poultry
droppings / litter can be installed (Sooch,
2012).
Punjab Agricultural University, Ludhiana
developed a large capacity biogas plant
(Modified PAU Janta Model Biogas Plant Figure 1) to cater to the needs of dairy farmers.
This, essentially, is a Janta design but of
higher capacity. The gas-holder is
hemispherical in shape and is structurally safe
& crack-resistant. The construction of this
type of plant is easy and is not very difficult
from the method for the Dennbandhu Biogas
Plant. This plant can be constructed with

Figure 1:Modified PAU Janta Model Biogas Plant
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around 50-60 percent cost as compared to the
cost of other conventional floating drum type
( KVIC ) biogas plant. The ICAR has approved
this design and has recommended for the”
Transfer of Technology to the farmers/endusers. The MNRE and Punjab Government
have accepted this design for the extensive
adoption by end-users for the production of
biogas and cogeneration (Sooch et al., 2009).
Salient design features of the biogas plant are
as:
 The biogas plant is an all brick masonry
structure. Reinforced cement concrete is
not used for construction of either the
digester or the dome of the plant. The
design is suitable for all regions of the
country
 The plant may be designed for any rated
capacity from 20 to 500 m3/day for the
hydraulic retention period of 40 days or
more depending upon Total Solid
Concentration (TSC) of the influent slurry.
 The commercially available 30 cm internal
diameter PVC pipe is used for feeding the
substrate. The pipe is laid at an angle of
75° with horizontal. The lower end of the
pipe is kept at a height of at least 90 cm
above the bottom of the digester.
 Normally cattle dung mixed with equal
quantity of water is used as feed for the
plant having TSC of nine to 10 percent.
The plant may also work satisfactorily for
higher TSC of up to 12 percent. This
means water consumption may be cut by
upto 50 percent depending upon season
and physical status of the cattle dung
used at the time of feeding.
 Construction of the plant requires
materials and equipment which are used
for routine construction work in the
country. Whereas, construction of KVIC
plants requires fabrication of the gas drum
in an established workshop and special
infrastructure for transportation and
installation of the gas drum at the
construction site.
 Maintenance requirements of all bricks

masonry plants is far lesser than the
floating drum biogas plants.
 Cost of the plant is also upto 50% less
than the cost of KVIC plant of the same
capacity.
 The payback period of this plant is
between 3 to 4 years.
 This plant has been designed for catering
the needs of dairy farmers, poultry
farmers, institutes like Gaushalas,
Educational Institutions, Religious
Institutions, Industries etc.
 Ministry of New and Renewable Energy
(MNRE) Govt. of India is providing
subsidy for installation of these plants.
 Till date, 100 such plants are installed and
all of them are working very well.
 About 25 such plants have been installed
in other States of India.
DATA AND METHODOLOGY
An industrialist namely Sh. Bhushan
Aggarwal, owner of M/s Bhatinda Ceramics
Private Limited, Bathinda, Punjab approached
this School for installation of biogas power
generation plant for industrial use. Based on
the interest shown and making the
arrangement for cattle dung from the gaushalas
/ poultry droppings from the poultry farms,
the beneficiary was selected to carry out the
ORP trials to demonstrate the technical
soundness of large capacity fixed dome type
biogas plant installed at his site. Accordingly
the proposal for installation of Biogas plant of
capacity 2500 m3/d (5 x 500 m3/day) for power
generation of 250 kW for the industrial use
was recommended and forwarded to Ministry
of New and Renewable Energy (MNRE), New
Delhi for Central Financial Assistance and the
MNRE sanctioned this project. The detail of
which is provided in Table 1.
The large capacity fixed dome type biogas
plants were installed, commissioned and 100%
biogas based engines of capacity of 250 kW
were procured at the site. This project was
completed in June, 2012 and after that testing
of the project was done upto January, 2013.
Initially a homogenous mixture of cattle dung
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Table 1: The details of sanctioned project
Name of Address of the
Beneficiary

Capacity of
Proposed Capacity Estimated
Biogas Plants
of Power
Project cost
(m3day-1)
Generation (kWe)
(`Lakh)
M/s Bhatinda Ceramics Pvt. Ltd.
2500
250
399.68
Village-Jodhpur Romana,
(5 x 500 m3day-1)
Dabwali Road, Bathinda, Punjab
Sub-total
2500
250
399.68
dministrative charges to PAU
Ludhiana @ 10%
Grand Total
2500
250
399.68

and water in the ratio of 1:1 was prepared and
this mixture was then fed to the biogas plants
and the digesters were filled with this mixture.
The gas production started after about 15
days. Now these biogas plants are operating
by reducing about 20-30% of the quantity of
water in cattle dung / poultry droppings by
preparing a systematical schedule. Biogas
generators are running at an average of 10-11
hours daily and producing 2200-2500 units of
electricity per day. The electricity so produced
is being used for running the different
machines, equipments, lighting, power fans
and other applications in the industry. In this
way the beneficiary has been saving 600 – 700
liters of diesel/day (Anonymous, 2012-14).
RESULTS AND DISCUSSION
The completion report of the project along
with some photographs was submitted to
MNRE. Accordingly MNRE deputed Khadi and
Village Industries Commission (KVIC),
Chandigarh office for the inspection of this
project and the joint inspection report of the
project was submitted in the month of July,
2013 to MNRE along with some photographs
of the project. After that the inspection was
again executed by Punjab Energy Development
Agency (PEDA), Chandigarh on the direction
of MNRE in the month of January, 2014 and
again the joint inspection report was submitted
to MNRE along with power generation data
and some photographs of the project.
After that, MNRE released sanctioned
amount of `75 Lakhs as CFA to the beneficiary
and `7.5 Lakhs as Administrative charges to
PAU in the month of March, 2014. The central

Sanction
Capacity
(kWe)
250

Eligible
CFA
(`)
75,00,000

250

75,00,000
7,50,000

250

82,50,000

financial assistance of `75 Lakhs has ben
disbursed to the beneficiary during the month
of July, 2014. The project has been working
satisfactory without any problem since June,
2012 and PAU Centre has been continuously
monitoring the operation of this project till date.
The payback period of this project has
been calculated as 3.0 to 3.5 years which is
very short as compared to that of the other
conventional designs of biogas plants / use
of other conventional source of energy
(Anonymous, 2012-14).
CONCLUSIONS
Till date all the biogas plants are working
without any problem. On the basis of this
study, it is recommended that these bigger size
biogas plants can be operated by using 20-30
percent less water in cattle dung per 100
percent poultry droppings for production of
biogas. The cost for installation of these
biogas plants is approximately 50- 60 percent
to the cost of other conventional design of
biogas plants. The modified PAU Janta model
fixed dome design of biogas plant proved very
successful and liked very much by the people
holding large herd of dairy cattle /
industrialists. The beneficiary is very much
satisfied with the performance of this project,
with results more and more people are coming
forward for the installation of large capacity
biogas plants. At present more than 100 biogas
plants of PAU fixed dome type having large
capacity (25-2500 m3d-1) have been installed in
Punjab / other states of India and all of these
are working very well without any problem for
the last 8 to 9 years.
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SHELF STABLE READY TO SERVE SUGARCANE
JUICE TECHNOLOGY: DEVELOPMENT AND
ECONOMIC ANALYSIS
Poonam Aggarwal, Karanvir Gill and Amarjeet Kaur*
ABSTRACT
The variety Coj 85 was selected for preparing sugarcane juice beverage on
the basis of yield and sensory attributes from two promising varieties of
sugarcane. Sugarcane juice beverage samples were prepared by pasteurizing
the sugarcane juice at 70oC for 10 minutes and adding flavourings and salt.
The result revealed that good quality beverage from sugarcane juice of
variety COJ 85 can be prepared by addition of lemon as flavor enhancer
and source of citric acid (anti oxidant), salt as flavoring compound and
mint and ginger as flavor enhancer. Sugarcane juice is a very popular
drink in India but still it is rarely available commercially in packaged
form, since it is traditionally sold in Punjab by roadside vendors, often in
unhygienic conditions. The technologies should be developed for ready to
serve sugarcane and making it a popular health drink.
Keywords: Acceptability, appearance, ready to serve, sugarcane juice
JEL Classification: Q01,Q13, Q16

INTRODUCTION
Sugarcane is an abundant and relatively
low cost agricultural resource, largely
produced in tropical and sub-tropical regions
of the planet. This raw material contains about
80-85 percent of water and its dry matter
presents an average composition of
approximately 30 percent sucrose and 70
percent pre-processed ligno-cellulosic
materials. In previous years, sugarcane, either
in the form of cane juice or cane molasses, has
been widely used as feedstock for producing
ethanol fuel in tropical and sub-tropical
countries.
*

Senior Vegetable Technologist, Teaching Assistant
and Professor-cum-Head, Department of Food
Science and Technology, Punjab Agricultural
University, Ludhiana-141004.
Email: karanvir.karan@gmail.com

The total production of sugarcane in India
is about 271 million tonnes. It is grown mainly
for producing sweeteners such as sugar,
jaggery and khandasari (Shahi, 1990). A small
portion of sugarcane is also utilized for other
purposes. Sugarcane juice is available almost
throughout the country. But the juice extracted
from the canes turns dark brown and marked
sedimentation appears during storage.
Conventional heat processing imparts the taste
of jaggery and the delicate flavour of juice is
adversely affected (Sivasubramanian and Pal
1994). Sugarcane variety and cultivation
practices also affect the juice characteristics.
Bucheli and Robinson (1994) reported that the
polyphenol oxidase is the major enzyme
involved in the discoloration of sugarcane
juice which can be improved by heat
inactivation of enzyme. Addition of citric acid
or ascorbic acid to juice also gave good
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pleasant dull orange colour to juice (Kapur et
al., 1978). Addition of lemon and ginger
followed by pasteurization and preservation
with sulphurdioxide also reduced physicochemical changes during storage of ready-toserve bottled sugarcane juice (Bhupinder et
al., 1991).
The fresh sugarcane juice is naturally
available drink very much relished by the
common man. It is not only thirst quenching
but also nutritious with medicinal properties.
It is considered to cure jaundice also. But the
availability of fresh juice throughout the
season and also at places away from the places
of its cultivation is the limitation for exploiting
its commercial potential. Sugarcane juice is a
common beverage in many Indian cities. It is
commercialized by street vendors who extract
the juice from the cane by using mills.
In view of above information, the present
investigation was envisaged to optimise the
process for the manufacture and preservation
of ready-to-serve bottled sugarcane juice of
high consumer acceptability and to analyse
its economic value.
MATERIALS AND METHODS
Sugarcane of Coj 85 and 238 varieties were
procured from the local market of Ludhiana.
Fresh sugarcane was used for the extraction
of sugarcane juice. Fresh sugarcane stems
were used for the juice recovery process.
Graded sample were then washed by running
tap water to get sugarcane free from any dust
and dirt. Then skin and node of sugarcane
stem were removed with the help of curved
blade knife. Sugarcane juice were extracted by
power operated screw juice extractor and
filtered through the sieve and muslin cloth to
remove the extraneous matter.
Lemons were cut into two pieces with the
help of sharp blade knife. Then lemon pieces
were squeezed by squeezer and lemon extract
was filtered through the muslin cloth to remove
the extraneous matter and seeds.
Gingers were peeled with the help of sharp
blade knife. Then peeled ginger pieces were
cut into small pieces. Then ginger extract was

extracted by put into in muslin cloth and apply
force to help in ease of extraction. After that
ginger extract were filtered through muslin
cloth and shreds of ginger were discarded.
After the extraction of sugarcane juice, the
ginger extract, lemon extract optimization of
sugarcane juice beverage formulation was
done by the addition of ginger extract, lemon
extract and black salt to sugarcane juice in
proper concentration as per the calculation
made in Table 1.
Table 1: Phys ico-che mical and se nsory
analysis of raw sugarcane juice
Characteristics
Juice yield percent
TSS oBrix
Vitamin C (mg/100g)
pH
Acidity (percent)
Appearence
Flavour
Overall Acceptability

Variety
Coj 85
Coj 238
72
64
19.5
17.5
1.76
1.33
5.52
5.28
0.24
0.36
7.5
7.5
7.5
8.1
7.5
8.1

Based on sensory evaluation, best
combination was chosen. The sugarcane juice
was then filled in sterilized glass bottles. The
bottles after being filled were loosely covered
with the tin crowns. The partially sealed glass
bottles were exhausted at high temperature.
After complete exhausting the glass bottle
were sealed by double seamers and
pasteurized.
For the heat treatment purpose in bottle
pasteurization method were used to heat treat
the sample. The heat treatment temperature (60,
70, 80 and 90 oC) for 10 min was studied for
optimization of treatments based on sensory
evaluation of juice. Optimization of KMS
(Potassium Meta bi-sulphite) quantities was
done based on physico-chemical and sensory
characteristics changes during the storage life
of sugarcane juice beverage.
RESULTAND DISCUSSION
Physico-chemical and Sensory Analysis of
Raw Juice
Physico-chemical characteristics of raw

246

juice of two different varieties namely (Coj 85
and Coj 238) without addition of flavoring were
analyzed. The juice content of sugarcane was
found to be 51.80 percent for Coj 85 and 17.50
percent for Coj 238 varirty of sugarcane,
respectively. The TSS of Juice was 19.5 oBrix,
which is higher than that found in the study of
Krishnakumar and Devadas (2006). These
variations in juice yield, and TSS might be
attributed to cultivation process and crushing
methods. All the chemical characteristics was
also analyzed, the sugarcane juice is acidic in
nature pH 5.52.The vitamin C content were 1.76
mg per 100 g. The data of various physicochemical characteristics and sensory analysis
are given in Table 1.
Optimization of Juice Beverage Ingredients
For the optimization of different
ingredients in sugarcane juice beverage
formulation mainly the quantity of black salt,
black pepper lemon juice, ginger juice and mint
in sugarcane juice was optimized on the basis
of sensory evaluation. The sensory evaluation
was based on three parameter namely flavor,
appearance and overall acceptability. For the
optimization process different ratio of black
lemon juice (3.0-4.0 ml), ginger juice (1.5-2.5
ml) and mint juice (1-2 ml) were employed while
concentrations of black salt (Two gm) and balck
pepper (One gm) were kept constant. The
average score obtained by each ratio are given
in Table 2 for different varieties of sugarcane,
in which the Sample No. 3 (black salt 2.0 gm,
black pepper one gm, lemon 3.0 ml, ginger 2.5

ml, mint one ml) in both the formulations of
sugarcane juice from variety coj85 and coj238,
respectively obtained the best scores.This
optimized beverage was used for further study.
Physico-chemical and Sensory Analysis of
Ready to Serve Juice
Physico-chemical characteristics of
prepared sugarcane juice beverage were
analyzed. The TSS of Juice was 21-22o Brix,
which was higher than that found in the study
of Krishnakumar and Devadas (2006). These
variations in juice yield and TSS might be
attributed to cultivation process and crushing
methods.
All the chemical characteristics were also
analyzed; the sugarcane juice beverage was
acidic in nature with pH 4.50-4.97. The vitamin
C content was 1.41-1.81 mg/100 g, which is
higher than the value reported by Chauhan et
al. (2001). The data of various physicochemical characteristics and sensory analysis
of prepared sugarcane juice beverage is given
in Table 3.
Table 3: Phys ico-che mical and se nsory
analysis of ready to serve sugarcane juice
Characteristics

Variety
Coj 85
Coj 238
72
64
22.0
21.1
1.81
1.41
4.50
4.97
1.36
1.24
7.5
7.0
7.5
7.0

Juice yield percent
TSS oBrix
Vitamin C (mg/100g)
pH
Acidity (percent)
Appearence
Flavour

Table 2: Optimization of flavoring (salt, pepper ginger, lemon and mint) per 100 ml juice
of Coj 85and CoJ 238
Sr. No
1

Black Salt
(gm)
2

Black Pepper
(gm)
1

2
3
4
5
6
7
8

2
2
2
2
2
2
2

1
1
1
1
1
1
1

Lemon Ginger Juice Mint juice
juice (ml)
(ml)
(ml)
3
1.5
1
3
3
3
4
4
4
4

1.5
2.5
2.5
1.5
1.5
2.5
2.5
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2
1
2
1
2
1
2

Overall acceptability
CoJ 85
CoJ 238
5.0
6.2
6.5
9.0
7.5
6.0
4.5
7.0
6.5

7.2
9.0
8.5
6.6
4.6
7.6
7.0

Optimization of Pasteurization Treatment
Sugarcane juice was pasteurized at 60, 70,
80 and 90oC for 10 min. Sensory evaluation
revealed that product obtained highest
sensory scores for appearance, flavour as well
as overall acceptability when pasteurized at
70oC for 10 min. Heating at high temperature
caused browing and produced undesirable
jaggery flavour. Kapur et al. (1978) and
Bhupinder et al. (1991) suggested
pasteurization of sugarcane beverage at 80oC
for 15 min whereas Sivasubramanian and Pal
(1994) obtained best beverage after
pasteurizing sugarcane juice at 80oC for one
minute (Table 4). A lower temperature of 63oC
for 10 minutes was, however, found optimum
for pasteurising sugarcane juice by Mann and
Singh (1988).
Economic Evaluation of Juice
Sugarcane juice is a type of drink
commonly found in Southeast Asia, South
Asia, Latin America, and also in other countries
where sugarcane is grown commercially.
Sugarcane juice is a very popular drink in India
but still it is rarely available commercially in
packaged form. It is extracted by crushing the
sugarcane between roller drums and served
Table 4: Optimization of treatment
Sensory
Attributes
Colour
Appearence
Flavour
Mouthfeel
Overall
Acceptability

Pasteurization Temperature (oC)
60
70
80
90
8
8
7.5
7.0
8
8.5
8
6.5
8
8.5
8
6.5
8
8
7
7.0
8
8.5
7.6
6.7

with or without added ice. Often sugarcane
juice is used as a remedy for jaundice in folk
medicine. Hygienic standards are usually not
maintained during the transport of sugarcane
from field to the point of extraction and
preparation of juice. Further, the juice is
consumed unpasteurized. Therefore, it is
possible that the sugarcane juice may be
contaminated and poses health hazards.
Therefore, ready to serve sugar cane juice was
prepared and pasteurized at 70 oC for 10 mins

Table 5: Cost of production of juice
Requirements
Cost of 200 ml (`)
Sugarcane Juice
2
Flavourings and Salts
1.5
Bottling cost
3
Labour and other processing cost
4
Final cost
10.5

and then packed in 200 ml glass bottles for
sale. The bottle of 200 ml can be easily sold at
retail cost varying from `15-`20 (Table 5).
Future Scope
The fresh sugarcane juice is naturally
available drink very much relished by the
common man. It is not only thirst quenching
but also nutritious with medicinal properties.
It is considered to cure jaundice also. But the
availability of fresh juice throughout the
season and also at places away from the places
of its cultivation is the limitation for exploiting
its commercial potential. Sugarcane juice is
traditionally sold in Punjab by roadside
vendors, often in unhygienic conditions.
Therefore, technologies should be developed
for preparation and preservation of ready to
serve sugarcane and further work on refining
the technique should being attempted for
making it a popular health drink in the place of
currently available synthetic soft drinks.
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ECONOMIC IMPACT OF GRAM TECHNOLOGIES
DEVELOPED BY MPKV, RAHURI IN WESTERN
MAHARASHTRA
C.M.Gulave, V. G. Pokharkar and R.R.Nirgude
ABSTRACT
Present study has been carried out in 16 tehsils of Western Maharashtra.
On the basis of operational holding, 70 gram growers from 16 clusters were
selected and the data pertaining to year 2011-12 was collected for the
study. The area allotted for Gram was about 9.62 per cent of GCA, at overall
level. The cropping intensity had decreased with the higher level of adoption.
The per hectare total cost of cultivation was `36,480.19, at the overall
level. The per hectare yield was increased from 8.92 (medium) to 14.65
(high) quintals, while the per quintal cost was reduced by 7.0 3and 12.68
per cent medium and high adoption group, respectively. The ICBR ratio
(1.73) indicates that the high adopter farmers were in profit. Nine
independent variables have jointly explained the 43 percent of variation in
output, at overall level.
Keywords: Economic impact, Technology, Adoption, Constraints
JEL Classification: O33, Q10,Q12, Q16, Q19

INTRODUCTION
The pulse crops are important to provide
high value food, nutritional security and to
alleviate malnutrition of poor masses. Pulses
play a vital role in improving soil health and
conserve natural resources which are essential
for sustainable agriculture. In India, the area
under total pulses during the year 2011-2012
was 24.8 million ha (kharif-11.3 Mha and rabi13.4 Mha) with the production of 17.2 million
tones. The area under gram crop during the
specified period was 8.3 million ha with
production 7.6 million tones.
In Maharashtra, the area under total
pulses was 3297 thousand ha with 2,310
Department of Agricultural Economics, MPKV,
Rahuri
Email:-shekhar.gulave53@gmail.com)

thousand MT of production and average
productivity of 701 kg per ha during 2011-12.
The commonly grown pulses are pigeonpea,
green gram cowpea and horse gram during
kharif season and gram in rabi season. The
area under gram was 1075 thousand ha with
857 thousand MT of production and average
productivity of 797 kg per ha during 2011-12.
The productivity of gram in Maharashtra and
western Maharashtra is below than National
average.
METHODOLOGY
The random sampling design was adopted
with tahsil as a primary unit, villages as the
secondary unit and the oilseed grower as an
ultimate unit of sampling. This study has been
carried out in 16 tehsils which were selected
on the basis of crop complex approach i.e. the
proportionate area under selected oilseed crop,
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from ten districts of Western Maharashtra.
From each selected tahsil, a village (in case of
non availability of required sample size, cluster
approach was employed) having the highest
area under oilseeds was considered for the
study. On the basis of operational holding, 30
farmers were selected randomly i.e. 10 from
each of the category of small (up to 2.00 ha),
medium (2.01 to 4.00 ha) and large size farms
(4.01 ha and above). Thus in all, 70 gm growers
from 16 clusters were selected for the study.
The data pertaining to 2011-2012 were collected
by cost accounting method with the help of
specially designed schedules. The analysis is
carried out by using tabular method as well as
functional approach.
Technology Adoption Index
The Technology Adoption Index
was estimated with help of following formula,
TAI 

where,
TAI
K
AXi
RXi

1  AX1 AX 2
AX k 

  100

 ........

K  RX1 RX 2
AX k 

=
=
=
=

Technology Adoption Index
No. of technology
Actual use of selected technology
Recommended use of selected
technology
The selected sample cultivators were
grouped according to the mean and standard
deviation of the calculated Technology
Adoption Index as follows
Low adopters
= Mean - SD
Medium adopters = Mean - SD to Mean + SD
High adopters
= Mean + SD
Functional analysis
In order to know the degree factor ’s
influence on resource use productivity of
different oilseeds crops, the functional
analysis was carried out by using CobbDouglas type of production function,
Y  ax1b1 x2b2 x3b3 x4b4 x5b5 x6b6 x7b7 x8b8 x9b9 eu

where,
Y = Output (qha-1)
x1 = Human labour (mandaysha-1)
x2 = Bullock labour (pair daysha-1)

x3 = Manures (qha-1)
x4 = Nitrogenous fertilizers (kgha-1)
x5 = Phosphatic fertilizers (kgha-1)
x6 = Potassic fertilizers (kgha-1)
x7 = Plant protection (`ha-1)
x8 = No. of irrigations
x9 = Technology Adoption Index (%)
a = Constant
u = Error term.
bi’s = Regression coefficients
The crop wise gaps in the use levels of
various inputs and yield were estimated by
simple tabular method of analysis i.e. with the
help of means, averages and percentages.
Yield Gap
The yield gap was estimated by using the
methodology developed by International Rice
Research Institute (IRRI), Manila, Philippines.
The methodologies for estimation of different
types of yield gaps are,
Yield Gap I = Yd – Ya
where,
Yd = Potential Farm Yield (Yield realized on
demonstration plots)
Ya = Actual Yield (Yield realized on sample
farm)
Yield Gap II = Yp – Ya
where,
Yp = Demonstration yield (Yield realized at
research station)
Ya = Actual yield (Yield realized on sample
farms)
RESULTS AND DISCUSSION
Distribution of sample cultivators
The selected sample cultivators are
Table 1: Distribution of sample cultivators
( ha)
Level of Adoption

No. of
Area
farmers adopted
Low adopter
< 39.13
10
4.26
(Mean-SD)
(14.29) (13.61)
Medium adopter
39.13 to 59.07
52
21.69
(Mean-SD to Mean
(74.29) (69.27)
+ SD)
High adopter
> 59.07
8
5.36
(Mean+SD)
(11.42) (17.12)
Total
Mean = 49.1
70
31.31
S.D.= 9.97 (100.00) (100.00)
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TAI

grouped as low, medium and high adopters on
the basis estimated mean and standard
deviation of Technology Adoption Index and
shown in Table 1.
The mean for the Technology Adoption
Index of the selected samples was worked out
to 49.1 and the standard deviation was 9.97.
So, 10 selected farmers were grouped as low
adopters (Mean-SD), 52 as medium adopters
(Mean-SD to Mean + SD) and remaining 8
farmers as high adopters (Mean + SD).
General Features of Sample Farmers
The general features of the selected farm
families were studied to understand the social
and educational status of these families. The
findings are presented in Table 2. The size of
family at the overall level was 5.41 members
per family. Out of which 3.53 members are
earners. Total cultivated area is maximum in
high adoption group (3.84 ha) and at overall
level it was 3.31 ha. The Livestock at overall
level was 4.74 and attached servant at overall
level was 0.04. The number of livestock (5.11)
and number of earners (3.62) were maximum in
Table 2 : Ge ne ral fe a ture s of s a mple
farmers
Particulars

Adoption Group
Low Medium
high
Family composition (No.)
Male
2.3
2.19
2.13
Female
1.7
2.08
2.25
Children
1.3
1.02
2
Total
5.3
5.29
6.38
Earners( No.)
Male
1.8
1.98
1.88
Female
1.4
1.63
1.5
Children
0
0
0
Total
3.2
3.62
3.38
Cultivated area (ha)
Rainfed
0.28
0.09
0
Irrigated
3.14
3
3.71
Fallow
0.13
0.09
0.12
Total
3.55
3.18
3.84
Livestock (no)
4.4
5.11
2.75
Attached
0.2
0.02
0
servant (No.)

Overall

2.2
2.04
1.17
5.41
1.94
1.59
0
3.53
0.11
3.1
0.1
3.31
4.74
0.04

medium adoption group
Cropping pattern
The cropping pattern indicates the

allocation of land under different crops and
nature of farming viz., subsistence or
commercial. The cropping pattern of selected
sample farm is given in Annexure-I.
From the results, it can be indicated that,
Gross cropped area was 4.64 ha. Out of which
35.31 and 50.34 per cent area was occupied by
kharif and rabi crops, respectively at overall
level. The cropping pattern of the sample
cultivators was dominated by Soyabean (13.26
percent) and Rabi Jowar (14.44 percent) in
kharif and rabi seasons, respectively.
Sugarcane occupied a considerable share
(11.55 percent) in the cropping pattern as an
annual crop. The area allotted for Onion, Gram,
Wheat, Kharif Groundnut and Sunflower were
about 14.40, 9.62, 8.08, 4.50 and 3.18 per cent,
respectively at overall level.The area under
jowar (fodder) was observed to be around 3.64
per cent, and rest of other crops shared little
area. The cropping intensity was 144.46 per
cent at overall level. The cropping intensity
had decreased trend with the level of adoption.
Among the different adoption groups, the area
under Kharif crops decreased with the
increase in the adoption level and rabi cropped
area was maximum in medium level of adoption,
But interestingly the area under summer and
annual crops increased in the high adoption
group. The area under gram crop was maximum
(13.56 per cent) in high adopters followed by
medium (9.30 per cent) and low (8.02 per cent).
The recommended technologies for gram
The details of the selected package of
practices for gram crop recommended by
Mahatma Phule Krishi Vidyapeeth, Rahuri are
given in Annexure-II.
Per hectare input use for gram
The judicious and balanced use of input
are crucial in farming business and it leads to
the success of farming. The levels of different
inputs used by the gram cultivators are
depicted in Table 3. The human labour use is
most common and important in the state as
farm mechanization is not so advanced. The
female labour utilized in gram production was
sufficiently more, ranging from 48 to 58
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Table 3: Input use for gram in Maharashtra
(ha)
Item

Adoption groups
Overall
Low Medium High
Human labour (Mandays)
Male
25.32 36.43
14.58 31.18
Female
48.33 58.43
58.28 57.03
Bullock labour
3.96
3.95
3.43
3.86
(Pairdays)
Machine labour (hr) 18.66 32.83
17.16 28.22
Seed (kg)
53.76 67.17
66.79 65.28
Manure (t)
0
3.92
3.73
3.35
Fertilizer (kg)
N
13.77 18.62 22.29 18.59
P
28.23 44.41
52.63 43.61
K
12.73
9.7
9.59
10.09
Yield (qha-1)
8.92 10.89
14.65 11.27

mandays and 14 to 36 mandays of male workers
were employed among the different adoption
groups. The bullock labour use ranged between
3.43 to 3.96 pair days among the groups and
was the highest in low adoption group (3.96
pairdays). The use of machines in gram
cultivation was 18.66 and 17.16 hrs among the
low and high adoption groups, respectively
and it was highest (32.83 hr) in the medium
adoption group, because of the higher use of
machineries like tractor, thresher, spray pump,
electric motors, etc.
The quantity of seed used was varying
among the adoption groups and it was
maximum (67.17 kgha-1) in medium adoption
group. Regarding the use of chemical
fertilizers, it was observed that, the use of
nitrogenous and phosphate fertilizers were
estimated to 13.77 to 22.29 and 28.23 to 52.63
kg per ha, respectively, while 9.59 to 12.73 kg
per ha potash was used. During the survey, it
was observed that most of the cultivators used
mixed fertilizers instead of strait one, which
yielded the above shown difference in the
quantities of chemical fertilizers. The per
hectare yield of gram was in the range of 8.92
to 14.65 q per ha among the adoption groups
and increased with the level of adoption. These
findings are inline with the results reported by
Eaton and Wiersinga (2009).

Input use Gap
The per hectare gap between
recommended and actual use levels of major
inputs viz. seed, manure and fertilizer
ingredients and output , for gram is depicted
in Table 4. It is revealed from the table that, all
the inputs were used below than
recommendation expect phosphorus use in
high adoption group. At the overall level the
percent gap between actual and recommended
use was maximum in potash use (66.36 percent)
and was followed by manure use (32.93
percent), N (25.65 percent), P (12.77 percent)
and seed (6.74 percent). There is a
recommendation stating use of 5 tonnes of
FYM, but among the selected farmers low
adopters have not used the FYM for cultivating
gram, instead the FYM is added in the soils
Table 4: Input gap and productivity of Gram
Item
Seed (kgha-1)
Recommanded
Actual
Gap
% Gap
Manure
Recommanded (t)
Actual
Gap
% Gap
N (ha-1)
Recommanded
Actual
Gap
% Gap
P (kgha-1)
Recommanded (kg)
Actual
Gap
% Gap
K (kgha-1)
Recommanded (kg)
Actual
Gap
% Gap
Yield (qha-1)
Potential
Actual
Gap
% Gap
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Adoption groups
Overall
Low Medium High
70
53.76
16.24
23.21

70
67.17
2.83
4.04

70
66.79
3.21
4.58

70
65.28
4.72
6.74

5
0
5
100

5
3.92
1.08
21.62

5
3.73
1.27
25.37

5
3.35
1.65
32.93

25
13.77
11.23
44.93

25
18.62
6.38
25.53

25
22.29
2.71
10.82

25
18.59
6.41
25.65

50
28.23
21.77
43.54

50
44.41
5.59
11.18

50
52.63
-2.63
-5.26

50
43.61
6.39
12.77

30
12.73
17.27
57.55

30
9.7
20.3
67.68

30
9.59
20.41
68.03

30
10.09
19.91
66.36

27.5
8.92
18.58
67.56

27.5
10.89
16.61
60.39

27.5
14.65
12.85
46.74

27.5
11.27
16.23
59.03

well in advance of onset of the kharif season
and not used separately for rabi crops. While,
the medium and high adopter have applied 3.92
and 3.73 tonnes per hectare which resulted to
a gap of 21.62 and 25.37 percent of FYM,
respectively. In the case of chemical fertilizers,
it was noticed that there existed a positive gap
of 44.93, 25.53 and 10.82 percent kg of N
fertilizers in low, medium and high adoption
group. In high adoption groups the excessive
quantities of phosphate fertilizers were used.
The gaps in the use of chemical fertilizers were
mainly due to use of mixed fertilizers by the
farmers as stated earlier. The yield gap was
maximum (67.56 percent) in low adoption group
and was declining over technology adoption
group. The similar results have been reported
by Gupta and Kurmi (1986).
Yield gaps
Yield is one of the most important
components for the profitability of crop. The
information on yield performance of gram in
low, medium and high adapter is presented in
Table 5. In the case of gram, the per hector
actual yield was 11.27 q per ha at overall level,
while it was 8.92 (low adapter), 10.89 (medium
adapter) and 14.65 (high adapter) quintals per
hectare, respectively. The potential yield and
demonstration farm yield considered were 42.50
and 23.00 quintals, respectively. Hence, the
Yield Gap I was worked out to 73.49 percent
per hectare. The Yield Gap II was estimated to
62.21, 52.64 and 36.32 percent per hectare for
low, medium and high adopter, respectively.
Whereas, it was 51.02 percent per hectare, at
the overall level.The yield gap of technology
Table 5: Yield gap of gram crop
(qha-1)
Item

Adoption groups
Overall
Low Medium High
Potential yield
42.5
Actual yield
8.92 10.89
14.65 11.27
Gap
33.58 31.61
27.85 31.23
% Gap
79.01 74.37
65.54 73.49
Demonstration yield
23
Actual yield
8.92 10.89
14.65 11.27
Gap
14.08 12.11
8.35
11.73
% Gap
62.21 52.64
36.32 51.02

adoption group for Yield gap I and II declining
over the level of adoption. The Yield gap was
maximum in low adoption group. The results
are inconsonance with the findings of Gavali
et al. (2013).
Cost of Cultivation
The cost of cultivation of gram at different
adoption level is worked out and presented in
Table 6. The per hectare total cost of
cultivation (Cost C) was worked out to
`36,480.19, out of which Cost A was 54.58
percent (`19909.17) and Cost B was 76.77
percent (`28,005.40) at the overall level. Major
items of costs were family labour, rental value
of land, hired human labour, and bullock labour
which contributed to 23.24, 18.10, 13.12 and
10.69 percent of the total cost, respectively.
The expenditure on seeds, fertilizers and
depreciation were accounted for 8.25, 7.54 and
2.58 percent of total cost, respectively, whereas,
the expenses incurred on irrigation charges
interest on fixed capital were only 3.58 and 4.09
percent of the total cost, respectively.
Among the different adoption groups, the
total cost of cultivation increased with increase
in the level of adoption. That means higher
the adoption of new and improved
technologies, there is ultimate increase in the
costs of cultivation. It was noticed that the
expenses incurred on hired human labours were
maximum (14.21 percent) in low adoption
group, followed by 13.57 and 11.93 percent
medium and high adoption groups. The share
of hired human labour was lower than the
family labour among all the groups.
Along with the expenditure on human
labour, the expenses incurred on bullock labour
were higher (11.66 percent) in low adoption
group. While the expenses on other inputs like
seeds were maximum (9.33 percent) and
fertilizers (8.37 percent) were employed at quite
higher rates by high and low adoption group,
respectively. The rental value of land shared
maximum share in total cost of cultivation of
the high adoption group of cultivators. The
expenses on plat protection measures were
maximum in high adoption group while
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Table 6: Cost of cultivation of Gram
(qha-1)
Item
Hired human labour
Male
Female
Attach labour
Bullock labour
Machine Power
Seed
Manure
Fertilizers
Irrigation Charges
Plant Protection
Incidental charges
Repairs
Working Capital
Interest on Working
Capital
Depreciation
Land revenue
Cost A
Rental value of land
Interest on Fixed
Capital
Cost B

Adoption groups
Overall
Low Medium High
803.99
(2.55)
3679.58
(11.66)
0
0.00
3679.58
(11.66)
803.99
(2.55)
2323.94

836.99
(2.34)
4023.51
(11.23)
25.36
(0.07)
4023.51
(11.23)
862.15
(2.41)
2775.93

1023.51 888.1
(2.43)
(2.43)
3997.2 3900.1
(9.50) (10.69)
0
8.45
0.00
(0.02)
3997.2 3900.1
(9.50) (10.69)
1023.51 869.55
(2.43)
(2.46)
3925.37 3008.42

(7.36)
0
0
2642
(8.37)
1320.58
(4.19)
340.58
(1.08)
230.52
(0.73)

(7.75)
313.51
(0.88)
2743.85
(7.66)
1215.96
(3.40)
203.92
(0.57)
95.03
(0.27)

(9.33)
(8.25)
298.51 204.01
(0.71)
(0.56)
2867.16 2751
(6.81)
(7.54)
1380.83 1305.79
(3.28)
(3.58)
585.82 376.71
(1.39)
(1.03)
218.1
181.21
(0.52)
(0.50)

320.21
(1.01)
16144.77
(51.46)
968.68
(3.07)
954.84
(3.03)
69.32.
(0.22)
18137.61
(57.48)
5360.25
(16.99)
1754.72
(5.56)
25252.58
(80.03)

349.46
(0.98)
17468.97
(48.78)
1048.14
(2.93)
835.52
(2.33)
72.95
(0.20)
19425.58
(54.24)
6323.03
(17.66)
1165.59
(3.25)
26914.2
(75.15)

547.51
(1.30)
19864.72
(47.22)
1191.88
(2.83)
1031.22
(2.45)
76.5
(0.18)
22164.32
(52.68)
8124.99
(19.31)
1560.11
(3.71)
31849.43
(75.70)

405.73
(1.11)
17826.15
(48.87)
1069.56
(2.93)
940.53
(2.58)
72.92
(0.20)
19909.17
(54.58)
6602.76
(18.10)
1493.47
(4.09)
28005.4
(76.77)

Family human labour
Male

4277.24 6436.15 8148.88 6287.42
(13.56)
(17.97) (19.37) (17.24)
Female
2024.65 2463.15 2073.69 2187.36
(6.42)
(6.88)
(4.93)
(6.00)
Cost C
31554.47 35814.1 42072 36480.19
(100.00) (100.00) (100.00) (100.00)
Figures in the parentheses are the totals to the corresponding
total cost

expenses made on fertilizers decreased among
the adoption groups.
Cost and Returns Structure
The information on cost and returns of

Table 7: Economics of gram cultivation
(qha-1)
Item
Yield
Added Yield
% increase in yield
Cost C
Added Cost (`ha-1)
Cost (`q-1)
Unit cost reduction (`q-1)
% reduction
Returns (`ha-1)
Added returns (`ha-1)
ICBR Ratio

Adoption groups
Low Medium High
8.92
10.89
14.65
1.97
3.75
22.09
34.53
31554 35814
42072
4260
6258
3537
3289
2872
249
416.9
7.03
12.68
32577 38377
49209
5798.43 10833
1.36
1.73

gram crop is presented in Table 7. The per
hectare costs and returns and net profit is
compared as per the adoption level of gram
production technologies. It is revealed that the
per hectare yield was increasing as farmers
adopt the higher level of gram technologies.
The per hectare yield was increased from
8.92 to 14.65 quintals per hectare over the
different level of adoption. The added yield
was 1.97 and 3.75 quintal per hectare over the
low and medium level of adoption. Thus, for
producing this extra yield, the per hectare cost
incurred from `4259.81 to `6257.94 and
accordingly, the added returns were also
increased from `5798.43 to `10833.10. The
ICBR ratio indicates that, the high adopter
farmers were in profit with 1.73 ICBR ratios
and followed by medium adopter with ICBR
ratio of 1.36. It clearly indicates that, the farmers
should adopt the gram production
technologies to the fuller extent for maximizing
returns and minimizing per unit cost (Pokharkar
et al., 2013).
Resource use Productivity
The resource use productivity of Gram
production has been estimated by using CobbDouglas type of production Function and the
results are presented in Table 8. The nine
independent variables have jointly explained
the 43 percent of variation in output for gram
crop. It is revealed from table that, the variables
viz., Irrigation number and adoption index are
highly significant indicating that these are
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Ta be 8 : Es tima te s o f Co bb-D o ug la s
production function

Table 9: Extent of adoption by the gram
cultivators

Items
Constant

Item

Human labour (x1)
Bullock labour (x2)
Manure (x3)
Fertilizers N (x4)
P (x5)
K (x6)
Plant protection (x7)
Irrigation (x7)
Adoption Index (%)(x8)
R2

Gram (N = 70)
0.5507
(0.40)
-0.03526NS
(0.12)
0.0134NS
(0.01)
0.0317*
(0.02)
-0.01651NS
(0.01)
0.024879NS
(0.03)
0.010017NS
(0.01)
-0.00028NS
(0.01)
0.117291**
(0.04)
0.278326***
(0.10)
0.43

Land use
Preparatory tillage
a.Ploughing
b.Harrowing
Organic manure
Varietie use
Sowing Time
Sowing distance
Seed rate
Seed treatment
Fertilizers
a. N
b. P
c. K
Interculturing
a.Hoing
b.Weeding
No. of Irrigation
Crop protection

Figures in the parentheses indicates the standard error of
respective regression coefficient*
***, ** and * Significant1, 5 and 10 percent level
NS: Non-significant

important variables for which output is
responsive. The regression coefficient for
manure, number of irrigations and technology
adoption index was 0.03, 0.12 and 0.28
indicating that if we increase the manure,
number of irrigations and technology adoption
index by one percent the adoption index will
increase by 0.03, 0.12 and 0.28 percent
respectively.
Extent of Adoption of Technology at Different
Levels of Adoption
The technology package for gram
recommended by MPKV, Rahuri were
published for the benefit of farmers. However,
the technology recommended by the
university is not adapted to the fuller extent
by the gram growers. In view of this, the extent
of adoption of technology for gram is
presented in Table 9.
It is clear from the Table 8 that 100 or more
than 100 per cent farmers were adopted the
recommended technology of weeding for Gram.
The extent of adoption of technology viz; seed

Adoption groups
Overall
Low Medium High
50

65.38

75

64.29

30
70
0
40
30
70
32.71
0

71.15
61.54
3.27
75
84.62
78.85
40.44
34.62

62.5
75
10
100
100
100
67.5
87.5

64.29
64.29
3.57
72.86
78.57
80.00
42.43
35.71

56.23
50.7
29.69

72.64
90.94
32.11

87.07
101.6
39.38

71.95
86.41
32.6

10
90
76.67
30

3.85
111.54
92.95
65.38

125
100
58.33
37.5

18.57
107.14
86.67
57.14

rate, seed treatment, potasic fertilizer, hoeing
and manuring, was very low using below 50
per cent than recommended technology
adoption. Near about 73 percent farmers
adopted the university recommended varieties.
It indicates that 27 percent farmers do not use
recommended variety. Similar findlings have
been reported by Gaonkar (2000).
Constraints in adoption of improved
production technology.
The data for constraints in technology
adoption of Gram is depicted in Table 10
It is revealed from the table that up to 36
percent sample farms reported the
unavailability of land , up to 21 percent high
cost of bullock pair and 29 percent previous
year ploughing. This was followed by nonavailability and preference of growers to taste
as well as market demand for specific varieties.
Up to 74 percent families indicated the high
cost of FYM, up to 87 percent non availability
of quality FYM followed by more transport
cost and alternate year application. Near about
27 percent families noted non availability of
improved variety. Majority of families reported
high cost for seed.The delay in sowing due to
late monsoon and non-availability of bullocks
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3. The increase in the adoption of
recommended technologies increases the
profitability as the gross income was
`32577.46, `38375.89 and `49208.96
among the low, medium and high adopters
groups, respectively.
4. The increase in the yield level in medium
and high adoption groups over the low
adopters was observed to be 22.09 and
34.53 percent, respectively.
5. The reduction in per quintal cost was
observed to be 7.03 and 12.68 percent in
medium and high adoption group,
respectively.

Ta ble 1 0: Co ns traints in a do ption o f
improved production technology
(N=70)
Particulars

Number

Percent

25

35.71

15
20

21.43
28.57

59
15

84.29
21.43

52
61

74.29
87.14

Costly
Non availability
Seed
Improved variety seed
costly
Seed treatment
Seed treatment practice
difficult
Interculturing
Not necessary
Non availability of human/
bullock
Weedicide is costly
Chemical Fertilizers
Non awareness
Water Management
Non availability
Irregular electric supply
Plant Protection
No occurrence of
pest/diseases
Plant Protection is costly

52
19

74.29
27.14

55

78.57

19

27.14

10
62

14.29
88.57

47

67.14

60

85.72

10
63

14.29
90

9

12.86

24

34.29

Non awareness

14

20

Land use
Non availability
Ploughing
High cost
Previous year Ploughing
Harrowing
High cost
Not necessary
Manure
Manure costly
Non availability of quality
manure
Variety use
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Annexure-I
Cropping pattern of selected farmers in Western Maharashtra
(ha)
Crop

Level of adoption
Low

Medium

n1 = 10

%

n2= 52

High

Overall

%

n3 = 19

%

N = 70

%

Kharif
Bajara

0.09

1.69

0.14

3.18

0.19

3.8

0.14

3.02

Soyabean

1.02

19.13

0.57

12.73

0.42

8.4

0.62

13.26

Sunflower
Tur

0.12
0

2.2
0

0.1
0.01

2.16
0.17

0.52
0.27

10.5
5.41

0.15
0.04

3.18
0.78

Groundnut

0.19

3.58

0.24

5.47

0

0

0.21

4.5

0

0

0.02

0.34

0.04

0.76

0.02

0.34

Jowar Fodder
Other

0.29
0.45

5.37
8.42

0.17
0.28

3.85
6.36

0
0.27

0
5.52

0.17
0.31

3.64
6.6

Sub total

2.15

40.4

1.53

34.27

1.7

34.39

1.64

35.31

0.43
0.4

8.02
7.59

0.42
0.68

9.3
15.29

0.67
0.92

13.56
18.56

0.45
0.67

9.62
14.44

Wheat

0.75

14.09

0.28

6.32

0.51

10.38

0.38

8.08

Onion

0.67

12.62

0.77

17.24

0

0

0.67

14.4

Safflower
Other

0.05
0.02

0.89
0.38

0.09
0.11

1.92
2.57

0.08
0.08

1.68
1.53

0.08
0.1

1.72
2.08

Sub total

2.31

43.58

2.35

52.64

2.26

45.71

2.34

50.34

0.04
0.04

0.76
0.76

0.02
0.02

0.35
0.35

0.03
0.03

0.64
0.64

0.02
0.02

0.45
0.45

Sugarcane

0.66

12.34

0.46

10.3

0.89

17.98

0.54

11.55

Fodder
Fruits

0.04
0.12

0.67
2.26

0.03
0.07

0.79
1.65

0.06
0

1.28
0

0.04
0.07

0.81
1.54

Sub total

0.81

15.27

0.57

12.74

0.95

19.26

0.65

13.9

GCA

5.31

100.00

4.47

100.00

4.94

100.00

4.64

100.00

Onion

Rabi
Gram
Rabi Jowar

Summer
Groundnut
Sub total
Annual

NCA
Cropping Intensity%

3.42
155.42

3.1
144.26

3.71
132.96

3.21
144.46

Annexure-II
Selected recommended technologies for gram cultivation
Technology
Soil
Preparatory tillage

Components
Medium to deep soil
Well Drained
1 Deep ploughing
2 Harrowing

Manuring FYM (tha-1)
Variety
Sowing time
Seed rate (kgha-1)
Seed treatment (kg-1)
Interculturing
Fertilizer
N+P+K
Irrigation Management (days after sowing)
Plant protection

5
Vijay,Vishal, Digvijay, Virat and Vihar
Rainfed- After 25 Sep
Irrigated-20 Oct to 10 Nov
Vijay-67 to 70 Other-100
2 gm Thiram + 2 gm Bavistin Or Trycoderma 5 gm
25 gm Rizobiam
1 Weeding, 2 hoeing
25+50+30
2 percent spray of urea at flowering and pod filling stage.
25 to 30; 45 to 50; 65 to 70
5 percent Limboli Solution; After 10 to 15 days Heliokill 500 mlha-1; Lamdacyclothrin 5
percent EC in 500 litres water per ha
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ABSTRACT
Inspite of several efforts and policies by the state on biofuels, the progress
of biofuels has not been significant so far. Thus, biodiesel has been not
developed though there were some areas where ethanol production has
been growing steadily being related to sugarcane plants. This paper review
the biofuel situation, feed stocks condition and the prospects of biofuel
production in India. Though, several states have been promoting Jatropha
but eventually in the coming years, the grower farmers were not motivated
by it. Majority of the farmers has uprooted and replaced Jatropha with
other agricultural crops. Also, since Jatropha required several processes
in order to convert into biodiesel oil, some industry would prefer to rely on
hassle free imported biofuels such as palm oil in place of Jatropha. The
high competition of ethanol against potable alcohol needs a clear and
strong strategy to increase the ethanol demand. Also, several studies of the
state had shown that some were quite promising while some were not that
worth mentioning. Therefore, doubt still arises if the programmes should
continue on a large scale.
Keywords: Biofuels, biofuel mission, ethanol, feedstock, net energy ratio
JEL Classification: Q01, Q10, Q16, Q18

INTRODUCTION
With the growing industrialization and
rapid development, the energy consumption
from transport sector is integrally linked to the
economic growth and development of the
country. So, this sector has increased the
accessibility, facilitating specialization and
expansion of market, thereby, increasing the
total factor productivity (TFP) and gross
domestic product (GDP) as well. According to
Indian Road Congress, the transport sector
accounts to 6.4 percent of the total GDP where

road transport contributed to 4.7 percent of
the GDP. The total registered vehicles have
increased from 0.306 million in 1951 to 141.8
million in 2011 1. Thus, the country has
experience compound annual growth rate
(CAGR) in vehicle population at a rate of 10
percent from 2001 to 20112.Also the transport
sector contributes to eight percent of the total
consumption of petroleum products. Of which
crude oil contributes to 23 percent of the total
primary energy consumption and 6.9 percent
1
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of the final energy consumption (Government
of India 2013). Therefore, over the last nine
years, the consumption of High Speed Diesel
(HSD) has grown by 7.49 percent
from37.07million tonnes in 2003-04 to 64.74
million tonnes in 2011-12. Similarly, for motor
spirit, the growth was 9.0 percent from 7.90
million tonnes to 15.0 million tonnes3. This is
the outcome of increase in personal vehicular
density, improved efficiency and better road
conditions over the years.
Nevertheless, the country has imported
nearly 70 percent of the fuels requirements in
order to meet the domestic energy demands.
In doing so, the country has been exposed to
trade deficit leading to large amount of current
account deficit; the problem of greater
geopolitical risks and instability in international
price conditions. This status quo will continue
to exist as the domestic fuel production has
become more or less stagnant with a growth
rate of 1.35 percent over the past one decade.
Also, India’s energy sector has been unable
to deliver a secure supply of energy amid
growing demand and fuel imports (IEA, 2012).
Further, the interminable weakening of Indian
currency in the foreign exchange market turns
out to be a wet blanket for meeting the
impending oil import demands. Thus, an
innovative substitute of transport fuels such
as biofuels need to be given strong and clear
cut stimulus by the Government for securing
and attaining the energy demand. The literature
gives emphasis to liquid biofuels-biodiesel and
ethanol as a viable alternative against the
transport fuels. Bio-diesel emerge as an
alternative to diesel in terms of engine
performance, wear, fuel mileage and drivability.
In addition, it reduces the smoke from engine
exhausts. Therefore, the Planning Commission
and Ministry of Non-Conventional Energy
Sources (MNES) have been actively
sponsoring several programmes in this area.
3
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The government of India has also been
assisting farmers in cultivating Jatropha
Curcas. Meanwhile, ethanol is a renewable fuel
and its refueling is akin to that of gasoline or
diesel. Hence, it can be used for both light and
heavy-duty vehicles. As such ethanol-blended
petrol had been introduced in selected states
from January 2003 by the Government as
groundwork to spur up the demand of ethanol
for meeting the blending mandate.
Concomitantly, the National Biofuel
Mission was set up in 2003 as foundations for
meeting the blending target of biofuels.
Moreover several measures and policies were
also introduced in order to encourage and
augment the growth of biofuels production.
In addition to that, it would generate
environment and employment opportunities to
ensure socio-economic development of the
rural poor. Further, it was believed that biofuels
would help in mitigating climate change and
reducing Green House Gas (GHG) emissions.
However, in spite of that, biofuels could not
be considered as a complete solution against
conventional fuels. For achieving that
outcome, biofuels need to undergo several
transformations and developments for many
decades in the long run. Although at present
there are many limitations and shortcoming
involved with the introduction of biofuels as
an alternative fuels. Also, meeting the blending
targets has become a distant reality. Besides,
there was apprehension that the assumptions
and estimates of the biofuel targets might be
formulated without prior estimation of
production potentials and markets.
Scientists, policy makers, economists and
environmentalists have raise doubts and
criticism on the feasibility of biofuels in Indian
conditions. Besides, the need for substantial
investment in land, labour, capital and other
resources might offered little advantage over
conventional fuels. Also, studies have
indicated that little evidence of public
investment in biodiesel plantation on
wastelands can contribute positively to rural
poor. Though, the policy has mentioned the
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use of non-food crops, but the land use related
change could affect the production of food
crops by competing with the limited resources.
Further, there could be subsequent upsurge
in several crops prices directly or indirectly
due to biofuel production. Therefore,
questions about the degree of success of
biofuels remain ambiguous; confusion and
uncertainty arose even after a decade of its
implementation. Therefore, in-depth study on
India and its states will be taken into
consideration to explore the potential
prospects and opportunities of introducing
biofuels in the country.
Feed stock in Indian Conditions
Biofuels have two different kinds of
feedstock which can yield ethanol and
biodiesel. Feed stocks are country specific and
different countries utilized various feed stock
depending on their availability. For instance
Brazil utilized sugarcane and United States
depends on corn for ethanol production. Palm
oil is being used by Malaysia while Europe
considers Soybean as feed stock for biodiesel
production. By 2020, coarse grain is expected
to contribute 44 percent of the global ethanol
production and 36 percent of it would come
from sugarcane. More than 75 percent of global
biodiesel production is expected to be derived
from vegetable oil and Jatropha would account
for seven percent of the global biodiesel
production in 2020 (Agricultural Outlook,
2011).
In accordance with the policy, Jatropha was
used as a feed stock for biodiesel production
in India. The crop has been considered as
rational choice for non-food feedstock because
of its several benefits and advantages. It can
be grown as a quick yielding plant even in
adverse land situations viz., degraded and
barren lands under forest and non-forest use,
dry and drought prone areas, marginal lands
and as agro forestry crop, fallow lands and
along farmers’ field boundaries as hedge. It
also has the ability to reclaim land, prevent
erosion, and respond better to organic manure
compared to chemical fertilizers (Francis et al.,

2005).Though Jatropha was claimed to be a
drought resistant plant, but the amount of
irrigation required to obtain the maximum yield
was uncertain.
As the plant was grown during the off
season of the food crops, cultivation of
Jatropha would generate additional income in
the slack agricultural season. In addition, the
crop being a shrub with short gestation period
was easier to harvest as compared to tree
crops. Also, the cost of plantation would be
largely incurred in the first year. It was claimed
to be resistant to common pest and were not
consumed by cattle. But there is no scientific
evidence on the absence of pest and diseases
in Jatropha plantations. The by-products of
biodiesel were also considered to be quite
useful as bio fertilizer and glycerin.
Since India has a large wasteland area
suitable for Jatropha cultivation, it was believed
that large volume of biodiesel could be
supplied. In addition, it was indicated that this
could be achieved provided that the cost of
production biodiesel becomes compatible with
the price of petroleum diesel. What is not
known is that, although Jatropha curcas may
have the potential to grow in diverse agroclimatic conditions, withstand droughts and
pests attacks, there is bound to be
accompanying variation in important
parameters like seed yield, oil content, and
nutrient requirements etc. which would be
critical to economic viability of plantations.
The country utilized sugarcane molasses
as a non-food feed stock for ethanol
production. Unlike Brazil, India produces all
of its ethanol from molasses, which is a normal
byproduct of India’s centrifugal sugar milling
process. As a result, there is no tradeoff
between sugar and ethanol production. Inspite
of that several aspects made the country’s
blending target a distant reality. India, unlike
other biofuels growing countries, has the
problems of water scarcity. Sugarcane being a
water intensive crop, consumes about 20003000 cubic metres of water per hectare per crop.
It was suggested that sugarcane ethanol, in
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the country may not be preferred due to its
high water requirements in spite of its better
net energy ratio (NER) value and greenhouse
gas (GHG) reduction capacity (Bhullar et al.,
2011). Thus, the introduction of sugarcane in
agricultural lands need careful thought and
deliberation in order to prevent the over
exploitation of the groundwater. Though, the
country has been self-sufficient in sugar
production for the past few years, the cyclical
nature of sugarcane dampened the
performance of the policies and actions to
achieve their targets and mandates of the EBP.
Biofuels Situation in India
Globally, ethanol has constituted 90
percent of biofuel produced, at 36 billion litres
per year (litre per year), and 10 percent from
biodiesel, or 4 billion litre per year (Rajagopal
et al., 2007). However, the share of biodiesel
has been rising rapidly as well as the
production as compare to the share of ethanol
with the emergence of new producing countries
in South East Asia (Fonseca et al., 2010).
India’s biofuel production accounts to only
one percent of the global production (Chand
and Kumar, 2008). Biofuels situation in India
has not been very promising inspite of several
promotion and efforts by the government.
According to study by Institute for Global
Environmental Strategies (IGES), the country
biofuel production could achieve only four
percent of the production. The drive for
reduction of import dependence may be a part
of remuneration of the lost trade deficit. The
ethanol industry has developed to some extent
being connected to the already matured
sugarcane industry but the production of
biodiesel from Jatropha seeds is commercially
negligible.
Ethanol Situation in India
The Government has given no direct
financial assistance or tax incentives for the
production or marketing of ethanol or ethanol
blended petrol. Further, it does not provide
financial support for research and development
of ethanol production undertaken by public
and private sector organizations (Zhou and

Thomson, 2009). Much of the ethanol
produced is diverted for potable and chemical
purposes. Therefore, lesser percentage is left
for transport ethanol production. A steady rise
in the demand from chemical and potable liquor
at the back drop of Ethanol Blending
Programme (EBP) could create disagreement
between ethanol producers for chemicals,
potable purpose supply against the transport
fuels. Thus, a consensus between the
government and the Oil Marketing Companies
(OMCs) on the allocation of ethanol for
transport sector is needed. But, the pricing
mechanism face some problems as mills were
supplying ethanol at around `38 per litre in
the latest tender while state ethanol
manufacturers are demanding a purchase price
of `40-50 per litre of ethanol. However, oil
manufacturing companies does not agree to
pay the price as they find it too high as
compared to the price of imported gasoline
costing `46 per litre thereby making the ethanol
blending unviable (Times of India, 2013).
Also, the procedural delays by various
states and the tender deferments by the OMCs
held up the procurement for EBP. Hence it was
indicated that the industry sources has
estimated that 365 million liters of ethanol was
supplied against the contracted 570 million
liters (USDA, 2012). Again in February 2013,
oil marketing companies tendered for
procuring 550 million litres of ethanol. As per
one of the recommendations of Cabinet
Committee of Economic Affairs (CCEA), the
OMCs and Chemical companies are free to
import ethanol for EBP. According to Biofuel
Annual, the OMCs received five offers
accounting to 620 million litres of ethanol from
Indian and International suppliers. But the
price quoted which range between `69 and
`92 appears to be too high, thus the shortfall
could not be overcome by imports. Thus, the
orders for only 400 million litres could be placed
while offers for 150 million litres are rejected
since the mills has sought a price of `60 per
litre (ICIS 2013).
Nonetheless, ethanol production for
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transport purposes is influenced by three
factors: molasses cost, conversion cost and
transportation cost of molasses. Since studies
have indicated that a larger percentage in the
cost of ethanol production is influenced by
the cost of molasses, the impending cyclical
nature of sugarcane production would indicate
the irregularities in molasses production. But
it is believed that a successful ethanol blending
programme would weaken that cycle by
providing more consistent demand for cane.
Also, the current fall in rupee has spur up the
demands for ethanol blending due to high
import costs of crude oil. This condition might
not be a situation in the long term because
any strengthening in the rupee could also make
blending less appealing as crude imports
would become cheaper again (Reuters, 2013).
Again the conversion cost of ethanol also
played an important role in determining cost
of production of transport ethanol. To obtain
ethanol, molasses undergoes several
conversion processes. Firstly it is converted
into rectified spirit which has 95-97 percent of
alcohol purity. The spirit is being used as a
source of production for potable and chemical
purpose. Again, the rectified spirits undergo
another conversion process to remove the
water content in the alcohol. The product
obtained from the conversion process is Ethyl
Neutral Alcohol (ENA) which is the purest form
of alcohol containing 99.5-99.7 percent alcohol.
This ENA is being used as a base for transport
fuel. According to Indian Sugar Mills
Association (ISMA), rectified spirit and ethyl
neutral alcohol are being sold in the market at
`40 and `48 per litre, respectively. But inspite
of higher price of ENA, the liquor industry
insatiable appetite makes the demand for
rectified spirit more lucrative than the transport
ethanol. Thus for competitive prices of ENA,
the difference in price of the spirit and ENA
should be large enough to offsets its
conversion cost. This would boost the interest
of distilleries in producing transport ethanol,
thereby, paving a way to clean and better
environment.

Meanwhile, the third factor is
transportation cost of molasses. Though,
molasses are obtained from distillery integrated
with sugar plant but all the demands of the
molasses will not be met by the sugar plant.
Also in the case of standalone distillery,
molasses need to be purchased from external
sources. Thus, transportation of molasses
from other sources to the point of usage is
needed to meet the demand. Higher the amount
is to be transported, lower will be the cost of
transportation and vice versa. Further the
distance of molasses transportation also would
affect the cost of transportation. Molasses,
which are imported and those obtained from
domestic sources would differ in the costs of
transportation. Therefore, taking this situation
into consideration, the different range in the
cost of transportation would have impact on
the transport ethanol cost of production.
Biodiesel Situation in India
Currently, diesel occupy 73 percent share
of the transport fuel demand followed by
gasoline at 20 percent and their combined
demand is expected to grow by more than five
percent over coming years (USDA 2013). Since,
diesel occupies a greater percentage of
transport demand, therefore, biodiesel
acquired more emphasis on the research
agenda. But the lack of prior experience with
the cultivation of Jatropha especially in the
post seedlings stage (Altenburg et al., 2009),
uncertain future price, unwillingness to
participate by cultivators without financial
assurance, potential for conflicts from the
appropriation of common pool resources
without involvement of local communities in
decision making, etc. result in the stagnant and
unfeasible condition of Jatropha cultivation.
Also the biodiesel sector and the associated
various institutions at the back ground of
plethora of challenges showed only an
undeveloped entire chain except the last chain
that is distribution which arises because it has
the same institutions/organizations that are
used for petro diesel (Biswas et al., 2010).
Though different official estimates gave
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diverse ranges of wastelands availability in
India, following the lines of programmes and
policies, the biodiesel demand was expected
to accomplish its target within five years after
its implementation. Yet, even a decade after its
implementation, the biodiesel industry has
been insipid and struggling to make a niche of
its own. A study by Rajagopal (2006) has
mentioned that Common Property Resources
(CPRs) were wastelands playing a vital role in
contributing to rural equity because they were
accessed more by the poor than by the rich.
However, those regarded as marginal and
degraded wastelands may not be available for
growing Jatropha as the land might be
occupied in some way or the other way by the
villagers (TERI, 2005). Also, CPRs in arid and
semi-arid regions of India has contributed
between 12-25 per cent of the poor household
income (Beck and Gosh, 2000, Iyengar and
Shukla, 1999 and Jodha, 1990). A case study of
Gujarat village showed that the poor collect 70
percent of their fuel and 55 percent of their
requirements from common property resources.
Thus, policies which promote crops diverse
benefits would have much less adverse impact
on the rural poor.
Jatropha was considered to be a plant
which could be grown easily in the wild and
studies (Biswas et al., 2010 and Francis et al.,
2005) has also outlined the several advantages
of Jatropha being a drought tolerant crop with
resistant to pest and diseases, etc. But in
reality studies (Jongschaap et al., 2007,
Paramathma et al., 2007 and Ariza-Montobbio
and Lele, 2010) have specified the significance
of proper inputs and irrigation for the
successful implementation of Jatropha
cultivation. Also, personal interview from
Jatropha growers has mentioned the need for
irrigation during the cultivation. Irrigation after
every 15 days for three months was deemed
necessary in Nandan Cleantech Biodiesel
farms while one year in the case of biodiesel
farm in Punjab was indicated. Though the
incidence of insect pests was not found in the
latter biodiesel farms but the incidence of pests

and diseases have also been highlighted in
the former farms.
An identification of land for Jatropha
cultivation would simultaneously determine
the potential cultivators and that in turn
determines the mode of organizing cultivation.
Three categories of cultivation of land for
biofuels have been introduced: governmentcentred cultivation, farmer centred cultivation
and corporate centred cultivation. The
government-centred has best impact on
uplifting the poor as they are given rights to
cultivate in other owned land without the need
for investment. Government would provide
supply side support in the form of subsidized/
free seedlings and other inputs to the farmers.
But restricting subsidies to one single crop
may increase the investment risks in the
farmers. Meanwhile the monitoring of Jatropha
feedstock cultivation to its delivery as a
biodiesel fuel was not conducted in systematic
way. Besides, funding was not linked to its
performance and its production; therefore,
they are susceptible to ineffectiveness and
inefficiency. Public-private partnership of
organizing Jatropha cultivation to biodiesel
distribution was advocated as a means to solve
the problems. However, there was an indication
that mixed effects of biodiesel can be expected
and price of food would raise temporary.
Though it has been beneficial for farmer
growing fuel crops but the rural and urban poor
would be affected. Also corporate investors
risk would involve in the future conditions of
the land and the legal and actual decision
making processes. Thus, a need was felt for
more better and co-ordinated research on
biodiesel (Rajagopal, 2006).
State-wise Policies and Studies
The Government of India has made several
plans and policies to expand the production
of biofuels. Likewise, ambitious blending
targets and mandates have been imposed in
order to increase the consumption of biofuels.
Besides, the states also introduced separate
policies and programme to spur the production
of biofuels.
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Table 1: Achievements on plantations in the ten rain shadow districts as on 05-08-2005
(Hectare)
District

Total target area

Kurnool

2000

1200

800

2000

Anantapur

1500

1610

433

2043

Chittoor

1000

340.22

1324.77

1664.99

Kadapa

4000

1500

500

2000

Mahbubnagar

3000

1263.3

590.72

1854.02

Medak

1000

178.62

739

917.62

Nalgonda

1000

395

655

Nellore

500

188.56

Prakasham

2000

Rangareddy
Total

Area identified
Irrigated Rainfed
Total

Achievements as on 05-08-2005
Irrigated
Rainfed
Total planted
against identified
69
69
(5.8)
(3.5)
202
202
(12.5)
(9.9)
21
(1.4)
-

1050

12.14
(6.8)
-

8
(1.6)
102
(17.3)
6.07
(0.8)
-

29
(1.5)
102
(5.5)
18.21
(2.0)
-

109.06

297.62

-

-

-

850

1697

2547

750

40

682

722

40
(4.7)
-

16750

7565.7

7530.55

15096.25

20
(1.2)
80
(11.7)
216.07
(1.4)

60
(2.4)
80
(11.1)
560.21
(3.7)

344.14
(4.5)

Source: Rain Shadow Area Department, Government of Andhra Pradesh
Figures in parentheses indicates percentages to the area indentified

Andhra Pradesh
Therefore, with reference to the state
policies, Andhra Pradesh focused on Jatropha
plantation on specified private land and forest
land with diversified value chain. The
Government of Andhra Pradesh (GoAP)
initially proposed the target of two lakh acres
under drip irrigation for biodiesel feedstock
plantation by 2004-05. This target was later
revised to 40000 acres in the Collectors
conference held on 03/12/2004. The GoAP
introduced a draft biodiesel policy in the year
2005 to facilitate investors and farmers to plant
oil bearing trees, mainly Jatropha, pongamia
and simaruba (Raju et al., 2012).
Meanwhile, a state level force has created
a special department called the Rain Shadow
Area Department for identification of areas
which has not received rainfall beyond 600
millimeters during nine of the last eighteen
years. As a result, the government has

identified seven districts namely Ananthapur,
Chittoor, Kadapa, Kurnool, Mehboobnagar,
Rangareddy and Nalgonda as rain shadow
districts. In addition to that, three more districts
namely Prakasam, Medak and Nellore were also
listed. Even though Mehboobnagar,
Rangareddy, Nalgonda and Medak districts are
under Telangana state which came into being
in October 2013 since the evaluation of these
districts are under the Rain Shadow
Department. Therefore, the developments and
studies of these districts will be stated under
the Rain shadow department. The area and
percentage of achievements made on
plantation of Jatropha crops in the ten rain
shadow districts along with the target area is
given in Table 1. It was shown in the Table 1
that Anantapur showed highest achievement
of 12.5 percent under irrigated area followed
by Medak district with 6.8 percent. But under
rainfed conditions Mahbubnagar with 17.3
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percent attained the highest achievement
followed by Rangareddy at 11.7 percent. It was
interesting to note that inspite of Rangareddy
being the second position under rainfed
conditions but it achieved the highest percent
in total planted against total target identified
followed by Anantapur district.
Meanwhile, the department served as a
special purpose vehicle for planning,
coordination, monitoring and implementation
of the biodiesel programme. Also the statelevel taskforce includes the principal
secretaries of agriculture, rural development,
finance, rain shadow department, ICRISAT
nominee, CRIDA nominee and the ViceChancellor of the agricultural university.
Further, the state-level task force will evaluate
the expression of interests for setting up new
biodiesel plants. Nandan cleantech, Southern
online biofuel technologies and natural were
some of the big biodiesel plants operating in
Andhra Pradesh. Among them only Nandan
Cleantech depends on Jatropha but the
remaining two mainly has used imported palm
oil for biodiesel production. Since Jatropha
require series of complex activities and chains
from identifying of seeds and planting
materials, its cultivation to the distribution has
incurred a huge amount of cost. Also the low
yield, low rate of success and failure to grow
suitably in marginal and wastelands as
anticipated, hints the impracticality and
skepticism in employing Jatropha. Therefore,
the readily available imported palm oil has
appeared to deliver more confidence and better
financial assurance than the locally promoted
Jatropha to be used it as a feedstock. Hence,
large scale incentives and promotions are
necessary to encourage Jatropha as feedstock
for biodiesel production in the state.
The policy has proposed biodiesel board,
an autonomous body for assisting,
encouraging, and promotion of Jatropha
cultivation. The board would have the legal
authority to monitor the tripartite agreement
signed between the stake holders. Following
the constitution of policy, plantations would

be encouraged in both private and forest lands
with emphasis on contract farming for buyback arrangements between private
entrepreneurs and farmers. The policy has
proposed that minimum buy-back price would
be fixed bearing in mind the different variables
including the quality and quantity of the
produce. Besides the district collector, Project
Director, District Water Management
Association (DWMA), the village panchayats
and self-help groups played a vital role in
coordination and implementation of the
programme. Also, it was indicated that the
government will provided 90 percent subsidy
for installing drip irrigation system not
exceeding fifty thousand rupees per farmer. In
addition to that the total numbers of identified
farmers were 14976 and that of the total land
area was 15714 hectares which have irrigation
facility across the state. The funding has been
provided by other ongoing projects such as
National Rural Employment Guarantee
Programme, Watershed Development
Programme, Comprehensive Assigned Land
Development Programme and Andhra Pradesh
Micro Irrigation Project. These ongoing
projects have provided incentives to the tune
of `13400, which arose from the difference
between rain-fed and irrigated area (Prasad
2006). However, the Andhra Pradesh
Government’s stint with Jatropha in 2005
ended in a bitter note when the beneficiary
farmers diverted the 90 percent subsidy meant
for Jatropha irrigation to other crops, thereby
jeopardizing the programme (Raju et al., 2012).
In the meantime, under the National Biofuel
Mission, Andhra Pradesh has taken up an
ambitious role for taking up Jatropha as a
feedstock for biodiesel production. Also
several projections regarding the plantation,
coverage, production, oil extraction,
transesterification, sale and contribution the
state would make towards the achievement of
the mission were made. For instance, it was
indicated that 37 metric tonnes of Jatropha
seed has been sent to the districts under the
demonstration phase. This was expected to
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yield 2.5 crores seedlings to covered 40000
acres. And if the mission continued smoothly,
it was estimated that the 20 percent blending
target would be achieved within five years after
its commencement. But, there has been an
enormous gap between the projected
assumptions and what was actually achieved.
A study by IARI in 2007 on the success on
Jatropha plantations in Indian states has
indicated that Andhra Pradesh has achieved
only two percent of the projected expectations.
To provide systematic research and
development support, the state government
has introduced a comprehensive R&D Plan for
Jatropha involving Acharya N.G. Ranga
Agricultural University (ANGRAU),
International Crops Research Institute for
Semi-Arid Tropics (ICRISAT), Central
Research Institute for Dryland Agriculture
(CRIDA), Directorate of Oilseed Research
(DOR), National Bureau for Plant and Genetics
Resources (NBPGR) and Indian Institute of
Chemical Technology (IICT).The major
activities being taken up as part of the R&D
plan are germplasm collection and
maintenance, molecular characterization and
multiplication of elite planting materials
through tissue culture, evaluation and
standardization of agro-techniques, on station
and farm-trials, phytochemical properties, oil
studies and process development (GoAP,
2011). Training and capacity building along
with financial assurance to take up the new
crop in small and marginal lands are some of
the criterion for the promotion of Jatropha
plantation.
Chhattisgarh
There are other situations where the state
such as Chhattisgarh follows less regulated
approach allowing different value chains to
emerge. Chhattisgarh has sufficient land
resources of 20.15 lakh hectares of fallow land
and 17.018 lakh hectares of degraded forest
land in the state. It also has favourable climatic
conditions for the cultivation of biofuel crops
like Jatropha and pongamia. With a view to
ensure proper focus of the National Biofuel

Mission, a specific agency named Chhattisgarh
Biofuel Development Authority (CBDA) was
established under the aegis of Chhattisgarh
Renewal Energy Development Authority
(CREDA) in 2005. Accordingly the state
government came up with an innovative policy
of allotting the fallow land at negligible
emolument to private entrepreneur for
intensifying Tree Born Oil (TBO) cultivation.
The rent offered at the first, second, sixthseven and eight years above were `500, `625,
`900 and `1400 per ha, respectively. The policy
also proposed to put up biodiesel plant of
appropriate capacity.
To ensure the proper follow up of the
cultivation of TBO in the fallow lands, it has
announced support price for Jatropha and
pongamia seeds at `6.5 and `6.0 per kg,
respectively. Jatropha seedlings were
distributed free of cost upto 500 plants after
which a highly subsidized rates of `0.50 per
plant has been charged from the farmers.These
policy adopted by the state has led to lower
cost of cultivation of the crop Jatropha (Shinoj
et al., 2010). Also the rural department has
linked the plantation activities with the
Mahatma Gandhi Rural Employment Guarantee
Scheme (MNREGS) to generate rural income
and employment. Further, the forest
department and agricultural university also
played an important role in biofuel
development programme. The Government of
Chhattisgarh has announced interest and
capital investment subsidy programmes along
with various tax exemptions such as electricity
duty exemption, stamp duty exemption on land
registration etc. to promote biofuels sector in
the state (Raju et al., 2012). Moreover, CBDA
has setup biodiesel manufacturing plant at
Raipur with a capacity of one kilo litre per day
for biodiesel-production from Jatropha seeds.
Several initiatives such as plantation of six
lakhs saplings, distribution of five crore
saplings, organizing 95 farmers training
programs and 156 awareness programmes for
sensitizing the farmers about the various
economic and social benefits in the local

269

language has been realized in the recent years.
As such, so far 20 percent blending with petro
diesel has been met in the departmental bus,
public transport and Chief Ministers’ official
vehicle. The study of IARI has indicated that
Chhattisgarh has been the only state which
achieved more than its required target
accounting to 154 percent. The clearly chalked
out plans and policies led to the success of
Jatropha cultivation in the state.
Another accomplishment is the setting up
of biodiesel based power generators for rural
electrification in a cluster of 50 remote villages
(CBDA, 2011). Besides, several projections
on the socio economic benefits of the state
such as Jatropha plantation, generation of
employment and income, by-product benefits,
mitigating the green house effects and several
benefits has been indicated. Meanwhile on 19th
November 2007, the Indian Oil Corporation
Limited (IOCL) entered into a (Memorandum
of Understanding (MoU) with Government of
Chhattisgarh. Further, this was converted into
Joint Venture Agreement between the state and
Chhattisgarh State Renewable Energy
Development Agency (CREDA) on 8th October
2008 for delivering continuous supply of raw
material for biodiesel production. Thus a Joint
Venture Company (JVC) namely Indian OilCREDA Biofuels Ltd. (ICBL) was formed on 6th
February, 2009 and CREDA-HPCL Biofuel
Limited (CHBL) on 27th September, 2008.
Through a separate agreement, there have
been indications that wastelands/degraded
lands would be leased out to these JVC for
30+10 years for carrying out Jatropha
cultivation. Further, it will take up Research
and Development and other activities for
commercial production of Biodiesel in the state.
Rajasthan
Biofuel Authority of Rajasthan (BFA) was
established for wastelands development
through biofuels promotion leading to soil and
water conservation and generating
employment opportunities in the state. In
accordance with the policy, 12 districts have
been identified as culturable wastelands, but

the marginal holdings of the farmers have been
the major hindrance in the development of
cluster commercial plantation in this region.
Also, the allotment of Jatropha plantation to
Self Help Group, Gram Panchayat and societies
has been concentrated to the districts of Baran,
Banswara, Bundi, Rajamand and tribal belt in
Udaipur.
Jatropha plantation was being initiated in
the state by Watershed Development and Soil
Conservation Department, Research and
Development, agriculture department, several
non-government organizations, etc. The seed
was sold in local markets at about `5-10 per kg
and used in cottage and small scale household
industries. Besides, in Table 2, the availability
of culturable wastelands estimates by
agricultural statistics and district collector
have shown a huge difference especially in
the districts of Bhilwara, Chittoragarh,
Rajamand and Udaipur thereby confusion has
prevailed in nature and extent of area. Also,
the target and district wise progress and
achievements of seedlings and plantation of
Jatropha up to 2012-13 has been given in the
Table 2. Bhilwara and Rajamand has achieved
beyond the target in 2012-13 in seedlings while
Rajsamand has achieved more than the
achieved target in plantation. Study has
indicated that even though inputs were utilized
properly, the yield was greatly influenced by
soil structure and climatic conditions. Also,
the economics of cultivation of Jatropha were
dependent on state policy, subsidy on
seedlings and other inputs (Shinoj et al., 2010).
Uttaranchal
Uttaranchal Biofuel Board (UBB) has been
constituted as a nodal agency for biodiesel
promotion in the state. Under UBB, Biofuel
Mission was created in 2004 with the objective
to improve environment through land
reclamation, create carbon sink through
plantation, strengthen common property
resources and generate employment activities.
Within 30 days of its formation, the UBB has
implemented Jatropha plantation in 29 Van
Panchayats covering an area of 350 hectares
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Table 2: Target of nursery seedlings and jatropha plantations
Districts

Baran

Culturable wasteland
Seedling and plantation
target, 2006-07
Agricultural District Difference
(lakh)
statistics
collector
29392
1383
28009
15.04

Banswara

15501

2090

13411

44.9

Bhilwara

135222

8812

126410

10.13

Bundi

29892

3780

26112

10.83

Chittoragarh

137294

741

136553

9.68

Dungarpur

21913

1285

20628

46.1

Jhalawar

46583

4254

42329

24.4

Kota

22735

644

22091

40.64

Rajsamand

117751

6799

110952

30.52

9417

2547

6870

49.75

120443

8792

111651

79.78

Sirohi
Udaipur

Achievement in lakh (2012-13)
Seedling
Plantation
13.39
(89.03)
43.3
(96.44)
11.69
(115.4)
7
(64.64)
7
(72.31)
46.03
(99.85)
23
(94.26)
19.31
(47.51)
36.13
(118.38)
28
(56.28)
54.35
(68.12)

11.09
(73.74)
34.86
(77.64)
9.1
(89.83)
4.42
(40.81)
7
(72.31)
46.03
(99.85)
19.3
(79.1)
17.31
(42.59)
35.23
(115.43)
26.5
(53.27)
54.35
(68.12)

Source: Biofuel Authority, Rajasthan.

benefiting 187 families. Beneficiaries have been
selected from Van Panchayats with a criterion
that they should be BPL and priority has been
given to SC/ST. Each beneficiary has been
issued identity cards, so that they may open
account in bank with zero balance and right
person gets the payments for plantation and
seed costs. The mission has advocated Public
Private Partnership with the external
investment, promotion of buyback seed
arrangement and monitoring and encouraging
of transparent payments and services. UBB
has also established Jatropha Gene Bank to
preserve high yielding seed varieties. The
ambitious plan of the project to produce 100
million litres of biodiesel was initiated by the
tribal block Kalsi of Dehradun district. Also,
an area of 0.5 lakhs hectare has been identified
for Jatropha cultivation by Joint Forest
Management (JFM) and Social Forestry but a
study by IARI has indicated that only 26
percent of the target area has been achieved

by the state.
Karnataka
Karnataka has set up a task force in 12th
September, 2008 and which was later named
Karnataka State Biofuel Development Board
(KSBDB). It has developed co-operative like
model with multi-species and farmer centric
approach of biofuel cultivation which was
taken up as subsidiary occupation rather than
permanent cultivation. Also, adequate
attention has been given to forward and
backward linkages of biofuel production which
has started yielding rich dividend in the State.
The board has also identified that the
multiplicity of department/agencies dealing
with the same subjects has created lots of
confusions and eventually deters in organizing
a coordinated and comprehensive approach
in the appropriate direction. As such, an
institutional mechanism-Karnataka Biofuel
Development Authority (KBDA) was set up
to fine tune and oversees the implementation
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of the Karnataka Biofuel Policy (KSBDA, 2009).
The objectives of the policy which came to
effect on 6th December, 2010 mainly comprise
of three functional units such as the state
biofuel promotion policy, price fixation
committee and clean development mechanism.
Several programmes such as Baradu
Bangara (Waste to Gold) mainly for
identification of suitable lands; another
innovative programme Hasiru Honnu (Green
Gold) for promoting and rising of quality
seedlings of biofuels through self-help
groups, village forest committee, planting and
maintenance under MGNREGA have been
premeditated. The oil expelling industry already
exists in Karnataka and efforts are made to
include the small farmers. Likewise, another
programme Suvarna Bhumi Yojane was
specially designed to create awareness among
farmers to improve agriculture income of small
and marginal farmers. Under this programme,
Karnataka government has allocated `100
crores from the agriculture budget to cover
about one lakh farmers for encouraging biofuel
cultivation in the state. Each farmer was paid
upto `10000 in two installments for integrating
biofuel tree species with agriculture.
The Hasiru Kalyana Yojana was initiated
to make the private and government
wastelands available for biofuel cultivation
thereby creating 31265 owner farmers in 1478
villages and afforestation of 1.35 lakh hectares
of barren forest lands. Not only it has set up
information and demonstration centres for
biodiesel production, it also established clonal
orchard in different region of the state. Also,
Biofuel Park located at Hassan has already
been set up and was operating in 2000 districts.
The research on various activities in the entire
value chain and organization of biofuel
cooperative has also been undertaken
simultaneously. The programme has also
strongly encouraged community participation
for integrating biofuel crops among the
farming community, landless labourers, SHGs
and NGO’s.
Several steps have also been taken to

incorporate private investment in the industrial
units for setting up biodiesel plants with large
amount of installed capacity in the state.
Accordingly, M/s. Eco Green Fuels Private
Limited. with an installed capacity of 3000 litres
per day was the first plant to be established
under the guidance of KSBDB. Further, several
other programmes and incentives for biofuel
growers, its value addition and value usage of
rural areas have also been advocated.
Meanwhile, Karnataka being a sugar surplus
state with more than 50 sugar factories
producing 135 million litres of ethanol per
annum, the blending target of ethanol has been
achieved by the state. Therefore, several
programmes have been planned to further tap
the abundant resources for efficient ethanol
production.
Tamil Nadu
In south, Tamil Nadu has taken active role
in Jatropha cultivation. Therefore, Biofuel
Policy of Tamil Nadu was released with the
objective of promoting 100,000 ha of Jatropha
plantations over a period of five years in 200809. The Tamil Nadu Agricultural University
(TNAU), Coimbatore was the centre of
Jatropha curcus research which would
provide quality seedlings andextended
services like training and extension support,
provisions of agricultural inputs etc. to the
farmers and entrepreneurs. Thiruvannamalai
with an area of 3876 ha was the leading district
in terms of area under Jatropha (Government
of Tamil Nadu, 2007). Several central and state
sponsored programmes like National
Watershed Development Programme for
Rainfed Areas (NWDPRA), MGNREGS,
Comprehensive Wastelands Development
Programme (CWP), etc. were also being linked
to the state’s biofuel promotion activities.
Besides, an exempted purchase tax on Jatropha
seeds and VAT on Jatropha oil for a period of
10 years from the date of commercial
production has been indicated (Raju et al.,
2012).
In addition to several measures, the state
also promotes contract farming with national
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and international companies on the basis of
subsidized seedlings and earmarked loans.
These companies has provided opportunities
for buy-back arrangements with assured
market linked price in the range of `5-`10 per
kg for Jatropha seeds (Ariza-Montobbio et al.,
2010). To incentivize the processing plants, the
subsidy has been further extended from agroprocessing industry to biofuel extraction
plants. Jatropha although indicated as pro
poor has failed in many areas to live up to its
name. Study on cultivation practice by TNAU
has mentioned the existence of pests like
defoliators, bark eaters, stem borers etc. in the
crop. Inspite of high plant density at a rate of
2500 plants per ha in irrigated to 1600 plants
per ha in rainfed area, there has been much
difference between expected yield and actual
yield. The difference ranges from 7500 kg per
ha to 750 kg per ha in irrigated and 4500 kg per
ha to 450 kg per ha in rainfed areas, respectively
(Ariza-Montobbio and Lele, 2010). It was also
indicated that Jatropha could survived but did
not yield oil neither develop nor grow further
without water. Also, the high mortality rate,
non-availability of high yielding variety, long
gestation period do not motivate the farmers
to take up the crop.
Punjab
Punjab Energy Development Agency
(PEDA) has been designated as state nodal
agency for the promotion of biofuel production
in the state. This agency was set up to
coordinate the activities related to biofuel
production and coordinate the policies of
different departments/agencies in the state.
Several departments have also been
constituted to hold reviews on biofuel
production at regular intervals. But the huge
setback back was that most of the biofuels
production has been concentrated for
cogeneration purposes. Thus, the policy
regarding the transport biofuels has not been
in the picture.
Challenges and Approaches
Since, the production of biodiesel from
Jatropha/ethanol from sugarcane undergoes

through many process from selection,
extraction of oil to distillation. Therefore the
availability of continuous products or
feedstock improvement was necessary in order
to compete or exists together with the already
developed traditional fuel market. Then due
explorative process should continue to find
an innovative way in order to improve the
products as well as the process in which
biofuels are produce. Productivities need to
be studied at various levels of management
and climatic conditions using different
strategies and tools. The assumptions and
propositions should be based on proper
research and consideration especially on the
basis of scientific agronomic practices and
biotechnological grounds.
Some studies have recommended the usage
of alternative short duration, multipurpose
biofuel crops on private farmlands (sweet
sorghum and castor). Also, the proper
specification of renewable fuel standard and
stable minimum support price should be
developed. In order to increase the demand of
biofuels, more method of attending the
customer ’s need, facility for designing
compatible engine and awareness of beneficial
effects as a part of fuel/fuel substitute should
be undertaken. A need was felt to strengthen
the marketing linkages between the producer
farmers and liquid biofuel suppliers. Even
though the last phase of value chain developed
but the other segment needs to be created and
associated using state involvement. Thus,
there should be positive scope for
dissemination of end products through welldeveloped distribution system and
infrastructure in the near future. Not only the
process improvement is necessary but
upgrading the technology along with the
technical knowhow and services has been
indispensible. Care should be taken that while
improving the technology it should be cost
effective and not beyond the reach of the
industry investors and shareholders.
There has been contrast or mismatch
between the results in the field and the
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continued promotion of Jatropha by regional
and national policy makers and researchers in
India. Rather than being pro-poor, the pattern
of cultivation of Jatropha has generated
upward redistribution, where the big farmers
being the only ones who benefit from it, if at
all. A study had shown that the subsidies have
mainly benefited the large farmers. The small
farmers have indirectly benefits from
employment or increase in price of crops
displaced by Jatropha. Also, it was unclear
whether a ten-fold increase in yields, prices
and costs of cultivation on irrigated lands has
been profitable or not (Ariza-Montobbio and
Lele, 2010). Therefore pro-farmer interventions
in the agronomic and planting aspects are
necessary. Critical gaps in all aspects of biofuel
production need to be addressed in the near
future. Biofuels business may change in the
upcoming years depending on fossil fuel
prices, government pricing policies and
progress on agricultural yields.
Also, the government policy should be
straight, clear cut and effective during its
implementation. But, there were no proper
incentives in the policies and programmes to
encourage biofuel production. It was revealed
that the entire biofuel policy was based on
wasteland availability, therefore it is critical to
analyze whether to what degree the
assumption holds (Das and Priess, 2011). There
was uncertainty on the availability of legal
ownership and labour rights of the lands. Also,
the introduction of contract farming for fuels
crops does not have a scheme or law for
restricting on productive lands. Some lands
quantified as wastelands were used for
habitation, cultivation and agriculture
purpose, some of them grow biofuel crops but
with no yield. The policy lacks innovations in
generating income and employment activities
as claimed, thus failing to improve the standard
of living. It has also been indicated that the
insurance have not been well received.
Likewise, the indecisiveness of the laws,
ambiguity and multiplicity in departments has
posed a problem for the developments of

biofuels. No proper regulations were made
regarding the sale of biofuels beyond the oil
and marketing companies (OMCs). Therefore,
confusion and uncertainty arise among the
biofuel producers in this regard. But, the level
of uncertainty has neither been eliminated
because the questions from the last decade
remain unresolved. There were some
researchers who felt that failure was the
inability of policy makers to provide stable
directions for scientific assessments. Thus,
stability in directives and legislation seems to
be essential.
CONCLUSIONS
The biofuel production in India has not
been quite promising. Biodiesel production has
been more or less negligible though ethanol
production has sprouted in some areas of the
state. The much hyped Jatropha as a miracle
crop, which can grow in wastelands failed to
meet its objective as indicated. The use of nonfood feed stock for biofuel production to
prevent the conflict of food security was a
staggering task in reality. The fuel crops have
affected the food crop directly and indirectly
in one way or another. The growing of Jatropha
could displace the farmlands, leads to increase
in price of food crops, and leads to conflict
among grower farmers. Also, some part of the
wasteland claimed as wastelands were not
viable for cultivation or either use for
habitation, cultivation and other.
In case of ethanol production, the
distilleries were more inclined to production
of alcohol which has created more demand
leading to huge profits as compare to ethanol.
Not only is the introduction of an efficient and
well organized policy a requisite, but a careful
discernment on the desirability of alcohol over
alcohol and ethanol due to its higher demand
and profitability should be brought into
consideration. In doing so, a strategy and
approach to encourage the sugar industries
and distilleries for diverting the sugar cane
molasses to ethanol production can be
developed. Further the state wise policies and
programmes have given mixed reactions and
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not been favourable so far. There are some
states like Karnataka which become a role
model for biofuel production while studies on
some states like Tamil Nadu and Uttaranchal
were in their waning phase. Therefore,
uncertainty has existed on whether the country
should carry on biofuel programs and policies.
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ROLE OF AGRO-INDUSTRIES FOR SUSTAINABLE
AGRICULTURAL DEVELOPMENT IN INDIA
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ABSTRACT
Agricultural sector is the mainstay of Indian economy. Therefore, agroindustries have been given high priority in India due to their significant
potential for contributing to sustainable agricultural development. An
attempt has been made in the present study to have an insight into the role
of agro-industries for sustainable agricultural development in India. The
results revealed that gross capital formation in agriculture and allied sector
as percentage of agricultural GDP has increased from 14.9 percent in 200607 to 19.8 percent in 2011-12 and agro-industries have registered a positive
growth in terms of capital invested. The results further revealed that the
performance of food processing sector has improved substantially as it has
been growing at an Average Annual Growth Rate (AAGR) of around 6
percent as compared to around 4 percent in agriculture. While comparing
the share of agriculture and allied sector in total gross state domestic
product, Arunachal Pradesh has shown maximum share (43.87 percent)
followed by Punjab (28.92 percent) and Uttar Pradesh (28.23 percent) in
the year 2012-13. So, there was a wide variation in the performance of
different states.
Keywords: Agriculture, agro-industries, sustainable agricultural development
JEL Classification: F63, Q01, Q13, Q18

INTRODUCTION
Agriculture and industry are integral
components of the development process due
to their mutual relationship as agriculture
provides inputs to the industry and output of
the industry is used in agriculture to expand
production. The rapid growth of agriculture
has significant impact on the entire economy,
especially, the agro-industries by supplying
the inputs for processing agricultural produce.
In India, agro-industries develop on the basis
of agriculture-industry interrelations as these
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industries are dependent upon agriculture for
their raw-material and other basic inputs
(Gupta, 1989). The larger objective for the
improvement of agriculture sector can be
realized through rapid growth of agriculture
which depends upon increasing the area of
cultivation, cropping intensity and
productivity. But for a developing country like
India, increasing productivity is more important
than the rest of the two (Sengupta and
Sonwani, 2012).
Agricultural sector plays a vital role in the
development of India’s rural economy. Besides
providing food to nation, agriculture releases
labour, provides saving, contributes to market
of industrial goods and earns foreign exchange
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(Nerker et al., 2013). In the first five year plan
the government released nearly 17.5 percent
of the total investment for the sake of
agricultural sector nearly 70 percent of the
people are depending on agricultural sector,
the growth also in expected manner, then after
the growth from agricultural sector is gradually
decreased, the reasons may be the traditional
cultivation, lack of knowledge, lack of
technology, and other parameters are making
agricultural sector to move back in Indian
economy (Babu et al., 2014).
Agro-industries play prominent role in
Indian economy as the development of these
industries has assumed crucial importance in
the economic planning as well as progress of
the country. Agro-industry would mean any
activity involved in cultivation, under
controlled conditions of agricultural and
horticultural crops, including floriculture and
cultivation of vegetables and post-harvest
operation on all fruits and vegetables
(Bayineni and Vooka, 2004). Agro-industries
may be classified into two categories namely
food processing industries and non-food
processing industries. Food processing
industries mainly deal with the preservation
of perishable products and utilization of byproducts for other purposes. These types of
industries include the processing of wheat,
rice, maize, barley, pulses, meat, fruits,
vegetables, etc. Non-food processing
industries mainly satisfy our need for shelter
and clothing. These industries produce such
items as wool, cotton, rubber, leather, etc.
(Venkaiah, 1987). Agro-industries help to
improve the level of income and its equitable
distribution among the different sectors,
regions and sections of the society. These
industries generate large scale employment
opportunities and contribute enormously to
the process of self-sustained economic growth
(Yadav and Rana, 2005). Agro-industries are
the cornerstone of developing country like
India and have well-established roots in an
indigenous economic development. These
industries decentralize the economy and

promote sustainable agricultural development
in those areas from which the raw materials are
drawn.
Sustainable agriculture is a dynamic rather
than static concept. It is not only a difficult
concept to define but is also difficult to
implement and monitor (Norman et al., 1997).
It is a vast term, means successful management
of agricultural resources for its development
while maintaining environmental sustainability
and enhancing its quality. In other words, it
has been regarded as the major component of
sustainable development. The sustainable
agricultural development of any country
depends upon the judicious mix of their
available natural resources. If agriculture goes
wrong, it will be really bad for the economy as
the falling of agricultural growth not only
affects employment but GDP too (thus
increasing poverty) (Goel and Kumar, 2011).
The economic prosperity of India depends
largely on the development of agro-industries
which in turn leads to the creation of forward
and backward linkages of the development
process on large scale by making mutual
complementary of agriculture and industries
(Katnalli, 2011). Keeping these facts in view
the present study aimed to analyse the
importance of agro-industries in regard to
sustainable agricultural development in India.
METHODOLOGY
The present study is based on secondary
data that has been used for understanding the
role of agro-industries for the creation of
sustainable livelihoods and economic
development of the country. For the purpose
of the study the data were collected from
annual report of Ministry of Agriculture-2014,
State of Indian Agriculture-2013, book on
Agricultural Statistics, Government of India
and their respective websites. Basic trends in
both non-food sector and food sector were
presented, but the study as a whole focused
on the food sector. The data in the form of
area, production and yield of major crops and
contribution of food processing industries
have been included. In addition to this, share
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of agriculture and allied sector in gross state
domestic product, socio-economic indicators
etc. were also presented in the study.
RESULTS AND DISCUSSION
Economic and Social Indicators
The perusal of Table 1 presented the
selected economic and social indicators. These
extensive set of indicators can be used to
determine sustainability in a broader sense.
From the Table 1, it can be seen that GDP at
factor cost (at current prices) has increased
from `10036 crore in 1950-51 to `9461013 crore
in 2012-13 and GDP at factor cost (at constant
prices) has also increased from `279618 crore
in 1950-51 to `5505437 crore in 2012-13. The
index of agricultural production, index of
industrial production and wholesale price index
average also showed an increasing trend from
1950-51 to 2012-13. In case of output, there
was a substantial change in food grains during
the last few decades that is from 50.8 million
tonnes in 1950-51 to 255.36 million tonnes in

2012-13. In terms of foreign trade, exports has
increased from `606 crore in 1950-51 to
`1635261 crore and imports also has increased
from `608 crore in 1950-51 to `2673113 crore in
2012-13. Table 1 further depicted that in the
case of social indicators, the population in the
year 1950-51 was 359 million and in the year
2012-13, the population was almost doubled
(679 million). So it can be said that selected
economic and social indicators showed an
increasing trend as a whole from the last few
decades.
Share of Agriculture and Allied Sector in
Gross State Domestic Product
The perusal of Table 2 revealed the share
of agriculture and allied sector in gross state
domestic product at current prices. The Indian
agriculture growth pattern has been very
diverse at the state level. As agriculture is a
state subject, the overall performance of the
agricultural sector in India largely depends on
what happens at the state level. The state

Table 1: Selected economic and social indicators
Indicators
Economic indicators
GDP at factor cost (at current prices)
GDP at factor cost (at constant prices)
Per capita NNP at factor cost at constant prices
Gross domestic capital formation
(as percentage of GDP at current market prices)
Gross domestic savings
(as percentage of GDP at current market prices)
Index of agricultural production
(Base: T.E 2007-08=100 onward 2007-08)
Index of industrial production (Base year = 2004-05)
Wholesale price index average (Base year = 2004-05)
Consumer price index for industrial worker
Output
Food grains
Foreign trade
Exports
Imports
Foreign exchange reserves
Social indicators
Population
Education: Literacy rate

Unit

1950-51 1980-81 2010-11 2011-12 2012-13

(`crore)
(`crore)
(`)
(%)

10036 132520 7266966 8353495 9461013
279618 641921 4937006 5243582 5505437
7114
8594 36342 38037 39168
9.3
19.9
36.8
35.0
-

(%)

9.5

18.5

34.0

30.8

-

46.2

102.1

121.1

125.3

122.8

7.9
6.8
17.0

43.1
36.8
81.0

165.5
143.3
179.8

170.3
156.1
195.0

172.2
167.6
-

million tonnes

50.8

129.6

244.5

259.29

255.36

(`crore)
($ million)
(`crore)
($ million)
(`crore)
($ million)

606
1269
608
1273
911
1914

6711
8486
12549
15869
4822
5850

(Million)
(Percent)

359.0
18.3

679.0
43.6

Source: Ministry of Agriculture 2013 (www.eands.dacnet.nic.in)
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1142922 1465959
251136 305963.9
1683467 2345463
369769 489319.5
1224883 1330511
274330 260069
434.0
-

541.0
74.0

1635261
300571
2673113
491487
1412630
259726
679.0
-

Table 2: Share of agriculture and allied sector in gross state domestic product at current
prices
State/UT

GSDP from agriculture
(`Lakh)
2010-11
2011-12
Andhra Pradesh
13489809 14663011
Arunachal Pradesh
347346
455940
Assam
2962373
3110857
Bihar
5316354
6825350
Chattisgarh
2527196
2882578
Goa
191445
253213
Gujarat
10465600 12195600
Haryana
5534149
6519243
Himachal Pradesh
1030345
1204808
Jammu &Kashmir
1171218
1314628
Jharkhand
1672802
1860827
Karnataka
6924100
7472200
Kerala
4117408
4762404
Madhya Pradesh
6369837
8009283
Maharashtra
13653997 15062173
Manipur
229223
258125
Meghalaya
241556
254453
Mizoram
113798
125381
Nagaland
298965
316402
Orissa
3843175
3755451
Punjab
6837050
7713022
Rajasthan
9183697
12122565
Sikkim
59031
68075
Tamil Nadu
7395201
7765453
Tripura
376271
424552
Uttar Pradesh
16577142 19742283
Uttarakhand
1076946
1213335
West Bengal
10724190 11998821
A&N islands
44093
45840
Chandigarh
10773
10623
Delhi
231399
273935
Pondicherry
74821
73775

and allied
2012-13
557286
3410368
7714545
3196563
1362599
1467885
2071208
8083100
9508772
293426
266444
335647
5189801
8560549
8625933
464793
21917418
1363409
13877308
92828

Percent share of agriculture and
allied in total GSDP
2010-11 2011-12 2012-13
23.63
22.38
39.78
40.94
43.87
26.34
24.58
23.75
26.83
27.69
26.21
21.42
20.66
19.96
5.7
7.05
19.73
19.94
20.88
21.19
18.28
18.88
18.9
20.56
19.93
19.29
14.48
14.26
14.01
17.03
16.13
15.32
15.28
15.11
24.48
25.86
26.28
12.78
12.06
25.17
24.8
25.05
16.63
15.73
14.51
18.79
17.93
26.42
25.78
25.2
19.76
17.39
20.06
30.14
29.75
28.92
26.86
29.09
8.26
8.1
13.06
12.15
11.93
21.45
21.32
20.99
27.59
28.86
28.23
12.99
13.02
12.68
22.57
22.05
22.01
9.68
9.12
0.53
0.45
0.87
0.87
5.47
5.24
5.62

Percent growth
over previous year
2011-12 2012-13
8.7
31.26
22.23
5.01
9.63
28.38
13.03
14.06
10.89
32.26
16.53
17.8
16.93
13.1
12.24
11.66
11.24
11.31
7.92
8.18
15.67
25.74
18.72
10.31
12.61
13.68
5.34
4.71
10.18
5.83
6.08
-2.28
38.19
12.81
10.99
32
15.32
5.01
11.08
12.83
9.48
19.09
11.02
12.66
12.37
11.89
15.66
3.96
-1.39
18.38
-1.4
25.83

Source: www.eands.dacnet.nic.in

domestic productof Uttar Pradesh from
agriculture and allied sector was maximum
(`21917418) lakh in the year 2012-13 followed
by West Bengal (`13877308 lakh) and Madhya
Pradesh (`9508772 lakh) . While comparing the
share of agriculture and allied sector in total
gross state domestic product, Arunachal
Pradesh has shown maximum share (43.87
percent) followed by Punjab (28.92 percent)
and Uttar Pradesh (28.23 percent) in the year
2012-13. The growth performance of agriculture
in Orissa (38.19 percent), Pondicherry (25.83
percent), Arunachal Pradesh (22.23 percent)

and Madhya Pradesh (18.72 percent) was
higher than that of Meghalaya (4.71 percent),
Nagaland (6.08 percent) and Karnataka (8.18
percent). So, it can be said that there was a
wide variation in the performance of different
states (Table 2).
Gross Capital Formation in Agriculture and
Allied Sectors
The perusal of Table 3 revealed that the
gross capital formation in agriculture and allied
sectors at constant prices. Investment or
capital formation is one of the basic
requirements for growth of any sector. The

280

Ta ble 3 : G ro s s c a pi ta l fo rma ti o n i n
agriculture and allied sectors at constant
prices
(`crore)
Year

GDP*

2004-05

565426

2005-06

594487

2006-07

619190

2007-08

655080

2008-09

655689

2009-10

660987

2010-11

713477

2011-12

739495

Public
sector
16187
(2.90)
19940
(3.40)
22987
(3.70)
23255
(3.50)
20572
(3.10)
22693
(3.40)
19918
(2.80)
22095
(3.00)

GCF*
Private
sector
59909
(10.60)
66664
(11.20)
69070
(11.20)
82484
(12.60)
106555
(16.30)
110469
(16.70)
111306
(15.60)
124483
(16.80)

Total
76096
(13.50)
86604
(14.60)
92057
(14.90)
105741
(16.10)
127127
(19.40)
133162
(20.10)
131224
(18.40)
146578
(19.80)

Source: Ministry of Agriculture 2013 (www.agricoop.nic.in)
Figures in parentheses indicate the percentage of GCF to GDP
*
Agriculture and allied sectors at 2004-05 prices

findings revealed that the gross capital
formation (GCF) in agriculture and allied
sectors as percentage of agricultural GDP has
increased from 14.9 percent in 2006-07 to 19.8
percent in 2011-12. Further, capital formation
in public sector in agriculture as percent of
agricultural GDP has come down from 3.5 per
cent in 2007-08 to 3.0 per cent in 2011-12. While
a higher share of private sector investment in
agriculture was a welcome feature, public
sector investment was critical as it was
generally found to accelerate private
investment. However, from 2006-07 to 2010-11
an inverse relationship is observed between
growth in public sector and private sector
investment. This might be partly due to the
fact that some investment contributed by the
public sector got accounted for under the
private sector.
Area, Production and Yield of major crops
The perusal of Table 4 revealed that the
area, production and yield of major crops
during last three years viz., 2010-11 to 2012-13.
The area under rice, coarse cereals, pulses,

Table 4: Area, production and yield of major
crops during last three years
Crops
2010-11
Area (lakh hectares)
Rice
428.62
Wheat
290.69
Course Cereals
283.39
Pulses
264.02
Food grains
1266.71
Oilseeds
272.24
Sugarcane
48.85
Cotton (million bales)
112.35
Production (million tonnes)
Rice
95.98
Wheat
86.87
Course Cereals
43.40
Pulses
18.24
Food grains
244.49
Oilseeds
32.48
Sugarcane
342.38
Cotton (million bales)
33.00
Yield (kg/hectare)
Rice
2239
Wheat
2989
Course Cereals
1531
Pulses
691
Food grains
1930
Oilseeds
1193
Sugarcane
70091
Cotton (million bales)
499

2011-12 2012-13
440.06
298.65
264.22
244.62
1247.55
263.08
50.38
121.78

427.53
300.03
247.61
232.56
1207.75
264.84
49.98
119.77

105.31
94.88
42.04
17.09
259.32
29.80
361.04
35.20

105.24
93.50
40.04
18.34
257.13
30.94
341.19
34.22

2393
3177
1591
699
2079
1133
71668
491

2462
3117
1617
789
2129
1168
68254
486

Source: Ministry of Agriculture, 2014 (www.agricoop.nic.in)

food grains, sugarcane and cotton showed a
decrease in the year 2012-13 whereas area
under wheat and oilseeds showed a slight
increase in the year 2012-13 that is 300.03 and
264.84 lakh hectares, respectively as compared
to the previous year (298.65 and 263.08 lakh
hectares). As per the production scenario 201213, total production of rice in the country was
105.24 million tonnes which was lower by 0.07
million tonnes than recorded production of rice
during 2011-12. The production of wheat and
coarse cereals was 93.50 and 40.04 million
tonnes, respectively which was lower than
their recorded production of 94.88 and 42.04
million tonnes during 2011-12. Impressive
growth in production were observed in the
case of pulses and oilseeds. The main source
of long-term output growth is improvement in
yield. Yields of most of the crops have recorded
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positive growth during the year 2012-13.
However, sugarcane, wheat and cotton
recorded lower growth in yield during the year
2012-13. Growth in yields of sugarcane and
wheat suggested that their yields seemed to
have attained the plateau and needed renewed
research to boost their productivity levels.
Contribution and Growth of Food Processing
Industries
The perusal of Table 5 showed that the
contribution and growth of food processing
industries (FPI). The food processing sector
forms an important segment of the Indian
economy in terms of its contribution to GDP.
The sector contributed as much as 9.0 to 10.0
percent of GDP in agriculture and
manufacturing sector. During the last 5 years

ending 2010-11, FPI sector has been growing
at an Average Annual Growth Rate (AAGR) of
around 6 percent as compared to around 4
percent in agriculture and 9 percent in
manufacturing. Contribution and performance
of this sector has improved significantly in the
recent years. Manufacturing sector was
generally growing at a higher rate than FPI till
2009-10. The performance of FPI improved
substantially in 2010-11, almost equal with
manufacturing sector.
Sector-wise Number of Registered Food
Processing Units
The sector-wise number of registered food
processing units are presented in Table 6. The
results depicted that there was a tremendous
increase in the food processing units of dairy

Table 5: Contribution and growth of food processing industries
Description
GDP at factor cost
GDP agriculture*
GDP manufacturing
GDP-FPI
Growth (per cent)
GDP at factor cost
GDP agriculture*
GDP manufacturing
GDP-FPI
Share (per cent)
GDP-FPI as a share of GDP in agriculture*
GDP-FPI as a share of GDP in manufacturing

2006-07
3564364
554395
570458
52164

2007-08
3896636
589383
629073
57320

2008-09
4158676
588757
656302
60379

2009-10
4507637
593696
719728
58753

2010-11 AAGRS
4885954
638301
774162
62933
-

9.6
4.3
14.3
9.4

9.3
6.3
10.3
9.9

6.7
-0.1
4.3
5.3

8.4
0.8
9.7
-2.7

8.4
7.5
7.6
7.1

8.5
3.8
9.2
5.8

9.4
9.1

9.7
9.1

10.3
9.2

9.9
8.2

9.9
8.1

9.8
8.7

Source: Ministry of Agriculture 2013 (www.agricoop.nic.in)
AAGRS: Average annual growth rates
*
Includes milk, egg, fish but excludes forestry and logging

Table 6: Sector-wise number of registered food processing units
Year
1998-99
1999-00
2000-01
2001-02
2002-03
2003-04
2004-05
2005-06
2006-07
2007-08
2008-09
2009-10
2010-11

Meat, fish, fruits,
vegetables and oils
4241
3819
3740
3454
3284
3352
3484
3549
3459
3667
3580
3697
4910

Dairy products Grain mill products Other food products Beverages
737
795
735
865
769
912
927
1049
1015
1096
1100
1112
1493

12164
12405
12446
12429
12856
12741
13639
13893
13880
13805
14599
14673
18549

Source: Ministry of Agriculture 2013 (www.agricoop.nic.in)
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5682
5810
5985
5688
5899
5757
6093
6009
6245
6300
6577
6681
9071

1029
1113
1082
1049
1008
1078
1219
1225
1160
1351
1362
1316
1815

Total
23853
23942
23988
23485
23816
23840
25362
25725
25759
26219
27218
27479
35838

products, grain mill products and beverages
during the year 2010-11 as compared to
previous year. The results also depicted a
gradual increase in the number of registered
food processing units of meat, fish, fruits,
vegetables and oils as their number of units
were 4241 in 1998-99 but in 2010-11, their
number increased to 4910. So, it can be said
that sector-wise as well as total number of
registered food processing units showed an
increasing trend during the past years i.e. from
23853 in 1998-99 to 35838 in 2010-11.
Persons Employed and Capital Investment in
Registered Food Processing Industries
The growth rate and number of persons
employed in registered food processing
industries from the last five years in presented
in Table 7. The results showed negative growth
rates of persons employed i.e. growth rate of
persons employed in registered food
processing industries was 6.09 percent in 200607 but in 2010-11, it decreased to 4.30 percent.
Table 7: Pe rs ons e mployed and capital
investment in registered food processing
industries
Year
2006-07
2007-08
2008-09
2009-10
2010-11
AAGR$

Persons employed
(In lakh)
14.76
(6.09)
15.05
(1.96)
15.64
(3.87)
16.06
(2.71)
16.75
(4.3)
3.79

Capital investment
(`crore)
112484
(22.21)
138996
(23.57)
157062
(13.00)
193850
(23.42)
249337
(28.62)
22.17

Source: Ministry of Agriculture 2013 (www.agricoop.nic.in)
Figures in parentheses indicate the percent growth

The capital investment in registered food
processing industries in presented in Table 7.
In terms of investment, FPI has registered a
positive growth in terms of capital invested
(fixed capital and physical working capital).
The invested capital in FPI stood at `2,49,337
crore growing at an AAGR of 22.17 per cent
during five years ending 2010-11.

CONCLUSIONS
The study revealed that the selected
economic and social indicators showed an
increasing trend from the last few decades.
While comparing gross state domestic product
from agriculture and allied sector, there was a
wide variation in the performance of different
states which indicated that gross state
domestic product of Uttar Pradesh was
maximum (`21917418 lakh) in the year 2012-13
followed by West Bengal and Madhya
Pradesh with `13877308 lakh and `9508772 lakh
respectively. The growth performance of
agriculture in Orissa (38.19 percent) and
Pondicherry (25.83 percent) was higher than
that of Meghalaya (4.71 percent) and Nagaland
(6.08 percent). The gross capital formation in
agriculture and allied sectors as percentage of
agricultural GDP has increased from 14.9
percent in 2006-07 to 19.8 percent in 2011-12.
An impressive growth in production and yield
in the case of pulses and oilseeds was
observed. The results also showed that during
the last five years ending 2010-11, food
processing sector has been growing at an
Average Annual Growth Rate (AAGR) of
around 6 percent as compared to around 4
percent in agriculture. The total number of
registered food processing units showed an
increasing trend during the past years and
food processing sector has registered a
positive growth in terms of capital invested.
In conclusion, the role of agricultural sector in
Indian economy can be seen through its
contribution to GDP and employment. It is also
an important contributor to development of
sustainable agriculture for future progress of
the country. These results can act as milestone
for development workers, researchers and
policy makers of agro-industry to improve
agricultural sustainability.
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STUDY OF ELECTRICITY SUBSIDY IN PUNJAB
AGRICULTURE
Amanpreet Kaur*, D.K Grover# and Parvinder Jeet Kaur*
ABSTRACT
Subsidies are among the most powerful instruments for balancing the growth
rate of production and for an equitable distribution of income for the
protection of weaker sections of the society. Electricity subsidy is the part
and parcel of the growth story of agriculture in Punjab. From all of the
subsidies, electricity subsidy in Punjab served in the initial stages of green
revolution, as incentives to the farmers for adopting many electric pumps
and motors to support the successful drive for the green revolution. All the
major farming inputs including electric energy saw a big jump along with
cropping intensity and irrigated area. Use of electricity for irrigation and
shifting production to irrigated crops results into more than two-folds
growth in total food grain production in Punjab in less than forty years
between 1960 and 2000. No doubt, electricity subsidies that encourage
production and productivity which help in attaining a new height of economy
growth in agriculture has been widely criticized because of the cost of
subsidies that causes unsustainable fiscal deficits and causing most harmful
effect in terms of reduced public investment in agriculture. Moreover, this
subsidy encourages wasteful use of scarce resources like water and leads to
agriculture unsustainability.
Key words: Electricity subsidy and consumption, public sector investment
JEL Classification: Q01, Q12, Q18, Q42

INTRODUCTION
Government plays a vital role in the
development of agriculture sector. This vital
role can take a number of forms such as importexport policies and domestic policies like price
support programmes, direct payments, and
input subsidies to influence the cost and
availability of farm inputs like credit, fertilizers,
electricity, seeds, irrigation water, etc. The
agriculture subsidies are integral part of the
*

Research Scholars, Department of Economics and
Sociology and #Director, Agro Economic Research
Center, Punjab Agricultural University, Ludhiana141004
Email: aman63585@yahoo.com

farmer’s life in Punjab. It is a governmental
financial support paid to farmers and
agribusinesses to supplement their income,
control the supply of agricultural commodities,
and manipulate the cost of commodities
(Salunkhe and Deshmush, 2012). Subsidies are
among the most powerful instruments for
balancing the growth rate of production and
for an equitable distribution of income for the
protection of weaker sections of society.
In India, at present centre as well as state
governments are providing subsidies on
fertilizers, irrigation (canal water), electricity
and other subsidies to farmers and farmers’
cooperative societies in the form of seeds,
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development of oil seeds, pulses, cotton, rice,
maize and crop insurance schemes and price
support schemes etc. Out of these subsidies,
the Central Government of India provides
indirect subsidies to farmers on the purchase
of fertilizers from 1977, whereas state
governments are providing subsidies on
irrigation as well as on electricity (Kaur and
Sharma, 2012). Electricity subsidy is the part
and parcel of the growth story of agriculture
in Punjab. All of the subsidies, electricity
subsidy in Punjab served in the initial stages
of green revolution, as incentives to the
farmers for adopting many electric pumps and
motors to support the successful drive for the
green revolution. All the major farming inputs
including electric energy saw a big jump along
with cropping intensity and irrigated area. Use
of electricity for irrigation and shifting
production to irrigated crops results into more
than two-folds growth in total food grain
production in Punjab in less than forty years
between 1960 and 2000. Punjab’s contribution
in buffer stock maintained by country comes
to 45 percent in wheat and 27 percent in rice in
2012-13 (Saran et al., 2013). No doubt,
electricity subsidies that encourage
production and productivity which help in
attaining a new height of economy growth in
agriculture has been widely criticized because
of the cost of subsidies that causes
unsustainable fiscal deficits and causing most
harmful effect in terms of reduced public
investment in agriculture. Moreover, this
subsidy encourages wasteful use of scarce
resources like water and leads to agriculture
unsustainability. Hence, the present study
seeks to examine the electricity subsidy and
consumption pattern in Punjab agriculture and
its impact on public investment in agriculture
sector.
METHODOLOGY
In order to achieve the stipulated
objectives of the study the data on gross
cropped area, yield of food grains and gross
state domestic product were compiled from
Center for Monitoring Indian Economy

Reports, Statistical Abstract of Punjab. The
information on total electricity consumption,
electricity consumed in agriculture and amount
of subsidy provided was collected as reported
by Punjab State Electricity Board (PSEB). The
tabular and functional analytical procedures
were used for analysis work.
RESULTS AND DISCUSSION
Reasons for electricity subsidy to farmers
of Punjab.
Ø Influence the cost and availability of farm
inputs.
Ø Adopting modern technologies inputs.
Ø Increase production and productivity.
Ø Improve the income of farm households.
The major consequences of the electricity
subsidy in Punjab are:
o Jump in electric pump use: A significant
increase in use of electric pump for
irrigation and in the electricity
consumption per pump set.
o Jump in the share of electricity
consumption in agriculture: The share
of the electricity consumption by
agriculture had increased from 10 percent
in 1970, to 18 percent in 1980 and to 30.32
percent in 2011-12.
o Huge deficit: A significant increase in the
subsidy resulting in a huge fiscal deficit.
o Subsidy substantially increased: The
subsidy had increase from `7.3 billion in
1991-92 to `6.9 billion in 2001-2002 to
`62.36 billion in 2012-13, Punjab.
o Environmental damage:L The ground
water level has fallen substantially. The
over-exploitation of underground water
has caused a fall in the water table in large
parts of the state and this has entailed
increased expenditure on deepening of
tube wells.
Trend in Electricity Subsidies and Electricity
Consumption in Punjab Agriculture
The perusal of the Table 1 exhibits the
electricity subsidy and consumption of
electricity in Punjab agriculture for period 199091 to 2012-13. A close examination of data
indicates rising trend in electricity subsidy in
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Table 1: Trend in electricity subsidies and electricity consumption in Punjab agriculture
Years
1990-91
1991-92
1992-93
1993-94
1994-95
1995-96
1996-97
1997-98
1998-99
1999-00
2000-01
2001-02
2002-03
2003-04
2004-05
2005-06
2006-07
2007-08
2008-09
2009-10
2010-11
2011-12
2012-13
CAGR(%)

Subsidy on electricity
(`crores)
385
421
593
710
672
693
899
1189
1445
1939
1659
1777
1013
788
874
1386
1487
2284
2265
2805
3023
4919
6236
21.79NS
(5.12)

Percentage
change
9.35
40.86
19.73
-5.35
3.13
29.73
32.26
21.53
34.19
-14.44
7.11
-42.99
-22.21
10.91
58.58
7.29
53.60
-0.83
23.84
7.77
62.72
26.77
-

Electricity consumption in agriculture
(Million KWh)
5104.5
5543.2
6144.2
6343.9
5979.9
5734.8
6347
6049.3
7531.3
8233.1
5534.3
5451.9
5818.5
6242.9
6468.3
7313.85
8229.49
10022.2
9325.42
10469.3
10116.89
10248.63
10779.03
1.36**
(2.10)

Percentage
change
8.59
10.84
3.25
-5.74
-4.10
10.68
-4.69
24.50
9.32
-32.78
-1.49
6.72
7.29
3.61
13.07
12.52
21.78
-6.95
12.27
-3.37
1.30
5.18
-

Source: Reports PSEB, Patiala
Figure in parentheses are standard errors
** Significant at 5 per cent level
NS: Non significant

Punjab with negligible variation in between. It
was founded that electricity subsidy was
Rs.385 crores in 1990-91 which reach to a peak
level of Rs.1939 crores in 1999-00 the period of
full subsidy, this indicates 34.19 percent
increased in subsidy. The free power supply
was introduce in February, 1997 as the
consequences electricity consumption
increases to 8233.1 million kWh in 1990-00
from 5104.50 million kWh in 1990-91. However
in 2003-04 the electricity subsidy collapses to
`788 crores as free power supply was withdraw
in second half of the year 2002. As the result
electricity consumption in agriculture decline
to 6242.9 million kWh in 2003-04.Thereafter,
electricity subsidy in Punjab agriculture was
declare free and subsidy burden reveal upward
trend and reached `6236 million in 2012-13 from
`2805 in 2009-10 and electricity consumption

in agriculture reached to 10779.03 in 2012-13
from 6468.30 million kWh in 2004-05 . This
shows that there was positive relation between
subsidy on electricity and in its consumption.
Total Electricity Consumption vis-à-vis
Electricity Consumption in Agriculture in
Punjab
Results presented in Table 2 shows that,
there was a raising trend in electricity
consumption in Punjab agriculture. During
period 1980-81, electricity consumption in
agriculture was 1849.75 million kwh, amounting
43.66 percent of total electricity consumed in
Punjab. By 1990-91, electricity consumption
in agriculture increased to 5104.50 million kWh
however, its share to total electricity
consumption decline though negligible to 42.87
percent as this was the period of partial
subsidy. During 1990-00 period of full subsidy
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Table 2: Total Electricity consumption visà-vis electricity consumption in agriculture
in Punjab, 1980-81 to 2012-13
(Million KWh)
Years

1980-81
1990-91
1999-00
2000-01
2001-02
2002-03
2003-04
2008-09
2009-10
2010-11
2011-12
2012-13

Total
Electricity
Percentage
electricity consumption consumption in
consumption in agriculture agriculture
4236.34
1849.75
43.66
11906.90
5104.50
42.87
20903.3
8233.1
39.39
19184.5
5534.3
28.85
19493.2
5451.9
27.97
20539.2
5818.5
28.33
21935.7
6242.9
28.46
29141.94
9325.42
32.00
31214.37
10469.30
33.54
32231.72
10116.89
31.39
33806.08
10248.63
30.32
35742.03
10779.03
30.16

Source: Reports PSEB

electricity consumption in agriculture climb to
8233.1 million kWh with 39.39 percent share to
total consumption. Further, share of electricity
consumption in agriculture to total electricity
consumption declined to around 28.46 percent
in 2003-04 as it was the period of partial subsidy.
Thereafter, consumption of electricity in
agriculture increased from 6242.9 to 10248.63
million kWh for year 2003-04 and 2011-12,
respectively. The share of electricity
consumption in agriculture was 32.00 and 30.16
to total electricity consumed in Punjab for year
2008-09 and 2012-13, respectively.
Subsidy and Consumption of Electricity in
Punjab Agriculture
The subsidy on electricity and
consumption of electricity per hectare in
Punjab agriculture is shown in the Table 3. The
perusal of Table 3 revealed that Consumption
of electricity per hector in Punjab has shown
mounting trend for period 1990-91 to 2012-13
whereas subsidy on electricity has increased
over time with fluctuations in between. If we
look at the pattern of subsidy per ha it can be
pointed out that per ha subsidy increased to
`2902.16 from `513.20 in 2007-08 with variation
in between. However, in 2008-09 it again
dropped to `2862.74 per ha. Within the period
of four year subsidy per ha become almost

Ta ble 3: Subs idy and co ns umption o f
electricity in Punjab agriculture
Years
Subsidy (`ha-1) Consumption (kWhha-1)
1990-91
513.20
680418.56
2000-01
2089.16
696927.34
2004-05
1101.87
815468.99
2005-06
1761.57
929569.14
2006-07
1862.71
1030876.86
2007-08
2902.16
1273468.87
2008-09
2862.74
1178642.57
2009-10
3561.90
1329434.92
2010-11
3834.83
1283380.69
2011-12
6242.39
1300587.56
2012-13
7911.70
1367550.11
CAGR(%)
20.81NS
0.55**
(5.28)
(0.25)
Figure in parentheses are standard errors
** Significant at 5 and 10 per cent level
NS: Non significant

double and reached to `7911.70 in 2012-13 from
`3561.90 in 2009-10. In year 1990-91,
consumption of electricity per hector was
680418.56 kwh per ha which increased to
696927.34 kWh per ha by 2000-01.
Consumption of electricity per hector reached
to its peach to 1273468.87 kWh per ha in 200708, but in 2008-09 it shows a slight decline to
1178642.57 kWh per ha. Again in 2009-10,
consumption of electricity per hector in
agriculture rise to 1329434.92 kwh per ha and
thereafter remain more or less the same.
Share of Electricity Subsidy in GDP of Punjab
Share of electricity subsidy as percentage
of agriculture GDP is shown in the Table 4.
The examination of Table 4 reveals that share
of electricity subsidy as percentage of GDP in
Punjab had shown an increasing trend with
fluctuation in-between from 1999-00 to 201213. Share of electricity subsidy as percentage
of agricultural GDP was 7.81 percent in 199900. During the period of full subsidy (1999-00
to 2002), its share in agricultural GDP remains
around seven percent. However, when full
subsidy was withdraw in middle of year 2002,
electricity subsidy share to agriculture GDP
started reducing and reached to 2.90 percent
in 2004-05. Thereafter, the share of electricity
subsidy in agricultural GDP boosted and
become almost twice in the period of full
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Table 4: Electricity subsidy in Punjab as
percentage of agriculture GDP, 1999-00 to
2012-13
Particulars Agri. GDP
(` crores)

Electricity Share of ES
subsidy
in Agri. GDP
(` crores)
(%)
1999-00
24821.82
1939
7.81
2000-01
25156.67
1659
6.59
2001-02
25156.67
1777
7.06
2002-03
24993.71
1013
4.05
2003-04
26404.14
788
2.98
2004-05
27011.55
874
2.90
2005-06
27523.57
1386
4.56
2006-07
28298.9
1487
4.76
2007-08
29443.84
2284
7.03
2008-09
30457.53
2265
6.84
2009-10
31601.75
2805
8.52
2010-11
33438.22
3023
9.04
2011-12
34024.67
4919
14.46
2012-13
34007.96
6236
18.34
Source: Statistical Abstract of Punjab, 1999 to 2013

subsidy. Its share increased from 2.90 percent
in 2004-05 to 9.04 in 2010-11. In 2012-13, the
percentage of electricity subsidy in agriculture
GDP was 18.34 percent.
Share of Electricity Subsidy in Fiscal Deficit
of Punjab
The perusal of Table 5 show the trend of
fiscal deficit and share of electricity subsidy
in fiscal deficit of Punjab. Looking at the Table
5 it can be pointed out that share of electricity
subsidy in fiscal deficit has increased over the
Table5: Financial position of Punjab state
government and share of electricity subsidy
in fiscal deficit, 1990-91 to 2012-13
Particulars

Fiscal deficit
(Rs crores)

Electricity Share of
subsidy
ES in FD
(Rs. crores)
(%)
1990-91
3195
385
12.05
2000-01
4460
1659
37.20
2004-05
874
2005-06
2654
1386
52.22
2006-07
4384
1487
33.92
2007-08
4604
2284
49.61
2008-09
6691
2265
33.85
2009-10
6170
2805
45.46
2010-11
7143
3023
42.32
2011-12
8491
4919
57.93
2012-13
9390
6236
66.41
Source: Statistical Abstract of Punjab, 1999 to 2013

time with variation in-between. The perusal of
the Table 5 reveals that fiscal deficit was `3195
crores and electricity subsidy was `385 crores
in 1990-91. In 1990-91, the percentage share of
electricity subsidy in fiscal deficit was just
12.05 percent. By 2005-06 share of electricity
subsidy in fiscal deficit rose to 52.22 percent
which dropped down to 33.92 percent in 200607. In 2007-08, the share of electricity subsidy
in fiscal deficit again rises to 49.61 percent but
by 2010-11 its share curtail to 42.32 percent.
For year 2011-12 and 2012-13, its share in fiscal
deficit was more than fifty percent i.e. 57.93
and 66.41 percent, respectively.
Electricity Subsidy and Public Investments in
Punjab Agriculture
The perusal of Table 6 shows the trend of
public sector investment and subsidy on
electricity in Punjab agriculture. A glance at a
figure reveals that subsidy on electricity in
Table 6: Trend of Punlic sector investment
a nd s ubs idy o n e le c tric ity in Punja b
agriculture
(`crores)
Years

Public sector investment Subsidy on
at 1980-81 prices
electricity
1990-91
323
385
1991-92
875
421
1992-93
319
593
1993-94
398
710
1994-95
401
672
1995-96
401
693
1996-97
494
899
1997-98
699
1189
1998-99
488
1445
1999-00
372
1939
2000-01
467
1659
2001-02
574
1777
2002-03
512
1013
2003-04
689
788
2004-05
860
874
2005-06
744
1386
2006-07
697
1487
2007-08
904
2284
2008-09
972
2265
2009-10
964
2805
2010-11
807
3023
2011-12
985
4919
2012-13
739
6236
Source: Statistical Abstract of Punjab, 1990 to 2013
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agriculture has shown rapid increased,
whereas, public sector investment in
agriculture had increased sluggishly with
variation over time. More over public sector
investment in agriculture and subsidy on
electricity in agriculture moves in opposite
direction throughout the study period. During
period 1990-00 when subsidy on electricity in
agriculture increased to `1939 crores from
`1445 crores in 1989-99, thee was a decline in
public investment to `372 crores from `488
crores in 1999-00. Whereas, during period
2003-04 when subsidy on electricity in
agriculture reduced to `788 crores from `1013
crores in 2002-03, an increase was observed
in public investment to `689 crores in 2003-04
from `512 crores in 2002-03.Thus, it can be
concluded that divergent of funds to subsidy
is the main cause of reduction of public sector
investment in Punjab agriculture.
Correlation between Subsidy and Public
Investments in Punjab Agriculture
The perusal of the Table 7 shows
correlation between subsidy and public
investments in Punjab agriculture. During
period 1990-91 to 1996-97, period of partial
subsidy correlation between subsidy and
public investments in Punjab agriculture was
negative (-0.24), which indicate that with
increase in subsidy there was decline in public
sector investment in agriculture. In this period
public sector investment exhibit significant
growth rate of 0.35 percent per annum whereas,
electricity subsidy shows 9.46 percent per
annum significant growth rate. Further, it is
cleared from the table that during period of full
subsidy (1997-98 to 2001-02) there was more
strong negative correlation between subsidy
and public investments in Punjab agriculture.
Correlation coefficient during this period was
-0.78. During the period of full subsidy
electricity subsidy shows significant growth
(9.88 percent per annum) whereas, public
investment shows significant negative growth
(-4.29 percent per annum). Thereafter, during
period 2002-03 to 2004-05, period of partial
subsidy, correlation between subsidy and

Table 7: Correlation between subsidy and
public investments in Punjab agriculture
(`crore)
Years
Partial subsidy
1990-91
1991-92
1992-93
1993-94
1994-95
1995-96
1996-97
Average
CAGR(%)
Correlation coefficient
Full subsidy
1997-98
1998-99
1999-00
2000-01
2001-02
Average
CAGR(%)
Correlation coefficient
Partial subsidy
2002-03
2003-04
2004-05
Average
CAGR(%)
Correlation coefficient
Full subsidy
2007-08
2008-09
2009-10
2010-11
2011-12
2012-13
Average
CAGR(%)
Correlation coefficient

Public Sector
Investment

Electricity
Subsidy

323
875
319
398
401
401
494
458.71
0.35*

385
421
593
710
672
693
899
624.71
9.46*
-0.24

699
488
372
467
574
520.00
-4.29*

1189
1445
1939
1659
1777
1601.80
9.88*
-0.78

512
689
860
687.00
29.61*

1013
788
874
891.67
-7.11NS
-0.62

904
972
964
807
885
739
893.50
-4.10*

2284
2265
2805
3023
4919
6236
3588.67
23.62*
-0.74

public investments in Punjab agriculture
though negative but trim down to -0.62. This
period reveals increased in public investment
with declining electricity subsidy. Again during
period of full subsidy (2007-08 to 2012-13)
correlation between subsidy and public
investments in Punjab agriculture become more
strongly negatively correlated (-0.74). Public
sector investment in this period exhibit
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significant negative growth (-4.10 percent per
annum), whereas, subsidy shows significant
growth rate by 23.62 percent per annum.
Electricity Subsidy and Gross State Domestic
Capital Formation (GSDCF)
The trend in Electricity Subsidy and Gross
State Domestic Capital Formation is shown in
Table 8. Looking at the figure it can be pointed
at that, both electricity subsidy and GSDCF,
for period 1990-91 to 2012-13 has shown rising
trend over time with fluctuations in between.
However, the pace of growth of electricity
subsidy is more as compare to GSDCF. During
period of partial subsidy (1990-91 to 1996-97)
GSDCF was more in agriculture as compare to
electricity subsidy. GSDCF increased to
`1254.03 crores in 1995-96 from `1023.60 crores
during 1990-91, whereas, electricity subsidy
increased from `385 crores during 1990-91 to
`693 crores in 1995-96. During period of full
subsidy electricity subsidy shows as sharp
increased and reached to `1777 crores in 200102 from `1189 crores during 1997-98.
Table 8: Trend in electricity subsidy and
gross state domestic capital formation
(`crore)
Years
1990-91
1991-92
1992-93
1993-94
1994-95
1995-96
1996-97
1997-98
1998-99
1999-00
2000-01
2001-02
2002-03
2003-04
2004-05
2005-06
2006-07
2007-08
2008-09
2009-10
2010-11
2011-12
2012-13

GSDCF
1023.60
1172.41
1254.35
1107.85
1176.67
1254.03
977.45
1422.99
1535.14
1377.07
1488.70
1641.35
1597.75
1374.47
1806.23
1866.54
2074.63
1977.67
2150.46
2145.23
2287.08
2357.32
2467.78

Electricity subsidy
385
421
593
710
672
693
899
1189
1445
1939
1659
1777
1013
788
874
1386
1487
2284
2265
2805
3023
4919
6236

Whereas, during period of partial subsidy
electricity subsidy decline to `788 crores in
2003-04 from `1777 crores during period 200102. During this period GSDCF increased to
`1806.23 crores in 2004-05 from `1488.70 crores,
2001-02. Further, during period of full subsidy
( 2005-06 to 2012-13) electricity subsidy shows
a sharp increased and reached to `6236 crores
in 2012-13 from `1386 crores in 2005-06.
Whereas, GSDCF shows growth at a snail pace
and reached to `2467.78 crores in 2012-13 from
`2150 crores during 2008-09.
Share of Electricity Subsidy and GSDCF in
Agriculture GDP
The perusal of Table 9 reveal the share of
electricity subsidy and GSDCF in agricultural
GDP (percent) during 1999-00 to 2012-13. The
Table 9: Share of electricity subsidy and
GSDCF in agricultural GDP
(`crore)
Years
1999-00

Agricultural
GDP
24821.82

2000-01

25156.67

2001-02

25156.67

2002-03

24993.71

2003-04

26404.14

2004-05

27011.55

2005-06

27523.57

2006-07

28298.9

2007-08

29443.84

2008-09

30457.53

2009-10

31601.75

2010-11

33438.22

2011-12

34024.67

2012-13

34007.96

Electricity
subsidy
1939
(7.81)
1659
(6.59)
1777
(7.06)
1013
(4.05)
788
(2.98)
874
(2.90)
1386
(4.56)
1487
(4.76)
2284
(7.03)
2265
(6.84)
2805
(8.52)
3023
(9.04)
4919
(14.46)
6236
(18.34)

GSDCF
1377.07
(5.55)
1488.7
(5.92)
1641.35
(6.52)
1597.75
(6.39)
1374.47
(5.21)
1806.23
(6.69)
1866.54
(6.78)
2074.63
(7.33)
1977.67
(6.72)
2150.46
(7.06)
2145.23
(6.79)
2287.08
(6.84)
2357.32
(6.93)
2467.78
(7.26)

Figures in parentheses are percentages to agricultural GDP
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results pointed out that share of GSDCF in
agriculture GDP remains more or less the same
whereas, share of electricity subsidy has
shown sharp increased. During period of
partial subsidy (2002-03 to 2004-05) share of
electricity subsidy in agricultural GDP decline
to 2.98 percent in 2004-05 from 4.05 percent in
2002-03. During the same period share of
GSDCF in agricultural GDP increased to 6.78
percent from 6.39 percent for year 2004-05 and
2002-03, respectively. Thereafter, from
announcement of free electricity to Punjab
agriculture, the share of electricity subsidy in
agricultural GDP show a rising trend and
reached to 18.34 percent in 2012-13 from 4.56
percent during 2005-06. However, if we look at
the share of GSDCF in agricultural GDP it
shows negligible increased and reached to 7.26
percent in 2012-13 from 6.78 percent during
2005-06. From the above discussion it can be
concluded that public investment is a critical
factor to capture capital formation in
agriculture. If the declining trend of public
sector capital formation is not reversed,
prospects of agricultural growth in the country
are dim. Given the importance of agriculture in
India, the repercussion of a fall in agricultural
growth will be felt in all sectors of the economy
and, in particular, the incomes and welfare of
poor who depend on agriculture will be
severely affected. A big push for public
expenditure in agriculture is required to bring
about technical change in agriculture, and
higher agricultural growth. The public
expenditure must be prioritized in favour of
agricultural research and education including
extension; rural infrastructure, rural financial
institutions, and rural development and
poverty alleviation programmes for creating
community assets that directly contribute to
agricultural growth. Public funds can come
from rationalizing and containing input
subsidies on fertilisers, power, irrigation and
credit. These funds can then be spent for social
innovations in aggregating farmers in clusters,
building some basic infrastructure at the farm
level to clean, grade and package food,

especially perishables like fruits and
vegetables.
Whether electricity subsidy should removed
or not?
Argument in Favour
· Removal of electricity subsidy will reduce
state electricity board’s burden and this
amount can be used for production of
more electricity, reducing the need of
purchasing electricity at very high prices,
which adds to the deficit of state finance.
· Moreover, free power to farmers leads to
inefficient use of groundwater, resulting
into more expenditure on irrigation pump
sets.
· Curtailing agricultural subsidy will
encourage public investment in
agriculture.
Argument not in favour:
• Productivity would decline.
• Income of farmers would drop.
• Food security will be in danger.
CONCLUSIONS
From the above discussion it can be
concluded that, agriculture electricity subsidy
which was given as financial support to
farmers to encourage them to adopt modern
technology such as electric and diesel motors
to support the successful drive for the green
revolution and attained increase in production
and productivity had resulted into addition
fiscal burden on Punjab government and
curtail public sector investment in agriculture.
Therefore, there is need to provide subsidy
on electricity in a rational way, this will help
the small size farmers, who are not actual
beneficiaries of subsidies. Moreover, this will
also reduce state electricity board’s burden and
this amount can be used for production of more
electricity, reducing the need of purchasing
electricity at very high prices, which adds to
the deficit of state finance. Such a step will
reduce the fiscal deficit, improve the efficiency
of resources use, funds for public investment
in agriculture.
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ROLE OF SUGAR INDUSTRY IN SUSTAINABLE
AGRICULTURAL DEVELOPMENT: AN OVERVIEW
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ABSTRACT
This study was carried out to assess the role of sugar industry in sustainable
agricultural development in Punjab. The results revealed that the area and
yield of sugarcane has been declining considerably over the last decades.
This was largely due to shifting of cropping pattern to rice and wheat from
sugarcane cultivation. The results further revealed that the quantity of
cane crushed and sugar production was relatively high for private sugar
mills as compared to co-operative sugar mills. The same results were showed
by percentage recovery and technical efficiency that most of the co-operative
sugar mills was having less than eight percent of sugar recovery and none
of them was fully efficient. The employment generation in the sugar industry
was highest in the year 2000-01 which was estimated to be 14206 workers.
After this, the employment generation was declined continuously mainly
due to the decline in the number of sugar mills in the state. The findings
conclusively established that the sugar industry can play a pivotal in
sustaining the agriculture in Punjab.
Keywords: Co-operative, sugar industry, sustainable development
JEL Classification: C81, L33, Q01, Q13

INTRODUCTION
The sugar industry in India plays a vital
role towards socio-economic development in
the rural areas by mobilising rural resources
and generating higher income and
employment opportunities. About 7.5 percent
of the rural population covering about 45
million sugarcane farmers, their dependents
and a large number of agricultural labourers
are involved in sugarcane cultivation,
harvesting and ancillary activities. In India,
the sugar industry is the second largest agro*
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based industry, next only to textiles and
contributes about `1650 crore to the central
exchequer as excise duty and taxes annually
(Murthy, 2010).
Ancient Indian literature cited that gur and
sharkara were made from sugarcane juice. The
earliest record of establishment of first sugar
factories in India dates back to 1610 by Captain
Hippon at Masulipatam and Petapoli on the
Coromandel Coast, and subsequently one at
Surat on the West Coast by Captains Best and
Dowton in 1612 (Shrivastava et al., 2011). The
Sanskrit literature gives the first literary
evidence of sugar manufacture and the history
of sugarcane industry began in northern India
(Marathe, 2009). The industry started growing
in an organized way during 1930’s after the
Sugar Industry Protection Act, 1932, were
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introduced. Traditionally, sugar mills in the
country have concentrated only upon mass
production of specified grades. With the
liberalization of economy, this sector has
witnessed several developments on the
industryfront such as manufacturing of
sulphur less sugar, branded sugar, packaged
sugar in sizes of one, two and five kgs, value
added products like sugar syrups, sugar cubes,
etc. Besides this, sugar companies have also
begun to diversify businesses for
strengthening their bottom lines by
concentrating on the effective utilization of byproducts. There were 615 installed sugar
factories in the country against 138 during
1950-51, of which 236 factories were in private
sector, 62 in public sector and 317 factories in
cooperative sector in 2009 (Anonymous, 2010).
The figures increased to 660 in 2011-12 of
which 274 were in private sector, 324 in
cooperative sector and 62 in public sector. The
functional sugar factories were 490 in 2009-10
which increased to 527 in 2010-11
(Anonymous, 2011). At present, the sugar
industry has an installed capacity of 31 million
tonnes with production of 24.3 million tonnes
of sugar. The demand for sugar in both raw
form and processed form has been increased
continuously with the growth of the economy.
Being a second largest agro-based industry
after cotton-textile, the expansion of sugar
industry as a principal agro-based industry
can tackle a large number of economic
tribulations that are present in rural India. The
sugar industry in India provides direct
employment to 0.5 million skilled and unskilled
workers and entertains 55 million workers
engageddirectly or indirectly in sugarcane
cultivation, harvesting and ancillary activities
(Sanyal et al., 2008 and Kumar and Arora,
2009).
The sugar industry in Punjab came into
existence in 1930’s. The sugar industry in the
state has the co-existence of different
ownership and management structure. At one
side, there are privately owned sugar mills and
at the other side, there are cooperative sugar

mills that procure sugarcane from nearby cane
growers. Punjab is among the nine major sugar
producing states with total sugar production
of less than one million MT (Anonymous,
2007).
The most peculiar aspect of sugar industry
in the state is its seasonal nature and cyclical
production of sugarcane. Like the other
industries, the sugar industry in Punjab passes
through a large number of hurdles. The most
important factors which are responsible for it
are shortage in sugarcane supply, obsolete
technologies, low capacity utilization, poor
financial performance and discriminating
government policies. Besides, factors such as
cyclicality in the business, cane procurement,
manufacturing and sales processes,
dependency on the monsoon differentiate the
sugar industry from any other industry. The
sugar industry in Punjab is suffering from the
evils of mounting losses andis on the perimeter
of lock outs. The workers of cooperative sugar
firms in Punjab are agitating against
government for not paying their emoluments
since last one and half year (TNS, 2008).The
responding excuse of the government is that
the mills are incurring heavy losses and are
notin the position to pay the wage arrears to
workers and cane arrears to the farmer. It simply
means that these firms are operating below the
shutdown point and unable to cover even its
variable cost.
The key stakeholders of sugar industry,
that is farmers, millers, consumers and the
government have shared goals of achieving
high economic growth, minimizing risks,
enhancing farmer miller relationships, meeting
growing domestic demand and contributing
to the nation’s food and energy needs. The
industry provides employment to about two
million skilled and non-skilled workers and
other employed in ancillary activities mostly
in the rural areas (Devi, 2013).
There are number of research studies
conducted to assess the efficiency of sugar
industry in India by using either parametric or
non-parametric techniques (Mehta, 1974, Jha
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and Sahni, 1993, Ferrantino et al., 1995, Singh
and Agarwal, 2006, Murty et al., 2006, Singh,
2006, Singh, 2007, Singh et al., 2007, Arora,
2009 and Kumar and Arora, 2009). Besides this,
other studies have also been carried out to
measure technical efficiency of production of
different crops (Kaliranjan and Shand, 1994,
Mythil and Shananugam, 2000, Kaur and Singh,
2013 and Singh and Kaur, 2014)
Keeping in view, the important role played
by sugarcane and sugar industry in
agricultural economy of the country, an
attempt has been made to overview the status
of sugar industry and to assess the role of
sugar mills in the sustainable development of
agriculture in Punjab.
DATA AND METHODOLOGY
In order to assess the impact of sugar mills
on the rural development in Punjab, the data
on different parameters was compiled from
various sources. The data pertaining to the
number of co-operative sugar mills, their
membership, share capital, cane crushed, sugar
produced, workers employed, etc. for the
period 1980-81 to 2012-13 was collected from
different issues of Statistical Abstracts of
Punjab.
Further, the data related to individual sugar
mills was also collected to analyze the technical
efficiency. Data Envelopment Analysis (DEA)
was used to analyze the technical efficiency,
that is the ability of a unit to obtain maximum
output from a given set of inputs. As allocative
(price) efficiency estimates the unit‘s success
in choosing an optimum combination of inputs
given their respective prices, the study restricts
itself to analyzing the technical efficiency only,
due to unavailability of price information of
the inputs (Frija et al., 2009). Data Envelopment
Analysis (DEA) calculates the relative
efficiency scores of various Decision Making
Units (DMUs) in a particular sample. In this
study, the DMUs are the individual sugar
industries. Only output oriented version of the
DEA, technical efficiency measurement was
applied to the data. An output-oriented model
is used in order to obtain the projected value

of output at a given level of input hence known
as output maximization.
In addition to this, simple statistical tools
such as averages, percentage, etc. were also
used to analyze the remaining data. The results
presented and discussed with the help of
simple tabular technique.
RESULTS AND DISCUSSION
The results of analyses have been
discussed under the different sub-heads as
follows:
Trends in Sugarcane Cultivation
Sugarcane is a competing crop with paddy
and wheat in the state. The cultivation of
sugarcane was highly affected by the
development of technology (seeds, plant
protection, etc.). Besides, dual pricing policy
by the government and behaviour of sugar
mills during surplus season affect the farmers’
decision on allocation of area under sugarcane
which in turns affect sugarcane production.
The year-wise scenario of area, production and
productivity of sugarcane in Punjab from 198081 to 2012-13 is presented in Table 1.
The results revealed that area under
sugarcane in Punjab was 71 thousand hectares
in the year 1980-81 which has raised to 83
thousand hectares in 2012-13. The
corresponding figures for production and
yields were estimated to be 392 and 489
thousand metric tonnes and 5526 and 5888 kg
per hectare, respectively in the above said
Table 1: Are a, production and yie ld of
sugarcane crop in Punjab
Year
1980-81
1990-91
2000-01
2005-06
2006-07
2007-08
2008-09
2009-10
2010-11
2011-12
2012-13

Area
(000 ha)
71
101
121
84
99
111
81
60
70
80
83

Production
(metric ton)
392
601
777
486
602
676
467
370
417
467
489

Source: Statistical Abstract of Punjab, 2013
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Yield
(kgha-1)
5526
5941
6425
5783
6083
6091
5766
6172
5952
5834
5888

years. The highest area was recorded in the
year 2000-01 (121 thousand ha) with highest
production of 777 thousand metric tonnes and
productivity of 6425 kg per hectare. The
productivity of sugarcane ranged between
5526 to 6425 kg per hectare during the period
1980-81 to 2012-13 (Table 1). This shows that
the productivity has increased during the
study period although there are some intra year
variations in productivity. The area under
sugarcane and production was lowest in the
year 2009-10 while the yield was found to be
lowest in 1980-81.
Scenario of Sugar Industry
In Punjab, the agro-based industries are
going to be the mainstay of the people. Earlier,
the processing industries for the agricultural
commodities such as sugarcane, cotton, pulses
and oilseeds were not developed to the extent
to make full use of the agricultural surpluses
of the state. Though, the sugar industry has
the potential to become one of the important
agro-based industries in the state which on
other side, where it will provide a scope for
allied industries such as distillers,
cogeneration, paper, etc. The decade-over
scenario of the sugar industry in Punjab is
presented in Table 2.

The results revealed that in 1980-81, there
were eight sugar mills in the state with daily
crushing capacity of 10250 tonnes cane and
sugar production of 0.5 lakh tonnes. In 201213, there were 24 sugar mills of which only 16
sugar mills were functional with daily crushing
capacity of 65766 tonnes cane. The total cane
crushed by the sugar mills was 47.39 lakh
tonnes with 9.04 percent recovery and
production of 4.50 lakh tonnes of sugar in 201213. Whereas, the highest sugar recovery from
sugarcane was recorded as 9.70 percent of in
2000-01 with total cane crushing capacity and
sugar production of 51.12 and 4.96 lakh tonnes,
respectively.
The results pertaining to the functional cooperative sugar mills in Punjab is presented in
Table 3. The results revealed that in 1980-81,
the number of co-operative sugar mills was
registered as eight with 85.28 thousand
members having share and working capital of
`4.70 lakh and `27.47 lakh, respectively. The
highest number of co-operative sugar mills was
recorded in 1990-91 that is 17. The membership
was also increased to 182.72 thousand
members in respective period. The sugarcane
crushed was also increased to 239.14 lakh
quintals with sugar production of 22.32 lakh

Table 2: Scenario of sugar industry in Punjab
Year
Mills (No.)
Daily crushing capacity (tonne)
Cane crushed (lakh tonne)
Sugar production (lakh tonne)
Recovery (percent)

1980-81
8
10250
5.85
0.5
8.7

1990-91
17
35125
31.02
2.78
8.87

2000-01
23
52016
51.12
4.96
9.7

2009-10
23
62516
21.12
1.81
8.59

2010-11
24
70016
34.33
3.02
8.8

2011-12
24
70016
42.70
3.89
9.13

2012-13
24
65766
47.39
4.50
9.04

Source: Statistical Abstract of Punjab, 2013

Table 3: Statistics of functional co-operative sugar mills in Punjab
(Lakh)
Particulars
Mills (No.)
Membership (`000)
Share capital (`)
Owned funds (`)
Working capital (`)
Sugarcane Crushed (q)
Sugar produced (q)

1980-81
8
85.28
4.70
13.81
27.47
39.88
3.62

1990-91
17
182.72
96.01
179.39
359.66
239.14
22.32

2000-01
14
196.36
110.31
379.04
1042.87
548.15
54.08

Source: Statistical Abstract of Punjab, 2013
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2009-10
9
185.28
120.42
320.07
564.61
53.29
4.60

2010-11
9
181.71
177.12
451.02
629.86
87.37
7.61

2011-12
9
214.47
106.56
506.31
936.01
141.48
12.28

quintals. The highest production of sugar was
recorded as 54.08 lakh quintals in 2000-01 with
working capital of `1042.87 lakh across the 14
co-operative sugar mills.
In 2011-12, 141.48 lakh quintal of sugarcane
was crushed to produce 12.28 lakh quintals of
sugar across the nine co-operative sugar mills
in Punjab. The membership was increased to
`214.47 thousand members. Though, the share
capital was decreased to `106.56 lakhs, but
the owned funds and working capital increases
to `506.31 lakh and `936.01 lakh, respectively
as compared to the 2010-11. The results
revealed that in the recent past almost half of
the cooperative sugar mills were under
liquidation and non-functional due to financial
crush. Besides, the sugar industry has been
facing several problems like mounting stocks,
controls by Government and under-utilization
of capacity in both cooperative and private
sectors.
Sugar Production and Employment
Generation
The sugar industry has been a focal point
for socio-economic development in the rural
areas as about 50 million sugarcane growers
and a large number of rural labourers depend
on sugarcane and sugar industry for their
livelihood. Besides, employment generation
they also holds the potentialities of developing
other industries related to its by-products.
The results pertaining to sugar production
and employment generation by sugar industry
in Punjab is presented in Table 4. The results
depicts the perpetual increase in the sugar
production across the sugar industry except
in years 2005-06 and 2008-09. The highest
production of sugar was recorded as
`144818.55 lakh in 2012-13 which was increased
from `100414.10 lakh in 2011-12. This increase
was mainly due to the hike in sugar prices in
recent past. Whereas, the employment
generation in the sugar industry was maximum
in 2000-01 which was estimated to be 14206
workers. After 2000-01, the employment
generation was declined continuously mainly
due to the decline in number of sugar mills in

Table 4: Sugar production and employment
generation in sugar industries in Punjab
Year
1980-81
1990-91
2000-01
2005-06
2006-07
2007-08
2008-09
2009-10
2010-11
2011-12
2012-13

Sugar production
(`Lakh)
2166.12
21957.02
88446.13
65251.00
82912.84
89357.00
72772.56
77100.00
77730.92
100414.10
144818.55

Workers
(No.)
5178
12527
14206
8796
7492
7130
6673
6703
6440
6713
5603

Source: Statistical Abstract of Punjab, 2013

the state. In 2012-13, the employment
generation was 5603 workers only.
Performance of Sugar Mills
The sugar industry of Punjab consists of
24 sugar mills, out of which, 16 mills are in
operation. Thus, 33.34 percent (8 mills)
sugarmills in Punjab are not under operation.
The functional sugar mills consists of nine cooperative sugar mills and seven private sugar
mills. The performance appraisal of different
co-operative and private sugar mills of Punjab
in 2012-13 is presented in Table 5. The results
revealed that the quantity of cane crushed and
sugar production was relatively high for
private sugar mills as compared to co-operative
sugar mills. The same results were showed by
percentage recovery and technical efficiency
that most of the co-operative sugar mills were
having less than nine percent of sugar
recovery and none of them were fully efficient.
Among the co-operative sugar mills, the
highest quantity of cane crushed and sugar
production was registered by Doaba Cooperative Sugar Mills Limited with 319.3 and
28.1 thousand tonnes, respectively. Though,
the recovery percentage was highest for
Bhogpur Co-operative Sugar Mills Limited and
Nakodar Co-operative Sugar Mills Limited with
9.30 percent, but the technical efficiency among
the co-operative sugar mills was highest for
Fazilka Co-operative Sugar Mills Limited.
Among the private sugar mills, the Indian
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Table 5: Performance of different sugar mills of Punjab, 2012-13
(000 tonne)
Name of mill
Co-operative sugar mills
Bhogpur Co-operative Sugar Mills Limited, Bhogpur
Morinda Co-operative Sugar Mills Limited, Morinda
Batala Co-operative Sugar Mills Limited, Batala
Doaba Co-operative Sugar Mills Limited, S.B.S. Nagar
Gurdaspur Co-op. Sugar Mills, Limited
Fazilka Co-operative Sugar Mills Limited, Fazilka
Budhewal Co-operative Sugar Mills Limited, Budhewal
Nakodar Co-operative Sugar Mills Limited, Nakodar
Ajnala Co-operative Sugar Mills Limited, Ajnala
Private sugar mills
Wahid Sandhar Sugar Limited, Phagwara
Bhagwanpura Sugar Mills Limited, Dhuri
Indian Sucrose Limited Mukerian.
Rana Sugars and allied Industries Limited, Butter Savian
Nahar Industrial Enterprises Limited, Amloh
A.B. Sugars Limited, Dasuya
Chadha Sugar Mill and Industries Limited,Kiri Afgana

Cane
crushed

Sugar
production

Recovery
(percent)

Technical
efficiency

137.5
206.3
117.4
319.3
193.5
124.8
154.9
117.6
127.5

12.7
17.3
9.4
28.1
16.6
11.7
13.8
9.5
10.2

9.30
8.39
8.07
8.81
8.62
8.94
8.95
9.30
8.04

0.943
0.857
0.818
0.899
0.876
0.958
0.910
0.825
0.817

375.6
323.9
611.8
538.0
421.3
573.1
396.0

35.2
31.2
59.9
47.7
40.5
49.7
37.2

9.39
9.66
9.79
8.85
9.62
8.68
9.41

0.957
0.984
1.000
0.906
0.982
0.886
0.959

Source: Statistical Abstract of Punjab, 2013

Sucrose Limited, Mukerian was the most
efficient sugar mill in Punjab with 100 percent
efficiency score. The amount of cane crushed
and sugar production was estimated to be 611.8
and 59.9 thousand tonnes, respectively with
9.79 percent of sugar recovery. The other major
private sugar mills in Punjab were A.B. Sugars
Limited, Dasuya and Rana Sugar and allied
Industries Limited, Butter Savian with sugar
production of 49.7 and 47.7 thousand tonnes,
respectively. Though, A.B Sugars Limited
registered the 2nd highest production of sugar
among the private sugar mills, but their
technical efficiency (88.60 percent) was lowest
among them. This was due to the low
Table 6: Sugar mills under liquidation in
Punjab, 2012-13
Name of the mill
Zira Co-operative Sugar Mills Limited
Patiala Co-operative Sugar Mills Limited
Tarn Taran Co-operative Sugar Mills Limited
Budhlada Co-operative Sugar Mills Limited
Faridkot Co-operative Sugar Mills Limited
Jagraon Co-operative Sugar Mills Limited
Markfed Sugar and allied Industries
Piccadly Sugar and Allied Industries Limited

Place
Zira
Rakhra
Tarn Taran
Budhlada
Faridkot
Jagraon
Malout
Patran

percentage of sugar recovery that is 8.68
percent from 573.1 thousand tonnes of cane.
Beside these 16 functional sugar mills, the
eight sugar mills were under liquidation. It has
been observed that financial and infrastructural
problems were the main reasons for the failure
of some of the sugar mills in Punjab. The
factory owners were facing the problems of
high cost in production of sugar as a result
the mills engaged has been under liquidation
(Table 6).
CONCLUSIONS
The area and yield of sugarcane has been
declining considerably over the last decades.
This was largely due to shifting of cropping
pattern to rice and wheat from sugarcane
cultivation. Besides, dual pricing policy by the
government and behaviour of sugar mills
during surplus season affect the farmers’
decision on allocation of area under sugarcane
which in turns affect sugarcane production.
The sugar industry in Punjab has co-existence
of different ownership and management
structure. Like the other industries, the sugar
industry in Punjab passes through a large
number of hurdles. It was believed that the
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financial, infrastructural problems such as
shortage in sugarcane supply, obsolete
technologies, low capacity utilization and
discriminating government policies were the
main reasons for the failure of some of the
sugar mills in Punjab.The physical performance
of the sugar mills under cooperative sector
revealed that the mills were not performed
efficiently over the years. The total cane
crushed of the mills was fluctuating over the
years and the lowest cane was crushed in 200910 in the cooperative sugar mills. The results
further revealed that the quantity of cane
crushed and sugar production was relatively
high for private sugar mills as compared to cooperative sugar mills. The same results were
showed by percentage recovery and technical
efficiency that most of the co-operative sugar
mills were having less than eight percent of
sugar recovery and none of them was fully
efficient. The employment generation in the
sugar industry was maximum in 2000-01 which
was estimated to be 14206 workers. After 200001, the employment generation was declined
continuously mainly due to the decline in
number of sugar mills in the state
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BEHAVIOR OF INPUT COST AND OUTPUT PRICES
OF SELECTED CROPS OF GUJARAT: A
COMPARATIVE ANALYSIS
Ganga Devi, Y.C. Zala, and Vivek Pal*
ABSTRACT
An attempt has been made to compare the input cost and output prices of
selected major five crops namely castor, tobacco (bidi), tobacco (calcutti),
gram, groundnut, and maize of Gujarat State. The positive and significantly
higher growth rate was found for output prices in comparison to total input
cost in most of the crops selected for the study. The results of the instability
index for output prices was found to be low. The high growth and low
instability index indicates sustainability in production of these crops, which
is the prerequisite for the state. The trend in indices of terms of trade or
parity indices reveals that the improvement in terms of trade was in favour
of farmers in the case of castor, groundnut, and maize, which needs to be
sustained, where as in the case of Tobacco (Bidi), Tobacco (Calcutti) and
gram the parity indices was not much in favour of farmers in last ten years.
This clearly indicates that the prices received for output was not increased
in proportion to the prices paid for inputs in case of tobacco (Bidi), tobacco
(Calcutti) and gram crops.
Key words: Input cost, instability index, parity indices, output prices
JEL Classification: Q01, Q11, Q12, Q18

INTRODUCTION
Agriculture continues to be an important
sector of Indian economy, though its share in
the gross domestic product (GDP) has
declined from about 50 percent in early-1950’s
to 14 percent in 2011-12 (Arora, 2013). Gujarat
state has a population of 6.05 crore, as per the
interim figures of the 2011 census. Agriculture
continues to be the primary occupation in the
state where two third of population is engaged
in agriculture and earn livelihood directly from
*

Department of Agriculture Economics, B.A. College
of Agriculture, Anand Agricultural University,
Anand-388 110 (Gujarat)
Email: vivekpal_167@yahoo.in

this occupation. Thus prosperity and well
being of people in Gujarat are closely linked
with agriculture and allied activities. The
growth of agriculture is prerequisite for overall
development of the economy. Agricultural
prices are important economic variables in a
market economy. Price relationships have a
significant influence on decisions relating to
the type and volume or agricultural production
activity. They provide a measure for reaching
judgment on policy formulation and
administrative and executive action. Parity
prices measure incentives or disincentives for
agricultural production, given competition from
national, international or cross border trade.
Parity prices inform us about the market
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incentives and disincentives for local
production of food crops, cash crops and
livestock-particularly for agricultural exports.
Incentives for local production are important
to analyze because they give an indication of
likely food availability and farm income derived
from export markets. Farm income is
subsequently used by households to buy food
and/or farm inputs in support of the next
season’s production. (Mabiso, 2008). The idea
of parity had both statistical and political
origins (Black, 1942). If there had never been
any statisticians collecting data on prices of
farm and other commodities, farm parity would
never have come about.
Being crucial for purposes of decisionmaking in the sphere of economic activities,
price data acquire considerable importance.
Their collection and compilation, therefore,
deserve attention no less than that given to
obtaining information on other socio-economic
characteristics. The systems to be adopted in
the compilation of price statistics must,
therefore, be meaningfully determined in
relation to their end uses. Since the agricultural
producer is both a seller of his produce as well
as a buyer of agricultural production requisites,
agricultural prices cover not only the prices
received by farmers (output prices) but also
the prices paid by farmers (input prices). The
farmer is also, of course, a buyer of consumer
goods for use in his own household. It is
debatable whether agricultural output prices
are consistent with input prices or not.
Therefore in this study to analyse the
behavior of cost and prices of major crops,
crop-wise CGR, Instability for input cost and
output prices and parity between input cost
and output prices has been worked out.
METHODOLOGY
To achieve the objectives of the study, time
series data on input cost and output prices of
selected major five crops Castor, Tobacco
(bidi), Tobacco (calcutti), Gram, Groundnut,
and Maize of Gujarat were collected from the
past reports of Scheme for Creating a
Permanent Machinery for Studying the Cost

of Cultivation/Production of Principal Crops
Grown in Gujarat State (2002-03 to 2011-12).
The data were compiled and analysed using
standard statistical tools. The CGR and
Instability Index were calculated for the
analysis of data. The simple co-efficient of
variation (CV) often contains the trend
component and thus over estimates the level
of instability in time series data characterized
by long-term trends. To overcome this problem,
the Cuddy Della Valle Index was used to
correct the CV.
The high growth and low instability are
prerequisites for sustainable agricultural
performance. Since, the magnitude of growth
and instability in crop production has serious
implications for policy makers, the growth and
level of instability in input costs and output
prices of major crops of Gujarat were estimated.
Raw price data were properly processed and
got index numbers. Index numbers of prices
received by farmers, studied over time, indicate
the extent to which changes in the value of
output or farm disposals are attributable to
changes in prices. Similarly, index numbers of
prices paid by farmers throw light on the
contribution of prices to changes in the total
expenses incurred by farmers. The ratio of the
two indices gives agriculture’s terms of trade
with the rest of the economy, and can be useful
in explaining the variations in farmers’
prosperity from time to time (Acharya and
Agarwal, 1984).
The parity indices was calculated to
examine the equity between input costs and
output prices, as determined by the percentage
of ratio of index of prices received for output
prices to the index of prices paid for inputs of
crops.
Index of Terms of Trade (Parity Index)
The parity index was determined by the
percentage of ratio of index of price received
for agricultural products to the index of prices
paid for agricultural inputs (Kahlon, 1998).
Selection of Base Period
Agricultural production is generally
affected by uncertain factors like rainfall and
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whether and, therefore, subject to large
fluctuations from year to year. It is, therefore,
appropriate that the base period should be
more broad based by taking an average of a
number of years coinciding with the
agricultural cycle at the all India level which is
considered to be generally of three years
(Kahlon, 1998). The base period for
construction of new series of index numbers
of present study was taken as the average of
three years 2006-07, 2007-08 and 2008-09.
RESULTS AND DISCUSSION
Castor
Castor is one of the most important oilseed
crops in Gujarat state. Banaskantha,
Mehasana,
Kutchh,
Sabarkantha,
Surendranagar, Patan, Gandhinagar,
Ahmedabad, Rajkot, Vadodara are the main
castor growing districts of the state.
The positive and significantly higher
growth rate was found for output prices (10.97
percent) in comparison to total input cost (4.51
percent). Input wise positive and significant
growth rate was found in Insecticide/pesticides
followed by seeds, irrigation, human labour
and chemical fertilizers costs. The nonsignificant negative growth was also observed
in Bullock labour and Manures charges. The
result of the instability index for output prices
was found higher (24.92) in comparison to total
input costs (10.55) and the input wise
instability index varied from 12.04 to 47.69
(Table 1).
Ta ble 1 : Co mpo und g ro wth ra te a nd
instability index of input cost and output
prices of castor in Gujarat, 2002-03 to 201112
Particulars
Human labour
Bullock labour
Seeds
Manures
Chemical fertilizers
Irrigation
Insecticide/pesticides
Total cost (`qt-1)
FHP (`qt-1)
**

CGR
8.77**
-1.52
11.68**
-1.34
4.62*
9.30**
18.58*
4.51**
10.97**

Instability Index (II)
17.24
21.06
18.75
29.98
13.01
12.04
47.69
10.55
24.92

and * Significant at 1 and 5 percent level

The perusal of the Table 2 shows that the
parity indices of castor crop were more than
100 in 2007-08 and continuously right from
2009-10 to 2011-12. Therefore, it can be
concluded that the output prices of castor in
these years were in favour of farmers. This
clearly indicates the prices received for output
of castor was increased higher than the
increase of prices paid for inputs and the
production of castor became relatively more
profitable.
Table 2: Parity indices of prices received
for output and paid for inputs of castor crop
(Base 2006-07 to 2008-09 = 100)
Year
2002-03
2003-04
2004-05
2005-06
2006-07
2007-08
2008-09
2009-10
2010-11
2011-12

Output index Inputs index Parity indices
88.55
98.94
89.50
77.15
83.80
92.06
71.55
92.56
77.30
62.73
81.41
77.05
84.65
87.15
97.14
113.60
96.85
117.29
101.75
116.00
87.71
126.95
117.05
108.46
219.53
112.17
195.72
158.55
136.46
116.19

Tobacco (Bidi)
Tobacco (Bidi) is one of the most important
cash crops in Gujarat state. Anand, Kheda,
Vadodara, Banaskantha, Gandhinagar,
Mehsana, Panchmahal, Patan, Sabarkantha
and Amreli are the main tobacco growing
districts of the state. The positive and
significantly higher growth rate was found for
input cost (6.81 percent) in comparison to total
output prices (6.50 percent). Significant and
positive growth rate was found for all the input.
Where, highest and lowest growth rate was
found for Seeds (10.44 percent) and Chemical
fertilizers (2.98 percent), respectively. The result
of the instability index for output prices was
found higher (29.74) in comparison to total
input costs (10.01). Input wise the instability
index varied from 7.42 to 19.59. Due to no use
of Insecticide/pesticides in most of the years
in Tobacco (Bidi) crop compound growth rate
and instability index for this input could not
be calculated (Table 3).
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Ta ble 3 : Co mpo und g ro wth ra t e a nd
instability index of input cost and output
prices of tobacco (bidi) in Gujarat, 2002-03
to 2011-12
Particulars
Human labour
Bullock labour
Seeds
Manures
Chemical fertilizers
Irrigation
Total cost (`qt-1)
FHP (`qt-1)
**

CGR (%) Instability Index (II)
9.60**
13.57
4.06*
14.41
10.44**
19.59
4.83*
15.32
2.98**
7.42
6.81**
11.61
6.81**
10.01
6.50*
29.74

and * Significant at 1 and 5 percent level

The parity indices of prices received for
output in comparison to paid for inputs of
tobacco (bidi) crop were more than 100 in years
2007-08 to 2009-10 (Table 4). This clearly
indicates the prices received for output of
tobacco (bidi) was increased higher than the
increase of prices paid for inputs in these three
years and the terms of trade for tobacco (bidi)
was found relatively in favour of farmers.
Table 4: Parity indices of prices received
for output and paid for inputs of tobacco
(bidi)
(Base 2006-07 to 2008-09 = 100)
Year
2002-03
2003-04
2004-05
2005-06
2006-07
2007-08
2008-09
2009-10
2010-11
2011-12

Output index Inputs index Parity indices
63.63
72.47
87.80
65.60
69.94
93.80
54.44
75.24
72.35
54.82
72.67
75.45
63.55
83.30
76.29
95.81
94.91
100.95
140.64
121.80
115.47
106.56
105.65
100.86
59.38
98.81
60.10
104.86
127.30
82.37

Whereas, in all other years the indices
shows that prices received for output was
increased lower than the increase of prices
paid for inputs and terms of trade for tobacco
(bidi) was found relatively in unfavorable to
the farmers.
Tobacco (Calcutti)
Tobacco (Calcutti) is one of the most
important cash crops in Gujarat state. Anand,

Kheda, Vadodara, Banaskantha, Gandhinagar,
Mehsana, Panchmahal, Patan, Sabarkantha
and Amreli are the main tobacco growing
districts of the state.
The positive and significantly higher
growth rate was found for output prices (10.74
percent) in comparison to total input cost (7.05
percent). Input wise the positive and
significantly highest growth rate was found in
Seeds followed by Human labour, mannures,
chemical fertilizers and irrigation and it was
non-significant for Bullock labour charges.
The instability index for output prices was
found higher (27.52) in comparison to total
input costs (13.23). The instability index for
inputs ranged from 5.73 to 16.70 (Table 5).
Ta ble 5 : Co mpo und g ro wth ra te a nd
instability index of input cost and output
prices of tobacco (calcutti) in Gujarat, 200203 to 2011-12
Particulars
Human labour
Bullock labour
Seeds
Manures
Chemical fertilizers
Irrigation
Total cost (`qt-1)
FHP (`qt-1)
**

CGR (%) Instability Index (II)
9.43**
11.78
1.92
13.76
9.97**
16.70
3.94**
8.34
3.64**
5.73
3.16**
7.30
7.05**
13.23
10.74*
27.52

and * Significant at 1 and 5 percent level

The perusal of Table 6 revealed that in most
of the years, the parity indices of prices
received for output in comparison to paid for
inputs of tobacco (Calcutti) crop were less than
100 except in the year 2007-08, 2008-09 and
2010-11. This clearly indicates except these
years the terms of trade for tobacco (Calcutti)
were not found in favour of farmers.
Gram
Gram is one of the most important rabi pulse
crop in Gujarat state. Dahod, Jamnagar,
Junagadh, Porbandar, Rajkot, Surendranagar,
Ahmedabad, Panchmahal, Patan and Dang etc.
are the main gram growing districts of the state.
The positive and significant higher growth
rate was found for output prices (5.57 percent)
in comparison to total input cost (2.06 percent).
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Table 6: Parity indices of prices received
for output and paid for inputs of tobacco
(calcutti) crop
(Base 2006-07 to 2008-09 = 100)
Year
2002-03
2003-04
2004-05
2005-06
2006-07
2007-08
2008-09
2009-10
2010-11
2011-12

Output index Inputs index Parity indices
59.88
79.23
75.58
75.97
78.90
96.29
45.36
72.43
62.63
43.98
73.52
59.82
63.37
83.67
75.73
112.02
104.91
106.78
124.61
111.42
111.84
75.95
97.65
77.78
112.29
108.62
103.37
143.00
154.95
92.28

Input wise the significant and highest positive
growth rate was found in Insecticide/pesticides
(15.88 percent) followed by human labour and
seed charges. It was found non-significant in
case of bullock labor and chemical fertilizer
charges.
While, in the case of irrigation charges the
compound growth rate was found negative and
non-significant. Due to no use of manures in
most of the years in gram crop compound
growth rate and instability index for this input
could not be calculated. The result of the
instability index for output prices was found
to be lower (10.10) in comparison to total input
costs (12.28). Input-wise the instability index
varied from 9.94 to 40.28 (Table 7).
Ta ble 7 : Co mpo und g ro wth ra te a nd
instability index of input cost and output
prices of gram in Gujarat, 2002-03 to 201112
Particulars
CGR (%) Instability Index (II)
Human labour
9.67**
9.94
Bullock labour
3.46
18.12
Seeds
6.67**
14.89
Chemical fertilizers
0.70
25.52
Irrigation
-1.27
40.28
Insecticide/pesticides
15.88**
24.12
Total cost (`qt-1)
2.06
12.28
FHP (`qt-1)
5.57**
10.10
**

and * Significant at 1 and 5 percent level

The further perusal of Table 8 revealed that
the parity indices of gram crop were not in

Table 8: Parity indices of prices received
for output and paid for inputs of gram crop
(Base 2006-07 to 2008-09 = 100)
Year
2002-03
2003-04
2004-05
2005-06
2006-07
2007-08
2008-09
2009-10
2010-11
2011-12

Output index Inputs index Parity indices
75.75
116.65
64.94
70.38
84.71
83.09
66.99
95.80
69.93
65.30
88.28
73.97
80.55
91.81
87.73
94.76
93.58
101.26
107.99
95.24
113.40
97.24
111.18
87.46
98.23
104.72
93.80
106.64
128.86
82.76

favour of farmers in almost all the years except
in 2007-08 and 2008-09.
Groundnut
Groundnut is one of the most important oil
seed crop in Gujarat state. Amreli, Bhavnagar,
Jamnagar, Junagadh, Kutchh, Porbandar,
Rajkot, Surendranagar, Sabarkantha and
Banaskantha are the main groundnut growing
districts of the state.
The result revealed that the positive and
significant growth rate was found for output
prices as well as total input cost. Where, the
compound growth rate for total cost was found
slightly higher (8.10 percent) as compared to
output prices (7.86 percent) of gram. Input wise
the significant and highest growth rate was
found in cost of Insecticide/pesticides (22.66
percent) followed by manures (18.22 percent),
human labour (14.09 percent), seeds (9.86
percent) and bullock labour (8.80 percent). It
Ta ble 9 : Co mpo und g ro wth ra te a nd
instability index of input cost and output
prices of groundnut in Gujarat, 2002-03 to
2011-12
Particulars
CGR (%) Instability Index (II)
Human labour
14.09**
11.30
Bullock labour
8.80**
10.90
Seeds
9.86**
11.92
Manures
18.22**
19.15
Chemical fertilizers
4.25*
15.73
Irrigation
4.01
64.03
Insecticide/pesticides
22.66**
19.81
Total cost (`qt-1)
8.10**
15.41
FHP (`qt-1)
7.86**
5.38
**
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and * Significant at 1 and 5 percent level

was found non-significant for chemical
fertilizers and irrigation charges.
The instability index for output prices was
found to be lower (5.38) in comparison to total
input costs (15.41) and input wise the
instability index varied from 10.90 to 64.03
(Table 9).The high growth and low instability
are prerequisites for sustainable agricultural
performance. Hence, the magnitude of growth
and instability in groundnut crop has serious
implications for policy makers
The perusal of Table 10 shows that in the
year 2003-04, 2005-06, 2007-08 and
continuously from 2010-11 to 2011-02 parity
indices of prices received for output in
comparison to paid for inputs of groundnut
crop were found more than 100.
Table 10: Parity indices of prices received
for output and paid for inputs of groundnut
crop
(Base 2006-07 to 2008-09 = 100)
Year
2002-03
2003-04
2004-05
2005-06
2006-07
2007-08
2008-09
2009-10
2010-11
2011-12

Output index Inputs index Parity indices
72.44
77.59
93.36
70.03
51.69
135.49
86.87
91.44
95.00
80.39
68.72
116.99
89.07
100.09
88.99
104.82
88.59
118.31
106.12
111.32
95.32
111.89
123.98
90.25
127.77
104.72
122.02
141.42
136.23
103.81

This clearly indicates the prices received
for output of Groundnut increased higher than
the increase of prices paid for inputs in these
years and the production of groundnut became
relatively profitable now.
Maize
Maize is one of the most important cereal
crop in Gujarat state. Dahod, Panchmahal,
Sabarkantha, Vadodara, Kheda, Banaskantha,
Junagadh, Narmada, Bharuch, and Anand are
the main maize growing districts of the state.
The perusal of Table 11 represents the
results of compound growth rates (CGRs) and
Instability Index (II) for inputs costs and output
prices of maize crop. The positive and

Table 11: Compound growth rate and
instability index of input cost and output
prices of maize in Gujarat, 2002-03 to 201112
Particulars
Human labour
Bullock labour
Seeds
Manures
Chemical fertilizers
Total cost (`qt-1)
FHP (`qt-1)
**

CGR
8.25*
-1.24
8.41**
1.79
5.65**
5.61**
9.14**

Instability Index (II)
29.76
22.97
19.59
40.35
12.10
11.98
6.27

and * Significant at 1 and 5 percent level

significantly higher growth rate was found for
output prices (09.14 percent) in comparison to
total input cost (5.61 percent). Input wise
positive and significant growth rate was found
in seeds followed by Human labour, and
chemical fertilizers costs. In case of manures
charges the compound growth rate was found
non-significant. The non-significant negative
growth was also observed in Bullock labour
charges. The result of the instability index for
output prices was found lower (6.27) in
comparison to total input costs (11.98) and the
input wise instability index varied from 12.10
to 40.35.
The parity indices of maize crop were more
than 100 continuously right from 2007-08 to
2010-11 (Table 12). Therefore it can be
concluded that the terms of trade in these years
were in favour of farmers. This clearly indicates
Table 12: Parity indices of prices received
for output and paid for inputs of maize
crop
(Base 2006-07 to 2008-09 = 100)
Year
2002-03
2003-04
2004-05
2005-06
2006-07
2007-08
2008-09
2009-10
2010-11
2011-12
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Output index Inputs index Parity indices
69.18
72.94
94.85
67.22
79.54
84.51
72.53
91.91
78.91
84.60
95.16
88.90
102.37
117.19
87.36
95.18
89.39
106.48
102.45
93.43
109.66
128.52
120.53
106.62
132.99
104.66
127.07
139.16
142.85
97.42

the prices received for output of maize was
increased higher than the increase of prices
paid for inputs and the production of maize
were relatively more profitable.
CONCLUSION
Finally, it can be concluded from the
aforesaid findings that in most of the crops
compound growth rate was found higher in
case of output prices in comparison to total
input cost. The high growth rate and low
instability for output prices was the good sign
for farmers in most of the crops selected for
the study.
The trend in indices of terms of trade or
parity indices reveals that the improvement in
terms of trade was in favour of farmers in case
of Castor, Groundnut, & Maize, which needs
to be sustained, where as in case of Tobacco
(Bidi), Tobacco (Calcutti) and Gram the parity
indices was not much in favour of farmers in
last ten years. This clearly indicates that the
prices received for output was not increased
proportion to the prices paid for inputs in case

of Tobacco (Bidi), Tobacco (Calcutti) and Gram
crops in last ten years except in few years.
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LABOUR BANKS FOR SUSTAINABLE
AGRICULTURAL DEVELOPMENT-AN ENQUIRY
INTO THE DETERMINANTS AND BARRIERS OF
JOINING
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ABSTRACT
Labour scarcity is emerging as a threat to sustainable agricultural
development, which put the farmers as well as consumers in trouble through
its widespread ramifications. This study analyses labourer’s joining decision
in Labour Banks and barriers for joining. Logistic regression model revealed
that experience, and primary occupation status positively influenced
labourer’s joining decision in Labour Banks, whereas age negatively
influenced the joining decision. Work in distant places and lack of interest
were found to be the most important barriers for joining in Labour Banks
followed by unsatisfactory work conditions, lack of awareness and working
as permanent labourer. The study suggested that proper government support,
enhancement of the training programmes so as to provide more skilled
labourers to these groups, and replication of this model to other areas after
making necessary modifications suited for the local situations, will help to
address the issue of lack of availability of skilled labourers in agriculture.
Key words: Labour scarcity, labour bank, logistic regression, Kerala
JEL Classification: B52, J23, J31

INTRODUCTION
Labour Banks in agriculture is getting
momentum owing to the acute shortage of
agricultural labourers and the decline in labour
productivity, which will cause widespread
negative impacts in crop production and food
security. They bridge the gap of institutional
interventions in agricultural labour market for
providing skilled labourers on demand to
farmers and at the same time ensuring better
a
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work conditions and better remuneration to
the labourers. Attractive remuneration, more
number of work days, and non-seasonal nature
of work attracts labour folks from agricultural
sector to other sectors, creating burden to the
farmers by lack of availability of labourers on
peak periods of crop production, resulting in
huge loss. Availability of skilled labourers on
time is an important factor for sustainable
agricultural development. Shortage of
agricultural labourers make negative impacts
like reduction in crop yield, reduction in
cropping intensity and changes in traditional
cropping pattern (Prabakar et al., 2011). There
is a marked shift in cropping pattern of Kerala
over years from labour intensive food crops
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to less labour intensive tree crops like Coconut
and Rubber (Mahesh, 2002).
Younger generation no longer prefer farm
labour as a better employment opportunity
owing to low remuneration and lack of social
recognition and it is now considered only as
the last resort for those who have no other
means of livelihood (Prabakar et al., 2011).
Labour scarcity is at it’s peak in Kerala. Being
a state with high literacy rate, the younger
generation is not available to work in the field
as a labourer. Kannan (1998) observed that
social dynamics and educational advancement
have resulted in shrinking supply of labour to
agriculture. The horizontal shifts to secondary
and tertiary sectors and out-migration to other
countries or states also leads to shortage of
labourers in agricultural sector (Indiradevi,
2012).
As an institutional intervention, labour
banks helps labourers to organize themselves,
ensure their skill development, equip them with
proper technical knowhow, machineries and
equipments, and connect them with farmers to
carry out various farming activities at
reasonable rates within the time stipulated. It
gives confidence to farmers on availability of
skilled labourers and completion of work on
time on one hand and surety of employment,
competitive remuneration, and social
recognition and confidence of working under
an institution to the labourers on the other
hand. Thus it aims to retain skilled labourers
in agricultural sector, and also to attract
younger generation to this field. Skilled group
of agricultural labourers at the doorstep of
farmers will bring hope to agriculture sector;
as labour is an unavoidable component in any
farming activity. If there is adequate supply of
labourers on time, it will minimize delay in
operations. All the agricultural activities are
season oriented, strictly time bound and it has
serious setback in yield. Ensuring labour
availability through such measures can add to
crop productivity and food security.
The concept of Food Security Army was
visualized and instituted by Agricultural

Research Station, Mannuthy, to accredit
farming as a reputed profession, and to solve
the issue of acute labour shortage faced by
farmers. They provide training in agricultural
mechanization to labourers for carrying out
various agricultural activities. The programme
aimed at effective utilization of educated
unemployed youth of Kerala for promoting
mechanization in paddy farming. It provides a
22-day training which equip them to operate
and maintain various machineries used for farm
operations (Indiradevi et al., 2010). After
attaining training and expertise, many of them
formed groups and started functioning
independently as service providers (Labour
banks). Now there are a number of such groups
functioning throughout Kerala in various
names, whose area of operation spreads even
across the borders of the state. Based on
demand, they equipped themselves and
diversified their activities. Many of these
groups own their own machineries. While for
others, blocks or Panchayaths are providing
machineries to boost agricultural activities in
the area. Use of machineries reduced the
tough physical effort required in farm work,
and this helped more women to join in such
groups. The failure of mechanization in the
earlier days was mainly due to unavailability
of enough skilled labourers to operate, and
repair various machineries used in the field.
Now, in the form of labour banks, easy
availability of service of skilled labourers will
be a solution to these issues. As a group,
labourers are getting enough work days, and
they are able to cover more area with the help
of new techniques and machineries. During
off-season, these groups engage their
labourers in activities like vegetable
cultivation, so as to provide them adequate
work days and income.
Though the service of labour banks in
agriculture is gaining momentum in Kerala,
studies pertaining to it’s influence and impact
on labourers is limited. This calls for a
systematic study to find out acceptance of
labour bank initiative among the labourers and
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the changes it made in the lives of the
labourers. Hence, the present study has been
undertaken to study the factors influencing
joining decision, and barriers for joining in the
labour banks.
METHODOLOGY
The area chosen for the study was
Thrissur district. Thrissur district is pioneer in
providing training to agricultural labourers,
and organizing them under the name Food
Security Army.
The two blocks namely Wadakkanchery
and Puzhakkal blocks were selected
purposively based on availability of both
member and non-member labourers. Primary
data pertaining to agro-socio-economic
variables of labourers were collected through
structured interview schedule. Secondary data
were collected from various publications like
Economic review, Agricultural statistics at a
glance, Panchayath level statistics etc, and
documents maintained in Department of
Economics and Statistics.
Total sample size was 64, comprising 32
each of labour bank member and non-member
labourers. The study has used logistic
regression model, difference-in-difference
estimation, and Garret ranking technique to
analyze the data and to make appropriate
interpretations.
Factors influencing Labourer’s Joining
Decision: Logistic Regression Model
Logit is a binary response model. It takes
the value one for members and zero for nonmembers. In this study logistic regression
model is used to identify the probability of
various factors influencing labourer’s joining
decision in labour banks. The model is given
as follows:
ˆ
P
i

]  Z i  βˆ 1  ˆβ 2 X i ……(1)
ˆ )
(1  P
i
The probability of joining in Labour Banks
is a function of various individual factors. The
model is represented as follows:
Yi = b0 + b1 X1+ b2X2+ b3 X3+ b4 X4 + b5 X5+
b6 X6 + b7 X7 + Ui
……...(2)
ˆ  ln[
L
i

Where, Y is dummy variable for joining
status; X1, X2, X3, X4, X5, X6 and X7 denote age
of the labourer in years, education in years,
family size (Number), years of experience, farm
wage income (` per year), Other income (` per
year), and primary occupation status(Dummy
variable) respectively.
Barriers for joining in Labour Banks: Garret
Ranking Technique
Garret ranking is used to rank the barriers
faced by non-members which deter them from
joining in labour banks. The ranks given by
each respondent were converted into per cent
position by using the formula (3):

Percent position 

100X(R ij  0.5)
N ij

….(3)

where,
Rij = Rank given for i th constraint by jth
individual
Nj = Number of constraints ranked by jth
individual
The estimated per cent positions were
converted into scores using Garret’s table. The
mean score values estimated for each factor
were arranged in the descending order. The
constraint with the highest mean value was
considered as the most important one and the
others followed in that order.
RESULTS AND DISCUSSION
Most of the sample labourers (75 percent
of the members and 78.13 percent of the nonmembers) were having secondary school
education. Among the non-members, 9.38
percent were having only primary school
education compared to none among the
members. Considering the occupational status,
96.88 percent among the members of labour
banks consider farm labour as their primary
occupation compared to 65.63 percent among
their counterparts. This may be either because
working under labour bank provides them
remunerative income or working under a
structured institution demands some
commitments which hinder them from spending
considerable time and effort on other activities.
Those who take it as a secondary job mainly
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works as porters or in construction works.
The average age of the members was 45.90
where as it was 52.03 in respect of nonmembers. Among the members, majority (43.75
per cent) fall under 46-55 years whereas most
of the non-member respondents (46.88
percent) fall under more than 55 years category.
This is followed by 40.63 percent of the labour
bank members in 36-45 years and 31.25 percent
of the non-members in 46-55 years category.
While analyzing the youngest category (below
35 years), 9.38 percent of the members comes
under below 35 years compared to only 3.13
percent among the non-members.
Availability of more employment
opportunities ultimately lead to improvement
in the standard of living and food security
situation of the rural people. So the
employment pattern in farm as well as nonfarm and off-farm sources were studied for the
sample labourers and furnished in Table 1. First
glance may give an impression that labourers
who joined labour banks lags in the total
number of working days per year by 13 days.
But further analysis will reveal that 26.57
percent of the total work days of non-members
are being contributed by MGNREGA, which
gives them comparatively lower wage while
considering the normal wage rate which might
have earned otherwise. Share of MGNREGA
in the total work days of labour bank members
was 17.01 percent only. Similarly, non-farm and
off-farm works contributed 27.54 percent of the
total work days of non-members compared to
a meager 7.73 percent for the members. This
clearly shows loss of productive hands from
the agricultural sector. Competitive wage rates
offered through labour banks and being
committed to the entire season earlier itself
makes other opportunities like MGNREGA and
non-farm and off-farm sources less attractive
to the members. Construction works, loading
and unloading, driving, work in local
companies and work as home servants were
found to be the major off-farm and non-farm
works taken by the labourers.
Members of labour banks were found to

Table 1: Patte rn of e mployme nt of the
sample labourers
(mandays/season)
Working days (No.)
Member
Outside labour banks

Kharif Rabi Summer
2

3

4

Through labour banks

43

72

22

Non-farm and off-farm

5

5

5

MGNREGA

-

-

-

Total

50

80

51

Non-member
Outside labour banks

34

40

21

Non-farm and off-farm

17

21

19

-

-

-

51

61

40

MGNREGA
Total

Total
9
(4.64)
137
(70.62)
15
(7.73)
33
(17.01)
194
(100.0)
95
(45.89)
57
(27.54)
55
(26.57)
207
(100.0)

Figures in parentheses represents percentages to the total

be getting about 146 farm work-days per year
whereas it was only 95 days per year for nonmembers. Average wage rate was `573 per day
for members compared to `473 per day for nonmembers. Gross annual income also was higher
by 9.74 percent for member labourers compared
to non-members owing to more number of
labour days at higher wage rate.
Factors influencing Labourer’s joining
Decision: Logistic Regression Model
Soon after formation of these labour banks,
many labourers in the locality joined in these
as they found it interesting and remunerative.
Even labourers from other sectors wanted to
join in these groups. They were of the opinion
that, after joining in these groups, they are
able to find more working days and are getting
comparatively higher wages. They claims they
are getting enough work as advance booking,
and in many times they feel it difficult to meet
the demand. At the same time there were nonmember labourers, who didn’t feel much
confidence in this intervention.
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The main reasons for their non-joining
were the difficulty to work in distant places, as
the group takes work even in other districts,
and also they may work in the late evenings
also in order to finish the work on time. As a
large section of paddy labourers are women,
these were found to be a hindrance for them.
Also working under a group demands some
commitments, and some sort of loss of
freedom, as stated by some non-member
labourers. Also, those labourers who are
engaged with other works also found it difficult
to join in such groups, as it may hinder their
second job. Many aged labourers explained
they feel they may not be able to study to
operate and maintain farm machineries at this
later age. To understand the factors influencing
joining labour banks, probability model of
Logit type was employed. The values of the
coefficients in the initial model, statistical
significance and respective probabilities are
presented in Table 2.
From the results of Logistic Regression
(Table 2), it could be observed that the model
fit well to the data as indicated by the observed
significance of log likelihood ratio test. It is
shown that age, years of experience and
primary occupation are the three important
factors influencing labourer’s decision to join
in the labour banks.
Age showed negative influence, which is
as per the expected sign. More aged labourers
Table 2: Factors influencing laboure r's
joining decision in labour banks
Variables
Co-efficient r-value
Intercept
6.273
0.249
Age
-0.221***
0.009
Education
-0.038
0.868
Family size
-0.164
0.680
Years of experience 0.110**
0.042
Farm wage income
0.000
0.204
Other income
-3.63e-06
0.795
Primary occupation
2.700**
0.048
Log likelihood
-25.90
LR chi2 (c2)
36.93
Pseudo R2
0.42
***

Odds ratio
0.801
0.963
0.849
1.116
1.000
1.000
14.875

and ** indicates significant at 1 and 5 percent level ,
respectively

might be stick to what they were doing for the
past so many years, and may be reluctant to
change. Also, joining in labour banks need
understanding of operation and maintenance
of farm machineries, many of them might have
felt it difficult.
Years of experience and primary
occupation are the other two factors
influencing positively. Labourers with more
experience will be able to analyze and evaluate
such a new intervention easily and hence more
chance to join. As they were having much
experience, they will be foreseeing if this
become success, it will be much more
remunerative than working individually. Also
it gives a security of job and income. This is
the same case for those took farm labour as
primary occupation. As this is their main source
of income, they will be more inclined to such
an intervention. Some of them even think; later
it may be difficult to find work if they are not
joining in these groups, as farmers are much
satisfied in the manner of work done by these
groups.
From the odds ratios, it can be inferred that
one unit increase in age would result in
decrease the probability of joining in labour
bank by 0.445 units. Whereas, one unit
increase in years of experience would increase
the probability of joining by 0.527 units. One
unit Increase in primary occupation status
increase the probability of joining by 0.937
units. Labourers whose primary occupation is
farm labour, was found giving more preference
to labour banks than others.
Barriers for joining in Labour Banks: Garret
Ranking Technique
The barriers for joining in labour banks, as
reported by the non-member respondents were
ranked using Garret’s ranking technique and
the results are given in Table 3.
The most significant barrier (64.69) was
found to be work in distant places. Most of
these labourers found it difficult to go distant
places for working. Since a major portion of
the agricultural labourers is comprised of
womens, this makes an important barrier. In
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Table 3: Barriers for joining in labour banks
Barriers
Work in distant places
Lack of interest
Unsatisfactory work conditions
Lack of awareness
Working as permanent labourer

Garret mean score
64.69
56.72
48.91
41.88
37.81

Rank
1
2
3
4
5

order to cover maximum area, and to meet the
demand, labour banks were forced to take work
in very distant places also.
The second major barrier for joining (56.72)
was lack of interest. A good share of nonmember labourers feel it is better to work alone
than under some leaders in a group. They don’t
want to be much committed, and hence they
do not find any interest in joining in labour
banks. Also there will be some loss of individual
freedom while working in a group, and
commitments will be more.
Unsatisfactory work conditions was found
to be the third major barrier (48.91). This mainly
attributes to work in late hours. As labour
banks are committed to finish the work on time,
and to attend all the clients as per the schedule,
in many cases they may have to work for some
extra time in the evenings and also have to
reach the site on early morning itself. These all
were found to be unacceptable for many
labourers, and hence considered as a barrier
for joining in labour banks.
Lack of awareness (41.88) came as the fourth
major barrier. It was mainly found among more
aged labourers. Many of them are not aware
that they also can be a part of such groups,
and can make a better living. Some are partially
aware but don’t have the full information.
The last factor which makes barrier for
joining in labour banks was working as
permanent labourer (37.81). A few among the
non-member labourers were of the view that
they are getting work from the same farmers
for a long period. If they join in such a group
and got committed, they may not be able to
work for those farmers again on time and hence
may lose those work. As they are not much
confident about the success of groups like

labour banks on a long term, they don’t want
to lose their existing clients.
CONCLUSIONS
Institutional interventions in the form of
Labour Banks helps both labourers and farmers
by providing more work days and better
remuneration to labourers and adequate and
timely supply of skilled labourers to the farmers.
Logistic regression revealed age negatively
infuences labourers joining decision in Labour
Banks, whereas, years of experience and
primary occupation status were having positive
influence. Garret ranking analysis revealed that
work in distant places, lack of interest,
unsatisfactory work conditions, lack of
awareness and working as permanent
labourers are the major barriers for joining in
labour banks. As labour scarcity is becoming
an important issue causing many farmers
putting their land fallow, institutional
interventions like this must be supported by
government organizations and can be
replicated to other parts also after making
adequate modifications so as to adapt to the
local situations. Training programmes has to
be enhanced so as to supply more labourers
to these groups and to start new groups in
different areas. This will help them to operate
within their premises only, and hence will be
more acceptable to all labourers. Plans should
be laid out to include diverse activities so as
to ensure work throughout the year.
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FUTURE OF ORGANIC FARMING IN SUSTAINABLE
AGRICULTURE
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ABSTRACT
This article provides information about composting-key ingredient in
organic farming which plays a vital role in sustainable agriculture. Organic
waste material including livestock waste, food waste, garden waste, waste
paper and mixed municipal solid waste representing major fraction of our
waste stream, are common raw materials used for compost production.
Organic material is collected and decomposed together. Various physical,
chemical and biological components are involved in the production of
compost. Vermi-composting, aerobic composting and anaerobic composting
are the three types of composting. Vermi-composting is used to decompose
food material using microorganisms and insects. It is a nutrient rich organic
fertilizer and soil conditioner. Aerobic composting uses oxygen to
biologically decompose waste material in controlled conditions. Anaerobic
composting is done through fermentation using no or limited oxygen.
Anaerobic microbes decompose the waste material. Composting is beneficial
for both soil and environment. It is a substitute for chemical fertilizer and
also increases fertility of the soil. It increases water utilization capacity of
soil and is drought resistance. It helps to reduce amount of waste and
prevent from environment pollution. Methane gas produced in anaerobic
composting is used as source of energy production. Composting is a method
of today that will affect our ecology positively tomorrow.
Keywords: Physical, chemical and biological components, organic farming
JEL Classification: O13, Q01, Q10, Q18, Z00

INTRODUCTION
The Composting process is known and
used by man since he has been changed from
being hunter to a gatherer. Composting is a
key ingredient in organic farming. Organic
farming is a form of agriculture that relies on
techniques such as crop rotation, green
manure, compost, and biological pest control.
Compost is organic materials that has been
collected together and decomposed. The
*
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mixture derived from it there after is used
primarily as a fertilizer for crops and for land
correction.
Composting is easy and natural process
that takes remains of plants and kitchen and
garden waste and turns it to nutrient rich food
which helps plants grow and shine. Apart from
that it also enriches soil which fuels plants
growth. Composting is a simple way to add
nutrient-rich humus which fuels plant growth
and restores vitality to depleted soil. It is free
of cost and helps to recycle waste and proves
to be safe for the environment.
The number of composting facilities, both
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aerobic and anaerobic, grows every year. Since
1985, the journal Biocycle has been listing
annually the number and type of composting
facilities in the US. In 1998 there were a total of
250 food waste composting projects with 187
in operation, 37 pilots and 26 in development
process in the US (Goldstein et al., 1998).
Chemical, Physical and Biological
Components in Composting
Chemical components namely Carbon,
nitrogen, oxygen and water required for
composting. Carbon is used for energy; the
microbial oxidation of carbon produces the
heat, if included at suggested levels. High
carbon materials tend to be brown and dry.
Nitrogen is used to grow and reproduce more
organisms to oxidize the carbon. High nitrogen
materials tend to be green (or colorful, such as
fruits and vegetables) and wet. Oxygen is for
oxidizing the carbon, the decomposition
process.
Water is required in the right amounts to
maintain activity without causing anaerobic
conditions. Certain ratios of these materials
will provide beneficial bacteria with the
nutrients to work at a rate that will heat up the
pile. In that process much water will be released
as vapour (steam), and the oxygen will be
quickly depleted, explaining the need to
actively manage the pile. The hotter the pile
gets, the more often added air and water is
necessary; the air/water balance is critical to
maintaining high temperatures (135°-160°
Fahrenheit / 50°- 70° Celsius) until the materials
are broken down. At the same time, too much
air or water also slows the process, as does
too much carbon. The most efficient
composting occurs with a carbon:nitrogen mix
of about 30 to 1.
Both Carbon and Nitrogen are essential to
composting process. Although various
organic feedstocks have been successfully
composed with C:N ratio varying from about
17 to 78 (McGaughey and Gotass, 1953 and
Nakasaki et al., 1992), much narrower range of
between 25 to 35 is considered desirable
(Hamoda et al., 1998, Keller 1961).

Physical components
Although composting is biochemical
process, it is also influenced by physical
factors such as moisture content and particle
size (Naylor, 1996).
Biological components
Composting is a mass of interdependent
biological processes carried out by micro
organisms essential for decomposition of
organic matter. Most systems are aerobic,
means the microorganisms require oxygen. The
overall biochemical equation can be written
as:
Organic matter + O2 + Aerobic bacteriaD CO2
+ NH3 + Products + Energy
For Anaerobic systems, oxygen is absent
and overall biochemical equation takes
different form:
Organic matter + Anaerobic bacteria D CO2
+ NH3 + Product + Energy + H2S + CH4
The energy produced in an aerobic system
is mainly in form of low-grade heat. The self –
heating, which is produced by microbial
oxidation of carbon, occurs spontaneously
when mass of organic wastes is sufficient for
insulation (Baader and Mathews, 1991,
Finstein, 1992 and Finstein and Morris , 1975).
With the proper mixture of water, oxygen,
carbon, and nitrogen, micro organisms are
allowed to break down organic matter to
produce compost. The composting process is
dependent on micro organisms to break down
organic matter into compost. There are many
types of micro organisms found in active
compost of which the most common are:
Bacteria
The most numerous of all the micro
organisms found in compost.
Actinobacteria
Necessary for breaking down paper
products such as newspaper, bark, etc.
Fungi
Molds and yeast help break down materials
that bacteria cannot, especially lignin in woody
material.
Protozoa
Help consumes bacteria, fungi and micro
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organic particulates.
Rotifers
Rotifers help control populations of
bacteria and small protozoans.
In addition, earthworms not only ingest
partly composted material, but also continually
re-create aeration and drainage tunnels as they
move through the compost. A lack of a healthy
micro-organism community is the main reason
why composting processes are slow in landfills
with environmental factors such as lack of
oxygen, nutrients or water being the cause of
the depleted biological community.
METHODS OF COMPOSTING
Vermi-composting
The term vermi-composting means the use
of earthworms for composting organic
residues. Earthworms can consume practically
all kinds of organic matter and they can eat
their own body weight per day, that is one kg
of worms can consume one kg of residues every
day. The excreta (castings) of the worms are
rich in nitrate, available forms of P, K, Ca and
Mg. The passage of soil through earthworms
promotes the growth of bacteria and
actinomycetes. Actinomycetes thrive in the
presence of worms and their content in worm
casts is more than six times that in the original
soil.
Vermicast, also known as worm castings,
worm humus or worm manure, is the endproduct of the breakdown of organic matter
by species of earthworm. Vermi-composting
has gained popularity in both these industrial
and domestic settings because, as compared
to conventional composting, it provides a way
to compost organic materials more quickly (as
defined by a higher rate of carbon-to-nitrogen
ratio increase) and to attain products that have
lower salinity levels that are therefore more
beneficial to plant mediums. Containing watersoluble nutrients, vermicompost is a nutrientrich organic fertilizer and soil conditioner in a
form that is relatively easy for plants to absorb.
Worm castings are sometimes used as an
organic fertilizer. Because the earthworms grind
and uniformly mix minerals in simple forms,

plants need only minimal effort to obtain them.
The worms’ digestive systems also add
beneficial microbes to help create a living soil
environment for plants.
Vermi-compost in India
This approach (Jambhhekar, 2002) uses the
following materials: breeder worms, a wooden
bed and organic wastes. The bed should be of
the desired length and about 75 cm high × 120
cm wide. Worms should be applied for every
part of waste. Other steps are- Sieving,
Shredding and Blending. The raw materials
should be kept in piles and the temperature
allowed to reach 50-55°C. The piles should
remain at this temperature for seven to ten
days. Maintain moisture, temperature and Ph
level. The optimum moisture level for
maintaining aerobic conditions is 40-45
percent. Proper moisture and aeration can be
maintained by mixing fibrous with N-rich
materials. The temperature of the piles should
be 28-30 °C. Higher or lower temperatures
reduce the activity of microflora and
earthworms. The height of the bed can help
control the rise in temperature. The pH of the
raw material should not exceed 6.5-7. The
compost is ready after about one month. It is
black, granular, lightweight and humus-rich.
In order to facilitate the separating of the worms
from the compost, watering should cease two
to three days before emptying the beds. This
forces about 80 percent of the worms to the
bottom of the bed. The remaining worms can
be removed by hand. The vermicompost is
then ready for application.
Aerobic Composting
Aerobic composting is a very popular
method for creating garden variety compost.
This type of composting doesn’t emit an
unpleasant odor and, with the proper
conditions, can be completed in a span of two
weeks. Aerobic composting uses oxygen to
biologically decompose waste materials in a
controlled condition until it stabilizes so it can
be utilized. Both carbon and nitrogen rich
organic materials are used for aerobic
composting. The optimum ration is 25 or 30
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parts carbon to one part nitrogen. Examples of
carbon sources are leaves, wood chips, and
sawdust. Examples of nitrogen sources include
grass, food waste, and livestock manure. These
materials are decomposed by organisms
utilizing oxygen. It as the name suggests is
composting by treatment with air and bacteria.
The microorganisms disseminating the organic
waste that is high in nitrogen, will create high
temperatures, breaking it down quickly without
any odor. This type of composting needs
constant attention and care as the matter needs
to be over turned at periodic intervals for air
supply and to keep the temperature up. This
type of composting works very well for large
amount of waste. Proper moisture and air
circulation is needed to make sure that the
compost does not dry up.
Aerobic Composting Process
The aerobic composting process starts
with the formation of the pile. In many cases,
the temperature rises rapidly to 70-80 °C within
the first couple of days. First, mesophilic
organisms (optimum growth temperature range
= 20-45 °C) multiply rapidly on the readily
available sugars and amino acids (Table 1).
They generate heat by their own metabolism
and raise the temperature to a point where their
own activities become suppressed. Then a few
thermophilic fungi and several thermophilic
bacteria (optimum growth temperature range
= 50-70 °C or more) continue the process,
raising the temperature of the material to 65 °C
or higher. This peak heating phase is important
for the quality of the compost as the heat kills
pathogens and weed seeds. The active
composting stage is followed by a curing

stage, and the pile temperature decreases
gradually. The start of this phase is identified
when turning no longer reheats the pile. At
this stage, another group of thermophilic fungi
starts to grow. These fungi bring about a major
phase of decomposition of plant cell-wall
materials such as cellulose and hemi-cellulose.
Curing of the compost provides a safety net
against the risks of using immature compost
such as nitrogen (N) hunger, O deficiency, and
toxic effects of organic acids on plants.
Eventually, the temperature declines to
ambient temperature. By the time composting
is completed, the pile becomes more uniform
and less active biologically although
mesophilic organisms recolonize the compost.
The material becomes dark brown to black in
colour. The particles reduce in size and become
consistent and soil-like in texture. In the
process, the amount of humus increases, the
ratio of carbon to nitrogen (C:N) decreases,
pH neutralizes, and the exchange capacity of
the material increases.
Anaerobic composting, is composting
without the need of air. Anaerobic composting
is done through fermentation using no or
limited oxygen. It relies on anaerobic microbes
to decompose the materials. This
decomposition process produces methane
gases and hydrogen sulfide which release a
strong sulfur-like smell. As anaerobic
composting is a low-temperature process,
pathogens and weed seeds are not killed in
the process. The pathogens will disappear
slowly over time in the unfavorable
environment. Herein you make a pile of waste
products and wait for several years for

Table 1: Carbon and Nitrogen composition of some compost feedstock (Based on dry
weight of feedstock)
(Percent)
Feedstock
Urine
Grass
Cow manure
Food waste
Yard waste
Leaves

Carbon
12.1
41.6
30.6
50
44.5
44.5

Nitrogen
15.1
2.46
1.7
3.2
1.95
0.93

C/N Ratio
0.8
17.0
18.0
15.6
22.8
48.0
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Reference
Polprasert, 1989
Michel et al., 1993
Polprasert, 1989
Kayhanian and Tchobanoglous, 1992
Kayhanian and Tchobanoglous, 1992
Michel et al.,1993

compost to occur. This is of little or no
maintenance as slow moving bacteria inside
the waste doesn’t require air to break down.
For anaerobic composting, choose nitrogenrich materials. Examples of nitrogen
compostable materials are non-fatty kitchen
scraps, houseplant clippings, tea bags, egg
shells, human or pet hair, small amounts of
wood ash or grass clippings, and untreated
paper towels, napkins or tissue. It’s best to
not include organic materials like meat, bones,
animal fat or oil, and dairy products. Anaerobic
composting also thrives with a limited amount
of carbon-rich materials like leaves and wood
yard trimmings. This type of compost is
normally found in landfills. The compost matter
decays creating a smell. That is the reason why
most of the landfills creates an awful smell.
Composting is a method of today that will
affect our ecology positively tomorrow.
Anaerobic Composting Process
Anaerobic composting requires little work
only to pile up the materials in the bin, wet the
pile, cover it with a lid, and wait for the compost
to be ready for use. If you have yard space,
you can set aside a small area for your
anaerobic compost. The greater the surface
area for the microorganisms to thrive in means
the faster the decomposing process. Look for
a large bin with a lid, preferably those that have
more than a 35 gallon capacity. Remove the
bottom of the bin. Dig about 6-12 inches deep
and place the bin firmly in the pit. You may
fortify the bottom of the hole with bird wire to
keep out scavengers but allow earthworms to
enter and enrich your compost. Once you have
set up the bin, you can begin adding materials
to your anaerobic compost pile. Add enough
water to keep the moisture content at 40-75
percent. Cover the bin and refrain from opening
and closing the bin frequently to promote the
anaerobic microbe activity, limiting it to no
more than twice a week. Maintain the moisture
level by watering at least once a month. Unlike
aerobic composting, do not turn the pile since
this would be incorporating oxygen into the
pile and only prolong the decomposing

process. Anaerobic composting generally
takes about three months to fully mature. The
resulting compost may look dark and slimy,
but it is filled with nutrients that are beneficial
for the soil and for your plants. Once the
decomposing process has been completed, it
should be allowed to dry and aerate for 6
months to a year to allow for the elimination of
pathogens and promote ideal compost
composition to be harvested.
CONCLUSIONS
Compost is used in order to treat and better
the damaged soil quality. The microorganisms
that thrive on the compost, form humus while
they decay the contents. This humus is rich in
nutrients and a boon to damaged soil. It
replenishes the soil keeping it potent and
moist. Composting can be used as a direct
substitution for chemical fertilizers, which are
proven to be harmful to the soil in the long
run. Composting helps prevent diseases such
as nematodes, fusarium etc that occur in plants
and also help eradicate the problem of pests.
Composting enables a household to reduce
their daily waste by diverting it from garbage
can to their garden. With compost, you can
reduce the amount of waste that goes to the
landfills. With this, you can play your part in
reducing the landfills and make your city a
better place to live in. Composting helps
control soil erosion. Composting also helps
prevent pollution. Instead of the materials
being used in land fills and later producing
leachate and methane, the organic materials
can instead be used in a compost. It stops
pollutants that are carried by running rain water
from reaching our water resources. During
composting, it has been seen that the volatile
organic compounds along with the semivolatile ones are treated. They also get rid of
the chlorinated as well as the non-chlorinated
hydrocarbons. The same goes for polyaromatic
hydrocarbons and heating fuels. It absorbs
the odors and keep a stronghold on the heavy
metals from the soil, keeping them from getting
carried away by running water and/or
consumed by plants. It is sold commercially
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and is very marketable. Composts that possess
materials that can be harmful to plants are also
been researched upon; it is suspected that they
can also be used as an agent of weed control.
Compost has also contributed in the
restoration and preservation of wetlands.
Organic in nature and containing
microorganisms, they are known to be great
for the survival of wetlands. This directly
affects the plantations as wetlands are a
perfect breeding ground for them. Composts
help increase the cation exchange capacity
immensely. This allow the soil to hold their
nutrients longer and enables the plants to
thrive on them better by preventing leaching.
Composting the soil, increases its water
utilization and thereby its drought resistance.
Anaerobic composting produces methane gas
which uses as source of energy production.
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ROLE OF FARM INPUTS IN SUSTAINING PUNJAB
AGRICULTURE
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ABSTRACT
The study revealed that the use of inputs such as chemical fertilizers,
pesticides, insecticides, sources of irrigation and agricultural labour have
increased at a growth rate of 6.39, 1.96, 2.03, 0.81 and 3.18 percent,
respectively over the years. The number of tractors in state which were only
1.10 lakhs in 1980 increased to more than four lakhs in 2010. Also, other
farm machinery such as disc harrow, seed-cum-fertilizer drills and threshers
have also increased at a growth rate of five, seven and 12 percent,
respectively. At the end, it was concluded that in order to achieve good
returns accompanied with sustainability in Punjab agriculture, some efforts
should be undertaken that is, the use of chemical fertilizers, pesticides should
be contained by using alternative manures like green manure, farm yard
manure (FYM), natural pest control techniques, IPM techniques and biofertilizers. Farmers especially marginal and small one’s should be advised
for making judicious use of farm machinery by working on custom hiring
basis for making their farming viable. Emphasis should be given on growing
water saving crops. Besides, farmer’s training camps, demonstrations and
adoption of new agricultural technologies can be helpful in making farming
viable.
Keywords: Green revolution, inputs use, mechanization, sustainability
JEL Classification: C81, Q01, Q12, Q18

INTRODUCTION
The state of Punjab in India, been one of
the world’s most remarkable examples of
agricultural growth. The growth in Punjab has
been closely associated with the well-known
Green Revolution, which saw the development
and adoption of high-yielding varieties
(HYV’s) of wheat and rice crops. Not only the
cropping pattern has undergone a significant
change over time, the use of modern inputs
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has also increased while it has discouraged
the use of traditional inputs (Kataria and
Chahal, 2004). It has experienced phenomenal
growth in farm output and played a key role in
the development of the Indian economy. With
the introduction of high yielding varieties of
crops, expansion of irrigation facilities, use of
chemical fertilizers, weedicides and adoption
of plant protection measures, the production
of many crops has shown a drastic change.
With almost the stagnating growth in
agriculture and more and more emphasis on
phasing out subsidy on chemical fertilizers and
diesel, heavy burden of costly installation of
submersible pumps, agricultural machinery
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and implements and increasing labour wage
rates in the recent past, the farmer lobbies are
crying hoarse to draw attention of the Indian
Government to announce higher minimum
support price for the agricultural products
produced by them and provide more subsidy
on diesel and chemical fertilizers. The increase
in the number of tractors from 0.41 to 3.54 lakhs
in 1970-71 to 1994-95 and tubewells from 1.97
to 8.60 lakhs during the same period showed
that the agricultural price policy had
encouraged the farm-operators to invest more
for the creation of farm infrastructure. The
income in the farm sector also increased
steadily over a period of time (Chahal and
Dhawan, 1998). It was emphasized that
technological breakthrough of the green
revolution had been highly biased towards
irrigated areas (Chand and Pal, 2003). The fasttrack adoption of production-augmenting
technologies has led to several growth-related
problems on the economic, social and
environmental fronts in Punjab agriculture, so
much so that the sustainability of wheat-paddy
rotation is being doubted and debated. Lack
of crop diversification and heavy dependence
on a few major cereal varieties has led to a
significant loss in crop biodiversity.
DATA AND METHODOLOGY
The present study was based on secondary
data. Based on the availability of data, the
changes in resource use were examined for
various aspects, that is agricultural labour,
consumption of fertilizers, consumption of
pesticides, use of agricultural implements and
machinery, change in irrigation facilities in
Punjab. The data were collected from various
reliable sources such as Statistical Abstracts
of Punjab (various issues), Agricultural
Statistics at a Glance (various issues),
Directorate of Economics and Statistics,
Department of Agriculture and Cooperation,
Ministry of Agriculture, Government of India.
Analytical Techniques
The compound growth rates were
calculated for major crops raised in Punjab for
the following periods:

1965-66 to 1984-85 - Green revolution period
1985-86 to 1993-94 - Post- green revolution
period
1994- 95 to 2011-12 - Stagnation period
The compound growth rates were
computed by fitting the exponential function
in the case of fertilizer consumption and area
under different irrigation facilities of the Punjab
state.
RESULTS AND DISCUSSION
Chemical Fertilizers
Intensive agriculture, with high use of
chemical fertilizers was introduced in India in
the end 1960’s as part of the green revolution.
The quick adoption of chemical fertilizers and
fertilizer responsive varieties along with
irrigation helped in a remarkable increase in
agricultural production in the Punjab state. The
consumption of chemical fertilizers in Punjab
state has been presented in Table 1. Total
consumption of Nitrogenous (N), Phosphatic
(P2O5) and Potassic (K2O) fertilizers in the state
during 1970-71 was 213 thousand nutrient
tonnes which increased to 1220 thousand
nutrient tonnes in 1990-91 and then showed a
huge increase to 1972 nutrient tonnes in 201213. During 2012-13, use of N, P2O5 and K2O was 1486, 462 and 24 thousand nutrient
Table 1: Consumption of chemical fertilizers
in Punjab
(000' nutrient tonnes)
Year

Nitrogenous Phosphatic Potassic
Total
(N)
(P2O5)
(K2O)
(NPK)
1970-71
175
31
7
213
(82.10)
(14.60)
(3.30)
(100.00)
1980-81
526
207
29
762
(69.00)
(27.20)
(3.80)
(100.00)
1990-91
877
328
15
1220
(71.90)
(26.90)
(1.20)
(100.00)
2000-01
1008
282
23
1313
(76.80)
(21.50)
(1.70)
(100.00)
2010-11
1403
435
73
1911
(73.40)
(22.80)
(3.80)
(100.00)
2011-12
1416
448
54
1918
(73.90)
(23.30)
(2.80)
(100.00)
2012-13 (P)
1486
462
24
1972
(75.40)
(23.40)
(1.20)
(100.00)
CAGR %
4.81**
4.68**
2.72**
4.69**
Source: Statistical Abstract of Punjab (various issues)
Figures in parenthesis indicate the percentages to the total
*
and ** indicates significance at 1 and 5 percent level
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tonnes, respectively. Nitrogen fertilizers are
most important for the growth of plants and
hence are used in highest proportions which
are leading to nutrient imbalances. In spite of
the fact that Punjab is one of the most
agriculturally progressive states, the ratio of
N, P2O5, and K2O in Punjab is one of the most
lop sided ones in the country with the
maximum emphasis on nitrogen and very little
attention has been given to balanced nutrient
application. The nitrogen share in total NPK
consumption has also shown a change as it
contributes 82.1 percent share to total NPK
during 1970-71 which decreased to 75.4 percent
in 2012-13 but the overall consumption has
increased from 175 to 1486 nutrient tonnes
during 1970-71 to 2012-13, respectively.
Growth in Fertilizer Consumption
The trends in the consumption of chemical
fertilizers in the Punjab state from 1965-66 to
2011-12 have been presented in Table 2. A
perusal of the table reveals that growth in NPK
consumption over the period 1965-66 to 201112 went up tremendously by 6.31 percent per
annum. The period-wise growth in NPK
consumption was largest during green
revolution period (15.89 percent) and lowest
during post green revolution period (1.52
percent). The consumption of nitrogenous (N)
fertilizer was 14.45 percent per annum during
green revolution period, where as it went down
to 2.35 percent during stagnation period.
Phosphatic (P2O5) fertilizer also showed the
same trend but the increase was at greater pace
(23.35 percent) during green revolution period

while it was 3.64 percent per annum during the
stagnation period.
Similarly, Potassic (K2O) fertilizer showed
increase in consumption as its growth was
15.46 percent per annum in green revolution
period which declined to 9.65 percent during
stagnation period. Overall, growth in
nitrogenous (N), phosphatic (P 2O5) and
potassic (K2O) fertilizers was 6.23, 7.35 and 4.38
percent per annum, respectively. Thus, growth
in phosphatic (P2O5) fertilizer consumption was
more than nitrogenous (N) and potassic (K2O)
fertilizers during the last four decades.
Water Management
In Punjab, about 98 percent of the net sown
area is irrigated. Table 3 show that in 1970-71,
about 55.10 percent of the total irrigated area
was under tube well irrigation which increased
Table 3: Source wise irrigation facilities in
Punjab
(000' ha)
Year
1970-71

Canals Tubewells Other sources
Total
1292
1591
5
2888
(44.73)
(55.10)
(0.17)
(100.00)
1980-81
1430
1939
13
3382
(42.28)
(57.34)
(0.38)
(100.00)
1990-91
1669
2233
7
3909
(42.70)
(57.12)
(0.18)
(100.00)
2000-01
962
3074
2
4038
(23.82)
(76.13)
(0.05)
(100.00)
2010-11
1116
2954
4070
(27.42)
(72.58)
(100.00)
2011-12 (P)
1116
2970
4086
(27.31)
(72.69)
(100.00)
CAGR %
-0.71**
1.64**
-2.28ns
0.81**
Source: Statistical Abstract of Punjab (various issues)
Figures in parenthesis indicate the percentages to the total
**
indicates significance at 5 percent level
NS: Non-significant

Table 2: Compound annual growth rate (CAGR) of various chemical fertilizers in Punjab
(Percent annum-1)
Particulars
Period I
(1965-66 to 1984-85)
Period II
(1985-86 to 1993-94)
Period III
(1994- 95 to 2011-12)
Overall
(1965-66 to 2011-12)

Nitrogenous (N)
14.45**

Phosphatic (P2O5)
23.35**

Potassic (K2O)
15.46**

Total (NPK)
15.89**

2.72**

-1.37ns

-12.48**

1.52**

2.35**

3.64**

9.65**

2.78**

6.23**

7.35**

4.38**

6.31**

Note: ** indicates significance at 5 percent level
ns: non- significant
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to 76.13 percent in 2000-01 and since then
showed a slight decline and was around 72.69
percent in 2011-12. Canals, which covered
around 44.73 percent of the total irrigated area
in 1970-71, declined to 23.82 percent in 200001, and then rose further to around 27.31
percent in 2011-12. While canal irrigation has
been declining over the years, tube well
irrigation, particularly in the Central and
Northern regions of Punjab has been on the
increase and during 2011-12, the tube wells
were providing irrigation to about 2970
thousand hectares of land accounting for
nearly 73 percent of the net irrigated area in
the state. In many areas, excessive exploitation
has pushed the groundwater table below the
critical depth of 10 meters.
Deep tube wells are being used even in the
Southern region, where the underground water
is brackish. Existing cropping pattern, cheap
credit and free supply of electricity are the main
factors behind steep increase in the use of
tube wells for irrigation in the state. Extensive
use of groundwater through tube wells have
led to lowering of the groundwater table in
most parts of the state. The water table in the
Central districts of Punjab has been going
down whereas in South Western parts it is
going up resulting into the problem of water
logging. Most of the centrifugal pumps have
been replaced by the submersible pumps
leading to additional expenditure along with
tremendous increase in energy consumption.
Various steps have been taken to work out
methods for optimum water-use efficiency for

different crops in different regions.
Implementation of Punjab preservation of subsoil water act, 2009 is a major breakthrough in
managing dwindling ground water resources
of state. Promotion of adoption of
tensiometers, laser levelling of fields, ridge
planting and emphasis on growing water
saving crops are some of the other steps taken
in this regard. Time has come to use rainwater
harvesting technologies for conserving water
and for recharging the underground water,
both in rural and urban areas.
Growth of Source-wise Irrigation Facilities
The trends in the area under different
sources of irrigation in the Punjab state from
1965-66 to 2011-12 have been presented in
Table 4. The area under irrigation facilities over
the period 1965-66 to 2011-12 went up by 1.09
percent per annum. Period-wise growth in
irrigation facilities was largest during green
revolution period (2.41 percent) and lowest
during stagnation period (0.18 percent). So,
according to different irrigation facilities, the
growth under irrigated area was maximum
under tube wells (4.13 percent) followed by
canals (0.70 percent), while under other
sources of irrigation, it declined by 1.61 percent
per annum during the green revolution period.
However, during the stagnation period,
irrigated area under canals declined by 1.71
percent while area under tube well irrigation
increased by 1.81 percent per annum. Overall,
area under tubewell irrigation increased by 2.09
percent per annum while on the contrary, area
under canal and other sources of irrigation

Table 4: Compound annual growth rate (CAGR) of various irrigation facilities in Punjab
(Percent annum-1)
Particulars
Period I
(1965-66 to 1984-85)
Period II
(1985-86 to 1993-94)
Period III
(1994- 95 to 2011-12)
Overall
(1965-66 to 2011-12)

Canals
0.70**

Tubewells
4.13**

0.74 ns

0.87*

8.08

ns

0.85**

-1.71*

1.18**

-9.92ns

0.18**

-0.49**

2.09**

-2.36*

1.09**

Note: * and ** Significance at 1 and 5 percent level
NS: Non-significant
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Other sources
-1.61**

Total
2.41**

declined by 0.49 and 2.36 percent, respectively.
The reason for such a cause can be sharp
decline in ground water table and some of the
farmers residing at the tail end of the canal
irrigation network did not get the required
irrigation water for their crops.
Pesticides/ Insecticides
The use of insecticides and weedicides has
played a crucial role in yield exploitation and
stability in state agricultural production. The
pest problem accentuated with the introduction
of high yielding varieties of crops, intensive
use of inputs and development of new
cropping patterns. Crops like cotton,
sugarcane, paddy, oilseeds and vegetables
have shown greater reliance on pesticides.
Problem of weeds also increased with increase
in cropping intensity and fertilizer use
particularly in irrigated areas like Punjab. Table
5 shows that the consumption of pesticides
and insecticides in Punjab has almost doubled
with consumption from 3200 kg in 1980-81 to
5975 kg in 2012-13 while consumption of
insecticides increased from 1280 kg in 1980-81
to 2390 kg in 2012-13.
The major increase for pesticides was
recorded during 90’s when in 1990-91, its
consumption was 6500 kg (in technical grade)
due to inclement weather resulting in pest
attack during those years particularly in case
of cotton crop due to attack of American
Bollworm. Punjab farmers had used weedicides
effectively in weed management of field crops
particularly in crops like wheat, paddy, potato,
etc. This resulted into tremendous increase in
demand of pesticides and weedicides over
time. The total consumption of plant protection
agro-chemicals including weedicides,
fungicides and rodenticides in Punjab was at
5900 kg (technical grade) in 2007-08 which
declined to 5600 kg in 2010-11. The decline
may be attributed to the large scale adoption
of Bt cotton and availability of new chemicals
requiring application in relatively small doses.
However, the estimated consumption of these
during 2012-13 was 5975 kg (Table 5). Certain
harmful effects of extensive use of these

Table 5: Consumption of technical grade
pesticides and insecticides in Punjab
(Kg)
Year
1980-81
1990-91
2000-01
2007-08
2008-09
2009-10
2010-11
2011-12
2012-13 (P)
Growth rate (%)

Pesticides *
3200
6500
6970
5900
5760
5745
5600
6150
5975
1.96

Insecticides
1280
1850
3456
2650
2690
2600
2602
2340
2390
2.03

Source: Agriculture at a Glance, Department of Agriculture,
Punjab, Chandigarh
N ote: Pesticides * includes weedi cides, fungicides and
rodenticides

chemicals being observed include chemical
residue in agricultural output, development of
strains of resistance, undesirable side effects
on non target flora and fauna and resurgence
of certain insect and weed species along with
appearance of secondary pests/weeds.
Regular monitoring and surveillance of these
problems in state is the need of the hour.
Agriculture Labour in Punjab
Punjab State is predominantly an
agricultural state with two-third of its
population directly or indirectly dependent on
agriculture. With introduction of new
agricultural technology in sixties, crop
rotations experienced significant changes
along with the increase in cropping intensity,
which resulted in increased aggregate labour
employment in agriculture.
However, due to fast pace of agriculture
mechanization during eighties, the
Table 6: Agriculture labour in Punjab
(Lakh)
Year
1961
1971
1981
1991
2001
2011
Growth rate (%)

Agriculture labour
3.34
7.86
10.92
14.53
14.98
15.88
3.18

Source: Agriculture at a Glance, Department of Agriculture,
Punjab, Chandigarh
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complementary relationship between the
agricultural development, mechanization and
demand for labour weakened. During nineties,
the Punjab agriculture reached a stage where
increased mechanization particularly for
harvesting of wheat and paddy and use of
labour substituting inputs like weedicides and
herbicides along with decrease in area under
labour intensive crops, started competing with
labour force and resulted in substantial labour
displacement. The slow growth of agriculture
employment in recent years could be largely
attributed to imbalanced growth of
mechanization that substitutes the machine
labour for human and animal labour.
The level of mechanization is already
higher in Punjab, where man days employed
in production of crops are low as compared to
other parts of the country and negative growth
in agricultural employment was experienced
against a positive growth rate of real
agricultural output in the nineties. In a labour
surplus economy like ours, the primary concern
still centers on human labour employment. As
the siphoning off mechanism of agricultural
labour to other sectors has remained rather
ineffective in Punjab state, the solution to
problems of rural unemployment and under
employment depends upon the potential of
crop production sector in absorbing the labour.
During 1961 Census, agriculture labour
accounts for 3.34 lakh which increased to 10.93
lakh in 1981 Census and hovered around 15.88
lakh in 2011 Census pertaining to a growth
rate of 3.18 percent (Table 6). Wages are equally
important in indicating the importance of a

particular sector along with socio-economic
status of the people employed. This clearly
points towards shortage of labour for
agricultural sector as has been experienced in
the past few years.
Farm Machinery and Equipments
Punjab state had made remarkable progress
in agriculture through taking a big leap forward
in terms of mechanization. Backed with
effective agricultural policies, the farmers of
state tended their crops according to the advice
of experts through well established agricultural
extension network and achieved the record
productivity levels. The rapid adoption of the
green revolution technology in Punjab has led
to the sharp increase in farm mechanization.
The number of tractors in state was only 1.10
lakh in 1980, which increased to more than four
lakh in 2010 while the number of threshers in
state was only 25 thousand in 1980, which
increased to more than seven lakh in 2010.
Effective price policy through significant
increase in minimum support prices (MSP),
assured procurement and development of
market infrastructure particularly for wheat and
paddy coupled with relatively better
production technology available has driven
the state agriculture at remarkable rate and
resulted into the emergence of paddy and
wheat crops as the most secure and profitable
ones in the state. Mechanization has
contributed significantly in increasing the
agricultural production of state. It helped in
achieving the timeliness of various farm
operations like seedbed preparation, sowing,
spraying, harvesting and threshing and makes

Table 7: Agricultural machinery and implements in Punjab
(000')
Year
Tractors
Disc harrows
Seed-cum-fertilizers drill
Spray pumps
Tractor drawn combines
Self-propelled combines
Threshers

1980
110
71
19
25

1990
265
215
100
297

2000
395
255
180
555
5.1
2.9
285

2007
420
220
178
655
6.6
7.6
91

2008
425.2
224
183
665
6.6
8.4
822

Source: Agriculture at a Glance, Department of Agriculture, Punjab, Chandigarh
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2009
425.2
224.3
183.4
655
6.2
8.4
802

2010 Growth rate (%)
434
5
210
5
166.5
7
600
6
8.1
740
12

efficient use of resources. Further, it offsets
the challenges of labour shortages and
drudgery involved in farm work. Farm
mechanization, no doubt, has been beneficial
for the intensive use of land and has helped
considerably in overcoming the risk of
unfavourable effects of weather on maturing
crops. In Punjab with crop intensification,
agriculture has become highly machinery
dependent. The data on different types of farm
machinery being utilized in Punjab agriculture
is presented in Table 7. Besides tractors, other
farm machinery such as disc harrow, fertilizer
drills and threshers have also increased at a
growth rate of five per cent, seven per cent
and 12 percent, respectively. As being
indicated by marginal increase in number of
various machines during the three decades,
the mechanization of state agricultural has now
almost reached a saturation point. As this over
capitalization in farm mechanization and it’s
under utilization leads to higher cost of
production and lower net income to farmers,
making it economically unviable.
CONCLUSIONS AND SUGGESTIONS
With the assured price given to farmers,
the use of inputs has increased to a much
greater level as the NPK consumption over
the study period went up tremendously. The
use of inputs has also increased to a much
high level resulting in over exploitation of
natural resources. The sources of irrigation
have shown a trend which clearly indicated
that area under tube well irrigation has
increased and area under canal irrigation has
shown a declining trend during the study
period. The use of pesticides has shown an
approximate double consumption from 3200 kg
in 1980-81 to 5975 kg in 2012-13 while
consumption of insecticides increased from
1280 kg in 1980-81 to 2390 kg in 2012-13. As
per 1961 census, agriculture labour accounted

for 3.34 lakh which increased to 10.93 lakh in
1981 census and hovered around 15.88 lakh in
2011 census. Various steps should be taken to
work out methods for optimum water-use
efficiency for different crops in different
regions. Implementation of Punjab
preservation of sub-soil water act, 2009 is a
major breakthrough in managing dwindling
ground water resources of the state. Rainwater
harvesting technologies should be promoted
for conserving water and for recharging the
underground water, both in rural and urban
areas. The use of chemical fertilizers, pesticides
should be minimized by using alternative
manures like green manure, farm yard manure
(FYM), natural pest control techniques and
bio-fertilizers. Farmers especially marginal and
small one’s should be advised for making
judicious use of farm machinery by working
on custom hiring basis for making their farming
viable.
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ORGANIC FARMING: STATUS AND CONSTRAINTS
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ABSTRACT
The success achieved in terms of self-reliance in food production over the
last five decades has come at a price in terms of adverse impact on environment
affecting physical, financial and general health of the economy. In the wake
of various problems and emerging awareness about health hazards due to
modern inputs use as well as new avenues in world trade, farmers are turning
towards organic agriculture. Adoption of organic farming in Punjab state
is lagging behind as compared to national scenario. Punjab comprises only
0.12 percent of total area under organic production in the country. During
last five years, production of tea, coffee, spices, fruit and vegetables has
shown an increase under organic farming, while of cereals, pulses and
oilseeds has declined in the country. But Indian organic exports have shown
an increase of 18.5 percent between 2007-08 and 2009-10 and an increase
of 15.6 percent in the export value. These products have been well accepted
in developed nations of America and Europe. Cumbersome procedure to get
organic certification, lack of political will, lack of awareness, initially low
yields during conversion period, shortage of organic inputs and supporting
infrastructure are the main hindrances in adoption of organic agriculture.
Keywords: Constraints, exports, health hazards, organic,
JEL Classification: Q01, Q10, Q16, Q18

INTRODUCTION
Organic farming works in harmony with
nature. This involves using practices and
techniques of farming aimed at getting good
crop yields but without any adverse effect on
the natural environment including people
around and workers involved. The modern take
on organic farming is to adopt best of traditional
practices with scientific knowledge to get the
best of past and present. It is creation of
balance between nature and farming.
According to Codex Alimentarius (FAO/
WHO), organic agriculture is a holistic
*

Associate Professor and Professor of Economics,
Department of Economics and Socioligy, Punjab
Agricultural University, Ludhiana-141004
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production management system which
promotes and enhances agro-ecosystem
health, including biodiversity, biological cycles
and soil biological activity. It emphasizes the
use of management practices in preference to
the use of off-farm inputs, taking into account
that regional conditions require locally adapted
systems. This is accomplished by using, where
possible, agronomic, biological and
mechanical methods as opposed to using
synthetic materials to fulfill any specific
function within the system (Ramesh et.al.2010).
Why Organic Farming?
Organic farming is being adopted in India
under different perspectives. One is of
compulsory nature i.e. in those areas, where it
is undertaken traditionally due to lack of
modern inputs or no exposure to new methods
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of cultivation. While some of the farmers are
going for it due to hazards emerging from
modern agriculture. It can be due to loss of
soil fertility caused by intensive cultivation or
awareness about rising food toxicity as well
as rising cost of production. Third category
comprises of those farmers who want to avail
the benefit of new avenues in the global market
due to rising demand of organic products
world over.
Certification of Organic Farming
In the case of organic farming of
compulsory character, where it is a way of life,
no certification is found that is in tribal or wild
produce. In the case of second category, where
farmers are shifting from modern to organic
farming, it can be certified or non-certified
depending on the awareness of the farmers.
But those who are adopting it to exploit the
global trade scenario, mostly seek certification.
India has adopted internationally acclaimed
certification process namely, National
Programme on Organic Production (NPOP).
Regulation under it is having two separate
acts, one for imports and domestic market and
the other for exports.
Foreign Trade Development and
Regulation Act (FTDR) is for international
market and is well accepted by European Union
and United States. Agriculture Produce
Grading, Marketing and Certification Act
(APGMC) under Agriculture Marketing
Advisor (AMA), Ministry of Agriculture are
certified to look after domestic market and
imports. On the other hand, FTDR Act is in the
supervision of APEDA. National Accreditation
Body (NAB) grants the accreditation of
certification and inspection agencies. In all,
there are 18 accredited certification agencies,
four in public sector and 14 in private sector
who are undertaking the certification of
organic products.
In current scenario, though great success
have been achieved in agricultural production
and productivity and became not only self
reliant but rather surplus producer of many
agricultural commodities, but at the same time,

we are facing a sort of crisis on many fronts.
The high yielding variety seeds adopted since
Green Revolution have no doubt increased
farm incomes, but at the same time led to
increased cost of cultivation due to higher use
of chemical fertilizers, pesticides, water use,
etc. This has further taken a toll on our natural
resources and has led to loss of natural fertility
of soils, depletion of nutrients, dwindling
underground water reserves, pest resistance,
resurgence of new weeds, loss of friendly
insects, altering the environment for producers,
workers as well as co consumers (Kaur and
Kaur, 2014).
The impact we are facing in the form of
adverse effects on environment affecting
physical, financial and general health of
economy as well as masses. But organic
farming being nature friendly ,aims at giving
benefits not only to the people but also to the
environment by improving fertility of soil,
keeping pests and diseases under control,
conserve the water resources, decreasing cost
of the producer farmer as well as providing
healthy, nutritious food to consumers, cattle
and other animals without any adverse effect
on their health by minimizing all forms of
pollution that may result from modern
agricultural practices. So, it has a wider social
as well as ecological impact also. In the light
of foregoing discussion , this paper aims to
study the growth of organic farming in Punjab
vis-à-vis India.
Punjab, being on the forefront in
production of cereal crops, has emerged as a
modern agricultural state being the highest
consumer of chemical fertilizers and very high
level of pesticides. The state is facing the
emerging environmental issues related to the
growth achieved so far. Some awakening has
started in the state, with the success of organic
farming in western and southern states like
Karnataka and Maharashtra (Khanna, 2012).
Green Revolution has made the farmers of state
dependent on borrowed knowledge, totally
discarding the trust in inherited science and
technology.
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METHODOLOGY
The study is based entirely on secondary
sources of information and data. The data has
been collected on parameters like area,
production, commodities, exports and their
destination of organic agricultural produce
from official website of National Centre of
Organic Farming, APEDA, NPOP, Department
of Agriculture and Cooperation, Ministry of
Agriculture, Government of India as well as
ENVIS Centre, Punjab hosted by Punjab State
Council for Science and Technology,
Chandigarh.
RESULTS AND DISCUSSION
The organic farming scenario of India as
well Punjab has been analyzed with the help
of following tables.
The certified area under organic farming in
Punjab vis-à-vis India is presented in Table 1.
In 2005-06, the area covered under organic
products was 3779 hectares which has
increased to 6925 hectares showing an increase
of 83 percent in 2011-12. While, the area under
organic cultivation in the country was 173682
hectares in 2005-06 has increased significantly
to 5550405 hectares in 2011-12. Thus, Punjab
comprises only 0.12 percent of total area under
organic production in the country.
Table 1: Total certified area under organic
agriculture
(ha)
Year
2005-06
2006-07
2007-08
2008-09
2009-10
2010-11
2011-12

Punjab
3779.31
1600.42
3320.02
4192.52
5263.61
6025.78
6925.00

Table 2: Commodity-wise production of
major organic products in India
(MT tonnes)
Commodity
2007-08 2008-09 2009-10 2010-11
Rice
44132 76690 17762 176683
Wheat
28224 22560 113570 171685
Other cereals and millets 31820 131318 271042
Pulses
45518
34345 53227 42722
Soybean
43077 222832 315067 360837
Other oilseeds
25308
Cotton
142714 371740 837293 552388
Spices
1863
37504 168508 129878
Tea/coffee
11070 27344 40615 40806
Fruits and vegetables
10670 732579 889844 335863
Sugarcane
3613
Other
102772 221546 213854 2065576

shown a fluctuating trend. In crops like tea,
coffee, fruits and vegetables it increased to a
large extent. Organic production of spices and
other plants which mainly include medicinal
and herbal plants has increased during the last
four years to tap the potential of market
demand.
Organic Production in Punjab
Organic production of various agricultural
products in Punjab, has been shown in Table
3. Maximum production has been of fruits and
vegetables, followed by wheat and other
cereals. Herbal/medicinal plants have been
produced to the tune of 76 metric tons and
organic ricer only 57 metric tons. So, it is clear
that production of organic products has been
very low in Punjab.
Table 3: Crop-wise organic production in
Punjab, 2009-10
(MT tonnes)

India
173682
538170.55
865323.09
1207055.18
1085648.45
4427519.00
5550405.00

Production and Composition of Organic
products
The production scenario of organic
products and their changing composition is
depicted in Table 2. In products like wheat,
other cereals, pulses and oilseeds, organic
production has declined while, in cotton it has

Crop
Rice
Wheat
Other cereals
Pulses
Oilseeds
Spices
Fruits and vegetables
Herbal/medicinal
Others

Production
57
557
172
10
11.5
33
574
76
34

Exports of Organic Products
Certain Indian organic products have
attained good standing in the world market
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Table 4: Product-wise export of organic products from India, 2007-08 to2009-10
Particulars
Cotton
Basmati rice
Honey
Tea
Dry fruits
Medicinal and herbal plants
Sesame
Spices
Fruits
Pulses
Oil crop
Coffee
Processed food
Total
Value in Indian currency (`crore)
Annual CGR (%)

Export quantity (MT)
2007-08
2009-10
16503.63
10887
5623
5250
4220
2961
3028
2727
2479
1923
614
1686
1395
1273
1182
1013
16
75
5
10
243
11891
138
349
1834
2224
37533
44476
18.50

and have became source of earning foreign
exchange for the country. The major organic
exports of India have been shown in Table 4
along with their export values. So, it can be
seen that total organic exports in quantitative
terms have increased by 18.5 percent in 200910 over 2007-08. However, the export value of
these exports has shown an increase of 15.6
percent during the same period. Product-wise
maximum export value is of cotton followed by
tea and dry fruits. The products like fruits,
spices, pulses, coffee, processed food, oil
crops have shown an increase in their export
values, while cotton, basmati rice, honey, tea,
dry fruits has a lesser export value in the later
period.
The export destination also affects the
credibility of organic products under the world
trade regime. In the light of sanitary and
phytosanitary measures contained in AOA to
protect human as well as animal life, quality
assurance is must for sustainability of exports.
So, application of these measures can affect
the destination of exports. But Indian organic
products as shown in the above table have
displayed wide acceptability in developed
nations of America and Europe. All of the listed
products have markets in USA, UK, Germany,
Canada, Japan, Italy, and France. New avenues

Export value
2007-08
26357352
12596530
9874839
19602525
17939248
2252361
1943170
4273600
77541
2850
165128
420346
3827730
100413540
498

(US$)
2009-10
25421860
11261905
7487797
16710261
15430991
13292446
1691589
4866678
258110
21186
8611897
1243243
6145639
116092180
591
15.61

like UAE, Czech Republic, Austria, Mexico, etc.
are also demanding organic products like
cotton, basmati rice, coffee, tea, etc.
Constraints Faced
It seems that Punjab is lagging behind in
adoption of organic farming, despite facing the
ill-effects of modern agricultural practices. The
state is in a dilemma between higher
production and environmental issues. The
constraints can be discussed as:
Lack of Political Will
There is no sound policy for adoption of
organic farming devised by the state
government. Production of chemical fertilizers
is mainly in public sectors, pesticides are
produced by public sector controlled units and
water for irrigation of high yielding varieties is
either free or subsidized. In all, there is lack of
political will to go for organic farming. Till
farmers are assured of procurement and good
prices for the on-going products, there is little
scope for the diversion towards organic crop
production.
Lack of Awareness/Knowledge
Farmers of the state also take it easy to go
for the same system; they are following for the
past five decades. Also, there is lack of training
facilities in organic farming to train the farmers.
Organic Farming Council of Punjab set up in
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Table 5: Export destination of India's organic products 2010-11
Product
Cotton
Basmati rice
Honey
Tea
Dry fruits
Processed food
Medicinal and herbal plants
Spices
Oil crops
Coffee
Fruits
Pulses
Sesame

Destination
China, Pakistan, Japan, USA, UAE, Mexico, Italy, France, Taiwan
U.K., Germany, Kuwait, Italy, The Netherland, France
USA, U.K., Germany, Canada
U.K., USA, Germany, Canada, Japan, Russia, Australia, New Zealand
Germany, USA, U.K, Austria, Italy, France
U.K., Germany, The Netherlands, USA, Dubai, Austria
U.K., USA, Germany, Belgium, Czech Republic, New Zealand
U.K., USA, Germany, South Africa, Australia, Belgium
Germany, U.K., France, USA
Denmark, Germany, Japan, USA, U.K., France
USA, U.K., Italy
Germany, USA, Austria, Israel
Germany, Netherland, USA, New Zealand

2006, has so far trained only about 1400 farmers
and there is no on-going project with it.
Shortage of Organic Inputs
As majority of the farmers go for chemical
fertilizers and pesticide use for crop cultivation,
so the state lacks availability of organic
manures and bio-fertilizers. A few available are
highly priced chemical fertilizers, and are
beyond the reach of small and marginal
farmers.
Cumbersome Procedure
Accreditation is required for marketing of
organic products within India or to export it.
Illiterate farmers find the procedure
cumbersome and fail to fulfill the paper work
and other conditions involved for certification
and it entails a prohibitive cost as well.
Low Yields
Farmers are shifting from modern to organic
way experience this bottleneck due to
interregnum. It takes time for the soil to bounce
back to its natural fertility, when we do away
with chemical inputs. So, in conversion
periods, yields are bound to dip.
Lack of Quality Standards for Organic Inputs
As these are low in production due to low
demand, so uniform standards of quality are
lacking in various organic inputs. This also
leads to price variation.
Lack of Supporting Infrastructure
The state lacks the refrigerated
transportation or storage facilities for
horticultural products. The processing

facilities are also available to a limited extent.
The trade channels and green markets have
not been developed in the state.
Shortage of Bio-mass
Crop residues can be used to prepare
vermin-compost, but majority of it is used as
either fodder or fuel. There is lack of
knowledge on the part of farmers for use of
bio-mass or whether it fulfills the requirements
of organic matter in the soil.
Marketing Problems
In initial periods, the farmers experience low
yields, they want premium prices for the
produce. But, in areas away from towns, they
fail to get it. The Organic Council is offering a
premium price of 10 per cent, 15 per cent and
25 per cent over and above Minimum Support
Price (MSP), for the first, second and third year
respectively (Chaba, 2013).
National Policy
With ever increasing population, the thrust
of national policy has remained on higher
production and productivity. In the wake of
Food Security Bill, the demand for cereal crops
is bound to increase. So, there is lack of
concrete policy to promote organic farming in
Punjab, the food bowl of India.
CONCLUSIONS
Organic farming is one of the several
approaches found to meet the objectives of
sustainable agriculture. The traditional
agriculture practised in many parts of India
has lost its ground in the state of Punjab. Since,
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Green Revolution, state agriculture has become
dependent on commercial inputs. Its negative
effects are now visible through receding water
table, soil erosion, salination, soil
contamination, genetic erosion, etc. The ever
increasing cost of cultivation and stagnant
yield levels has eroded the profitability of
farming. Organic farming being supportive to
environment can be the solution of many
problems of modern agriculture. But, the state
is still far behind in its adoption due to many
constraints faced by the farming community.
So, the need is to address these bottlenecks
and create awareness about hazards of modern
agricultural methods and create conducive
environment for going back to roots as well as
to take advantage of potential world demand
of organic products.
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GROWTH OF AGRO AND NON-AGRO BASED
VILLAGE INDUSTRIES IN PUNJAB
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ABSTRACT
The present study was undertaken to examine the growth of production,
sale and employment in agro based and non agro based village industries
in the pre-liberalization and post-liberalization periodsin Punjab. Time
series data regarding production, sale and employment were taken from
secondary sources and was analysed with the help of compound annual
growth rates and percentages. It was found that agro based as well as nonagro based village industries have not been able to sustain their high
growth rate in the post-liberalization period. The compound annual growth
rates of production, sale and employment have come down in the postliberalization period in the case of all village industries except in khani oil
and non-edible oil and soap. The fall in growth rates has been the highest
in terms of employment in the non-agro-based village industries. This shows
that despite much expectations from liberalization, the growth of agro and
non-agro based industries has not been sustainable. Decreasing rates of
growth of production, sale and shrinking employment base indicate a need
for revival of village industries in rural Punjab.
Keywords: Agro-based industry, pre-and post-liberalization, village industries
JEL Classification: M01, M14

INTRODUCTION
A large section of population in India is
dependent on agriculture. Agro-based
industries are significant due to their role in
fostering strong linkages between agricultural
and industrial sectors, value addition and
employment generation at comparatively low
investment. Agro-based industries are those
industries which have either direct or indirect
linkages with agriculture. Such industries use
the raw materials provided by agriculture and
*

Professor and Assistant Professor, School of
Business Studies, and **Professor of Economics,
Department of Economics and Sociology, Punjab
Agricultural University, Ludhiana-141004
Email: goyalpratibha95@gmail.com

their output have a market among the rural
population. Surplus rural manpower is
absorbed by these industries (Shejal, 2013).
The share of agro-based industry in India
accounts for 35.3 percent of the total industrial
units in India (Reddy and Kumari, 2014).
Agro-based industry sector is now
regarded as the sunrise sector of the Indian
economy in view of its large potential for
growth and socio economic impact specifically
on employment and income generation. In
developed countries, nearly 14 percent of the
total work force is engaged in agro-processing
sector directly or indirectly. However, in India,
only about three percent of the work force finds
employment in this sector revealing its
underdeveloped state and vast untapped
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potential for employment. The properly
developed, agro-processing sector can make
India a major player at the global level for
marketing and supply of processed food, feed
and a wide range of other plant and animal
products. Agro-based village industry is all
the more important as, according to Mahatma
Gandhi a country like ours, teeming with
millions of unemployed, something is needed
to keep their hands and feet engaged in order
that they can earn an honest living. It is for
them that village industries are needed (Gandhi,
1934). Village industry is any industry located
in a rural area which produces goods or renders
services with or without the use of power and
in which the fixed capital investment per head
of an artisan or a worker does not exceed one
lakh rupees or such other sum as may, by
notification in the official gazette, be specified
from time to time by the central government
(www.kvic.org.in). The Khadi and Village
Industries Commission (KVIC) has broadly
grouped various village Industries under
seven heads for the purpose of implementation
of its programmes. These industries aremineral based industry (pottery and lime), agro
based and food processing industry (pulses
and cereals processing, gurkhandsari, palmgur,
fruit and vegetable processing and Oil),
polymer and chemical based industry (leather,
non edible oils and soap, cottage match and
plastic), forest based industry (medicinal
plants and bee keeping)hand made paper and
fibre industry, rural engineering and bio
technology industry (non conventional energy,
carpentry and blacksmithy and electronics)
and service industry (village industry
coordination).
Village industries are labour intensive and
capable of creating more employment (Rao,
1967). They have the potential to solve the
problems and stimulate rural economic growth
and overall development or rural areas. They
provide immediate large scale employment and
offer a method of ensuring more equitable
distribution of national income and facilitate
an effective mobilization of capital resources

and skill (Anjum, 2011). Therefore to minimize
prevalence of poverty, these industries can
play a vital role in providing rural employment
resulting in food security to rural people
(Meenakshisundaram, 2006).
In the post liberalisation period, the village
industries are facing stiff competition. This has
gravely impacted, leaving it with no option but
to further restructure, close up or scale down
in production. Ajithan (2006) found that village
industry in Kerala is facing the problems of
marketing, low technology, scarcity of capital,
low skill and organizational inabilities. In the
liberalised economy of India there are fears
that traditional industries may begin to
disappear due to presence of large industrial
enterprises, both domestic and foreign (Kumar,
2007). Studies have found that although small
units have been showing growth in all respects
during the post-reform period of 1990’s but
the growth rates are smaller as compared to
that of the pre-reform period (Bhavani, 2006).
The agro based as well as non-agro based
village enterprises face a number of constraints
pertaining to finance, marketing, technological
and export for smooth running of their
entrepreneurial units. There is urgent need to
provide the facilities which facilitate them
setting up of economically viable units and
they should be equipped with latest
technologies and skills by organizing different
entrepreneurial motivational and skill oriented
programs frequently. Shehrawat (2006) found
that lack of physical facilities, lack of sufficient
stock of raw material, lack of managerial
competence, poor attention on advertisement
and publicity of the products, poor working of
various industrial agencies, lack of
cooperation and coordination among different
developmental agencies, technological gap,
lack of sufficient working capital, problems in
procuring finance from different financial
institutions, cheaper and superior competitive
substitute, inadequate export information,
inadequate power supply, poor linkage with
marketing structure, and lack of government
support and incentives constituted very
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serious problems encountered by
entrepreneurs for a sustainable unit.
In Punjab, the nature and composition of
manufacturing underwent a notable change
since the advent of green revolution in the
mid 1960’s. The state witnessed rapid agroindustrialisation. Industries manufacturing
agri-implements, machine tools, pipes and
fittings, automobile parts and processing
industries such as cotton textiles, sugar, wheat
floor and rice shelling grew continuously from
1961 to 1984.Village industries also showed
varying degrees of growth in this period
(Bhalla et al., 1990). Have these agro based
and non agro based village industries been
able to sustain their growth in the postliberalization period, needs to be
examined.Therefore, the present study was
carried out with the following objectives:
i. to analyse the growth of production, sale
and employment in agro based and non
agro based village industries in Punjab,
and
ii. to compare the growth of agro based and
non agro based village industries in the
pre-liberalization and post-liberalization
period in Punjab.
METHODOLOGY
For the purpose of this study, village
industries were grouped into two categoris.
Processing of cereals and pulses, khani oil,
non-edible oil and soap, gurkhandsari, fibre
and village leather were included in the agrobased village industries categorywhile village
pottery, lime manufacturing, carpentry and
blacksmithy were taken in the category of nonagro-based industries category. Time series
data pertaining to production, sales and
employment in various village industries in
Punjab were taken. The secondary data were
obtained from various issues of the Economic
Advisor (1975-2011). The reference period for
analysis was taken from 1970-71 to 1989-90
(pre-liberalization) and 1990-91 to 2010-11
(post-liberalization). A comparative analysis of
compound annual growth rates (CAGR) for
pre-liberalization and post-liberalization period

were computed for key growth and performance
parameters like, production, sale and
employment.
RESULTS AND DISCUSSION
The growth of industries was analyzed in
terms of compound annual growth rate of
production, sale and employment in the preliberalization and post-liberazation periods.
The study shows that the growth rate came
down in the post liberalization period in both
agro and non-agro based village industry
sectors in Punjab. The reduction in the growth
rate of production was more in case of agro
based village industries as compared to that
in the non-agro based category. In case of agro
based industry, the compound annual growth
rate of production in the post- liberalization
period has been much below the growth rate
in the pre-liberalization period (Table 1).
In the pre-liberalisation period, the CAGR
was the highest (36.31 percent) in khani oil
and the lowest in fibre industry (17.80 percent).
In the post-liberalisation period, in case of agro
based industry, the growth was the highest
(16.29 percent) in processing of cereals and
pulses and the lowest (06.02 percent) in
gurkhandsari. In the non-agro-based category,
in the post liberalization period, the growth
rate has been the highest (18.44 percent) and
Table 1: Compound annual growth rate of
production in agro and non-agro base d
village industries in Punjab
(Percent)
Village Industry
Pre-LP Post-LP Overall
Agro-based industries
Processing of cereals and
25.68
16.29
21.2
pulses
Khanioil
36.31
6.84
20.86
Non edible oil and soap
30.44
10.55 20.09
Gurkhandsari
22.31
6.02
13.75
Fibre
17.8
7.42
12.71
Village leather
20.98
7.35
14.47
Total
25.58
9.07
17.18
Non-agro based industries
Carpentery and blacksmithy 36.26
8.84
21.88
Village pottery
21.75
10.92
16.51
Lime manufacturing
26.44
18.44 22.64
Total
28.15
12.73 20.34
LP: Liberalisation period
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lowest (08.84 percent) in carpentry and
blacksmithy industry.
The perusdal of Table 2 shows that in terms
of sale, the growth of agro based village
industry came down to almost one third (from
26.01 to 8.59 percent) in the pre- liberalization
to post liberalization period in Punjab while in
case of non agro based industry, it came down
to 11.80 percent in the post liberalization period
as compared to compound annual growth rate
of 27.56 percent in the pre-liberalization period.
Table 2: Compound annual growth rate of
s ale of agro base d and non-agro base d
village industries in Punjab
(Percent)
Village Industry
Agro-based industries
Processing of cereals and pulses
Khanioil
Non edible oil and soap
Gurkhandsari
Fibre
Village leather
Total
Non-agro based industries
Village pottery
Lime manufacturing
Carpentery and blacksmithy
Total

Pre-LP Post-LP Overall
30.61
30.97
31.06
23.15
18.56
21.74
26.01

16.17
6.68
9.71
5.28
6.89
6.83
8.59

23.37
18.47
20.04
13.76
12.79
14.30
17.12

20.22
26.34
36.14
27.56

10.08
17.24
8.09
11.80

16.19
21.69
21.35
19.74

LP: Liberalisation period

Among the agro based industries, the sale
of Khani oil had the highest growth (30.97
percent) in the preliberalisation period and the
processing of cereals and pulses had the
highest growth rate (16.17 percent) in the post
liberalization period.
In all the village industries, the CAGR of
sale has decreased in the post liberalization
period as compared to that in the preliberalization period. The decrease was the
maximum (36.14 to 8.09 percent) in case of
carpentry and blacksmithy, followed by Khani
oil (30.97 to 6.68 percent) and non-edible oil
and soap (31.06 to 9.71 percent). The decrease
is minimum in lime (26.34 to 17.24 percent)
followed by village pottery (20.22 to 10.08
percent) and fibre industry (18.56 to 6.89
342

percent) in the state of Punjab.
A perusal to Table 3 revealed that in the
pre-liberalisation period, the growth rate of
employment was much higher (20.65 percent)
in non-agro based sector as compared to that
(6.20 percent) in the agro based industries. In
both the sectors, the growth rate of
employment had come down, however the
decrease was much sharp in case of non-agro
based village industries.
During the period 1970-71 to 2010-11, overall
employment in lime manufacturing had
increased at the highest compound annual
growth rate (15.20 percent) followed by
carpentry and blacksmithy and processing of
cereals and pulses industries with the CAGR
of 14.83 and 13.02 percent, respectively.
Employment increased at the lowest rate (1.16
percent) in non edible oil and soap industry.
In the pre-liberalisation period (1970-71 to
1990-91), among the village industries in
Punjab taken under study, the growth rate of
employment was the highest (29.42 percent)
in carpentry and blacksmithy industry and the
lowest (-2.82 percent) in non edible oil and
soap industry. But in the post-liberalisation
period (1990-91 to 2010-11) employment grew
at the highest rate (12.41 percent) in khani oil
and the lowest (0.09 percent) in gurkhandsari
Table 3: Compound annual growth rate of
employment in agro based and non- agro
based village industries in Punjab
(Percent)
Village Industry
Pre-LP Post-LP Overall
Agro-based industries
Processing of cereals and pulses 15.75 10.08 13.02
Khani Oil
3.69
12.41 9.20
Non edible oil and Soap
-2.82
4.78
1.16
Gur khandsari
2.88
0.09
1.40
Fibre
7.61
0.54
4.04
Fibre
7.61
0.54
4.04
Total
6.20
4.70
5.66
Non-agro based industries
Village pottery
13.34 6.48 10.37
Lime manufacturing
19.21 11.2
15.2
Carpentery and blacksmithy
29.42 2.41 14.83
Total
20.65 6.69 13.46
LP: Liberalisation period

industry.
In all the village industries taken under
study in Punjab, it was found that the CAGR
of employment has decreased in the post
liberalization period as compared to that in the
pre- liberalization period. The decrease was the
maximum (29.42 to 2.41 percent) in case of
carpentry and blacksmithy, and the minimum
(2.88 to 0.09 percent) in gurkhandsari industry.
However in khani oil and non edible oil and
soap the employment growth rate increased
from 3.69 to 12.41 percent and -2.82 to 4.78
percent respectively.
CONCLUSIONS
Both agro-based as well as non-agro-based
village industries have not been able to sustain
their high growth rate in the post-liberalization
period. The compound annual growth rates of
production, sale and employment have come
down in the post liberalization period in case
of all village industries except in khani oil and
non-edible oil and soap. The fall in growth rates
has been the maximum in terms of employment
in the non-agro-based village industries. This
shows that despite much expectations from
liberalizations, the growth of agro and non agro
based industries has not been sustainable.
Decreasing rates of growth of production and
sale and shrinking employment base indicate
a need for revival of village industries in rural
Punjab. To ensure sustainability of agro-based
and non-agro-based village industries in
Punjab, there is a strong need to encourage
investment in this area. Suitable marketing
strategies need to be adopted to improve sales.
For the growth of village economy, there is a
need to ensure that production of goods
actually takes place on sustainable basis so
that the main objective of generating
employment opportunities for the rural poor is
achieved.
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ABSTRACT
Punjab Agriculture was an undisputed leader in the times of Green
Revolution in India and the Punjabi farmer was acclaimed worldwide. But
today, Punjab Agriculture no longer calls the shots nor does it play the
leadership role that others want to emulate. The Punjab agriculture sector
has reached a point where it must make significant changes if it wants to
move forward and regain its leadership role. The major question that faces
Punjab agriculture is ‘Will Punjab be the Kohinoor of Indian States?’ The
answer is no if the state does not rationalize incentives, create new
institutions and reinvigorate old ones and increase investments
significantly. The answer could be yes if bold and wide ranging policy
reforms are undertaken.
Keywords: Granary, Green Revolution, HYV, holdings, subsistence
JEL Classification: Q01, Q10, Q17, Q18

INTRODUCTION
Punjab is predominantly an agricultural
state. Every aspect of its economical life is
influenced by agricultural sector. Credit for
rendering Punjab as the richest state of the
country goes to its developed agricultural
sector. About 20 percent of the total income
(net domestic product at constant prices) of
Punjab still comes from agricultural sector
(Gulati, 2002). Roughly, 70 percent of this state
depends directly or indirectly on agriculture.
Several important industries of Punjab depend
on agriculture for their raw material as well as
sale of finished goods. Punjab leads other
states in terms of contribution of wheat and
rice to central pool. It contributed 42.2 percent
of wheat and 29.5 percent of rice to Central
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Pool in 2009-10. As such, Punjab is considered
to be the biggest source of the supply of
foodgrains. Punjab is called the Granary or
Food Bowl of India (Anonymous, 2013).
Development in agricultural sector in
Punjab accounts for the rising prosperity of
Punjab. Agriculture sector in Punjab is
advanced and progressive as the proper use
of land and water resources facilitated Green
Revolution (Bhalla, 1996). From the point of
view of agriculture production, Punjab is a
surplus agriculture state. Agriculture
development in Punjab mainly depends on two
crops, that is, wheat and rice (Johl and Ray,
2002).
Nature of agriculture development in Punjab
is highlighted from the following facts
 Agriculture production in Punjab is more
than the requirements of the state. In 1947,
after partition of the country, there was
shortage of 3500 tonnes of foodgrains.
But after 1966, as a result of Green
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Revolution, Punjab not only met its own
requirements of agriculture consumption
but also exported in large quantity to other
states. In the year 2007-08, the share of
Punjab in the total purchase of wheat and
rice by the Central Government was 60.9
percent of wheat and 27 percent
respectively. During 1966 and 2011, the
production of foodgrains in Punjab
increased eight times, while in India,
during the same period, the production of
foodgrains increased 2.8 times
(Anonymous, 2013). This tremendous
increase in the production of foodgrains
in Punjab is referred to as Green
Revolution.
As a result of development in agriculture
sector in Punjab, this sector has become
the basis of economic development. The
contribution of agriculture sector to the
net domestic product of Punjab is 16
percent. Due to lack of mineral resources
and slow progress of industrialization,
agriculture occupies an important place
in the economic development of Punjab.
Agriculture continues to be an important
driver in state economy.
 Nearly 70 percent of population depends
directly or indirectly on the agriculture
sector in Punjab. Thousands of persons
get employment in agro-industries such
as sugar industry, cotton industry, food
processing industry, etc. (Johl, 2002)
Acute shortage of labour is felt at the time
of sowing and harvesting in Punjab. To
met this shortage, large number of casual
labourers from U.P. and Bihar come to
Punjab.
 Punjab’s agriculture mainly depends on
two crops, namely wheat and rice. In 201011, gross cropped area in Punjab was 79
lakh hectares, out of which about 63.24
lakh hectares were under wheat and rice.
Cultivation of pulses occupies an area of
22 thousands hectares only and that of
cotton and sugarcane, 608 thousands and
hectares and 99 thousand hectares
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respectively. Area under the cultivation
of commercial crops like sugarcane cotton,
tobacco, etc. is far less than the food
crops.
Punjab has an advanced and progressive
agriculture. Per hectare productivity of the
crops grown in Punjab is much higher
than the average per hectare productivity
in India. The productivity of wheat and
rice per hectare in Punjab is the highest in
the country. In 2009-10 per hectare
productivity of rice and wheat in Punjab
was 4010 and 4307 kg, respectively,
whereas in India, the average per hectare
productivity of these very crops was 2125
kg and 2839 kg, respectively (Gulati, 2002).
Two important natural resources
pertaining of agriculture in Punjab namely
land and water, are being put to maximum
use. Of the total land area of Punjab, 83
percent is under cultivation, while in India,
cultivation is done on 42 percent of the
total area on the average. Similarly, 97.7
percent of the net sown area in Punjab
enjoys the facilities of irrigation while in
India only 40 percent of the net sown area
has irrigation facilities. Among all states
in India, Punjab is the only state where
maximum percentage of agriculture area
enjoy facilities of irrigation.
In large parts of Punjab, improved
techniques of agriculture are being
adopted. Chemical fertilizers are used at
the rate of 236 kg per hectare in Punjab as
against 144 kg per hectare in India. High
Yielding Variety (HYV)] of seeds are used
on 100 percent area under wheat
cultivation and on 98 percent area under
rice cultivation in Punjab whereas in India,
these seeds are sown on 86 percent area
and 65 percent area of wheat and rice
respectively (Johl and Ray, 2002). In 200910, insecticides weighing 5810 tonnes
were used in Punjab to save crops from
diseases and pests. Mechanization of
agriculture has been done in Punjab on a
Large area. Use of tractors, harvesters and







other machines has been increasing
rapidly. In Punjab, 85 percent of net sown
area is under multiple cropping.
Along with the development of agriculture
in Punjab, the number of small holding
and their percentage in the total holdings
have been decreasing. In 1995-96, average
size of holding in Punjab was 3.79
hectares, while for all India, the average
size of holding was 1.41 hectares. Except
Nagaland (4.83 hectares) and Rajasthan
(3.96 hectares) average size of holding in
Punjab is the highest in India. In 1971,
Marginal Holdings (less than one ha) and
Small holdings (from 1 to 2 ha) in Punjab
constituted 56.53 percent of the total
holdings but in 1995-96 their share
decreased to 35.4 percent. On the other
hand, the share of semi-medium (from 2
to 4 ha) and medium (from 4 to 10 hectares)
holding that constituted 26.19 percent of
total holding in 1971 increased in 1995-96
to 57 percent. It increased to 7.3 percent
in 1995-96 compared to marginal and small
holdings. It is the medium and large
holdings that can take the maximum
advantage of the Green Revolution.
Farming is not done for the sake of
subsistence in Punjab. Its main objective
is to earn profit by selling the surplus
produce in the market. Agriculture
development has therefore, resulted in
commercial farming. In order to store
agriculture produce, Food Corporation of
India, Markfed, Punsup, Central and State
Warehousing Corporation have set up
their own warehouse was 31 lakh tonnes
in 1975-76. It increased to 252 lakh tonnes
in 2009-10 (Anonymous, 2013).
The stage of agriculture development is
different in different districts of Punjab.
In some districts of Punjab, like Faridkot
and Bhatinda, net sown area constitutes
98 and 90 percent, respectively of the total
area. On the other hand, in some districts
like Roopnagar and Hoshiarpur, net sown
area constitutes 97 and 64 percent,

respectively of the total area. Maximum
productivity of rice is in Fategarh Sahib
district (3998 kg per ha), while the minimum
is in Gurdaspur district (2994 kg per ha).
Maximum Productivity of wheat is in
Ludhiana district (5073 kg per ha) and the
minimum in Hoshiarpur district (3616 kg.
per ha).
 In many Industries in Punjab, like, sugar
industry, rice industry, cotton ginning
industry, food-processing industry, etc.
depend for their raw materials on
agriculture. In Punjab, there are 13
thousands agro-based industries
providing employment to more than 35
thousand persons.
Progress of Agriculture in Punjab
Study of extent of output of agriculture
sector will be conducted on the basis of three
parameters:
Area
The perusal of Table 1 shows that 82.6
percent of the total area of Punjab is under
cultivation, whereas only 43 percent of total
area of India is under cultivation. But in 201011, as much as 74 percent of the net area was
being cultivated than once. Punjab is the only
state in India having the largest net area sown
more than once. The highest area under
agriculture in Punjab is in Ferozpur district. In
this district, 87 percent of the total area is under
agriculture. Kapurthala is the smallest district
of Punjab, yet 87 percent of its total area is
under agriculture. In Sangrur district, maximum
percentage of area under agriculture, that is,
97 percent is sown more than once in a year.
On the contrary, in Hoshiarpur district the
minimum percentage of area under agriculture
is sown more than once in a year.
Productivity
Productivity of agriculture sector refers to
the quality of output per hectare. More
Productivity of agriculture sector symbolizes
advanced agriculture (Sidhu, 2002). Many
crops in Punjab have the highest productivity
vis-à-vis the other states in India, for example,
wheat, rice maize, cotton, sugarcane, etc.
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Table 1: Changes in area under agriculture
in different years
(000' ha)

Table 3: Average productivity of crops in
different countries
(kgha-1)

Year

Total
area

1970-71
1980-81
1989-90
1999-2000
2001-02
2002-03
2003-04
2006-07
2008-09
2010-11

5031
5036
5036
5030
5036
5036
5036
5036
5036
5036

Countries
China
France
Italy
Pakistan
Japan
U.K.
U.S.A
India
Punjab

Net
Percent Area sown
Total
sown sown area more than cropped
area
once
area
4053
81
1625
5678
4191
83
2572
6763
4271
84
3282
7553
4237
84
3610
7847
4268
85
3673
7941
4224
84
3602
7826
4201
83
3704
7905
4184
83
3677
7861
4171
83
3741
7912
4158
82.6
3724
7882

Rice
6,350
5,714
5,989
3,000
6,659
6,690
2,102
3,868

Wheat
3,832
6,632
2,822
2,333
3,639
1,860
7,076
2,619
4,210

Maize
4,933
8,593
8,942
1,720
2,400
3,818
7,974
1,938
3,123

Source: Ministry of Agriculture, Government of India

Source: Statistical Abstract of Punjab

It is clear from the above Table 3 that
productivity of all important crops has been
increasing. The productivity of important
agriculture produces like wheat, rice, etc. is
higher in Punjab than the average productivity
of these crops in all India.
Productivity of wheat and rice in Punjab visà-vis other countries.
The perusal of Table 3 revealed that the
productivity of wheat in Punjab is higher than
the average productivity of China, Pakistan
and the U.S.A., but it is lower than that of
France and U.K. More efforts should,
therefore, be made to increase per hectare
productivity of wheat in Punjab. The
productivity per hectare of rice and maize in
Punjab is less than that of China, Japan, the
U.S.A., etc. So efforts to increase should also
be made.
Productivity of different crops in different
districts has not been uniform. In some districts
productivity has increased considerably while
in others it is lagging behind. The productivity

of rice in Gurdaspur, Amritsar, Kapurthala,
Hoshiarpur and Patiala districts is less than
the overall productivity of Punjab. Productivity
of rice is maximum in Fategarh Sahib and
productivity of wheat is highest in Kapurthala.
Kapurthala also leads in the productivity of
maize. Productivity of cotton is the highest in
Fardikot district. Productivity of wheat in
Gurdaspur, Roopnagar and Bathinda districts
is less than the overall productivity of Punjab.
Productivity of Cotton in Amritsar and Sangrur
districts is less than the average productivity
of Punjab. Efforts, therefore, should be made
to increase the productivity of these districts.
Productivity
Output of agricultural crops and area
under the same have been increasing
constantly in Punjab. The perusal of Table 4
shows the changes in the output of different
agricultural crops and area under them in
different years. The results show that the
production of different crops and the area
under them have been increasing steadily in

Table 2: Productivity of agriculture produce
(Kgha-1)
Crops
Wheat
Rice
Maize
Cotton
Gram

1970-71
Punjab
India
2,238
1,307
1,765
1,123
1,555
1,279
338
106
797
663

1980-81
Punjab
India
2,730
1,630
2,733
1,336
1,602
1,159
241
152
582
637

1990-91
Punjab
India
3,715
2,281
3,229
1,740
1,159
1,518
152
225
637
712

Source: Economic Survey of Punjab and Economic Survey of India 2012-13
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2010-11
Punjab
India
4,307
2,839
4,010
2,240
3,414
2,507
465
403
1,129
915

Punjab. (1) Output and area under foodgrains
have increased more than other crops. (2)
Production of Cotton has increased but area
under it has gone down for the last few years.
(3) Output of sugarcane has gone up much
but there is also a decrease in its area. Position
with regard to production of crops in different
districts of Punjab is different. Some districts
have more and some others have less
production.
What affects Punjab Agriculture?
Agriculture has been in a state of disorder
in Punjab for the last decade. The 1990’s have
been a decade of sluggishness in Punjab,
particularly in Punjab agriculture. In 1970,
Punjab growth rate in Net Domestic Product
at Constant prices was 5.4 percent where as
India’s National average was 3.4 percent. In
1980 (Anonymous, 2013), Punjab growth rate
was still 5.4 percent but India percent’s
average was increased to 5.1 percent. A
tremendous change was noticed in1990 when
India’s growth rate increased up to 6.1 percent
but Punjab growth of NDP at constant prices
was 4.3 percent only. Punjab lost his highest
per capita income in 1990.but the prominent
question arises: why did Punjab slid back?
There are several reasons
· An important one is that agriculture still
dominates the Punjab economy with
about 20 percent of net state domestic
product coming from the agriculture
sector. Furthermore, agriculture in Punjab
is not doing well in term of its productivity.
· In Punjab the cropping system is
dominated by wheat, rice and cotton but
the market for these commodities,
Table 4: Output of diffe re nt agriculture
crops and their area
(Output: thousands tones, Area: thousand ha)
Crops

1970-71
Output Area
Food grains 7,305 3,928
Oilseeds
233
295
Cotton
818
397
Sugarcane
527
128

1980-81
Output Area
11,921 4,850
187 238
1,178 649
392
71

2010-11
Output Area
26,947 6,499
84
62
2,006
511
370
60

Source: Statistical Abstract of Punjab and Economic Survey of Punjab,
2012-13

including the food grains is lacking
(Sidhu, 2002).
· Another major reason for the state of
Punjab agriculture is the stagnation of the
wheat and rice yields which has resulted
in raising capital costs and shrinking profit
margins in agriculture production.
· The crops such as wheat and rice are
irrigated and due to rising subsidies and
falling public investments there has been
large wastage of resources such as water
and the farm in system has become
unsustainable (www.punjabgovt.nic.in).
· The policy of free electricity to farmers
has resulted in excess mining of
groundwater resources which has
resulted in the lowering of the water level
to the extent of 15cm per year over the
past 10-15 years.
Challenges to Punjab Agriculture
Globalization of agriculture brings new
challenge to Punjab. The key question is: Can
Punjab penetrate the world market? (Gulati,
2002)
· The world agriculture is changing quickly
with new rules of the games and with WTO
agreement on agriculture.
· Market access, domestic support and
export subsidies, three major pillars of the
agreement on agriculture.
· Furthermore sanitary and phytosanitary
issues have come to play a major role in
the agreement on agriculture.
· TRIPS have also played a major role in
protecting intellectual property rights.
· Increasing concentration and growing
scale in food business in term of
processing, distribution and retailing in
developing countries.
What can Policy Makers do for Punjab’s
Agriculture Economy
In these circumstances what can
policymakers in Punjab do in order to make
headway in the agriculture?
· There is need to examine closely the
global trends and explore the emerging
opportunities.
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·

The composition of trade is changing
faster than that of production and this
provides opportunities for spreading and
diversifying our agriculture base (Johl,
2002).
· The policymakers need to recognize the
growing importance of vertical
coordination of agriculture markets,
quality assurance and the role of
international market information.
· Focusing on high value crops and value
addition of agriculture commodities is
important given the high transport cost
of shifting agricultural commodities from
Punjab to the nearest port.
· In Punjab there is a need to shift to a new
production profile.
· More and more quality seeds and HYVs
for production in agriculture are becoming
a serious need.
CONCLUDING REMARKS
It is important that Punjab policy makers
bring the brains together to work on the future
development strategies. Bringing the bankers,
entrepreneurs and farmer leaders on the same
table and meeting their needs in order to make
progress will be essential in the near future.
Last but not least important will be getting the
clean policy measures for all the controls that
are pulling down the agricultural economy.
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DYNAMICS OF AGRICULTURAL DEVELOPMENT IN
GUJARAT: A DISTRICT LEVEL ANALYSIS
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ABSTRACT
Agriculture in Gujarat, despite a decline in its share in the State Domestic
Product, remains an important sector. In this study district level agricultural
performance of Gujarat state has been analysed over a decade. Using Prem
Narain’s methodology, the level of agricultural status of all the regions as
well as districts of Gujarat has been measured by obtaining the composite
index. The findings revealed the greater imbalance in agricultural
development of the state. The agricultural performance of the state has
declined across the period of time. Further it has shown that, nine districts
namely Amreli, Surendranagar, Ahmedabad, Dahod, Bharuch, Dang,
Valsad, Patan and Kutchh were found low developed in agriculture which
account for about 34 percent of the total GCA of the state. The regions of
Kutchh need greater attention of the policy makers as well as of the state
government for its agricultural development. For bringing about uniform
regional development, model districts have been identified for low developed
districts. It also explores different poor performed indicators in low
agricultural developed districts that require improvement for enhancing
the level of development of respective district.
Key Words: Agricultural development, disparity, economic growth, GIS map
JEL Classification: O13, O33, Q01

INTRODUCTION
A decent agricultural growth is the prerequisite for inclusive growth, reduction of
poverty levels, development of the rural
economy and enhancing of farm incomes in
rural areas of India. Agriculture continues to
be an important sector of Indian economy,
though its share in the gross domestic product
*
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(GDP) has declined from about 50 percent in
early-1950’s to 14 percent in 2011-12.
Employment in agriculture has also shown a
decline, albeit slowly and presently it accounts
for 52 per cent of the country’s total labour
force. The declining share of agriculture in GDP
and employment is consistent with the theory
of economic development. However, a faster
and sustainable growth in the sector remains
vital for creation for jobs, enhancing incomes,
and ensuring food security (Arora, 2013).
Gujarat’s economy has been outperforming
the rest of the country since 1990. However,
this has been largely because of rapid
industrial growth. Agriculture has never been
an important part of the Gujarat growth story.
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Over the long term, Gujarat’s agriculture grew
faster than Indian agriculture as a whole since
1970. Never known for agrarian dynamism,
Gujarat has charted out a new course for its
agricultural economy which has posted an
impressive 9.6 percent rate of growth since
1999-2000 (Shah et al., 2009). However, yearto-year fluctuations in Gujarat’s agricultural
growth rates were so violent that for years,
researchers have bemoan indifferent
agricultural growth performance as a drag on
Gujarat’s overall growth in economic and
human development terms (Dholakia, 2002,
Hirway, 2000, Mathur and Kashyap, 2000 and
Bagchi et al., 2005). In a rapidly growing
economy there are changes as when sectors
of the economy grow differentially and the
agglomeration economies would drive for a
while differential regional growth as well. The
agricultural sector unlike many others is an
important sector and somewhat different from
other sectors in being land dependent
(Sebastian, 2012). The spectacular agricultural
growth in Gujarat in recent times has been a
result of a well thought out strategy,
meticulously planned and co-ordinate scheme
of action, sheer hard work and sincere
implementation of programmes, political will
to take bold decisions and commitment to
economic policy reforms by the state
government. It is reasonably replicable in other
states and regions if firm determination exists
(Dholakia and Datta, 2010).
The present study deals with the
assessment of agricultural status of the state
by constructing the composite agricultural
status index at region as well as district level.
The knowledge of agricultural status will help
in identifying the measures to be adopted in
the development process and bridging the
disparity gap. Using Geomedia Professional
GIS software thematic map has been
developed to identify the districts having
different levels of agricultural development in
Gujarat. The model districts for low developed
districts have been suggested. Further,
indicators which are responsible for

backwardness of the respective districts in
agriculture have been identified.
Limitations of the study
Though, according to the methodology
used in this paper the values of indices should
be between 0 to 1, instead of it one value of
the indices was found negative. But due to
this value has not affected the ranking of the
districts and the value is closer to zero it has
been taken into consideration.
METHODOLOGY
Indicators of Agricultural Status
Measurement
There are a large number of factors which
affect the agricultural status. But, it was not
possible to include all these indicators. So,
here important and maximum available
indicators were selected. District-wise huge
data for the period 2001 to 2010 were collected
and compiled from the various reports
published by State Bureau of Economics and
Statistics, Directorates of Agriculture,
Horticulture and Animal Husbandry,
Gandhinagar. As per the availability of data
and considering the relative importance of the
indicator; finally selected indicators are listed
below:
1. Per animal productivity of milk (ML)
2. Per animal productivity of wool (WL)
3. Per layer productivity of eggs (EG)
4. Number of livestock per 1000 ha of gross
cropped area (LST)
5. Number of layers per 1000 person (LYR)
6. Number of sheep per 1000 person (SHP)
7. Net cropped area per 100 person (NCA)
8. Irrigation intensity (II)
9. Cropping intensity (CI)
10. NPK consumption per ha of net cropped
area (NPK)
11. Percentage of total area under food grains
to total gross cropped area (TFA)
12. Number of milk chilling centers per lakh
livestock (MLCC)
13. Number of cattle and poultry breeding
farm per 1000 ha of gross cropped area
(CPBF)
14. Number of primary agricultural credit
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societies per 1000 ha of gross cropped
area (PACS)
15. Number milk and livestock co-operative
societies per 1000 ha of gross cropped
area (MLCS)
Per hectare productivity of 16. rice (RC),
17. wheat (WH), 18. bajara (BJ), 19. maize (MZ),
20. groundnut (GN), 21. cotton (CT), 22. potato
(PT), 23. onion (ON), 24. oilseed (OL), 25.
foodgrain (FG), 26. pulses (PL), 27. sugarcane
(SG), 28. cereals (CR), 29. vegetables (VG), 30.
fruits (FR) and 31. spices (SP).
Development of Agricultural Status Index
The methodology for development of
agricultural status index is based on the
statistical background suggested by Narain
et al., (1991). Let a set of n points represents
districts 1,2,…,n having information on K
parameters. Let [X(R)ij], where j= 1, 2,…,jR
represent the value of ith parameter of jth district
falling in R th region. The district level
parameters (indicators) were converted in to
region level by weighted average method with
the help of equation (1):

each indicator (with maximum or minimum
standardized value depending upon the
direction of the indicators) was identified and
from this, deviation in the value of each
indicator were considered for all the indicators
using the equation given below:
1
k
2 2
C (R)    R (R)i  R (0)i 
............(3)
i 1

Where, R(0)i is the standardized value of
the ith indicator of the best region and C(R)
denotes the pattern of development is useful
in identifying the regions that serves as
‘models’. The status index of the Rth region
were obtained through formula given below:



D (R) 

j1

jR

............(1)

Where, T= types of parameters, and jR is
the total no of district falling in Rth region. Since
the parameters included in the analysis are in
different unit of measurement, thus, to arrive
at single composite index relating to the
dimension in question, the indicators were
standardized as shown below:
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The final value of the index is obtained as
per following equation:
D*(R)=1.0 - D(R)
......… (5)
The same methodology has been used by
Rai et al., (2008) for calculating the different
sub-indices including agricultural status index
to calculate livelihood status indices for
different agro-climatic zones of India. The
value of status index is non-negative and lies
between 0 and 1. The value of index closer to
one indicates the higher level of status, while
that closer to 0 indicates the lower level of
status. After working out the indices, grouping
of the districts into high, medium and low
development was done employing the
following formula:

R 1
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Level of development = X  0.5SD
The regions as well as districts having the

value of index more than or equal to (Mean +
0.5 S.D.) are of high level of status, value of
index less than or equal to (Mean - 0.5 S.D.)
are low level of status and value of index
between (Mean + 0.5 S.D.) and (Mean - 0.5
S.D.) are characterize as of medium level of
status regions as well as districts. The name
of district under different regions of Gujarat
has been given in appendix.
Model districts for low developed districts
have been identified on the basis of composite
index of development and the development
distance between different districts. Model
districts are better developed districts.
RESULTS AND DISCUSSION
Gujarat Agricultural Economy: An Overview
Agriculture and allied sector plays an
important role in the State economy. The state
has adopted a novel pattern of progress with
the strategic development of the key sectors
like energy, industry and agriculture for which
it has achieved ambitious double digit growth
rate since 10th Five Year Plan period. The state
constitutes about 6.2 percent of total
geographical area and 4.99 percent of total
population of India. As per Census 2011, about
3.47 crores people of the state live in rural areas
forming about 57.4 percent of its total
population (Government of India, 2011). About
70.5 per cent of total workers in the state are
rural based. Agriculture continues to be the
primary occupation for the majority of rural
people in the state (Swain, 2012). The Gross
State Domestic Products (GSDP) of Gujarat
increased from `104494 in the year 2000-01 to
`250450 in the year 2009-10 at constant prices.
The contribution of agriculture sector of the
state increased from `14092 in 2000-01 to
`27900 in 2009-10 with its respective share of
13.49 and 11.14 per cent (Table 1).
Indices of Agricultural Development
The indices of Agricultural Status at region
as well as district level has been calculated
using the average of secondary data from 2001
to 2005 and from 2006 to 2010, collected from
different organizations on the factors indicated
in the chapter of methodology. The values of

Table 1: GSDP by sectors in Gujarat, 200001 to 2009-10
(`crore)
Year

GSDP
Total Agricultural Non-agricultural
At constant (1999-2000) prices
2000-01
104494
14092
90402
2001-02
113277
18859
94418
2002-03
122500
17334
105166
2003-04
140598
25035
115563
2004-05
153079
23222
129857
2005-06
173654
28577
145077
2006-07 (P) 189436
27815
161621
2007-08 (P) 213092
32408
180684
2008-09 (Q) 228459
28506
199953
2009-10 (A) 250450
27900
222550
At current prices
2000-01
111139
14763
96376
2001-02
123573
18216
105357
2002-03
141534
18104
123430
2003-04
168080
27625
140455
2004-05
189118
25582
163536
2005-06
226897
32940
193957
2006-07 (P) 262723
38162
224561
2007-08 (P) 303734
48441
255293
2008-09 (Q) 337217
47540
289677
2009-10 (A) 381028
52300
328728
Source: Directorate of Economic and Statistics, Government
of Gujarat
P: Provisional
Q: Quick estimate
A: Advanced estimate

agricultural status indices at region level has
been shown in the Table 2. It can be seen from
Table 2 that the Middle Gujarat was found
highly developed and the region of Kutchh
was least developed in agricultural status
during 2001-05. The values of agricultural
status indices varied from 0.0228 (Kutchh) to
0.3214 (Middle Gujarat) (Table 2), whereas
agricultural status for the period 2006-10
indicated the Saurashtra region to be highly
developed whereas the region of Kutchh to
be least developed. The values of agricultural
status indices varied from 0.0023 (Kutchh) to
0.3199 (Saurashtra).
The district level indices of agricultural
status have been presented in Table 3. The
district of Kheda placed to the first position
and Dang district was found to be at the last
position. The values of agricultural status

354

Table 2: Composite indices of agricultural
development of all the regions of Gujarat
Region
Saurashtra
Middle Gujarat
South Gujarat
North Gujarat
Kutchh

2001-05
0.1799
0.3214
0.2525
0.2975
0.0228

2006-10
0.3199
0.3147
0.2711
0.3021
0.0023

indices varied from 0.0242 (Dang) to 0.3060
(Kheda) during 2001-05 (Table 3). The perusal
pf Table 3 revealed that the district of Anand
which was ranked second during 2001-05
replaced to first position in 2006-10. The last
position of agricultural status was occupied
by the Patan district. The values of agricultural
status indices varied from -0.0175 in the case
Table 3: Composite indices of agricultural
development of all the districts of Gujarat
Districts
Saurashtra
Amreli
Bhavnagar
Jamnagar
Junagadh
Porbandar
Rajkot
Surendranagar
Middle Gujarat
Anand
Ahmedabad
Panchmahal
Vadodara
Kheda
Dahod
South Gujarat
Bharuch
Narmada
Dang
Navsari
Surat
Valsad
North Gujarat
Gandhinagar
Banaskantha
Mehsana
Sabarkantha
Patan
Kutchh
Kutchh

2001-05
Index Rank

2006-10
Index Rank

0.1094
0.1268
0.0921
0.1939
0.1568
0.1318
0.0437

18
15
20
9
12
14
23

0.0671
0.1884
0.1397
0.1741
0.1401
0.1744
0.07

22
7
15
10
14
9
21

0.2881
0.1147
0.161
0.1792
0.306
0.1079

2
17
11
10
1
19

0.2781
0.0948
0.1376
0.156
0.2122
0.0714

1
18
16
12
3
20

0.0725
0.1358
0.0242
0.1985
0.2455
0.1207

22
13
25
8
4
16

0.0296
0.1525
0.0745
0.1578
0.2029
0.0949

24
13
19
11
4
17

0.269
0.2167
0.219
0.2173
0.0289

3
7
5
6
24

0.1917
0.1922
0.184
0.2167
-0.0175

6
5
8
2
25

0.0824

21

0.039

23

of Patan district to 0.2781 in respect of the
district of Anand during 2006-10.
Further it was interesting to know that the
value of indices of most of the districts has
declined during 2006-10 as compared to 200105, which shows that the performance of most
of the districts in agricultural development has
declined over a decade. It is also observed
that gap between the highest and lowest value
of indices was higher at region level as
compared to district level in both the period
that is during 2001-05 as well in 2006-10 (Table
2 and 3).
Regional Imbalance and Classification of
Districts
A suitable classification of the districts from
the assumed distribution of the mean of the
development indices would provide a more
meaningful characterization of different stages
of development (Thaker and Shiyani, 2009).
An attempt is made to classify the districts of
different regions of Gujarat on the basis of their
levels of agricultural status. The GIS map has
been used to identify the districts of Gujarat
having different levels of agricultural
development during 2001-05 and in 2006-10.
It can be seen from the Map 1 that, during
2001-05, all the districts of North Gujarat except
Patan district, two district of South Gujarat viz.,
Navsari, Surat, two districts of Middle Gujarat
viz., Anand, Kheda and the district of
Junagadh were categorized under high level
of agricultural status. Three district of
Saurashtra viz., Bhavnagar, Porbandar, Rajkot,
two district of Middle Gujarat viz., Panchmahal,
Map 1: Agricultural development of Gujarat (2001-05)
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Dahod and two district of South Gujarat viz.,
Narmada, Valsad were placed under medium
level of agricultural status. Three district of
Saurashtra viz., Amreli, Jamnagar,
Surendranagar, two district of Middle Gujarat
viz., Ahmedabad, Dahod, two district of South
Gujarat viz., Bharuch, Dang and the district of
Patan and Kutchh were found low developed
in agricultural status.
Map 2: Agricultural development of Gujarat (2006-10)

Ta bl e 4 : G ro s s c ro ppe d a re a unde r
different levels of agricultural development
(Percent)
Particulars

Level of Development
High Medium Low

2001-05
District (No.)
9
Share of GCA to total GCA
37.37
Share of agriculture in total GSDP*
2006-10
District (No.)
10
Share of GCA to total GCA
48.9
Share of agriculture in total GSDP*

7
24.33
15.54

9
38.3

6
16.92
13.76

9
34.19

*

At constant 1999-2000 prices

The levels of agricultural status of different
districts for the period 2006-10 (map 2) revealed
that, all the districts of North Gujarat except
Patan district, three districts of Saurashtra viz.,
Bhavnagar, Junagadh, Rajkot, two districts of
Middle Gujarat viz., Anand, Kheda and the
district of Surat were found highly developed.
Whereas two district of Saurashtra viz.,
Jamnagar, Porbandar, two district of Middle
Gujarat viz., Panchmahal, Vadodara and two
district of South Gujarat viz., Narmada,
Navasari were placed under medium level of
agricultural status. Two districts of Saurashtra
viz., Amreli, Surendranagar, two districts of
Middle Gujarat viz., Ahmedabad, Dahod, three

districts of South Gujarat viz., Bharuch, Dang,
Valsad and the district of Patan and Kutchh
were categorized under low developed districts
in their agricultural status during 2006-10.
These results are in conformity with the
findings of Ardeshna and Shiyani (2012) who
observed the lower agricultural development
in the districts of Dang, Valsad Bharuch,
Kutchh and Amreli.
The perusal of Table 4 shows that, during
2001-05, the number of high developed districts
was found nine which account for about 38
percent of the total GCA of the state and low
developed districts was found nine
accounting for about 38 percent of the total
GCA of the state. The share of agriculture in
total GSDP of the state was about 16 percent
during 2001-05 (Table 4). While during 200610, the number of high developed districts
increased up to 10 with increased proportion
of GCA accounting for the state up to about
49 percent. The number of districts under low
agricultural development was found same as
it was in 2001-05 that is, nine whereas the

Table 5: List of model districts for low agricultural developed districts in 2006-10
Name of regions Low developed districts
Saurashtra
Amreli
Surendranagar
Middle Gujarat
Ahmedabad
Dahod
South Gujarat
Bharuch
Dang
Valsad
North Gujarat
Patan
Kutchh
Kutchh

Model districts
Bhavnagar, Jamnagar, Junagadh, Rajkot, Surendranagar, Anand
Rajkot, Vadodara, Kheda, Surat, Banaskantha, Mehsana, Sabarkantha
Jamnagar, Rajkot, Ahmedabad, Vadodara, Kheda, Banaskantha, Mehsana, Sabarkantha
Panchmahal, Vadodara, Kheda
Surendranagar, Vadodara, Narmada, Surat
Panchmahal, Vadodara, Kheda, Navsari, Surat, Sabarkantha
Amreli, Jamnagar, Surendranagar
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proportion of GCA accounting for the state of
these low developed districts has declined up
to about 34 percent during 2006-10. The share
of agriculture in total GSDP declined up to
about 14 percent during 2006-10 (Table 4).
Model Districts and Low Developed Indicators
For making improvement in the level of
development, it is quite important to identify
the districts, which might be considered as
model for low developed districts. This will
provide an avenue for making improvement in
the developmental indicators of the low
developed districts.
The identification of model districts has
been made on the basis of composite index of
development and developmental distances
between different districts (Narain et al., 2002).
Nine districts covering about 34 percent of the
total GCA of the State are observed to be low
developed in agriculture. List of model districts
for these low developed districts are given in
Table 5. It is clear from the table that Jamnagar,
Rajkot, Surendranagar, Vadodara, Kheda,
Mehsana, Sabarkantha, Surat and Panchmahal
districts were found model districts for most
of the low developed districts. Further, the
indicators which have low value in different
low developed districts are identified and
shown in Table 6. These are the different poorly
performed indicators that require improvement
in their performance for enhancing the level of
agricultural development of respective
districts. The lower development of Patan
district was due to lower productivity of bajra,
cotton, foodgrain, pulses, cereals, fruits,
spices, less number of livestock per unit of
gross cropped area, less number of layers,
lower consumption of fertilizers per unit of net
cropped area and less numbers of milk centers.
CONCLUSIONS
The study has revealed the agricultural
development of Gujarat over a decade. It has
been found that the performance of agricultural
development across the period of time had
declined in most of the districts. Greater
imbalance in agricultural development among
different regions as well as districts of the state
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has been observed. The region of Kutchh
needs proper care for agricultural development
as values of indices in this region was found
lowest in both the periods. The districts of
Amreli, Surendranagar, Ahmedabad, Dahod,
Bharuch, Dang, Patan and Kutchh which were
found low developed in both the periods needs
especial attention for proper allocation of
resources. Nine districts including Valsad
which were found low developed in agriculture
accounting for about 34 percent of the total
GCA of the state. Therefore, these hitherto
low developed districts need urgent attention
of policy makers as well as of the state
Government for its agricultural development.
In order to reduce the disparities in
development among different regions, model
districts have been suggested. For making
improvement in the level of development poor
performed indicators in different low
developed districts has been identified. The
Gujarat state has achieved commendable
success in agricultural performance, but still
there exists wide disparity in the agricultural
development of the state. There is a need to
reduce this regional disparity by making proper
investment and appropriate policy planning
as balanced growth in agricultural sector is
essential for overall stability of the economy.
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LIVESTOCK ECONOMY OF PUNJAB: NEED TO
STRENGTHEN ANIMAL HEALTH AND VETERINARY
SERVICES FOR SUSTAINABLE DEVELOPMENT
Hanish Sharma and V.M. Wadhawan*
ABSTRACT
Considering the significant contribution of livestock sector to the economy
of Punjab, the present paper has examined the provisions of animal health
and veterinary services, especially with respect to manpower, in the state
using the secondary data. The findings have revealed that there has been a
perceptible growth in production of various livestock products. There has
been infrastructure build-up in terms of veterinary institutions, but the
manpower is becoming more acute in the animal husbandry department.
These trends will have implications for the delivery of quality animal health
and veterinary services in the long-run. The study has suggested that
measures should be undertaken to strengthen animal health care and
veterinary services for developing a strong livestock economy in the state
Keywords: Animal health, livestock economy, veterinary services, vetenerian
JEL Classification: I11, Q01

INTRODUCTION
All across the world, livestock play vital
role for lot of poor households because
livestock is not only used as a source of
income but also utilized as source of nutrition,
draft power, fuel and store of wealth. In general,
livestock is owned by rural households.
According to a survey, the rapid growth in the
livestock production is highest as compared
with any other agricultural sub-sector and it is
predicted that by 2020, this sector will produce
more than half of the agricultural output (Ahuja
and Redmond, 2001). Under the increasing
population growth, shortage of agriculture land
and increasing demand for livestock has
created a pressure for formulating better
*

Senior Research Fellow and Joint Director, RDDL
(North Zone), Jalandhar (India).
E-mail : sharma.hanish@yahoo.com

agricultural resource management policies.
Sustainable growth in developing countries is
hard to attain under current economic and
environmental policies because they are not
emphasizing on improving agricultural
resources and food security (Weeks, 1999).
The livestock conditions in developing
countries are different due to socioeconomic
issues. First, majority of livestock is owned by
small holder’s thus, substantial proportion of
their production is not be marketed. This is
due to poor infrastructure, high transportation
costs and low competitiveness. Secondly,
support services are not good as compared to
developed countries because of old
technologies, limited access to institutes and
very less research and development. Further,
poor storage and marketing facilities create
issues for efficient agricultural resources
usage. Thus, economic policies need to
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consider small holders and restructuring of
institutes which support them from purchasing
new inputs to commercially marketing their
products. Sustainable growth in a livestock
production system was not given proper
attention (Spedding, 1992 and Kaasschieter et
al., 1992) but the aim focus was on improving
livestock production rather than productivity
in form of quality and quantity (Wit et al. 1995).
In developing economies like India,
agriculture influences the overall economic
growth. It continues to be the main source of
livelihood for majority of people in rural areas.
Animal husbandry is an integral component
of Indian agriculture supporting livelihood of
more than two-thirds of the rural population.
Animals provide nutrient-rich food products,
draught power, dung as organic manure and
domestic fuel, hides and skin, and are a regular
source of cash income for rural households.
They are a natural capital, which can be easily
reproduced to act as a living bank with
offspring as interest, and an insurance against
income shocks of crop failure and natural
calamities. But, to bring improvements in the
performance of agriculture is a difficult task
because of its nature-dependency and
existence of various technological and
institutional constraints. The livestock-rearing
is supported by a strong veterinary
infrastructure built over the years in the state.
However, these activities do not get priority
they deserve vis-a-vis other agricultural
activities, At the national level, improving
animal health and veterinary services is the
foremost priority in the livestock development
agenda (Birthal and Negi, 2012). With this
background, the present paper has examined
the provisions of veterinary and animal health
services, especially with respect to manpower,
in the state of Punjab.
DATA AND METHODOLOGY
The study has used secondary data from
various state government publications such
as, Basic Animal Husbandry and Fisheries
Statistics 2013, Economic Survey (various
issues), gross state domestic product of

Punjab (2004-05 to 2011-12) and Livestock
Census, 2007.
Contribution of Livestock to State Economy
Livestock production which is an integral
part of the farming system in the state that
sans alternative livelihood options, is crucial
for the wellbeing of the farmers. The share of
agriculture including animal husbandry in the
gross state domestic product has increased
from 30140.53 crore in 2004-05 to 33939.55 crore
in 2012-13. A decomposition of the gross value
of output in the agricultural sector has
revealed that though the contribution of
livestock sector has increased from 9621.01
crore in 2004-05 to 11466.84 crore in 2012-13,
its share varied from 31.92 percent in 2004-05
to 33.78 percent in 2012-13 (Table 1).
Furthermore, the livestock sector has
registered a growth rate of 1.97 percent per
annum during the period 2004-05 to 2012-13 as
against the growth of 1.33 percent per annum
in the overall agriculture sector. In terms of
numbers, cattle and buffalo population in the
Table 1: Gross state domestic product of
livestock sector in agriculture in Punjab
(`Crore at 2004-05 prices)
Year
2004-05

Total agriculture
sector
30140.53

2005-06

30376.75

2006-07

31248.07

2007-08

32498.88

2008-09

33113.53

2009-10

32924.59

2010-11

33446.10

2011-12

34168.17

2012-13(A)

33939.55

CGR (%)

1.33

Share of livestock
sector
9621.01
(31.92)
10291.44
(33.88)
10689.73
(34.21)
10293.44
(31.67)
10958.35
(33.09)
10839.58
(32.92)
11118.59
(33.29)
11336.47
(33.18)
11466.84
(33.78)
1.97

Source: Economic Survey of Punjab 2012-13
Figures in paraentheses are percent to the total of agriculture
sector
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state declined marginally from 2003 to 2007 at
growth rate of -0.42 and -0.041, respectively
(Table 2). While the population of poultry and
goats increased, a decline was observed in the
pig and sheep population.
Table 2: Comparison of latest live stock
censuses
Species

Population of livestock
Census 2003 Census 2007
Cattle
1939693
1634737
Buffalo
5994700
5061554
Goat
278229
290031
Sheep
220083
208133
Pig
29137
25664
Poultry 10320170
10655393

Inter-censual
growth rate
-0.42
-0.041
0.010
-0.014
-0.031
0.008

2007-08
2008-09
2009-10
2010-11
2011-12
CGR (%)

A look at the production of main livestock
products, namely, milk, eggs, wool and meat
from 2007-08 to 2011-12 in the state revealed
that the total milk production increased from
9282 thousand tonnes in 2007-08 to 9551
thousand tonnes in 2011-12, registering a
growth of 0.57 percent per annum (Table 3).
However, the egg production declined at an
annual rate of -1.01 percent during this period,
from 37914 lakh to 36030 lakh. On the other
hand, the growth performance in meat and
wool production was robust which increased
at 10.68 percent and 4.11 percent, respectively
during this period.
Table 3: Production of livestock products in
Punjab from 2007-08 to 2011-12
(in 000 tonnes)
2007-08
2008-09
2009-10
2010-11
2011-12
CGR (%)

Milk
production
9282
9387
9389
9423
9551
0.57

Egg
(lakh)
37914
36790
32828
35449
36030
-1.01

Meat
109
108
147
175
181
10.68

Table 4: Trends in average daily milk yield
in Punjab from 2007-08 to 2011-12
(kg/day)
Year

Source: Statistical Abstract of Punjab, 2012

Year

sought to be achieved by improving animal
breeds and by providing proper animal
healthcare and veterinary services. Since milk
is the main product, the trends in the average
daily milk yield were examined species-wise
(Table 4).

Wool
(in 000 kg)
435
451
485
506
532
4.11

Source: Basic Animal Husbandry and Fisheries Statistics,
Ministry of Agriculture (GOI), 2013

The main objective of any sound livestock
development programme is to achieve
improvements in the animal productivity. It is

Cows
Crossbred Indigenous
9.01
4.24
10.41
6.01
10.54
5.64
10.95
6.50
10.95
6.52
3.98
8.99

Buffalo

Goat

7.81
8.50
8.51
8.59
8.64
2.04

1.15
1.15
1.15
1.48
1.46
4.89

Source: Basic Animal Husbandry and Fisheries Statistics,
Ministry of Agriculture (GOI), 2013

The average crossbred cow milk yield in
the state increased from 9.01 kg to 10.95 kg
from 2007-08 to 2011-12 at an annual growth
rate of 3.98 percent while the average
indigenous cow milk yield increased from 4.24
kg in 2007-08 to 6.52 kg at an annual growth
rate of 8.99 percent. For buffaloes and goat,
the growth rate was observed at 2.04 and 4.89
percent from 2007-08 to 2011-12, respectively.
Animal Health and Veterinary Services and
State Support
The significant achievements in the
livestock sector have been possible due to
successive proactive policy regimes that have
created massive infrastructure, providing
necessary services to the livestock sector in
the state.
The number of all veterinary hospitals and
dispensaries in the state has recorded increase
from 761 and 798 in 1980-81 to 1367 and 1487,
respectively in 2011-12 (Table 5). As such, the
number of veterinary officers and pharmacists
has also recorded increase from 686 and 1400
to 757 and 2024, respectively in 2011-12.These
institutions have been rendering crucial animal
healthcare and veterinary services to the
livestock rearers in the state.
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Table 5: Veterinary institutions in Punjab from 1980-81 to 2011-12
Year
Veterinary hospitals
Dispensaries
Sheep and wool extension centres
Veterinary officers
Poultry service centres
Veterinary pharmacist

1980-81
761
798
38
686
58
1400

1990-91
891
1008
38
856
58
2324

2000-01
1362
1443
38
1094
58
2413

2008-09
1367
1485
38
783
58
2384

2009-10
1367
1485
38
783
58
2384

2010-11
1367
1485
38
783
58
2384

2011-12
1367
1487
38
757
58
2024

Source: Statistical Abstract of Punjab, 2012

The perusal of Table 6 shows that the
number of animal equivalent units per
veterinary institution has come down from 4472
in 1980-81 to 2473 in 2011-12 while the number
of animal equivalent per veterinarian has also
come down from 10572 in 1980-81 to 5159 in
2011-12. Area served by a institution has also
come down from 27.99 per sq km to 17.66 per
sq km in last three decades. Similarly, the area
served by a veterinarian has also come down
from 66.17 per sq km to 36.84 per sq km in last
three decades.
Table 6: Average number of livestock units,
are a and units s e rve d pe r ve te rinary
institution and per veterinarian in Punjab
from 1980-81 to 2011-12
Year

Livestock Livestock units
units*
per
I
V
1980-81 8044987 4472 10572
1990-91 9252926 4872 10385
2000-01 9558629 3408
7018
2006-07 8560844 3002
6263
2007-08 7052908 2473
5159
2008-09 7052908 2473
5159
2009-10 7052908 2473
5159
2010-11 7052908 2473
5159
2011-12 7052908 2473
5159

Area served
(per km2)
I
V
27.99
66.17
26.52
56.52
17.95
36.98
17.66
36.84
17.66
36.84
17.66
36.84
17.66
36.84
17.66
36.84
17.66
36.84

Source: Statistical Abstract of Punjab, 2012
Total Livestock has been converted into Live Stock Units-One Live
Stock Unit=one cattle=one buffalo=one horse/Pony=one Donkey=one
Camel=10 Goats=10 Sheep=5 Pigs=100 Poultry
I: Institution
V: Veterinarian
*

Since breed improvement of the nondescript animals is fundamental to any
livestock development programme, serious
efforts have been made to usher in the breed
improvement in the state. This is amply borne
by the artificial inseminations done annually
during the past three decades (Table 7). In the

Table 7: Year-wise artificial inseminations
done in Punjab from 1980-81 to 2011-12
Year
1980-81
1990-91
2000-01
2009-10
2010-11
2011-12
CGR (%)

Cows
444971
892397
1378192
1979839
2029138
2264965
5.22

Buffaloes
111622
316040
536009
1464977
1547275
1742110
8.97

Source: Statistical Abstract of Punjab, 2012

last three decades, the artificial inseminations
done in the state in cattle increased at 5.22
percent annually and in buffaloes increased at
8.22 percent annually.
CONCLUSIONS
The livestock sector in the state of Punjab
contributes around 31-34 percent of the total
value of agricultural produce. The sector has
registered a higher growth in the gross value
contribution as compared to the overall
agriculture sector. The livestock population
has witnessed increase in the population over
time. To meet the infrastructural requirements
of the sector, there has been an impressive
increase in the number of veterinary
institutions in the state. However, of late, fiscal
stringency appears to have been stifling the
plan allocations to the department of animal
husbandry. As a result, the manpower
shortage, especially of the veterinary officers
and pharmacists at the field level, is growing
affecting livestock care in the state.
Appropriate remedial measure should be
undertaken to strengthen animal health and
veterinary services in the state for developing
a strong livestock economy in Punjab.
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COST EFFECTIVE STORAGE OF PULSES IN RURAL
PUNJAB: A CONSERVATION APPROACH
Gurbir Kaur* and Iqbal Singh#
ABSTRACT
Different traditional materials were tested for their effect on storability of
Moong (variety: SML-668). The trials were conducted at three different
villages of the district Sangrur. Samples of 05 kg each with Neem leaves,
saw dust and parad tablets @ 02 tablets were stored at ambient conditions.
After six months of storage, samples stored with parad tablets showed no
loss in weight and thus has the best quality of pulses. The objective of the
study was to find a suitable protectant that can extend the storage life of
pulses at farm level with minimum cost and to aware the farmer about
traditional methods.
Keywords: Neem leaves, parad tablet, pulses, saw dust, storage
JEL Classification: Q01, Q16, Q18

INTRODUCTION
Pulses are the basic ingredient in the diets
of a vast majority of the Indian population, as
they provide a perfect mix of vegetarian protein
component of high biological value when
supplemented with cereals. The pulses are also
an excellent feed and fodder for livestock.
Endowed with the unique ability of biological
nitrogen fixation, carbon sequestration, soil
amelioration, low water requirement and
capacity to withstand harsh climate, pulses
have remained an integral component of
sustainable crop production system since time
immemorial, especially in the dry areas. They
also offer good scope for crop diversification
(grow profitably in relatively low-input
management conditions) and intensification
*
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Sangrur (Kheri) and #Assistant Research Engineer,
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(short growing period) (Masood and Gupta,
2012).
During 2013-14, the country produced
19.27 Mt of pulses from 23.25 M ha area, with
an average yield of 828 kg per ha. These figures
make India the largest producer of pulses in
the world. With the large population
dependent on pulses for protein requirements,
India is also the largest consumer and importer
of pulses. Shortfall in pulses has been
attributed to a number of factors, the major
ones being the increasing population, rising
income, geographical shift, abrupt climatic
changes, complex disease–pest syndrome,
socioeconomic conditions and poor marketing
opportunities. Pulses are also more sensitive
to storage conditions than cereals. High
temperature, high relative humidity, high seed
moisture content, light exposure and an
extended storage period have all been found
to adversely affect quality. These factors may
cause colour darkening and hard-to-cook
defect in pulses.
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Farmers and traditional grain processors
have been evolving number of traditional
practices through trial and error method, to
avoid huge loss that are occurring in stored
pulse grains due to insect and pest infestation
(Ravi et al., 2002). But in modern processing
methods, scientific principles were introduced
to hasten up the storage and processing
process. These include use of chemicals and
fumigation methods in storage, heavy
machinery for pulse milling and substances
like soap stone, waste oil and synthetic colours
to impart shining appearance to end product
which ultimately cause dust pollution and ill
effects on the consumer ’s health. So, in
comparison to modern methods, indigenous
knowledge is eco-friendly, safe to man and
environment as well as cheap for a common
man.
It is estimated that 60-70 percent of grains
produced in the country is stored at home level
in indigenous structures ranging from bamboo
baskets to mud structures (bharola), gunny
bags and modern bins (Dhaliwal and Singh,
2010). Also, there is evidence of ash, sand and
herbs used in ancient civilization for protecting
pulses and grains from insect attack and
therefore, to increase storage life (Kiruba et
al., 2006). Keeping this in view, the on-farm
trials were carried out with an objective to store
pulses efficiently at household and farm level
using traditional methods.
METHODOLOGY
On-farm trials were carried out in 2010 and
2012 in district Sangrur. For trials, three
locations were selected viz., village Mastuana
Sahib, Duggan and Gaggarpur. Four samples
each weighing five kg moong (Variety: SML668) after sun drying were taken in the air
tightpots. Three samples were then stored by
keeping neem leaves, saw dust and two parad
tablets and one was taken as control. The parad
tablets were wrapped in a muslin cloth and
placed in the sample. The parad is a Ayurvedic
formulation of Zandu Pharmacy (India) which
is recommended for deworming and safe
storage of grains but lack of awareness among

farmers restricts its frequent use at farm level
households. The storage life of samples was
observed for six months and the loss in weight
of the sample was measured as storage
parameter after six month period.
RESULTS AND DISCUSSION
The pots were opened after six month
storage of pulses and weight was measured
for each sample. The loss in weight of the
samples is shown in Table 1 and 2.
Table 1: Loss in weight of moong in 2010
(kg)
Particulars
Initial weight
L1
L2
L3
Final weight
L1
L2
L3
Loss in weight
L1
L2
L3
Average weight loss

Neem
leaves

Saw Parad Control
dust tablets

5.0
5.0
5.0

5.0
5.0
5.0

5.0
5.0
5.0

5.0
5.0
5.0

4.7
4.7
4.78

4.7
4.75
4.75

5.0
5.0
5.0

4.5
4.2
4.4

0.3
0.3
0.22
0.273

0.3
0.25
0.25
0.267

-

0.5
0.8
0.6
0.633

It was observed that maximum weight loss
was in the control (8-12 percent) followed by
neem leaves (5-6 percent) and saw dust (5-3
percent). Among the treatments, neem leaves
showed more loss in weight as there might be
movement of little moisture from the leaves to
Table 2: Loss in weight of moong in 2012
(kg)
Particulars
Initial weight
L1
L2
L3
Final weight
L1
L2
L3
Loss in weight
L1
L2
L3
Average weight loss
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Neem
leaves

Saw Parad Control
dust tablets

5.0
5.0
5.0

5.0
5.0
5.0

5.0
5.0
5.0

5.0
5.0
5.0

4.7
4.8
4.75

4.85
4.9
4.85

5.0
5.0
5.0

4.5
4.6
4.6

0.3
0.2
0.25
0.25

0.15
0.1
0.15
0.13

-

0.5
0.4
0.4
0.43

the pulse grains that made them vulnerable to
more infestation. But as neem has natural
repellent effect against weevils, flour beetles
etc. and therefore, much loss did not occur.
The saw dust kept samples showed 3-5
percent loss in weight of the grains. This might
be due to less movement of moisture across
the layer of saw dust above the grains that act
as barrier and so, kept the conditions
unfavourable for the infestation. Also, the saw
dust layer did not allow much change in the
temperature variation in the micro-climate of
the storage containers that also help in low
moisture as well as mass transfer in the grains.
Storage of pulses with two tablets of parad
for five kg was found to be most effective in
preventing the infestation in pulse grains and
thus showed negligible loss in weight of the
grains. This was due to antimicrobial effect of
the parad tablet that helped in storage for more
than six months without any loss in quality.
CONCLUSIONS
Moong (variety: SML-668) samples of 05
kg each with Neem leaves, saw dust and parad
tablets @ 02 tablets are stored in air tight pots
at ambient conditions. After six months of

storage, samples stored with parad tablets
showed negligible loss in weight and thus has
the best quality of pulses followed by saw dust
and neem leaves. The parad tablet of Zandu
Pharmacy that costs less than one rupee is the
most effective farm level storage treatment for
pulses without compromising the quality.
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FUTURES MARKET IN MITIGATING PRICE RISK: AN
EXPLORATIVE ANALYSIS OF CASTOR MARKET
Rachana Kumari Bansal*, Y. C. Zala* and D.J. Parmar#
ABSTRACT
Instability of commodity prices has always been a major concern of the
producers as well as the consumers in an agriculture dominated country
like India. Farmers in a bid to avert the price risk often tend to go for
distress sale and thereby reducing the potential returns. In order to cope up
with this problem, futures trading has emerged as a viable option and
serves as a risk-shifting function. This study has analyzed the movement of
futures and spot prices or co-integration in castor and the data were
collected from July, 2004 to December, 2013. The ADF (Augmented Dickey
Fuller) test has been used to check the stationarity of the time series data
and it followed the stationarity pattern at the first difference. The cointegration test has been used to find out whether there existed a long-run
relationship between spot and futures prices and it behaves in an expected
manner. The result of Granger test detected unidirectional Granger
Causality from futures to spot markets. This phenomenon of price
convergence and causality indicated its better hedging efficiency for farmers
and exporters to mitigate the price risk.
Keywords: ADF test, co-integration, futures trading, Granger Causality.
JEL CLassification: C10, C46, M21, Q10, Q13

INTRODUCTION
India being an agrarian economy,
instability in commodity prices has always
remained a major concern for producers as well
as the consumers. Various other challenges
have cropped into Indian agriculture during
the post-WTO regime, for instance dragging
technological process, depletion of water
resources, stagnant productivity and more
importantly, lagging market reforms.
Fragmented rural markets are another challenge
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in efficient marketing/trading of agricultural
commodities in India. Given the exposure of
farmers to such risks and challenges, it makes
their investment in farming an unprofitable
proposition. There are various ways to cope
with this problem. Market based risk
management tools for commodities have
assumed special significance in the
liberalization era (Sahadevan, 2002). Apart from
increasing the stability of the market, various
factors in the farm sector can better manage
their activities in an environment of unstable
prices through futures markets. These markets
serve as a risk-shifting function and can be
used to lock-in prices instead of relying on
uncertain price developments (Raipuria, 2002).
The price risk refers to the probability of
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adverse movement in prices of commodities,
services or assets. Many of them being
seasonal tend to attract lower prices during
the harvest season. The forward and futures
contract are considered to be an efficient risk
minimizing tools which insulate buyers and
sellers from unexpected changes in future price
movements. These contracts enable them to
lock-in the prices of the products well in
advance. Moreover, Futures prices give
necessary indications to producers and
consumers about the likely future ready price
and demand and supply conditions of the
commodity traded. The cash market or ready
delivery market, on the other hand, is a time
tested market system, which is used in all forms
of business to transfer title of goods (Singh et
al., 2005).
The commodity futures market in India has
witnessed unprecedented growth since 2003.
Despite this phenomenal growth, the economic
rationale and functioning of futures market is
not clearly understood by many. This has led
not only many misconceptions about the
functioning of the futures market but has also
kept many potential beneficiaries away from
this market. The volume of trade and number
of commodities traded in the futures market
has increased over the years. The hedging and
price discovery functions of futures markets
promote more efficient production, storage,
marketing and agro-processing operations,
financing, and overall agricultural marketing
performance. Futures trade provides a
convenient mechanism through which a farmer,
who is uncertain about the price of his
produce, can cover his risk by selling a futures
contract before the harvest day. The futures
trading is based on an obligation between a
buyer and a seller to fulfill the pre-determined
standardized contract entered on the day of
agreement for delivery in the future (Sendhil
et al., 2013).
The futures trading infuse efficiency in the
functioning of a commodity market through
availability and dissemination of information,
which helps to stabilize and to decrease spot

price volatility (Tomek, 1980). Through
hedging farmers can mitigate the price risk that
they may face in the spot market with volatile
prices. However, even in the well functioning
markets, the movement of spot and futures
prices would not be perfectly parallel, so that
it can only reduce risks through executing
opposite selling and buying in two markets
rather than altogether removing them. Keeping
all this in view, the present study tries to explore
how futures prices moved with spot prices
using co-integration technique and also
investigates the efficiency of Futures market.
METHODOLOGY
Crop Selection
India exports nearly 80 percent of castor
seed production and there is significant
fluctuation in the production of castor seed.
The market participants like the farmers,
traders, oil millers, exporters and industries
which produce value added derivatives face
an eternal price risk due to fluctuating
production and world prices set by other
trading countries. Hence, there is a need for
futures contract to hedge their price risk. So,
castor was purposively selected for the study.
Data
The data used for the study was entirely
based on secondary source. The daily spot
and futures prices of castor seed were obtained
from the website of National Commodity
Derivative Exchange of India Limited (NCDEX),
www.ncdex.com, Mumbai, from July, 2004 to
December, 2013 (for a period of 10 years-2285
observations). The sample period used in
analysis was based on availability of data and
by smoothing of data after adjusting holidays
and non-trading days.
Analytical Framework
Integration
Johansen’s (1988) multivariate approach
was used to examine co-integration of futures
market with spot market prices. Before testing
for co-integration, the time series of prices was
checked for its stationarity to avoid spurious
or non-sense regression. The stationarity
properties and unit roots in the time series were
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substantiated by Augmented Dickey-Fuller
(ADF) test (Dickey and Fuller, 1979). This test
was conducted on the level and first
differences of price series. The time series
variables that are integrated, may be of the
same order, while the unit root test finds out
which variables are integrated of order one, or
I(1). The following ADF regression equation
was tested for stationarity:
DYt= b1 + b2t + dYt-1 + S aiDYt-i+ et
Where, Yt is a vector to be tested for cointegration, t is the time or trend variable, DYt =
(Y-Yt-i) and et is a pure white noise error-term.
The null hypothesis that, d = 0; signifying unit
root, states that the time series is nonstationary, while the alternative hypothesis, d
< 0, signifies that the time series is stationary,
thereby rejecting the null hypothesis.
The Johansen’s Co-integration test based
on the error-correction representation is as
follows:
Dzt= fk Dzt-k+ pzt-1 + m + et
Where, zt is n  1 vector of I(1) processes
(price of n market), The rank of p equals the
number of co-integrating vectors, which is
tested by maximum eigen value or trace value
and likelihood ratio test statistics, m is a
constant term has been used to capture the
left out variables. The number of lags used in
the model was decided on the basis of Akaike
(1974). In this study the rank of p was
determined by Johansen’s trace test.
n

λ trace  T  ln(1  λi) for r= 0, 1, 2..., n-1
i  r 1

Where, li are the Eigen values representing
the strength of the correlation between the first
difference and the error-correction. Then, the
following hypotheses were tested:
H0: rank of p = r (null hypothesis), and
H1: rank of p > r (alternate hypothesis)
Where, ‘r’ is the number of co-integration
equations. The above test was carried out on
the assumption of linear deterministic trend in
original data and only intercept in the cointegrating equation. The co-integrating
equation has only the intercept (no trend)
because of differencing the price series while

checking for its stationarity, whereas the
original price series follows a trend since the
mean and variance are non constant over a
period of time (non-stationary).
The Vector Error Correction Model (VECM)
was used to estimate the acceleration speed
of short-run deviation to long run equilibrium.
The error correction model isDSt = q0 + q1 DSt-1 + q2 DFt-1 + q3 et-1 + mt
where,
D denotes first difference operator
mt is the random error term
et-1 = (St - a- bFt-1)
that is the one period lagged value of the
error from the co integrating regression. Of
particular interest is the coefficient of the error
correction term, q3 that indicates the speed at
which the series returns to equilibrium. For
value of q3 that is negative (positive) and less
than (equal to) zero, the series converges to
(or diverges from) the long run equilibrium.
Here St and Ft are spot and futures prices
respectively.
Granger Causality Test
Correlation does not necessarily imply
causation in any meaningful sense of that
word. The Granger (1969) approach to the
question of whether x causes y is to see how
much of the current y can be explained by past
values of y and then to see whether adding
lagged values of x can improve the explanation.
y is said to be Granger-caused by x if x helps in
the prediction of y, or equivalently if the
coefficients on the lagged ’s x’s are statistically
significant.
Note that two-way causation is frequently
the case; x Granger causes y and y Granger
causes x. It is important to note that the
statement x Granger causes y does not imply
that y is the effect or the result of x. Granger
causality measures precedence and
information content but does not by itself
indicate causality in the more common use of
the term.
In general, it is better to use more rather
than fewer lags, since the theory is couched in
terms of the relevance of all past information.
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Bivariate regressions of the form:
yt = a0 + a1 yt-1 + …+ al yt – l + b1 xt-l + …........
+ bl x–l + et
xt = a0 + a1 xt-1 + …+ al xt – l + b1 yt-l + …...........
+ bl y–l + ut
for all possible pairs (x,y) of series in the
group. The reported F-statistics are the Wald
statistics for the joint hypothesis:
b1 = b2 = … = bl = 0
for each equation. The null hypothesis is
that x does not Granger-cause y in the first
regression and that y does not Granger-cause
x in the second regression.
RESULTS AND DISCUSSION
Nearly 81 percent farmers in the country
belong to the small and marginal category. For
them, better prices are the best incentive to
remain in the farming. The NSSO study
(Anonymous, 2003) on situational assessment
survey of farmers revealed that almost 60
percent farmers were willing to relinquish their
profession owing to non-remunerative returns
and instability in prices due to market
upheavals. Keeping this in mind, the
government decision to open up the futures
market operation in castor is investigated.
Future-spot Price Linkages
The descriptive statistics of spot and
futures prices of castor has been given in Table1. The table depicts that the mean of spot price
for castor was `2804.68 per quintal and for
futures price; it was `2826.44 per quintal. Both
spot and futures prices were positively skewed
with a skewness coefficient of 0.43 and 0.46
and platykurtic, as their kurtosis values were
Table 1: Descriptive statistics of spot and
futures prices of castor
Items
Mean
Median
Maximum
Minimum
Std. Dev.
Skewness
Kurtosis
Range
CV%

Spot prices
2804.68
2736.75
6145.7
1386.5
1030.79
0.4298
-0.7481
4759.2
36.75

less than three (-0.75 and -0.72). The
distribution of spot prices is comparatively less
skewed than futures prices. As the standard
deviation of futures price was greater than spot
price, it resulted in the greater variability of
futures price as compared to spot price.
Coefficient of variation for spot and futures
prices was 36.75 and 36.92 percent. Low
liquidity might be a potential reason for higher
instability in futures prices.
The interdependence among prices (spot
and futures prices) was probed through
multivariate co-integration technique. The
integration tests are pre-requisite for cointegration. The order of integration (existence
or absence of non-stationarity) in the series
was examined through the ADF test.
The perusal of Table 2 contains the result
of ADF test implying the existence of unit root
in the price series. Akaike’s information
criterion (AIC) was used to determine the lag
length. To conduct ADF, a lag length of five
was sufficient to remove autocorrelation. The
ADF test at the series levels [integrated of
order 0,I(0)] supported the null hypothesis of
unit root (non-stationary) at 99 percent level
of significance for the spot and futures prices
of castor crop. The ADF test statistics of spot
and futures prices have fallen within the
confidence interval, indicating all price series
exhibited random walk or levels of series were
non-stationary. The first difference of all these
non-stationary time series of spot and futures
price of castor was then tested using t-test.
The first difference or integrated of order 1
denoted as I(1) of all price series was found to
be significant or stationary. Thus, the price

Futures prices
2826.44
2728
5962.5
1346
1043.55
0.4636
-0.7199
4616.5
36.92

Table 2: ADF unit root test for spot and
futures prices of castor
Lag Length: 5 (Automatic - based on AIC, maxlag=5)

ADF-unit root
(t test)
Level
First difference
**

Spot price

Futures price

-0.742
(0.834)
-28.421**
(0.000)

-0.908
(0.786)
-18.827**
(0.000)

significant at 1 percent level
Figures in parentheses indicate Mackinnon (1996) p-values
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series of spot and futures markets have a unit
root. The occurrence of unit root in the price
data generation process of this commodity
gave a preliminary indication of shocks which
may have permanent or long-lasting effect.
Rangasamy and Elumalai (2010) also found
similar results in case of pepper and they
concluded that spot and futures prices were
found to be stationary at first difference.
It can be seen from Figure 1 that the auto
correlation function (ACF) declined very
slowly and as many ACFs were significantly
different from zero and fell outside the 99
percent confidence interval, the spot and
futures price of castor was non-stationary. The
partial auto correlation function (PACF)
declined rapidly after the fourth lag period,
which also indicated the non-stationarity of
the spot and futures price series. It was
corrected through appropriate differencing of
the data and in Figure 2 ACF and PACF
declining sharply, which shows stationarity
among spot and futures prices. Since
differencing was carried out only once to arrive
at stationary series.
Since it is established through ADF test
that both the series have long run relationship,
co-integration was tested using Johansen’s

maximum likelihood procedure. The cointegration of spot and futures markets could
be established and the same order of
integration for both spot and futures prices
reveals that there exists a long run price
equilibrium relationship between these prices.
The trace test for co-integration vectors of the
two markets with the assumption that there
existed a linear deterministic trend in the data
was carried out at the lag interval of five. The
results of Johansen co-integration test is given
in Table 3 which revealed that trace statistics
value of 98.41 was greater than the critical value
of 15.49 at five percent level. So, we reject the
null hypothesis, which indicates the existence
of at least one co-integrating equation(s) at
five percent level of significance, and thereby
price transmission takes place as it helps in
Table 3: Johanse n's co-integration te st
results for castor
Unrestricted Co-integration Rank Test (Trace)
Hypothesized Eigen
Trace 0.05 critical Prob.**
No. of CE(s) value statistics
value
None*
0.041987 98.4137 15.4947 0.0001
At most 1
0.000270 0.61508 3.84146 0.4329
Trace test indicates 1 cointegrating eqn(s) at the 0.05 level
*
denotes rejection of the hypothesis at the 0.05 level
**
MacKinnon-Haug-Michelis (1999) p-values

Figure 1: At level series ACF and PACF of spot and future price of castor

373

the process of price discovery. This further
indicates that one of the price series could be
predicted from the other price series.
Hence it was concluded that the model
variables had a long-run equilibrium/comovement among the spot and futures price
series during the period under study. The
existence of co-integration is necessary for
long-term market efficiency. It helps to
determine whether spot prices are affected by
the futures prices or not. That means there is
price discovery process in the spot and futures
market as co-integration is necessary condition
for price discovery. Elumalai et al. (2009) also
conducted a study on the price discovery
mechanism in pepper, guar seed and gram and
obtained similar results.
Long-run equilibrium relationships
between spot and futures prices were also
observed, even though there can be
disequilibrium in the short run. For this, the
error term can be treated as equilibrium error
and also the intertwined relationship in the
short run giving way to a long run association.
The error correction mechanism was used to
estimate the acceleration speed of the short
run deviation to the long run equilibrium. The
advantage of ECM is that it allows for the short
run dynamics as well as an assessment for the

degree towards the long run relation as shown
by co-integration.
Results of vector error correction model
are given in Table 4. The coefficient of error
equilibrium was found to be -0.025 in the futures
market equation. This indicated that when the
average futures price of castor was too high, it
immediately fell back towards spot price. That
is, the futures price corrects to its previous
period’s disequilibrium by 2.5 percent. These
results revealed that there was long run
relationship between futures and spot prices
and the adjustment towards equilibrium was
made by futures prices. The error correction
coefficient suggests that a sustainable longterm equilibrium is achieved by closing the gap
between futures and spot prices.
The error correction coefficient in spot and
futures is 0.1198 and -0.0254, respectively. This
measures how quickly the dependent variables,
such as, spot and futures prices absorb and
adjust themselves for last period disequilibrium
errors. In other words, it measures the ability
of dependent variable, such as, spot and
futures prices to incorporate shocks or news
in its prices. Result suggests that presence of
futures market leads marginally price discovery
process.
As regard short run causality, that is
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Table 4: Ve ctor e rror corre ction mode l
(VECM) estimates for Castor
Co-integrating eq.
FF(-1)
SS(-1)

C
Error Correction
Cointegration
Equation-1

D(FF(-1))

D(FF(-2))

D(SS(-1))

D(SS(-2))

C

R2

Cointegration
Equation-1
1
-1.011195
(0.00746)
[-135.466]
9.792824
D(FF)

D(SS)

-0.025428

0.119811

(0.01301)
[-1.95489]
0.167528
(0.02549)
[ 6.57118]
0.025233
(0.02694)
[0.93676]
-0.009749
(0.02306)
[ -0.42267]
-0.049861
(0.02070)
[-2.40855]
1.035918
(1.10947)
[ 0.93371]
0.026

(0.01379)
[8.69107]
0.551359
(0.02702)
[ 20.4061]
0.010702
(0.02855)
[ 0.37486]
-0.271688
(0.02444)
[ -11.1146]
-0.138557
(0.02194)
[-6.31535]
1.0064
(1.17583)
[ 0.85591]
0.252294

Figures in parentheses () are standard errors and [] are t-statistics

changes in futures (spot) prices with respect
to lagged changes in spot (futures). In the spot
price model of castor, the coefficient of one
day lagged futures price was positive (0.551).
It implies that price discovery was occurred
futures market and was transmitted to spot
market. The coefficient of its own (spot) one
day lagged spot price was negative (-0.272)
and two day’s lagged spot price was negative
(-0.138). It means that the spot market was
influenced by its own price too.
However, in the futures model, the
coefficient of two day’s lagged spot price was
negative (-0.050) and did not seem to affect
futures prices. The coefficient of its own
(futures) one day lagged (0.167) and two day’s
lagged (0.025) a spot price was positive. It
means futures market was influenced by its

own price too.
This showed that the causality was unidirectional, means better discovery of prices
at castor futures market from where the
information flows to spot market. They also
exhibited the convergence in spot and futures
prices. This phenomenon of price convergence
for castor clearly depicts that farmers and
exporters would be able to mitigate the price
risk by taking opposite position in the markets.
It is a good option for hedging in the Indian
futures market for the farmers growing this
crop.
Singh et al. (2009) also found similar results
while studying the efficiency of futures market
operations in mitigating price risk in wheat,
chana (chickpea), urad (black gram), masoor
(lentil), refined soya oil, potato, jeera (cumin)
and kapas (cotton) and they found cointegration/ long run relationship between spot
and futures prices. They concluded that
futures contract behave in an expected manner
and have a positive impact on the short run
changes in the spot prices except wheat and
potato.
Granger Causality
Granger causality test was employed to
examine the lead-lag relationship between
markets. Granger-causality is a necessary
condition for causality, but not a sufficient
condition. Granger, x causes y if the past value
of x can be used to predict y more accurately
than simply using the past values of y. In other
words, if past values of x statistically improve
the prediction of y, then we can conclude that
x Granger-causes y. The test itself is just an Ftest of the joint significance of the other
variables in a regression that includes lags of
the dependent variable. The result of Granger
test given in Table 5 detects unidirectional
Granger Causality from futures to spot markets.
In case of castor at lag one to five, null
hypothesis of no granger causality from
futures prices to spot prices is rejected as
indicated by low p values and high F-values,
but this is not true for the null hypothesis of
Granger causality from spot to futures prices.
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Table 5: Granger Causality test for spot and futures prices of Castor
Lag Null hypothesis
1 Spot does not Granger cause futures
Futures does not Granger cause spot
2 Spot does not Granger cause futures
Futures does not Granger cause spot
3 Spot does not Granger cause futures
Futures does not Granger cause spot
4 Spot does not Granger cause futures
Futures does not Granger cause spot
5 Spot does not Granger cause futures
Futures does not Granger cause spot

Observations
2284
2283
2282
2281
2280

This further indicates that futures market is
more efficient in castor and unidirectional flow
of information occurs from futures to spot
market. This indicates that the castor futures
influenced the spot prices indicating its better
hedging efficiency for farmers and exporters
to mitigate the price risk by taking opposite
position in the markets. Sen and Paul (2010)
also found similar result in case of chana,
refined soya oil, potato and wheat.
CONCLUSIONS
In this study an attempt has been made to
look into the mechanism of movement of spot
and futures prices of castor in India. The mean
value of spot prices was found less than those
of the future prices for castor crop. The
distribution of spot prices is comparatively less
skewed than futures prices. The price series
of castor crop in spot and futures market
showed that level data was non-stationary but
at their first differences it became stationary
(implying the presence of unit-root in the
series). The occurrence of unit root in the price
data generation process of this commodity
gave a preliminary indication of shocks which
may have permanent or long-lasting effect. The
co-integration of spot and futures markets
could be established and the same order of
integration for both spot and futures prices
reveals that there exists a long run price
equilibrium relationship between these prices.
However, in the short run there may be
disequilibrium between these two. Short run
changes in the future price series have a
positive impact on the short run-changes in

F-statistics
0.01049
267.67
1.5932
341.354
2.9675
242.529
2.1016
187.728
3.38449
153.224

Probabilities
0.9184
6.00E-57
0.2035
2.00E-130
0.0308
2.00E-136
0.0781
4.00E-139
0.0048
2.00E-140

the spot price. This phenomenon of price
convergence shows that futures market
behaves in an expected manner. The result of
Granger test detects unidirectional Granger
Causality from futures to spot markets. This
broadly indicates that the castor futures
influenced the spot prices indicating its better
hedging efficiency for farmers and exporters
to mitigate the price risk by taking opposite
position in the markets. This study suggests
that there is a need to broaden the coverage
by effectively popularizing the futures trading
among farmers, traders and exporters in
commodity trading domain and convincing the
policy makers about the effectiveness of the
futures trading.
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A STUDY ON SUSTAINABLE PRODUCTION
MEASURES FOR WHEAT AND RICE OF DAYALBAGH,
AGRA WITH CLIMATE VARIATIONS
K.Vasanta and Preetvanti Singh*
ABSTRACT
Climate is one of the most important input factors in the agriculture
productivity in all over the world. Throughout the world there is significant
concern about the effects of climate change and its variability on
agricultural production. Climate change is being recognized as a major
threat to present day society because of its adverse impacts on ecosystem,
agricultural productivity, water resources, socio-economy and
sustainability in a global as well as regional basis. Assessment of impacts
of these changes on the diverse sectors of activity at a lowest possible
spatial scale requires to be made to facilitate community level actions for
our sustainable growth. Climate is generally defined as average weather,
as such, climate change and weather are intertwined. Observations can
show that there have been changes in weather, and it is the statistics of
changes in weather over time that identify climate change. Agriculture is
most vulnerable to climate change. As Rice and Wheat are staple food for
the people, climate effect will be strong. Therefore, there is a need to analyze
the climate impact on the said crops time to time and explore sustainable
approaches to enhance the productivity. This paper studies the Wheat and
Rice production sustainability measures of Dayalbagh in the light of climate
variations.
Key words: Climate change, Dayalbagh, rice, sustainable production , wheat
JEL Classification: Q10, Q11, Q15, Q54, Y10

INTRODUCTION
Dayalbagh which translated into English
means the Garden of the Merciful is the
Headquarters of the Radha soami Satsang
Community which is a suburb of Agra in the
State of Uttar Pradesh, India. It is a selfsustained colony well-known for its serene
environment, secular establishments like the
*

Staff Member and Associate Professor, Faculty of
Science, Dayalbagh Educational Institute (Deemed
University), Dayalbagh, Agra
E mail: kvsnt07@gmail.com

industries, the educational institutions, the
agriculture farm and the activities of its inmates
who lead an active, disciplined and cooperative community life, conforming to the
high spiritual ideals of the Faith. The
foundation of this Ashram was laid on the
Basant Panchami day, the 20th of January 1915
(President, RSSabha, 1984) by a simple
ceremony of planting a mulberry tree by the
fifth Revered Leader of the Radhasoami Faith.
The Radha soami Satsang, the
Headquarters of which is situated at
Dayalbagh, is the name of a Community who
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believe in the teaching of the Radha soami
Faith. The Faith based upon a living belief in
the existence of God, oneness of the essence
of God and the spirit-entity in man and
continuity of life after death. The devotee who
aspires to attain spiritual knowledge has to
renounce worldly freedom, restrain
unnecessary activities of his body and mind
and concentrate and fix his attention on the
spiritual objective.
Agriculture at Dayalbagh
The Sabha had about 3,350 acres of land.
Out of this, 1611 acres had been given to
villagers of the neighboring villages for
cultivation and rest of the land cultivated by
the Sabha directly (Anonymous ,1984).
Cultivation was indeed very strenuous as the
fallow land consisted mainly of sand dunes
and ravines and was full of thorny and other
thickly grown bushes. The entire area had
therefore to be leveled and made fit for
cultivation, with the labour of the members of
the Community done ungrudgingly in a spirit
of seva without any remuneration, only a very
few persons being employed. One who sees
the Dayalbagh Agriculture Farm now can never
imagine that the land was so bad. Seva is an
opportunity to men, women and children for
coming into close contact with the Revered
Leader of the Faith. An agriculture farm of

about 1250 acres thus came into existence
where different cereals, pulses and other crops,
sugar-cane and vegetables etc. are grown and
residents of Dayalbagh get the produce of
Dayalbagh fileds at rates cheaper than those
in the market.
In the beginning, agricultural operations
on a large scale could not be taken up because
of scarcity of water. A canal was constructed
in 1936 so that water supply may be assured
from the river Yamuna. According to Grow
More Food Campaign, in 1942, the residence
of Dayalbagh started leveling uneven
landsand clearing waste lands to make them
suitable for cultivation which was expected to
increase cultivated area from 178 acres in 194243 to 1140 acres in 1950-51 and further on to
more than 1250 acres and presently the area
covered under agriculture and farming
activities is nearly 1531 acres.
One of the major comprehensive visions
of Dayalbagh is that of integrated agriculture
vision which pair small scale production in
kitchen and community gardens with larger
plot farming in the suburb. There are green
houses, botanical gardens, Nurseries for seed
growing and Krishishala and Sewage
Treatment Plant for agriculture management.
The Agricultural layout of Dayalbagh (Singh
et al., 2012) is shown in Figure 1.

Figure 1: Agriculture layout of Dayalbagh
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The opportunity for residents to cultivate
their own food is provided. Dayalbagh
practices organic farming for food production.
Pesticides, insecticides, fungicides and other
harmful chemicals are not used in the
agricultural fields here.
Every morning after prayers sometimes in
the afternoon after finishing their work in
offices the residents of Dayalbagh and a large
number of Satsangis from outside have been
going to work on the land for removing wild
growth and thorny bushes, leveling plots and
making water channels etc. Some of them
plough the lands and sow seeds and plant
paddy in standing water, some water them and
some others protect them from stray cattle and
when food and fodder crops grow and ripen,
men, women and children of the colony, all
join in harvesting, threshing and other
operations. Women have specialized in picking
cotton, beans and chillies and collecting
potatoes. School, college students, Satsangis
from outside in thousands participate in
agricultural operations specially during
harvesting season. In this way all land
belonging to Dayalbagh, except a few acres of
land reserved for grazing, has been brought
under cultivation. The Satsang Sabha has
constructed eighteen tube wells to provide
additional quantities of water specially for

Graph 1: Average Temperature (°c) Graph for Dayalbagh
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paddy and wheat crops.
Both traditional and modern agricultural
practices are adopted here. Know, the
agriculture farms produce food-grains e.g.,
wheat, rice, gram, bajra, maize, pulses, soya
bean, oil seeds, all sorts of vegetables,
potatoes, melons and water-melons,
sugarcane, groundnut and the gardens
produce flowers and fruits like mangoes,
guavas, papayas, oranges and lemons and the
Dairy provides milk products like cream and
butter.
Climate of Dayalbagh
The climate of Dayalbagh is humid
subtropical. The climate in summer is hot and
humid. The maximum temperature rises to 420C
and the minimum temperature falls to 230C in
summer. The temperature during day time is as
high as 460C to 480 Celsius. The summer season
starts in April and lasts till the end of June.
The minimum temperature in winter (December
and January) is 20C and the maximum during
that time in between 100C-140C. But the climate
dips to as low as -40C at times.
Below Graph-1 indicating the average
monthly mean temperature of Dayalbagh for
the period 2000-2012. In the months May and
June (peak summer), maximum monthly average
temperature was 340C-370C between the years
2000-2012 and the minimum monthly average
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Particulars
Average annual temperature0C
Annual maximum temperature0C
Annual minimum temperature0C

2013
26.3
47
3

2014
32.5
47.3
4

Source: Meteorological data is continuously recorded by
weather monitoring data logger WDL 271 (Envirotech)
installed at Science Faculty, DEI, Dayalbagh campus

temperature in between the years 2000-12 was
70C-90C in the months of December and
January. It was observed that sometimes, in
the fields of Dayalbagh, in the early hours of
the mid winter, huge fog with freezing
temperature around 1 0C or 0.50C or even
sometimes 00C with freezed water on the leafs
in the fields. The average annual maximum
temperature was 470C in the year 2013 with a
minimum of 30C and a maximum annual
temperature in the year 2014 with a minimum40C
in December 2014.Rise in atmospheric
temperature and monsoon pattern adversely
affect agriculture and food security (Vasanta,
2013).
The primary source of water for agricultural
production is rainfall. Three main
characteristics of rainfall are-its amount,
frequency and intensity, the values of which
vary from place to place, day to day, month to
month and also year to year. Although the

monsoon effects on most part of India, the
amount of rainfall varies from heavy to scanty
on different parts. A large amount of the
variability of rainfall is related to the occurrence
of extreme rainfall events.
Dayalbagh gets good amount of rainfall
during monsoon season. However, variation
in rainy days is high from few years (Graph 2).
In Dayalbagh, highest precipitation lies in
between the months of July to August. By
observing Graph-2, we may find the average
monthly mean precipitation from the year 20002012. Often we see that rainfall affects on many
ways for example, temperature variations,
radiation, relative humidity, etc. Over 80 percent
of the annual rainfall is received in the four
rainy months of June to September. The
maximum average annual rainfall of Dayalbagh
is about 162 mm in the month of July and the
minimum 0 with 2 rainfall days. However, if we
observe the average annual rainfall, it was 614
mm for the entire year with 21 rainy days and
the very next year that is, in 2014, a low rainfall
Table 2: Rainfall fluctuations in Dayalbagh
Particulars
Average annual rainfall (mm)
Rainfall days

Source: Meteorological data is continuously recorded by
weather monitoring data logger WDL 271 (Envirotech)
Maximum rainfall on 25th August

19

160

Precepitation (mm)

20
18

17

16

162

140
120

14

141

Precepitat ion (mm)

12

Average Rainfall Days

100

10

9

10

8

80

2014
402
10*

*

Graph 2: Average Rainfall (mm Graph for Dayalbagh)
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Number of Days

Table 1: Te mpe rature fluc tuation in
Dayalbagh

has been recorded with huge variation with
the previous year followed by only 10 rainy
days with 402 mm rainfall.
Climate Effect on Wheat Production of
Dayalbagh
In contrast to rice, wheat is a rabi crop
which is sown in the beginning of winter and
is harvested in the beginning of summer. The
time of sowing and harvesting differs in
different regions due to climatic variations. It
is not a heavy feeding crop, but excessively
sandy or heavy clay soils should be amended
with compost prior to planting. Wheat grows
best in areas with lower humidity. Wheat is
crop of cool environment. However, the ideal
wheat climate has winter temperature 10° to
15°C and summer temperature varying from
21°C to 26°C. On temperature below or above
to optimum, germination of seed decreases
slowly. The temperature should be low at the
time of sowing but as the harvesting time
approaches higher temperatures are required
for proper ripening of the crop. But sudden
rise in temperature at the time of maturity is
harmful. Wheat plants are sensitive to very
cold or frost injury at any stage of growth
especially at reproductive stage, if temperature
is below 15ºC. So, temperature during the entire
growing season and especially at grain filling
is the one amongst several important factors
in deciding the optimum growth and yield. The
ideal temperature requirement varies from plant
type and stage of growth. The critical mean
temperature requirements of the plant at
different stages are for growth stages like
germination, tillering, accelerated growth and
proper grain filling, temperature requires 20 25 0 C, 16-20 0 C, 20-23 0 C and 23-25 0 C,
respectively. Because wheat is generally a cool
season crop, it does not require much water.
Wheat needs around 15 inches (381 mm) of
rain over a growing season to produce a good
crop. How much water a particular wheat crop
needs will depend on how much water is stored
in the ground and how much natural rainfall
an area gets. Wheat thrives well in areas
receiving an annual rainfall of about 75 cm

Table 3: Production of wheat in Dayalbagh,
Agra
Year
2000-01
2001-02
2002-03
2003-04
2004-05
2005-06
2006-07
2007-08
2008-09
2009-10
2010-11
2011-12
2012-13
2013-14

Area
(acres)
280
267
248
266
267
285
308.23
304.36
312.2
310.53
304.23
339.87
310.4
325

Output
(q)
4586
3944
3555
3707
3968
3930
4488.62
3864.57
4726.8
3960.23
4244.78
5872
4052
5270

Productivity
(qacre -1)
16.38
14.77
14.33
13.93
14.86
13.79
14.56
12.7
15.14
12.75
13.95
17.28
13.05
16.21

Source: Dayalbagh Agriculture Department

(750mm). Annual rainfall of 100 cm (1000mm) is
the highest limit of wheat cultivation. In areas
of less than 50 cm (500 mm) annual rainfall,
irrigation is necessary for its successful
growth. In fact, wheat can be grown in areas
with as little annual rainfall provided proper
irrigation faculties are available. Region with
62.54 (625.4mm) to 87cm (870 mm) rainfall are
most suitable for wheat cultivation and out of
this 10-15 cm (100-150 mm) rainfall is required
when crop is in the field (Vasanta, 2013).Rainfall
and snowfall at the time of maturity cause
severe loss to wheat crop affecting yield and
seed quality adversely.
At present, Wheat is being cultivated in
Dayalbagh in between 320-340 acres
(Agriculture Department, Dayalbagh). The
area of cultivation varies according to the
need. As per the Table 3, by correlating the
situation of rainfall and temperature with the
output, it can be concluded that a constant
output has been seen according to the acreage
irrespective of the climatic variations.
Climate Effect on Rice Production of
Dayalbagh
Rice is the basic food crop and being a
tropical plant, it flourishes comfortably in hot
and humid climate. Rice is mainly grown in rain
fed areas that receive heavy annual rainfall.
That is why it is fundamentally a kharif crop in
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India. It demands temperature of around 25
degree Celsius and above and rainfall of more
than 100 cm (1000 mm). Rice is also grown
through irrigation in those areas that receives
comparatively less rainfall (Vasanta, 2013). Rice
can be cultivated by different methods based
on the type of region. But in India, the
traditional methods are still in use for
harvesting rice. The fields are initially ploughed
and then fertilizer is applied which typically
consists of cow dung and then the field is
smoothed. The seeds are transplanted by
hand and then through proper irrigation, the
seeds are cultivated. Rice grows on a variety
of soils like silts, loams and gravels. It can also
tolerate alkaline as well as acid soils. However,
clayey loam is well suited to the raising of this
crop.
Rice cultivation is possible only in areas
with good rainfall, as the crop requires
standing water for growth. A monthly rainfall
of 100-200 mm is a must and about 125 cm is
during vegetative season and there should be
no water at ripening stage. Rice being a tropical
and sub-tropical plant, requires a fairly high
temperature, ranging from 20°C to 40°C. The
optimum temperature of 30°C during day time
and 20°C during night time is considered
favorable for its growth and development. In
Dayalbagh, vide climate variations have been
observed. Sometimes, at the time of sowing,
rainfall would be so less that artificial irrigation
need to be done. At present Rice is being
cultivated in Dayalbagh in between 90-100
acres (Agriculture Department, Dayalbagh).
The area of cultivation varies according to the
need. As per the Table 4, by correlating the
situation of rainfall and temperature with the
output, it can be concluded that a constant
output has been seen according to the acreage
irrespective of the climatic variations.
Sustainable Production Measures of
Dayalbagh
Spirituality is the sustainable method of
Dayalbagh Eco culture, agriculture and climate.
People do hard work keeping in mind the
slogan Work is worship taught by the Sixth

Table 4: Production of rice in Dayalbagh,
Agra
Year
2000-01
2001-02
2002-03
2003-04
2004-05
2005-06
2006-07
2007-08
2008-09
2009-10
2010-11
2011-12
2012-13

Area
(acres)
92
98
81
98
103
81.5
82.5
67
105.4
92
92
98.3
104

Output
(q)
1283
1294
1032
1311
1420
1158
1025
834
1270
1216
1122
1470
1260

Productivity
(qacre -1)
13.95
13.26
12.74
13.38
13.79
14.21
12.42
12.45
12.05
13.22
12.2
14.96
12.11

Source: Dayalbagh Agriculture Department

Revered Sant Satguru of the Faith. That is the
reason, apart from the climatic variations; no
adverse effect on crop production has been
seen here.
Dayalbagh land topography initially, was
dominated by ravines, low mounds, patches
of kankars and alkaline soil, sand dunes and
patches of reeds and weeds, lying as waste
land. Gradually, topography status of the
Dayalbagh Eco-village was changed by the
inhabitants of Dayalbagh colony by
community seva. In sustainable agriculture,
the stress normally laid on soils, its fertility
and its productivity, although sustainable
agriculture is a holistic approach. In natural
ecosystems many of the organisms like the
microbes (bacteria, fungi, actinomycetes and
protozoan), micro-arthropods, molluscs,
insects and the earthworms compost all the
litter. The resulting humus is incorporated into
the soil. Soil fertility has become one of the
most important jargons of conventional
agronomists. Thus, healthier the pulse,
healthier is the soil. The soil of the agriculture
fields at Dayalbagh are enriched by only
compost made in the Gaushala with all kinds
of farmhouse and cattle shed supplies of
organic materials (Swami and Vasanta, 2010).
Tree plantation is another important aspect
of Dayalbagh to sustain climate. Re-plantation
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before a tree dries, Jatropha cultivation on
waste lands are the examples for that.
Neither is ground water polluting chemical,
manure or pesticides used in agriculture.
Economy in the use of water is practiced so
that ground water salination does not occur.
Polluted ground water due to overuse and
polluting industries is a common problem in
the city of Agra. All residential houses in the
Dayalbagh colony have been provided pourflush latrines and a sewage system. Rural type
pans have been used which require less water.
Each house has a separate septic tank. The
effluents of which are carried to a central tank.
Sewage is treated by effective Micro –
Organisms technology. The treated effluent
is then used for irrigation in nearby fields.
Agriculture sector is considered to be the
biggest consumer of the water. In Dayalbagh,
use of ground water for irrigation is limited to
nearly 50 percent of the total irrigation. Rest of
the demand is met by the natural rains and the
water drawn from Yamuna River through canal.
Water efficient fixtures of irrigation, like
sprinkler systems having small spray heads
and drip irrigation are also in use at Dayalbagh.
This is the remedial measure in case of less
water facility and low rainfall.
Education on Agriculture and Rural
Economy is a part of education in Dayalbagh.
The unique model of integrated and complete
education is evolving here under the
leadership of great visionaries with the
different components in their rightful places,
such as science and technology, physical
education and yoga, aesthetic sensibilities
and moral, ethical and spiritual values.
Dayalbagh Educational Institute (Deemed
University) located in the area, entrusted the
responsibility to build an Environment
Monitoring Cell with experts from different
disciplines, which can undertake the task of
monitoring the environmental quality

parameters on day to day basic. EMC will also
give its recommendations and suggestions for
remedial measures, time to time, which will be
binding to all.
SPHEEHA (Society for Preservation of
Healthy Environment, Ecology and Heritage
of Agra) has been formed by the initiative of
the Dayalbagh community. SPHEEHA is one
of such society, which is dedicated to the
cause of imparting environmental awareness
among the residents of Agra and preservation
of environmental quality, ecology and heritage.
In Dayalbagh, people do community welfare
through selfless seva or voluntary work thus
utilize their extra time and develop a feeling of
brotherhood. This can lead to a peaceful world
with feelings of brotherhood along with
preservation of the environment and sustain
the climate.
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ROLE OF CONSERVATION AGRICULTURE ON
PRODUCTIVITY OF GROUNDNUT IN SCARCITY
AREA OF PUNE DISTRICT
M.N. Waghmare and R.K. Rahane*
ABSTRACT
Conservation Agriculture is an approach to managing agro-ecosystems
for improved and sustained productivity, increased profits and food security
while preserving and enhancing the resource base and the environment.
Hence appropriate conservation strategies are necessary to improve the
productivity. The present study was undertaken in scarcity area of Pune
district of western Maharashtra. The study investigates that cropping
intensity was more (143.58 percent) on the farms adopting mulching
technology than the non adopters (124.57 percent). The per hectare use
levels of inputs were higher on the mulching technology adopting farms
compared to non-adopting farms. The cost of cultivation of groundnut in
case of farms adopting mulching technology was more. The per hectare
yield levels of groundnut crops grown on farms adopting mulching practice
were higher almost by 51 percent than the non adopting farms. The per
hectare gross returns of the groundnut indicated that the technology
adopting farmers could get 49 percent higher gross returns. Thus, the
conservation agriculture through mulching technology in groundnut
cultivation has become an important measure for increasing crop
production and stabilizing farm income.
Keywords: Conservation agriculture, mulching technology, groundnut
JEL Classification: O13, Q01, Q16,Q24, Q25, Q57

INTRODUCTION
Conservation Agriculture is an approach
to managing agro-ecosystems for improved
and sustained productivity, increased profits
and food security while preserving and
enhancing the resource base and the
environment. Conservation agriculture is an
alternative to traditional land use and
management. It is a practical method to reduce
soil erosion, restore organic matter and
*
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of Agricultural Economics, College of Agriculture,
Pune-411005
Email: marutiwaghmare1@gmail.com

conserve soil moisture and soil fertility.
Conservation Agriculture, provides a
number of advantages on global, regional,
local and farm level. It provides a truly
sustainable production system, not only
conserving but also enhancing the natural
resources and increasing the variety of soil
biota, fauna and flora in agricultural
production systems (Ashok and Kombairaju,
2002).
Soil erosion is a major threat to sustainable
agriculture. Soil and water conservation have
been well recognized as a basic requirement
for enhancing agricultural production,
particularly in rainfed areas. Hence, appropriate
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conservation strategies are necessary to
improve the productivity.
In India, agriculture is the main source of
income and employment for majority of the
population. The agricultural production
depends on the vagaries of monsoon. The
wide diversity of annual rainfall distribution is
associated with a great amount of losses due
to either flood or a drought in various parts of
the country. The major effects of famine on
the agricultural economy is the decrease in the
area sown which creates a problem of mass
unemployment and fall in agricultural
production (Bapat, 1973).
Agriculture is not only a business
enterprise but also largely a way life of the
farming community. While experiencing the
effects of variabilities in agriculture, the Indian
farmers are expected to operate their farm
business under the situation of a variety of
uncertainties.
Soil and water conservation have been well
recognized as a basic requirement for
enhancing agricultural production, particularly
in rainfed areas. Agricultural production from
rainfed areas is of utmost importance for
developing countries such as India, where
rainfed agricultural land would remain more
than 80 percent of the cultivable geographical
area of the country, even after achieving
maximum irrigation potential. The soil and
water conservation measures are primarily
intended to check the velocity of runoff,
increase infiltration, prevent soil erosion and
improve the soil moisture regime, resulting in
increasing crop growth and productivity.
Obviously, the Indian farmer faces various
kinds of risks arising out of such uncertainties.
The crop yield uncertainty is one of the basic
risks, which every farmer has to face (FAO,
2009).
India in general and Maharashtra in
particular mostly famines are occurred, which
results into moisture stress in cultivated land.
So it becomes difficult to harvest the crop. In
view of this, it is intended to study impact of
conservation agriculture through mulching

technology on groundnut cultivation in
scarcity area of Pune district. In mulching
technology, crop residue, such as wheat straw,
sugarcane trash, etc. are used as mulch for
covering the open soil on groundnut farm. In
order to explore into the earlier aspects at
depth, the following objectives were outlined
for the present study:
i) to study the impact of mulching on
groundnut production and farm
income, and
ii) to enquire farmer opinion regarding
mulching technology.
METHODOLOGY
The study was based on micro level
information obtained from the sample of small,
medium and large farmers from Indapur tehsil
of Pune district. Three stage random sampling
design was used for selection of sample farms.
At the primary stage, Indapur tehsil was
selected purposively due to more acreage
under groundnut crop. Subsequently, three
sample villages were selected at random from
the tehsil. At the final stage, all the farms of
the individual sample villages adopting
mulching practices in groundnut cultivation
were grouped into three size classes of farms.
From the individual size classes, three farms
were selected at random from each sample
villages. The equal number of sample farms,
which are not adopting mulching practice in
groundnut cultivation, were selected from all
the sample villages. Thus, the sample consisted
of 54 farm families of 18 participating and 18
non-participating farms of each of the three
size classes of the farms. The data were
obtained by survey method, for the year 201112 which were tabulated and analysed to draw
conclusions.
RESULTS AND DISCUSSION
Land Holding
The average land holding of sample
farmers adopting mulching practice was 3.74
hectare and non adopters land holding was
3.50. The adopter farmer’s proportion area
under rainfed was 81 percent while in the case
of non adopters rainfed area was 74 percent.
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adopters (124.57 percent). The cropping
intensity was more on small farms followed by
medium and large farms, this is due to intensive
cultivation of crops on small farms.
Labour Employment
The comparative picture of labour
utilization on groundnut farms adopting

Table 1: Land holding of sample farmers
Particulars
Small
Adopting mulching
Irrigated
0.22
Rainfed
1.32
Total holding
1.54
Non-adopting mulching
Irrigated
0.25
Rainfed
1.01
Total holding
1.26

Medium

Large

Overall

0.68
2.49
3.17

1.25
5.25
6.5

0.72
3.02
3.74

0.72
2.42
3.14

1.13
4.98
6.11

0.7
2.6
3.5

Table 3: Per hectare labour utilization in
groundnut cultivation
(Days)

Cropping Pattern
The cropping pattern of farmers adopting
mulching and non-adopting mulching practice
has been given in Table 2.
A perusal of Table 2 indicated that bajra,
jowar and wheat were major cereals and
groundnut and sunflower were the important
oilseed crops and gram was a pulse crop in the
cropping pattern of both the farms of adopting
and non-adopting of mulching practice. The
average cropping pattern was dominated by
cereals followed by oilseed crops. Among the
oilseed crops groundnut crop occupied
maximum area on both the farms. The cropping
intensity was more (143.58 percent) in case of
farms adopting mulching practice than the non
Table 2 : Cropping pa tte rn o f s a mple
farmers
(ha)
Particulars
Small Medium Large Overall
Adopting mulching
Bajra
0.92
1.7
2.8
1.81
Groundnut
0.52
1.23
1.85
1.2
Jowar
0.81
1.02
1.86
1.23
Wheat
0.51
0.71
1.1
0.77
Sunflower
0.06
0.13
0.15
0.11
Gram
0.15
0.2
0.4
0.25
Gross cropped area 2.97
4.99
8.16
5.37
Cropping intensity
192.85 157.46 125.53 143.58
Non-adopting mulching
Bajra
0.65
1.78
2.31
1.58
Groundnut
0.15
0.82
1.25
0.74
Jowar
0.62
1.1
1.66
1.12
Wheat
0.32
0.61
0.87
0.6
Sunflower
0.05
0.11
0.22
0.13
Gram
0.11
0.21
0.25
0.19
Gross cropped area
1.9
4.63
6.56
4.36
Cropping intensity
150.79 147.45 107.36 124.57

Particulars
Male labour
Small farm
Medium farm
Large farm
Overall
Female labour
Small farm
Medium farm
Large farm
Overall
Bullock labour
Small farm
Medium farm
Large farm
Overall

Groundnut with Groundnut without
mulching
mulching
42.92
35.8
35.08
38.13

33.3
34.2
33.1
33.43

52.7
51.52
46
50.64

45.1
47.2
46.3
46.2

17.22
16.8
15.1
16.37

14.1
15.6
13.2
14.3

mulching and non adopters of mulching
practice is presented in Table 3.
It is seen from Table 3 that the per hectare
use levels of male, female and bullock labour
were higher on the mulching adopting farms
compared to non-adopting farms in almost all
the size groups of farms. The higher use levels
of labour input were observed on small farms
followed by medium and large farms in the case
of mulching adopter farms. The technology
of mulching in groundnut cultivation was
adopted which might have been incited the
farmers to perform cultural practices more
intensively to realize higher yield levels of the
crop.
Cost of Cultivation
The cost of cultivation of groundnut by
adopting mulching technology and non
adopting technology is presented in Table 4
It is observed from Table 4 that cost of
cultivation of groundnut by adopting mulching
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Table 4: Per hectare cost of cultivation of
groundnut crop
(`)

Table 5: Pe r he ctare yie ld le ve ls and
returns from groundnut crop
(Quintals)

Particulars

Particulars

Cost A
Small farm
Medium farm
Large farm
Overall
Cost B
Small farm
Medium farm
Large farm
Overall
Cost C
Small farm
Medium farm
Large farm
Overall

Groundnut with Groundnut without
mulching
mulching
15904
14840
14246
14997

13816
13068
11132
12672

16940
16335
15730
16001

14993
14256
12320
13856

18942
17270
16170
17461

15565
15125
13244
14645

Groundnut with Groundnut without
mulching
mulching

Main product
Small farm
20.8
Medium farm
14.8
Large farm
12.9
Overall
16.17
By product
Small farm
32
Medium farm
23.23
Large farm
19.12
Overall
24.78
Total value of output (`)
Small farm
36857
Medium farm
26255
Large farm
22885
Overall
28665

technology was more than the cost of
cultivation of groundnut by non-adopting
mulching technology. The farms adopting
mulching technology incurred more than 19
percent expenses than non-adopting farms.
The per hectare cost of cultivation of
groundnut by adopting mulching technology
was maximum on small farms as compared to
medium and large farms, as the small farmers
adopt intensive cultivation of crops.
Productivity and Returns
The per hectare yield levels and returns
from groundnut crops on farms adopting
mulching and non adopting mulching practice
was shown in Table 5.
It is empirically evidenced that the per
hectare yield levels of groundnut crops grown
on farms adopting mulching practice were
higher almost by 51 percent than the farms
non-adopting mulching practice at the overall
level, the highest yield differences being
observed on small farms (63.91 percent).
Additionally it is observed that the per hectare
yield levels of groundnut were higher on the
farms adopting mulching practice than the nonadopting. This is also observed on all the size
groups of farms. Thus, the overall effect of
mulching practice on groundnut farms has paid

12.3
10.8
8.95
10.68
19.2
18.52
17.94
18.55
22386
19256
16110
19251

them a good dividend in terms of increased
yield levels and returns from the groundnut
crop. The comparison of the per hectare gross
returns of the groundnut crop adopting
mulching practice indicated that the mulching
technology increases gross returns by 49
percent over the non adopters of mulching
technology.
Impact of Mulching Technology on Crop
Production, Employment and Income
The impact of mulching technology in
groundnut cultivation has been computed in
terms of the mean differences in some of the
broad indicators between the adopting
mulching technology and non-adopting
mulching technology. The mean differences
of the selected indicators have been tested for
their statistical significance on the basis of the
calculated‘t’ values. The per hectare output
levels and income of groundnut farms using
mulching technology were significantly higher
on the adopting farms as compared to the
output levels of the same crop on the nonadopting farms. The per hectare use levels of
different resource categories were
significantly higher on the adopting
technology farms over non-adopting farms.
The opinions of the farmers on various
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aspects of the mulching technology were
obtained from the sample of beneficiary farms.
While confirming the benefits of the mulching
technology on groundnut farms, majority of
the farmers adopting mulching practice opined
that this technology is more beneficial to
groundnut crop growing under rainfed
condition. They also stated that available
moisture in the field is efficiently utilized by
the groundnut crop, which was observed from
increase in crop production and thereby obtain
higher yield and returns, which enabled them
to improve economic condition. Mulching
technology proved to be the effective solution
to avoid excessive evaporation from soil during
dry spell in scarcity region.
CONCLUSIONS
The impact of mulching technology has
been found quite significant in groundnut
cultivation. In sum, the study concluded that
the conservation agriculture through

mulching technology on groundnut cultivation
on irrigated and rainfed farms has become an
important measure for increasing crop
production, improving economic condition,
stabilizing income and providing additional
employment to the farmers.
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ECONOMIC IMPACT OF SUMMER GROUNDNUT
TECHNOLOGIES DEVELOPED BY MPKV, RAHURI
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ABSTRACT
The study revealed that the investment in agriculture of sample adopter
groups increases from low group (`394835) to high group (`601814) and
it was `476324.67 at the overall level. The area under summer groundnut
crop was maximum (9.20 percent) in low adopters followed by medium
(8.03 percent) and high adopter group (7.27 percent). Among the low,
medium and high adopters, the use of seed has varied from 58.60 to 85.39
kg per ha. The wide difference in the use of seed was attributed due to
various factors like variety, method of planting, spacing, etc. A very
negligible quantity of manure was used by the low adopters (0.09 tonne),
while it was 2.59 and 2.95 tonne in medium and high adopters. The total
yield difference in summer groundnut was observed to 27.83 (low adapter),
26.63 (medium adapter) and 24.94 (high adapter) quintals per ha,
respectively. The profit at Cost A, B and C was 42.29, 30.03 and 16.66 per
cent of the gross income, respectively and the input: output ratio was observed
to be 1.12. Among the different level of adoption groups, the maximum
profit at Cost C was observed in high adoption group (19.06 percent)
followed by medium (18.69 percent) and low (15.78 percent) adoption
group.
Keywords: Adopter, mannure, input gap, gruondnut, costs, technologies
JEL Classification: Q01, Q10, Q16, Q18

INTRODUCTION
The oilseed crops are important in human
diet because they provide high oil percentage
(42-52 percent) fatty acids and nutritive value.
In India, the area under total oilseeds during
the year 2010-11 was 27.22 million ha with the
production of 32.48 million tones and having
average productivity of 1193 kg per ha. While
in Maharashtra, the area under total oilseeds
*
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is 3.88 million ha with production of 2.80 million
tonnes and having average productivity of 725
kg per ha.
In Western Maharashtra, area under
summer groundnut was 41,700 ha, with the
production of 6.75 lakh tonnes and having
average productivity of 538.6 kg per ha (201011). The commonly grown oilseeds are
soybean, sunflower, groundnut and safflower.
Groundnut and soybean oilseed crops play a
vital role in improving soil health and conserve
natural resources which are essential for
sustainable agriculture. This study has been
undertaken for research on adoption of
recommended technologies, input gap, yield
gap and the economics of production at
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different levels of technology of summer
groundnut in the Western Maharashtra.
METHODOLOGY
Ahmednagar and Jalgaon, the largest
summer groundnut growing district of Western
Maharashtra were selected purposively. Two
tahsils viz., Rahuri and Sangamner from
Ahmednagar and Chalisgaon and Raver tahsils
from Jalgaon district were selected on the basis
of higher area under cultivation. Two villages
from each tahsil comprising total eight villages
were selected randomly. Fifteen farmers from
each village, comprising total 120 farmers were
selected randomly. The primary data collection
for the year 2010-11 was carried out by survey
method with specially designed schedules.
Considering the package of practices
recommended for summer groundnut
cultivation, the seed rate and fertilizer dose
(quantities of N, P and K per ha) were
accounted to calculate the Technology
Adoption Index with help of following formula.
TAI 

where,
TAI
K
AXi
RXi

1  AX1 AX 2
AX k 

  100

 ........

K  RX1 RX 2
AX k 

=
=
=
=

Technology Adoption Index
No. of technology
Actual use of selected technology
Recommended use of selected
technology
The selected sample cultivators were
grouped according to the mean and standard
deviation of the calculated Technology
Adoption Index as follows
Low adopters
= Mean - SD
Medium adopters = Mean - SD to Mean + SD
High adopters
= Mean + SD
The input gap for the inputs used in

summer groundnut cultivation was worked out
by tabular method with the help of following
formula,
Input gap = Recommended dose - Actual use
Whereas, the yield gap of summer
groundnut in the selected area is worked out
with the help of tabular method, developed by
IRRI, Manila, Philippines methodology as
follows,
Yield gap I = Yp – Yd …………….(1)
where,
Yp = Potential yield (Yield realized at research
station)
Yd = Potential Farm Yield (Yield realized on
demonstration plots)
Yield Gap II = Yd – Ya
…………..(2)
where,
Yd = Potential Farm Yield (Yield realized on
demonstration plots)
Ya = Actual Yield (Yield realized on sample farm)
Total yield gap = Yp – Ya ………… (3)
where,
Yp = Potential yield (Yield realized at
research station)
Ya = Actual Yield (Yield realized on sample farm)
RESULTS AND DISCUSSION
Distribution of Sample Cultivators
The selected sample cultivators were
grouped as low, medium and high adopters on
the basis estimated mean and standard
deviation of Technology Adoption Index
(Table 1). The mean for the Technology
Adoption Index of the selected samples was
worked out to 75.47 and the standard deviation
was 19.03. Thus, 22 selected farmers were
grouped as low adopters (Mean-SD), 74 as
medium adopters (Mean-SD to Mean+SD) and
remaining 24 farmers as high adopters (Mean+
SD).

Table 1: Distribution of sample cultivators, 2010-11
Particulars
Mean of technology adoption index
SD
Low adopter (Mean - SD)
Medium adopter (Mean - SD to Mean + SD)
High adopter (Mean + SD)
Total

Value
75.47
19.03
56.44
94.51
-
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Limit
upto 56.00
56.01 to 94.50
94.51 to 100.00

Cultivators (No.)

22
74
24
120

General Features of Sample Farmers
The general features of the selected farm
families to understand the social and
educational status of these families. The
findings are presented in Table 2.
Table 2: Ge ne ral fe ature s of s ample
farmers
(Number)
Particulars

Adoption groups
Overall
Low Medium High (N= 120)
(n1= 22) (n2= 74) (n3= 24)
Sample farmers
22
74
24
120
Age (Year)
44
48
52
48
Size of family
4
7
6
6
Illiterate
2
2
1
2
Literate
2
5
5
5
Primary school
1
0
1
1
High school
1
3
2
3
College and above
0
2
2
1
Investment in
394835 432325 601814 476324.67
agriculture (`)

At the overall level, the summer groundnut
cultivator aged 48 years old, means they are
quite young for better decision making and
among the different adopters group the
farmer’s age ranged between 44 to 52 years.
The size of family increased over the adopters
group and it was six members per family and 2
member was Illiterate at the overall level. The
literacy percentage was around 90 percent
among the different adopters groups. The
college and above level education was not
observed in low adoption group while, in
medium and high group. On an average 2
members each were educated upto college and
above level. The investment in agriculture of
sample adopter groups increases from low
group ( `394835) to high group (`601814) and
it was `476324.67 at the overall level.
Cropping Pattern
The cropping pattern indicates the
allocation of land under different crops and
nature of farming viz., subsistence or
commercial. The cropping pattern of selected
sample farm is given in Annexure-I.
From the results it can be revealed that, at
the overall level, gross cropped area was 4.40

ha, out of which 44.32 and 16.36 percent area
was under kharif and Rabi crops. The
cropping pattern of the sample adopters was
dominated by soybean (14.77 percent), bajra
(7.27 percent) and onion (5.00 percent) in Kharif
while, wheat (7.50 percent) and rabi jowar (3.41
percent) in rabi and summer groundnut (10.91
percent) and onion (0.23 percent) in summer
seasons, followed by sugarcane (22.05
percent), fodder (4.32 percent) and banana
(1.82 percent) in annual crops, at the overall
level. The cropping intensity was 136.65
percent at the overall level.
The area under Kharif, Rabi crops
increased as the increase in the adoption level,
but interestingly the area under summer and
annual crops decreased with the increase in
the adoption group. The area under summer
groundnut crop was maximum (9.20 percent)
in low adopters followed by medium (8.03
percent) and high adopter group (7.27 percent).
Recommended Package of Practices for
Summer Groundnut and Level of Adoption of
Selected Technologies
The details of the package of practices for
summer groundnut crop recommended by
Mahatma Phule Krishi Vidyapeeth, Rahuri are
as given in Annexure-II.
Level of Adoption of Selected Technologies
The quantifiable particulars as seed rate,
quantities of N, P and K ingredients per ha
and use of gypsum per ha are considered for
the present analysis. The Table 3 gives the
detailed level of adoption of each selected
Table 3: Adoption group wis e le ve l of
adoption of s e le cte d te chnologie s for
summer groundnut cultivation
(Percent)
Particulars

Seed rate
Manure
Gypsum
Fertilizers
N
P
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Adoption groups
Overall
Low Medium High (N= 120)
(n1= 22) (n2= 74) (n3= 24)
58.60
84.95
81.88
79.06
1.46
39.33
46.03
33.32
3.41
1.56
2.33
82.85
81.14

160.61
101.77

232.18
122.66

161.05
102.31

technology according to adoption group.
Per hectare Inputs used for Summer
Groundnut
The proper use and allocation leads to the
success of farming. The levels of different
inputs used for the summer groundnut
cultivators are depicted in Table 4.
At the overall level, the seed rate was
observed to be 79.32 kg per ha.While, manure
and gypsum was utilized to the extent of 2.18
tonn. and 6.55 kg per ha, respectively. The
chemical fertilizer ingredients N and P were
estimated to be 42.89 and 54.17 kg per ha, where
as, irrespective of the non-recommendation of
K ingredients, 16.55 ka per ha use was
observed among the selected cultivators. It is
mainly due to the use of mixed fertilizers instead
of straight one.
Among the low, medium and high adopters
the use of seed has varied from 58.60 to 85.39
kg per ha. The wide difference in the use of
seed was attributed due to various factors like
variety, method of planting, spacing, etc. A very
negligible quantity of manure was used by the
low adopters (0.09 tonn), while it was 2.59 and
2.95 tonne in medium and high adopters. The
non- availability of manure on the one hand
and practice of applying manure during the
Kharif season only causes the deficit of
manure. Regarding the use of chemical
fertilizers, it was observed that, though there
is no recommendation for potash fertilizers
even then the cultivators are using these
fertilizers to the extent of 15 to 19 kg per ha.
The use of nitrogenous and phosphate

fertilizers ranged between 20 to 57 and 40 to 67
kg per ha, respectively. The per hectare yield
of summer groundnut ranged between 14.67
to 17.56 quintal per ha among the different
adoption groups.
Input use Gap
The per hectare input gap between
recommended and actual use levels of major
inputs for summer groundnut is depicted in
Table 5.
It can be revealed from the table that, there
exists gap of 20.68 kg per ha in seed, 3.83 tonne
per ha in manure and 243.45 kg per ha in case
of gypsum at the overall level. While, 17.89,
4.17 and 16.55 kg per ha excess use of N, P and
K, respectively was observed at overall level.
Among the low adopters, maximum gap of
41.40 kg per ha in seed, 5.91 tonne per ha in
manure and 250 kg per ha in gypsum was
noticed. Also underutilization of N and P
fertilizers ingredients to the extent of 4.29 and
9.43 kg per ha, respectively was noticed.
In case of medium and high adopters, there
existed gap in use of seed, manure and gypsum,
while excessive use of fertilizers was found.
The recommended dose of FYM is six
tonnes, but none of the selected farmers have
used the recommended dose of FYM for
summer groundnut; instead the FYM is added
in the soils well in advance with onset of the
kharif season and not used separately for rabi
or summer crops. In the case of chemical
fertilizers, both the underutilization and
excessive use were observed; this is mainly

Table 4: Inputs use for summer groundnut
(kgha-1)

Table 5: Input gap and productivity for
summer groundnut
(kgha-1)

Particulars

Particulars

Seed
Manure (tonnes)

Gypsum
Fertilizers
N
P
K
Yield(qha-1)

Adoption groups
Overall
Low Medium High (N= 120)
(n1= 22) (n2= 74) (n3= 24)
58.60
85.39
81.87
79.32
0.09
2.59
2.95
2.18
9.79
3.90
6.55
20.71
40.57
19.32
14.67

44.71
53.76
15.43
15.87

57.94
67.40
17.03
17.56

42.89
54.17
16.55
16.59

Seed
Manure (tonnes)
Gypsum
Fertilizers

N
P
K
Productivity (q)
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Adoption groups
Overall
Low Medium High (N= 120)
(n1= 22) (n2= 74) (n3= 24)
41.40
14.61
18.13
20.68
5.91
3.41
3.05
3.83
250.00 240.21 246.10
243.45

4.29
9.43
-19.32
14.67

-19.71
-3.76
-15.43
15.87

-32.94
-17.40
-17.03
17.56

-17.89
-4.17
-16.55
16.59

due to the use of mixed fertilizers.
Yield Gaps
Yield is one of the most important
components for profitability of crop
productions. The information on yield
performance of summer groundnut is
presented in Table 7.

Table 8: Cos t of cultivation of summe r
groundnut
(`ha-1)
Particulars

Hired labour
Male

Adoption groups
Overall
Low Medium High (N= 120)
(n1= 22) (n2= 74) (n3= 24)
608.73

1829.77
(3.08)
7819.98
(13.17)
3550.38
(5.98)
3327.39
(5.60)
6895.22
(11.61)
2787.17
(4.69)
68.56
(0.12)
2409.17
(4.06)
443.69
(0.75)
3760.2
(6.33)
287.68
(0.48)
7854.4
(13.23)
1890.57
(3.18)
42924.18
(72.29)
2667.88
(4.49)
6086.64
(10.25)
51678.7
(87.04)

2339.06
(3.78)
6896.09
(11.13)
3586.32
(5.79)
3232.42
(5.22)
7059.76
(11.40)
3695.31
(5.97)
27.34
(0.04)
3088.67
(4.99)
179.68
(0.29)
3930.75
(6.35)
224.39
(0.36)
7941.95
(12.82)
2107.61
(3.40)
44309.35
(71.53)
2303.98
(3.72)
5369.76
(8.67)
51983.09
(83.92)

1700.98
(2.91)
7433.63
(12.70)
3380.09
(5.78)
3391.86
(5.80)
6596.56
(11.27)
2488.78
(4.25)
45.9
(0.08)
2380.04
(4.07)
457.33
(0.78)
3897.76
(6.66)
258.55
(0.44)
7896.78
(13.49)
1795.29
(3.07)
41723.55
(71.29)
2504.03
(4.28)
5534.29
(9.46)
49761.87
(85.03)

6599.9
(11.12)
955.14 1096.65
(1.99)
(1.85)
48061.08 59375.25
(100.00) (100.00)

8524.33
(13.76)
1433.46
(2.31)
61940.88
(100.00)

7498.01
(12.81)
1264.53
(2.16)
58524.41
(100.00)

(1.27)

Table 7: Yield gap for summer groundnut
(qha-1)

Female

Particulars

Bullock labour

Yield
Yield Gap I
Yield Gap II
Total Yield Gap

Adoption groups
Overall
Low Medium High (N= 120)
(n1= 22) (n2= 74) (n3= 24)
14.67
15.87
17.56
16.59
20
20
20
20
7.83
6.63
4.94
5.91
27.83
26.63
24.94
25.91

Machine labour

6897.82
(14.35)
2648.47
(5.51)
3759.83

(7.82)
Seed
Manure
Gypsum

The per hectare actual yield of summer
groundnut was 16.59 q at the overall level,
while it was 14.67 q (low adapter), 15.87 q
(medium adapter) and 17.56 q (high adapter)
per hectare, respectively. However, the
potential yield and potential farm yield
workedout to 42.50 and 22.5 q, respectively.
Hence, the Yield Gap I (potential yield potential farm yield) was worked out to 20.00
quintals per hectare. The Yield Gap II (potential
farm yield-actual yield) was estimated to 7.83,
6.63 and 4.94 q per hectare for low, medium
and high adopter, whereas, it was 5.91 q per ha
at the overall level, respectively. The total yield
difference in summer groundnut was observed
to 27.83 (low adapter), 26.63 (medium adapter)
and 24.94 (high adapter) q per ha, respectively.
Cost of Cultivation
The cost of cultivation of summer
groundnut for the selected farmers is worked
out and presented in Table 8.
The per hectare total cost of cultivation
Cost ‘ C’ was worked out to `58524.41 out of
which Cost ‘A’ was 71.29 percent ( `41723.55)
and Cost ‘B’ was 85.03 percent ( `49761.87) at
the overall level. Major items of costs were
hired human labour, family labour and
depreciation which contributed to 15.61, 14.97
and 13.49 percent of the total cost, respectively.
The expenditure on seed, machine labour,

Fertilizers
Plant protection
Irrigation charges

5200
(10.82)
262
(0.55)
1502.18
(3.13)
807.86
(1.68)
4250.4

(8.84)
Land revenue
Depreciation
Interest on
working capital
Cost ‘A’
Rental Value
Interest on fixed
capital
Cost ‘B’
Family labour
Male

Female
Cost ‘C’

211.04
(0.44)
7971
(16.59)
1165.8

(2.43)
35285.13
(73.42)
2245.59
(4.67)
4093.01

(8.52)
41623.73
(86.61)
5482.21
(11.41)

Figures in the parentheses are the totals to the corresponding
total cost

irrigation charges, bullock labour and rental
value were accounted for 11.27, 5.80, 6.66, 5.78
and 4.28 percent of total cost, respectively,
whereas, the expenses incurred on plant
protection were only 0.78 percent of the total
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cost. The total cost of cultivation increased
with increase in the level of adoption. Higher
the adoption of new and improved
technologies for crop production ultimately
increases the costs of cultivation.The
expenses incurred on hired human labours were
maximum (16.25 percent) in medium adoption
group, followed by 15.62 percent in low and
14.91 percent in high adoption groups.
The expenses incurred on bullock labour
were higher (5.98 percent) in medium adoption
group, while the expenses on other inputs like
machine labour (7.82 percent), plant protection
(1.68 percent) measures were high in low
adoption group and seed (11.61 percent) were
high in medium adoption group. The rental
value of land was maximum (4.67 percent) in
total cost of cultivation of the low adoption
group. The expenses on plant protection
measures decreased as the level of adoption
increased. Expenses made on fertilizers among
low and high adoption groups were at par.
Economics of Cultivation of Summer
Groundnut
The profit at Cost A, B and C were worked
out and depicted in Table 9. The gross income
derived from summer groundnut was
`65543.59 per hectare at the overall level and it
was `53880.35, `66.38.25, `71672.96 among the
low, medium and high adopters groups,
respectively. The estimated profit at Cost A, B
and C was `27717.79, `19679.47 and `10916.93
per hectare, respectively at the overall level.
The profit at Cost A, B and C was 42.29, 30.03
and 16.66 percent of the gross income,
respectively and the input: output ratio was
observed to be 1.12.
The maximum profit worked out at cost C
was observed in high adoption group (19.06
percent), followed by low (18.69 percent) and
medium (15.78 percent) adoption groups. The
same trend was observed in the case of profit
at Cost A and Cost B. The calculated output input ratios at cost C, for summer groundnut
cultivation were observed to be 1.12, 1.11 and
1.16 among the low, medium and high
technology adoption groups, respectively.

Table 9: Economics of summer groundnut
cultivation
Particulars

Adoption groups
Low Medium High
(n1= 22) (n2= 74) (n3= 24)
Yield (q/ha)
14.67
15.87
17.56
49445.51 59963.63 63709.2
Value of yield
By produce value 4434.84 6074.62 7963.76
Gross income
53880.35 66038.25 71672.96
Costs
Cost A
35285.13 42924.18 44309.35
Cost B
41623.73 51678.70 51983.09
Cost C
48061.08 59375.25 61940.88

Overall
(N= 120)
16.59
59295.13
6248.46
65543.59
41723.55
49761.87
58524.41

Profit at
Cost A

22845.62
(42.40)
16507.02
(30.64)
10069.68

26874.27 31294.36
(40.70) (43.66)
Cost B
18119.75 23620.62
(27.44) (32.96)
Cost C
10423.20 13662.82
(18.69) (15.78) (19.06)
Output - Input ratio at
Cost A
1.53
1.54
1.62
Cost B
1.29
1.28
1.38
Cost C
1.12
1.11
1.16

27717.79
(42.29)
19679.47
(30.03)
10916.93
(16.66)
1.57
1.32
1.12

F igures i n the parentheses are the percent ages to the
respective gross income

This indicates that, the increase in the adoption
of recommended technologies results in
increasing the profitability of the crop
production activity.
Unit cost reduction
The cost reduction studies give the
Table 10: Unit cost reduction in summer
groundnut
(` q-1)
Particulars

Adoption groups
Overall
Low Medium High (N= 120)
(n1= 22) (n2= 74) (n3= 24)
Cost A
35285.13 42924.18 44309.35 41723.55
Cost B
41623.73 51678.70 51983.09 49761.87
Cost C
48061.08 59375.25 61940.88 58524.41
Output (Q/ha)
14.67
15.87
17.56
16.59
Change in output (%)
8.18
19.70
13.09
Unit cost assessments
Cost A
2208.22 1856.49 2077.97 1948.57
Cost B
3074.29 2635.01 2889.62 2753.17
Cost C
3539.79 3012.51 3272.42 3145.80
Unit cost reduction
Unit Cost A reduction
196.55 371.67
114.97
(7.78)
(14.71)
(4.55)
Unit Cost B reduction
311.22 491.36
164.45
(9.95)
(15.71)
(5.26)
Unit Cost C reduction
500.4
680.12
244.5
(13.33) (18.12)
(6.51)
Figures in parentheses are percentages to the respective unit
cost
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distinct idea about the reductions in costs
achieved by use of improved recommended
technologies summer groundnut are presented
in Table 10. The increase in the output level in
medium and high adoption groups over the
low adopters was observed to be 8.18 and
19.70 per cent, respectively. While, it was 13.09
per cent at the overall level. This clearly
indicates the benefits from adoption of
improved recommended technologies in
summer groundnut production. Further, the
costs of cultivation viz; Cost A, B and C in
high adoption group were reduced to 14.71,
15.71 and 18.12 per cent of the respective unit
costs. In medium adoption group, the
reduction in Cost A, B and C were observed to
the tune of 7.78, 9.95 and 13.33 per cent,
respectively.
CONCLUSIONS
1. The family of selected summer groundnut
cultivators consists of 6 members, the
gross cropped area (GCA) was observed
to be 4.40 ha, out of that area under summer
groundnut crop accounted to 10.91
percent.
2. The total cost of cultivation increased
with increase in the level of adoption

groups.
3. Among the different level of adoption
groups, the maximum profit at cost C was
observed in high adoption group (19.06
percent) followed by medium (18.69
percent) and low (15.78 percent) adoption
groups.
4. The increase in the adoption of
recommended technologies increased the
profitability as the gross income was
increased from ‘ 53880.35, ‘ 66038.25 to ‘
71672.96 among the low, medium to high
adopters groups, respectively and
‘
65543.59 per hectare at the overall level
5. The increase in the output level in medium
and high adoption groups over the low
adopters was observed to be 8.18 and
19.70 per cent, respectively.
6. The high reduction in costs viz; Cost A, B
and C was in high adoption group i.e.
14.71, 15.71 and 18.12 per cent of the
respective unit costs.
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Annexure-I
Cropping pattern of selected farmers
(ha)
Crop

Adoption Group
Medium

Low

Overall
N= 120
%

High

n1= 22

%

n2= 74

%

n3= 24

%

0.2
0.49
0.11
0.17
0.2
0.04
0.14

5.75
14.08
3.16
4.89
5.75
1.15
4.02

0.35
0.55
0.2
0.21
0.08
0.11
0.19
0.03

8.52
13.38
4.87
5.11
1.95
2.68
4.62
0.73

0.39
1.25
0.32
0.13
0.31
0.09
0.57
0

6.45
20.66
5.29
2.15
5.12
1.49
9.42
0

0.32
0.65
0.2
0.19
0.1
0.13
0.22
0.05

7.27
14.77
4.55
4.32
2.27
2.95
5
1.14

Other
Sub-total
Rabi
Rabi Jowar
Wheat
Onion
Jowar Fodder
Other
Sub-total
Summer

0.06
1.41

1.72
40.52

0.13
1.85

3.16
45.01

0.01
3.07

0.17
50.74

0.09
1.95

2.05
44.32

0.16
0.07
0.02
0.25

4.6
2.01
0.57
7.18

0.08
0.36
0.18
0.01
0.14
0.77

1.95
8.76
4.38
0.24
3.41
18.73

0.66
0.44
0.06
0.09
1.25

10.91
7.27
0.99
1.49
20.66

0.15
0.33
0.14
0.1
0.72

3.41
7.5
3.18
2.27
16.36

Onion
Groundnut
Sub-total
Annual
Sugarcane
Banana
Fodder
Sub-total
GCA
NCA
Cropping Intensity (%)

0.01
0.32
0.33

0.29
9.2
9.48

0.01
0.33
0.34

0.24
8.03
8.27

0.44
0.44

7.27
7.27

0.01
0.48
0.49

0.23
10.91
11.14

1.28
0.18
0.03
1.49
3.48
2.93
118.77

36.78
5.17
0.86
42.82
100

0.84
0.07
0.24
1.15
4.11
3.14
130.89

20.44
1.7
5.84
27.98
100

1.07
0.22
1.29
6.05
3.88
155.93

17.69
3.64
21.32
100

0.97
0.08
0.19
1.24
4.4
3.22
136.65

22.05
1.82
4.32
28.18
100

Kharif
Bajra
Soybean
Maize
Cotton
Tur
Groundnut
Onion
Jowar Fodder

Annexure-II
Recommended package of practices for summer groundnut cultivation
(ha)
Technology
Soil
Preparatory tillage
Manuring
Variety
Sowing time
Seed rate
Seed treatment
Interculturing
Fertilizer
Irrigation
Plant protection
Yield

Components
Medium to deep soil and well drained
1 ploughing; 2 harrowing
6 tonnes FYM
JL-220 (Phule Vyas), JL-286 (Phule Unap), TAG-24, TAG-41, TG-26, JL-501
10th January to 5th February
TAG-24, TG-26, JL-501-100kg per ha; Phule Vyas, Phule Unap-120 kg per ha
5 gm Thirum/Trycoderma per kg seed; 25 gm Rhizobium + 25 gm Phosphorus per kg seed
2 weeding
N: 25; P: 50; Gypsum: 250 kg
20 to 30 DAS; 40 to 45 DAS; 65 to 75 DAS
Rust and Tikka disease- 25 gm Mancozeb in 10 litres of water; Thrips, Jassids- spray 10 ml.
Dimethoate 30 percent in 10 litres of water
25-30 q per ha
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EXTENT AND LEVEL OF POVERTY VOLATILITY
ACROSS SOCIO-ECONOMIC CORRELATES OF
RURAL HOUSEHOLDS IN NIGER STATE, NIGERIA
Sadiq Mohammed Sanusi*
ABSTRACT
This study attempts a proper empirical identification of their poverty status
and the reasons for their poverty, through a profile of poverty incidence,
manifestations and causes of rural poverty in Niger State, Nigeria. Multistage sampling technique was employed in enumerating sixty farming
household from four communities via administration of pre-tested
questionnaire; viz., Kuta, Gwada, Mutum-daya. Data collected were
analysed using both Descriptive, Foster-Greer-Thorbecke (FGT) model and
Probit regression model.. For poor farmers, results indicated that the
incidence of poverty was more among older farmers, and less among younger
farmers. Results of the analysis of the FGT model showed that 36.6 percent
of the farming households were poor. Based on the indices of the poverty
depth, poor farmers required N 39.86 to escape poverty. However, there
were some socio-economic factors which exacerbate poverty. Since
livelihood status remained below the required levels for large parts of the
rural populace during this research, identified poor households should be
targeted for safety nets. Furthermore, the study therefore, suggests that
poverty alleviation programs must focus on those factors which aggravate
poverty, in order to employ several specialized approaches to tackle these
multifarious problems.
Keywords: Food security, Nigeria, Niger state, poverty, vulnerability
JEL Classification: C54, R51, Q18, I38

INTRODUCTION
In Africa, poverty remains a scourge that
undermines development in contemporary
African society in that, it is deep-rooted and
pervasive (Adewunmi et al., 2011). Perhaps,
nowhere else in the African continent is the
scourge more prevalent than in Sub-Saharan
African, where about one-sixth of the people
*
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are chronically poor (Adepoju and Yusuf,
2012). To reverse this trend, many Sub-Saharan
African countries from the early 1980s initiated
and implemented the IMF- World Bank
Structural Adjustment Programmes (SAP).
These programmes have been reported to have
stimulated growth in most of these developing
countries. However, in some other countries,
there has been little or no change in terms of
growth and poverty reduction.
Poverty in Nigeria is pervasive although
the country is rich in human and material
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resources that should translate into better
living standards. The high poverty rates in
Nigeria go beyond low incomes, savings and
growth because these are compounded by the
high level of inequality resulting from unequal
access to income opportunities and basic
infrastructure. According to the NBS (2007),
Nigeria has a more unequal distribution of
income than Ethiopia, Madagascar, India,
Niger, the United States and Sweden. In Nigeria,
poverty is mainly a rural phenomenon with
agriculture accounting for the highest
incidence over the years.
The poverty menace in the country has
worsened since the late 1990s, such that every
measure of poverty ranks Nigeria at the bottom
list of nations. The Human Development Index
(HDI) of 0.423 ranks the country 142 out of 169
countries in 2010. With estimated GNI per
capita of $2156, life expectancy at birth of 48.4
years, Multidimensional Poverty Index (MPI)
of 0.368 (UNDP, 2010) and more than half (54.4
percent) of the population below poverty line
in 2004 out of which 36.6 percent of the total
population are living in extreme poverty (NBS,
2005). This poverty situation remains an
overwhelming challenge as findings of a 2013
Core Welfare Indicator Questionnaire (CWIQ)
survey conducted by the National Bureau of
Statistics revealed that over 67 per cent or twothirds of Nigeria’s rural population was poor.
This situation is also a major threat to the
nation’s pursuit to be one of the 20 largest
world economies by the year 2020 as the rural
sector, from which about 70 percent of the
populace derive their livelihoods, remains the
country’s treasure-house.
The inability of previous programmes and
strategies to put a commensurate dent on the
incidence of poverty in Nigeria suggests that
the major issue is not that households are poor
but the probability that a household if
currently poor, will remain in poverty or if
currently non-poor will fall below the poverty
line (that is, household vulnerability to
poverty). In other words, vulnerability to
poverty is one of the factors that explain the

ever-increasing level of poverty. Thus,
sustained economic growth and development
in Nigeria cannot be achieved without the
alleviation of poverty (UNU, 2008).
A sudy conducted by Oni and Yusuf (2008)
have established that most of Nigeria’s poor
live in rural areas and most rural households
in Nigeria are poor. Despite the importance of
poverty profile and vulnerability issues to
social protection and poverty alleviation
strategies, it is difficult to find literature studies
that have an empirical account of poverty
profile and vulnerability to poverty (expected
poverty) of the different segments of Nigeria
rural population. Neither is much literature
available on how to differentiate among
different sources of vulnerability to poverty
among rural Nigerians. While there are
numerous studies on poverty status and
vulnerability in other developing and
developed countries such as Russia,
Bangladesh and Thailand (Bidani and Richter,
2001, Quisumbing, 2002 and Skoufias, 2002),
similar studies in Nigeria are few (Adepoju and
Yusuf, 2012, Olubanjo et al., 2013 and
Adekoya, 2014), with no such kind of studies
in Niger state.
The welfare studies on Nigeria have often
focused on poverty line (FOS, 2013), despite
the relevance of vulnerability to anticipating
poverty problems before hand and in future.
There is especially a dearth of studies of this
nature for rural Nigeria. It therefore, follows
that it is necessary to probe into livelihood
status and what makes rural households in
Niger state vulnerable to poverty. Granted that
these households have different segments in
terms of demographic and occupational
compositions and the characteristics of the
community in which the household resides.
This study is interested in generating
poverty profile and vulnerability to poverty of
the different segments of rural households of
Niger state, Nigeria. The various literature
highlighted above have shown that there
currently exists a dearth of empirical evidence
as regards vulnerability studies in the sub-
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Saharan African countries and most especially
in Nigeria. This study will, therefore, fill the
gap in knowledge and literature on poverty
issues in Nigeria. Poverty profiles and its
vulnerability can be useful illustrative devices
in the discussions of policy priorities among
such segments of Nigerian rural population.
This study expects to contribute to the scanty
predicted poverty literature by determining
household characteristics that affect
consumptions of rural Nigerians. Thus, this
research will help in the design of appropriate
policies for social protection strategies and
actions.
REVIEWOF LITERATURE
Theory behind Poverty
Poverty refers to a condition wherein some
goods and services essential to a family’s or
an individual’s welfare cannot be possessed
due to lack of economic wherewithal; or
wherein the income earned by a person is
significantly less than the average income of
the population (Schiller, 1980). Poverty in a
given macro-economic environment stems
from a complex interaction of factors such as
limited endowment skill, access to credit and
vulnerability to shocks affecting production
system. It is important to point out that poverty
denote more than a condition of material
scarcity and is characterized by high
proportion
of
poor
households,
unemployment, low per capita income, low
caloric/protein intake, high incidence of child
labour, high level of illiteracy, high level of
infant and maternal mortality and life
expectancy.
According to the World Bank (1999),
poverty is hunger, lack of shelter, being sick
and not being able to go to school, not
knowing how to read, not being able to speak
properly, not having a job, fear for the future,
losing a child to illness brought about by
unclean water, powerlessness, lack of
representation and freedom. Schubert (1994),
characterizes poverty as either absolute or
relative or both. Absolute poverty is that which
could be applied at all times in all societies

such as the level of income necessary for bare
subsistence, while relative poverty relates the
living standard of the poor to the standards
that prevail elsewhere in the society in which
they live.
The purpose of poverty measurement is to
find out who is poor, how many people are
poor, and where the poor are located. There
are two approaches to the construction of
poverty line, the absolute poverty approach
and the relative poverty approach. The former
is based on cost of basic needs (CBN)
approach in which some minimum nutritional
requirement is defined and converted into
minimum food expenses. To this is added some
considered minimum non-food expenditure
such as clothing and shelter.
Alayande and Alayande (2004) attempted
a quantitative and qualitative assessment of
vulnerability to poverty in Nigeria. In
qualitative terms, they noted that weak
governance structure in the form of absence
of rule of law, lack of political effectiveness
and efficiency and high level of insecurity
were major sources of vulnerability to poverty
in Nigeria and that the macroeconomic
environment especially in terms of sluggish
growth, low capacity utilization in the
manufacturing sector and high rates of
unemployment has increased vulnerability to
poverty in Nigeria. The findings of the study
showed that 87 percent of Nigerians were
vulnerable to poverty and that 68.5 percent of
the population was highly vulnerable, whereas
only 31.5 percent of the population had low
mean vulnerability.
Similarly, Christiaensen and Subbarao
(2004) using pseudo panel from rural Kenya
conceived vulnerability as expected poverty
and empirically assessed household
vulnerability using pseudo panel data derived
from repeated cross section augmented with
historical information on shocks. They found
out that in 1994, rural households in Kenya
faced on average a 40 percent chance of
becoming poor in the future. Jamal (2009)
assessed the extent of household vulnerability
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to poverty in Pakistan. The estimates showed
that about 52 percent of the population was
vulnerable to poverty during 2004-05. The rural
headcount ratio in terms of household
vulnerability was also relatively high as
compared to the vulnerability incidence in
urban areas.
METHODOLOGY OF THE STUDY
The Study Area
The empirical setting for the study is
Nigeria, with a special focus on rural
households in Niger State. Gbagyi’s is the main
ethnic group in this region. It lies within
latitude8°20'-11°30’N and longitude 3°30'7°20’E with a total land area of 76,363 square
kilometers and exhibits the typical tropical
climate of averagely high temperature and high
relative humidity.
Sampling Procedure and Size
Multi-stage sampling technique was used
in the study. The first stage involved
purposive selection of Shiroro LGA because it
is predominantly noted for agriculture and
presence of many rural communities in the
state. The second stage involved the selection
of four villages from the LGA, namely, Kuta,
Gwada, Mutum-daya and Zumba. The third
stage involved random selection of one rural
farming community from each of the four
villages while the last stage involved
systematic random sampling of fifteen (15) rural
farming households from each rural farming
community, thus, a total sample size of 60
farming household. Both primary and
secondary data were used for the study.
Primary data involved the use of pre-tested
questionnaire coupled with interview
schedules, while secondary data involved the
use of journals, textbooks, internet, archives
ecetra.
Analytical Procedures
Data collected were analyzed using
descriptive statistics (frequency distribution,
percentages), poverty line construction model,
Foster-Greer Thorbecke (FGT) in analyzing the
extents and level of poverty among rural
farming households and probit regression

model in determining poverty causal factors.
Empirical Model
Construction of the poverty line
Poverty line has been defined as the
minimum or the cut-off standard of expenditure
on food or per capita income below which an
individual or household is described as poor
(Adekoya, 2014). Therefore, the poverty line
was defined as the two-thirds of the mean
value of per capita income in the study area.
The farm households were categorized into
poor and non-poor group using the two-third
mean per capita income as the bench mark
(World Bank, 2011). Households whose mean
per capita income falls below the poverty line
are regarded as being poor while those with
their income above the benchmark are nonpoor.
 THMI 
PCHMI  
....................(1)
 HHS 
 TPCHMI 
MPCHMI  
.......... .......... ( 2)
 TNR 

PL 

2
 MPCHMI .......... .........( 3)
3

Where:
PCHI = Per capita household monthly
income
THMI = Total Household Monthly Income
HHS = Household Size
MPCHMI = Mean Per Capita Households
Monthly Income
TNR = Total Number of Respondent
TPCHMI = Total Per Capita Households
Monthly Income
PL = Poverty Line
FGT Poverty Index:
Following de Janvry et al. (2005), FGT
poverty index developed by Foster et al. (1984)
was adopted to measure the extent of poverty
among rural farming households. The FGT
poverty index is given by:
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P 

1  z  yi 
 .......... .(4)

n  z 

Where;
P = Poverty index
n = total number of households in population
q = the number of poor households
z = the poverty line for the household
yi = household income
  Poverty aversion parameter and takes
on value 0, 1, 2


 z  yi 

  Pr oportion shortfall in income
 z 
below poverty line

  takes on value 0, 1, 2 to determine the
type of Poverty Index
when   0 in FGT, expression reduces to
1
P0   .......... .......... (5)
n
This is called the Incidence of poverty,
describing the proportion of the population
that falls below the poverty line. When á =1 in
FGT, the expression reduces to
1

1  z  yi 
 .......... .......... (6 )

n  z 
and this is called the Poverty depth
When á =2 in FGT, the expression becomes

P1 

2

1  z  yi 
 .......... .......... (7)

n  z 
This is called Poverty Severity Index. This
index weighs the poverty of the poorest
household more heavily than those just
slightly below the poverty line. It adds to the
poverty depth an element of unequal
distribution of the poorest household’s income
below the poverty line.
Probit regression model
The probit model assumes:
P2 

1

Pr  Y     ( X '  )
X



1  exp( X '  )

Pr  Y   
.......... .......... ( 8 )
X  1  ( X'  )


An equivalent form can be stated as:
exp( X '  )
1

....( 9 )
1  exp( X '  )
1  exp( X '  )

This can be expressed as
P
 fx (X)......... .......... .(10)
1 P
And re-written as

Y  BX t  ....................(11)
Where Yit= an unobservable latent variable
for household poverty status (1= poor, 0=
otherwise).
Xit = Vector of explanatory variables
X1 = Gender (male =1, otherwise 0)
X2 = Age (years)
X3 = Household size (numbers)
X4 = Dependency ratio (children’s/adults)
X5 = Education (formal =1, otherwise 0)
X6 = Farming experience (years)
X7 = Farm size (hectares)
X8 = Co-operative membership (yes =1,
otherwise 0)
X9 = Access to credit (Yes =1, otherwise 0)
X10 = Non-farm income (Yes =1, otherwise 0)
X11= Malaria incidence (Yes =1, otherwise 0)
X12 = Household type (Nuclear =1, otherwise
0)
=
 Vector of parameter to be estimated
ε = error term
RESULTS AND DISCUSSION
Extent and Level of Poverty across Socioeconomic Correlates Off -farming Households
The poverty profile of rural households in
Niger state is presented in Table 1. The poverty
line defined as two-thirds of the mean per
capita household income of the total
households stood at N221.47. This implies that
a household whose per-capita expenditure was
below N221.47 was classified as poor while a
household whose per-capita expenditure
equaled or above this amount was classified
as non-poor. The degree of poverty among
the rural farming household was assessed
using the three poverty indices: poverty
incidence (P0), poverty depth of (P1), and
poverty severity (P2), following the Foster,
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Greer and Thorbecke poverty measure. The
head count index of poverty incidence showed
that 36.6 percent of the rural farming
households were poor, while the poverty gap/
depth which measures the extent by which poor
households were below the poverty line was
0.18. This implies that on the average, a poor
household will require N39.86 to exit from
poverty. The poverty severity measures the
distance of each person to another. Among
the individual farming households the distance
is 0.09 which indicates high inequality in
poverty status distribution of the rural farming
household.
The poverty status of households was
further disaggregated by age, experience,
gender, marital status, occupational status,
educational status, co-operative membership,
farm size and household size as follows:
Contrary to a priori expectations, households
whose heads age was less or equal to 50 had
the highest incidence, depth and severity of
poverty. Household heads within this age
group are in their economic active age and are
consequently expected to be more food secure
than those in other age groups. However, a
likely reason for the high incidence of poverty
within this age group is that these households
are fairly large in size with a high dependency
ratio. On the other hand, households whose
heads were aged 51 years and above had the
lowest poverty status indices. This could be
as a result of the fact that these households
are small sized and depend mainly on
remittances for their upkeep.
The disaggregation by farming experience,
revealed a negative relationship between
farming experience and poverty. In other
words, household poverty decreased as
farming experience increased. Households
head with equal to eleven and more farming
experience had the lowest poverty incidence
(0.033), depth (0.017) and severity of poverty
(0.008), while households head with farming
experience of 3-6 had the highest poverty
incidence (0.184), depth (0.082) and severity
of poverty (0.038) respectively followed by

Table 1: Exte nt and Le ve l of Pove rty
a cro s s s o cio-e c ono mic c orre late s o f
farming households
Profile

Incidence
(F0)
Socio-economic variables
General poverty
0.366
profile
Age
7 40
0.167
41-50
0.133
51-60
0.067
Total
0.367
Farming experience
3-6
0.184
7-9
0.15
8 11
0.033
Total
0.367
Educational status
Informal
0.267
Primary
0.05
Secondary
0.017
Tertiary
0.033
Total
0.367
Gender
Male
0.317
Female
0.05
Total
0.367
Marital status
Married
0.35
Unmarried
0.0166
Total
0.367
Household size
1-3
Non-poor
4-6
0.267
7-9
0.083
10-12
0.0167
Total
0.367
Access to credit
Yes
0.067
No
0.3
Total
0.367
Co-operative membership
Yes
0.083
No
0.284
Total
0.367
Occupational status
Farming (full-time)
0.037
Both farming and
0.33
others
Total
0.367
Farm size
72
0.28
3-4
0.069
85
0.018
Total
0.367

406

Source: Field Survey, 2014

Depth
(F1)

Severity
(F2)

0.177

0.091

0.08
0.068
0.032
0.18

0.0408
0.036
0.014
0.091

0.082
0.081
0.017
0.18

0.038
0.045
0.008
0.09

0.128
0.024
0.008
0.0168
0.18

0.065
0.0122
0.0042
0.0092
0.091

0.149
0.029
0.18

0.074
0.017
0.091

0.165
0.0118
0.18

0.083
0.0083
0.091

Non-poor
0.12
0.049
0.0083
0.18

Non-poor
0.058
0.029
0.0042
0.091

0.032
0.145
0.18

0.016
0.075
0.91

0.0388
0.138
0.18

0.0195
0.071
0.091

0.018
0.159

0.0103
0.0802

0.18

0.091

0.138
0.0318
0.0077
0.18

0.071
0.016
0.0035
0.091

households heads with farming experience
between 7-10. The impact of more years of
farming experience is such that it increases the
per-capita income of the farming household
thereby lessening poverty status in those
households.
The educational status profile showed that
households whose heads had no formal
education had the highest poverty incidence
and depth of 0.26 and 0.13, respectively and
will require N28.79 on the average to be nonpoor. However, households whose heads had
tertiary education had the lowest incidence
(0.03) and poverty depth of (0.02). The poverty
severity index also revealed the highest and
lowest level of inequality in poverty status
distribution among households whose heads
had no formal education and tertiary education
respectively. This result agrees with the
findings of Abimbola and Kayode (2013) in
which household heads with tertiary education
were the most food secure. With respect to
gender, the result showed that male-headed
farming households had higher incidence
(0.317) of poverty when compared with their
female counterparts (0.05). The poverty depth
and severity indices further buttress this fact.
While a male headed farming household on
the average requires N70.21 to exit from
poverty, a female headed farming household
on the other hand would require N11.07. The
food severity index also reveals a higher level
of inequality in poverty status distribution
among male-headed households than femaleheaded households. The marital status
distributions revealed that farming household
with married heads were poor than those with
single heads. This could be attributed to the
fact that married household heads have
dependents and are likely to have larger
household sizes when compared to single
household heads. The poverty depth of 0.167
means that married household heads on the
average would require N36.99 to get to the level
of poverty line while single household heads
would require only N2.61 to get to the same
level. The poverty severity index of 0.094 also

reveals a higher level of inequality in poverty
status distribution among married household
heads than single headed households in the
study area.
Contrary to a priori expectation household
size, revealed a negative relationship between
household size and poverty status. In other
words, household poverty decreased as
household size increased. This is due to the
fact that the excess family labour is released
for hired labour which in turn brings in returns,
thereby increasing the household income.
Households with less than or equal to three
members are above poverty line while
household with more than three members fall
below poverty status. The effect of large family
size is such that it increases the per-capita
income of the farm family thereby assuaging
poverty in those household. The profile of
access to credit showed that household heads
with access to credit had the lowest poverty
incidence and depth of 0.07 and 0.03
respectively and will require N7.05 on the
average to be non-poor. Furthermore, the
poverty severity index indicates minimal
disparity among farming household with
access to credit compared with household that
had no access to credit which is on the high
side. This is expected as increased access to
capital would help in increasing their
productivity which will invariably enhance
their purchasing power, thereby improving
their standard of living. The co-operative
membership status profile showed that
households whose heads are non-member of
co-operative societies had the highest poverty
incidence and depth of 0.28 and 0.14
respectively and will require N31 on the
average to be non-poor. Furthermore, the
poverty severity index revealed the highest
and lowest level of inequality in poverty status
distribution among households whose heads
had non-co-operative membership and
membership, respectively.
Highlights of the occupational distribution
showed a low incidence of poverty among
households heads primarily engaged (full-time)
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in agriculture than those engaged in both
farming and non-farming activities. This
implies that farming households were better
off than non-farming households. This is
contrary to the expectation, that agriculture in
the rural areas of Nigeria is largely
characterized by low capital involvement, use
of crude implements, poor infrastructural and
storage facilities and human drudgery. The
poverty gap and severity indices followed the
same pattern. The farm size profile revealed a
negative relationship between farm size and
poverty. In other words, household poverty
decreased as farm size increased. Households
head with farm size of equal to five and more
had the lowest poverty incidence (0.016),
depth (0.0077) and poverty severity of (0.0035),
while households head with farm size of 1-2
had the highest poverty incidence (0.28),
depth (0.138) and severity of poverty (0.071)
respectively, followed by households heads
with farm size between 3-4. The effect of more
farm size is such that it increases the per-capita
income of the farming household thereby
lessening poverty status in those household.
This is expected as increased farm size leads
to increase output, thus invariably enhancing
their purchasing power thereby improving their
standard of living.
DETERMINANTS OF POVERTY STATUS
AMONG RURAL HOUSEHOLD
Table 4 presents the probit regression
model and factors associated with household’s
poverty status in the two periods. The
statistically significant value of chi-square of
21.32 at 1% is an indication that the data set
fits the model. The result of the probit
regression indicates that gender of the
household (p<0.01), age of household heads
(p<0.01), household size (p<0.10), dependency
ratio (p<0.01), education (p<0.01), farming
experience (p<0.05), farm size (p<0.01),cooperative membership (p<0.05), access to credit
(p<0.01), non-farm income (p<0.10) and malaria
incidence (p<0.10) significantly influence the
probability that a household will be poor or
non-poor.

However, while gender, age, household
size, dependency ratio and malaria incidence
exert positive effect other variables exert
negative effect which conforms to a prior
expectation. In contrasting the determinants
of poverty in the study, gender of the
household, age of the household, household
size, dependency ratio and malaria incidence
aggravated poverty, while factors such as
education of household head, farming
experience, farm size, co-operative membership
and access to credit mitigated poverty. The
results obtained above confirm findings from
earlier studies (Imai et al., 2012 and Adepoju
and Yusuf, 2012). The results of the probit
model (Table 2) show that being a male headed
household and a year increase in the age of
the household head increased vulnerability to
poverty by 0.60 and 0.011, respectively. This
implies that households headed by males have
higher probability of being poor. This could
be attributed to the fact that male headed
households usually have larger household
sizes and consequently higher dependency
Table 2: Determinants of poverty status
among farming household
Variable
Constant
Gender
Age
Age squared
Household size
(number)
Dependency ratio
Education
Farming experience
Farm size
Co-operative
membership
Access to credit
Non-farm income
Malaria incidence
Household type

Co-efficient Standard errors
2.846***
0.604***
0.011***
-0.00008*

0.789
0.052
0.004
0.0004

0.058*

0.0055

0.292***
-0.142***
-0.098**
-0.052***

0.051
0.038
0.04
0.0089

-0.718**

0.282

-0.087***
-0.009*
0.014*
-0.052NS

0.028
0.0047
0.0073
0.032

Pseudo R2

0.53

LR Chi2
Prob > chi

21.32***
0

***,** and * significant at 1, 5 and 10 level, respectively.
NS: Non-significant
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ratio when compared with their female
counterparts.
This result supports earlier findings in this
study that male headed households have a
higher incidence (0.46) of poverty when
compared with their female counterparts (0.33).
The increase in poverty vulnerability with age
could be attributed to the fact that as
household heads get older, they become
economically inactive which in turn affects
their productivity, income and subsequently
increase their vulnerability. Consistent with
lifecycle effects, the coefficient of age squared
had a negative effect on poverty implying that
the positive association of age with
vulnerability to poverty will weaken over time.
Also, a unit increase in household size, an
additional non-working member to the
household, and an increase in the incidence
of malaria in the household increased poverty
vulnerability by 0.058 and 0.29 and 0.014,
respectively. The impact of large family size is
such that it reduces the per capita expenditure
of the family. Increased household size is also
synonymous with more dependants who do
not contribute to household income, thereby
aggravating vulnerability to poverty in the
household. Increased malaria incidence could
result into productivity losses, directly through
reduced work time because of illness or
indirectly through time spent caring for the
sick.
On the other hand, poverty decreased with
increase in educational attainment (0.142). This
is an indication that increased educational
attainment of the household head strongly
affects poverty vulnerability by assisting
household heads in getting good jobs and
taking opportunities which otherwise would
not have been possible. The overall effect of
this is increased income which translates to
increased per capita expenditure and
consequently improved welfare and standard
of living of household members. The negative
coefficient of membership of association,
access to credit and non-farm income
indicates that being a member of a local group

or association, having access to credit and
non-farm income reduced poverty by 0.718,
0.087 and 0.511, respectively. This is in line
with the general believed that credit is an antipoverty strategy because of the important role
it plays among rural populace (Adekoya, 2014).
Further, a hectare increase in land size
decreased poverty by 0.0527, that is;
households with smaller land sizes or the
landless are more vulnerable to poverty than
households with larger sized land.
CONCLUSIONS
Successive governments in Nigeria have
implemented poverty alleviation programmes
and strategies without commensurate dent on
poverty. The near failure of these programmes
and strategies has been linked to the improper
diagnosis of poverty as a static concept. There
are growing concerns that poverty is not
reducing due to the lack of understanding of
its dynamic nature and vulnerability to
poverty. The fact that the number of
households currently poor is two-third, calls
for policy interventions that reduce variance
in income. This could be achieved through
reducing exposure of the households to
various types of risks that lead to a reduction
in their welfare or through improving their
ability to cope with these risks when they occur.
There is a relation between the factors
influencing poverty and vulnerability however,
there are a few factors associated with poverty
and vice versa suggesting that such factors
are crucial to reducing vulnerability and
poverty in the study area. Therefore, all efforts
at reducing poverty should take into account
those factors which exacerbate the
vulnerability of the poor. The close association
between poverty and vulnerability also
suggests that the various programmes and
strategies targeted at alleviating poverty must
be multifaceted in nature.
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ABSTRACT
The paper examines the negative impact of green revolution on the
agricultural development in the state of Punjab by utilizing secondary data
sources. The results of the study showed that unmanaged cropping pattern,
paddy-wheat monoculture, over-exploitation of natural resources,
increasing debt burden of the state farmers’, water depletion, water logging,
higher use of pesticides and fertilizers, unavailability of financial facilities,
increasing land degradation have led to the severe socio-economic crisis
in the state of Punjab. On the basis of the findings the study suggested that
special efforts are required to promote agricultural diversification in the
state of Punjab. Skill development and research and development in the
agricultural activities must be promoted in the state.
Keywords: Diversification, skill development, socio-economic crisis
JEL Classification: J24, L16, L25

INTRODUCTION
Punjab is among the richest states in India
comprises of 22 districts, which throbs with
the vibrant culture of equally vibrant people,
has always moved on the path of prosperity
despite of all odds happened in state from time
to time. Punjab is an agrarian state. It is called
the Granary of India or India’s bread-basket
(Anonymous, 1976). The state contributes 14
percent of India’s cotton, 18.41 of India’s
wheat, and 11.36 of India’s rice. Punjab has
been a pioneer state in the era of Green
Revolution, which influenced the socioeconomic scenario of both rural and urban
people in the state. Punjab economy has
witnessed a remarkable transformation of its
agricultural sector soon after the invent of
*

Head and Assistant Professor in Economics, P.G.
Department of Economics, Guru Nanak College,
Moga-142001 Email :gjs_bhullar@yahoo.co.in

Green Revolution in mid 1960’s (Bhalla, 1987
and 1989). The introduction of high-yielding
varieties of seeds after 1965 and the increased
use of fertilizers and irrigation are known
collectively as the Green Revolution, which
provided the increase in production needed
to make India self-sufficient in food grains, thus
improving agriculture in India (Gill and
Ghuman, 2001). Green Revolution involved the
use of seeds of high-yielding varieties (HYVs),
primarily of wheat and rice, and the adoption
of a package of improved agricultural practices
involving fertilizers, pesticides, controlled
water, credits, mechanical threshers, pumps,
and so forth. These changes were instituted
in place of the traditional agricultural practice
involving the use of seeds whose genetic
makeup goes back thousands of years (Parayil,
1992). Along with, various micro and macro
level policies initiated by Government of India
in the state have further helped in the process
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of structural transformation in the state. The
rate of growth of agriculture has picked up
and sustained over the longer period of time.
Besides, Green revolution made state’s
agriculture highly commercialized and
mechanized (Sharma and Mohan, 2013). At
present nearly 14 lakh tube wells both diesel
operated and electric operated running in the
fields of Punjab. Consequent to green
revolution the farm-non-farm linkages got
strengthened, which has resulted into the
increase in the demand of products of different
sectors during 1970s. However, the fruits of
Green Revolution were limited only to the
farmers having larger access to big land
holdings, which has led to the rising income
inequalities and unemployment among the
peasant economy in the state of Punjab
(Mahajan, 2002). The Green Revolution
created wide regional and interstate disparities.
The plan was implemented only in areas with
assured supplies of water and the means to
control it, large inputs of fertilizers, and
adequate farm credit (Shiva, 1985). These
inputs were easily available in at least parts of
the states of Punjab, Haryana, and western
Uttar Pradesh; thus, yields increased most in
these states. In other states, such as Andhra
Pradesh and Tamil Nadu, in areas where these
inputs were not assured, the results were
limited or negligible, leading to considerable
variation in crop yields within these states.
The Green Revolution also increased income
disparities: higher income growth and reduced
incidence of poverty were found in the states
where yields increased the most and lower
income growth and little change in the
incidence of poverty in other states.’ It is now
widely observed that Punjab economy
particularly its conventional agriculture sector,
after witnessing a high rate of growth started
experiencing deceleration since mid 1980s and
more particularly since the onset of the process
of economic reforms in 1991. The contribution
of agricultural sector in state’s net domestic
product, which was around 48 per cent in 1991,
has come down to 38 per cent by 2001 and

further to around 26 per cent in 2009-10. In
addition to it, the introduction of economic
reforms since 1991, and commencement of
WTO negotiations have also adversely
affected agricultural sector in Punjab, because
of the liberal and unfair support measures
adopted under it (Ghuman, 2005). On the other
hand, the secondary sector in Punjab is
dominated by Small Scale Industries (SSIs),
which have shown poor performance in
absorbing ever-increasing rural labour force
in the state due to certain technological
bottlenecks. In an overall sense, it can be
concluded that Punjab economy more
particularly its agricultural sector is passing
through a severe economic crises.
Against the background of agricultural
development in the state of Punjab, present
paper addressees the issues related with the
negative impact of green revolution on the
agricultural sector in the state of Punjab. The
major objectives of the study include; i) to
study the impact of green revolution on the
agricultural development in the state of Punjab;
ii) to provide policy options in the direction of
sustaining the agricultural base of the state.
DATABASE AND MATERIALS
The study utilises various secondary data
sources such as government reports, books,
journals and articles etc. to fulfill the objectives
of the study. The data for various indicators
of agricultural development viz., cropping
pattern, mechanization, consumption of
chemical fertilizers and pesticides, have been
collected from various issues of statistical
abstract of Punjab pertaining to different years.
The data thus collected have been presented
in tabular from.
Crisis of the Green Revolution in Punjab
Post Green Revolution period has
witnessed some disturbing developments in
Punjab’s agricultural sector. The initiatives
taken under Green Revolution viz., the
technology encompassing intensive
cultivation, high use of agro-chemicals and
greater requirement of water and rapid growth
of mechanization has created several adverse
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effects on environment, ecological balance and
society within two decade. This section
examines some of the negative consequences
of green revolution strategy adopted in the
state of Punjab.
Cropping Pattern
Green Revolution has largely been
benefited to only two principal crops viz.,
wheat and paddy in the state of Punjab. Most
of the increase in production and productivity
has been noticed only for these two crops.
Table 1 depicts the cropping pattern in Punjab
during various five-year plans. It is observed
from the Table 1 that all the crops except wheat
and paddy registered negative change during
the various five-year plans. Such trends point
towards the failure of diversification strategy
in the state of Punjab.
Excessive Use of Fertilisers and Pesticides
Excessive use of chemical fertilisers has
turned the verdant lands poisonous, water
mining has dried the aquifers leading to the
expansion of the desert, and chemical fertilisers
and pesticides have played havoc with the

environment and human health. With the input
prices climbing year after year and the output
prices remaining static, Punjab farmers became
a victim of the same economic policies that
projected them as country’s heroes.
Agriculture has become not only
unsustainable but economically unviable (Gill,
2002).
It is evident from Table 2 that the use of
various types of chemicals has increased
throughout the period undervaluation. Such
high use of chemical fertilizers has adversely
Table 2: Consumption of fertilize rs and
persticides in Punjab
(000' Nutrients tonnes)
Year
1980-81
1990-91
2000-01
2008-09
2009-10
2010-11
2011-12 (P)

N
526
877
1008
1332
1358
1403
1416

P2O5
207
328
282
379
434
435
448

K2O
29
15
23
57
74
73
54

NPK Pesticides
762
1220
1313
1768
5900
1866
5745
1911
5600
1918
6150

Source: Statistical Abstract of Punjab, various issues

Table 1: Production of major crops in Punjab during 1992-93 to 2010-11
(000' metric tonnes)
Crops
8th Plan

9th Plan

10th Plan

11th Plan

Overall

Rice

Wheat

Maize

Gram

Sugarcane

1992-93
1996-97
Change
1992-97
1997-98
2001-02
Change
1997-02
2002-03

7026
7334
308
(4.38)
7904
8816
912
(11.54)
8880

12399
436
17
688
13672
352
15
1022
1273
-84
2
334
(10.27) (-19.27) (-11.76) (948.55)
12715
345
11
715
15499
449
6
925
2784
104
-5
210
(21.90) (30.14) (-45.45) (29.37)
14175
312
7
902

Total
Coarse Pulses
Total
Total
Cereals Cereals
Foodgrains Oilseeds
19982
557
74
20056
236
21471
481
75
21546
277
1489
-76
1
1490
41
(7.45) (-13.64) (1.35)
(7.43)
(17.37)
21083
486
56
21139
156
23848
143
30
23878
84
2765
-343
-26
2739
-72
(13.11) (-70.58) (-46.43) (12.96) (-46.15)
24459
1634
35
24727
85

2006-07
Change
2002-07
2007-08
2010-11
Change
2007-11
1992-93
2010-11
Change

10138
1258
(14.17)
10486
11236
750
(7.15)
7026
11236
4210
(59.92)

14596
421
(2.97)
15716
15169
-547
(-3.48)
12399
15169
2770
-22.34

25286
552
24
827
-1082
-11
(3.38) (-66.22) (-31.43)
26789
587
27
26931
526
19
142
-61
-8
(0.53) (-10.39)
19982
557
99
26931
526
19
6949
-31
-80
(34.78) (-5.57) (-80.81)

481
4
602
169
-3
-300
(54.17) (-42.86) (-33.26)
525
2.1
657
475
3.4
370
-50
-1.3
-287
(-9.52) (61.90) (-4368)
436
17
688
475
3.4
370
39
-13.6
-318
(8.94) (-80.00) (-46.22)

25310
583
(2.36)
26809
26947
138
(0.51)
20056
26947
6891
(34.36)

78
-7.00
(-8.24)
78
84
6
(7.69)
236
84
-152
(-64.41)

Source: State Agricultural Profile-Punjab, Agro Economic Research Centre, Department of Economics and
Sociology, Punjab Agricultural University
Figures in the parentheses show the percentage change.
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affected the bio-diversity of the state.
Poor Water Management
Extensive and free use of harmful chemicals
and fertilizers has adversely affected the
natural resources in the state of Punjab. The
Green Revolution led to increase in the need
for irrigation water at two levels firstly, the
shifts from millets, pulses and oilseeds to
wheat and paddy cycle increased the need of
water throughout the year and secondly, the
new varieties of wheat and rice also increased
the intensity of irrigation. The demand for
irrigation water has gone up due to the
increased paddy cultivation. The canal system
of Punjab carries less water, consequently
farmers have to dug up more and more tube
wells, raising their dependence on electricity,
diesel and ground water. As a result, the general
level of ground water tend to fall 23 cms every
year in Punjab (Singh, 2010).
Debt Crisis in Punjab
Over the years indebtedness began
growing to phenomenal levels. A recent Punjab
Agricultural University shows as many as 89
per cent of Punjab farm households are reeling
under debt. The per farm family debt stands at
a staggering `1,78,934. In other words, for
every hectare of land holding, the outstanding
debt is `50,140. In my understanding,
indebtedness has grown still higher in the last
few years. One of the main reasons being the
push for more sophisticated but unwanted farm
machinery. Take the case of tractors. Once a
symbol of prosperity, tractors have now turned
into a symbol of suicides. With every second
farm household owning a tractor, more out of
prestige than necessity, the resulting
indebtedness has grown (Singh, 2011). A recent
Punjab Agricultural University shows as many
as 89 per cent of Punjab farm households are
reeling under debt. The per farm family debt
stands at a staggering `1,78,934. In other
words, for every hectare of land holding, the
outstanding debt is `50,140. Farm incomes
continue to dwindle. As per NSSO 2003-04
estimates, the average monthly income for a
farm family in Punjab does not exceed `3,400.

No wonder, younger generation is refusing to
take up farming as a profession.
Water Logging
Water logging occurs, when an area’s
water table rises to an extent that the soil pores
in the root zone of a crop become saturated,
resulting in the restriction of the normal
circulation of air, decline in the level of oxygen
and increase in the level of carbon dioxide.
(Anonymous, 1976). Consequent to Green
Revolution demand for irrigation increased at
two levels. Firstly, the monoculture of paddywheat instead of millets and oilseeds increased
the demand for water inputs throughout the
year. Secondly, the use of new varieties of
wheat and rice in place of old varieties
increased the irrigation intensity. Excessive
utilization of water, mainly for rice, has caused
water logging. According to many economists,
the populist policies of the Punjab Government
such as free power and now highly subsidized
water has compounded the problem.
Destruction of Soil Fertility
The monoculture of wheat-paddy ha led
to the over exploitation of most important
natural resources i.e. soil and water in Punjab.
It has been estimated that the organic content
of the soil of the state has gone down from 0.5
to 0.2 percent.
What needs to be done?
The economy of Punjab has played a
significant role in making the country selfsufficient in food grain production. Now
production and productivity of agriculture has
reached a plateau. Over emphasis of wheatpaddy, cultivation has put adverse impact on
the bio-diversity of state in the form of
degrading soil health, water table depletion etc.
High use of chemical fertilizers and pesticides
resulted into the deterioration of bio diversity
in the state. In nutshell, the peasant economy
of Punjab is facing the real burnt of crisis in
the form of over utilization of natural resource
base, water table depletion, environmental
pollution, rising debt burden etc. Hence, efforts
are required at various levels to pull the
economy of Punjab out of severe socio
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economic crisis. First, crop diversification is a
must to increase farm incomes and to address
an environmental problems rising in the state
of Punjab. Emphasis must be made to increase
the production and productivity of other crops
except wheat and paddy. More and more
cultivated area need to bring under the crops
such as oilseeds, etc. Second, the existing
minimum support price mechanism is highly in
favour of promoting cultivation of wheat and
paddy ignoring other agricultural products in
the state. To ensure farmers interest in the
cultivation of alternative commercial crops a
minimum support price mechanism need to be
developed. Third, Government of Punjab must
made serious efforts to promote floriculture
activities as India exports flowers worth more
than Rs. 120 crore annually to several counties
such as Holland, Germany and USA and also
that both domestically and international
demand for Indian cut flowers has been rising
during recent past. Fourth, Dairying is yet
another alternative to diversify the economic
base of Punjab. It has been found that Punjab
hold the first position in the production of milk
in the country, with daily production of 256.18
lac kg and 944 gram per capita daily
consumption of milk. Keeping in view of rising
importance of dairying activities in the state,
there is an urgent need to expand area under
fodder crops to promote dairying activities in
the state. Development of dairying coupled
with the related activities like poultry, piggery
etc. could help in the generation of
economically gainful employment and
earnings, which in turn sustain the economic
well-being of the rural economy of Punjab
(Vatta and Sidhu, 2010). Fifth, Punjab is now
on a threshold of a ‘Blue Revolution’.
Government of Punjab is making all possible
efforts to bring more and more agricultural land
under fish farming. For instance, over the past
three decades around 10,000 hectare area has
been brought under fish farming, which helped
the state to achieve highest average fish
production of 6000 kg per hectare against the
national average of 3000 kg per hectare. Hence,

for making fish cultivation more lucrative to
farmers, there is a dire need to provide quality
fish seed of cultural varieties of fish, adopt
more suitable village ponds under fish farming
to ensure gainful self-employment
opportunities. Sixth, to ensure the use of high
yielding varieties of seeds along with intensive
use of modern and sophisticated technology,
formal credit facilities are need to be promoted
particularly at the disaggregated level. The
functioning of Regional Rural Banks (RRBs)
and cooperative credit societies need to be
framed in accordance with the global
competitiveness. While the money-lenders is
an integral part of Punjab agriculture and
cannot be dismantled fully, both the centre and
state legislation must impose regulation on the
wrong practices of money lenders in the state.
Seventh, over the years government’s
expenditure on the promotion of agricultural
activities in the state has witnessed continuous
decline, which emerged as a major bottleneck
on the way of healthy growth of rural
development in the state of Punjab. Hence
efforts are required to augment investment in
rural infrastructure in general and agricultural
infrastructure (power, irrigation, roads, rural
cooperatives) in particular in the state of
Punjab. Eighth, farmers in Punjab must be
discouraged to spend large portion of their
credits on non-productive activities such as
social functions, marriages etc. Formation of
Self Help Groups need to be encouraged at
the grass root level to enhance the income of
landless and small and marginal farmers of the
state. The use of Kisan Credit Cards (KCCs)
must be made mandatory more specifically for
small and marginal farmers by linking the credit
limit only to the property value and repayment
to be made easier and at a lower interest rate.
Ninth, to encourage foreign investment in the
state, special incentives are need to be given
to the foreign players. Tenth, to make Punjab
agriculture more conducive to the current
competitive environment, it is suggested that
government’s investment in skill and
technology as well as technical and general
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skills should be encouraged. Eleventh, over a
long period of time agricultural sector in Punjab
as well as in India has been kept outside the
purview of taxation. In order to accumulate
large amount of resources to meet increasing
need of infrastructure services for agriculture,
it is advisable to tax big capitalist farmers.
The above suggested policy option may
be helpful to policy makers to bring the
economy of Punjab out of severe socioeconomic crisis with long run sustainability.
CONCLUDING REMARKS
Punjab economy particularly its
conventional agricultural sector is going
through the severe socio-economic crisis.
Green Revolution has put adverse impact on
the ecological nature of sate’s agriculture.
Unmanaged cropping pattern, paddy-wheat
monoculture, over-exploitation of natural
resources, increasing debt burden of the state
farmers’, higher use of pesticides and
fertilizers, inadequacy of financial facilities,
increasing land degradation are some of the
key issues creeping in the state’s economy.
Hence efforts are required to diversify the
overall economic base of the state. Skill
development and human capital formation
must be promoted at the various level to bring
the economy of Punjab out of severe socioeconomic crisis.
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FEMALE FETICIDE: SOCIAL RAMIFICATION OF
DEVELOPMENT
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ABSTRACT
The practice of female feticide, reflected through lower sex ratio is a peculiar
feature of Northern India (940) specifically Punjab (893). To explain the
phenomenon of female feticide, two propositions have been put forth. First,
that female feticide is a social fact which is external to the individual and
has a coercive nature and the second is that the very foundation of this
social fact is economic in nature. Discussion based on secondary data
locates the deterministic factor of female feticide in economic arena where
power and property are positively related. Women’s equal right in inherited
property is the solution but in spite of having recognized through legislation
since 1995, not much change has been evident till date due to patriarchal
mindset. To change the mindset focusing on younger population, especially
boys, through making gender sensitivity an explicit part of content in
education is the need of the hour. Nevertheless, socializing girls from early
childhood to assume all those responsibilities normally considered as
males’ can be helpful to much extent.
Keywords: Female feticide, gender sensitivity, social ramification,
JEL Classification: A14, Z13, Z18

INTRODUCTION
Though highlighted more in the recent
years, discrimination and devolution of women
in Indian society is not a new phenomenon.
Since ancient times, in most regions of the
country where patriarchy prevails, sons are
desired for reasons related to patrilineal
inheritance, patrilocal marriage, social custom
of dowry and dependence of aged parents on
son (Chakrabaerti and Dhar, 2001 and Koradia
et al., 2013). A preference for boys results in
discrimination against girls, even before they
are born. A marked deterioration in the status
of women took place in the medieval ages with
*

Associate Professors , Department of Economics
and Sociolgy, Punjab Agricultural, University,
Ludhiana-141004.
Email: simransidhupau@gmail.com

the entry of invaders in the country. Punjab
being a border state had to bear its greatest
impact that lead to many social ills such as
female infanticide, child marriages, purdah, sati,
ban on female education etc (Agnihotri, 2003
and Walia, 2003). After Independence, with the
adoption of Indian constitution confirming
freedom and equality on one hand and social
reforms and education on the other, many of
these evils have been eradicated from the
society, yet the heinous act of female feticide
still prevails and prospers specifically in the
state of Punjab. Though in the era of LPG, the
process of development was expected to have
positive influence on the position of women,
but the situation continued to be far from
satisfactory. With technological intervention
and easy access (at door step in some cases)
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female infanticide has been replaced with
equally disgraceful practice of female feticide.
Historical evidences show that in the past,
Punjab was known as kuri maran da desh
means the land of girl killers (Dhaliwal, 2006).
The recent increasing deficit of young girls is
indicative of the strong possibility that,
traditional methods of fatal neglect of female
children are increasingly being replaced by not
allowing female children to born. It is ironic to
note that in spite of the efforts by government
in the form of putting monitoring systems in
place along with legislative measures on one
hand and massive campaigning by political,
religious, educational and entertainment
spheres on the other we are unable to eradicate
the evil of female feticide from our society.
Gauged as a social ramification of the emergent
development present paper is an attempt to
get to the root cause of female feticide with
the specific objectives to examine sex ratios
reflecting the problem of female feticide,to find
out the reasons for its prevalence and to
suggest measures to solve the problem of
female feticide. The contextual area for the
study is Punjab state. The issue has been
discussed in three parts. The first part
examines the present scenario of female
feticide reflected through sex ratios with the
help of data from secondary sources such as
Census, National Family Health Survey,
Statistical Abstract of Punjab and primary
studies conducted by various research
scientists. The second part deals with
theoretical explanations sorted out after
exploring works of various scholars committed
to such endeavors and finally based on the
discussion some measures are suggested for
its eradication.
Sex Ratios as Reflector of Female Feticide
Human sex ratio is the relative number of
males to females in a given age group. The
scholars claim that both the sex ratio at birth
and the population sex ratio are remarkably
constant in human populations. Significant
deviations in birth sex ratios from the normal
range can only be explained by manipulation

that is sex-selective abortion.
Changes in sex ratios largely reflect the
underlying socio-economic and cultural
patterns in society. India is one of the few
countries in the world where males outnumbered females. Sex ratio in India is 943
women per thousand males. Even the
neighbouring countries like Pakistan,
Bangladesh, Sri Lanka and Nepal have the
better sex ratio than India (Table 1). The deficit
of women in India’s population has been
documented ever since the first decennial
enumeration of people was conducted in the
late nineteenth century. Over a span of more
than 100 years the deficit has progressively
increased. As it is evident from the sex ratio of
the population, the number of women per 1000
males steadily declined from 972 in 1901 to 940
in 2011 (Visaria, 2004). It is happening across
the country in spite of massive influx of legal
Table 1: Country wise sex ratio-2011
Country
China
India
Pakistan
Bangladesh
Nigeria
Indonesia
Nepal
USA
Sri Lanka
Japan
Brazil
Russia

Sex Ratio
926
943
943
978
987
1004
1014
1025
1034
1041
1042
1167

Source: Shashawat, 2013

regulations, banning the same.
Punjab is a classic example of a fast
developing economy with agricultural base. It
enjoys the credit of ushering in the Green
Revolution. More than 94 per cent of Punjabi
citizens are above poverty line, 75 per cent are
literate, 94 per cent of children are in schools,
76 per cent of infants are immunized, 99 per
cent of households have safe drinking water
and the average life expectancy in Punjab is 75
years (Economic Survey, 2012 and NFHS:3,
2005). However, sex ratio, an important
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Table 2: Rank-wise sex ratio among states
of India
State
Kerala
Puducherry
Tamil Nadu
Andhra Pradesh
Chhattisgarh
Manipur
Meghalaya
Odisha
Mizoram
Himachal Pradesh
Karnataka
Goa
Uttarakhand
Tripura
Assam
Lakshadweep
Jharkhand
West Bengal
Nagaland
Madhya Pradesh
Rajasthan
Maharashtra
Arunachal Pradesh
Gujarat
Bihar
Uttar Pradesh
Punjab
Sikkim
Jammu&Kashmir
Haryana
India

Rank*
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

Sex ratio
2011
2001
1,084
1,058
1,038
1,001
995
986
992
978
991
990
987
978
986
975
978
972
975
938
974
970
968
964
968
960
963
964
961
950
954
932
946
947
947
941
947
934
931
909
930
920
926
922
925
922
920
901
918
921
916
921
908
898
895
874
889
875
883
900
877
861
933
943

A decade later some improvement has been
observed in the state with change in sex ratio
from 874 in 2001 to 895 in 2011 but again with
variations at district level (Table 3). It is
interesting to note that this improvement owes
to the districts of Doaba region i.e. Kapurthala,
Jallandhar, Hoshiarpur and Nawansheher,
characterised by maximum number of Non
Resident Indian (NRI) population, have shown
better sex ratio where as economically
developed and educationally better districts
of Malwa and Majha i.e. Ludhiana, Fatehgarh
Sahab and Amritsar are as usual the poor
performers with the lowest sex ratio.
Table 3: District wise sex ratio in Punjab
Districts

*Ranks are according to Sex Ratio-2011.
Source: Census 2001-2011

indicator of socio economic development is
quite low at 895 in Punjab. The state comes
under the least five states in the country. Even
less developed and highly populated states
of Uttar Pradesh, Bihar and Rajasthan are better
performing states in sex ratio as compared to
Punjab (Table 2). Large variations are evident
at the district level. According to Census:2001,
Fatehgarh Sahib and Patiala, two districts of
the Malwa region (a feudal region with late
agricultural development), Gurdaspur of Majha
region (bordering Pakistan) and Kapurthala of
Doaba region (economically prosperous) had
the lowest sex ratio in the state as well as in
the country.

Sex ratio
Total population
0-6 years
2011
2001
2011
2001
Gurdaspur
890
895
789
846
Amritsar
871
884
792
824
Tarn Taran
887
898
784
819
Kapurthala
887
912
785
872
Jalandhar
887
913
806
874
SBS Nagar
914
954
808
879
Hoshiarpur
935
962
812
859
Roopnagar
889
913
799
866
SAS Nagar
840
878
785
842
Ludhiana
824
869
717
865
Ferozepur
885
893
822
846
Faridkot
883
889
812
851
Mukatsar
891
895
811
830
Moga
887
893
818
863
Bathinda
870
865
785
854
Mansa
879
880
782
831
Sangrur
870
883
784
835
Barnala
907
876
792
847
Patiala
875
888
776
835
Fatehgarh Sahib
854
871
766
843
Punjab
893
874
846
798

Furthermore, shocking results have been
recorded when analysis was made among
various religious groups. According to census
2001, at the national level, the Sikh population,
majority by number in Punjab, has the lowest
child sex ratio of 786 preceded by Jain of 870
(Table 4). Christians have reported child sex
ratio of 964 followed by Muslims at 950 and
Buddhists at 942. Hindus have reported a child
sex ratio of 925, which is slightly lower than
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Table 4: Religion and sex ratio in India,
2001
Religions

Sex Ratio
(Total population)
Hindus
931
Muslims
936
Sikhs
893
Christians
1009
Janis
940
Buddhists
953
Other religions
992

Child Sex Ratio
(0-6 years)
925
950
786
964
870
942
976

the national average of 927 for the total
population. It shows that religion which is one
of the oldest socio-cultural institutions
associated with mankind that exerts a great
influence on people’s values and attitudes, has
failed to overpower patriarchal ethos
specifically in Punjab. Even region wise
comparisons show that urban areas,
characterized by higher level of development
parameters such as education, income and
standard of living as compare to rural areas,
are the poor performers of sex ratio (875) as
against rural areas with sex ratio of 907 (Jain,
2011).
Among 0-6 years population sex ratio in
Punjab is even less at 846. The recent decline
in the juvenile sex ratio, in Punjab has very
likely resulted from the rapid spread of
ultrasound and amniocentesis tests for sex
determination, followed by sex-selective
abortions. Because of the simplicity of the
tests and their easy availability, female-specific
abortions appear to have increased (Unnithan,
2010). It is estimated that since the ultrasound
machines have been introduced in India, one
out of five fetuses, with an estimation of ten
million females, have been aborted. According
to a study conducted by the Lancet, a premier
British Medical Journal, sex selection claims
up to 5,00,000 female fetuses in India every
year (Tandon and Sharma, 2006 and Kashyap,
2011). Further, studies have indicated that
couples accept the outcome of the first
pregnancy, whether it is a boy or a girl. However,
if the first-born child is a daughter, then women
are overtly or covertly pressurized by their

husbands or extended families to ensure that
the second and/or the third child is a boy. The
preference for at least one son is evident even
when the desired number of children has
decreased (Visaria, 2004 and Goyal, 2008).
Further, even when women articulate the
possibly that not all sons may support in their
old age, the desire for a son continues to
remain very strong among couples. Ironically
the very act of female feticide cut across caste
and class.
The drive against female feticide and sex
determination, techniques gained momentum
in the 1980s. The partial ban on sex
determination tests in government hospitals
led to the proliferation of private clinics/
hospitals offering the facility. The ban was
imposed because the advent of amniocentesis
in 1975 caused a dramatic increase in female
feticide cases. Since then, different parts of
the country have witnessed several campaigns
against the misuse of science and technology
to continue discrimination against women. A
move for an all India ban on sex determination
test gained momentum and the Prenatal
Diagnostic Tests (Regulation and Prohibition
of Misuse) Act, 1994, and the PNDT Act came
into existence (Sharma and Sidhu, 2008 and
Tandon and Sharma, 2006). Though the PNDT
Act came into force in January 1996, a very
little evidence of decline in the practice of
female feticide has been evident till date.
Apparently, neither the education and
economic level nor the religious and moral
disposition have any effect on the incidence
of female feticide. The actual factor lies
somewhere else, for which there is a need to
locate the bases on which the phenomenon of
female feticide resides.
Economic Factors of Female Feticide
Based on the micro observations at the
family level (Walia, 2003) on one hand and
consultation of various studies supported
those observations (discussed as under) on
the other it is asserted that female feticide is
not only a cultural fact but there is pecuniary
concealed in it. To explain the phenomenon of
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female feticide, two propositions are put forth
here. First, that female feticide is a social fact
which is external to the individual and has a
coercive nature (Jones, 1996). Though the
pregnant woman is direct entailed to the act of
female feticide yet so many other agencies like
families, in-groups, norms and traditions are
involved and influence her decision to abort
female fetus. Families put pressure on women
to give birth to boy so that he can take family’s
name forward, light the funeral pyre and be
the bread earner of the family. The fanatic
obsession with the male sex by the elders in
the family pressurizes woman to undergo
multiple pregnancies and (or) abortions, until
she fulfills her lifelong goal of being a breeding
machine that produces male offspring as per
the needs of the family.
The second proposition is that the very
foundation of this social fact is economic in
nature. Three rationales are there to explain
this fact. First is that Woman is considered as
property. At one level, woman as property
denotes natal family’s control over daughter’s
sexuality and hence her reproductive
capabilities until the proper denouncement of
marriage. Daughter for natal family is always
parayadhan meaning she is someone else’s
wealth and has to be kept till her rightful owners
claim her. It is the duty of the parents that they
handover her to the marital family in the pure
form. The natal family is responsible for
daughter ’s chastity. Most of the time
concealment and policing are practiced to
protect the property. At the other level, woman
as property means marital family’s control over
daughter-in-laws’ sexuality and reproduction
capabilities in the form of right to decide the
birth and gender of the born (Bhatia, 2008;
Sangari, 2012). In the marital family, the woman
has no identity until she gives birth to son.
Even after that she is taken as mother of the
heirs and not more than that. So at both levels,
woman does not own property but is a property
herself, to be taken care by others.
The second contention is that Woman is
considered as financial drain. Dowry is a pre-

condition for marriage. Unlike Western society
where marriage is an individual choice and
usually made for love, marriage between
partners in our society is arranged by the
family and social and economic status of other
family matters more than the person himself to
be married. A man who does not marry for love
learns that he can marry for possessions. For
him and his family the woman becomes the
shortcut riches through the system. The
dowry, initially given to girl on her marriage to
establish a new household has gone beyond
the ritual of marriage. Pregnancy, child birth
and further child’s marriage and other social
functions at daughters place are the occasions
when demands are made from marital family.
For dowry, along with cash, ornaments and
household appliances, there is demand for
receptions in marriage palaces, multi-cuisine
dinners and lunches, designer wear for groom
family and so on. A ‘decent’ marriage these
days means to give dowry worth Rs 20 lakh or
more by the bride’s family. The daughters
become financial drain for rich and poor
equally. The rich has too much to lose and the
poor has too much to give. When the families,
both natal and marital, prefer son over
daughters, they actually want to be in the
position of making rather than meeting dowry
demands.
Furthermore, female feticide is a byproduct
of market economy: Female feticide which is
the upshot of dowry system is fueled and
feeds both the medical industry and marriage
industry. In the medical industry, there is a
network of educated dais, nurses,
gynecologists, doctors, health department
officials, radiologists, village health workers
self help groups, etc. In marriage industry
owners of huge marriage palaces, caterers,
decorators, marriage planners, textile industry
catering to the marriage affairs all are making
profits in the dowry system. In a way all are
stakeholders in the marketing of female
feticide. Implausibly, each one tries to justify
his/her position and tries to legitimate female
feticide. The mother of aborted girl child
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justifies her position by saying that she does
not want her daughter to live the same
miserable life of oppression and humiliations,
life without identity and respect. The families
(natal and marital) try to transform themselves
from the giver of daughters to the takers of
brides. It represents a desire to be freed from
the dangerous prospects of rightful claims by
the daughters on one hand and dowry
demands on the other. The justification given
by other agencies like medical fraternity and
health departments are that they are saving
women from the humiliations of being mother
of girls or they are saving women from the
oppression from in-laws. They justify the
heinous act by saying that prevented birth is
better than a neglected girl child and cast it as
a better choice between two evils. Instead of
feeling guilt, they have a positive feeling of
helping the women in distress.
Additionally, the issue of power and
identity is also concealed in the act of female
feticide. In economic terms, power and
property are positively related. Property
relations are fundamentally social relations and
class of person is determined by his relation
to production function.(Aronowitz,1992)
Struggles over land are not just about material
change or re-distribution of resources but also
about shift in power relations between different
groups about asserting one’s identity (Patil ,
2007 and Rao, 2008). In other words, not owing
property means not having power and further
not having identity. Primitive matrilineal families
(characterized by common ownership and
absence of private property) were more just in
term of power among different classes and
gender groups as compare to later forms of
societies where with the inception of private
property and its ownership particularly by
men. Thereafter, power relations altered in the
favour of men and women became subjected
to male oppression (Engels, 1884). Dowry, a
price in lieu of their share in inheritance, is
bestowed on the daughters to denounce them
from property by the upper class and
demanding dowry for financial gains by the

middle and lower classes. So whenever parents
become aware of the fact that the fetus/infant
is female, they use every possible way to get
rid of it. Female feticide or infanticide is just a
manifestation of this mentality.
CONCLUSIONS
Not only female feticide, which is an
extreme form of violence against women but
even other forms like forceful marriages, wife
battering and rapes etc. cannot be checked
without empowering women economically. It
is well established that the situation can be
altered in favour of women by enabling women
economically independent. There are two ways
to do so. One is through employment via
education and another is granting effective
equal right to women in inherited property
(Aggarwal, 2003).
Education and employment for women
have been proved as strong indicators of
women empowerment everywhere but failed
here to show positive results even in urban
settings due to strong patriarchy. Employment
exhausts women physically as well as mentally.
Physically, they are over burdened by work.
Unlike their partners for whom home is a resting
place after work, Women have to attend to the
household activities like cleaning house,
cooking for family, attending children etc.
Mentally, they used to get depressed,
frustrated or agitated as education along with
out of home exposure makes them aware of
deprivations and discriminations for being
women. On the other side, the women folk in
rural areas from farming households, farm
labourers and artisans though overburdened
with work and have equal share in productivity
as men but are not involved in decision making
(Paul, 2008). Being unable to access, control
and own productive assets such as land,
labour, finance and social capital, women are
unable to create stable and secure lives
(Meinzen-Dick , 2011). Under strong patriarchy,
in the absence of ownership of factors of
production, women are without power and
identity. Leave aside control over productive
assets, rural women do not have control even

422

over their own lives.
The issue of equal right to women in
inherited property has been recognized by the
amendment to the Hindu Succession Act of
1956 in August 2005 (Sudha & Sudha, 2013).
The law is in vogue for more than a decade but
not in actual practice. In a typical Punjabi
community, it is hard for girls to take the step
of claiming inherited land because claiming
right means spoiling relations with brothers.
The stigma of going against brothers and
depriving them of land is so strong that it
deters even the very needy women.
The law and policies are not enough to
address such issues. To make the already
existing laws in actual practice, there is a strong
need to change patriarchal mindset. There is a
historical deep-rooted mindset of undervaluing
women that must be clearly understood and
these realities must be woven into the
strategies, in order to deal with the problem
effectively. Focusing on younger population
specially boys through making human rights
and gender sensitivity an explicit part of
content at all levels of education can definitely
be helpful. On the other hand girls should also
be socialized from early childhood to consider
themselves equal to men. They should be
encouraged to assume all those responsibilities
which are normally considered to belong to
the male domain. This would have a positive
influence on future generations, as today’s
girls would be tomorrow’s mothers, as well as,
mothers-in-laws. There is call for the leadership
i.e. economic and political leaders, bureaucrats,
technocrats and academicians to take up the
responsibility of empowering women by
granting equal rights to women in their own
homes and become the role model for the
whole community. The need of the hour is to
make shift in the approach towards the
concerns of women.
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RISING DOWRY EXPENDITURE IN POST GREEN
REVOLUTION ERA IN PUNJAB
Gaganpreet Kaur, Sukhdev Singh and Devinder Tiwari
ABSTRACT
The present study was carried out in three cultural zones of Punjab viz.
Malwa, Doaba and Majha. The data were collected personally from the two
generations, comprising of mother-in-laws (G1) and daughter-in-laws (G2)
constituting sample of 360 respondents each. The study showed that with
the increase in Agricultural developments and other modernizing forces,
such as consumerism, privatization, commercialization etc. a sharp increase
is witnessed in dowry. However, even after more than forty years of its
prohibition, the practice has spread and has increasingly ingrained itself
in the institution of marriage. Further, the study revealed the scourge of
dowry has percolated to all the sections of society. Also, while witnessing
the real expenditure on marriages overtime, the percentage change shows
there is a negative change in LES that is, purchasing power is declining
and thus spending less on marriages overtime but in case of MES the
purchasing power increased but not at a sharp rate as compared to HES.
There is a sharp and a vast increase in High economic group over the years.
Overall, it was concluded that with agricultural and technological
developments the rich is extravagantly spending on marriages but
expenditure incurred on marriages is out of reach of a common man as rich
is getting richer and poor is getting poorer day by day.
Keywords: Agricultural developments, dowry, expenditure, purchasing power
JEL Classification: B41, C81, Q01, Z13, Z18

INTRODUCTION
The custom of dowry has been an
indispensible part of marriage system in India
since time immemorial. In general, dowry is
defined as offering of gifts, money and
valuables given by bride’s family to that of
groom to permit their marriage (Savale, 2010).
The historical accounts and mythological
stocks of writings pertaining to marriage in
*
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India are indicative that dowry used to be
given in various forms like durable household
items, jewelry, cash and even land by the
bride’s family to the bridegrooms (Prabhu, 1963,
Madelbaum , 1978, Oldenburg, 2002 and Verma
2003). In the traditional society, some items
required for initiating new family life used to
be given to the newly-wed couple and these
gifts were known as dahej, daaj (Menski, 1999).
According to Hindu religious scripture, dowry
was essential for the ritual of Kanyadaan. From
the traditional to modern society dowry has
almost become a customary in Indian social
life (Ghansham, 2002).
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In Punjabi Society, practice of dowry has
also been reported as a part of marriage system
(Roulet, 1996). However, this practice
accentuated during British rule when some of
the male members of the rich family joined the
Army positions after education and their
parents set some conditions at the time of
marriage of their sons because in agrarian and
patriarchal social structure daughters were less
educated as they were not allowed to get
formal education (Bandhu, 2011). Till 1970,
dowry was at a slow pace elevation but after
the emergence of green revolution, this
phenomenon has risen up sharply (Kaur, 2008).
Increased income in the rural sector during
this period, emergence of consumerism,
cultural values, improved status of education,
arrival of mass media etc. played an important
role to enhance the phenomenon of giving and
taking dowry at quite a higher level and in
some cases dowry has reached at the alarming
stage to solemnize the matrimonial alliances
(Coulter, 2009).
The rural sector of Punjab has been
witnessing sharp increase of spending on
dowry. Demonstration effects have engulfed
all sections and communities in the vicious
circle of increased dowry (Verma, 2003). Simple
marriages of previous times are now being
performed in highly expensive marriage
palaces. As a result of this, high level spending
on daughter’s marriage, many people are
reported becoming heavily debted (Srinivasan,
2005). Some of the persons are even committing
suicides due to non-repayment of debt.
Besides the indebtedness due to marriage,
numerous incidents of bride burning,
harassment, physical torture of young brides
have been reported as routine matter. Dowry
death is one of the most heinous crimes against
the women (Sharma, 1993 and Afzal, 2009).
The figures of alleged dowry death cases
are spiraling and ever increasing to the extent
that one woman in India is killed for dowry
every 10 minutes (Anonymous, 2004). The
reported dowry deaths in the country jumped
from about 6995 in 2000 to 9432 in 2014 as per

the National Crime Records Bureau Statistics
(Anonymous, 2011). Keeping this in view the
present study was planned with following
objectives:
i to assess the status of dowry among
various sections of the society, and
ii to highlight the rising expenditure on
dowry overtime in different socioeconomic status groups
METHODOLOGY
The study was conducted in three cultural
zones viz., Malwa, Doaba and Majha of Punjab.
Multi stage sampling design was used for
selection of the respondents. At the first
stage, from the three broad cultural zones of
Punjab viz., Malwa, Majha and Doaba , two
districts (Ludhiana and Sangrur) from Malwa
(being a bigger region ), One district (Amritsar)
from Majha and one district (Jallandhar) from
Doaba were selected randomly. Further two
blocks from each district were selected. From
each selected block three villages were
selected. So in all 24 villages were taken into
an account. Further, a sample of 15 mother-inlaws and 15 daughter-in-laws from each village
were taken into consideration constituting 360
mother-in-laws (G1)and 360 daughter-in-laws
(G2) in all. The data were collected from the
respondents by using Interview approach and
analyzed with the help of frequency and
percentages and other statistical tests.
RESULTS AND DISCUSSIONS
Year of Marriage
The perusal of Table 1 shows the
distribution of respondents according to their
year of marriage. It was seen that the marriages
of mother-in-laws such as, G1 generation were
from 1965 to 1990 whereas, marriages of
daughter-in-laws that is, G2 generation fall from
1990 to 2010. In G1 generation, majority of the
marriages were in year 1970-75 in all the three
socio-cultural zones namely Malwa, Doaba and
Majha. Also few (6.67 percent) of marriages in
Majha followed by 7.78 percent in Doaba and
9.44 percent in Malwa were in year 1985-1990
whereas in G2 generation most ( 37.78 percent)
of the marriages in Majha, 35.56 percent in
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Doaba followed by 33.89 percent in Malwa
region were in year 2005-10.
Overall, it was seen that majority of
Table 1: D is tribution of re s ponde nts
according to their year of marriage
Particulars
Malwa
G1 (Mother-in-laws)
1965-70
20
(11.11)
1970-75
71
(39.44)
1975-80
40
(22.22)
1980-85
32
(17.78)
1985-90
17
(9.44)
G2 (Daughter-in-laws)
1990-95
55
(30.56)
1995-2000
27
(15.00)
2000-05
37
(20.55)
2005-10
61
(33.89)

Socio-cultural zone
Doaba
Majha
10
(11.11)
48
(53.33)
16
(17.78)
9
(10.00)
7
(7.78)

13
(14.44)
37
(41.11)
23
(25.56)
11
(12.22)
6
(6.67)

22
(24.44)
22
(24.44)
14
(15.55)
32
(35.56)

21
(23.33)
24
(26.67)
11
(12.22)
14
(37.78)

Figures in parentheses are percent to total

marriages in G1 generation took place during
the years 1970-1975 whereas majority of G2
marriages took place in 2005-2010.
Socio-economic Status of the Respondents
The socio-economic status of the person
is very important to access the standard of
living. An overview of the SES in Table 2
revealed that in Malwa region , majority (50.00
percent) of G1 respondents in year 1965-70 and
1980-85 followed by 47.06 percent in 1985-90
and 43.66 percent in 1970-75 belonged to
medium economic strata. In Doaba region, in
year 1965-70 most (40.00 percent) of G1
respondents had low economic status but in
1970-75 (45.83 percent), 1975-80 ( 43.75percent),
1980-85 (44.44 percent) and 1985-90 (42.86
percent) had medium economic status whereas
in Majha region, majority (38.46 percent) had a
high economic status in 1965-70 whereas a
little less than half (48.65 percent) in 1970-75,
60.87 percent in 1975-80, 45.45 percent in 198085 had medium economic status but an equal
number (33.33 percent) belonged to all the three
socio-economic strata’s (LES, MES and HES)
respectively whereas G2 generation in Malwa
region the majority of the respondents in all

Table 2: Distribution of respondent as per socio-economic status over time
Malwa
LES MES HES Total
G1 (Mother-in-laws)
1965-70
3
10
7
20
(15.00) (50.00) (35.00) (100.00)
1970-75
16
31
24
71
(22.54) (43.66) (33.80) (100.00)
1975-80
10
17
13
40
(25.00) (42.50) (32.50) (100.00)
1980-85
10
16
6
32
(31.25) (50.00) (18.75) (100.00)
1985-90
2
8
7
17
(11.76) (47.06) (41.18) (100.00)
G2 (Daughter-in-laws)
1990-95
11
25
19
55
(20.00) (45.45) (34.55) (100.00)
1995-2000
9
10
8
27
(33.33) (37.04) (29.63) (100.00)
2000-05
8
21
8
37
(21.62) (56.76) (21.62) (100.00)
2005-10
13
26
22
61
(21.31) (42.62) (36.07) (100.00)

LES

Doaba
MES HES

Total

LES

Majha
MES HES

Total

4
(40.00)
20
(41.67)
6
(37.50)
3
(33.33)
2
(28.57)

3
(30.00)
22
(45.83)
7
(43.75)
4
(44.44)
3
(42.86)

3
(30.00)
6
(12.50)
3
(18.75)
2
(22.22)
2.00
(28.57)

10
(100.00)
48
(100.00)
16
(100.00)
9
(100.00)
7.00
(100.00)

4
(30.77)
6
(16.22)
4
(17.39)
2
(18.18)
2
(33.33)

4
5
(30.77) (38.46)
18
13
(48.65) (35.14)
14
5
(60.87) (21.74)
5
4
(45.45) (36.36)
2
2
(33.33) (33.33)

13
(100.00)
37
(100.00)
23
(100.00)
11
(100.00)
6.00
(100.00)

8
(36.36)
8
(36.36)
5
(35.71)
14
(43.75)

10
(45.45)
11
(50.00)
6
(42.86)
12
(37.50)

4.00
(18.18)
3.00
(13.64)
3
(21.43)
6
(18.75)

22.00
(100.00)
22.00
(100.00)
14
(100.00)
32
(100.00)

4
(19.05)
6
(25.00)
2
(18.18)
6
(17.65)

11
6
(52.38) (28.57)
10
8
(41.67) (33.33)
5
4
(45.45) (36.36)
17
11
(50.00) (32.35)

21.00
(100.00)
24.00
(100.00)
11
(100.00)
34
(100.00)

Figures in parentheses are percent to total
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the cumulative years belonged to medium
economic status 45.45 percent, 37.04 percent,
56.76 percent and 42.62 percent resp. In Doaba
region , 45.45 percent in 1990-95, 50.00 percent
in 1995-2000 and 42.86 percent in 2000-05
belonged to medium economic status whereas,
43.75 percent in 2005-10 had Low Economic
Status. In Majha region , again more than half
(52.38 percent) in 1990-95, (41.67 percent) in
1995-2000, 45.45 percent in 2000-05 and half
(50.00 percent) belonged to medium economic
status.
Overall it was seen that most of the
respondents in both the generations belonged
to medium economic status followed by high
economic status in all the three broad sociocultural zones of Punjab in their respective
years.
Expenditure Over Marriages (2005-10)
The expenditure over marriages among the
different sections of the rural society in three
regions of Punjab in year 2005-10 was taken
into an account (Table 3). It was observed that
in Malwa region `95,450 was spent whereas,
in Doaba and Majha the amount came out to
be `1,05,500 and `85,800, respectively by the
low economic strata. The money expended was
`11,74, 000 in Doaba followed by `9,28,000 in
Malwa and least `7,42,000 in Majha were spent
by medium economic strata but in high
Table 3: Expenditure (on an average) over
marriage among different sections of rural
society in three regions of Punjab, 2005-10
(`)
Socio-economic status

Low
Medium
High

Expenditure over marriage
Malwa Doaba Majha
(n1=61) (n2=32) (n3=34)
95450 105500 85800
928000 1174000 742500
2397500 2626500 1981500

economic strata `19,81,500 in Majha,
`23,97,500 in Malwa and the highest `26,
26,500 were spend in Doaba region of Punjab .
The highest expenditure was done by
Doaba belt as the reason being it as NRI belt
whereas in Malwa region there was a property

boom in these years .
The expenditure pattern of Low Economic
Status group was taken into an account to
know how the money was spend on the
marriages. The results presented in Table 4
highlighted the amount spend by the LES
group and it was seen that in Malwa region of
Punjab a major part of money, that is, `32000
(34.00 percent) was spend on Gifts and dowry
items and `19550 (21.00 percent) was spend
on Gold. Also, clothing and food items
constituted `16500 (17 percent) and `15700
(16 percent) respectively. Also, Doaba region
being NRI belt, dowry is given in form of Gold
so a large amount `40600 ( 39.00 percent)was
spent on Gold followed by gifts and food items
that is, `22400 ( 21.00 percent). In Majha region,
again a major part of money (`28900) was
spend on Gifts and dowry items followed by
Table 4: Expe nditure patte rn o f low
economic status group, 2005-2010
(`)
Items
Gold
Food items
Clothing
Gifts/dowry
Misc.
Total

Malwa
19550
(21.00)
15700
(16.00)
16500
(17.00)
32000
(34.00)
11700
(12.00)
95450
(100.00)

Doaba
40600
(39.00)
22700
(21.00)
10500
(10.00)
22400
(21.00)
9300
(9.00)
105500
(100.00)

Majha
17400
(20.00)
14500
(17.00)
12800
(15.00)
28900
(34.00)
12200
(14.00)
85800
(100.00)

Figures in paraentheses are percent to the total

gold that is, `17400 (20.00 percent). Also the
food items constituted 17.00 percent followed
by clothing (15.00 percent).
Overall, it was noticed that a major part of
money was spent on gifts/dowry and gold on
the marriages in all the three zones of Punjab.
Expenditure Pattern of Medium Economic
Status Group
The results presented in Table 5 highlighted
the expenditure pattern of Medium Economic
Status on marriages . It was seen that the items
included in marriages were much more than
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Ta ble 5: D is tribution of e x pe ns e s o n
marriage in medium economic status group,
2005-10
(`)
Item
Gold
Vehicles
Venue of marriage
Bride expenses
Food items
Liquor /Non-veg/snacks
Vediography
Entertainment
Clothing
Gifts/dowry
Misc.
Total

Malwa
187000
(20.00)
155000
(17.00)
65000
(7.00)
28500
(3.00)
172000
(18.00)
25000
(3.00)
22000
(2.00)
18500
(2.00)
43500
(5.00)
136500
(15.00)
75000
(8.00)
928000
(100.00)

Doaba
255000
(22.00)
185000
(16.00)
95000
(8.00)
29500
(2.00)
186000
(16.00)
42000
(3.00)
25000
(2.00)
43000
(4.00)
43500
(4.00)
155000
(13.00)
115000
(10.00)
1174000
(100.00)

Majha
127500
(17.00)
95000
(13.00)
57000
(8.00)
25500
(3.00)
161000
(22.00)
26000
(4.00)
21000
(3.00)
16500
(2.00)
38500
(5.00)
111500
(15.00)
63000
(8.00)
742500
(100.00)

`161000 (22.00 percent) followed by gold
(`127500) and gifts/dowry (`111500).Venue of
marriage constituted 8.00 percent followed by
clothing (5.00 percent), liquor/non-veg (4.00
percent) and bride expenses and videography
(3.00 percent) respectively.
Overall it was noticed that in MES , a large
amount of expenditure incurred upon
gold,food items and vehicles and gifts/ dowry
items in the three zones of Punjab.
Expenses on Marriage in High Economic
Status Group
The expenditure pattern of High economic
status group was also taken into an account.
Table 6 shows that in Malwa region major part
of money was spend on vehicles (31.00 percent)
followed by Gold (16.00 percent) and Gifts/
dowry (16.00 percent).
In Doaba region, vehicles constituted a
major part of expenditure (36.00 percent) and
Ta ble 6: D is tribution of e x pe ns e s o n
marriage in high economic status group
(`)
Item
Gold

Figures in paraenthese s are percent to the total.

the LES group. The items included various
things such as vehicles, venue of marriage,
bride expenses, liquor/non-veg/snacks,
videography, entertainment, etc. In Malwa
region,a major part of expenditure on marriages
incurred on Gold `187000 followed by food
items `172000 (18.00 percent), vehicle `155000
( 17.00 percent) and gifts/ dowry `136500
(15.00 percent). Also venue of marriage
constituted `65000 (7.00 percent).The other
items such as liquor `25000 (3.00 percent) also
entertainment and videography constituted
`22000 and `18500 (2.00 percent ).In Doaba
region major expenditure incurred on Gold was
` 255000 (22.00 percent) followed by vehicles,
food items (16.00 percent) and gifts/ dowry
(13.00 percent). Also, clothing and
entertainment constituted a few 4.00 percent.
In Majha region, expenditure on food items
constituted a major part which came out to be

Vehicles
Venue of marriage
Bride expenses
Food items
Liquor /Non-veg/snacks
Vediography
Entertainment
Clothing
Gifts/dowry
Misc.
Total

Malwa
391000
(16.00)
735000
(31.00)
190000
(8.00)
72000
(3.00)
285000
(12.00)
55000
(2.00)
31000
(1.00)
47500
(2.00)
65000
(3.00)
376000
(16.00)
150000
(6.00)
2397500
(100.00)

Doaba
374000
(14.00)
935000
(36.00)
186000
(7.00)
87000
(3.00)
285000
(11.00)
55000
(2.00)
37000
(1.00)
55500
(2.00)
76000
(3.00)
286000
(11.00)
250000
(10.00)
2626500
(100.00)

Figures in paraentheses are percent to the total
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Majha
323000
(16.00)
655000
(33.00)
113000
(6.00)
61000
(3.00)
235000
(12.00)
47000
(2.00)
35000
(2.00)
46500
(2.00)
76000
(4.00)
226000
(12.00)
164000
(8.00)
1981500
(100.00)

gold (14.00 percent) followed by gifts/dowry
(11.00 percent). Also, it was seen that
expenditure incurred on food items and venue
Table 7: Expe nditure ove r marriage in
Punjab over a period of time
(`)
Year
Malwa
1980
1985
1990
1995
2000
2005
2010
Doaba
1980
1985
1990
1995
2000
2005
2010
Majha
1980
1985
1990
1995
2000
2005
2010

LES

MES

HES

15330
19900
22600
22000
48900
84000
95450

27600
34200
56600
68300
252000
496300
928000

39500
52000
71300
155800
396000
788900
2397500

21300
22550
31800
39990
51880
93780
105500

42000
57800
64000
78500
381000
892000
1174000

87900
131000
164000
243000
419500
947000
2626000

16500
18600
24500
29500
39300
59600
85800

29300
36600
54900
68900
215000
415850
742500

47500
56600
68900
125000
346000
650000
1981500

`39500 in 1980 and `2397500 in 2010. In Doaba
region, `21300-`1174000 in lower economic
strata, `42000-`262600 in medium while
`87900- `2626000 from 1980 and 2010. In
Majha , `16500 in 1980 `85800 in 2010 in LES
while `29300-`742500 in MES and `47500 to
`1981500 in HES from 1980 and 2010.
Real expenditure on Marriage Overtime
among Three Cultural zones in Punjab
The perusal of Table 8 revealed the cost of
these weddings, which took place from 1980
to 2010.The deflation of data was done keeping
the base year 1986. Deflating means correcting
or adjusting a value which has inflated. It
makes allowances for the effect of price
changes. The present data showed a
substantial increase in the amounts spent on
marriages over the years.
The first-generation’s marriages cost
Table 8: Real expenditure over marriages
in Punjab
(`)

of marriage constituted a large part in all the
three respective zones of Punjab.
Expenditure on marriages over a period of time
Since the cost of dowry items could not be
easily separated from the other costs incurred
in the weddings, respondents were asked to
give an approximate total cost of their weddings
to their family. Table 7 shows the cost of the
weddings, which took place from 1980 to 2010.
The present data show a substantial increase
in the amounts spent on marriages over years.
The average expenditure on marriages in
Malwa region, ranges from `15330 in 1980 to
`95450 in 2010 among the lower economic
status respondents, whereas `27600-` 928000
from year 1980 and 2010 in Medium Economic
group and in High Economic strata it was

Year
Malwa
1980
1985
1990
1995
2000
2005
2010
Change over 1980 (%)
Doaba
1980
1985
1990
1995
2000
2005
2010
Change over 1980 (%)
Majha
1980
1985
1990
1995
2000
2005
2010
Change over 1980 (%)
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LES

MES

HES

15330
13528
10982
7118
10528
14275
12031
-21.52

27600
23248
27504
22097
54256
84343
116967
323.79

39500
35348
34648
50406
85260
134069
302184
665.03

21300
15329
15453
12938
11170
15937
13297
-37.57

42000
39291
31100
25397
82030
151590
147973
252.32

87900
89051
79695
78618
90319
160937
330985
276.55

16500
12644
11906
9544
8461
10129
10814
-34.46

29300
24880
26678
22291
46290
70671
93586
219.41

47500
38475
33482
40441
74568
110463
249752
425.79

between `15330 to `12031 in lower economic
status respondents with negative 21.52
percent which shows decline in expenditure
incurred on marriages of LES. So, overtime from
1980 to 2000 the percent change on marriages
in low economic status was declining in all the
three regions of Punjab but a considerable
amount of increase was seen with a change of
2323.79 percent in MES and a sharp increase
0f 665.03 percent in HES in Malwa region while
in Doaba region, negative rate 37.57 percent in
Low Economic Group and in MES (252.32
percent) and (276.55 percent) in HES .In Doaba
region, there was a lesser difference in MES
and HES due to flow of remittances from
abroad. In Majha, negative change over 1980
was seen among the LES whereas 219.41
percent in MES and 425.79 percent change was
seen in HES group .It was observed that
overtime the purchasing power of LES had
decreased whereas MES has increased but not
a sharp as compared to HES. The expenditure
on marriages is getting out of reach of a
common man. There is a vast divide between
rich and poor.
Thus,
1
Purchasing power of money 
Price index
For calculating real wage, the money wages
or income is divided by the corresponding
price index and multiplied by 100.
Money wages
 100
Price index
Thus, Real Wage Index (RWI) is defined

i.e. Real wages 
as

Real wage of current year
100
Real wage of base year
CONCLUSIONS
Dowry is still considered by many as the
cultural tradition and the gifts given in the form
of dowry continue to have a critical
significance in most of the north Indian
marriages. Dowry in India remains a complex
socio economic phenomenon having a
substantive impact on families and the lives
of women not only in terms of their status in
RWI 

society but their well being in general. The
cultural ethos such as Kanyadaan hold the
rural poor through dowries and grand
ceremonies. Increased income in the rural
sector during this period, emergence of
consumerism, cultural values, improved status
of education, arrival of mass media etc. played
an important role to enhance the phenomenon
of giving and taking dowry at quite a higher
level. There is a widening gap between poor
and rich. Dowries are paid and now also openly
demanded. Hence there must be law to check
the abuse and give relief to poor and middle
classes of society, currently being crushed
under twin evil of extravagant and ostentatious
display of wealth demonstrated through grand
marriage ceremonies and payment of dowries.
People should be persuaded through
education, public opinion and demonstration
effects not to take and give dowries.
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ENTREPRENEURSHIP DEVELOPMENT FOR
SUSTAINABLE AGRICULTURE IN PUNJAB-A CASE
OF APICULTURE
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ABSTRACT
It was found that majority of rural people are unaware of technological
developments and they face many socio-economic barriers in shifting to a
new occupation. Shortage of finance appeared to be one of the main problems
faced by honey bee keepers in the district. Most of the rural entrepreneurs
faced peculiar problems like illiteracy, fear of risk, lack of experience, and
competition from existing large units. Need is there to redesign the working
of the financial institutions at the village level. The rural youth need to be
motivated to take up entrepreneurship as a career, with training and
sustaining support systems providing all necessary assistance. On-going
developmental schemes can be re-oriented so that a new stream of
entrepreneurs are identified and nurtured in the villages.
Keywords: Apiculture, constraints, entrepreneurship development
JEL Classification: Q01, Q10, Q16, Q19

INTRODUCTION
India lives in its villages, nearly 73 per cent
of the total population of India live in rural
areas. For the strength of the country there is
a necessity to develop the villages. The real
solution to India’s economic problem is not
mass production but production by masses
as was suggested by Mahatma Gandhi. Rural
development is more than ever before linked
to entrepreneurship. Institutions and
individuals promoting rural development now
see entrepreneurship as a strategic
development intervention that could accelerate
the rural development process. Furthermore,
institutions and individuals seem to agree on
*
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Specialist (FM) and Extension Specialist (FM),
Department of Economics and Sociology, Punjab
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Email: nindi@pau.edu

urgent need to promote rural enterprises.
Government of India in its successive five year
plans has been assigning increasing
importance and support for the promotion and
development of rural entrepreneurship. The
general belief that farmers and people in rural
areas are conservative and they lack
entrepreneurial initiative and managerial
capabilities are more of a myth. Through
efficient and effective utilization of national
resources, they act as catalysts for economic
development and agents of social
transformation and change. According to
Joseph Schumpeter, the rate of economic
progress of a nation depends upon its rate of
innovation which is turn depends on rate of
increase in the entrepreneurial talent in the
population.
Rural entrepreneurship is the attempt to
create value through recognition of business
opportunity, the management of risk-taking
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appropriate to the opportunity, and through
the communicative and management skills to
mobilize human, financial and material
resources necessary to bring a project to
fruition in rural areas (Nandanwal, 2011).
Balanced development is the need of hour and
it is possible only when rural areas will flourish.
Land being limited is unable to absorb the entire
labour force throughout the year leading to
large
scale
unemployment
and
underemployment. A turnaround is possible
in the above trend if employment opportunities
are made available in rural areas along with
basic amenities of life. Juma and Spielman
(2014) found out that in Africa, improvement
in infrastructure, education, resourcing and
wider enabling environment can expand the
choices available to farmer-entrepreneur,
thereby, offering greater opportunity to manage
risk, increase their income and improve their
livelihoods. If entrepreneurship is really
encouraged in rural areas it would be
instrumental in changing the face of rural areas
by solving the problems of unemployment,
poverty, economic disparity, poor utilization
of rural capacity, low level of standard of living
(Patel and Chavda, 2013). Against the above
backdrop, the present study was conducted
with following objectives:
i. to identify the constraints/obstacles in
adopting new technology,
ii. to study the problems faced in going ahead
for entrepreneurship development, and
iii. to suggest possible solutions to enable
farmers to function as entrepreneurs.
DATA SET
Information was collected relating to
persons getting vocational training in bee
keeping from Krishi Vigyan Kendra (KVK),
Amritsar during 2011-12. It was observed that
88 Persons had obtained vocational training
of 7 Days from the KVK during 2011-12 and
only 55 of them had adopted honey production
as a new enterprise (table1). Further, data
relating to socio-economic aspects, reasons
and problems faced by the farmers in getting
the training from the KVK and then further

applying the gained knowledge for developing
as an independent entrepreneur for honey was
also collected. The data was collected through
pre-structured questionnaire.
RESULTS AND DISCUSSION
There are certain aspects related to a
human being which affect his willingness to
learn and adopt something new. One of these
major aspect is the social and economic
background of a person.
Socio-economic Background
Study of data relating to socio-economic
background of the trainees revealed that
Table 1: Socio-economic background of the
traine e s ge tting trainings from KVK,
Amritsar during 2011-12
(N=88)
Characteristics
Respondents (No.) Percentages
Age (Years)
20-30
17
19.32
30-40
38
43.18
40-50
27
30.68
50 and above
6
6.82
Educational level
Illiterate
2
2.27
Upto matric
33
37.5
Upto 10+2
41
46.59
Graduate
12
13.64
Marital status
Married
62
70.45
Unmarried
26
29.55
Sex
Male
69
78.41
Female
19
21.59
Land holding
Landless
4
4.55
Small (Up to 5 acres)
31
35.23
Medium (5-10 acres)
47
53.41
Large (> 10 acres)
6
6.82
Size of family
Upto 4
12
13.64
8-May
51
57.95
8 & above
25
28.41
Family annual income (`)
Up to 1.5 lakh
21
23.86
1.5 to 3.0 lakh
59
67.05
More than 3.0 lakh
8
9.09
Total trainees
88
100
Trainees started the
55
62.5
enterprise
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majority of the respondents (43.18 %) were from
the age group of 30 to 40 year (Table 1). The
education level of most of the trainees (46.59
percent) were up to 10+2 and 70.45 per cent
respondent had married status. Out of the total
respondents only 21.59 per cent were female.
Majority of the respondents were from medium
category (53.41 percent), that is, having 5 to
10 acres land holding, 5 to 8 members family
size (57.95 percent) and 1.5 to 3.0 lakh annual
income (67.05 percent).
Reasons for Getting Training
Further, a person is also motivated by
certain causes which enhance/reduce his
capacity to adopt new technology. So,
information was also collected relating to
reasons mentioned by the respondents for
getting training in bee keeping. It was
observed that out of 88 trainees who got
themselves equipped with latest honey bee
keeping and honey production technologies,
58 respondents were only lured by the subsidy
announced by the Government while 55 of
them had a desire to start a new business of
Table 2: Various reasons for getting the
trainings at KVK, Amritsar
(N=88)
Reason for getting the
Respondents Percentage
training
(No.)
Start a new enterprise
55
62.5
To avail subsidy provided by
58
65.91
the Government
To get job based on certificate
4
4.55
from Govvernment institution
Skill and knowledge
43
48.86
improvement

honey marketing (Table 2).
Improvement in their existing skill and
knowledge for handling honey bees was also
mentioned by 43 respondents as a reason to
attend these trainings. Further 4 respondents
thought that certificate on completion of
training of the course will help them in getting
government job. It was also observed that the
female respondents were attending the course
so that they can help their husband in bee

keeping.
Constraints Perceived in Acquiring Trainings
Respondents have to face many problems
in getting them equipped in these vocational
trainings at the KVK as well as to start a new
business. The environment in the family,
society and support system is not always
conducive to encourage rural people to take
up entrepreneurship as career. Convincing to
opt for a new enterprise over what his
forefathers were doing from centuries i.e.,
farming is not an easy task for an individual. It
was found that out of 88 respondents who
appeared at vocational trainings for bee
keeping at KVK, Amritsar, only 55 had opted
for the new venture of honey production and
marketing. Information on data pertaining to
obstacles faced by the respondents in getting
the vocational training course from the KVK,
Amritsar revealed that 54 respondents did not
get the training earlier as they had a fear of
failure in doing so (Table 3). Another 49
persons did not prefer to travel long distance
everyday to get the training from the KVK while
43 had less risk bearing ability and 36 were
financially very poor. It was observed that 15
Table 3: Various constraints in acquiring the
trainings at KVK, Amritsar and opting for
new enterprise
(N=88)
Constraint
Long distance from
training centre (KVK,
Asr)
Illiteracy
Social barriers/Hesitation
in adopting new
technology
Ignorance of further
opportunities
Less risk bearing
ability
Paucity of funds
Marketing
Competition with existing
units
Labour availability
More care for honey
bees
Fear of failure
Less subsidy available
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Acquiring
Entrepreneurship
vocational training development
49
4

2
16

2
15

18

27

43

51

36
-

64
74
43

14

33
57

54
-

28
68

persons felt that their social status is under
question if they think of opting for a new
enterprise apart from their family occupation.
It was interesting to note that as much as 18
persons were ignorant of the further
opportunities/benefits of the vocational
training course and only 2 people due to
illiteracy were earlier shy of joining this training
course which requires high skill to take care of
honey bees.
Further, data was also collected from all
the 88 respondents regarding the problems
which they will face/faced when they become
independent entrepreneurs for honey
production and marketing. 68 respondents felt
that the subsidy announced by the
Government (covering 40 per cent of the total
cost involved) in starting this enterprise is very
less. Another major constraint mentioned by
them included problem of finance (64
respondents). Rural entrepreneurs have less
risk bearing capacity due to lack of financial
resources and external support. They did not
have enough money to start the enterprise even
at domestic level and thus in a way were unable
to face any risk. Further, most of the rural
entrepreneurs fail to get external funds due to
absence of tangible security and credit in the
market. The procedure to avail the loan facility
is too time-consuming that its delay often
disappoints the rural entrepreneurs. They had
to depend on small money lenders for loans
who charge discriminating interest rates
(Sexena, 2012).
The growth of rural entrepreneurs is not
very healthy in spite of efforts made by
government due to lack of proper and adequate
infrastructural facilities. The rural
entrepreneurs face severe competition from
large sized organizations and urban
entrepreneurs. They incur high cost of
production due to high input cost. Major
problems faced by marketers are the problem
of standardization and competition from large
scale units. They face the problem in fixing the
standards and sticking to them. Competition
from large scale units also creates difficulty

for the survival of new ventures. New ventures
have limited financial resources and hence
cannot afford to spend more on sales
promotion. In our study, 43 persons had fear
of the problems in selling their product in
competition with existing firms in this
business, 57 respondents felt that bee keeping
needs extra time as there is a need to at least
look after each bee box after a week and 33 felt
that much labour is required for this purpose.
28 trainees had a fear to face defeat in the
enterprise if they are unable to meet the
requirements for the enterprise. 27
respondents were still ignorant of option of
honey bee rearing for honey production as
new business and 15 of them had to face
opposition from the society while starting new
business.
Thus, respondent rural entrepreneurs
faced peculiar problems like illiteracy, fear of
risk, lack of experience, competition from
existing large units, and financial problems
along with other social issues when they
thought of starting a new business.
Remedies to Solve the Problems
In order to make the rural entrepreneurs to
start the business venture, the following
measures may be adopted:
Creation of finance cells: The financial
institutions and banks which provide finance
to entrepreneurs must create special cells for
providing easy finance to rural entrepreneurs.
These institutions are providing assistance for
setting up of new ventures and side by side
for modernization and expansion of existing
ones but sometimes farmers are unable to meet
their terms and conditions because of lack of
financial knowledge and low financial corpus.
Formation of self help groups (SHG): They
form the basic constituent unit of micro finance
movement in India. SHGs are a group of a few
individuals who pool their savings into a fund
from which they can borrow as and when
necessary.
Concessional rates of interest: The rural
entrepreneurs should be provided finance at
concessional rates of interest and on easy
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repayment basis. The cumbersome formalities
should be avoided in sanctioning the loans to
rural entrepreneurs.
Offering training facilities:Training is
essential for the development of rural
entrepreneurships. It enables the rural
entrepreneurs to undertake the venture
successfully as it imparts required skills to run
the enterprise. Presently the economically
weaker entrepreneurs of the society are offered
such training facility under Prime Minister’s
Rozgar Yojna (PMRY) as well as by KVKs to
provide them stimulation, counselling and
assistance.
Create awareness: We need to build
entrepreneurial culture by ‘enterprising the
schools’ and getting young people along.
There is a need for early entrepreneurship
education to overcome lack of awareness and
entrepreneurial capabilities.
Promotion and support of freshers: Promotion
of the new entrepreneurs trough providing a
free space for marketing and promotion of their
product in the Kisan Mela’s, trade fairs,
exhibitions, promotional huts etc are helpful
for becoming a successful entrepreneur.
Setting up marketing co-operatives: The
producers are not collective in their approach
for marketing their products because they are
to widely scattered and under educated.
Proper encouragement and assistance should
be provided to rural entrepreneurs for setting
up marketing co-operatives. These cooperatives shall help in getting the inputs at
reasonable rate and in selling their products at
remuneration prices. Common productioncum-marketing centers should be set up with
modern infrastructural facilities.
CONCLUSIONS
Rural entrepreneur is a key figure in
economic progress of India. They are a way of
converting developing country into developed

nation. Rural entrepreneurship is the answer
to removal of rural poverty in India. Therefore,
there should be more stress on integrated rural
development programs. The problem is that
most of the rural youth do not think of
entrepreneurship as the career option.
Therefore, the rural youth need to be motivated
to take up entrepreneurship as a career, with
training and sustaining support systems
providing all necessary assistance.
There should be efficient regulated
marketing and government should also lend
its helping hand in this context. Thrust area is
the urgent need to redesign the working of the
financial institutions at the village level.
Grading and standardization should be
promoted and promotional activities should
be enhanced so that rural entrepreneur
becomes more competitive and efficient in the
local and international market.
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