


Society of Economics and Development
www.soed.in

Print ISSN 2277-5412
Online ISSN 2322-0430

Indian Journal of Economics and Development



Indian Journal of Economics and Development
Volume 12 (4) 2016

©Society of  Economics and Development

Printed and Published by Dr. Parminder Kaur on the behalf of the 
Society of Economics and Development

Email: chiefeditorijed@gmail.com
Website: http://soed.in/
Journal is available on www.indianjournals.com

Printed at PRINTVIZION 
1766/1, Street No. 2
Maharaj Nagar
Ludhiana-141004
Phone: 0161-2442233
Email: printvizionprinters@gmail.com



Indian Journal of Economics and Development
(Journal of the Society of Economics and Development)

Climate change and sustainability of agriculture-A review 603
P.K. Kingra and Sukhvir Singh

Research Articles

Groundwater extraction patterns in Karnataka and its long term implications 615
Suresh Kumar, A. Raizada, H. Biswas, W. Muralidhar and K.S. Rao

Characterization of crop livestock integrated system in sub mountainous zone of Punjab 629
D.S. Rana and P. Kataria

Towards financial inclusion in India: Progress so far, issues and challenges 641
Susanta Kumar Sethy

The effect of climate change on food security in India 653
Siddayya, Chidanand Patil, M.S. Kishore and Srikanth. H. S.

Retrospect’s and prospect’s for export of mango from India 663
S.S. Bhosale , P.P. Pawar and  D.B. Yadav

Economic growth and structural change of industrial sector in Uttar Pradesh 671
Sandeep Kumar Baliyan

Entrepreneurship through EDP and licensing of post-harvest technology: An impact assessment 679
Anil Kumar Dixit, Indu Rawat, Sukreeti Sharma, Sandeep Mann and Rajender Kumar

Growth drivers of dairy production in India: An appraisal 687
Sserunjogi B. and Parminder Kaur

Microfinance targeting tribals: Financial performance and outreach in Odisha 695
Navin Kumar Rajpal and SharmilaTamang

Economic viability of kinnow orchards in South-Western Punjab 703
Manpreet Kaur, Jasdev Singh and Sanjay Kumar 

An economic analysis of kinnow cultivation and marketing in Fazilka district of Punjab 711
Manpreet Kaur and Naresh Singla

Stability analysis of India’s raw cotton exports 719
 Devendra Beeraladinni, H. Lokesha, and Jagrati B. Deshmanya

Climate change and livestock production in India: Effects and mitigation strategies 727
Isah Musa Ahmad, Sanusi Sadiq and Samuel Elias

Management of NTFPs - Livelihood and conservation 733
 A.Rohini,R.Sudha and N.Deepa

Statistical modeling and forecasting of food grain in effects on public distribution system: An application 739
of ARIMA model

Soumik Ray, Banjul Bhattacharyya and Subhadip Pal

Profitability of kinnow mandarin cultivation - A case study of Himachal Pradesh 745
Geeta Verma, P.K. Mahajan, R.K. Gupta and Heena Pathania

Sustainable development in India-Issues and challenges 751
Bhupinder Kaur

An analysis of production efficiency in Indian agriculture: Study on rice and wheat producing states 759
Pia Ghoshal and Bhaskar Goswami

An economic analysis of poplar plantation in Haryana 769
Pankaj, Neeraj Pawar, Dalip Kumar Bishnoi and Rajender Sharma

Direct seeded rice: Potential and constraints in Punjab 775
Gurmeet Singh Dhillon and G.S. Romana

Volume 12 October-December, 2016 No. 4

Contents
Review Article



Economics of marketing of papaya in middle Gujarat region of Gujarat 781
K.S. Jadav, Sagar Sachine, H.C. Parmar and R.R. Christian 

Problems faced by the farmers regarding adoption of water saving technologies in Patiala district of Punjab 787
Navdeep Kaur, Prabhjot Kaur and Pankaj Kumar

Economic and land use evaluation of barley based intercropping systems 793
 Mohammad Khalid Habib, A.K. Dhaka, Bhagat Singh, Satish Kumarand Jitender K. Bhatia

Research Notes

Alternate uses of cattle dung for sustainable livelihood 799
Anurag Chaudhary and Mini Goyal

Factors affecting migration of agricultural labourers in Rajasthan 803
R.C. Asiwal, R.C. Sharma, and Basant Kumar Sharma

Cost benefit analysis of ready to eat snack food: Paneer nuggets 807
Rajender Kumar, S. Siva Kumar, Varinder Pal Singh and Mithilesh Mahadev Watharkar

Factors discriminating credit growth: A comparison of Punjab and Kerala 811
Sulakshana Rao, Sukhpal Singh and Amrit Kaur Mahal

Production and marketing of vegetables as a part of integrated farming: A case study of entrepreneurial efficiency 815
Bhupinder Singh, R.S. Chhina and Bikramjit Singh

Accounting for irrigation water savings and returns in carrot (Daucus carota L.) grown under different drip 819
irrigation levels

Benedicto Benson Longwe and Vijaya B. Wali

Receivables management practices followed in coconut oil mills in Western Tamil Nadu 823
N. Deepa and T. Samsai

Contents (Volume 12 No. 1-3, 2016) i

List of Referees: Volume 12, 2016 viii



Indexing and Abstracting Sources Website

Academic Keys www.socialsciences.academickeys.com

Advanced Science Index                                         www.journal-index.org

Academic Resource Index (Research Bible) www.journalseeker.researchbib.com

American Economic Association (JEL) www.aeaweb.org

Centre for Agriculture and Biosciences International (CABI) www.cabi.org

Cite Factor www.citefactor.org

Cosmos Impact Factor www.cosmosimpactfactor.com

Crossref www.crossref.org

CNKI Scholar www.eng.scholar.cnki.net

Directory of Research Journals Indexing www.drji.org

Directory of Science www.directorofscience.com

Diva Enterprises Private Limited www.indianjournals.com

Emerging Sources Citation Index (Thomson Reuters) www.ip-science.thomsonreuters.com

Eurasian Scientific Journal Index www.esjindex.org

General Impact Factor www.generalimpactfactor.com

Global Impact Factor (2015: 0.435) www.globalimpactfactor.com

Google Scholar www.scholar.google.co.in

Indian Science and Research www.indianscience.in

Infobase Index www.infobaseindex.com

Institute for Information Resources                           www.rjifactor.com

Impact Services for International Journals www.ifsij.com

International Innovative Journal Impact Factor (IIJIF) www.iijif.com

International Institute of Organized Research (I2OR) www.i2or.com

International Impact Factor Services www.impactfactorservice.com

International Accreditation and Research Council www.iarcif.org

International Society for Research Activity www.israjif.org

JIFACTOR www.jifactor.org

J-Gate www.jgateplus.com

MIAR (Information Matrix for the Analysis of Journals) www.miar.ub.edu

National Academy of Agricultural Sciences www.naasindia.org

National Documentation Centre www.eskep.ekt.gr

Pak Academic Research www.pakacademicsearch.com

RJI Factor ww.rjifactor.com

Root Indexing www.rootindexing.com

Scientific Indexing Services www.sindexs.org

Ulrichsweb Global Serials Directory www.ulrichsweb.serialssolutions.com

WorldCat www.worldcat.org

Yahoo Search www.in.search.yahoo.com

INDEXING AND ABSTRACTING SOURCES

Indian Journal of Economics and Development



Society of Economics and Development 
Objectives 

1. To promote awareness on the issues relating to economic development.
2. To promote better social and ethical values to promote development.
3. To promote economic prosperity and serve as a tool to create the consciousness for development.
4. To conduct research and publish reports on economic issues.
5. To organize seminars, symposia, workshops to discuss the economic problems.
6. To offer consultancy, liaison and services as a facilitator.

Executive Committee
Founder President

Dr. S.S. Chhina, Former Dean, Faculty of Agriculture, Khasla College, Amritsar

President
Dr. M.S. Toor, Professor of Economics, PAU, Ludhiana

Vice-Presidents
Dr. D.K. Grover, Director, AERC, PAU, Ludhiana
Dr. A.K. Chauhan, Principal Scientist (Dairy Economics), NDRI, Karnal
Dr. Simran K. Sidhu, Professor of Sociology, PAU, Ludhiana
Dr. Pratibha Goyal, Professor of Business Management, PAU, Ludhiana
Dr. Narinder Pal Singh, District Extension Specialist (FM), FASS (PAU), Amritsar

General Secretary
Dr. Parminder Kaur, Professor of Economics, PAU, Ludhiana

Finance Secretary
Dr. P. Kataria, Professor of Economics, PAU, Ludhiana

Joint Secretary
Mr. Taptej Singh, Research Fellow, Technology Marketing and IPR Cell, PAU, Ludhiana

Members
Dr. Gian Singh, Professor of Economics, Punjabi University, Patiala
Dr. Deepak Shah, Professor, Gokhale Institute of Politics and Economics, Deccan Gymkhana, Pune
Dr. S.S. Burak, Professor, Maharana Pratap University of Agriculture and Technology, Udaipur 
Dr. Ranjit Kumar, Professor, International Crops Research Institute for Semi-Arid Tropics, Hyderabad
Dr. Varinder Kumar, Professor, CSK HP Krishi Vishvavidyalaya, Palampur
Dr. Prabhjot Kaur, Professor of Extension Education, PAU, Ludhiana
Dr. Seema Sharma, Professor, PAU, Ludhiana
Dr. J.M. Singh, Senior Agricultural Economist, PAU, Ludhiana
Dr. M. Javed, Associate Professor of Statistics, PAU, Ludhiana
Dr. Sukhmani Virk, Assistant Professor, PAU, Ludhiana
Dr. Arjinder Kaur, Professor of Economics, PAU, Ludhiana
Dr. Jatinder Sachdeva, Assistant Economist, PAU, Ludhiana
Dr. H.S. Kingra, Farm Economist, PAU, Ludhiana
Ms. Amanpreet Kaur, Research Scholar, PAU, Ludhiana
Ms. Sadika Beri, Research Scholar, PAU, Ludhiana

Membership type

Academics (Faculty and Students)

Annual Membership

Life Membership

Institutional Membership

Annual 

Subscription Rates

India (`) Other Countries ($)

1000.00

5000.00

3000.00

30.00

300.00

300.00

Membership should be paid by demand draft drawn in favour of Society of Economics and Development payable at Ludhiana and be 
sent to the General Secretary, Society of Economics and Development, Department of Economics and Sociology, Punjab Agricultural 
University, Ludhiana-141 004 (Punjab). Alternately, the membership fee can be deposited in Saving Bank Account No. 
29380100009412 (IFSC: BARB0PAULUD), Bank of Baroda, Punjab Agricultural University, Ludhiana.



Indian Journal of Economics and Development

Volume 12 No. 4: 603-614

October-December, 2016

DOI: 10.5958/2322-0430.2016.00184.0

www.soed.in

Climate Change and Sustainability of Agriculture-A Review

ABSTRACT
Climate is one of the most important input factors for agricultural productivity all over the world. Global warming because of 
anthropogenic green house effect has resulted in changing climatic patterns and increased intensity of extreme weather events over 
different regions of earth, which have adverse effect on agricultural productivity along with far reaching socio-economic impacts. 
Rapid emission and accumulation ofgreen house gases in the atmosphere has exposed us to the potential threat of global warming. 
As the climatic patterns all over the earth are controlled by the average temperatures, thus variations in the climatic patterns are 
observed because of increase in temperature. These variations can cause disasters including droughts and floods in different parts 
of the earth. All these factors have a direct effect on agriculture and pose a severe threat to crop productivity and food security 
especially in the tropical and sub-tropical areas. Several research studies indicate that Increase in the concentration of CO  upto 2

oabout 600 ppm can counterbalance the adverse effect of rise in temperature by 1 C, but further increase in temperature will have 
negative impact on crop productivity. Improved understanding of the influence of climate on agricultural production is needed to 
cope with the expected changes in temperature and precipitation and to maintain agricultural sustainability and food security. 
Suitable mitigation / adaptation strategies need to be identified and adopted to meet the challenges posed by climate change on 
agricultural productivity.
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INTRODUCTION
Climate change refers to a change in climate which is 

attributed directly or indirectly to human activities which 
alter the composition of the global atmosphere and which 
is in addition to natural climate variability observed over 
comparable time periods (UNFCC). The earth is 
gradually moving towards a disaster because of 
increasing green-house gases in the atmosphere leading to 
global warming. Global mean temperature has increased 

oby 0.85 C since 1880and is likely to increase by 3.7 to 
o4.8 C by 2100 AD (IPCC, 2014). According to another 

estimate it has been predicted that average temperature 
oduring this century may rise by 2-4.5 C due to doubling of 

CO  levels caused by human activities (Connor, 2

2006).Climate change is expected to alter climate 
variability (Senevirante et al., 2006; Meehl et al., 2007), 
increasing the frequency and intensity of precipitation 
events (Alexander et al., 2006; Kunkel et al., 2008) as 
well as extreme temperatures (Duffy and Tebaldi, 2012). 

The researchers are of the opinion that while crops would 
respond favorably to elevated CO  in the absence of 2

climate change, but the impacts of associated high 
temperatures, changed pattern of precipitation and 
possibly increased frequency of extreme events such as 
drought, erratic rains and floods, would possibly combine 
to reduce yields and increase risks in agricultural 
productivity over several regions of the globe (Sushila, 
2001).

Global warming due to green house effect is 
expected to change the climate of many regions on entire 
earth surface, which can have adverse impacts on crop 
productivity. 

Characterized as global warming, climate change is 
an undeniable fact, which is altering the temporal and 
spatial distribution of water resources, having a 
significant effect on society, economy, and ecology, thus 
arousing the increasing attention from academic circles 
and governments in every country (Yunhe et al., 2010 and 
IPCC, 2007). 

Global warming scenarios and climate 



change are putting tremendous stress on agriculture 
especially in the tropical and sub-tropical regions (Singh 
and Kingra, 2016). Significant climatic changes, 
particularly increased temperatures and precipitation, are 
being observed over the entire earth from last many 
decades. Since climate is a direct input into the 
agricultural production process, the agricultural sector 
has been a natural focus for research because of changing 
climatic scenarios. It has also been observed that 
developing countries are more vulnerable to climate 
change, where agriculture typically plays a larger role in 
national economy (Majumder et al., 2016).

The growing world population demands higher food 
production from agricultural sector, which is already 
reeling under the negative influence of changing climatic 
scenarios (Parry, 2000). The highly populated Asian 
countries have started suffering from the negative impacts 
of climate change (Lal et al., 1998; Singh et al., 2013; 
Dwivedi et al., 2013). The most significant negative 
changes for developing countries in Asia where 
agricultural production declines by about 4-10 percent are 
anticipated under different socio-economic and climate 
change scenarios (Singh et al., 2013). The state of Punjab, 
the food bowl of India, is also experiencing the fluctuating 
weather conditions. Global warming scenarios and 
extreme rainfall events are being experienced, which lead 
to large annual fluctuations in crop productivity under 
Punjab conditions. Annual maximum and minimum 

otemperature in Punjab are expected to increase by 2-3 C 
by 2020-2050 (Jalota and Kaur, 2013). 

Agriculture plays a significant role in the nation's 
food security and economy especially in developing 
countries like India. Climate is the key factor having 
direct bearing on agricultural productivity. Thus, weather 
variability is the most important cause of year to year 
variability in crop production, even in high yielding and 
high technology environments. There has been 
considerable concern in recent years about the possibility 
of climatic changes caused by human activities, because 
any change in weather will increase uncertainty regarding 
food production. Alterations in our climate are governed 
by a complex system of atmospheric and oceanic 
processes and their interactions. In the context of crop 
production, relevant atmospheric processes consist of 
losses in beneficial stratospheric ozone concentration 
(O ) and increasing concentrations of green house gases 3

viz. of carbon dioxide (CO ), methane (CH ), nitrous 2 4

oxide (N O) and chlorofluorocarbons (CFC's) etc. Studies 2

carried out in India indicate the possible loss of 4-5 
omillion tons in wheat production with every 1 C rise in 

temperature, even after considering carbon fertilization 
but no other adaptation benefits and changes in irrigation 
water availability (Aggarwal, 2008). 

Agriculture is indeed considered as the most weather-
dependent human activity (Hansen, 2002). The crop 
growth and yield under normal conditions are largely 
determined by weather during the growing season. Thus, 

even minor deviations from normal weather conditions 
can lead to decreased efficiency of applied inputs and 
hence crop productivity. The most important 
meteorological factors influencing the development of 
crop plants are precipitation, temperature, radiation and 
sunshine duration. Different crops require all these 
weather parameters in optimum range for maximum 
growth and productivity. Any deviation from optimum, 
positive or negative, leads to decline in crop productivity, 
which is already being experienced due to changing 
climatic patterns over different parts of earth. Rising 
temperatures have been reported to reduce the maize 
productivity by 6-23 percent and that of wheat by 40 -45 
percent (Singh et al., 2013).Thus, there is a considerable 
debate about the possible impacts of climate change on 
agricultural productivity. Researchers and planners are 
interested in potential costs and benefits that may come 
into face in future from possible impacts of climatic 
changes that will ultimately affect policy, trade patterns, 
resource use and food security. Keeping in view the 
sensitivity of the issue, literature relevant to climate 
change, its causes, likely impacts on agriculture along 
with mitigation / adaptation measures in view of futuristic 
climatic scenarios was consulted and the major findings 
are discussed in the present manuscript. 
Causes of Climate Change - Human activities

Modern life styles and human activities including 
burning of fossil fuels, increased use of refrigerants and 
intensive agricultural practices interfering with the 
natural processes and ecosystems are mainly responsible 
for the emission and accumulation of green house gases in 
the atmosphere. Total anthropogenic green house gas 
emissions have continued to increase over 1970 to 2010 
with larger absolute decadal increases towards the end of 
this period. Total anthropogenic green house gas 
emissions have been observed highest in the human 
history during the period 2000-2010 (IPCC, 2014). 
Burning of fossil fuels 

The burning of fossil fuels is on the rise because of 
increase in population, number of vehicles, 
industrialization and urbanization, which leads to 
emission of CO  in the atmosphere. Increased use of 2

vehicles, industrialisation and urbanisation have resulted 
in the emission and accumulation of CO , a major culprit 2

for enhanced anthropogenic green house effect. About 
half of the cumulative anthropogenic CO  emissions 2

between 1750 and 2010 have occurred in the last 40 years. 
CO  emissions from fossil fuel combustion and industrial 2

processes contributed about 76 percent of the total green 
house gas emission increase during 1970 – 2010 (IPCC, 
2014). 
Increased use of refrigerants 

Increased use of refrigerants and air conditioners 
have resulted in the emission of chlorofluoro carbons, 
which are responsible for depleting ozone layer. 
Depletion of ozone layer means more ultraviolet radiation 
reaching the earth surface, which is detrimental for plants, 
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animals as well as human beings. Stratospheric ozone 
depletion allows increased UV-B radiation to reach the 
earth, which can increase the incidence of skin cancer and 
cause immune system suppression, agronomic crop 
damage and diminished biodiversity on global scale 
(IPCC, 2007).
Intensive agricultural activities

Agriculture has both way relation with the 
environment. While climate change is affecting 
agriculture, at the same time agriculture produces 
significant effects on climate change, primarily through 
the productivity and release of greenhouse gases such as 
carbon dioxide, methane, and nitrous oxide, and also by 
altering the Earth's land cover, which can change its 
ability to absorb or reflect heat and light, thus contributing 
to radiative forcing. Land use changes such as 
deforestation and desertification, together with the use of 
fossil fuels, are the major anthropogenic sources of 
carbon dioxide; agriculture itself is the major contributor 
to increasing methane and nitrous oxide concentrations in 
earth's atmosphere. On one hand, it affects the 
environement by the emission of various gases and on 
other hand, it is highly affected by global warming and 
climatic changes. Modern day high input intensive 
agriculture is responsible for the emission and 
accumulation of green house gases in the atmosphere. 
Excessive use of nitrogen fertilizers are adding nitrogen 
oxides in the atmosphere. Verge et al. (2007) reported that 
Asia will remain the largest food consumer (increasing 
from 40 to 55 per cent of the global consumption between 
2000 and 2015) and the largest source of greenhouse 
gases (GHGs) from agriculture (about 50 percent of the 
total emissions). The higher food consumption rate (kJ 

-1 -1person  day ) around the world is primarily a result of 
improved crop production and higher percentage of 

animal products in diet. The latter will, however, result in 
more CH  emissions. According to Gregorich et al. 4

(2005), conversion of native ecosystems to arable 
cropping resulted in a loss of -22 per cent of the original 
soil organic carbon ©, a release of about 123 Tg C to the 
atmosphere and drainage and cultivation of organic soils 
resulted in an additional release of about 15 Tg C.
Drivers of climate change

Globally, economic and population growth continue 
to be the most important drivers of increases in CO  2

emissions from fossil fuel combustion. However, the 
contribution of population growth between 2000 and 
2010 remained roughly identical to that during previous 
three decades, while the contribution of economic growth 
has risen sharply (IPCC, 2014). Because of faulty human 
practices, all the green house gases are being emitted and 
accumulated in the atmosphere at faster rates than ever 
before, which act as major drivers of climate change.
Carbon dioxide (CO )2

CO  has been designated as the benchmark green 2

house gas. It is mainly produced due to fossil fuel burning 
and deforestation. The concentration of CO  in the 2

atmosphere has increased from 280 ppm during pre-
industrial revolution to 400 ppm at present (Table 1). 
Every year 8.0 Gt of carbon is being added to the 
atmosphere because of fossil fuel burning (5.7 Gt) and 
deforestation (2.3 Gt). Carbon dioxide also results from 
the use of fossil fuel for farm operations (

). CO  is likely to increase by 478 – 1099 2

ppm by the end of this century (IPCC, 2007).  Its annual 
rate of increase in the atmosphere is 1.2 percent and it 
contibutes to global warming by 76 percent (IPCC, 
2014).Soil cultivation and growing annual crops often 
accelerate the conversion of soil C to carbon dioxide by 
soil microbes. After the soils have been cultivated for a 

Dyer and 
Desjardins, 2003

Gases CO2 CH4 N O2 CFCs

Pre-industrial 
atmospheric 

280 ppmv 0.72 ppmv 270 ppbv 0

Current concentration 400 ppmv 1.89 ppmv 326 ppbv 5.27 pptv

Principal source Fossil fuel burning, 
deforestation

Standing water in 
paddy fields, dairy 

farming, enteric 
fermentation

Biomass burning, 
excessive use of 

fertilizers, fossil fuel 
consumption

Refrigeration and air-
conditioning

Rate of annual increase 1.20 per cent
(3.0-3.5ppmv)

0.9 per cent
(0.013ppmv)

0.6 per cent
(0.75ppbv)

4.0 per cent
(0.18-0.20pptv)

Contribution to global 
warming

76 per cent 16 per cent 6 per cent 2 per cent

Global warming 
potential relative to 
CO2

1 25 298 4000

Table1. Relative increase, sources and global warming potential of green house gases in the atmosphere

Source: IPCC, 2007; IPCC, 2014
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few decades, the loss of soil C usually slows down or 
ceases completely, and the level of soil C becomes stable 
again, but at a lower percentage ( ).
Methane (CH )4

Methane is important greenhouse gas with a global 
warming potential of 25 times that of CO  over 100-years 2

(IPCC, 2007). Annual rate of increase in its concentration 
is 0.9 percent and its contribution to global warming is 16 
percent. It is mainly produced during anaerobic 
respiration in the paddy fields and dairy farms.However, 
the amount of CH  released by an animal depends on its 4

species, age, weight and the quality and quantity of feed 
( ). As methane in produced under unaerobic 
conditions, thus emissions are highest in water saturated 
soils (Conrad, 1996) and when water table is above 10-20 
cm (Roulet et al., 1992). Paddy fields are responsible for 
emission of methane gas because of anaerobic respiration 
conditions in standing water. Goroshi et al. (2009) 
observed considerable increase in CH  concentration 4

during the Kharif season. Methane concentration was 
found minimum in May with peak value in September. He 
observed that West Bengal and Punjab were associated 
with higher CH  concentration as compared to Tamilnadu 4

and Himalayan forested region (Jammu and Kashmir) due 
to rice cultivation. 
Nitrous oxides (N O) 2

Nitrous oxides are released to the atmosphere through 
biomass burning, excessive use of fertilisers and fossil 
fuel consumption. Their annual rate of increase is 0.6 
percent and contribution to global warming is 6 percent 
(Manga et al., 2004).Excessive use of nitrogen fertilizers 
are adding nitrogen oxides in the atmosphere. The 
growing use of N fertilizers is a great concern. The part 
not taken up by crops (more than 50 per cent) is either lost 
through leaching or released to the atmosphere as N gases 
including nitrous oxide. Between 2000 and 2030, the total 
GHG emissions are expected to increase by about 50 
percent, with further impact on weather and climate 
(Verge et al., 2007).However, several factors control its 
emission from crop fields such as fertilization (Crutzen et 
al., 2008; Hellebrand et al., 2008, 2010), previous land 
use (Smith and Conen, 2004; Gelfand et al., 2011) and 
precipitation pattern (Flessa et al., 1995; Hellebrand et 
al., 2003) etc. While N O emissions generally increase 2

with increased amounts of fertilizer-N applied (Davidson, 
2009), the extent of N loss is also influenced by fertilizer 
type. Dhadli et al. (2016) reported that N O emissions 2

could be large during vegetative growth stages if rainfall 
or irrigation events coincide with N-fertilization.
Chlorofluorocarbons (CFCs) 

Cholofluoro carbons are produced because of 
refrigeration and air conditioning. The annual rate of their 
increase in the atmosphere is 4.0 percent and their 
contribution to global warming is 2 percent. 
Chlorofluorocarbons and hydro chlorofluorocarbons are 
the major ozone depleting substances, which when 

Hutchinson et al., 2007

Lassey, 2007

released in the atmosphere react with the stratospheric 
ozone layer and break it down (Fahey, 2006). In addition 
to this, they are powerful greenhouse gases (IPCC, 2007).  
Green house effect and global warming

CO , CH , N O and CFCs are the major gases 2 4 2

responsible for the green house effect and global 
warming. These gases (called green house gases) are 
transparent to the incoming shortwave radiation, but 
absorb the long wave radiation emitted by earth surface, 
thus retaining heat near the earth surface. The retention of 
heat near the earth surface due to its absorption by green 
house gases is known as green house effect, which leads to 
global warming. The amount of green house gases in the 
atmosphere influence global temperatures. Increase in the 
concentration of these gases in the atmosphere can have 
far reaching effects including increase in average 
temperatures, changes in precipitation patterns, number 
of frost free days, frequency and severity of storms etc. 
Effects on agriculture

Climate change will have manifold effects on 
agriculture. Climatic changes being experienced in the 
recent past are posing a severe threat to the agricultural 
productivity. Greenhouse gas (GHG) emissions and their 
impact on climate are among the important issues for 
agricultural sustainability. Whereas agriculture can 
benefit from a warmer climate in some parts of the world 
through longer growing seasons, agriculture could also be 
negatively affected in many regions by drought, flooding, 
pests and/or diseases (Verge et al., 2007). In addition, 
GHG emissions represent an indirect economic loss for 
the farmers. Tropical and sub-tropical areas including our 
region, are at higher risk because the temperatures are 
already on higher side in these areas, thus further increase 
will have negative effects, although warming can be 
somewhat beneficial in the temperate regions. Aggarwal 
(2008) has reported a decrease in the productivity of 
cereals by 10-40 percent under Indian conditions along 
with increase in fertilizer requirement, shift in sowing 
time and length of growing season, decrease in soil 
biological activity, which will further affect nutrient 
availability and microbial activity and hence reduction in 
profitability. Twine and Kucharik (2009) reported that 20-
25 percent of recent crop yield trends could be explained 
by changing climatic conditions. It is felt that climate 
change impacts on agriculture could be the most critical 
for developing countries in tropical regions as their 
populations rely mainly on agriculture and climate-
dependant resources, poverty limits their capacity to 
anticipate and adapt to climate change, and population 
increase already poses a serious challenge to food security 
in these regions. Current projections of climate change 
impacts on tropical crop yields, even though on average 
negative, remain largely uncertain (Berg et al., 2013). 
Hence, there is a need for more consistent, large-scale, 
quantitative assessments of climate change impacts of 
agricultural productivity and hence future food security.

606

Indian J Econ Dev 12 (4): 2016 (October-December)



Carbon dioxide (CO ) and crops2

An increase in atmospheric CO  concentration 2

enhances crop production due to its positive effect on the 
rate of photosynthesis. The direct effects of increased 
concentrations of CO  are generally beneficial to 2

vegetation especially for C  plants (Farquhar, 1997). C  3 3

plants respond to increase in CO  concentration with an 2

increasing rate of photosynthesis because of higher 
compensation point, whereas C  plants respond with 4

decreasing transpiration rate, because in CO  rich 2

environment stomata shrink, stomatal resistance 
increases, hence rate of transpiration decreases and plants 
become more water efficient. Thus, C  plants exhibit more 3

increase in production, whereas C  plants exhibit higher 4

water use efficiency in response to elevated CO  2

concentration. The two most direct alterations at leaf level 
of C  plants physiology at elevated CO  concentration is 3 2

the increase in net photosynthesis rate and a decrease in 
stomatal conductance followed by decreased 
transpiration rate (Ainsworth and McGrath, 2010). Such 
reduction in stomatal conductance is observed in both C  3

and C  plants, while the increase in photosynthesis rate 4

occurs only in C  species. Chun et al. (2011) also observed 3

higher soil water contents and water use efficiency in corn 
under elevated CO  as compared to ambient level due to 2

decreased rate of transpiration under higher CO  2

concentration. Lal et al. (1998) examined the 
vulnerability of wheat and rice to climate change using 
CERES models and found that, yields of rice and wheat 
increased by 15 and 28 percent with doubling of CO  in 2

north-west India. Tubiello and Ewert (2002) also reported 
that photosynthesis, respiration, organ growth, water use 
efficiency and nitrogen uptake was increased with the 
increase in CO  concentration in atmosphere but stomatal 2

conductance, transpiration (per unit leaf area) water 
uptake, nitrogen concentration in biomass was decreased 

with increased concentration (Table 2). They also 
reported that increasing concentration of CO  in 2

atmosphere will benefit most to C  plants because of its 3

higher CO compensation point. Attri and Rathore (2003) 2 

studied the impacts of changes in temperature and CO  on 2

growth, development and yields of wheat in north-west 
India and reported an increase in yield by 29-37 per cent 
under rainfed conditions and by 16-28 per cent under 
irrigated conditions. But increase in temperature beyond 

o3 C cancelled the beneficial impact of enhanced Co2.

Although ozone pollution can dramatically reduce 
the grain yield of wheat, but atmospheric CO  enrichment 2

can as dramatically reverse its adverse effects and lead to 
a modest increase in grain yield (Donnelly et al. 2005). 
Consequently, elevated CO  can be seen as protecting 2

some yield components from the damaging effects of 
O .Several studies have reported 11 and 8.7 percent 3

increase in leaf area index and grain yield of rice with 
increase in CO  concentration up to 600 ppm (Hundal and 2

Kaur, 2007) and  24, 9 and 2 percent increase in grain 
yield, filled grains percentage and individual grain 
weight, respectively (De Costa et al., 2006) under 
elevated CO  conditions. Joshi and Chaturvedi (2013) 2

concluded that the inclusive impact of climate change i.e. 
variation in atmospheric structure and global ambience in 
terms of elevated level of CO  and other gases brings 2

about hidden hunger crisis among individuals by 
decreasing indispensable nutrient content in food crops.

It is important to understand that physiological 
responses of increasing atmospheric CO  concentration 2

known as CO  fertilization effect can produce larger and 2

more vigorous plants, higher total dry matter yield and 
often greater quantities of harvestable product (Lobell 
and Field, 2007). This is due to increased CO  2

concentrations which affect plant growth directly through 
stimulation of photosynthesis and reduction of 

Process Effect of increase in CO2 

concentration
Remarks

Photosynthesis Increase C  plants: 30-50 per cent3

C  and CAM plants: 5-15 per cent4

Respiration Increase Increase in canopy temperature under elevated CO2

Stomatal conductance Decrease Direct effect

Organ growth Increase Increase in assimilation

Transpiration (per unit leaf area) Decrease Reduction in stomatal conductance

Water uptake Decrease Reduction in stomatal conductance and transpiration

Water use efficiency Increase Reduction in transpiration

Nitrogen concentration in biomass Decrease Increase in biomass

N uptake Increase Increase in nitrogen demand

Table 2. Effect of increase in CO  concentration on plant growth2

Source: Tubiello and Ewert, 2002
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transpiration resulting improved water use efficiency 
(Ortiz et al. 2008). Elevated CO  may also increase 2

positive effect of soil nitrogen on water use efficiency of 
wheat (Leakey et al., 2009). Studies have also shown that 
growth of wheat plant is proportional with CO  under 2

water limited conditions affecting energy exchange. This 
depends on soil water availability and positively impacts 
wheat production (Jablonski et al., 2007). However, these 
positive impacts may be compensated by many other 
physiological and biochemical impacts owing to heat and 
water stress conditions.
Temperature and crops

Warming scenarios have adverse effect on crop 
productivity. Crop duration, grain filling period and 
number of grains decrease under warming scenarios. 
Higher temperature also increases crop respiration rates, 
thus decreasing net photosynthesis / productivity. Lobell 
and Asner (2003) observed 17 percent decrease in both 
corn and soyabean yields in United States for each degree 
increase in growing season temperature, indicating a 
higher pragmatic sensitivity of agriculture to temperature. 
Under higher temperature, rate of evapo-transpiration 
increases and nutrient mobilization in the soil is hastened. 
In addition to this, warming conditions also affect the 
survival and distribution of pest populations. Increase in 

oseasonal temperature by 2 C reduce average maize, 
sorghum and rice yields by 13, 8.8 and 7.6 percent, 
respectively (Rowhani et al., 2011). Peng et al. (2004) 
estimated a possible 10 per cent decline in rice 

oproductivity with 1 C rise in minimum temperature in dry 
season. Morita et al. (2005) reported that high night 
temperature (22/34°C, day/night) were more harmful to 
grain weight in rice than high day temperatures (34/22°C) 
and control conditions (22/22°C) at optimum 
temperature. Spikelet fertility (seed-set) is an important 
component of yield that is sensitive to high temperature in 
rice. Several studies have revealed that high temperatures 
at flowering and during grain-filling phase reduce yield 
by causing spikelet sterility and shortening the duration of 
grain-filling phase (Nakagawa et al., 2002, Prasad et al., 
2006, Rang et al., 2007, Xie et al., 2009). Nie et al.(2007) 
reported that rice grain yield declined by 10 per cent for 
each 1°C increase in growing season minimum 
temperature. Barnabas et al. (2008) observed the high 
temperature affects the cellular and developmental 
processes leading to reduced fertility and grain quality.

Several studies have reported that the sink capacity 
under high temperatures can be low due to the increase in 
the percentage of sterile spikelets and reduced activity for 
starch synthesis can result in reduction in 1000-grain 
weight (Jeng et al., 2003 and Oh-e et al., 2007). Hundal 
and Kaur (2007) also reported decrease in grain yield, 
biomass yield and maximum leaf area index of rice and 
wheat with increase in temperature under Punjab 
conditions. Tripathy et al. (2009) reported 30-70 percent 
decrease in the productivity of rice, wheat, maize and 
pearl millet with increase in temperature, the decrease 

being more for cool season crops and lower for warm 
season crops. Kaur and Hundal (2010) also reported 10.1, 
5.6, 13.1, 27.0 and 17.9 percent decrease in yield of rice, 
soybean, groundnut, wheat and chickpea, respectively, 

owith 3.0 C increase in temperature. Mathauda et al. 
(2000) also reported decrease in crop duration by 3 days 

oand in grain yield of rice by 8 percent with 2.0 C increase 
in temperature under Punjab conditions. Lobell et al. 
(2012) reported that the most pronounced effect of 
warming is to shorten the duration of grain filling. Bala et 
al. (2014) revealed that the high temperature is a major 
determinant of wheat development and growth and causes 
yield loss in many regions of the world.

Indian wheat yields have been observed to be prone 
to continual heat stress with more sensitivity to minimum 
temperature during post-anthesis period. It has been 
reported that exposure to continual minimum temperature 

oexceeding 12 C for 6 days and terminal heat stress with 
omaximum temperature exceeding 34 C for 7 days during 

post-anthesis period are the other thermal constraints in 
achieving high wheat productivity (Rao et al., 
2015).Warming may also facilitate weeds in comparison 
to crops and increase the profusion of many crop 
offensive pests (Cerri et al., 2007). Increase in global 
mean temperature and vents of inconsistent rainfall affect 
crop production through direct impacts on the biophysical 
factors such as plant and animal growth and the physical 
infrastructure associated with food processing and 
distribution. 

Interactive effect of CO  and temperature2

As CO  is indispensable to photosynthesis, thus 2

increase in CO  concentration has positive effect on crop 2

productivity. Doubling of CO  concentration can increase 2

photosynthesis from 30 to 60 percent. But such results are 
observed under controlled conditions where all other 
envrironmental parameters are kept constant except CO . 2

However, under natural conditions, increase in CO  2

concentration is always associated with increase in 
temperature. Hence, when both CO  and temperature 2

increase, CO  is able to compensate the yield losses due to 2

increase in temperature upto some extent, but with further 
increase in temperature, crop yield decreases even under 
elevated CO  concentration. Rao and Sinha (1994) 2

reported that under Indian conditions wheat yield could 
decrease from 28 to 68 percent without CO  fertilization 2

effects; and would range from +4 to -34 percent with CO  2

fertilization effects. Hundal and Kaur (2007) reported that 
increase in CO  concentration upto 600 ppmcan counter 2

balance the negative effect of increase in temperature by 
o1 C on leaf area index and grain yield of rice under Punjab 

oconditions.But if temperature increases by 2 C, then it has 
negative effect on leaf area index and yield of rice even at 

Heat shock at the end of tillering strongly 
reduces the rate of leaf photosynthesis, while during grain 
filling it decreases both rate of photosynthesis and grain 
growth (Egli, 2004; Schapendonk et al., 2007; Yang et al., 
2008).
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600 ppm CO  concentration. It has also been reported  2

also reported that increase in concentration of CO  by 522 2
oppm can compensate for increase in temperature by 1.6 C 

oin maize, but when temperature increases by 3.2 C, 
productivity decreases by 18 percent even under 682 ppm 
CO  concentration. 2

It has been observed that without CO  fertilization, 2

expected losses range from 0 to >40 percent depending on 
the crop and course of climate change (Lobell et al., 
2006). Ziska et al. (2010) observed that increase in 
temperature along with higher atmospheric CO  may 2

facilitate the growth and survival of many pests and 
diseases restricted to agricultural crops.Thus, change in 
climatic conditions and the frequency of natural disasters 
in recent times has made it imperative to find lasting 
adaptation solutions for the agriculture sector. The rise in 
temperature, carbon dioxide and uncertain rainfall 
associated with climate change may have serious adverse 
effects either directly or indirectly on the growth, 
development and yield of rice (Lobell et al. 2011). 
Kaminski et al. (2014) reported that in the conditions of 
climate change, associated higher temperature could 
decrease the response of photosynthesis to higher CO  2

concentration and higher vapour pressure deficit will 
decrease the gain in water use efficiency. Thus, an 
increase in ambient CO  is usually considered beneficial 2

as it results in increased photosynthesis in several crops, 
especially those with C  mechanism of photosynthesis. 3

However, despite these beneficial effects, the combined 
increase in temperature and variability of rainfall would 
considerably affect food productivity.
Precipitation / moisture and crops

Crops require consistent availability of moisture 
during their growing period. But under the effect of global 
warming, evaporation demand is likely to exceed 
precipitation in the tropical areas (Rosenzweig and Parry, 
1994), which will have harmful effect on crop 
productivity. General circulation models have predicted 
large variations in seasonal rainfall patterns during crop 
growing periods. Changes in large scale wind patterns 
leading to El-nino, ENSO and tropical monsoons could 
undergo large variations. Chaudhary (1999) reported that 
the decreasing trend of monsoon rainfall can hamper the 
normal rice growth and development. Moisture stress 
during vegetative growth stage leads to reduction in the 
growth rate of leaves and stem due to reduction in the 
productivity of enzymes and proteins required for growth. 
The deficit soil moisture condition results in lesser water 
uptake by roots. The grain growth is affected when 
moisture stress occurs after anthesis stage as it leads to 
pinched, shriveled and small grain size (Orcutt and 
Nilsen, 2000). According to Fukai et al. (1999) the 
maintenance of leaf water potential just prior to flowering 
leads to higher panicle water potential which results in 
reduction in delay in flowering time and reduced spikelet 
sterility and hence contributes to higher yield. Pantuwan 

et al. (2002) reported that the drought stress developed 
prior to flowering delayed the time of flowering, which 
was negatively associated with grain yield, fertile panicle 
percentage and filled grain percentage.

A combination of drought and heat stress had a 
significantly greater detrimental effect on the growth and 
productivity of cereal crops compared with each of the 
different stresses applied individually (Wang and Huang, 
2004). Seo et al. (2005) examined the effect of climate 
variation on rice, rubber, tea and coconut crops and 
observed that increased precipitation proved to be 
favorable and benefit varied from 11-122 percent while 
increase in temperature seemed to be harmful and loss 
ranged from -18 to -50 percent of the current agricultural 
productivity. Barnabasi et al. (2007) considered drought 
and high temperature as key stress factors with high 
potential impact on crop yield. Cai et al. (2009) reported 
that greater temperature and precipitation variability may 
lead to more variable soil moisture and crop yield, and 
larger soil moisture deficit and crop yield reduction are 
likely to occur more frequently. The increased water 
stress is likely to be most pronounced during the 
flowering and yield formation stages. The expected 
rainfed corn yield in 2055 is likely to decline by 23–34 
percent, and the probability that the yield may not reach 
50 percent of the potential yield ranges from 32 to 70 
percent if no adaptation measures are instituted. Tripathi 
et al. (2009a) reported that under moisture/temperature 
stress seedling growth in wheat was adversely affected. 
Mirzaei et al. (2011) reported that drought stress at all 
growth stages reduced grain yield and yield components. 
Thus, changing rainfall patterns and increasing extreme 
rainfall events leading to increased frequency of floods, 
droughts and storms pose severe threat for raising crops 
over different parts of the globe, the situation being more 
alarming for tropical and sub-tropical areas. Under such 
conditions, agricultural productivity is likely to undergo 
large fluctuations in the coming years.
Solar radiation and crops

Availability of solar radiation is directly related with 
the rate of photosynthesis and hence crop productivity. 
Grain yield is the product of intercepted light, efficiency 
of conversion of intercepted light to dry matter and its 
partitioning to grains. Rice yield potential is primarily 
determined by solar radiation. Mahi (1996) reported that 
grain yield of wheat was increased by 7 percent and rice 
by 13 percent when the solar radiation was increased up to 
10 percent but grain yield declined under decreasing 
amount of solar radiation. Because of the changing 
evaporation and precipitation patterns under warming 
scenarios, cloudiness may increase, which will affect 
sunshine / solar radiation, thus can have harmful effect on 
crop productivity. Baker et al. (1994) reported marked 
reduction in the growth, dry matter productivity, yield and 
yield components of rice under low light and high thermal 
stress. Abbate et al. (1997) reported that radiation level 
during spike growth period affected the grain yield of 
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-2wheat mainly due to variation in number of grains m . 
Rudorff et al. (2003) observed that accumulated absorbed 
photo synthetically active radiation (AAPAR) had a 
significant correlation with biomass production and grain 
yield. Results of the study showed that the number of days 
of crop growing cycle (emergence to physiological 
maturity) was highly correlated with AAPAR (r>0.90). 

Vijayalakshmi et al. (2008) found decrease in the total 
biomass, yield and yield components of rice under light 
stress. The reduction in the ultimate grain yield was found 
due to the increased number of ill-filled spikelets. 
However, it has also been reported that dimming or 
shading not only reduces radiation, but also increases the 
fraction of diffused light and alters its spectral quality. 
Diffused light is more efficiently utilized by plants and 
can offset small decrease in direct radiation and actually 
enhance the CO  uptake, photosynthesis and plant 2

growth. Mean while, with increasing intensity of shading, 
the fraction of blue light (400-500 nm) increases while of 
red light (600-700 nm) decreases, which might affect both 
physiological parameters as well as plant morphology 
(e.g. main culm development, tillers appearance and 
stomatal conductance) (Li et al., 2010).
Future impacts of climate change

As agriculture is directly affected by environmental 
factors due to specific climatic requirements of different 
plant species for growth and development, thus the 
changing climatic patterns will have significant effect on 
crop productivity in future. In addition to this, the climatic 
changes will also affect agricultural land. Snow cover is 
projected to shrink, thus arable land near the poles will 
increase. But, rise in sea level would result in agricultural 
land loss in coastal regions (south-east Asia). 
Submergence and salinity is likely to increase under 
warming scenarios. Increase in extreme precipitation 
events will result in drought, flooding and erosion. Thus, 
climate change triggered extreme weather events are 
likely to have adverse effect on soil health and crop 
productivity along with long-term socio-economic 
impacts.  However, future projections of climate change 
impacts on agriculture have multiple layers of 
uncertainty, which complicates efforts for pro-active 
planning (Gourdji et al., 2015; Challinor et al., 2009; 
Hoffman and Rath, 2013; Koehler et al., 2013 and 
Vermeulen et al., 2013).

It is expected that future climate change will 
affect wheat yields but is uncertain whether it will result in 
more positive impacts or negative ones. This is due to the 
opposing effects of temperature, precipitation and CO  2

concentration on physiological processes of wheat 
growth and development (Mishra et al., 2013; Kersebaum 

Light response (photo-periodism), which not only 
controls the temperature factor but also the vegetative 
growth as well as flowering of the plants, is important 
weather element for wheat crop to assess the thermal 
response and its requirement at different phenophases to 
harvest the potential yield (Singh et al., 2008). 

and Nendel, 2014). While CO  fertilization effects will 2

induce more photosynthetic production whereas higher 
temperature can reduce net carbon gain by increasing 
plant respiration more than photosynthesis (Hogy and 
Fangmeier, 2008). The light-saturated photosynthesis 
rate of C  cereals such as wheat is highest for temperature 3

orange of 20-32 C, while a steep nonlinear increase is 
noticed in total crop respiration for temperature from 15 

oto 40 C, followed by a rapid and nearly linear decline 
(Porter and Semenov, 2005). However, reduction in yield 
with higher temperature has been found worldwide. 
Lobell and Burke (2008) reported negative correlation 
between wheat yield and temperature, but a positive 
correlation with precipitation.

Singh (2009) has estimated significant reduction in 
wheat production in India by 2070 due to climate change. 
Boomiraj et al. (2009) have also reported a decrease in 
yield of irrigated mustard to the tune of 60 percent by 
2080 in the Indo-gangetic plains. Jalota and Kaur (2013) 
have reported average reduction in the productivity of 
rice-wheat system to the tune of 5.2 and 17.8 percent by 
mid and end century under Punjab conditions. Singh and 
Lal (2009) have reported 3.16 and 13.72 percent 
reduction in potato production by 2020 and 2050 under 
Indian conditions. Krishnan et al. (2011) reported that the 
expected climate change includes the rise in the global 
average surface air temperature. At the end of the twenty-
first century, the increases in surface air temperature will 
probably be around 1.4-5.8°C, relative to the 
temperatures of 1980–1999. Most of the rice is currently 
cultivated in regions where temperatures are above the 
optimal for growth (28/22°C). Any further increase in 
mean temperature during sensitive stages may reduce rice 
yields drastically. Developing high-temperature stress-
tolerant rice cultivars has become a proposed alternative, 
but requires a thorough understanding of genetics, 
biochemical, and physiological processes for identifying 
and selecting traits, and enhancing tolerance mechanisms 
in rice cultivars. They concluded that there are 
considerable risks for rice productivity, stemming from 
high-temperature stress but benefits from the mitigation 
or adaptation options through progress in rice research 
may sustain the productivity systems of rice in the future 
warmer world.
Mitigation / adaptation strategies 

As crop productivity in tropical and sub-tropical 
regions is likely to be have more adversely affected by 
global warming and climate change, thus improved 
understanding of the influence of climate on agricultural 
production is required to cope with the expected climatic 
changes and increasing number of undernourished people 
in food insecure regions. There is a dire need to adopt 
mitigation (preventive) and adaptation (protective) 
strategies to combat the situation. Use of biofuels and 
natural sources of energy (solar, wind and hydroelectric 
energy) should be preferred to check the emission of 
green house gases to the atmosphere rather than fossil 
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fuels. There is currently a large interest in using bioenergy 
from biomass as an alternative energy source to fossil 
fuels, to reduce greenhouse gas emissions (Zona et al., 
2013; Buyx and Tait, 2011). Techniques of carbon 
sequestration also need to be developed and adopted at 
field level. Intermittent wetting and drying in paddy fields 
is another option to minimize CH  emission from paddy 4

fields. Instead of burning straw, in-situ crop residue 
management should be encouraged to enrich soil organic 
matter to maintain soil health and to check the emission of 
gases to the atmosphere. Cumhur and Cresser (2008) also 
emphasized that adjustments are necessary to counter 
balance negative impacts of changing climate. Singh 
(2009) reported that agronomic manipulations such as 
improved fertilizer use to reduce gaseous losses of 
methane and nitrous oxide, irrigation management of rice 
for minimum methane production and conservation 
agriculture practices will be highly demanding for 
achieving desired goals. 

Mitigation techniques such as improved feed quality 
for a better digestibility, improved manure management, 
greater N use efficiency, better water management of rice 
paddies and/or by increasing the role of agro-forestry in 
agriculture, have to be considered in order to minimize the 
impact of agriculture on climate (Verge et al., 2007). 
Laville et al. (2011) observed that NO and N O emissions 2

were closely related to environmental and crop 
management practices. They suggested form, amount and 
timing of nitrogen application and the mineralization of 
organic matter by incorporation of crop residues to be the 
main factors controlling the emission peaks. Breeding of 
short duration as well as heat and water stress resistant 
varieties need to be developed. Rao et al. (2015) also 
suggested the inclusion of early maturing, high yielding 
and heat tolerant wheat lines in the breeding program 
under Indian conditions. Laux et al. (2011) suggested 
planting date adaptations to improve attainable yields of 
maize and groundnut crops. Resource conservation 
technologies like direct seeding of rice, integrated 
nutrient management, bed planting in wheat, use of laser 
land leveler, tensiometer, leaf colour chart etc. need to be 
adopted. Accurate and timely weather forecasts and agro-
advisories should be available to the farmers for short and 
long term agricultural planning. Farmers must have 
awareness and ability to adjust to the impending weather 
changes by adopting suitable farming practices. Efficient 
use of water and fertilizers should be made for enhancing 
input use efficiency and sustainability of agriculture 
under changing climatic conditions. Thus, mitigation / 
adaptation strategies need to be adopted to meet the 
challenges posed by climate change on agricultural 
productivity.
CONCLUSIONS

Since plant species have specific climatic 
requirements for growth and development, thus crop 
species are going to be directly affected by climatic 

changes expected in future. C  plants are likely to be 3

benefitted more under elevated CO  conditions because of 2
otheir higher CO compensation point. A 2 C increase in 2 

temperature can result in 10-20 percent decrease in the 
grain yield of rice and wheat. Increase in temperature can 
offset the benefits of increased CO  concentration when 2

owarming increases beyond 1 C. Agronomic management 
options as well as breeding and screening of crop cultivars 
able to withstand the climatic stresses of future is the need 
of today's scientific efforts. A multi-disciplinary approach 
to the problem is required in which plant breeders, crop 
physiologists, agronomists and agro-meteorologists need 
to interact for finding long-term viable solutions towards 
sustainable agriculture and to meet ever-increasing 
demand for food by the burgeoning population.
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ABSTRACT
This study aims to assess the trend and status of groundwater exploitation in Karnataka, which has a significant area under hard 
rocks and dry land agriculture. At present, more than half of the state's cultivated area comes under critical to over-exploited 
category of groundwater exploitation.  The density of groundwater structures in state has become 10.63 units per 100 ha, which is 
three times more than what was in early eighties. Incidence of well failure is increasing because of drying up of existing wells. There 
is a need to take appropriate measures to contain further exploitation of groundwater, and rejuvenate existing defunct open well and 
deep tube wells.
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INTRODUCTION 
With a draft of 245.04 billion cubic meters of 

groundwater, of which 91 per cent is consumed by 
irrigation alone (CGWB, 2014), India is the largest 
ground water user in the world; more than a quarter of 
the global total (World Bank, 2010). About 85 per cent 
of India's rural domestic water requirements, 50 per 
cent of its urban water requirements (CGWB, 2014), 
and around 64 per cent of the total irrigated area 
depends on groundwater and more than 70 per cent of 
irrigated agricultural production is attributed to 
groundwater irrigation (Deb Roy and Shah, 2003). In 
India, groundwater irrigation has been vital for poverty 
reduction and economic growth especially in rural area 
since a sizable part of population depends on 
agriculture directly or indirectly for livelihoods 
(Reddy, 2005; Shah et al., 2007). However, estimates 
show that 15 to 25 per cent of the India's food 
production is now at risk due to unsustainable 
groundwater extraction (Shah et al., 2000 and World 
Bank, 2005).  The state of Karnataka is located in the 
south-western part of India and 99 per cent part of its 
substratum is hard rock (CGWB, 2014). Owing to low 
storage capacity, which is limited by aquifer 

characteristics, hard rock areas are sensitive to over-
exploitation (Nagaraj, et al., 2000; Dewandel et al., 
2010, and Perrin et al., 2012). Based on resource 
depletion and natural groundwater quality concerns, 
hard rock areas are rated as severe in comparison to 
alluvial plains, coastal plains and inter-montane 
valleys hydro-geological settings for groundwater 
management (Shah, 2006). Hard rock aquifers are 
implicitly of low storability, have low to moderate 
yields, can be subject to poor recharge due to low 
rainfall in some areas and may have naturally derived 
water quality problems due to weathering processes or 
anthropogenic problems associated with salinity, 
fluoride, arsenic and nitrates (Chakraborti et al., 2011). 
High dependence on ground water as a reliable source 
of water has resulted in its large-scale and 
indiscriminate development in various parts of the 
country, especially in the arid and semi-arid areas such 
as of Karnataka which has witnessed a rapid expansion 
of groundwater uses, particularly in the last decade. 
The adverse impact of indiscriminate and unscientific 
development  are more  pronounced  in  some  districts 
like Bangalore,  Belguam, Chickballapura, 
Chitradurga,  Kolar,  Ramanagaram and  Tumkur.  
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Consequently,  there  has been a  steady  decline  in  the  
water  levels resulting  in  drying  up  of  dug  wells  
and  shallow  bore  wells.  Many progressive and 
resource rich farmers have attempted to dig deeper bore 
wells.  Now, it  is  common  to  have  irrigation  bore 
wells  reaching up to 300-470 m  in  parts  of Kolar  
district. There is therefore a need to assess the trends 
and status of groundwater expansion and its 
implication in different levels of groundwater 
exploitation for devising a sustainable groundwater 
management strategy. With this background, this, 
study aims to: (a) assess the trend and growth of 
groundwater in the state; and its implications on well 
failure, water table, energy requirements. 
METHODOLOGY AND DATA  

This assessment  is based on secondary data 
collected from the Directorate of Economics and 
Statistics, Bangalore (various reports on area, 
production, productivity and prices of agriculture 
Crops in Karnataka); Department of Agriculture (some 
important agricultural statistics), Karnataka; Central 
Groundwater Board, Faridabad (Dynamic Ground 

stWater Resources of India (as on 31  March, 2011, 2009 
and 2004); Ministry of Water Resources, Government 
of India, Minor Irrigation Census (MIC) reports of year 
1986-87, 1993-94, 2000-01 and 2006-07; Economic 
survey (2011-12, 2012-13), Government of Karnataka 
planning progarmme. Based on the stage of the 
groundwater development (per cent draft of 
groundwater over the net groundwater availability), all 
the district of the state were grouped into three 
categories, namely - over-exploited, critical and safe 
having stage of groundwater development >100 per 
cent, 70  to 100 per cent and <70 per cent, respectively, 
and the results were compared among these categories  
to draw some logical conclusions. 

The pace of groundwater expansion was captured 
through compound growth rate (CGR), which can be 
computed as: 

nA  = A  (1 + r) --------------------------------(1)t 0

Here, 
A  is area as of now; A  is area in base year; n is the t 0

number of years, r is the rate of growth 
In regression, logarithmic form this equation is 

equivalent to 
ta  = a  + b  + et 0 n

Where, a , a  and b are equivalent to In A , In A  and In (1 t 0 t 0

+ r) and r is compound growth rate.
r (per cent)= (exp (b)-1) 1́00 ------------------------(2)

Gross irrigated area can be increased by an increase 
in net irrigated and/or by increasing the area irrigated 
more than once that can be measured in terms of 
irrigation intensity. Therefore, change in gross irrigated 

area due to change in area can be termed as net area 
effect, and change arising because of increase in 
irrigation intensity can be termed as intensity effect, 
and the simultaneous effect of these two can be termed 
as interaction effect. All these effects can be separated 
by using the following equation:   ?G = [(N  – N ) * I ] t 0 0

+ (I  – I ) * N ] + [(N  – N ) * (I  – I )]------------(3)t 0 0 t 0 t 0

?G is change in gross irrigated area, N  is current t

net irrigated area, N  is net irrigated area in the base 0

year, I  is current level of irrigation intensity, I  is t 0

irrigation intensity at base year.
RESULTS AND DISCUSSION 
Status and growth of groundwater exploitation 

During the period 2004 to 2009, a reduction in 
groundwater draft for irrigation purposes was recorded 
in the state (Table 1),  because of the cumulative effect 
of factors such as: (1)  reduction in the yield of bore-
wells in over-exploited areas; (2) reduction in 
groundwater draft due to power shutdown specially 
during the rabi and summer seasons; (3) inevitable 
reduction in area under dug/open well irrigation due to 
dearth of water; (4) farmers resorting to micro-
irrigation practices; and (5) change in cropping pattern 
due to replacement of water-intensive crops like paddy, 
sugarcane, etc. by vegetables such tomato, chillies, 
cucurbits and beans which are being sown with help of 
drip irrigation systems, especially in over-exploited 
area (Anonymous, 2009).

Further during the period of 2009 to 2011, a decline 
in total groundwater draft (sum of draft for irrigation, 

Sources: CGWB 2006,2011and 2014

Particulars Karnataka

2004 2009 2011

A. Annual replenishable 
groundwater 

15.93 16.81 17.03

B.  Net Annual  Groundwater 
Availability (NAGWA)

15.3 14.81 14.81

C.  Irrigation 9.74 9.01 8.59

D.  Domestic  and Industrial uses 0.97 1.00 0.82

E.  Annual Groundwater Draft 
Total (C+D)

10.71 10.01 9.41

F.   NAGWA for future irrigation 
development

6.18 6.48 6.53

G.  Stage of Groundwater 
Development (per cent)

70.00 67.59 63.54

Semi-critical units 14 34 34

Critical units 3 11 21

Over-exploited units 65 71 63

Total assessed units 175 270 270

Table 1: Groundwater status in Karnataka                                                            
(Billion Cubic Meters)
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domestic and industrial  purposes) was recorded that 
can be attributed partly to reduction in draft for 
irrigation purpose (9.01 BCM (billion cubic meters ) in 
2009 to 8.59 BCM in 2011) and partly to decline in 
groundwater extracted for domestic and industrial 
purposes (0.18 BCM) which might be due to 
continuous depletion of groundwater table leading the 
deterioration of water quality and quantity.   

On an average the stage of groundwater 
development is around 125.4, 87.4 and 42.6 per cent for 
over-exploited, critical and safe areas in the state, 
respectively (Table 2). Groundwater stressed areas 
(exploited and critical categories) share about 55 per 
cent of the total cultivated area and support around two-
thirds of the human and livestock population of the 
state. Moreover, these areas contribute as high as half 
of cereals (including millets) and oilseeds production, 
and about one-third of the pulse production (Table 3). 
Trend of  source-wise gross irrigated area indicates that 
during the past three decades (1980-2010), the gross 
irrigated area (GIA) in the state has become more than 
double and increased by 2.32 mha (from 1.87mha 
during 1980 to 4.19 mha in year 2010). The huge 
contribution of groundwater can be seen by the fact that 
of the added GIA (2.32 mha), 1.51 mha is from deep-
tubes wells alone (Table 4). Thus, deep-tube wells have 
emerged as a major driver of irrigated area expansion in 
the state; its share in irrigated area which was 0.28 per 
cent in 1980 has now gone up by 36 per cent.  
Consequently, area irrigated by deep tube wells 
increased to 1514 thousand hectares in 2010 which was 
only 5 thousand hectares during 1980. This rapid 
expansion of groundwater can be attributed to a host of 
factors: (1) poor service delivery from public water 
supply systems has prompted farmers to have their own 

private irrigation system; (2) new pump technologies 
enabled farmers to sink and operate their own tube-
well; (3) the flexibility and timeliness of groundwater 
supply proved to be an attractive alternative  in 
comparison to the technically and institutionally less 
responsive provisions of surface water supply through  
public systems; (4) electricity subsidies also shielded 
farmers from the full cost of pumping of groundwater 
encouraged rapid expansion of groundwater 
exploitation; and (5) facilities of institutional credit for 
setting up tube-wells(Foster and Rosenzweig, 2005; 
Reddy, 2005,  and World Bank, 2010). 

Farmers have constructed and 
maintained the tanks to harvest and store runoff water, 
which is used for irrigation purposes especially during 
deficit periods for supplemental irrigation, which helps 

Comparison among different sources of irrigation 
shows that there is a decline in the share of tank 
irrigation, which is a traditional method of irrigation in 
the hard rock regions. 

Indicators Over-exploited Critical Safe State

Geographical area (per cent) 15.4 31.8 52.8 19.05
Human population (per cent) 34.0 27.1 38.9  61.13
Livestock Population (per cent) 23.0 35.4 41.6 32.88
Gross Cropped Area (per cent) 14.1 40.1 45.8 12.87
Gross Irrigated Area (per cent) 16.8 37.1 46.0  4.10
Net Sown Area (per cent) 14.7 39.9 45.4 10.40
Net Irrigated Area (per cent) 17.9 37.6 44.4 3.39
Area under Cereals and Millets (per cent) 15.4 27.4 57.2 5.39
Cereals and Millets Production (per cent) 15.9 35.1 49.0 9.53
Area under pulses (per cent) 11.6 17.7 70.7 2.48
Pulses Production (per cent) 11.6 17.8 70.6 1.10
Area under oilseeds (per cent) 14.2 24.4 61.5 7.00
Production oilseeds (per cent) 15.5 33.3 51.3 10.63

Tabel 3: Some agricultural indicators pertaining to different categories of groundwater development (area in mha 
and production in mt)

Source: CGWB, 2011

Indicators Over-
exploited

Critical Safe State

Annual Replenishable 
Ground Water 

2.41 4.53 9.88 16.81

Net Groundwater 
Availability

2.22
(15.0)

4.14
(28.0)

8.45
(57.1

14.81
(100)

Irrigation 2.54 3.3 3.16 9.01

Domestic & Industrial 0.25 0.31 0.44 1.00

Total Draft 2.79 3.62 3.60 10.01

Stage of groundwater 
(per cent)

125.4 87.4 42.6 67.6

Table 2: Status of groundwater under different 
categories of groundwater development 
(BCM)

Figures in parentheses is share in per cent
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in sustaining crop production, and moderates the 
adverse impact arising out due to erratic and spatial and 
temporal variability in rainfall (Sakthivadivel et al., 
2004; Gunnell et al., 2007). Apart from irrigation, 
tanksare also extensively used as a source of drinking 
water, for livestock and fish production (Palanisami 
and Meinzen-Dick, 2001) and to provide other source 
of livelihood opportunities in rural areas 
(Vaidyanathan, 2006). Moreover, in the milieu of 
depleting groundwater resources, tanks are useful for 
enhancing the groundwater recharge (Siderius et al., 
2015 and Adhikari et al., 2012).  Available estimates 
show that tanks are important source of irrigation 
accounting 20-30per cent of irrigation supply in the 
southern states of India (Siderius et al., 2015), and  
socially are also important given the fact that around 
85per cent of tank users are marginal and small farmers 
who cannot afford the relatively high investment 
required for tube-wells (Palanisami et al., 2012). Most 
importantly, it has been suggested that in the wake of 
climate change, improved conjunctive use (tank plus 
groundwater)  can facilitate  more  stable  cropping  
intensity, high economic  water  productivity  and  
thereby higher  farm incomes (Siderius et al., 2015).  

Despite its multiple advantages, tank irrigation has 
declined in almost all states in India over the years 
(Kajisa et al., 2007; Palanisami et al., 2012; Jana and 
Lise, 2013). Major reasons for the continuous decline 
in the tank irrigation system are: (1) decline in the 
participatory or institutional management of tanks due 
to increasing trend of private-groundwater  irrigation 
system (Palanisami and Easter, 1983; Bardhan 2000; 

Gunnell and Krishnamurthy, 2003; Kajisa et al., 2007; 
(2) inadequate operation and maintenance, heavy 
siltation and encroachment in tanks (Palanisami and  
Balasubramanian, 1998; Palanisami and Meinzen-
Dick; Gunnell and Krishnamurthy, 2003); and (3) ) 
timely  access to cheap and easily available canal water 
and groundwater (Sakurai and Palanisami, 2001). The 
share of tank irrigation has reduced by 45 per cent in 
over-exploited and critical areas; more specifically in 
these areas, area under tank irrigation was 167 
thousand hectare in 1980 that has reduced to 45.4 
thousand hectares at present. In the hard rock areas, the 
ability of traditional dug wells to meet the increasing 
demand for groundwater has collapsed hence, led to 
rapid expansion of deep tube-wellsto replace 
traditional dug wells (Nagaraj et al., 2000). 
Consequently, a significant decline in the area irrigated 
by dug wells was recorded in critical and over-
exploited areas with the reduction in their share being 
25 and 30 per cent, respectively (Table 4). 

Pressure on groundwater resources can be seen by 
the density of groundwater structures, that can be 
defined as the “number of groundwater irrigation 
structures (sum of wells and deep-tube wells) per 100 
ha of cultivated area”. In 1980, the density of 
groundwater structures was around 3.65 units, which is 
now 10.63 units (Figure 1), and much of it can be 
attributed to a drastic increase in the density of deep 
tube-wells, which has shot up to 6.35 units from a 
meager level i.e. 0.02 units during the 1980's. 
Expectedly, in over-exploited areas, during the same 
period, density of groundwater structures has reached 

Years Status Canal Tanks Wells Bore wells Lift irrigation Others Total

1980 Over-exploited 83.9 73.5 167.1 0.3 19.7 27.8 372.3

1990 Over-exploited 108.1 60.4 157.7 72.7 95.9 2.1 497.0

2000 Over-exploited 125.0 40.6 146.4 184.1 48.8 78.6 623.6

2010 Over-exploited 116.8 5.4 149.3 341.8 40.7 79.8 733.9

1980 Critical 162.0 93.3 202.8 4.1 10.8 35.0 508.1

1990 Critical 210.1 76.6 279.3 43.9 19.8 94.8 724.6

2000 Critical 282.4 81.9 211.9 329.8 32.5 129.2 1067.7

2010 Critical 404.6 40.0 154.7 731.9 17.1 191.5 1539.8

1980 Safe 579.4 169.9 129.4 0.8 17.2 91.7 988.4

1990 Safe 836.6 160.3 218.2 81.6 33.2 100.8 1430.9

2000 Safe 863.0 166.4 213.3 131.5 39.5 107.9 1521.7

2010 Safe 963.3 173.4 185.2 440.6 74.8 76.3 1913.7

1980 State 825.3 336.8 499.3 5.2 47.7 154.5 1868.8

1990 State 1154.8 297.3 655.3 198.3 148.9 197.7 2652.4

2000 State 1270.3 288.9 571.7 645.5 120.7 315.8 3212.9

2010 State 1484.7 218.8 489.2 1514.4 132.7 347.6 4187.4

Table 4: Gross irrigated area under different status of groundwater development in Karnataka State (000' ha)
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25.36 units, which is 2.62 and 3.80 times higher than 
that of critical and safe areas, respectively. Similarly, in 
the over-exploitated areas where density of 
dysfunctional well is 2.60 units which is 4.64 times 
higher than that in safe regions, respectively. Without 
considering the isolation distance of deep tube wells 
and water bodies (Nagaraj et al., 2000), when wells and 
deep tube-wells density increase and water is extracted 
from shared aquifer by multiple users, it leads to a 
situation where extraction rate exceeds its natural 
recharge rate and eventually leads to high degree of 
well-interference and well failures. In Karnataka, 
Chandrakanth (2009) reported that due to over 
exploitation of ground water resources, more than 3 
lakh dug-wells have dried up. Moreover, shallow bore 
wells have failed and the water yield in deep bore wells 
are also declining.  Consequently, an investment worth 
`2000 crores made by hundreds of individual farmers 
in the construction of wells, pumping equipment and 
pipelines etc. has literally gone waste. 
Growth in groundwater structures in different 
regimes of groundwater exploitation 

 During the period 1986-87 to 2006-07, the total 
number of groundwater structures (sum of dug wells, 
shallow tube-wells and deep tube-wells) has increased 
by four times- from 243.6 to 977.7 thousand (Figure 2). 
However, there is continuous decline in growth rate in 
the number of groundwater structures as is evident by 
the estimates during different periods (Table 5). 

Growth rate was 12.4 per cent during the 1986-87 to 
1993-94 but declined to almost half (6.54 per cent) 
during 1993-94 to 2000-01, and declined further to 
only 1.84 during the period (2000-01 to 2006-07). 
Expectedly, in over-exploited areas, during 2000-01 to 
2006-07, a negative growth in the number of ground 
structures was observed since a large numbers of 
groundwater structures have become dysfunctional. 
Reasons for continuous decline in the growth rate are: 
(1) with increasing density, the number of groundwater 
structures especially deep tube-wells have reached 
saturation level (Mukherji, 2013); (2) dug-wells and 
open wells are becoming increasingly defunct; (3) 
given the higher amount of investment required, which 
is not affordable by small holders, small and marginal 
farmers are neither investing in new deep-tubes and/or 
are not replacing the failed ones. Further, in over-
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Figure 1: Density of groundwater structures in different categories of groundwater development in Karnataka

Category 1986-87
to

1993-94

1993-94
to

2000-01

2001-01
to

2006-07

1986-87
to

2006-07

Over-exploited 11.42 4.31 -0.39 5.00

Critical 12.74 7.15 2.25 7.29

Safe 12.99 7.77 2.91 7.81

State 12.40 6.54 1.84 6.84

Table 5. CAGR in groundwater structures during 
different in different categories               

(Per cent)
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exploited areas, the negative growth rate is a reflection 
of depleting groundwater table and consequential 
disappearance of dug-wells and shallow tubes on one 
hand, and on the other hand, the numbers of functional 
deep-tube wells are also drastically declining.
Decomposition of gross irrigated area 

Gross irrigated area can be increased either by 
expanding the net irrigated or increasing the irrigation 
intensity (irrigating the same area multiple times) or by 
both means. In Karnataka wherein it is expected that 
there should be emphasis on increasing irrigation 
intensity in the existing irrigated area through the use of 
micro-irrigation system which not only save water but 
also helps in increasing irrigation intensity by enabling 
irrigation of same area more than once. However, 
decomposition of gross irrigated area shows (Equation 
3) that emphasis was on the expansion of net irrigated 
rather than on the improvement in the irrigation 
intensity as is evident by the fact that of the  total added 
gross irrigated area (2.32 m ha) between 1980 to 2010,  
99.7 per cent is on the account of expansion in net 

irrigated area alone (Table 6). Interestingly, negative 
share of irrigation intensity was observed in the case of 
critical and safe areas, which might be due to reduction 
in water yields of wells and farmers not being able to 
irrigate their fields one than once which they did 
earlier. Hence, if increase in irrigation intensity is 
considered as a proxy for efforts being made for 
increase in the efficiency of groundwater utilization in 
the state, then so far no efforts have been made to use 
irrigation water efficiently. However, in drought prone 
rainfed areas increase in the irrigation efficiency is the 
one of the best available approaches for sustaining 
agricultural production. In general, abundance of 
groundwater resources leads to an abrupt increase in 
the number of well and tube-wells (Anantha and Raju, 
2010). However, this myopic behaviour leads to over-
exploitation of resources and scarcity, and affects 
farmer abstraction behavior and thereby encourages 
farmers to adopt practices for judicious and efficient 
use of groundwater (Varghese et al., 2013). This can be 
seen in over-exploited areas, where irrigation intensity 
has a share of around 5 per cent in expansion of gross 
irrigated area. 
Implications of unsustainable groundwater 
development

We attempted to summarize the implications of 
groundwater exploitation in Karnataka under four sub-
heads- depletion of groundwater table, power 
requirements, well failures and groundwater quality.
Deleting groundwater table in the state 

About 42.5 per cent of total villages in the state had 
water table below 10 meters in 1993-94, which had 
declined by 26 per cent in 2000-01. On the other side, 
only 25 per cent of villages had water table >65 meters 

Category Change 
in GIA
(mha)

Intensity
share 

Area  
expansion

share 

Interaction
share 

Over-
exploited 
area

0.36 4.65 91.22 4.12

Critical area 1.03 -0.50 101.54 -1.03
Safe area 0.93 -0.25 100.49 -0.24
State 2.32 0.13 99.71 0.16

Table 6. Share of net irrigated area, intensity and 
interaction in the incremental gross irrigated 
area

(Per cent)
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Figure 2: Numbers of groundwater structures in the State
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in 1993-94, but within 7 years, the number of these 
villages had reduced by 54.5 per cent (Figure 3). In the 
state as whole, water table is below 70 meters in 44 per 
cent of the villages, while in over-exploited and critical 

Category 2006 2009 2013

Mean Max. Min. Mean Max. Min. Mean Max. Min.

Over-exploited area 9.89 11.50 6.98 10.69 12.96 12.96 13.87 18.52 18.52

Critical area 9.89 12.38 7.55 8.42 10.03 10.03 11.88 16.86 16.86

Safe atea 6.53 9.06 5.05 6.65 8.47 8.47 7.97 10.77 10.77

State 8.21 12.38 5.05 7.88 12.96 4.57 10.23 18.52 5.18

Table 8: Status of groundwater table (meters)  in different categories of groundwater development

Water table 
(meters)

Over-exploited
area

Critical
area

Safe
area

State

Below 10 788 1743 5072 7603

10-15 74 151 529 754

15-20 62 29 304 395

 20-25 36 8 112 156

25-30 87 27 327 441

30-35 15 29 185 229

35-40 74 69 531 674

40-45 26 37 211 274

45-50 34 131 485 650

50-55  13 41 211 265

55-60 56 286 879 1221

60-65 34 201 529 764

65-70  126 737 2262 3125

Above 70 5728 4493 2709 12930

Total 7153 7982 14346 29481

Table 7: Distribution of wells under different ranges of 
water table  

(Number of Wells)

Source: Minor-irrigation census (MIC) 2000-01
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Figure 3: Distribution of villages as per groundwater table during minor irrigation census (MIC)1993-91 and 2000-01

areas, around 80 and 56 per cent of the total villages the 
water table is  deeper than 70 meter below the ground 
level (Table 7). Overall from 2006 to 2013, on an 
average the water table has declined by 24.6 per cent 
(from 8.20 to 10.20 meters) implying  that water table 
is declining at a rate of 0.3 meter per annum (Table 8).  

The situation of water table depletion is alarming in 
the over-exploited areas where around 40 per cent 
decline in water table has been observed during same 
period with a rate of depletion of 0.6 meter per annum.  
Moreover, if we look at site-specific data then the water 
table has gone down to 92.5 meter during 2013 in 
Mannaekhalli, in Bidar district (CGBW, 2013).  
Declining water table will raise the marginal 
operational cost, on one hand, and lead to a situation of 
diminished water availability, eventually resulting in 
loss of farm output and lowering net returns. Further, it 
also enhances inequality in terms of groundwater 
access. Due to decline in water table, a majority of the 
resource-poor farmers (small and marginal)either has 
lost or is losing access to water. Even if these farmers 
own bore wells, they are not able to compete with 
resource-rich farmers in deepening their wells (Reddy, 
2005) or purchasing higher power motors, and cannot 
afford to buy water from neighbors due to financial 
constraints.  
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Apart from this, it will lead to higher energy use in 
extraction of groundwater, and thus lead to higher 
carbon emission. In this context, some estimates 
suggest that an average drop in groundwater level by 
one meter will increase India's total carbon emissions 
by over one per cent, because the time of withdrawal of 
the same amount of water will increase fuel 
consumption (Mall et al., 2006). Depleting 
groundwater also has become a major constraint for 
under utilization of potential, as is evident by the fact 

nd rdthat as per the 2  (1993-94) and 3  (200-01) minor-
irrigation census (MIC) around 80 per cent of the 
created potential was actually utilized, which has 
declined to 63.5 per cent in 2006-07 (Table 9). Till the 

nd2  MIC, inadequate power supply was amajor 
constraint for the under utilization of potential, 
however now low water discharge has become a major 
constraint leading to sub-utilization of potential of 
groundwater structures. As of now, around 70 per cent 
of the groundwater structures are facing problems of 
low discharge rate, and thereby farmers are not able to 
utilize its potential (Table 4). 
Increasing requirement of power for extracting 
groundwater and burgeoning subsidy 

India's agricultural groundwater use is primarily 
driven by the provision of power subsidies to run the 
low-cost pumping technologies encouraging 
individual farmers to have private ground water 
extraction mechanisms (Scott and Shah, 2004; Reddy, 
2005). Responding to depleting groundwater table 
coupled with free electricity facility, farmers are now 
continuously switching to higher power motors to 

Potential created (000' ha) Actual utilized potential (per cent)

Deep
tube wells

Dug
wells

Shallow
tube wells

Total Deep
tube wells

Dug
well

Total

MIC 1993-94
Over-exploited area 118.6 164.9 60.3 343.8 80.2 78.1 82.1 79.5
Critical area 149.3 234.3 86.0 469.7 79.2 71.5 78.2 75.2
Safe area 128.6 253.4 71.9 453.8 65.8 80.7 86.3 77.4

396.5 652.6 218.2 1267.3 75.1 76.8 81.9 77.1
MIC 2000-01

Over-exploited area - 151.8 255.0 406.8 - 80.1 78.4 79.0
Critical area - 198.7 452.6 651.2 - 77.6 80.6 79.7
Safe area - 209.2 310.1 519.3 - 84.2 86.6 85.6

- 559.6 1017.7 1577.3 - 80.7 81.9 81.5
MIC 2006-07

Over-exploited area - 129.4 255.2 384.6 - 82.7 63.2 69.7
Critical area - 154.3 601.7 756.0 - 83.2 50.0 56.8
Safe arera - 126.1 435.4 561.4 - 89.0 62.2 68.3

- 409.8 1292.3 1702.1 - 84.9 56.7 63.5

Table 9: Potential created and actual utilization of potential in the state  

MIC 1993-94

IPS MB LWD OR

Over-exploited 57.7 2.3 33.7 6.3
Critical 54.8 3.6 32.5 9.1
Safe 60.0 3.4 27.6 9.1
State 57.4 3.1 31.3 8.2

MIC 2000-01
Over-exploited 44.2 2.1 29.4 24.2
Critical 49.2 1.6 21.7 27.5
Safe 42.1 1.5 21.6 34.8
State 45.4 1.7 24.1 28.8

MIC 2006-07
Over-exploited 15.6 5.9 71.2 7.3
Critical 12.5 3.0 76.2 8.3
Safe 15.3 3.3 68.6 12.8
State 14.3 3.9 72.3 9.5

Table 10: Factor responsible for the under utilization of 
created potential in the state (per cent of 
groundwater units )

IPS: intermittent power supply ,  MB: Mechanical breakdown, 
L WD: low  water  discharge,  OR:  other  reasons
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maintain crop production. As per the MIC data, there is 
a continuous increase in high-power devices (³ 6 HP), 
which was only 7.5 per cent in 1993-94, and now (MIC, 
2006-07) their share has become almost one-third. This 
shift is conspicuous in exploited and critical areas 
wherein the share of such high power lifting devices 
has reached as high as 54 and 32 per cent, respectively. 
Moreover, in the over-exploited areas, one-fourth of 
total devices are of more than 10 HP (Table 11). The 

Shallow
tube wells

Particulars

Particulars



Overall 0-2 hp 2-4 hp 4-6 hp 6-8 hp 8-10 hp > 10 hp Unspecified Total
ndMIC 1993-94 (2  )

Over-exploited area 8.3 32.8 45.3 6.6 2.7 0.4 3.9 100

Critical area 9.3 20.3 59.6 5.9 3.4 0.3 1.2 100

Safe area 14.9 22.5 55.8 1.9 1.5 0.4 2.9 100

State 11.1 24.8 54.0 4.6 2.5 0.4 2.6 100
rdMIC 2000-01 (3  )

Over-exploited area 1.7 16.8 51.1 20.6 6.5 0.9 2.4 100

Critical area 1.2 14.1 63.2 15.5 4.1 0.3 1.6 100

Safe area 11.8 26.6 53.6 3.0 1.0 0.2 3.8 100

State 5.3 19.4 56.5 12.2 3.6 0.4 2.6 100
thMIC 2006-07(4  )

Over-exploited area 0.5 8.5 36.4 19.1 10.5 24.4 0.6 100

Critical area 1.0 2.9 63.2 16.6 7.0 8.4 0.9 100

Safe area 4.0 19.1 69.3 4.8 1.4 0.9 0.5 100

State 2.1 10.6 59.5 12.5 5.6 9.1 0.7 100

Table 11: Distribution of Groundwater Structures according to horse power of lifting devices     
(per cent)
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Figure 4: Number of pump sets electrified in Karnataka 
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adoption of high-power lifting devices, need electricity 
to extract water from deep aquifers, therefore, 
depleting groundwater also enhances dependence on 
electricity (Shah et al., 2012). Overall, in the state, 
around 98 per cent of the pump sets are operated by 
electricity. Groundwater irrigation is energy-intensive 
and the bulk of energy used in pumping groundwater is 
by using diesel or electricity generated with coal which 
currently produces an estimated 4-6per cent of India's 
total carbon emissions. In Karnataka  there were 11.32 
lakh electricity operated pump sets in 1998-99 (Figure 
4), which has doubled in a span of one and half decade, 
with 22.68 lakh sets in 2014-15 (Anonymous, 2015).  
This has placed the  power sector under extreme 
pressure;  at present the agricultural sector accounts for 
33.77 per cent of the total electricity consumption in the 
state (Anonymous, 2013). But, in terms of revenue the 
contribution from agricultural sector is least (DES, 
2015). Further, it has become a challenge for state 
government where a million rural households are still 
lack access to electricity (Subramanya, 2015.) and 
under the scheme of free supply of electricity for 
irrigation pump sets upto 10 HP, a whopping amount to 
the tune of INR 560 crores (DES, 2015) are paid to the 
electricity supply companies (Figure 5). The quantum 
of electricity subsidy, at national level, has reached 
`369 billion in 2012-2013.The share of agricultural 
consumption accounted for 23 per cent of total energy 
sold, but, contribution from agricultural consumers is 8 
per cent of the total revenue (Gulati and Pahuja, 2015). 
These large and persistent financial losses in the power 
sector affect the performance and investments required 
to meet the increasing demands for electricity.
Increasing incidences of well failure

The share of dysfunctional wells is 
continuously increasing as is evident from data which 
indicates that in 1980, only 6 per cent of the total wells 
were dysfunctional which has gone up to 25 per cent in 
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2010 (Figure 6). Of the total dysfunctional wells, more 
than half of them are in the over-exploited areas 
followed by 30 per cent in the critical areas. This 
indicates that in the over-exploited and critical area 

rdalmost every 3  well is not functioning whereas the 
th

same is case for every 6  well in the safe areas (Figure 
7).  In 2000-01, drying up of groundwater structures 
was the major reason for wells becoming dysfunctional 
with the share being around 45 per cent, followed by 
salinity which was also responsible for the non-use of 
10per cent of the total groundwater structures (Figure 
7). In the State, as per latest available data, the drying 
up of groundwater structures alone is responsible for 68 
per cent of the total unused groundwater structures.  In 
the critical areas, drying up as a single factor is 
rendering non-utilization of 83 per cent of groundwater 
structures whereas it is 50 per cent in case of over-
exploited areas. The figure is higher in case of critical 
areas since farmers are still making efforts to extract 
groundwater but encounter high degree of failure. On 
the other side, due to already high exploitation very 
little number of farmers are investing in groundwater 
structures in the over-exploited areas. Failure of 
groundwater structures (well and bore-wells) causes 
immense hardship  to farmers in terms of economic 
shocks, if the farmer  only has a single working well or 
bore well then his farm land immediately becomes 

rainfed. This situation is like that of a double edged 
sword - a farmer loses investment incurred for irrigated 
area in term of costly seeds and fertilizer etc., and 
harvests lesser output. Thus farmers, especially small 
and marginal farmers, become highly vulnerable to 
rainfall variability, and resort to out-migration to 
sustain livelihood (Sekar and Randhir, 2007). In 
Karnataka, Scott and Shah (2004) estimated that 
around 20 per cent of the total wells are drying up every 
year. This has a huge financial implication since it 
affects investment worth `24 billion already incurred 
for groundwater structures and equipments, and also 
calls for new investment worth `8.6 billion as cost of 
drilling new wells to chase the deepening groundwater 
levels. In the wake of failing wells, especially shallow 
bore wells and open wells, the area irrigated by ground 
water extraction structures is decreasing. Further, 
Chandrakanth (2009) estimated that more than `2000 
crores of investment made by individual farmers in 
construction of wells, pumping equipment, pipelines, 
development, etc. has become futile. Well failure not 
only has economic bearing but also affect equity in 
terms of water resource use because in groundwater 
overexploitation there are high well interferences.

 Generally, well failure due to interference affects 
more or less equally all categories of farmers, but small 
and marginal are the worst affected due to resource 
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Category Total 
habitations
(Number)

Habitations 
affected 

(Number)

Affected 
habitations
(Per cent)

Fluoridee
xcess

(Per cent)

Brackishness
(Per cent)

Excess
nitrate (Per 

cent)

Excess
iron

(Per cent)

Over-exploited 10757 5272 49.0 25.5 16.6 34.9
Critical 11775 7719 65.6 28.0 23.4 22.0
Safe 34140 8017 23.5 29.1 22.1 6.7
State 56672 21008 37.1 27.8 21.2 19.4

22.9
26.6
42.1
31.6

Table 12: Water quality as affected by habitations

Fluoride excess: >1.5 mg/l, Brackishness: EC>3000 µS/cm at 25°C, Excess Nitrate: >45mg/l and Excess Iron: >1.0 mg/l

625

Kumar et al.: Unsustainable groundwater extraction patterns in Karnataka and its long term implications 

scarcity (Anantha, 2012), and it becomes very difficult 
from them to sustain their family given their low 
investment and risk bearing capacity. In case of well or 
bore-well failure,  resource rich farmers can afford to 
take risk for drilling a new bore-well given the fact that 
on average there is need to make 4-5 attempts costing 
an average of `30,000- 45,000 per attempt to get a 
successful bore-well in the hard rock areas. If a 
resource poor farmer takes such a risk and end up with 
no success, then  not only are his savings lost but he is 
trapped in a vicious dept trap. 
Deteriorating of groundwater quality 

Increasing threat to groundwater quality due to 
anthropogenic factors has become a matter of concern. 
A vast majority of groundwater quality problems are 

`

caused by contamination and by overexploitation or by 
a combination of both (CBPB, 2007). Over 
exploitation of groundwater coupled with inadequate 
provision of ground water recharge leadsto 
contamination (Alam et al., 2002; Singh and Singh 
2002). Out of 30 districts, problems of salinity (EC > 
3000 µS/cm at 25 ° C), fluoride (>1.5 mg/l), iron (>1.0 
mg/l), nitrate (>45 mg/l) and arsenic (above 0.05 mg/l) 
has been reported in 29, 24, 24, 29 and 2 districts or in 
parts of districts, respectively (CGWB, 2011). Overall, 
around half of the districts are facing problems of high 
concentration of fluoride in ground water beyond the 
permissible limit of 1.5 mg/L (CGWB, 2015). In 
general, around 37 per cent of total habitations 
/settlements are affected by water quality problems 
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(Table 12). Different category wise data indicate that in 
the critical areas nearly 65.6 per cent of the settlements 
are facing water quality problems followed by the over-
exploited areas (49 per cent).Deteriorating 
groundwater quality has become an issue of serious 
concern in areas where groundwater is the major source 
for drinking water in the state, consequently in around 
17 per cent of the total villages (27397, Census, 2011) 
groundwater is not fit for drinking purpose (ELRS, 
2011). 
CONCLUSIONS

This study analyzes the rapidly changing scenario 
of groundwater extraction in Karnataka, which is one 
of most drought prone states in southern India, of 
which 99 per cent part is under hard-rock leaving little 
scope for groundwater recharge once it is exploited 
beyond sustainable limits. As of now, 55 per cent of the 
state's cultivated area supporting about 60 per cent of 
population is under stress, and is categorized critical 
and over-exploited. Analysis shows that incremental 
change in gross irrigated area is mainly due to 
expansion of net irrigated area rather than improving 
irrigation intensity.  But in spite of some efforts for 
promoting micro-irrigation systems through subsidy 
under various schemes, the results are not visible. The 
density of groundwater structures has increased by 
three times and reached a level of 10.63 units in the 
state. Consequently, water table is declining at an 
alarming rate(0.3 meter per year) and this is double in 
case of over-exploited areas. Situation of water quality 
is miserable and 100, 70, 87 and 73 per cent of the 
districts are affected by excess of salinity, fluoride, iron 
and nitrate, and as a result about 37 per cent of 
settlements are facing drinking water problems. 
However, as per the minor irrigation census data, the 
growth rate of groundwater structures have slowed 
down as a whole and, have become negative in the 
over-exploited areas. The incidence of well failure is on 
the rise mainly because of drying up of existing wells. 
Because of over-exploitation of groundwater, low 
water discharge has become a key reason for under 
utilization of groundwater potential, and thus the state 
is able to utilize only 63per cent of the groundwater. 
Further, energy requirement for groundwater 
extraction is increasing rapidly and as of now there are 
22.68 lakh electrified pump sets in the state, consuming 
more than one-third of total electricity supply of the 
state. It is reported that in hard rock and dry areas the 
potential recharge is only 3per cent of annual rainfall 
received (Adhikari, 2013), there is therefore an 
immediate need of expanding investements in 
groundwater recharge structures and other augmenting 
structures.  There is also a need to reconsider, at the 
policy making levels, the need for continued subsidy 

on power for irrigation since it is leading to inequity in 
resource sharing and over exploitation. 
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ABSTRACT
Crop and livestock is an integral part of production system of the Sub Mountainous Zone of Punjab state.The region is primarily 
rainfedwith undulating topography and is characterized by large number of production and socio-economic problems. The present 
study was conducted to characterize the present crop-livestock production system in the sub-mountainous zone. In order to 
accomplish the stipulated objectives of the study, primary data were collected from 240 respondents proportionately distributed 
over three land holding categories namely small (<5 acre), medium (5-10 acres) and large (>10 acres), from 6 blocks of Hoshiarpur 
and Roopnagar district representing the zone. The cultivable land constituted about 70 per cent of the total land holdings on small 
(4.28 acres) and medium farms (9.93 acres) with respective cropping intensity of 174 and 158 per cent. On large farms, the 
cultivable land constituted 90 per cent of the total (21.58 acres) with cropping intensity of only 122 per cent. The adult cattle unit per 
farm were minimum on small farms (4.11), and maximum on large farms (6.13). All the cross bred cattle were of improved breed, but 
in case of buffaloes it constituted 27 per cent only. The purpose of rearing livestock is to earn additional income and impart 
economic stability to the farming system against risk arising out of crop failures due to natural calamities or damage by stray or wild 
animals. In the crop-livestock integrated system the share of income from livestock farming was the lowest on large farms (4.2 per 
cent) and the highest on small farms (35.2 per cent). In the net family income, there was inverse relationship between the income 
earned from crop livestock integrated system and off farm earnings.  The respective share of income earned on small farms was41.2 
and 57.9 per cent, whereas on large farms it was 82.1 and 17.4 per cent in the same order. The analysis has conclusively brought 
about the importance of off- farm sources of employment in the livelihood security of this oft-neglected region of Punjab, the 
forerunner in agricultural development of the nation.
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INTRODUCTION
Crop-livestock systems, are often referred to as mixed 

farming systems, where livestock and crops are produced 
within a co-ordinated framework (Sere and Steinfeld, 
1996). Mixed farming is the largest category of livestock 
systems in the world in terms of animal numbers, 
productivity and the number of people it serves (Thornton 
et al, 2002). They involve several sub-sectors like crops, 
animals and fish which are used in a mutually reinforcing 
manner. The interactions of these components are 
synergistic, and result in greater total effect than the sum of 
their individual effects (Edwards et al., 1988). More 
specifically, the benefits often result in ecological and 
economic sustainability. Livestock affect the socio-
economic and biophysical dynamics of the entire farming 

system, especially in the rain-fed agro-ecosystem, where 
crop failures are common and livestock provides 
supplementary income and increased economic stability.

India ranks first in the milk production, but Indian dairy 
is a classic example of production by masses rather than 
mass production. The nation's milk supply comes from 
millions of small producers, dispersed throughout the rural 
areas. Due to crop failures on account of erratic distribution 
of rains and prolonged droughts, livestock production is by 
default an integral part of the Sub Mountainous Zone of 
Punjab state. It plays a vital role in the economy of Shivalik 
foothill villages and is the primary source of livelihood 
contributing 50-65 per cent of the total income (Arya et al., 
1994). Livestock wealth is more equitably distributed 
compared to land and the expanding demand for animal 



food products generates significant opportunities for them 
to escape poverty through intensification. Considering the 
importance of livestock in the Sub Mountainous Zone of 
Punjab, it becomes immensely imperative to characterize 
the crop livestock production system in this Zone, so as to 
facilitate for strategic planning and decision support.
METHODOLOGY

The present study was conducted in the Sub 
Mountainous Zone of Punjab to accomplish the stipulated 
objective of characterizing the crop livestock integrated 
system in the zone. The primary data was collected from 
240 respondents proportionately distributed over three land 
holding categories namely small (<5 acres), medium (5-10 
acres) and large (>10 acres). Multi stage random sampling 
technique was used for the selection of sample. At the first 
stage Hoshiarpur and Roopnagar districts were selected 
from the five districts covering the Sub Mountainous Zone. 
The selection of blocks from these districts formed the 
second stage of sampling (3 blocks each). In the third stage 
three clusters comprising four to five villages were selected 
so as to ensure due representation of semi hilly and plain 
areas.The selected farmers were interviewed personally 
and information was sought on different aspects of farming 
systems: family details, employment, farm enterprises 
practised, farm resources (land, irrigation, human, 
livestock, machinery, etc.), input use, cost and income in 
different enterprises.
RESULTS AND DISCUSSION
General features of study area

Sub Mountainous Zone of the state extends in the form 
of 10-20 km wide strip along the N-E border of the Punjab 
(agro-climatic Zone-I), along the Shiwalikfoot hills. This 
region is locally known as kandi meaning boundary between 
plains and hills. It covers 20 blocks in 5 districts namely 
Pathankot, Hoshiarpur, SBS Nagar, Roopnagar and SAS 
Nagar. These development blocks are not coterminous with 
the boundaries of Kandi region. The artificial demarcation 
creates problems in the implementation of various programs. 
Entire area is declared backward due to various geological 
conditions. The total area of the region is not known 
precisely, but it is estimated to be about 5 lac hectares or 
about 10 per cent of the total area of the state. Most of the 
population depends on agriculture either as farmers or as 

oagricultural labourers. This zone is located between 30 44' 
o o oand 32 32' N latitude and 75 52' and 76 43' E longitude at an 

elevation of 300-500 m above mean sea level. 
The climate of the region varies between semi-arid to 

sub humid. The average maximum temperature (41°C) is 
recorded in first fortnight of June,where as the minimum 
temperature (6°C) is recorded in the month of January. 
Rainwater constitutes the major water resource and is 
sufficient to take two crops annually but it becomes scarce 
because of poor spatial and temporal distribution. The area 
receives average annual rainfall of 800-1500 mm with a 
very high coefficient of variation. About 80 per cent rain 
occurs in Kharif season (July-September), a major portion 
(30-40 per cent) of this water is lost as runoff.

Soils of the area are generally light in texture with 
loamy sand and sandy loam as the dominant textural 

classes. There are seasonal streams locally called as Choes, 
they came into existence subsequent to the deforestation of 
the Shiwalik hills to meet timber requirements for 
construction.  They  are generally quite closely spaced, and 
do not run for long distances and disappear as inland 
streams after a course of some 10-15 km (Gosal, 2004).  
These seasonal rivulets when flows cause large scale soil 
erosion, destruction of farm land and poor recharge. Thus 
we can say that the sub mountainous region has distinct 
features totally in contrast to that of Punjab state in terms of 
land use, forest cover, rainfall, soil characteristics etc.

The net area sown as percentage to total area is 83 per 
cent (Anonymous, 2012) in the state where as it is only 57 per 
cent (Anonymous, 2011-12) in the region. Literacy level is 
higher in the region as compared to rest of state. Likewise 
non agriculture labour is also higher in the region thereby 
indicating low productivity in agriculture. The land holding 
is small and fragmented and crop yields are low and unstable, 
damage to crops by stray and wild animals is a serious 
menace caused by the abandoned, as unproductive cattle 
from plains and degraded habitat of animals in the wild.

Forests have become extinct due to illicit felling, forest 
fires, and Lantana infestation. Pastures have vanished, 
productivity of livestock is low due to shortage of green and 
dry fodder, poor quality breeds, lack of balanced diet, 
inadequate veterinary health facilities. Besides this there is 
lack of adequate infrastructure, poor means of 
transportation, distant markets and limited dissemination of 
technology due to various socio-economic factors. Risks in 
agriculture have resulted in its low investment and farming 
as profession even with land holders has become a 
subsidiary occupation in some areas. The food and 
livestock production systems in this area can best be 
described as low-input and low-output system. The 
dependence of inhabitants on crops and livestock are 
location specific and varies according to their socio 
economic conditions. 
Socio-economic characteristics 

Among the selected households, small farmers 
accounted for almost 50 per cent followed by medium (36.8 
per cent) and large farmers (14.6 per cent). The socio 
economic profile of sample households is discussed in 
Table 1.The average age has been observed to be 51.8, 51.5 
and 52.3 years in case of small medium and large farm size 
categories respectively with nearly half of the total 
respondents (51.2 per cent) belonging to the age group of 
above 50 years, followed by respondents belonging to the 
age group of 40-50 years. Thus more than 80 per cent 
respondent happened to be more than 40 years of age, this 
indicates the rich experience of the respondents as regards 
to the crop livestock production system prevalent in the 
area. As far as the education of the respondents is 
concerned, about 38.3 per cent were matriculate on overall 
basis, about 25 per cent respondents had studied upto the 
middle level and only 7.9 per cent respondents were 
illiterate. Above matric respondents varied from 11.6 per 
cent in case of small holders to 28.6 per cent in the case of 
large farm holders.

Nearly three fourth (74.6 per cent) of the respondents 
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had joint families with maximum per cent age (91.4 per 
cent) observed in large farm size, followed by 82.1 per cent 
in medium and about 64.5 per cent in small farm size 
category. Families with more than six members were 
observed to be more in all the three categories. On overall 
basis 55.4 per cent families had size of more than six 
member family followed by 40 per cent with families 
having 4-6 members. Only 4 per cent respondents had less 
than four members in their families. The reason for the large 
family size is the prevalence of joint family system in the 
region as indicated in the above table 1. In the family 
composition on overall basis, males constituted 38.0 per 
cent, females 33.5 per cent and children 28.6 per cent. 
Average family size was 7.15, 7.83 and 10 in the small 
medium and large farm size category respectively.
Occupation

Though agriculture is the primary occupation and an 
important source of income, but this income from crop-
cultivation alone is insufficient to make both ends meet, due 
to frequent crop damages or poor crop yields in the study 
area. As a result it is a general trend in the area to engage in 
off farm work for livelihood earning by the family 
members. The distribution of family members engaged in 
farming and non-farming activities are summarised in 
Table 2. Out of the total, the per cent of male members 
engaged in non-farming activities decreased from small 
farm size category to large farm size group.

It was 28.1, 24.9 and 18.5 per cent respectively in 
small, medium and large farm size group. On overall basis 
25.2 per cent male members were engaged in non-farming 
activities and about 71.4 per cent male members were 

engaged in farming. Female members engaged in non-
farming activities increased from small (1.8 per cent) to 
large farm size category (5.3 per cent). On overall basis 
only 2.9 per cent females were doing non farming work. In 
general, this indicates a low level of female employment in 
the non-farming activities. In total, the members engaged in 
farming were 71.4 per cent in small, 73.7 per cent in 
medium and 66.7 per cent in large farm size group and on 
overall basis only 71.4 per cent population was engaged in 
farming activities. 

The extent of involvement of these members in 
farming has been further segregated on the basis of time 
devoted. Agriculture and allied activities over the years 
became a part time option for most of the family members 
from the respondent families in this Zone. The distribution 
of family members engaged in agriculture on full time and 
part time basis is shown in Table 3. The per cent of family 
members engaged in full time agriculture from the total 
numbers engaged in farming indicates that income from 
crop cultivation was not encouraging, since only 23 per cent 
members from small farm size category were full time 
farmers, remaining 77 per cent were practicing farming on 
part time basis. On the medium farms 34.1 per cent 
members were engaged in farming on full time basis, 
whereas in large farm households about 48.1 per cent 
members were doing agriculture on full time basis. On 
overall basis only one third family members were engaged 
in farming on full time basis. 
Land holdings 

There were three types of land which were owned by 
the farm households viz. cultivable, forest and waste land. In 

Particulars Small (n =121)1 Medium (n =84)2 Large (n =35)3 Overall (N=240)

No. Per cent No. Per cent No. Per cent No. Per cent

Age, years 
< 30 3 2.5 4 4.8 2 5.7 9 3.8
30 - 40 20 16.5 10 11.9 3 8.6 33 13.8
40 - 50 37 30.6 26 30.9 12 34.3 75 31.2
> 50 61 50.4 44 52.4 18 51.4 123 51.2
Average 51.8 51.5 52.3 51.8
Literacy level
Illiterate 10 8.3 6 7.1 3 8.6 19 7.9
Primary 18 14.9 7 8.3 2 5.7 27 11.2
Middle 32 26.4 24 28.6 4 11.4 60 25.0
Matric 47 38.8 29 34.5 16 45.7 92 38.3
Above Matric 14 11.6 18 21.4 10 28.6 42 17.5

Type of family
Joint 78 64.5 69 82.1 32 91.4 179 74.6

Nuclear 43 35.5 15 17.9 3 8.6 61 25.4

Family size
< 4 6 5.0 2 2.4 1 2.9 9 3.7

4 - 6 57 47.1 32 38.1 9 25.7 98 40.8
58 47.9 50 59.5 25 71.4 133 55.4

Average family size 7.15 7.83 10.00 7.80

Table 1: Socio-economic characteristics of sampled farmers in Sub-Mountainous Zone, Punjab
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the forest land no cultivation is possible since it is protected 
under the Forest Act. The waste lands are slopes, choe 
affected land, or the land which has gone out of cultivation 
due to infestation by lantana or parthenium in the vicinity of 
the forest land where heavy damage takes place due to 
animal menace. On perusal of the Table 4, it can be observed 
that forest and waste land constituted about 25.9 per cent on 
small and 28.4 per cent on medium farms. In case of large 
farm holders the forest and waste land accounted for nearly 
one tenth of the total land which was 3.3 and 6.9 per cent 
respectively, at their command. An aaverage size of the 
operational holdings in case of the small land holders was 
3.08 acres out of this 69.2 per cent was irrigated, whereas the 
corresponding figure for medium and large farmers stood at 
7.82 and 22.55 acres respectively with 67.3 and 74.9 percent 
irrigated land respectively.

On overall basis 71 per cent of the total operational 
holding was irrigated and rest 29 per cent was rainfed. The 
proportion of rain fed area indicates the potential of 
improving yields with investment on irrigation. More than 
one third of the area was kept fallow on large farms in both 
the seasons, because it is not possible to protect large areas 
from damage of wild and stray animals through manual 
watch and ward especially during nights. Likewise the per 
cent area kept fallow in kharif and rabi on medium farms 
was 6.5 and 14.6 per cent. Minimum proportion of area was 
kept fallow on small farms where the corresponding figures 
for kharif and rabi were 3.6 and 7.8 per cent.  On large 
farms about 23.8 per cent area was kept fallow during rabi 
which was maximum. The figures on all the farm size 

categories is higher in rabi season as compared to kharif, 
this indicates the deficiency of irrigation in the region.

On the large farms 20.6 per cent area was under 
perennial components which included block plantations of 
agroforestry and agro horticulture. On the other hand area 
under perennial component was 10.6 and 7.1 per cent on 
medium and small farm size categories. The perennial 
crops included plantations of poplar, eucalyptus, drek, 
acacias, mango, amla, etc. in the region.
Crop Farming

In the Sub Mountainous Zone, crops are grown in two 
distinct seasons namely kharif and rabi season. The dry 
period inhibits crop cultivation from May to end of June. 
Ploughing of fields starts with the onset of pre-monsoon 
showers in the second fortnight of June in the rainfed 
region. Development in technology has made irrigation 
available in the area, through deep tube wells, water 
harvesting dams and harvesting of sub-surface perennial 
flows through Makkowal type water harvesting structures. 

Main crops grown in kharif are maize, paddy, kharif 
fodders which include sorghum, bajra and guara. During 
kharif, maximum area was under maize (24.5 per cent) 
followed by paddy (15.1 per cent) and kharif fodders (8.2 
per cent) (Table 5). Small area was found under mash, 
moong, groundnut, sesamum and kharif vegetables. With 
the development of irrigation facilities cropping pattern 
shifted towards high yielding crops (Singh et al., 2015). 
During rabi season about 40 per cent area was under wheat, 
followed by Rabi fodders (5.9 per cent) and rapeseed 
mustard (2.3 per cent) in the irrigated area. The decision to 

Members Small Medium Large Overall

F NF F NF F NF Total F NF Total
No 225 91 189 64 94 24 130 508 179 711
per 69.4 28.1 73.5 24.9 72.3 18.5 100 71.4 25.2 100

No 210 5 169 7 68 6 113 447 18 627

per 73.7 1.8 73.8 3.1 60.2 5.3 100 71.3 2.9 100

No 435 96 358 71 162 30 243 955 197 1338

per 71.4 15.8

Total
324
100

285

100

609

100 73.7 14.6

Total
257
100

229

100

486

100 66.7 12.3 100 71.4 14.7 100

Male

Female

Total

Table 2: Distribution of family members from sampled households on the basis of occupation, Sub Mountainous 
Zone, Punjab

F- Farming, NF- Non farming

Members Small Medium Large Overall

FT PT Total FT PT Total FT PT Total FT PT Total

No 100 125 225 121 68 189 77 17 94 298 210 508
per 44.4 55.6 100 64.0 36.0 100 81.9 18.1 100 58.7 41.3 100

- 210 210 1 168 169 1 67 68 2 445 447No
per - 100 100 0.6 99.4 100 1.5 98.5 100 0.4 99.6 100

100 335 435 122 236 358 78 84 162 300 655 955No
per 23.0 77.0 100 34.1 65.9 100 48.1 51.9 100 31.4 68.6 100

Male

Female

Total

Table 3: Distribution of family members engaged in agriculture on the basis of their involvement in the sampled 
households of Sub Mountainous Zone, Punjab

Note: FT- Full Time,  PT- Part Time
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grow a particular crop during a season is usually based on 
criteria of minimum risk of crop damage, personal 
preferences and own requirement for food consumption 
and feeding livestock. 

Under un-irrigated conditions about one fourth of the 
total rainfed area was under maize with a yield of about 8.8 
quintals per acre (Table 6). Kharif fodders occupied about 
one fifth of this area. Wheat and rapeseed mustard were the 
primary crops of rainfed area occupying about 21 and 19.5 
per cent of the rainfed area during rabi season, but the yields 
were very less, it was only about 40 per cent as compared to 
the yield obtained in the irrigated area. Cropping intensity 
was highest on small farms size category followed by 
marginal and large farms; it was 174, 158 and 122 per cent, 
respectively (Table 4). This indicates as the farm size 
increased more area was kept fallow due to the difficulty of 
watch and ward in larger areas from stray and wild animals 
and results in decreased cropping intensity. As a constraint 
medium and large farmers cultivated only that much area 
which was easy to manage with the available man power.
Livestock resources

Livestock resources of the Sub Mountainous Zone in 
the state mainly consisted of buffaloes followed by cross-
bred cattle, non-descript cows, goat and back yard poultry. 
The farmers keep mixed species of animals depending on 
availability of crop- residues, family labour and their own 
preferences. The main reason for not keeping the goats was 
lack of time and labour for grazing, reduced family size, 
spread of education etc. The purpose of rearing livestock 
was to earn additional income and impart economic 
stability to the farming system against risk arising out of 

agricultural enterprises with crop failures due to natural 
calamities or damage by stray or wild animals. The cattle 
were mainly crossed of Jersey and Holstein Friesian.

The livestock resources available with the respondents 
on different categories of farm households have been given 
in Table 7. On an average there were 2.57 buffaloes per farm 
in the large farm size category, followed by 2.31 on the 
medium and 1.91 on small farms. The total adult cattle units 
(ACU) were also in the same order with 3.61, 3.25 and 2.69 
buffaloes per farm respectively. The young stock of female 
buffaloes indicated an encouraging population for the 
future.  Their numbers per farm were 1.31, 1.63 and 1.89 in 
small, medium and large farm size categories. The ACU 
were calculated according to Ramachandran et al. (2007).  
On overall basis there were 3.02 ACU of buffaloes per farm. 
Non-descript type adult cows or local cows were kept by 
very few respondents. The number of adult females was 
only 0.22, 0.14 and 0.17 per farm respectively on small, 
medium and large farm size categories. Adult males were 
higher than their female counter parts because they were 
used for ploughings. Their number varied from 0.34, 0.33 
and 0.29 per farm in small, medium and large farm size 
categories respectively. It indicates that bullocks are still 
used for ploughing, but the trend is decreasing due to 
mechanization. There is an advantage of cultivation by 
bullocks, they make it possible to plough even in small and 
undulating type of fields, where ploughing by a tractor is 
not possible. The total ACUs were in increasing order on 
small to large farms.

The number of cross bred cattle was found to be higher 
than the local cows and farmer in all the farm size categories 

Particulars Small (n =121)1 Medium (n =84)2 Large (n =35)3 Overall (N=240)
Area Per cent Area Per cent Area Per cent Area Per cent

Total land 4.28 100 9.93 100 21.58 100 8.86 100
Forest land 1.11 25.9 2.82 28.4 0.72 3.3 1.75 19.8
Waste land 0.17 4.0 0.13 1.3 1.48 6.9 0.34 3.8
Cultivable land 3.00 70.1 6.98 70.3 19.38 89.8 6.77 76.4
         Irrigated 2.06 48.1 4.59 46.2 13.99 64.8 4.68 52.8
        Un-Irrigated 0.94 22.0 2.39 24.1 5.40 25.0 2.09 23.6
Leased-in 0.19 6.2 0.9 11.5 3.54 15.7 0.92 12.1
         Irrigated 0.18 5.8 0.68 8.7 3.26 14.5 0.8 10.6
        Un-Irrigated 0.01 0.3 0.22 2.8 0.28 1.2 0.12 1.6
Leased-out 0.11 3.6 0.054 0.7 0.37 1.6 0.12 1.5
         Irrigated 0.11 3.6 0.004 0.1 0.37 1.6 0.1 1.3
        Un-Irrigated - - 0.05 0.6 - - 0.01 0.1
Total operational land 3.08 100 7.83 100 22.56 100 7.58 100
         Irrigated 2.13 69.2 5.27 67.3 16.88 74.8 5.38 71.0
        Un-Irrigated 0.95 30.8 2.56 32.7 5.68 25.2 2.20 29.0
Perennial 0.22 7.1 0.83 10.6 4.64 20.6 1.08 14.2
Kharif fallow 0.11 3.6 0.51 6.5 2.96 13.1 0.66 8.7
Rabi fallow 0.24 7.8 1.14 14.6 5.37 23.8 1.3 17.2
Cropping intensity (per cent) 174 158 122 145

Table 4: Average size of land holdings in the Sub-Mountainous Zone, Punjab  
(Acres)

Total cultivable land excludes forest and waste land and the corresponding percentages has been calculated from total operational 
holdings
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preferred to keep these due to comparatively higher yield, 
though all of them are not very high yielders as far as daily 
milk yield is concerned. Highest number of cross-breds 
(1.74 per farm) was found in the large farm size category 
followed by medium and small farms with 0.89 and 0.60 
adult female cattle per farm respectively. The farmers were 
inclined towards the cross breds because they were more 
productive, but the major problem reported was repeat 
breeding and higher cost on veterinary health care facilities. 
Female young stock indicated a positive trend for the 
adoption of cross breds on the farms in the future. Their 
numbers per farm was highest on large farms (1.20 per 

farm) followed by 0.54 on medium and 0.37 on small farms. 
The total ACU of cross bred cows were 0.71, 1.09 and 2.05 
on small, medium and large farms respectively. 

In small ruminants, goat were the only animals which 
were reared by some respondent in small and medium farm 
size categories. There was 1.02 and 0.64 adult female goat 
per farm on small and medium farms respectively. There 
was no goat kept on large farms. Kids were maintained for 
the sole purpose of sale to meat vendors. There were only 
0.13 and 0.07 ACU of goat on small and medium farms 
respectively. The total ACU on small, medium and large 
farms were 4.11, 4.90 and 6.13 respectively. On overall 
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Crop Small Medium Large Overall

Area* Yield** Area Yield Area Yield Area Yield
Kharif crops
Paddy 9.1 19.38 17.1 20.67 16.6 21.71 15.1 20.51
Maize 30.1 10.85 23.3 13.4 22.2 12.88 24.5 12.09
Kharif fodders 9.3 134 8.4 143.33 7.5 137.73 8.2 138.56
Mash 0.2 2.72 - - 0.3 3.3 0.2 2.91
Moong 0.2 2.15 0.1 2 0.3 2.68 0.2 2.28
Sugarcane 0.3 224 1 295.22 3.5 287.14 1.8 281
Kharif vegetables 0.8 3.1 -
Groundnut - 0.9 6 0.3 6
a. Sub Total 50.2

0.5
-

50.4 54.3 51.9
Rabi crops
Wheat 39.7 13.65 41.5 15.06 37 14.47 39.3 14.29
Rabi fodder 7.6 284.83 5.2 293.7 5.5 303.23 5.9 291.18
Rapeseed & Mustard 1.9 2.92 2 3.88 2.7 3.73 2.3 3.66
Gram 0.1 4 0.3 3.52 0.2 3.25 0.2 3.53
Vegetables 0.6 0.6 0.4 0.5
Lentil - 0 2.4 0 0 2.4
b. Sub Total 49.9 49.6 45.7 48.2

Table 5: Area and yield of crops under irrigated conditions on sampled farms, Sub Mountainous Zone, Punjab

*Area-per cent, **Yield -qt/acre

-
-
-

-
-

-

- -

- -

-
-
-

-

-

-
-
-

-

-

Crop Small Medium Large Overall

Area Yield Area Yield Area Yield Area Yield
Kharif crops
Maize 27.1 8.17 23.9 7.75 26.2 10.67 25.4 8.38
Kharif fodders 22.8 103.25 23.2 95.74 14.8 120.63 20.9 102.4
Mash 0.8 4 1.2 3 0.5 1.73 0.9 2.8
Moong - - 0.2 1.25 3.2 2.5 0.9 1.35
Sugarcane - - 0.8 183.33 - - 0.3 183.33
Kharif vegetables 0.1 - 5 1.9 - 2.8
Sesamum 2.9 0.93 4.2 0.99 7.8 1.36 4.7 1.05
Groundnut 1.2 5.38 0.6 3 0.7 8 0.8 5.42
Total 54.8 58.9 54.9 56.7
Rabi crops
Wheat 25.5 4.86 16.1 7.13 25.5 5.86 21.3 5.66
Rapeseed & Mustard 16.8 2.37 22.8 2.13 16.9 2.29 19.5 2.25
Gram 2.4 2.0 1.6 2.69 1.1 3.83 1.7 2.64
Lentil 0.6 2.0 0.6 2.15 1.5 3 0.8 2.32
Total 45.2 41.1 45.1 43.3

Table 6: Area and yield of crops under unirrigated conditions on sampled farms, Sub Mountainous Zone, Punjab
(*Area-per cent, **Yield- qt/acre)

-

-

- -

-

-

- - - -



Particulars Small (n =121)1 Medium (n =84)2 Large (n =35)3 Overall (N=240)

Buffaloes
Adult Females 1.91 2.31 2.57 2.15
Heifers 0.36 0.42 0.40 0.39
Young Stock Female 1.31 1.63 1.89 1.51
Adult males 0.02 0.02 0.03 0.03
Young Stock males 0.48 0.62 0.74 0.57
Adult Cattle Units (ACU)* 2.69 3.25 3.61 3.02

Local cows
Adult Females 0.22 0.14 0.17 0.19
Young Stock Female 0.11 0.06 0.06 0.08
Adult males 0.34 0.33 0.29 0.33
Young Stock males 0.15 0.07 0.06 0.11
Adult Cattle Units (ACU) 0.59 0.49 0.47 0.54

Cross bred cows
Adult Females 0.60 0.89 1.74 0.87
Heifers 0.06 0.23 0.43 0.17
Young Stock Female 0.37 0.54 1.20 0.55
Adult males 0.02 0.04 0.00 0.03
Young Stock males 0.17 0.21 0.29 0.20
Adult Cattle Units (ACU) 0.71 1.09 2.05 1.04

Goat
Adult females 1.02 0.64 0.00 0.74
Adult males 0.07 0.05 0.00 0.05
 Kids 0.57 0.06 0.00 0.31
 Adult Cattle Units (ACU) 0.13 0.07 0.00 0.09

Total Adult Cattle Units (ACU) 4.11 4.90 6.13 4.68
Poultry

Hen 0.14 0.00 0.11 0.09
Cocks 0.07 0.00 0.11 0.05
Total Poultry 0.21 0.00 0.23 0.14

Table 7: Livestock population in the sampled households of Sub Mountainous Zone, Punjab

*ACU calculated according to Ramachandran et al. (2007

basis buffaloes were the most preferred species with 3.02 
ACU per farm followed by cross bred cattle with an average 
holding of 1.04 ACU per farm and local cows with only 
0.54 ACU per farm. In Haryana also buffaloes were 
preferred over cattle (Raj and Gupta 2015).

The primary reason for keeping goat was milk, which is 
readily available during the drier months, that is April to 
July, at this time quantity of milk from large ruminants is 
greatly reduced. The goat milk dries up in the monsoonal 
months. The income from sale of kids was another 
important reason for keeping goat which sometimes calved 
twice, in a year. Moreover it was easier to sell a goat than a 
large ruminant. Back yard poultry was possessed by a very 
few farmers and they were kept for the purpose of eggs only. 
There were 0.21 and 0.23 poultry birds on small and large 
farms, respectively.

The total investment on livestock population was 
estimated at ` 1, 21, 281, on small farms,  1,55,830 on 
medium farms and ` 2,00, 249 on large farms. Out of this 
about 73.0, 70.7 and 60.5 per cent was found to be on 
buffaloes in small, medium and large farm size categories 
respectively, followed by investment on cross bred cows.

`

Rearing status of Livestock
Most of the Buffaloes and non-descript cows were of 

local breed. On the large farms about 40 per cent of the 
buffaloes were of improved breed, whereas on small and 
medium farms only 22.4 and 26.0 per cent buffaloes 
belonged to improved breed (Table 8). Though, the farmers 
from all categories encouraged improvement in the breed of 
local cows, but the figures were higher on large farms with 
almost 33.3 per cent local cows belonging to improved 
breed whereas the figures on small and medium farms were 
12.2 and 10.0 per cent respectively. Entire population of 
cross bred cattle were of improved breed. On overall basis 
almost 26.8 per cent buffaloes, 14.3 per cent local cows and 
entire population of cross breds were of improved breed.  
The breed of goat was local. There was no awareness 
regarding the availability of improved breeds in goat. The 
rearing of goat was getting reduced as reported, because it 
was found to be kept by small and marginal farmers only.
Livestock feeding

Feeding of livestock plays an important role in 
determining their productivity. Adequate quantity and right 
kind of feed and fodder improves the productivity. The 
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feeding practice varies with the cropping season, as it 
determines the level of availability of certain fodder and 
feeds. It also varies with the economic status of the farmers.
i) Grazing

In the Sub Mountainous Zone pastures have become 
denuded and as a result grazing is found to be practiced by 
very few respondents. Un-manned grazing is followed by 
some respondents who are residing in the vicinity of the 
forests. The animals are set loose in the morning and they 
are back in the evening without any human control. Some 
families leave animals for grazing in the open fields after 
the harvest of crops. Most of the goat herds have been 
replaced by large ruminants. Open grazing has been greatly 
reduced ,mainly due to restrictions imposed by the forest 
department on account of degradation (World Bank, 2011), 
lack of family labour, spread of education, decreased family 
size, and sometimes there is a fear of disease spread in 
grazing animals. As a result very few respondents opted for 
grazing their animals.  

The grazing status of the sampled farmers is given in 
Table 9. In all only twenty five farmers (20.7 per cent) 
grazed their livestock in the small farmers group whereas 
on medium and large farms about 16.7 and 17.1 per cent 
followed it. Grazing was done selectively by the 
respondents, some of them grazed only non milk animals, 
while others grazed during a particular season. Overall 66.7  
of the total grazed all milking as well as non-milking 
animals. On small farms 18 farmers grazed all their animals 
constituting 72 per cent and the figures reduced for medium 
and large farm size categories. Farmers who owned goat 
were the main grazers, out of total nine respondents who 
possessed goats seven (28per cent) of them grazed in the 
small farm category. Season wise grazing indicated 
maximum number of farmers grazed in the rainy season 
followed by grazing in summer and winter season. Sixteen 

Livestock Small (n =121)1 Medium (n =84)2 Large (n =35)3 Overall (N=240)

Local Improved Local Improved Local Improved Local Improved

Buffaloes 77.6 22.4 74.0 26.0 60 40 73.2 26.8

Local Cows 87.8 12.2 90.0 10.0 66.7 33.3 85.7 14.3

Cross bred cows 100 100 100 100

Table 8: Distribution of milch animals on the basis of quality of breed, sampled farms, Sub Mountainous Zone, 
Punjab

Particulars Small (n =121)1 Medium (n =84)2 Large (n =35)3 Overall (N=240)

Grazing No. Per cent No. Per cent No. Per cent No. Per cent

Total 25 20.7 14 16.7 6 17.1 45 18.8
All animals 18 72 9 64.3 3 50.0 30 66.7
Non Milk 4 16 2 14.3 3 50.0 9 20.0
Goat 7 28 2 14.3 - - 9 20.0
Summer 12 48 6 42.9 1 16.7 19 42.2
Rainy 16 64 8 57.1 6 100.0 30 66.7
Winter 12 48 4 28.6 4 66.7 20 44.4
Un manned 8 32 3 21.4 4 66.7 15 33.3

Table 9: Grazing status on the sampled farms in the Sub-Mountainous Zone, Punjab
(No. of Households)

respondents (64 per cent) from the to talin the small farm 
size category, grazed their livestock in the monsoon season 
and the corresponding overall figure was 66.7 per cent in 
the same season. During rainy season green fodder is found 
in abundance and there is no fear of crops being eaten by the 
livestock. There was mixed response of grazing in different 
season. 

Another category of grazers was unmanned grazing, in 
which no supervision of the animals was required. The 
livestock are let loose in the morning and they are back in 
the evening. This practice was followed where the 
respondents were living near pastures or owned forest land 
which is commonly referred to as mushtarka malkan (Roy, 
2015). Eight (32per cent) of the respondents from small 
farm size category followed unmanned grazing of their 
animals and the figure for medium and large farms was 
three (21.4 per cent) and four (66.7 per cent) respectively. 
Overall, 33.3 per cent of the respondents practiced 
unmanned grazing.
 ii) Feed and fodder

The green fodders available during kharif season are 
bajra and sorghum. Bajra crop is fed at a tender stage and 
sorghum and maize are fed green on maturity as well as in 
the form of hay. In the rabi season barseem and javi are the 
main fodder crops. The large ruminants which consist of 
buffaloes and cattle are mainly stallfed. 

The feeding differs in different seasons; green fodder is 
available in abundance during the rainy season, whereas 
summer months are deficit. On an average green fodder is 
generally not available for approximately two months in a 
year. Fodder from most of the trees is available during the 
winter months, but trees like Leucaena provide fodder 
round the year and due to its mimosine content it is not 
considered as a good fodder by the respondents. 

The feeding status for the respondent farmers has been 
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discussed in Table 10. The highest quantity of green fodder 
was fed by medium farmers followed by large and small 
farmers. The average quantity fed per ACU per day was 
21.92 kg, 21.79 kg and 15.02 kg respectively. Use of dry 
fodder per acu per day varied from 5.13 kg on small farms to 
5.94 kg on large farms. On overall basis 17.84 kg green and 
5.46 kg of dry fodder was fed per acu on daily basis. Dry 
fodder consisted of wheat straw, rice straw, maize stover or 
hay, depending on the season. Highest level of feed and 
concentrate were used by large farmers at an estimated 
quantity of 2.57 kg per ACU per day whereas its use was 
limited to 1.71 kg per acu per day.

The quantity of mineral mixture used was optimum (55 
gm/acu/day) in the case of large farmers, whereas its use 
was lowest on medium farms (15 gms/acu/day). Similarly 
use of calcium ranged from 4.81 litres on small farms to 
5.03 litres on large farms, it is fed to the animals before 
calving as reported. Some of the respondents informed that 
they prepared compound feed, with their own composition 
and that contained all the nutrients which were beneficial to 
their animals. In general most of the feed and concentrates 
were fed to the in-milk animal, but it was not possible to 
determine the exact quantity fed to the in-milk animals 
only. It was found that though the area is deficit in feeds and 
fodder but respondents have managed to feed their animals 
an adequate amount due to the regular cash income flowing 
from the sale of milk.
Production Status

Milk is the most important livestock product of 
crop–livestock farmers in the Sub Mountainous Zone. 
Increased mechanization in crop cultivation has resulted in 
a gradual reduction in the need for draft animals. Milk is the 
only product for which livestock are maintained on the 
farms. The economic characters and production status of 
different livestock species have been described in Table 11.
Buffaloes: The average milk yield obtained from a buffalo 
was highest on large farms with a yield of 6.17 l/day 
followed by medium farms (6.05 l/day) and small farms 
(5.92  l/day). The lactation length was found to be highest 
on small farms which is not a good economic character; it 
was estimated at 12.17 months.  It was lowest on medium 
farms with a lactation length of 11.39 months and on large 
farms it was 11.74 months. The average milk production 
was found to be maximum on medium farms with a yearly 
production of 1801.99 litre per animal, it was followed by 
large farms with a total production of 1697.5 litres per year 

and the corresponding figures on small farms was 1592.4 
litres. The length of service period has direct impact on 
lactation length and dry period. Prolonged service period is 
not a good economic character, it was found maximum on 
the small farms followed by large and medium farm having 
7.19, 6.24 and 6.01 months respectively. The length of dry 
period varied from 4.02 to 4.64 months and on overall basis 
it was found 4.31 months. It was nearly same in medium 
and large farms. Longer service period along with 
prolonged lactation length resulted in increased inter-
calving period. In the traditional farming system there is a 
taboo of intentional delayed breeding for the fear of milk 
decline with the onset of pregnancy which leads to a 
prolonged service and dry period (Khan et al., 2008). 
Higher inter-calving period is also not a good economic 
character; it was 17.2, 16.28 and 15.99 months in the case of 
small, large and medium farm categories respectively.
Cross bred cows: The average milk yield per animal was 
highest on large farms followed by medium and small farm 
category with 9.54, 8.57 and 8.24 litre per animal per day.  
Lactation length was near to optimum i.e. 10 months, on 
large farms (10.16 months), on medium and small farms it 
was 11.09 and 11.59 months respectively. On yearly basis 
maximum milk production of cross bred cows was obtained 
on large farms (2919.19 litres/animal) followed by medium 
(2715.17 litres/animal)and small farms (2592.82 
litres/animal). The service period, dry period and inter-
calving period was minimum on large farms with figures 
ranging from 3.99, 1.56 and 12.71 months respectively. The 
corresponding figures for medium and small farms were 
5.24, 1.83 and 14.46 months and 5.26, 2.06 and 14.19 
months in their respective orders.

On overall farm, per day average yield of 8.7 litres per 
animal was obtained with lactation length of 11.05 months 
giving a yearly production of 2713.99 litres. Service period, 
dry period and inter-calving period was found to be 4.94, 
1.85 and 13.94 months. respectively. 
Local cows: The average daily milk yield of 3.16 litres per 
day was obtained for an average lactation length of 11.77 
months. Lactation length was 10.86, 11.5 and 13.33 months 
on small, large and medium farms. Average milk production 
per animal on yearly basis was 893.76 litres, on overall basis. 
Maximum production was observed on small farms (935.75 
litre), followed by medium farms (901.84 litres) and large 
farms (741.18). The economic characters of service period, 
dry period and intercalving period were far from optimum. It 
was 8.16, 5.03 and 17.11 months on overall basis. Low 
productivity in local cows was the major constraint reported 
by Kathiravan and Selvam (2011), in Tamil Nadu.
Goat: The production scenario of in-milk goat indicates an 
average milk yield of 0.45 and 0.49 litre per day on small 
and medium farms respectively. The productivity of goats 
under the prevailing traditional production system is very 
low (Kumar, 2007). Length of lactation period was about 
5.2 months which was almost equal on small and medium 
farms. The average production of milk per animal per year 
was more on medium (174.9 litres) as compared to small 
farms (123.9 litres). The service period, dry period and 
inter-calving period was 3.4, 3.2 and 8.4 months on small 
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Particulars Small
(n =121)1

Medium
(n =84)2

Large
(n =35)3

Overall
(N=240)

Green Fodder 15.02 21.92 21.79 17.84

Dry Fodder 5.13 5.72 5.94 5.46

Feeds & Concentrates 1.71 2.38 2.57 2.11

Mineral Mixture 0.024 0.015 0.055 0.032

Calcium (litres/season) 4.81 4.84 5.03 4.97

Table 10: Utilization of feed and fodder on sampled farms 
in Sub Mountainous Zone, Punjab

(Kg/acu/day)



farms as against 3.8, 3.6 and 8.8 months on medium farms. 
On overall farm the corresponding figures were 3.57, 3.32 
and 8.57 months.
Dung  utilization

Dung is an important byproduct of livestock. It is used 
as manure, or is converted into dung cakes for use as fuel or 
mixed with clay for flooring and plastering of mud houses. 
Apart from these important uses of dung, it also has a great 
environmental value. Its contributions to environment 
could be positive as well as negative. From the negative 
side, methane emission from manure management is a 
negative environmental externality. The positive 
externality is the use of dung cake as domestic fuel, which 
can be seen as a substitution or replacement of the 
equivalent amount of the rmalenergy from fuel-wood or 
fossil-fuel (Dikshit and Birthal, 2010). It is a great saving on 
fuel-wood by cutting down of standing forests and trees, 
and another is the saving of land that is required to produce 
replacement amount of fuel-wood for dung cake. In the 
study area the dung cakes were used by 95, 94 and 85.7 per 
cent by small, medium and large farm households 
respectively (Table 12). On overall basis about 93.3 per cent 
households used dung cakes in their houses. 

The utilization pattern indicated that it was sold by 11.6 
per cent of small farmers and only one respondent sold it 
from large farm size category. FYM was purchased by 5 
farmers from small farm category constituting 4.1 per cent 
of the total. About 6 per cent respondents from medium 

The biogas 
potential of dung is also under-utilized in the study area. 
Similar results were reported by Bala et al. (1992).

Livestock Particulars Small Medium Large Overall

Buffalo Av. Milk yield/animal (litre/day) 5.92 6.05 6.17 6.01
Lactation length (months) 12.17 11.39 11.74 12.21
Av. Milk prod/animal/year (litre) 1592.4 1801.99 1697.5 1688.63
Service Period (months) 7.19 6.01 6.24 6.59
Dry Period (months) 4.64 4.03 4.02 4.31
Inter-calving Period (months) 17.2 15.94 16.28 16.57

Cross Bred Cow Av. Milk yield/animal (litre/day) 8.24 8.57 9.54 8.7
Lactation length (months) 11.59 11.09 10.16 11.05
Av. Milk prod/animal/year (litre) 2592.82 2715.16 2919.19 2713.99
Service Period (months) 5.26 5.24 3.99 4.94
Dry Period (months) 2.06 1.83 1.56 1.85
Inter-calving Period (months) 14.19 14.46 12.71 13.94

Local Cow Av. Milk yield/animal (litre/day) 3.04 3.36 3.08 3.16
Lactation length (months) 10.86 13.33 11.5 11.77
Av. Milk prod/animal/year (litre) 935.75 901.84 741.18 893.76
Service Period (months) 7.54 8.88 8.75 8.16
Dry Period (months) 5.38 4 6.25 5.03
Inter-calving Period (months) 16.54 17.78 17.5 17.11

Goat Av. Milk yield/animal (litre/day) 0.45 0.49 - 0.46
Lactation length (months) 5.3 5.2 - 5.25
Av. Milk prod/animal/year (litre) 123.9 174.9 - 137.7
Service Period (months) 3.4 3.8 - 3.57
Dry Period (months) 3.2 3.6 - 3.32
Inter-calving Period (months) 8.4 8.8 - 8.57

Table 11: Production status of livestock on sampled farms, Sub-Mountainous Zone, Punjab

sized farms purchased FYM. It was purchased by 7 farmers 
from large farm size category. On overall basis 6.3 per cent 
respondents sold FYM and 7.1 per cent purchased it. 
Utilization of this FYM has also been presented in the table. 
It is clear from the table that 87.6 per small farmers used 
FYM during kharif season only. Out of this 81per cent 
respondents used it for maize and 13.2 per cent used it in 
paddy. About 16.5 per cent respondents used FYM during 
rabi season with a major share going to wheat crop. On 
medium farms 95.2 per cent respondent used it in kharif 
season and almost 94 per cent used it in maize and 32 per 
cent respondents used it for paddy crop. Only six per cent 
respondents from this category used FYM in rabi season 
for wheat crop. On large farms about 94.3 per cent 
respondents used FYM in kharif season, 85.7 per cent used 
it for maize crop and 22.9 per cent used it in paddy crop. 
Rabi utilization of FYM on large farms was limited to 11.4 
per cent respondents with the entire share going to wheat 
crop. On overall basis  91.3 per cent used FYM in Kharif 
and about 12.1 per cent used it in Rabi season. In undulating 
areas, FYM was washed away with heavy shower of rains 
during the monsoonal months, in the kharif season, as a 
result its application was suggested during rabi season so 
that it is not wasted.
Net farm earnings from Crop-livestock Production

The income earned from the crop-livestock production 
system has been given in Table 13. The income from crop 
farming alone (crops, agroforestry and horticulture) 
increased from 64.8 per cent on small farms to 95.8 per cent 
on large farms, out of the total income earned from crop-
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Dung utilization Small (n =121)1 Medium (n =84)2 Large (n =35)3 Overall (N=240)

No. Per cent No. Per cent No. Per cent No . Per cent
Owned 121 100 84 100 35 100 240 100
Sold 14 11.6 0 0 1 2.9 15 6.3
Purchased 5 4.1 5 6.0 7 20.0 17 7.1
Kharif  utilization 106 87.6 80 95.2 33 94.3 219 91.3
           Maize 98 81.0 79 94.0 30 85.7 207 86.3
           Paddy 16 13.2 27 32.1 8 22.9 51 21.3
           Others 10 8.3 12 14.3 7 20.0 29 12.1
Rabi utilization 20 16.5 5 6.0 4 11.4 29 12.1
         Wheat 19 15.7 5 6.0 4 11.4 28 11.7
         Others 1 0.8 0 0.0 0 0.0 1 0.4
Dung cakes 115 95.0 79 94.0 30 85.7 224 93.3

Table 12: Utilization pattern of dung by the sampled farmers, Sub Mountainous Zone, Punjab

livestock integrated system. Highest share of income from 
crops was obtained on small (49.2 per cent) and medium 
farms (66.4 per cent), whereas on large farms the highest 
share was contributed by agroforestry (49.8 per cent) 
followed by income from crops (47.8 per cent). In the crop-
livestock integrated system the share of income from 
livestock farming was the lowest on large farms (4.2 per 
cent) and the highest on small farms (35.2 per cent) whereas 
on medium farms it was about 22.6 per cent. The income 
earned from the integrated system, on per acre of operational 
holding indicated the highest returns on small farms with a 
share of ̀  49,507 followed by medium and large farms with a 
respective share of ̀  36,612 and ̀  36,430. 

On overall basis highest share of income on per acre 
land area cultivated was obtained from crop farming (81.3 
per cent), with the maximum share of 53.9 per cent obtained 
from crops followed by 42.7 per cent income obtained from 
agroforestry. The share of income are in line with the study 
conducted by Walker and Ryan (1990), where about 15 per 
cent of household income was derived from livestock 
production. Shamsuddin et al. (2006) reported that dairy 
farming generated more regular cash income as compared 

to crops.
Income generated from the crop-livestock integrated 

system at the farm level was not sufficient for livelihood as 
indicated from the results in the table. The total family 
earnings at the farm level constituted of income from the 
crop-livestock integrated system, income from forests and 
wastelands and off farm earnings. Their contribution varied 
in different farm size categories (Table 14).

The income earned from crop-livestock integrated 
system increased from small to large farms, from 41.2 to 82.1 
per cent, vice-versa the off farm income decreased. On small 
farms about 57.9 per cent of the total income earned at the 
farm level was contributed by off-farm earnings, whereas its 
share decreased on medium (41.1 per cent) and large farms 
(17.4 per cent). The total net income earned per household in 
a year on small farms was to the tune of ` 3,70,195. On 
medium and large farms the net family income earned was  ̀  
4,94,510  and  ̀  10,01,200 respectively. 

Income earned from the forest and waste land was less 
than one per cent on all the categories of farms indicating 
the scope for its increase with suitable interventions. This 
income can be improved to a great extent, for instance, 

Components Small (n =121)1 Medium (n =84)2 Large (n =35)3 Overall (N=240)

Income Per cent Income Per cent Income Per cent Income Per cent
A. `/annum
Crop farming 98861 64.8 222005 77.4 787383 95.8 237973 81.3
Crops 48634 (49.2) 147329 (66.4) 376114 (47.8) 128372 (53.9)
Agroforestry 44466 (45.0) 68061 (30.7) 391919 (49.8) 101559 (42.7)
Horticulture 5761 (5.8) 6615 (3.0) 19350 (2.5) 8042 (3.4)
Livestock farming 53621 35.2 64665 22.6 34489 4.2 54641 18.7
Total income 152482 100 286670 100 821872 100 292614 100
B. `/acre*/annum
Crop farming 32098 64.8 28353 77.4 34902 95.8 31395 81.3
Livestock farming 17409 35.2 8259 22.6 1529 4.2 7209 18.7
Total income 49507 100 36612 100 36430 100 38603 100

Table 13: Returns from crop-livestock production system in the sampled households of Sub Mountainous Zone, 
Punjab 

Figures in the parentheses indicate per cent of their respective total
*Operational holding
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babbar grass from these forests catered to the needs of 
paper industry earlier. The forest can be rehabilitated with 
acacias which are indigenous to the area and it is highly 
priced in the market, moreover this would help in providing 
food and shelter to the wild animals that have posed a 
serious challenge to sustainable agriculture in the Sub 
Mountainous Zone of the state. It can be concluded from the 
results of the table that as farm size increased, proportion of 
income from off-farm decreased and vice versa the income 
from crop-livestock integrated system increased. Bhakar et 
al. (2007) also revealed similar results that farm income 
was directly related with farm-size, while income from off-
farm was inversely related.
CONCLUSIONS

In the Sub Mountainous Zone of Punjab, though 
agriculture is the primary occupation but the income earned 
is insufficient as a result off farm income is an important 
source of livelihood. Only one fourth of the small farmers 
practiced agriculture and allied activities as a full time 
occupation. About one third area was unirrigated which 
presents a potential for increasing productivity with the 
development of irrigation facilities because the yield levels 
are low even in the irrigated areas also. A sizeable proportion 
of cultivable land is kept fallow on account of animal menace 
and as the farm size increased more area was kept follow due 
to the difficulty of watch and ward. Buffaloes are the most 
important livestock kept primarily for milk. The number of 
cross bred was more in comparison to local cattle and the 
goat were found to be kept by small and marginal farmers 
only. It can be concluded from the results that as farm size 
increased, proportion of income from off-farm and animal 
husbandry decreased and vice versa the income from crop 
farming and agroforestry increased. Farm income was 
directly related with farm-size, while income from off-farm 
was inversely related with farm-size.
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Components Small (n =121)1 Medium (n =84)2 Large (n =35)3 Overall (N=240)

Income Per cent Income Per cent Income Per cent Income Per cent
Crop-livestock 152482 41.2 286670 58.0 821872 82.1 292614 58.4
Forest & waste land 3297 0.9 4560 0.9 4980 0.5 3985 0.8
Off-farm income 214416 57.9 203280 41.1 174348 17.4 204672 40.8
Total income 370195 100 494510 100 1001200 100 501271 100

Table 14: Annual net family income of sampled households from different sources, Sub Mountainous Zone, Punjab 
(`/family/annum)
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1. INTRODUCTION
In recent years, the importance of an inclusive 

financial system has become an important policy 
objective in many countries. Governments, banks and 
financial regulators have set up new initiatives for 
financial inclusion and new legislative regulations 
have been initiated in economics. Financial inclusion is 
considered to be the core objective of many developing 
nations since from the last decade as many research 
findings correlate the direct link between the financial 
exclusion and the poverty prevailing in developing 
nations. It is widely regarded as a policy priority and 
need to be tackled with urgency, if we want our country 
to grow in an equitable and sustainable manner. Hence, 
it has become the focus of intense intellectual debate 
and economic-policy making all over the world.

Financial Inclusion is one of the yardsticks to 
measure the growth of an economy as well as human 
well-being that is, the welfare of the people. It is a key 
enabler of economic and social development.  An all-
inclusive financial system enhances efficiency and 
welfare by providing avenues for secure and safe 

saving practices and by facilitating a whole range of 
efficient financial services. Through efficient 
allocation of productive resources, an inclusive 
financial system increases investment, raises economic 
growth and promotes capital formation.

Financial inclusion is no less important than social 
inclusion. In India, millions of people are not 
considered for fair treatment either from the social 
institutions or from the financial institutions. It is 
commendable that, of late, the policy makers and 
banking institutions have come forward to address the 
issue of banking exclusion. Financial inclusion is a 
complex issue, not simple. In India, the earliest effort at 
financial inclusion can be traced back to 1904 (though 
the term has gained more popularity since 2000), when 
the cooperative movement began in the country. The 
financial system in India has grown rapidly in the last 
three decades and more. The functional and 
geographical coverage of the system is truly 
impressive. Nevertheless, data do show that there is 
exclusion and that poorer sections of the society have 
not been able to access financial services from the 



organised financial system. There is an imperative need 
to modify the credit and financial delivery system to 
achieve greater inclusion.
2. Review of Literature 

Substantial literature available on the various 
issues of financial inclusion and these literatures are as 
follows: Kempson and Whyely (1998), argued that the 
possibility of financial exclusion is more likely to occur 
in the lower income groups of society than amongst 
others. Beside this, geographical factors and income 
inequality are also important factors in determining 
financial inclusion of a country. Goodwin et al. (1999) 
has emphasised the role of level of employment of a 
country as an important factor of financial inclusion. 
The author has pointed out that access to affordable 
financial services especially credit and insurance 
increases the livelihood opportunities and empowers 
the poor to take charge of their lives. Such 
empowerment aids social and political stability. Dev 
(2006), tried to explain the concept of financial 
inclusion and its related demand side and supply side 
issues and challenges. He used cross sectional data of 
all Indian states. It was clamied that small and marginal 
farmers have been excluded highly from the formal 
source credit. Among Indian states, Andhra Pradesh 
has recoded highest level of exclusion of marginal and 
small farmers. There is still 73 to 80 percent of loan is 
from moneylender. So he suggested that formal 
financial institutions has a great role to play to improve 
the condition of financial inclusion and the standard of 
living of small and marginal farmers. In addition, he 
pointed out that the Self-Help Group and Micro 
Financial Institutions can also contribute to increase 
the financial inclusion. 

Sangwan  (2008), did a cross section study of all 
Indian states to measure the intensity of financial 
inclusion. He found that the Self-Help Groups led 
programme has contributed significantly to the 
improvement in financial inclusion, mostly among 
women and low income groups. Rangarajan (2008) 
conducted a study on financial inclusion of all Indian 
states. According to them, “Financial inclusion may be 
defined as the process of ensuring access to financial 
services and timely and adequate credit where needed 
by helpless groups such as weaker sections and low 
income groups at an affordable cost.” In the study they 
found that around 51.4 percent of households are 
excluded from both formal and informal sources of 
credit. The major victims of this exclusion were mainly 
marginal farmer and women. So they have suggested 
for a inclusive financial system that can improve of the 
living standard of weaker and marginal sections. 

Subbarao (2009), argued that in order to attain an 
equitable and sustainable growth, the financial 

inclusion is must needed. According to him, financial 
inclusion can benefit the poor by dragging their savings 
into the formal financial system which grows it over 
time and increases capital formation. Chibba (2009), in 
his study stated that, financial inclusion through 
Millennium Development Goal can reduce the poverty 
level of poor and weaker section. He emphasised the 
inter link relationship among the financial inclusion, 
poverty reduction and Millennium Development Goal. 
Chakraborty (2009), define financial inclusion as a 
process where all the groups, especially low income 
and weaker section, needs to be taken care of by 
providing much needed financial products at low cost. 

Hannig and Jansen (2010), consider Latin 
America, Asia and African countries to know the 
significant impact of financial inclusion on macro and 
micro economy. They sated that increase the level of 
financial inclusion can lead to financial development 
and further that can foster economic growth. This 
increase in growth rate leads to reduction in poverty 
level. They also argued that if the poor have access to 
cheap financial services than it can improve their 
standard of living. 

Kelkar (2010), maintained a broader view on the 
impact of financial inclusion. He says that promoting 
financial inclusion has positive impact on rural 
indebtedness. He pointed out that farmer suicide can be 
tackled if financial inclusion is given due importance. 
While justifying his argument he explained that a more 
inclusive financial system will bring more 
modernization in farming and use of inputs. This can 
lead to inclusive growth which solves the gap between 
rural and urban areas. Further he argued that spread of 
financial inclusion can create identical opportunity to 
get educational loan which will promote innovations 
and entrepreneurship in rural areas in India. Ardic et al. 
(2011), used data of CGPA and World Bank on 
financial access to measure percentage of financial 
exclusion among adults group at the global level and 
examined the positive impact of financial inclusion. 
Using a cross country analysis, they found that the 
adult groups at the global level are excluded by 56 
percent from getting formal sources of financial 
services. Comparing the developed countries with 
developing countries they found that adult groups are 
excluded highly in developing countries than the 
developing countries. In addition, they claim that 
widening coverage of financial inclusion can increase 
the standards of poor by proving cheap loans to them. 

Khan (2011), viewed increase in financial 
inclusion as an inclusive growth in an India. According 
to him increase in the coverage of financial inclusion 
can increase the standard of living of poor, especially 
vulnerable groups. He argued that financial inclusion 
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works as a multiplier in the growth process of an 
economy. It means high growth in rural sector will 
drive more income and as a result there is more savings. 
This increases the deposit amount of banks and other 
financial institutions. He also states that, in an inclusive 
system, transmission mechanism will be faster which 
will affect the macro economy positively and hence, 
well-being of the low income groups.  Kumar (2012) 
attempted to analyse that if there is any variation in the 
relationships between operating bank branches and 
varied population categories and their income levels. 
For this purpose, the author undertook a pooled dataset 
for urban and rural population separately ranging from 
1990 to 2008. 

By estimating a regression model he found that 
the number of operating branches in more populous 
regions is lesser, time and income levels merely have 
any effect in determining the number of operating 
branches whereas ownership does play an important 
role in determining the same along with the bank group 
size as captured by the assets. In this paper, the test of 
convergence has also been applied to determine the 
trend of functioning branches across rural and urban 
population over a period of time. The results implied 
that the higher income regions experienced higher 
branch growth. Finally the functioning branches for 
rural and urban sectors and the total number of 
functioning branches have been tested for structural 
changes and significant changes have been noticed 
which may be due to the impact of policy changes in 
financial inclusion.  Hriharan and Marktanner (2012), 
used a more comprehensive definition of financial 
inclusion where they emphasised on access to credit, 
savings and insurance items through formal financial 
institution. They argued that, there are some socio-
economic factors that hinder to achieve a wide 
coverage of financial inclusion. Since, financial 
inclusion has potentiality to move an economy to a new 
stage of development; it can create domestic capital 
formation and productivity. 

Thapar (2013), did a primary survey to know the 
efficacy of financial inclusion in India. He considers 
Ludhiana in Punjab, to assess the efficacy of such 
programme in that area. His findings are supportive to 
other studies. He found that, around 50 percent of bank 
branches, in rural area, have applied the financial 
inclusion agenda. Thus these banks have qualified the 
RBI guidelines for setting of branches in the unbanked 
area. Furthermore, he found that freelance and middle 
income groups have greater access to banking services 
than the labour class. In addition it is also seen that, 
around 50 percent of rural branches are providing 
Kisan Credit Card, Micro Credit Card and farmer 
accounts etc. Which is a great achieved for the financial 

institutions. 
Tamilarasu (2014), have done a time series 

analysis and taken a sample that ranges from 2008 to 
2013 for India. He found that during the sample period, 
the overall financial services have increased with slight 
reduction in few services. Numbers of bank offices and 
ATMs have increased in India. Similarly commercial 
banks, RRB and other have increased their number 
throughout the country during the specified period. 
However, he suggested that India needs to be more 
proactive to promote more and wide coverage of 
financial inclusion. 

An analysis of the above review of literature 
makes a crystal clear point that the concept of Financial 
Inclusion is a multidimensional and multi-faceted idea 
with focus on various sections and segments of society. 
It simply doesn’t focuses on the general population of a 
country. It also focuses on different target groups like 
the lower income groups, the backward castes and 
classes of a society. It has a gender perspective that 
focuses on the woman of various sections of the 
society. In this way the concept of financial inclusion 
can be termed as “Inclusion within Inclusion.” It’s an 
all-encompassing phenomenon and the target of 
governments and financial institutions is to cover 
everyone within the fold of financial inclusion. Hence, 
it is a complex phenomenon that needs a thorough 
probe.
3. Objectives of the Study

In the light of these above problems an attempt has 
been made:
i. to study the need of financial inclusion for 

economic and social development in India,
ii. to study the progress of banking sector 

performance in an inclusive financial system in 
India, and 

iii. to study the different issues and challenges of 
financial inclusion in India.

4. METHODOLOGY
The study is based on secondary data and research 

methodology is partly descriptive, partly exploratory, 
and partly causal. For this study data and information 
has been collected with the help of RBI, NABARD, 
National Federation of State Co-operative Banks 
(NAFSCOB), and other sources. 
5. Need of Financial Inclusion

The contribution of poor and disadvantaged 
people to the economic development of the country is 
largely dependent upon their, to access credit and 
create wealth. To improve the economic conditions of 
the poor people, banking and financial services are to 
be made available easily without any discrimination, 
for the public good.

Financial inclusion, more particularly when 
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promoted in the wider context of economic inclusion, 
can uplift financial conditions and improve the 
standards of lives of the poor and the disadvantaged. 
Access to affordable financial services would lead to 
increasing economic activities and employment 
opportunities for rural households with a possible 
multiplier effect on the economy. It could enable a 
higher disposable income in the hands of rural 
households leading to greater savings and a wider 
deposit base for banks and other financial institutions.

Thus, financial inclusion could be an instrument 
to provide monetary fuel for economic growth and is 
critical for achieving inclusive growth Khan (2012).

There have been many other objectives related to 
the need for financial Inclusion such as:
(i) Economic Objectives

By economic objectives, financial inclusion aims 
at achieving an equitable distribution of income and 
reducing income saving gap.
(ii) Mobilisation of Savings

In the process of financial inclusion the weaker 
sections of the society can be linked to the banking 
services which will create high level of national 
savings and later this saving can be utilised for the 
capital formation and economic growth.

(iii) Larger Market for the Financial System
A larger market for the financial system can be 

created through the creation of high level of savings 
and this market will meet the demand of the larger 
section of the society. This process will create the 
growth of banking sector.
(iv) Social Objectives

Through financial inclusion, social problems like 
poverty can be eradicated in the form of giving bank 
loans to create income and livelihood.
(v) Sustainable Livelihood

If the bank loans are given to weaker section of the 
society, than that will create their own business and 
further, that can lead to sustainable livelihood of those 
weaker sections. 
(vi) Political objectives

There are certain other political objectives which 
can be achieved with the wider inclusion of lower strata 
in the society and an effective direction can be given to 
the government programmes.
6. Types of Financial Exclusion
6.1 Causes of Financial Exclusion in India

th
Data from 59  Round of National Sample Survey 

(2003-04) suggests that financial exclusion is most 
acute in Central, Eastern and North-Eastern regions. In 

Voluntary
Exclusion (self

exclusion)

Non users of
formal financial

services

Involuntary
Exclusion 4. Discrimination, lack of

information, weak contract
enforcement, product

features, price barriers due to 
market imperfections

3. Insufficent income, high risk

2. Cultural, religious reason
not to use, indirect access

1. No need for financial 
services

Figure 1: Financial exclusion
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terms of social and occupational groups, landless 
labourers, marginal farmers, unorganised sector work-
force, urban slum residents and people from scheduled 
castes and tribes are more likely to be financially 
excluded.There are different causes of financial 
exclusion in India such as: 
(i) Legal identity

Lack of legal identity like voter ID, driving 
license, birth certificates, employment identity card, 
etc. is also a major factor affecting access to financial 
services.
(ii) Level of income 

Low income people generally have the attitude of 
thinking that banks are only for the rich people.
(iii) Various terms and conditions

Since banks are profit making organizations they 
discourage the non -profitable customers (poor) by the 
minimum balance requirements.  While getting loans 
or at the time of opening accounts, banks place many 
conditions, so the uneducated and poor people find it 
very difficult to access financial services.
(iv) Structural procedural formalities

It is very difficult for people to read terms and 
conditions and account-filling forms due to lack of 
basic education.
(v) Limited literacy

Lack of financial literacy and basic education 

prevent people to have access to financial services. 
Financial literacy involves encouraging people to use 
various financial products through various economic 
agents like NGOs (Non-Profit Organizations), MFIs 
and Business Correspondents, etc. People do not know 
the importance of various financial products like 
insurance, finance bank accounts, cheque facility etc.
(vi) Place of living

Commercial banks operate only in profitable 
areas. Banks set their branches and offices only in the 
commercial areas. Therefore, people living in under- 
developed areas find it very difficult to go for any bank 
transaction in other areas again and again. Hence, they 
do not go for any banking services.
7. Conceptual Model of Financial Inclusion

From the Figure 2, we can know that the path way 
to speed implementation of financial inclusion. Now 
we shall explain all the steps very details such as:
STEP-1: Awareness
?Banks should involve knowledge and well 

informed local inhabitants in conducting awareness 
campaigns. 

?Rigorous awareness, educational institutions and 
promotional efforts to make an impact on the 
grassroots 

?Banks should collect important information from 
NGOs, retired bank personals and educational 

Step-1

Awarness

Step-2

Simplification
of Banking 
Operation

Step-4

Technology

Step-3

Financial 
Literacy

Financial 

Inclusion

Figure 2: Pathway to speed implementation of financial inclusion
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institutions to touch the numbers within a limited 
time.

STEP-2: Simplification of banking operations
?Every bank should allow zero balance account in 

the time of opening savings account. 
?RBI and Commercial banks, should work hard to 

reduce the amount of paper work in relation to the 
opening of a bank account

?Banks should organise and provide technical advice 
for the business persons 

STEP-3: Financial Literacy
?Financial means an understanding of financial 

market products especially profits and risk. 
Financial literacy plays a significant role in the 
effective distribution of households’ savings 

?According to Cole and Fernado, there is a strong 
relationship between financial literacy and 
households’ well-being. Generally, poor or weaker 
sections of people are less experience with 
complicated financial transactions

STEP-4: Technology
?Banks have got huge technological advances on 

their door steps
?Core banking system adopted by banks with the 

help of technology has accelerated the banking 
process

?Further development and effective utilization of 
Biometric ATMs, Mobile Banking units, Link to 
mobile confirms that the transactions are detailed in 
the bank’s book on a real time basis.

8. Banking Sector Performance in an Inclusive 
Financial System in India

Banking sector plays an important role in 
including financially excluded people into formal 

sector. This part is based on trend analysis which makes 
an effort to evaluate the role of banking sector in 
financial inclusion process in India. Financial inclusion 
process in India is observed on the data from the official 
sources such as Reserve Bank of India (RBI), 
Scheduled Commercial Bank (SCBs), Urban Co-
operative Bank (UCBs) from different point of view 
like branch penetration, ATMs penetration, Population 
per branch, saving deposits with commercial bank and 
Co-operative bank.

The Figure 3 shows that the number of offices of 
scheduled commercial banks in India according to area 
is increasing year after year continually 1974-2014. In 
the year 1974, there were 6166 bank branches in rural 
areas, 5116 branches in semi urban areas, 3091 
branches in urban areas and 2563 branches in 
metropolitan areas. Number of branches in rural areas, 
semi-urban area, urban areas and metropolitan areas 
are increasing from 1974 to 1985. In 1986, number of 
offices of schedule commercial banks in rural areas is 
slightly decreasing but semi-urban, urban and 
metropolitan are gradually increasing. Number of 
branches in rural areas declined between 1991 and 
2001. But, number of branches in semi urban, urban 
and metropolitan areas increased significantly during 
the same period. This trend continued till the year 2007. 
Later the year 2008, number of branches in all types of 
areas (rural, semi urban, urban and metropolitan) has 
been increasing in India. But, percentage of increase in 
branches in rural areas is low as compared to other 
areas. Here, the important thing is that, the number of 
branches of Schedule Commercial Bank (SCBs) in 
rural areas was 33946 as on 31st March in 2011which 
were lower than the number of branches of SBCs in 

Figure 3: Number of offices of scheduled commercial banks in India according to area 
(as on 31st March) (1974-2014)
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1991(35206) because of banking sectors reforms 
(Narasimham Committee). And after 2011, number of 
branches in all types of areas (rural, semi urban, urban 
and metropolitan) has been increasing in India. Finally, 
we can conclude that the trend line of total number of 
offices of SCBs in India has been gradually increasing 
from 1974-2014.

End-March Total number of ATMs

2005 17642

2006 21147

2007 27088

2008 34789

2009 43651

2010 60153

2011 74505

2012 95,686

2013 1,14,014

2014 1,60,055

2015 1,81,398

Table 1: No. of ATMs of schedule commercial bank in 
India

Source: Reserve Bank of India, Mumbai

End-March Total number of 
branches

Geographic 
branch 

Penetration

1991 60220 18.31

2001 65919 20.05

2011 89622 27.26

Table 2: Geographic branch penetration of SCBs in India

Source: Reserve Bank of India, Mumbai

End-March Total number of 
branches

Demographic  
branch 

Penetration

1991 60220 7.17

2001 65919 6.46

2011 89622 7.41

Table 3: Demographic branch penetration of SCBs in 
India

Source: Reserve Bank of India, Mumbai

As on March 
31

Total number of 
ATMs

Demographic  
ATM 

Penetration

2001 35724 3.50

2010 60153 5.20

2011 74505 6.10

Table 4: Demographic ATM penetration of SCBs in India

Source: Reserve Bank of India, Mumbai

The perusal of Table 1 indicates the total number 
of ATMs of SCBs for the study period spanning from 
2005 to 2015, it shows that all the year the total number 
of ATMs are increasing at a faster manner. It is a good 
sign for India to achieve financial inclusion because 
now-a-days numbers of people are demanding more 
ATMs.

The results presented in Table 2 show geographic 
branch penetration of SCBs in India at different periods 
of time. It is clear from the table that geographical 
branch penetration keeps on increasing from the year 
1991. In 1991, geographical branch penetration score 
of India was 18.31, in the year 2001 it was 20.05 and in 
the year 2011, it reached 27.26. Geographical branch 
penetration scores indicate that there were about 18 

2
branches per 1000 km  in the year 1991, 20 branches 
per 1000  in the year 2001 and around 27 branches per 
1000. Geographic branch penetration score of SCBs in 
India as on  March 2011 indicates that people have to 
travel considerable distance to avail banking services 
in India.

The demographic branch penetration of SCBs in 
India at different periods of time is presented in Table 3. 
The results revealed that demographic branch 
penetration in India was 7.41 in the year 2011. The 
demographic branch penetration scores of India 
indicate that in the year 1991 and 2011, about 7 
branches were available for every 1, 00,000 persons 
and about 6 branches were available for every 1, 00,000 
person in the year 2001. Demographic branch 
penetration in India from 1991 to 2011 increased 
slightly only. From this, it is evident that there has been 
considerable increase in bank branch expansion in 
India, but it is not in the proportion to increase in 
population in India.

The perusal of Table 4 shows demographic ATM 
penetration scores of SCBs in India at different periods 
of time. In the year 2001, 3.5 ATMs were available for 
every 1, 00,000 persons in India. But, in the year 2011, 
it has gone to 6.1. It means that only 6.1 ATMs were 
available for 1, 00,000 persons in India. Here, 
demographic ATM penetration has increased 
moderately in India over the period of ten years. This 
clearly indicates that number of ATMs in India has 
increased considerably, but not proportion to increase 
in population.
9. Performance of UCB (Urban Co-operative 
Banks) - Deposits and Advances

The presented in Table 5 show the performance of 
UCBs in India from 2001 to 2011. The deposits and 
advance of UCBs trend line from 2001 to 2011 shows 
that the upward movement of both deposits and 
advances.  That means both are increasing. During 
2005-06, the number of UCBs and its advances has 
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Particulars Year ended 
March 2010

Year ended 
March 
2011

Year ended 
March 2012

Year ended 
March 
2013

Progress 
(2010-2013)

Banking outlets-Rural Branches 33378 34811 37471 40845 7467

Banking outlets-BCs 34174 80802 141136 221341 187167

Banking outlets-other Modes 142 595 3146 8424 8282

Banking outlets-Total 67694 116208 181753 268454 200760

Urban location covered through BCs 447 3771 5891 27143 26696

BSBD Accounts (No. lakh) 734.53 1047.59 1385.04 1820.63 1098.77

BSBD Accounts (amount in crores)` 5501.71 7612 12040.62 1829.89 12790.18

OD facility availed in BSBD Accounts (No. lakh) 1.83 6.06 27.05 39.42 37.59

KCC (No. lakh) 243.07 271.12 302.35 337.87 94.82

KCCs (`crores) 124007.1 160005 206839 262298 138291

GCCs (No. lakh) 13.87 16.99 21.08 36.39 22.52

GCCs (` crores) 3510.87 3507.06 4184.41 7661.39 4150.53

BC-ICT Accounts (No. in lakh) 132.65 316.3 573.01 810.38 677.73

ICT Accounts-BC-Total transaction (No. in lakh) 265.15 841.64 1410.93 2546.51 4799.08

Table 6: Progress of SCBs in financial inclusion plan

Source: RBI (Data included SCBs excluding RRBs)

been decreasing because that time the RBI cancelled 
licenses of 14 UCBs because many banks became 

1bankrupt and others are on the limit of unions (RBI) . 
And here, very interesting result is that, from 2003 -04 
numbers of UCBs were increasing (1941 to 1926) but 
after 2009 -2011, its number is decreasing (1721, 1674, 
and 1645).

The perusal of Table 6 shows the progress of 
Schedule Commercial Bank (SCBs) in India during the 
first phase (2010-2013) of Financial Inclusion Plan. 
From the above Table 6 we can see that, more than 
2,68,000 banking outlets have set up in village as on 
March, 2013 besides 67,694 banking outlets in March 
2010. According to RBI statistics, the total number of 
functioning branches of all commercial banks in the 
country reached to 1,02,343 branches with 37,953 

st
branches were in rural areas as on 31  March, 2013 and 
more than 7400 rural branches have been opened 
during this period compared with the reduction of 
nearly 1300 rural branches during the last two decades. 

Around 1098 lakh Basic Bank Deposit Account have 
been extra, taking the total number of BSBDAs to 1823 
lakh. The part of ICT based accounts to total basic 
Savings Bank Deposit Accounts increased from 25 
percent in March 2010 to 45 per cent in March 2013. 
The number of Kisan Credit Cards (KCC) issued by the 
banking system were reached to 337.87 lakh with a 
balance of ̀ 2, 62,298 crore at the end of March, 2013.

The perusal of Table 7 revels that, the present 
status of financial inclusion initiative in India and it 
explains the number of banks and accounts under the 
Pradhan Mantri Jan-Dhan Yojana scheme. Number of 
accounts in public sector bank in rural area is 7.48 
crores, urban area is 6.16 crores and total is 13.64 
crores. Here, we can see that, the total number of 
private sector banks is very low in comparison to public 
sector banks and total number of RRB is 0.7. Total 
balance account is `22032.68 cr. and total percentage 
of zero balance accounts are 46.25 crores. Recent in 
India, total number of RuPay debit cards are 15.43 
crores.
10. Cross Country Comparison

Financial exclusion remains an area of great 
concern in India as compared with other countries for 
the low levels of financial penetration and deepening. 
The perusal of Table 8 indicates the low rank of India in 
financial penetration when compared with the 
Organisation for Economic Cooperation and 
Development Countries. However, the difference in 
the financial access is less striking when India is 
compared with select Asian group countries in terms of 
banks branches. The position of India is prominent 
with regard to access to Automatic Teller Machines. 

As on March 31 UBCs (No.) Deposits Advances

2001 1618 80840 54389
2002 1854 93069 62060
2003 1941 101546 64880
2004 1926 110256 67930
2005 1872 105021 66874
2006 1853 114060 71641

Table 5: Performance of UCB (Urban Co-operative 
Banks)-deposits and advances 

(`Crores)

Source: https:// www.kaimindia.in/data/KAIM-Journal-2011.pd
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Nations and groups Financial access Market size and penetration

Number of branches Number of ATMs Private credit to GDP ratio (%)

India 6.33 1.63 33.3
Asian group countries 1.33-20 3.80-17.05 23.00-126.60
China 1.33 3.8 111.8
Malaysia 8.26 16.44 126.6
Indonesia 3.73 4.84 23
Thailand 7.37 17.05 90.5
OECD Countries 23-45 57-158 47.80-160.48
Australia 24 115 109.73
UK 23 97 160.48
Japan 45 136 97.9
Canada 28 158 75.65
US 26 134 47.84

Table 8: Access and penetration of Asian group and OECD countries
(Per one lakh persons)

Source: Kiatchai et al. (2009), Getting Finance in South Asia 2009 - Indicators and Analysis of the Commercial Banking Sector, World 
Bank

The penetration of the banking for India sector in terms 
of private credit to GDP ratio is lower than many of its 
Asian group countries. These trends necessitate 
strengthening of financial inclusion process in India.

The perusal of Table 9 revealed that there is 
dissimilarity among countries of the World in terms of 
different outreach of financial services. In case of 
India, number of bank branches (per 0.1 million adults) 
is 10.64, number of bank branches in Australia is 29.61 
and similarly, Brazil (46.15), France (41.58), Mexico 
(14.86), USA (35.43), Korea (18.80) and Philippines 
(8.07). Here, number of bank branches (per 0.1 million 
adults) in Brazil is highest and Philippines is lowest in 
among all countries. Number of ATMs (per 0.1 million 
adults) is highest in Australia (166.92) and lowest is 
India (8.90). In terms of bank loan as percent of GDP is 
highest in Australia (128.75) and lowest is Mexico 
(18.81). In terms of bank deposit as percent of GDP is 

highest in Australia (107.10) and lowest in Mexico 
(22.65).
11. Major Issues and Challenges of Financial 
Inclusion in India:

There are several issues, challenges and strategies 
to achieve the target of complete financial inclusion 
such as:
(i) Change in the approach of banks: Since bank 
service, argued by some economist is a public good, it 
should reach to every people. In addition, narrow 
minded mind set of the bankers also creates obstacle in 
the achievement of the financial inclusion. Hence, they 
should change their mind set and adopt new methods 
and cost effective delivery model to reach out the poor. 
(ii) Self Help Group-Bank Linkage Programme 
(SLBP): There has been a notable improvement in the 
growth of the SHGs linkage programme. However, 
there has been some obstacle to the achievement in the 

Particulars No. of   Accounts Total

Public Sector Bank Private Banks RRBs

Rural 7.48 2.65 0.41 10.55

Urban 6.16 0.46 0.28 6.9

Total 13.64 3.11 0.7 17.45

No. of RuPay DC 12.54 2.27 0.62 15.43

BA 17273.12 3684.56 1075.01 22032.68*

Percent of ZBA 45.75 48.55 45.71 46.25

Table 7: Pradhan Mantri Jan Dhan Yojana (PMJDY)
(As on 05.08.2015)

Source: Pradhan Mantri Jan-Dhan Yojana (PMJDY), 
Department of Finance Services, Ministry of Finannce, 
Government opf India, New Del;hi. *$3.4 Billion
RRB: Regional Rural Banks
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form delay in opening of SHG account, non-approval 
of repeated loans by banks.
(iii) Microfinance Institutions (MFIs): The Non-
Banking Financial Company-Micro Finance 
Institutions (NBFCs-MFIs) are in greater trouble 
although RBI relaxed it some ways. Due to low 
transparency and profit motivation at the cost of poor, 
these financial institutions are being one advised to for 
high transparency and viable growth.
(iv) Business Facilitators (BFs)/Business 
Correspondents (BCs): This model has not been 
successful as expected. Here the high risk involved in 
cash management pose a threat on banks and their 
BFs/BCs.
(v) Mobile Banking: With the rapid growth in the 
number of mobile phone subscribers in India, banks in 
collaboration with telecom companies are seeking to 
develop an alternate channel of delivery of banking 
services. Keeping in view the issues relating to 
diversity of network providers in India, remittance 
centric approach of such model and Know Your 
Customer (KYC) related concerns, the RBI has 
advocated bank-led mobile banking model and issued 
operative guidelines to banks for effecting mobile-
based banking transactions. 
 (vi) Issues and Challenges in ICT based Financial 
Services: Providing financial services through new 
technology can reduce transaction cost and further, it 
increases the financial literacy of the people. This 
technological advantage can enhance banking services 
irrespective of the geographical barriers and segment 
of the people.
12. SUMMARY AND CONCLUSION

There is a global consent on the significance of 
financial inclusion due to its key role of brining 
integrity and stability into an economy’s financial 
system as well as its role in fighting poverty in a 
sustainable manner. It is more pertinent in the case of 

India as a developing nation to use financial inclusion 
as a platform not just for growing the financial sector 
but more as an engine for driving an inclusive 
economic growth. 

In the beginning, this study broadly highlights the 
major initiatives taken by the Government of India and 
other countries. In India, there are also different 
initiatives taken by GOI and RBI to achieve financial 
inclusion and to reduce the social exclusion by 
introducing new forms of customer behaviour, new 
technology etc. From the trend analysis, it is evident 
that, the schedule commercial bank (SCBs), number of 
offices in rural areas has increased more times than 
semi-urban, urban and metropolitan. Looking at the 
trend of SCBs in semi-urban areas has increased faster 
rate in the initial period but it shows down in 2008. 
However, it is still grows in upward direction and stays 
above urban and metropolitan. During the period from 
2005 to 2015, number of ATMs of SCBs in India has 
increased rapidly especially after 2013. For the period 
2001 to 2011, the deposit and advance trend of the 
urban co-operative banks has increased in upward 
direction. But the growth of the deposit is above the 
trend line of the advances of the urban co-operative 
banks. And the saving deposit of the India banks has 
increased rapidly especially after 2003. In the 
meantime, the foreign banks have not shown any 
significant improvement.

 In spite of that, banks still regard financial 
inclusion as an obligation and not as a business 
opportunity and, therefore, the reach of inclusion was 
less desired. Bank should be asked to take up financial 
inclusion as a business opportunity to help the poor 
come under the banking operation net. A part, indeed an 
important part, of the mandate of central banks is 
financial stability and an essential prerequisite for 
financial stability is financial literacy and the central 
bank has a unique leverage in providing financial 
literacy.

Country Number of 
branches

Number of ATMs Bank loan as percent of 
GDP

Bank deposits as percent of 
GDP

India 10.64 8.9 51.75 68.43

Australia 29.61 166.92 128.75 107.1

Brazil 46.15 119.63 40.28 53.26

France 41.58 109.8 42.85 34.77

Mexico 14.86 45.77 18.81 22.65

USA 35.43 - 46.83 57.78

Korea 18.8 - 90.65 80.82

Philippines 8.07 17.7 21.39 41.93

Table 9: Indicators of outreach of financial services in selective countries in the world 

(Per 0.1 million adults)

Source: Report on Trend and Progress of Banking in India, RBI 2011-12
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ABSTRACT
The present study was taken up with the intention of analyzing the development of the factors like rainfall, temperature, production, 
productivity, procurement, off take, per capita availability of food grains over a period of time. Rice and wheat were considered for the 
study. It was observed that annual rainfall has grown at a rate of 0.08 per cent annually which was negligible. Over a period of 42 
years, rainfall during January- February and March to May has grown at a negative rate of -0.18 per cent and -0.2 per cent 
respectively. Whereas, the rainfall during the important season of monsoon viz. June to September has grown at a rate of 0.1 per cent 
annually. The co efficient of variation was highest at 24 per cent for the season January to February, barring which all other seasons 
had minimal variability. The production of rice has grown at a rate of 2.32 per cent annually. The productivity has also grown at a rate 
of 1.96 per cent annually. The coefficient of variation was 27 and 23 per cent in the case of production and productivity respectively. 
The procurement under the PDS has grown at a rate of 5.84 per cent per annum, with the off take also growing at a similar rate of 5.83 
per cent. The stock of rice has grown at 5.37 per cent. The per capita net availability of food grains has grown at a negligible rate of 
0.12 per cent. The population of India has grown at a rate of 1.96 per cent during the same period. It can be noticed that the growth in 
production, productivity, procurement, off take and stock has been higher than the population growth. It was observed that there was a 
direct correlation between production of rice and all the other factors taken into consideration. This relation was highly correlated 
and significant statistically in the case of area, productivity, procurement, off take, stocks and population. The area under wheat has 
grown at a steady rate of 0.98 per cent  per annum with not much variability. The procurement of wheat under the Public Distribution 
System has grown at a rate of 4.41 per cent compared to the 3.32 per cent growth of off take and 3.92 per cent growth of stock of wheat 
under PDS. The production of wheat had a positive strong correlation with the area under wheat, productivity, procurement, off take, 
per capita availability of wheat and population which was significant at 5 per cent probability.
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INTRODUCTION
Agriculture represents a core part of the Indian 

economy and provides food and livelihood activities to 
much of the Indian population. India has 2.3 per cent of 
world’s land, 4.2 per cent of world’s freshwater 
resources, 16 per cent of world’s population, 17 per 
cent of world’s cattle population. Agriculture supports 
livelihood for 52 per cent of workforce and Contributes 

17 per cent to national GDP. It plays a key role in our 
national food security as it supports increased 
population from 361 to 1180 million between 1951 and 
2013. Net sown area increased from 119 (1950-51) to 
140 (1970-71) M ha, and still there is about 141 M ha of 
untapped potential land in rainfed areas (60 per cent of 
net sown area). There is a challenge to produce 345 
million tonnes by 2030 from 141 M ha of land or less. 



In such anintense situation any hindrances which can 
stall our efforts to reach food security will be 
undesirable. Out of the many challenges and threats, 
climate change has emerged as a major one. The issue 
of climate change is a hot topic of debate at the world 
level. Now it has been proved that climate change is not 
a myth and is very much real. It has been estimated that 
climate change is happening at a faster rate than earlier 
expected. The impact of climate change on agriculture 
could result in problems with food security and may 
threaten the livelihood activities upon which much of 
the population depends. climate change can affect crop 
yield (both positively and negatively), as well as the 
types of crops that can be grown in certain areas. Food 
production in India is sensitive to climate change like 
variations in temperature and monsoon rainfall. Rise in 
temperature has a direct impact on the Rabi crop and 

O
every 10 C rise will reduce wheat production by 4 to 5 
million tones. According to World Bank Report “Turn 
Down The Heat: Climate Extremes, Regional Impacts 

0
and the case for Resilience” 2013, an expected 20 C 
rise in the world’s average temperature in the next 
decade will make India’s summer monsoon highly 
unpredictable. Shifting rain pattern will leave some 
areas under water and others without water for power 
generation, irrigation and in some cases even for 
drinking. The Report warns that by the 2040’s India 
will see a significant reduction in crop yields because 
of extreme heat.

Another report by the Intergovernmental Panel on 
Climate Change (IPCC), Climate Change 2014 – 
Impacts, Adaptation and Vulnerability, rise of global 
temperature and increasing food demand would pose 
large risk to food security globally and regionally. It 

0finds that even at just 10 C of warming, a negative 
impact for major crops like wheat, rice and corn would 
be seen. For India and China, the prediction is that the 
stress on staple wheat crop would increase negatively, 
affecting the overall food security of the continent. Post 
2030, the overall food production will decrease, but 
certain region could also see a small rise in food 
production. The Indian Agricultural Research Institute, 
New Delhi has examined the vulnerability of 
agricultural production to Climate Change and made 
the following predictions.
Wheat Production 
a) The study found that increase in temperature by 

O
about 20 C will reduce potential grain yields in 
most places. The region with higher potential 
productivity such as northern India were relatively 

less impacted by Climate Change than areas with 
lower potential. 

b) Climate change will also lead to boundary change 
in areas suitable for growing certain crops 

c) Reduction in yields as a result of Climate change is 
predicted to be more pronounced for rain fed crops 
as opposed to irrigated crops because of no coping 
mechanism for rainfall variability. 

d) The difference in yield is influenced by baseline 
climate. In subtropical environment the decrease in 
potential wheat yield range from 1.5 to 5.8 per cent 
while in tropical regions the decrease is relatively 
higher, suggesting that warmer regions can expect 
greater crop. 

Rice Production 
a) Overall temperature increase, are predicted to 

reduce rice yields. 
b) Eastern region are predicted to be most impacted by 

increased temperature and decreased radiation, 
resulting in relatively fewer grains and shorter 
grain filling durations. 

c) Although and additional carbon dioxide can benefit 
crops, this effect was nullified by an increase in 
temperature.
The changes in agriculture could affect food 

security, trade policy, livelihood factors which could 
impact the population at large. Climate change is net 
result of several factors and many sectors of the 
economy are climate sensitive. Therefore, it is essential 
to have assessments of impacts of climate change to 
various sectors of the economy directly or indirectly to 
enable devising approaches, strategies and action plans 
to respond to the changes. It has also been observed that 
Multi-disciplinary approach and advanced techniques 
should be adopted in the evaluation of vulnerability of 
different water resources and their associated systems 
that add to global warming (Misra, 2014).

The present study was taken up with the intention 
of analyzing the development of the factors like 
rainfall, temperature, production, productivity, 
procurement, offtake, per capita availability of food 
grains over a period of time and to reevaluate the 
relation between these factors, so that a relationship 
can be established. It has been emphasized that other 
food system processes, such as food processing, 
distribution, acquisition, preparation and consumption, 
are as important for food security as food and 
agricultural production. The policy makers can use this 
information to further ascertain the seriousness of 
climate change issue and its spillover effects on 
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agriculture and ultimately food security.
METHODOLOGY

Rice and wheat were considered for the study 
since they make up a major portion in the public 
distribution system. The secondary data with respect to 
area, production, productivity of rice and wheat in 
India were collected for a period of forty two years 
from 1972-73 to 2013-14. Information on the 
minimum and maximum annual temperature and 
average annual rainfall for the corresponding period 
was also collected. Information on the Public 
Distribution System like procurement, off take and 
stocks of rice and wheat for the period 1972-73 to 
2013-14 was also collected. The population data for the 
corresponding period were considered for comparison 
purpose. The sources considered were Indiastat.com 
and RBI data warehouse website. The analytical tools 
used for the study were Tabular analysis, compound 
annual growth rates, standard deviation, co efficient of 
variation and correlation analysis was done to analysis 
the data.
RESULTS AND DISCUSSION

The performance of rainfall in India for the study 
period 1972-2013 has been analyzed annually and 
seasonally. Four seasons viz. January to February, 
March to May, June to September and October to 
December have been considered for the study and 

presented in Table 1. During the study period, annual 
rainfall has grown at a rate of 0.08 per cent annually 
which is negligible. However, since the occurrence of 
rainfall in India is highly season dependant, it would be 
proper to consider the rainfall season wise.  
Accordingly, over a period of 42 years, rainfall during 
January- February and March to May has grown at a 
negative rate of -0.18 per cent and -0.2 per cent 
respectively. Whereas, the rainfall during the important 
season of monsoon, June to September has grown at a 
rate of 0.1 per cent annually. The rainfall during the last 
season, (October to December) had a growth of 0.05 
per cent. In total the growth in rainfall both annually as 
well as seasonally can be considered not significant. 

However, if we consider the variationin terms of 
Standard deviation, there is a high variability in the 
annual rainfall over the years with a Standard deviation 
of 97.5 per cent. This shows the unpredictability of 
rainfall in India which is a major problem for making 
farm decisions which indirectly affects the production. 
Season wise, the monsoon season of June to September 
also showed a high variability of 78.18 per cent 
meaning a more scattered rainfall pattern. The 
variability during the remaining seasons of October to 
December, March to May and January to February had 
standard deviations of 24.6, 18 and 10 per cent, 
respectively. 

This deviation can be seen more starting from the 

Year January-February March-May June-September October-December Annual

1972 37.70 122.60 736.40 125.90 1022.60

1975 38.60 118.50 980.30 143.40 1280.80

1980 36.50 121.10 910.70 105.70 1174.00

1985 37.40 121.60 820.20 158.40 1137.60

1990 59.30 194.60 947.70 157.30 1358.90

1995 56.50 140.90 878.60 122.60 1198.60

2000 48.80 136.50 847.10 92.80 1125.20

2005 27.80 139.90 879.30 138.40 1185.40

2006 34.30 112.80 886.60 99.30 1133.00

2007 42.60 115.30 936.90 85.40 1180.20

2008 23.60 91.00 873.20 87.20 1075.00

2009 24.60 122.90 689.80 135.50 972.80

2010 31.90 114.40 912.80 153.20 1212.30

2011 42.07 161.98 1009.94 173.74 1387.73

2012 39.95 149.56 913.07 142.34 1244.92

2013 47.97 174.58 1073.24 178.51 1475.08

CAGR -0.18 -0.02 0.10 0.05 0.08

Average 41.20 134.06 876.74 129.77 1181.80

SD 10.02 18.89 78.19 24.62 97.60

CV 24.31 14.09 8.92 18.97 8.26

Table 1: Performance of annual and seasonal rainfall in India between 1972 and 2013
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1990’s, getting more erratic after the year 2000. The 
extremities can be seen in 1972, 1987, 2002 and 2009 
which can be attributed to the draughts that happened 
during these years. The variation, explained by CV was 
highest at 24 per cent for the season January to 
February, barring which all other seasons had minimal 
variability.

The annual minimum and maximum temperatures 
in India has grown at a similar rate of 0.1 per cent each 
respectively while in case of seasonal temperature 
there was a different pattern. 

During the period January to February, the 
minimum and maximum temperature saw a growth of -
0.2 and 0.4 per cent respectively. During March to May, 
the Maximum temperature grew at a rate of 0.3 per 
cent. The important monsoon season saw a growth of -
0.1 and 0.3 per cent in the minimum and maximum 
temperatures respectively. Lastly, in the winter season, 
October to December, they were -0.2 and 0.36 per cent 
respectively.  This implies that seasonally, there was 
not much difference except a slight fall in the minimum 
temperatures and a gradual increase in the maximum 
temperatures that is, the extremities have increased 
slightly. These extremes can be seen during the years 
1980 to 1985 with respect to maximum temperatures. It 
can be noticed that during the corresponding period 
there were considerable reductions in the annual 
rainfall, area under rice, production, productivity and 
procurement of rice under PDS. 

The highest variability (cv) in temperature was 6.9 
per cent for maximum temperature during March to 

May.
This finding is similar to the findings of Zewdie 

(2014) who in her Literature Review study on Impacts 
of Climate Change on Food Security in SubSaharan 
Africa in 2014,  observed that Projections for different 
time points indicate, amount of rainfall isdecreasing 
and will decrease in the future with some uncertainties 
inits amount. This will affect the food production 
(availability) especiallyto vulnerable subsistence 
farmers in Sub Saharan African countrieswhere there is 
no well-established adaptat ion strategies.  
Although,moderate increase in temperature (1°C- 3°C) 

Years Annual Jan-Feb Mar-May Jun-Sep Oct-Dec

Min Max Min Max Min Max Min Max Min Max

1972 18.90 29.31 12.67 24.49 20.10 31.49 22.91 31.66 16.53 27.21
1975 18.61 28.89 13.26 24.12 20.03 31.62 22.50 30.66 15.58 26.99
1980 19.53 27.51 14.07 29.58 20.97 25.21 23.22 32.20 16.82 31.36
1985 19.30 29.61 13.93 25.29 20.94 32.51 22.98 31.28 16.33 27.35
1990 19.29 29.14 13.91 24.99 20.24 30.84 23.18 31.18 16.74 27.50
1995 20.39 30.18 14.99 25.68 21.47 32.40 24.16 32.01 17.84 28.52
2000 19.48 29.75 13.84 24.82 20.77 32.22 23.25 31.25 16.88 28.53
2005 19.58 29.60 14.62 24.96 20.84 31.81 23.46 31.84 16.43 27.50
2010 20.15 30.12 14.51 25.96 22.09 33.46 23.57 31.43 17.42 27.78
2011 19.58 29.82 13.84 25.33 20.68 32.07 23.56 31.55 17.16 28.23
2012 19.54 29.81 13.68 25.03 20.78 32.33 23.68 31.77 16.80 27.88
CAGR 0.11 0.11 -0.23 0.45 0.00 0.33 -0.10 0.21 -0.25 0.36
Mean 19.49 29.43 13.94 25.48 20.81 31.45 23.32 31.53 16.78 28.08
SD 0.50 0.75 0.64 1.45 0.60 2.17 0.44 0.43 0.59 1.20
CV 2.57 2.55 4.59 5.69 2.88 6.90 1.89 1.36 3.52 4.27

Table 2: Performance of annual and seasonal temperature in India between 1972 and 2012

Particulars CAGR Mean SD CV

Annual temperature

Minimum 0.11 19.43 0.35 1.8
Maximum 0.11 29.42 0.673 2.29
Annual rainfall 0.07 1180.62 99.91 8.46
Area under rice 0.07 41.84 2.16 5.16
Production 2.32 73.02 19.96 27.33
Productivity 1.96 1726.83 405.21 23.47
Public distribution system

Procurement 5.84 15.29 10.11 66.12
Offtake 5.83 13.42 9.27 69.08
Stock 5.37 13.04 8.6 65.95
PCNA 0.12 71.17 5.79 8.14

Table 3: Performance of temperature, rainfall, 
production, productivity, procurement, off 
take, stock of rice vis-à-vis per capita 
availability of rice in India between 1972 and 
2013

PCNA: Per capita net availability
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can have a benefit tofood production in temperate 
regions, it has a negative impact intropical and 
seasonally dry regions. When the temperature is 
morethan 3°C, it has a negative effect on food 
production (availability) in allregions.

The relationship between climate change and food 
security has been brought out in this study by 
comparing climate change factors like rainfall and 
temperatures with  area, production, productivity and 
food security factors like procurement, offtake, stock 
of rice under the Public distribution system and the per 
capita availability of food grains.

The annual minimum and maximum temperatures 
have not changed much during the study period with 
only 0.1per cent  annual growth. The variability is also 
negligible. The annual rainfall had a growth rate of just 
0.07 per annually.The production of rice has grown at a 
rate of 2.32 per cent annually. The productivity has also 
grown at a rate of 1.96 per cent annually. The maximum 
variability was seen in case of production and 
productivity at 27 and 23 per cent, respectively (Table 
3).

The procurement under the PDS has grown at a 
rate of 5.84 per cent per annum, with the off take also 
growing at a similar rate of 5.83 per cent. The stock of 
rice has grown at 5.37 per cent. This can be seen as a 
good growth as it is higher than the growth of 
production, productivity or the population growth 
during the corresponding years. The coefficient of 
variation of procurement, off take and stocks was high 
at 63 per cent, 69 per cent and 65 per cent respectively.

Another important factor of food security is the 

Per capita net availability of food grains. During the 
study period, it has grown at a negligible rate of 0.12 
per cent. The population of India has grown at a rate of 
1.96 per cent during the same period. It can be noticed 
that the growth in production, productivity, 
procurement, off take and stock has been higher than 
the population growth. Despite this improvement the 
per capita availability has not increased which could 
mean our present system of Food security is not 
meeting the desired results. This may be because of 
many reasons like the loopholes in the programmes of 
the government like corruptive practices, losses and 
leakages of food grains, theft and the black market 
which are not letting the benefits of the programmes 
like Public distribution to trickle down to the intended 
beneficiaries. 

It is estimated that the PDS is presently meeting 
around 10 per cent of the targeted population. So, there 
is still a long way to go in achieving full target. So, if 
there are inefficiencies at this stage itself, the problem 
of food security, which is going to get worse with 
further changes in climate, will be even harder to tackle 
in future.

The relation between the climatic factors and 
production, productivity and food security factors is 
very important to know the future effects of climate 
change on our food security plans. With respect to 
production of rice, it was observed that there was a 
direct correlation between production and all the other 
factors taken into consideration. This relation was 
highly correlated and significant at 5 per cent level of 
probability in case of area, productivity, procurement, 

Correlation Production Productivity Procurement Offtake Stock PCA Population

Annual minimum temp 0.61* 0.61* 0.57* 0.64* 0.53*
 NS0.13 0.68*

Annual maximum temp
NS0.52 0.53* 0.49* 0.50* 0.48*

 NS0.18 0.55*

Annual rainfall 0.25*
 NS0.24 NS0.098  NS0.07 NS0.21 -0.19

 NS0.10

Area 0.89* 0.85* 0.70* 0.57* 0.65*
 NS0.17 0.79*

Production 1.00* 0.99* 0.90* 0.84* 0.83* 0.1 * 0.96*

Productivity 0.99* 1.00* 0.91* 0.86* 0.84*
 NS0.10 0.96*

Procurement 0.90* 0.91* 1.00* 0.94* 0.87* -0.08 0.95*

Off take 0.84* 0.86* 0.94* 1.00* 0.81* -0.05 0.93*

Stock 0.83* 0.84* 0.87* 0.81* 1.00*
 NS0.015 0.85*

Per capita net availability 0.10*
 NS0.10  NS0.08 -0.05*

 NS0.015 1.00*
 NS0.12

Population 0.96* 0.96* 0.95* 0.93* 0.85*
 NS0.12 1.00*

Table 4: Correlation between climatic factors and the rice production, productivity, procurement, per capita 
availability and total population

PCA: Per capita availability
* Significant at five per cent level
NS: Non-significant

657

Siddayya et al.: The effect of climate change on food security in India



Particulars Production Productivity Procurement Offtake Stock PCA Population

Annual min temp 0.65* 0.66* 0.51* 0.54*
NS0.30 0.58* 0.68*

Annual max temp 0.52* 0.53* 0.46* 0.49* 0.38* 0.42* 0.55*

Annual rainfall
NS0.22 NS0.13 NS0.13 NS0.13 NS0.14 NS0.08 0.11*

Area 0.97* 0.93* 0.79* 0.72* 0.58* 0.70* 0.94*

Production 1.00 0.98* 0.82* 0.76* 0.59* 0.74* 0.97*

Productivity 0.98* 1.00 0.75* 0.70* 0.53* 0.79* 0.96*

Procurement 0.82* 0.75* 1.00 0.87* 0.79* 0.46* 0.83*

Off take 0.76* 0.70* 0.87* 1.00 0.57* 0.54* 0.80*

Stock 0.59* 0.53* 0.79* 0.57* 1.00
NS0.17 0.55*

Per capita availability 0.74* 0.79* 0.46* 0.54*
NS0.17 1.00 0.71*

Population 0.97* 0.96* 0.83* 0.80* 0.55* 0.71* 1.00

Table 6: Correlation between climatic factors and the wheat production, productivity, procurement, per capita 
availability and total population

PCA: Per capita availability.
* Significant at five per cent level.
NS: Non-significant

off take, stocks and population. Production was 
averagely correlated and significant with average 
minimum temperature, rainfall and per capita 
availability. The correlation with annual maximum 
temperature and stocks of rice under PDS was 
significant. The relationship with temperature is a 
highly localized effect and hence it may differ when the 
local temperatures or seasonal temperatures are taken 
into consideration (Table 4). 

The productivity on the other hand had a very high 
correlation which was significant in case of minimum 
and maximum annual temperatures, area, production, 
procurement, offtake, stock and also with the total 
population. However its correlation with annual 
average rainfall was not significant. This again may be 
otherwise if the regional or seasonal rainfall data is 
correlated. The net per capita availability of rice is also 
weakly related with the productivity but it is not 
significant. It is proper to say that the maximum and 
minimum temperatures influence the production and 
productivity of rice to effect.

The procurement of rice is an important activity 
under the Public distribution system. As shown in the 
Table 4 it is highly correlated with production, 
productivity, off take, stock and also population which 
is significant at 5 per cent probability. It is averagely 
correlated with minimum and maximum temperature 
and area significantly.

The per capita availability of rice was found to be 
positively correlated with annual minimum and 
maximum temperature, area, production, productivity, 
stock and the total population but was not significant 

with all of them. It was negatively correlated but not 
significant with rainfall, procurement and offtake. 

The area under wheat has grown at a steady rate of 
0.98 per cent per annum with not much variability. The 
production on the other hand has grown at a rate of 3.2 
per cent which can be explained by the growth in 
productivity of 2.15 per cent.

The procurement of wheat under the Public 
Distribution System has grown at a rate of 4.41 per cent 
compared to the 3.32 per cent growth of off take and 
3.92 per cent growth of stock of wheat under PDS. The 
standard deviation was in the range of 6-7 per cent 
which is not very significant. However, the coefficient 

Particulars CAGR Mean SD CV

Annual temperature
Min 0.11 19.43 0.35 1.8
Max 0.11 29.42 0.67 2.28
Annual Rainfall 0.07 1180.62 99.91 8.46
Area Under rice 0.98 24.78 3.05 12.31
Production 3.2 57.52 20.48 35.61
Productivity 2.15 2244.71 557.24 24.82
Public Distribution System
Procurement 4.41 12.13 7.64 62.98
offtake 3.32 12.32 6.68 54.22
Stock 3.92 8.63 6.48 75.09
PCNA 0.97 53.58 7.77 14.5

Table 5: Performance of temperature, rainfall, 
production, productivity, procurement, off 
take, stock of rice vis-à-vis per capita 
availability of wheat in India between 1972 
and 2013

PCNA: Per capita net availability
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of variation was high viz. 62, 54, and75 per cent 
respectively. The per capita net availability of wheat 
during the study period has grown at 0.97 per cent per 
annum which is comparatively better than the 
availability of rice (Table 5). However, it has not 
increased much even with the growth of production, 
productivity or procurement. 

The CV of production and productivity was 35 
and 24 per cent respectively meaning they have varied 
to some extent during the study period. Whereas, the 
maximum variation was seen in case of procurement, 
off take and stock with a CV of 62, 54, and 75 per cent 
respectively (Table 6).

The production of wheat had a positive strong 
correlation with the area under wheat, productivity, 
procurement, offtake, per capita availability of wheat 
and population which was significant at 5 per cent 
probability. It was averagely influenced by the 
minimum and maximum temperature and stock which 
was significant. Its positive relation with rainfall was 
not significant.

The productivity of wheat had a very identical 
relationship as of production with all other factors. 

The per capita availability of wheat, unlike rice 
had a positive significant relationship with the 
minimum and maximum temperature, area under 
production, production, productivity, procurement, off 
take and lastly total population. The only non 
significant relationship was with the average annual 
rainfall and stock of wheat under the PDS.
SUMMARY AND CONCLUSIONS

It can be summarized that, during the study 
period, the growth in average annual rainfall and 
seasonal rainfall has been negligible. The variability of 
rainfall data was particularly high in monsoon season.

The difference between minimum and maximum 
temperatures has widened during the study period, 
meaning, it is likely that there will be more extreme 
weathers in coming years. Hence there is a need to 
develop and utilize climate resistant varieties and 
technologies of farming. The procurement, stocking 
and offtake of food grains have also to be done keeping 
in mind these developments. 

During the study period, the growth in 
procurement and stocking of rice has outpaced the 
growth in area under rice, production and productivity 
of rice considerably. In case of wheat, the growth in 
procurement, stocking and offtake have outpaced 
production and productivity but with less difference. 
However, there was considerable variability in 

procurement, stocking and offtake of both rice and 
wheat, in terms of Co efficient of variation. Hence, it 
can be inferred, that there is a need for a more stable 
policy with respect to PDS, which can bring more 
stability to it to ensure better food security. 

The per capita availability of rice was not 
significantly correlated with other factors like area, 
production, productivity, procurement, stocking and 
offtake. The per capita availability of wheat was 
positively and significantly correlated to all factors 
except annual rainfall and stocking. However, the 
growth in per capita availability of both rice and wheat 
has not been considerably good when compared to the 
developments in other factors. This calls for linking of 
the benefits of growth in area, production, productivity, 
procurement, stocking and offtake with the delivery of 
the food grains to the public. It could also infer that 
there may be loopholes and in efficiencies in the 
delivery of the food grains to the ultimate consumers 
and calls for stringent and thorough examination anf 
fixing of such shortcomings. 

There is a direct correlation between climatic 
factors like rainfall and temperature and the 
production, productivity, procurement, off take, stock 
of food grains under the public distribution system in 
India which would mean they bear a direct influence on 
our food security. This influence may become even 
greater in the future considering that the climate is set 
to deviate further. This finding is in line with the 
findings of a study that climate change will affect all 
four dimensions of food security, namely food 
availability (production and trade), access to food, 
stability of food supplies, and food utilization. The 
importance of the various dimensions and the overall 
impact of climate change on food security will differ 
across regions and over time and, most importantly, 
will depend on the overall socio-economic status that a 
country has accomplished as the effects of climate 
change set in (Schmidhuber and Francesco, 2007). 
Therefore the need of the hour is to move towards 
climate smart agriculture by way of adopting climate 
resilient technology, growing crops and varieties that 
are less affected by adverse climatic factors, adopt 
policies that support growth as well as environmental 
balance such that they should not threaten our food 
security. 

Further, as shown in the study, the net per capita 
availability of food grains, in this case, rice and wheat 
have not increased much over the years. This has to be 
looked into if the government intends to achieve its 
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target of feeding a billion mouths. This would require 
the existing good programmes like the Public 
distribution system to be free of loopholes, weaknesses 
and corruption.
Further Improvements

The complexity of climate factors which are region 
specific makes it difficult to generalize the results to the 
whole country. So there is a need for detailed region 
specific studies which can take into account the effects 
of local climatic factors in the region and the 
cumulative effect they have on the country’s macro 
economic factors.

Different tools like the Path coefficient analysis 
can be used to analyze the direct as well as indirect 

effects of different factors on the dependent variables 
which can give us a better understanding of the 
relationship between climate change and production 
and food security factors.
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Year J-F MAM J-S O-D Annual

1972 37.70 122.60 736.40 125.90 1022.60

1973 34.40 120.70 909.10 143.30 1207.50

1974 26.10 127.00 793.40 127.40 1073.90

1975 38.60 118.50 980.30 143.40 1280.80

1976 34.90 122.30 894.10 105.50 1156.80

1977 36.30 167.50 897.10 165.60 1266.50

1978 43.40 137.70 916.90 131.80 1229.80

1979 54.70 117.90 777.00 151.70 1101.30

1980 36.50 121.10 910.70 105.70 1174.00

1981 47.20 142.30 895.30 99.70 1184.50

1982 51.00 154.40 792.60 119.20 1117.20

1983 41.70 151.90 948.90 123.20 1265.70

1984 52.20 129.90 856.80 104.20 1143.10

1985 37.40 121.60 820.20 158.40 1137.60

1986 52.30 130.90 817.00 141.80 1142.00

1987 38.10 132.40 756.80 154.90 1082.20

1988 35.90 157.70 1012.50 92.00 1298.10

1989 33.60 122.70 899.80 92.90 1149.00

1990 59.30 194.60 947.70 157.30 1358.90

1991 40.30 154.20 854.80 119.60 1168.90

1992 42.70 120.30 838.00 118.90 1119.90

1993 45.50 138.30 890.20 135.40 1209.40

1994 49.80 125.40 968.30 133.50 1277.00

1995 56.50 140.90 878.60 122.60 1198.60

1996 45.10 132.90 878.10 133.90 1190.00

1997 29.20 127.70 885.00 169.90 1211.80

1998 50.60 142.50 904.30 153.50 1250.90

1999 33.90 124.30 884.60 138.20 1181.00

2000 48.80 136.50 847.10 92.80 1125.20

2001 25.40 128.80 829.10 133.50 1116.80

2002 40.50 130.50 742.20 108.80 1022.00

2003 46.40 127.50 905.70 140.50 1220.10

2004 69.80 124.70 779.60 111.80 1085.90

2005 27.80 139.90 879.30 138.40 1185.40

2006 34.30 112.80 886.60 99.30 1133.00

2007 42.60 115.30 936.90 85.40 1180.20

2008 23.60 91.00 873.20 87.20 1075.00

2009 24.60 122.90 689.80 135.50 972.80

2010 31.90 114.40 912.80 153.20 1212.30

2011 42.07 161.98 1009.94 173.74 1387.73

2012 39.95 149.56 913.07 142.34 1244.92

2013 47.97 174.58 1073.24 178.51 1475.08

Appendix-I

Seasonal and Annual rainfall in India (in millimetres)

J-F: January to February, MAM: March April May, J-S:  June to September, and O-D: October to December
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Year Annual 
temperature 

0(  Celcius)

Annual 
rainfall 
(mm)

Production 
(mt)

Productivity
 (kg/ha)

Public distribution 
system (Mt)

PCNA  
-1(gmday )

Population 
(million)

Min Max Procurement Offtake Stock

1972-73 18.90 29.31 1022.60 39.24 1070.00 2.71 3.69 1.64 72.40 563.90

1973-74 19.38 29.44 1207.50 44.05 1151.00 3.89 3.23 2.06 62.80 576.80

1974-75 18.76 29.26 1073.90 39.58 1045.00 3.80 3.78 1.89 69.50 590.00

1975-76 18.61 28.89 1280.80 48.74 1235.00 6.32 3.00 4.74 58.00 603.50

1976-77 18.90 29.27 1156.80 41.92 1089.00 4.43 4.06 6.36 68.50 617.20

1977-78 19.31 29.41 1266.50 52.67 1308.00 4.85 4.32 6.68 61.60 631.30

1978-79 19.24 29.23 1229.80 53.77 1328.00 6.33 3.20 9.71 71.60 645.70

1979-80 19.55 29.63 1101.30 42.33 1074.00 3.85 4.88 8.44 73.10 660.30

1980-81 19.53 27.51 1174.00 53.63 1336.00 5.61 5.88 6.69 60.80 675.20

1981-82 19.25 27.24 1184.50 53.25 1308.00 7.33 6.74 6.36 72.20 688.50

1982-83 19.21 27.26 1117.20 47.12 1231.00 7.05 7.69 5.24 70.50 703.80

1983-84 19.14 29.11 1265.70 60.10 1457.00 7.73 7.67 5.24 62.00 718.90

1984-85 19.25 29.28 1143.10 58.34 1417.00 9.86 6.61 8.58 72.20 734.50

1985-86 19.30 29.61 1137.60 63.83 1552.00 9.88 7.40 10.34 68.90 750.40

1986-87 19.09 29.33 1142.00 60.56 1471.00 9.16 9.03 10.04 77.40 766.50

1987-88 19.42 29.72 1082.20 56.86 1465.00 6.90 10.11 5.91 75.20 782.70

1988-89 19.33 29.55 1298.10 70.49 1689.00 7.73 9.08 3.86 68.70 799.20

1989-90 18.95 29.18 1149.00 73.57 1745.00 11.87 7.48 7.06 78.50 815.80

1990-91 19.29 29.14 1358.90 74.29 1740.00 12.67 7.91 10.21 77.40 832.60

1991-92 19.29 29.32 1168.90 74.68 1751.00 10.25 10.26 8.86 80.90 851.70

1992-93 19.15 29.23 1119.90 72.86 1744.00 13.05 9.89 9.93 79.20 867.80

1993-94 19.34 29.55 1209.40 80.30 1888.00 14.26 9.46 13.55 73.40 883.90

1994-95 19.48 29.46 1277.00 81.81 1911.00 13.71 8.85 18.08 75.70 899.90

1995-96 20.39 30.18 1198.60 76.98 1797.00 10.05 11.63 13.06 80.30 922.00

1996-97 19.55 29.58 1190.00 81.73 1882.00 12.96 12.31 13.17 74.60 941.60

1997-98 19.21 29.05 1211.80 82.54 1900.00 15.55 11.20 13.05 78.10 959.80

1998-99 19.84 29.70 1250.90 86.08 1921.00 12.60 11.83 12.16 73.10 978.10

1999-00 19.53 29.81 1181.00 89.68 1986.00 18.23 12.42 15.72 74.20 996.40

2000-01 19.48 29.75 1125.20 84.98 1901.00 21.28 10.42 23.19 74.30 1014.80

2001-02 19.49 29.99 1116.80 93.34 2079.00 22.13 15.32 24.91 69.50 1033.20

2002-03 19.78 30.23 1022.00 71.82 1744.00 16.41 24.85 17.16 83.50 1050.60

2003-04 19.70 29.75 1220.10 88.53 2077.00 22.90 25.04 13.07 66.20 1068.20

2004-05 19.69 29.79 1175.40 85.13 1984.00 24.67 23.20 13.34 71.30 1085.60

2005-06 19.58 29.60 1035.60 91.79 2102.00 27.58 25.08 13.68 64.70 1102.80

2006-07 20.07 30.06 1133.00 93.35 2131.00 25.11 25.06 13.17 72.30 1119.80

2007-08 19.69 29.84 1180.20 96.69 2202.00 28.74 25.23 13.84 70.80 1136.60

2008-09 19.60 29.64 1075.00 99.18 2178.00 34.10 24.62 21.60 64.00 1153.10

2009-10 19.94 30.29 972.80 89.09 2125.00 32.03 27.37 26.71 68.80 1169.40

2010-11 20.15 30.12 1212.30 95.98 2239.00 34.20 29.93 28.82 67.40 1185.80

2011-12 19.58 29.82 1387.00 105.30 2393.00 35.04 32.12 33.35 66.30 1201.90

2012-13 19.54 29.81 1244.80 104.40 2462.00 34.04 32.64 35.47 69.40 1213.40

2013-14 19.51 29.66 1486.70 106.20 2419.00 31.31 29.20 30.55 69.72 1228.80

Appendix-II

Temperature, rainfall, production, productivity, procurement, off take, stock of rice vis-à-vis per capita 

availability of rice in India between 1972 and 2013

PCNA: Per Capita Net  availability
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INTRODUCTION
Today, India has become the world’s largest 

producer across a range of commodities like coconut, 
mango, banana, milk and dairy products, cashew nuts, 
pulses, ginger, turmeric and black pepper. It is also the 
second largest producer of rice, wheat, cotton, sugar, 
fruits and vegetables. With a view to promoting 
agriculture in the country and to fetch remunerative 
returns to the farming community in the sustained 
manner, the state and central government have been 
encouraging export of agriculture and food products from 
India. Though, India is largest producer of fruits and 
having highest production of mango, the export is limited 
(Amarender, 2005). 

In the world, total 51.65 lakh ha. area is under mango 
cultivation and it produces around 400 lakh M.T. mango. 
Major mango producing countries in the world are India, 
China, Thailand, Pakistan, Mexico, Indonesia, Brazil, 
Bangladesh, Philippines and Nigeria. India contributes 
more than 44 percent area under mango cultivation with 
the share of 38.00 percent in production. The world 
productivity of mango is 7.74 M.T. /ha. In India, Andhra 
Pradesh, Uttar Pradesh, Maharashtra, Karnataka, Bihar, 
Gujarat, West Bengal, Orissa, Kerala and Tamil Nadu are 
the major states having major area under mango. As far as 

production of mango is concerned, Uttar Pradesh ranks 
first, followed by Andhra Pradesh. In productivity of 
mango, Uttar Pradesh ranks first, followed by Karnataka. 
Bihar is third and Andhra Pradesh is fourth in 

thproductivity. Maharashtra state ranks 10  in the 
productivity with highest area under mango (Patil and 
Nirban, 2013). 

India is having world’s best mango varieties but due 
to unavailability of infrastructure facilities specified by 
the importing countries, there was no export to few 
countries as they banned the import from India. The 
present study, Retrospect’s and Prospect’s for Export of 
Mango from India was conducted with the objectives.
i. to ascertain the major mango producing countries in 

the world,
ii. to study the major mango exporting and importing 

countries in the world, and
iii. to analyze the trends in country wise export of mango 

from India.
METHODOLOGY 
Sources of Data: The secondary data of area, production 
and productivity of mango in India and mango growing 
states were obtained from Center of Monitoring Indian 
Economy (CMIE) for the period from 2000-01 to 2012-
2013. Secondary data on country wise export of mango 



were obtained from Directorate General of Commerce, 
Industries and Statistics, Kolkata. The secondary data of 
world export and import of mango, major mango growing 
countries, major mango exporting and importing 
countries etc. were obtained from FAO Production and 
FAO Trade yearbooks. The publications of National 
Horticulture Board “Indian Horticulture Database” were 
also used for obtaining relevant data. 
Analysis of Data 
Compound growth rate: The compound growth rates of 
area, production and productivity of mango were worked 
out by using an exponential form of equation,    
Instability analysis: Instability analysis was carried out 
on the data obtained for yearly export of mango, as well 
as, country wise export of mango. In order to study the 
variability in the time series data, coefficient of variation 
(CV) was used as an index of instability. Wherever the 
trend coefficients of the series were found significant, the 
variation around the trend rather than the variation around 
the mean (CV) was used to measure the instability as an 
index of instability. 
Tabular Analysis 

In the present study, tabular analysis was used to find 
out the mean, standard deviation and percentage change 
in area, production and yield of mango in India and the 
world. Percentage share of different countries in 
production, export and import of mango were also 
calculated. 
RESULTS AND DISCUSSION
Major Mango Producing Countries  

The country wise data on area, production and 
productivity of mango for the year  2012-2013 have been 
collected and percent share in world mango production 
are are shown in Table 1. The area, production and 
productivity of mango in the world in the year 2012-13 
was 49.46 lakh hectares, 371.24 lakh tonnes and 7.51 
tonnes/ha., respectively. Top ten mango producing 
countries in the world are India, China, Thailand, 
Indonesia, Pakistan, Mexico, Brazil, Bangladesh, Nigeria 
and Philippines. India ranks first by contributing 40.48 
percent mango production in the world and it was 
followed by China (11.72 percent) and Thailand (6.87 
percent) and the shares of remaining seven countries in 
world mango production were in the range of 2.13 to 4.97 
percent. The share of these ten countries together was 
82.28 percent in the world mango production.   

The per hectare productivity of mango was highest in 
Brazil (15.83 tonnes) and it was followed by Indonesia 
(10.62 tonnes), Mexico (9.78 tonnes) and China (9.35 
tonnes). The lowest productivity was recorded in 
Philippines (4.36 tonnes/ha) and in the case of India it was 
6.50 tonnes/ha.
Growth and variability in world area, production 
and productivity of mango

The year wise data on area, production and 
productivity of mango in the world for the period of 11 
year’s i.e. from the year 2000 to 2011 have been collected 

and mean, standard deviation, coefficient of variation and 
compound growth rate are calculated and are shown in 
Table 2. 

The average area, production and productivity of 
mango in the world during last decade was 45.04 lakh 
hectares, 333.93 lakh metric tonnes and 7.40 tons/ha., 
respectively. The area under mango has increased from 
35.77 to 54.41 lakh hectares, production of mango from 
248.52 to 433.00 lakh metric tons and productivity of 
mango from 6.95 to 7.95 tonnes/ha. during last decade. 

Country Area 
('000'ha)

Production 
(Lakh 
tonne)

Productivity 
-1(tha )

PSWTP

India 2312.30 151.88 6.50 40.48
China 465.33 43.50 9.35 11.72
Thailand 311.05 26.00 8.20 6.87
Indonesia 173.70 21.31 10.62 4.97
Pakistan 174.97 18.88 9.33 4.40
Mexico 131.67 18.27 9.78 3.47
Brazil 75.11 12.49 15.83 3.20
Bangladesh 170.80 8.89 6.13 2.82
Nigeria 189.44 8.50 6.88 2.13
Philippines 114.90 8.00 4.36 2.22
Other 
countries

827.04 65.78 7.95 17.72

World 4946.31 371.24 7.51 100.00

Table 1:  Major mango producing countries of the world  

Source: CMIE 2012-13
PSWTP: Percent share in world total production

Year Area  (000' 
ha)

Production 
('000 MT)

Productivity 
(MT/ha)

2000 3577.02 24852.48 6.95
2001 3571.88 25111.31 7.03
2002 3666.05 26407.42 7.20
2003 3798.01 29878.23 7.87
2004 4170.12 29834.56 7.15
2005 4399.58 31664.94 7.20
2006 4588.38 33870.95 7.38
2007 4710.84 34910.2 7.41
2008 4792.20 35599.89 7.43
2009 5016.14 34621.05 6.90
2010 4946.31 37124.74 7.51
2011 5107.28 39259.44 7.68
2012 5276.88 41068.89 7.78
2013 5441.37 43300.07 7.95
Mean 4504.40 33393.20 7.40
S.D. 649.40 5768.90 0.30
CV 14.40 17.30 4.60
CGR 3.53*** 4.22*** 0.66*

Table 2: Growth and variability in world area, 
production and productivity of mango

Source: CMIE and Anonymous 2005, 2006, 2009, 2011
*** and * significant at one and ten percent level
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The standard deviation in area under mango was 6.49 lakh 
hectares and production of mango was 57.68 lakh metric 
tons during last decade. The variability in area and 
production of mango was 14.40 and 17.30 percent, 
respectively during last decade. The annual compound 
growth rates in area and production of mango were 3.53 
and 4.22 percent, respectively and these compound 
growth rates were found positively significant at 1 percent 
level during last decade. 
Percent Change in Mango Production in different 
Countries in Last Decade

The country wise data on production of mango for 
the years 2001, 2005 and 2010 have been collected and 
percentage changes over a period of last ten years have 
been worked out and are shown in Table 3. The world 
mango production was 251.11 lakh metric tons in 2001 
and it has increased to 371.25 lakh metric tons in 2010. 
The percentage change in world mango production was 
47.84 percent during last decade. The highest increase in 
mango production was noticed in Mali (1322.24 percent) 
and it was followed by Peru (213.52 percent), Kenya 
(208.24 percent), India (93.92 percent) and Colombia 
(81.43 percent). The production of mango has declined in 
case of Philippines. The increase in mango production in 
the countries like Mexico (3.50 percent), China (32.96 
percent), Ghana (40.00 percent) and Indonesia (42.27 
percent) was found below world average increase in 
mango production during last decade.

India contributes about 44.01 percent mango 
production in the world and it was followed by China 
(11.72 percent), Thailand (6.87 percent), Pakistan (4.81 

percent), Mexico (4.40 percent) and Indonesia (3.54 
percent).  These six countries contributes together about 
75 percent share in global mango production. Next to 
these six countries, the mango production takes place in 
the countries like Brazil, Philippines, Kenya, Egypt, Mali 
and Peru.
Global Mango Export 

The share in global exports of top ten countries were 
estimated for two time periods and results are shown in 
Table 4. Among the 90 mango producing countries of the 
world Mexico ranks first with a share of 10.30 percent in 
total world export of mango and its share was only 4.40 
percent in total mango production in the world. As against 
to this, India contributes only 5.20 percent share in world 
mango export as it producing 44.01 percent of the mango 
production in the world. However, the shares of Brazil 
and India in mango export were 22.64 and 20.25 percent, 
respectively during 2003-2005 and it declined to 10.30 
and 5.20 percent, respectively during 2009-2012. Brazil 
ranked third largest exporter of mango with 13.18 percent 
share in world mango export during 2003-2005 and its 
share declined to 6.00 percent during 2009-2012. The 
countries like Philippines and Pakistan ranked second and 
third in world export of mango with a share of 7.80 and 
7.60 percent, respectively during 2009-2012 and 
previously their shares were only 3.61 and 6.94 percent, 
respectively. The shares of Netherlands and Peru in the 
world export of mango were also declined over a period of 
time. In spite of being second largest producer of mango, 
the share of China in import of mango was very high. 

Percent Change in Mango Export of different 
Countries in Last Decade

The country wise data on export of mango for the 
years 2000, 2003, 2006 and 2009 have been collected and 
percentage changes over base year are worked out and are 
shown in Table 5. Among the major mango exporting 
countries, the highest increase in export of mango was 
noticed in Thailand (1545.68 percent) followed by 
Senegal (810.96 percent), India (630.19 percent), Peru 
(228.39 percent) and Netherlands (137.64 percent) during 

Country 2001 2005 2010 Percent 
share 

in 2010

Percent 
change 

over 
2001

India 8425 10500 16337 44.01 93.92
China 3273 4250 4352 11.72 32.96
Thailand 1654 1803 2551 6.87 54.23
Indonesia 923 1413 1314 3.54 42.27
Pakistan 990 1674 1784 4.81 80.27
Mexico 1577 1679 1633 4.4 3.50
Brazil 782 1002 1189 3.2 51.97
Philippines 882 1003 826 2.22 -6.35
Egypt 325 380 506 1.36 55.38
Kenya 180 180 554 1.49 208.24
Peru 145 235 454 1.22 213.52
Dom. Republic 185 170 300 0.81 61.94
Colombia 134 185 243 0.66 81.43
Mali 33 61 471 1.27 1322.24
Côte d'Ivoire 27 30 43 0.11 54.60
Ghana 5 7 7 0.02 40.00
World 25111 31665 37125 100 47.84

Table 3: Country wise changes in global mango production

(000'Mt)

Source: CMIE

Country Share in global exports (percent)

2003-2005 2009-2012

Mexico 22.64 10.30
Philippines 3.61 7.80
Pakistan 6.94 7.60
Brazil 13.18 6.00
India 20.25 5.20
Netherlands 6.42 3.30
Peru 5.71 2.00
Gautemala 0.78 1.90
France 1.36 1.70
Haiti 0.49 1.30

Table 4: Major mango exporting countries of the world

Source: CMIE
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last decade. The decline in the export of mango was 
noticed in Philippines and France and percent change 
over base year was 45.11 and 31.52 percent, respectively. 
Mexico ranked first and India stood second in export of 
mango during the years 2000 and 2003. However, the 
export from India has increased during the years 2006 and 
2009 and India became top most exporter of mango in the 
world.

Global Mango Import
The share in global imports of top ten countries were 

estimated for two time periods and results are shown in 
Table 6. Among the mango importing countries of the 
world, U.S.A. stands first with a share of 32.70 percent 
during 2003-2005 and it has increased to 43.20 percent 
during 2009-2012. The second largest mango importing 
country was Netherlands and its share in total imports of 
the world was 10.62 percent during 2003-2005 and it has 
declined to 7.5 percent during 2009-2012. Thus, 
Netherlands stood at third position during 2009-2012. 
The imports of mango in China has increased from 4.91 to 
10.18 percent of world mango imports and become a 
second largest mango importing country in the world. The 
share of U.A.E. in global mango exports was 6.82 percent 
and it has declined to 5.20 percent over a period of 9 years. 
However, this country has maintained its fourth rank in 
global mango imports. The imports of mango in countries 
like France and Malaysia has increased over a period of 
time and shares of these two countries in the world mango 
imports were in the range of 4 to 5 percent. While decline 
in the shares of mango imports was observed in U.K., 

Saudi Arabia and Germany and it has declined from 4.63 
to 3.95, 5.32 to 3.90 and 4.11 to 3.80 percent, respectively 
during a period of 9 years. Singapore has imported the 
mango to the extent of 1.84 and 2.30 percent of global 
imports during 2003-2005 and 2009-2012, respectively. 
Top ten mango importing countries had contributed 
together 78.63 and 89.43 percent of global mango imports 
during 2003-2005 and 2009-2012, respectively 
(Anonymous, 2007, 2010, 2011, 2014).    

Domestic Scenario of Mango Production
In India mango is considered the king of fruits and it 

ranks first among world’s mango producing countries 
accounting for about 50 percent of the world’s mango 
production. The mango has been known in India since 
very early times. It has been under cultivation for over 
4000 years. Mango has occupied an important place in 
horticulture during the rule of the Mogul emperors in 
India, and Akbar the Great planted an orchard of 100,000 
mango trees. Indian mangoes come in various shapes, 
sizes and colours with a wide variety of aroma and taste. 
Growth and variability in area, production and 
productivity of mango in India 

The year wise data on area, production and 
productivity of mango in India for the period of 14 year’s 
i.e. from the year 2000 to 2014 have been collected and 
mean, standard deviation, coefficient of variation and 
compound growth rate are calculated and are shown in 
Table 7. 

The area under mango was 15.19 lakh ha., 
productivity  was 6.62 tonnes per ha and production of 
mango was 100.56 lakh tonnes in India during 2000-01. 
In 2013-14, the area under mango was 25.16 lakh ha. and 
the productivity was 7.30 tonnes/ha. and total production 
of mango was 184.31 lakh  tonnes. The average area 
under mango in this period was 20.95 lakh ha. There was 
increase in area by 9.97 lakh ha. from 2000-01 to 2013-14 
and there was 0.68 tonne/ha  increase in productivity. The 
productivity was highest in 2002-03 (7.84 tonnes/ha) and 

Country 2000 2003 2006 2009 Percent 
change 

over base 
year

Mexico 206782 216316 232382 232643 12.51

India 39274 179179 256874 286775 630.19

Brazil 67172 138189 114694 110355 64.29

Pakistan 48453 60441 105598 73575 51.85

Netherlands 34477 57610 69843 81932 137.64

Peru 21070 39924 82595 69191 228.39

Ecuador 25502 37621 48640 47591 86.62

Thailand 8755 8098 11386 144079 1545.68

Philippines 40031 38002 27058 21972 - 45.11

Côte d'Ivoire 12038 7761 15374 13763 14.32

Belgium 13965 7377 19789 14614 4.64

France 9049 10637 15088 6197 -31.52

South Arica 12229 20751 5010 0 -

Costa Rica 4920 4831 11822 7117 44.65

Spain 4610 3894 5134 8524 84.9

Senegal 730 2092 7041 6650 810.96

Table 5: Country wise changes in world mango export        
(Metric tonnes)

Source: CMIE

Country Share in global imports (percent)

2003-2005 2009-2012

U.S.A. 32.70 43.20

China 4.91 10.18

Netherlands 10.62 7.50

U.A.E. 6.82 5.20

France 4.09 4.90

Malaysia 3.59 4.50

U.K. 4.63 3.95

Saudi Arabia 5.32 3.90

Germany 4.11 3.80

Singapore 1.84 2.30

Table 6:  Major mango importing countries of the world

Source: CMIE
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was lowest in 2008-09 (5.52 tonnes /ha).
The standard deviation in area under mango was 

3.33 lakh hectares and production of mango was 26.20 
lakh metric tons during the study period. The variability in 
area and production of mango was 15.91 and 19.10 
percent, respectively during the study period. The annual 
compound growth rates in area and production of mango 
were 3.92 and 4.41 percent, respectively and these 
compound growth rates were found significant 
statistically during last decade.
State-wise Share in Area, Production and 
Productivity of Mango in India 

The state wise data on area, production and 
productivity of mango for the year 2013-14 have been 
collected and percentage shares have been worked out 
and are shown in Table 8. Major mango producing states 
in India are Uttar Pradesh, Andhra Pradesh, Karnataka, 
Telangana, Bihar, Maharashtra, Gujarat, Tamil Nadu, 
Orissa Jharkhand, Kerala and West Bengal. The area 
under mango was 25.15 lakh ha, productivity per ha was 
7.30 tonnes and production of mango was 184.31 lakh 
tonnes in India during 2013-14. The productivity of 
mango was highest in Uttar Pradesh and ranked first in 
production of mango in the country. Maharashtra ranked 
first in area under mango while the productivity was 
lowest so that it ranked sixth in mango production in the 
country. The productivity of mango was satisfactory in 
northern states like Uttar Pradesh, Bihar and Jharkhand 
and southern states like Andhra Pradesh, Telangana and 
Karnataka (Jadhav and Kumbhar, 2003).

Export of Mango from India 
India exports mango to different parts of the world. 

India’s export was concentrated to around 33 countries in 
the world. Major importing countries were United Arab 
Emirates and Bangladesh. United Kingdom, Saudi 
Arabia, Kuwait, Bahrain, Singapore, Qatar, Nepal were 
the other major countries importing mango from India.
Growth and variability in export of mango from India               

The year wise data on export of mango from India 
for the period of 14 years (2000 to 2014) have been 
collected and mean, standard deviation, coefficient of 
variation and compound growth rates are calculated and 
are shown in Table 9. India was exporting an average 
quantity of 58,163 MT. of mango over the period of 
analysis. India exported 37,109 MT of mango in 2001-02 
which had increased to 41,280 MT in 2013-14. The 
annual compound growth rate for the quantity of mango 
exported was 2.25 percent indicating an increase in the 
quantity of mango exported. The increase in price fetched 
to the mango exported was 8.5 percent per annum and it 
increased from ̀ 1849 per q to 6914 per q. The variability 
in the export of mango was 25.62 percent. However, the 
variability was very high in case of prices received to the 
mango exported (Talathi et al., 2003; Amarender 2005). 
The highest export of mango was noticed in the year 
2008-2009.   
Country-wise Export of Mango from India

The country wise data on export of mango from India 
for the period of 5 year’s i.e. from the year 2010-11 to 2014-
15 have been collected and shares of each country in import 
and price fetched are calculated and are shown in Table 9.

The export of mango was 74,460 tons during 2009-
10 and it has decreased to 42,998 tonnes during 2014-15. 
The major importers of mango during 2010-11 were viz; 
UAE, Bangladesh, Saudi Arabia, UK, Nepal, Bahrain, 
Kuwait, Qatar, Singapore and USA. The export of mango 
from India were to new eight countries like Oman, 
Canada, Malaysia, Hong Kong, Switzerland, Netherland, 
Germany and France from the year 2012-13 but it 
declined during the year 2014-2015.                                  

The major export of mango was to UAE and its share 
was 34.39 percent during 2009-10 and it has increased to 
67.98 percent of total export of mango from India during 
2014-15. Bangladesh ranked first in the import of mango 
from India during 2009-10 but the lowest price received 
in this country so that export of mango declined over a 
period of time. The higher prices for exported mango 
were received in the countries like USA, Switzerland, 
UK, Kuwait, Germany and Singapore. However, the 
shares of these countries in the total exports were very 
negligible and this might be due to quality restrictions 
(Patil and Nirban 2013). The lowest price for exported 
mango was fetched in Nepal and its share in total exports 
was around 5 to 6 percent. The export of mango from 
India to USA and UK remained constant over the period 
even though the price in these countries increased 
drastically. UAE is the promising market for Indian 

`

Year Area
(000' ha)

Production 
('000 MT)

Productivity 
(MT/ha)

2000-01 1519.00 10056.80 6.62

2001-02 1575.80 10020.20 6.36

2002-03 1623.40 12733.20 7.84

2003-04 1906.70 11490.00 6.03

2004-05 1970.40 11829.70 6.00

2005-06 2080.70 12663.10 6.09

2006-07 2153.70 13734.10 6.38

2007-08 2201.00 13997.00 6.36

2008-09 2309.00 12750.00 5.52

2009-10 2312.30 15026.70 6.50

2010-11 2297.00 15188.00 6.61

2011-12 2378.10 16196.40 6.80

2012-13 2500.00 18002.40 7.20

2013-14 2516.00 18431.30 7.30

Mean 2095.94 13722.78 6.54

S.D. 333.38 2620.81 0.60

CV 15.91 19.10 9.16

CGR 3.92*** 4.41*** 0.46

Table 7: Area, Production and Productivity of Mango in 
India

Source: National Horticulture Board
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mangoes and price received increased over a period and is 
more than the average price received.
Changes in Export of Mango from India

The country wise data on export of mango from 
India for the period of 9 years (2010 to 2015) have been 
collected and percent changes are calculated and are 
shown in Table 11.

The export of mango from India has declined by 
42.25 percent and export price has increased by 161.27 

percent during last six years. The export of mango from 
India has declined in the countries like Bangladesh, UK, 
Bahrain, Saudi Arabia, Nepal and Kuwait by 92.62, 88.85, 
46.77, 30.98, 11.90 and 2.11 percent, respectively during 
last six years. The increase in export of mango from India 
has noticed in USA, Singapore, Qatar and UAE by 55.43, 
52.99, 51.44 and 14.15 percent, respectively. The increase 
in price of exported mango was observed relatively more 
in UK, Kuwait Bahrain, Nepal and Singapore while it was 

State Area Percent share Production Percent share Productivity

Uttar Pradesh 262.16 10.42 4300.98 23.34 16.40
Andhra Pradesh 304.11 12.09 2737.01 14.85 9.00
Karnataka 180.53 7.18 1755.56 9.52 9.70
Telangana 190.88 7.59 1717.88 9.32 9.00
Bihar 149.00 5.92 1367.57 7.42 9.20
Maharashtra 485.00 19.28 1212.50 6.58 2.50
Gujarat 142.69 5.67 1125.61 6.11 7.90
Tamil Nadu 161.58 6.42 785.50 4.26 4.90
Orissa 197.52 7.85 751.02 4.07 3.80
Jharkhand 51.33 2.04 517.92 2.81 10.10
Kerala 74.44 2.96 441.03 2.39 5.90
West Bengal 93.50 3.72 430.71 2.34 4.60
Others 223.23 8.87 1288.04 6.99 5.80
Total 2515.97 100.00 18431.33 100.00 7.30

Table 8: Mango producing states in India (2013-2014) 
(Area 000' ha, Prod. 000 MT and Productivity in MT/ha)

Source: National Horticulture Board

Country 2010-11 2011-12 2012-13 2013-14 2014-15

Percent
-1(`q ) Percent

-1(`q ) Percent
-1(`q ) Percent

-1(`q ) Percent
-1(`q )

UAE 43.44 3913 34.7 4877 67.64 4332 55.83 7476 67.98 7354
UK 4.60 5338 3.99 6485 5.94 9837 8.19 13443 0.78 18364
Saudi Arabia 2.69 3882 3.77 4897 2.99 7207 4.17 7079 5.05 6579
Kuwait 0.98 6517 1.15 7387 1.49 10145 1.46 13710 1.83 15731
Qatar 0.63 5307 1.29 4032 2.74 5824 1.87 8506 2.32 8126
USA 0.23 14161 0.56 6261 0.44 23884 0.58 23223 0.63 25294
Singapore 0.66 5309 0.94 5977 1.17 6462 1.32 9231 1.31 10444
Bangladesh 38.92 807 43.50 1471 8.37 1669 7.03 1417 5.76 1911
Bahrain 1.80 3330 0.98 4647 0.89 5252 1.54 6362 1.53 7663
Nepal 3.36 1054 6.19 1709 4.03 2726 2.68 2920 8.31 1944
Oman 2.69 4724 2.93 5156 0.63 8499 0.83 9362 1.41 7752
Canada 0.79 4589 1.11 5969 1.56 6428
Malaysia 0.40 5650 0.55 8673 0.47 14257
Hong Kong 0.35 6031 0.40 7805 0.49 9689
Switzerland 0.31 8743 0.34 11286 0.05 20455
Netherland 0.32 4157 0.45 8152 0.09 9737
Germany 0.27 6014 0.25 11154 0.02 14444
France 0.27 5541 0.45 7634 0.03 7500
Total (59221) 2751 (63441) 3306 (55585) 4762 (41280) 6914 (42998) 7036

100 100 100 100 100

Table 9: Country wise export of mango from India 

Source: APEDA.
Figures in parentheses are total quantity exported
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not increased substantially in Qatar and Saudi Arabia. The 
lowest prices were received in Bangladesh and Nepal.  
Prospect’s for export of mango from India  

Most international trade in fresh mangoes takes place 
within short distances. Mexico, Haiti and Brazil account 
for the majority of North America’s imports.  India and 
Pakistan are the predominant suppliers to the West Asian 
market. Southeast Asian countries get most of their 
supplies from the Philippines and Thailand. European 
Union buyers source mangoes from South America and 
Asia. Although Asia accounts for 75 percent of world 
production, its dominance does not translate into 
international trade.

Asian producers find it easier to expand sales to the 
European Union. Europe’s acceptance of different 
varieties is greater, because of a large demand from Asian 
immigrant groups. Phytosanitary restrictions are less 
stringent. Transportation costs are not as big a factor in 
exporting mangoes to the European Union as in exporting 
to the United States market: for example, India and 
Pakistan are able to compete with non-Asian suppliers to 
the European Union, whereas proximity gives Mexico 
and Haiti a clear advantage in supplying to the United 
States market (Chaturvedi et al.,1999).

Fifty-four percent of European Union imports enter 
during the periods May to July and November to 
December, with peak imports in June. France imports 
reach peak in April and May, whereas United Kingdom 
imports are concentrated during the May to July.  German 
imports are spread more evenly throughout the year. Of 
the top suppliers, Brazil provided chiefly during the 
period November to December, the United States during 
June to October, South Africa during January to April and 
Venezuela during April to July. Pakistan supplies the 
majority of its exports to the European Union during June 
and July; Indian exports take place mainly during the 
month of May.

Although, a lion’s share of Indian mango goes to the 
Gulf countries, efforts are being made to exploit 
European, American and Asian markets. About 13,000 
MT of Alphonso variety is exported to Middle East, UK 
and Netherlands every year. The different products of 
mango are being exported to U.K., U.S.A., Kuwait and 
Russia. Besides these, the fresh mangoes are being 
exported to Bangladesh, Bahrain, France, Kuwait, 
Malaysia, Nepal, Singapore and U.K. (Jadhav and 
Kumbhar 2003).

India’s mangoes are exported to Bangladesh, 
U.A.E., Saudi Arabia and U.K. and mango pulp to U.A.E., 
Saudi Arabia, Kuwait, Netherlands, U.S.A and U.K.  
Processed mango products viz. pickle and chutney are 
exported to U.K., U.A.E., Saudi Arabia, Germany, 
Netherlands, U.S.A and U.K (Talathi et al., 2003).

The biggest importer of mango is the United States 
importing an average of 1,85,000 metric tonnes annually 
(about 45percent of the total world import volume). 
Europe’s top importers of mango include Netherlands, 

France, UK, Germany and Belgium with an aggregate 
average volume of 95,000 metric tonnes imported 
annually. Of late Asian market has been expanding.    
Other Asian markets such as Malaysia, UAE, Saudi 
Arabia and Singapore have been among the top ten 
importers exhibiting an export growth average of 20 
percent annually.

Indian mangoes are fetching good prices that is, 2.5 
times more than average export price for mango by 
exporting it to the countries like USA, UK, Kuwait, 
Malysia, Switzerland and Germany wherein the shares of 
these countries in export of mango from India were only 
0.63, 0.78, 1.83, 0.47, 0.34 and 0.25 percent, respectively. 
The constraints in increasing the export to these countries 
need to be solved as the export to these countries remained 
stable (Chaturvedi et al., 1999; Autkar et al., 1998).
CONCLUSIONS
1. Top ten mango producing countries in the world are 

India (40.48 percent), China (11.72 percent), 
Thailand (6.87 percent), Indonesia, Pakistan, 
Mexico, Brazil, Bangladesh, Nigeria and Philippines 
together contributing 82.28 percent in the world 
mango production.   

2. Top ten mango exporting countries in the world are 
Mexico, Philippines, Pakistan, Brazil, India, 
Netherlands, Peru, Gautemala, France and Haiti 
contributing together 47.10 percent in the world 
mango export. India ranks fifth by contributing 5.20 
percent of the mango export in the world.  

 3. Top ten mango importing countries in the world are 
U.S.A., China, Netherlands, U.A.E., France, 
Malaysia, U.K., Saudi Arabia, Germany and 
Singapore and  the share of these ten countries 
together was 89.43 percent in the world mango 
import. India has not yet captured the China market. 

 4.  More than 40 percent of world’s area under mango is 
in India. In India, Andhra Pradesh, Uttar Pradesh, 
Maharashtra, Karnataka, Tamil Nadu, Bihar, Gujarat, 
Kerala and Orissa are the states having major 
production of mango. 

5. The productivity of mango in India was 7.30 tons/ha in 
2013-14. Productivity of mango is highest in Uttar 
Pradesh followed by Karnataka, Bihar and Andhra 
Pradesh. Productivity of Maharashtra was very low. 
But area under mango was highest in Maharashtra. 
Maharashtra was having 19.28 percent of country’s 
area under mango, but the share in production was 
only 6.58 percent. Country’s average productivity of 
mango was 7.30 tonnes/ha. But the productivity of 
Maharashtra was 2.50 tons/ha during 2013-2014. 

6. India exports mango to more than 33 countries in the 
world. The export of mango in the year 2000-01 was 
37,109 MT and it increased to 41,280 MT in 2013-14. 
The value of exported mango was `28543 lakhs in 
2013-14. Though, India is having world’s more than 
40 percent mango production, our share in 
international market is comparatively very less i.e. 
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5.20 percent. 
7. Bangladesh, Saudi Arabia and United Arab Emirates 

are the major mango importing countries from India. 
Kuwait, Belgium, United Kingdom, Bahrain, Oman, 
Singapore, Netherlands, Malaysia, Qatar are the 
other countries importing mango on large scale.

8. There was a significant growth in export of mango in 
terms of quantity and value. The export of mango 
from India has declined in the countries like 
Bangladesh, UK, Bahrain, Saudi Arabia, Nepal and 
Kuwait and the increase in export of mango from 
India has noticed in USA, Singapore, Qatar and UAE 
during last six years. The increase in price of exported 
mango was observed relatively more in UK, Kuwait 
Bahrain, Nepal and Singapore while it was not 
increased substantially in Qatar and Saudi Arabia. 
The lowest prices were received in Bangladesh and 
Nepal.  

SUGGESTIONS 
1. India produces 50 percent of the total mango produced 

in the world but we have a low export share. More 
emphasize should be given to production and export 
of mangoes. Growing more varieties, adopting better 
farming techniques, and better post harvest 
techniques and certification techniques would 
increase the Indian mango exports to great extent. 
India must concentrate on untapped markets to export 
and also search new countries to export mango as 
production is on large scale in India. New 
international markets have to be identified through 
planned strategies in different countries as per their 
quality specification, Phytosanitary measures, codex 
standards and market preferences. 

2. Mango export has been found lucrative business and 
there is vast scope to increase it. To increase the 
export of mango basic infrastructure facilities like 
pre-cooling cold storages, grading and handling 
systems, laboratories, reefer vans, Vapour Heat 
Treatment facility, Irradiation facility needs to be 
established in production zones. 

3.  Indian mangoes are fetching good prices i.e. 2.5 times 
more than average export price for mango by 

exporting it to the countries like USA, UK, Kuwait, 
Malysia, Switzerland and Germany wherein the 
shares of these countries in export of mango from 
India was less than 1.00 percent of total exports. The 
constraints in increasing the export to these countries 
needs to be solved as the export to these countries 
remained stable during last six years. USA, China 
and Netherlands markets ranks first, second and 
third, respectively among the top importers in the 
world and contribute 60 percent imports in the world 
so that exporters of mango from India may 
concentrate on these three countries.
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ABSTRACT
In this paper, we examine the industrial growth and structure ratio at all Uttar Pradesh in the industrial sector. We have used the 
Annual Survey of Industry data from 1998-99 to 2012-13 on some of the major structural and technical parameters. To analysis the 
structural ratio at all state levels, variables like the number of factories, fixed capital, total number of workers, net value added, 
gross value added, total emolument and total output are used. To examine the industrial performance, structural ratio such as major 
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the productivity of employee and fixed capital (VA/NE and VA/FC), (iii) what is the increase in the wage of employee (EMO/NE), (iv) 
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what is the increase in average output of an employment (VO/NE). (vii) To the increase in labour cost per unit of output (EMO/VO) 
and (viii) what is the change in value added generating by one unit of output (VA/VO). Finally, all these are structural ratio explain 
the increasing production and growth of industrial sector. 
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INTRODUCTION
The industrial scenario of India underwent 

fundamental change in the mid-1980s with the first round 
of liberalization. The new economic policy introduced in 
1991 will be expected to provide a future boost to the 
industrial sector (Burange, 1999). Our Prime Minister has 
elevated the revival of Indian manufacturing to a key 
policy objective of the new government, identifying this 
sector as the engine of long-run growth. Make in India is 
now a flagship initiative not to mention a catchy 
campaign. The economic development is accompanied 
by structural shifts in the composition of labour force and 
national income is one of the major and well accepted 
generalizations of development economics (Singh, 
1979). After 1991 the state governments have come out 
with policies for promoting industries, especially through 
foreign direct investments. However, without discerning 
the trends over the years at industry level, any growth 
strategy, propelled by private investment, may be 
unjustifiably optimistic. The impact of trade 
liberalization on productivity of Indian industrial firms 

during the period 1991-2001 contributed significantly to 
productivity advances in Indian industrial sectors, 
primarily by providing the firms improved access to 
imported inputs (Khandelwal and Topalova, 2011; 
Goldar, 2015) has revealed that the Indian firms  
productivity growth of  materials inputs during 1999-
2011 get understated that if imported materials are not 
separated out from domestically procured materials. 

 The industrial sector, it is generally agreed is a key 
aspect of growth in the development process for any 
developing countries/states. Practically, the rapid and 
sustained economic growth in modern economic 
development has been associated with industrialization, 
in exacting growth in industrial production. Uttar Pradesh 
has the largest population and area of size related to other 
states in India and the perceptible goals of its leaders and 
policy makers it imperative for industries in the Uttar 
Pradesh to develop the fast growth. The large size of Uttar 
Pradesh in indicative of the large contribution of 
manufacturing sector can make to the development of 
states and the country's economic growth. The 



proverbially backward and slow growing economy of 
Uttar Pradesh is believed to have turned the corner during 
the 1980s and 90s and the recent official statements go to 
suggest that it is now poised for rapid growth rate in 
industrial sector. 

Uttar Pradesh has always been in the front position in 
th ththe area of industrial development. During the 5 , 6 , and 

th7  Five Year Plans, the industrial growth rate was 9.4 per 
cent, 11.8 per cent and 10.9 per cent respectively. In the 
post liberalization period the industrial growth rate 
somewhat dropped. However, the state was able to meet 

ththe challenges. The Industrial growth rate during the 10  
Plan in the Uttar Pradesh revived and has been to the tune 
of 6.6 per cent. It is the sign that during the period the 
world economy at large was hit by recession. During the 

th11  Plan the industrial growth rate was targeted at 10 per 
cent and manufacturing sector at 12 per cent, in order to 
achieve overall the State Gross Domestic Product 
(SGDP) at 8.5 per cent. This requires huge investment in 
the industry sector along with up-gradation of exiting 
technology and transformation as well as creation of 
world status infrastructure. To needs for achieving rapid 
progress for industrial sector in Uttar Pradesh. Thought, 

thin the 12  Plan the important target of the Uttar Pradesh 
government is that the achieve an industrial sector growth 
rate of 11.2 per cent per annum, associated with the target 
to 10 per cent per annum growth rate in the state gross 
domestic product.

The importance of manufacturing industries in 
overall rural and urban areas development in general and 
especially for achieving increasing employment 
opportunities and income level of rural and urban areas 
population and thus to overcome the emerging challenges 
of unemployment and poverty in manufacturing sector in 
Uttar Pradesh the present study attempted to examine the 
emerging structure in, pattern and growth and structure 
change of manufacturing industries, capital investment, 
output, production technologies, employment 
contribution, and final products, contribution and impact 
of manufacturing industries in increasing income and 
employment, development prospects and emerging 
problems in operation of firms and kinds of measures to 
be initiated to strengthen the expansion of different 
products of manufacturing industries.
Data and Methodology

In this research paper, we use the core data source is 
the Annual Survey of Industries-summary results for the 
factory sector (ASI). The other required data are obtained 
from Statistical Abstract, Uttar Pradesh, Statistical Dairy 
of Uttar Pradesh and Economic Survey of India and 
Monthly Bulletin of Index Number of Wholesale Prices in 
India. The Data Envelopment Analysis (DEA) Approach 
is used for measuring productivity change and efficiency 
in the Uttar Pradesh industry sector over the period of 
1998-99 to 2012-13. Data Envelopment Analysis (DEA) 
is the most commonly used non-parametric method 
across the world for estimating the relative efficiency with 

reference to the best practice frontier. The advantage of 
using the DEA-based Malmquist index is that the 
estimation of the production frontier requires fewer 
observations and assumptions as compared to parametric 
methods such as stochastic frontier estimation. Since the 
deflation of current values, wholesale prices index with 
the base as 2004-05 is used. The values at constant prices 
are computed using the all India WPI series, as this is not 
available for the state. For deflation of fixed capital, the 
composite price index for building material, 
manufacturing of machinery, machine tools and parts, 
manufacture of electrical machinery and manufacture of 
transport equipment's and parts are used. The fixed capital 
considered in the analysis of the study is the value of 
capital which is net of depreciation. To the deflate value of 
Output of different industries in the manufacturing sector, 
the industry wise wholesale prices index has been used. 
Total emoluments to employees are deflated to base year 
2005-04, using the consumer price index for industrial 
workers. Non emoluments part of value added is deflated 
by consumer prices of the index (general).
Industrial Situation and Composition: 

The concern about the stagnant and low growth rate 
of the industrial sector as well as the manufacturing sector 
in Uttar Pradesh, GDP necessitated a dedicated policy for 
the sector with a view to accelerate development, 
inclusive growth and gainful employment in the 
economy. In this table, we analysis the compound annual 
growth rate of major core sector of economy in Uttar 
Pradesh during 1980s to 2014s are presented in Table 1. 
Uttar Pradesh has always been in the forefront in the area 
of industrial development. The sectoral composition of 
the state domestic product also shows somewhat 
unsatisfactory performance in the industrial sector. Uttar 
Pradesh is an agriculturally deficit state; also beyond a 
point the state does not have enough scope for growth in 
the agricultural sector. However, this is not the case with 
the secondary sector. The trends of growth rate of 
organized sector are very high from 1980-81 to 89-90 
(12.4 per cent) to 2000-01 to 09-01 (8.1 per cent), but, 
during 2010-11 to 2013-14 recent years the growth rate of 
organized sector has been   -1.5 per cent.

The annual compound growth rate have been 
estimation for the period 1980-81 to 2013-14. Sector wise 
output has been growing by 2.6 per cent (Agriculture and 
Allied activities), 6.0 per cent (Industry) and 6.6 per cent 
(Service) over the study period, total gross state domestic 
product increasing by 5.2 per cent per annum (Table 1). 
The annual compound growth rate for industries in the 
manufacturing sector shows 4.1 per cent, but the 
construction sector growth rate is highly increasing 
growth of 7.8 per cent but electricity, gas and water supply 
sector growth rate is increasing very slow only 2.6 per 
cent per annual, during 2000-01 to 2009-10 period this 
sector growth rate is negative (-13.7 per cent). The perusal 
of Table 1 shown that the growth rate of registered/ 
unregistered sector, the output growth of the registered 
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and unregistered manufacturing sector increased by 6.0 
per cent per annum during the period of 1980-81 to 2013-
14 in all states.

Below figure shows that the annual growth rate of 
state gross domestic products (SGDPs) of Uttar Pradesh 
and major sectors of the Uttar Pradesh economy during 
1981-82 to 2013-14. With the trend of annual growth 
rate, we fit the trend line. The trend line shows the state 

gross domestic products (SGDPs) of Uttar Pradesh has 
increased trend over the study period of time. Yet, among 
the major sectors, service, construction and agriculture 
& allied sector annual growth trend line has been 
positive growing over the period. But, all industries and 
their major sub-sectors i.e., manufacturing, mining & 
quarrying and electricity, and gas and water supply has 
been shown the decreasing trend. It means is the Uttar 
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Pradesh state gross domestic products (SGDPs), their 
share has been declining over the study period from 
1981-82 to 2013-14.

The perusal of Table 2 shows the percentage share of 
major components of industrial sector in Uttar Pradesh 
during the 1998-99 to 2012-13 study periods. In terms of 
percentage in all India level of all components namely; the 
number of factories, fixed capital, number of workers, net 
value added and value of output trends has been declining 
over the study period. The industrial sector is a most 
important sector of any developing states/country for the 
generating employment. The major structural 
components of industrial sector in Uttar Pradesh with 
respect to all India have been very low percentage share. 

The perusal of Table 3 shows that over the study 
period of time, compound annual growth rate (CAGR) of 
fixed capital has been increase by 3.4 per cent from 1998-
99 to 2012-13. From 1998-99 to 2002-03, fixed capital, 
no. of workers and net value added has been negative 
growth rate per year but during this period profit CAGR 
has been a positive trend. In the second phase (2004 to 
2008) CAGR of all components shows the positive 
growth rate but from 2009 to 2013 the CAGR of all 
components shows the declining growth rate per annum. 

During the period, fixed capital and profits has been 
increased but level of employment has been decreased as 
compared to entire period. Because, may be new 
industries has been established but more companies work 
on inefficiently and some companies are not working 
properly. 

The perusal of Table 4, we shoes that the structural 
ratios and technical coefficient of industrial sector in 
Uttar Pradesh form 1998-99 to 2012-13. The ration of 
fixed capital with per factory in industrial sector in Uttar 
Pradesh has been decreased by 609 lakh per factory to 489 
lakh per factory during 1998-99 to 2012-13. The share of 
labour in total industrial with respected to per factory and 
gross value added has declined over 1998-99 to 2012-13 
period. During this period the wages (total wages/number 
of workers) in all industrial sector has  increased only 
2.37 over the study period. The capital ratio per factory 
and per worker increased rapidly in case of labour and 
capital intensive industries both. These are several 
technical coefficient factors for a stable share of all 
industries. The major technical coefficient (1) fixed 
capital to net value added (2) fixed capital to output, (3) 
net value added to output and (4) gross value added to 
fixed capital are shows that the ratio of net value added to 

Particular
1980-81 

to
1989-90

1990-91 
to

1999-00

2000-01 
to

2009-10

2010-11 
to

2013-14

1980-81 
to

2013-14

Services

Agriculture and allied sector 1.7 2.1 2.8 7.5 2.6

Industry sector 8.2 5.3 9.6 0.1 6.0

Services sector 5.4 5.9 7.3 8.3 6.6

Gross state domestic product 4.3 4.4 7.1 6.2 5.2

Industry 

Mining and quarrying 2.6 8.0 1.1 9.2 5.6

Manufacturing 7.8 4.4 2.8 1.3 4.1

Construction 6.0 2.3 19.1 1.2 7.8

Electricity, gas and water supply 13.0 10.0 -3.9 -13.7 2.6

Manufacturing Registered 12.4 4.8 8.1 -1.5 6.2

Unregistered 5.8 6.7 7.1 0.3 6.1

Table 1: Sectors wise compound annual growth rate in Uttar Pradesh (Per cent)
(At constant prices, 2004-05)

Source: Central Statistical Organization, Ministry of Statistics and Programme Implementation, Government of India, New Delhi

Years No. of 
factories

Fixed 
capital

No. of 
workers

Value 
of 

output

Net 
value 
added

1998-99 7.98 13.15 7.16 7.42 7.20
2002-03 7.02 6.40 6.64 7.12 6.59
2005-06 7.49 6.20 7.01 6.23 5.27
2009-10 6.93 5.08 6.45 6.06 5.32
2012-13 6.50 4.72 6.33 6.00 4.92

Table 2: Percentage share of major components of Uttar 
Pradesh's in all Indian (Per cent)

Source: Annual Survey of Industry, CSO, Ministry of Statistics 
and Programme Implementation, Government of India, 
New Delhi

Uttar 
Pradesh

Fixed
capital

Number
of 

workers

Value
of 

output

Net
value 
added

Profits

1999 to 2003 -15.4 -3.2 4.9 -3.4 11.5

2004 to 2008 13.6 7.8 15.8 16.1 21.3

2009 to 2013 7.8 3.3 7.0 5.1 7.9

1999 to 2013 3.4 3.91 8.8 7.6 14.1

Table 3: CAGR and annual growth rate of industrial 
sector by major components in Uttar Pradesh

(At constant price, 2004-05)

Source: Annual Survey of Industry, CSO, Ministry of Statistics 
and Programme Implementation, Government of India, 
New Delhi.
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output has declined from 19 per cent in 1998-99 to 10 per 
cent in 2012-13. This indicates shows that the innovation 
and technology has best made any significant 
improvement in efficiency of resource use. It shows that 
there is a scope for the industrial sector to scale up itself in 
the value added through better technology, skill up 
gradation of workers and improved integration through 
forward and backward linkages. With the experience of 
success of industrial sector development suggest that 
there are significant benefits to be had from clustering and 
agglomeration of industrial sector in Uttar Pradesh. It 
helps in creating an effective supply of inputs, provides 
easy access to markets and supports economies in the 
production function. 

The perusal of Table 5 shows that the turn to estimates 
of the employment and output elasticity for the industrial 
sector in Uttar Pradesh. Employment elasticity- As seen in 
the last section fixed capital is increasing while 
employment is declining in the Uttar Pradesh during the 
1998-99 to 2012-13. The study these opposite trends, 
employment elasticity has been estimated for industries in 
Uttar Pradesh. The employment elasticity with respect to 
output and fixed capital has been estimated. The 
employment elasticity with respect to output for the entire 
industrial sector is -0.43 in 1998-99 and 0.03 in 2012-13 
and with respect to fixed capital is 0.03 in 1998-99 and 
0.49 in 2012-13. This implies that an increase in 
output/capital increase employment but decreased trends. 

Structural ratios 1998-
99

1999-
00

2003-
04

2004-
05

2005-
06

2009-
10

2010-
11

2011-
12

2012-
13

Fixed capital per factory in 
Operation (`Lakh)

609 441 346 329 352 513 425 468 489

Total persons engaged per factory 59 55 62 61 61 69 59 60 57

Workers  per factory 43 41 47 47 47 53 45 48 44

Gross output  per factory in 
operation (`Lakh)

688 713 1079 1139 1111 1687 1045 1169 1728

Net value added  per factory in 
operation (`Lakh)

130 124 146 154 155 217 260 200 167

Output per person engaged 
(`Lakh)

11.6 12.9 17.5 18.6 18.0 24.4 17.8 19.5 30.2

Gross value added per person 
engaged (`Lakh)

2.76 2.82 2.93 3.11 3.03 3.76 4.42 3.33 3.49

Net value added per person 
Engaged (`Lakh)

2.21 2.23 2.37 2.51 2.51 3.13 4.42 3.33 2.93

Wages per worker ( )` 39352 38696 44685 46228 48232 68048 77007 83458 93495

Technical Coefficients

Fixed capital to net value added 4.67 3.56 2.37 2.13 2.27 2.37 1.63 2.34 2.92

Fixed capital to output 0.88 0.62 0.32 0.29 0.32 0.30 0.41 0.40 0.28

Net value added to output 0.19 0.17 0.14 0.14 0.14 0.13 0.25 0.17 0.10

Gross value added to fixed capital 0.27 0.35 0.52 0.58 0.53 0.51 0.61 0.43 0.41

Table 4: Structural ratios and technical coefficients of industrial sector in Uttar Pradesh

Source: Annual Survey of Industry, CSO, Ministry of Statistics and Programme Implementation, Government of India, New Delhi

Thus, in these industries the use of fixed capital is 
complementary to employment of labour in the Uttar 

Years Employment 
elasticity

Output elasticity
with respect to

Output Fixed 
capital

Fixed 
capital

Capital
labour

1998-99 --- --- ---
1999-00 -0.43 -16.34 -16.68
2000-01 -0.13 -1.85 -1.93
2001-02 -0.70 -16.70 -17.04
2002-03 0.02 -0.18 -0.15
2003-04 0.03 0.03 0.03
2004-05 0.02 -0.04 -0.01
2005-06 0.08 0.72 0.79
2006-07 0.01 0.14 0.15
2007-08 0.03 0.57 0.59
2008-09 0.02 -0.02 -0.11
2009-10 0.01 0.23 0.22
2010-11 -0.01 -0.05 -0.07
2011-12 0.02 0.36 0.15
2012-13 -0.002

---
0.03
0.07
0.04
-0.12
0.87
-0.46
0.11
0.09
0.06
-0.89
0.06
0.24
0.05
-0.04 0.06 0.11

Table 5: Employment and Output Elasticity of Industrial 
sector in Uttar Pradesh   

Source: Annual Survey of Industry, CSO, Ministry of Statistics 
and Programme Implementation, Government of India, 
New Delhi
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Years FC/NE VA/NE VA/FC EMO/NE EMO/VA FC/VO VO/NE EMO/VO VA/VO

1998-99 14.04 3.01 0.21 0.93 0.31 0.88 15.9 0.06 0.19
1999-00 10.59 2.98 0.28 0.90 0.30 0.62 17.1 0.05 0.17
2000-01 10.15 2.79 0.27 0.91 0.33 0.54 18.9 0.05 0.15
2001-02 8.99 2.92 0.32 0.92 0.31 0.45 20.0 0.05 0.15
2002-03 7.80 3.02 0.39 0.95 0.31 0.35 22.1 0.04 0.14
2003-04 7.27 3.07 0.42 0.88 0.29 0.32 22.7 0.04 0.14
2004-05 6.96 3.26 0.47 0.92 0.28 0.29 24.1 0.04 0.14
2005-06 7.38 3.26 0.44 0.93 0.29 0.32 23.3 0.04 0.14
2006-07 7.91 4.08 0.52 1.01 0.25 0.27 29.2 0.03 0.14
2007-08 8.87 3.97 0.45 0.99 0.25 0.30 29.4 0.03 0.13
2008-09 9.12 3.55 0.39 1.10 0.31 0.31 29.2 0.04 0.12
2009-10 9.57 4.05 0.42 1.06 0.26 0.30 31.4 0.03 0.13
2010-11 9.33 4.21 0.45 1.14 0.27 0.41 22.9 0.05 0.18
2011-12 9.83 4.19 0.43 0.43 0.10 0.40 24.6 0.02 0.17
2012-13 11.11 3.80 0.34 1.15 0.30 0.28 39.2 0.03 0.10

Table 6: Major variables ratio of industrial sector in Uttar Pradesh (At constant prices, 2004-05)

FC= Fixed Capital, NE= Numbers of Employees, VA= Net Value Added, EMO= Total Emoluments, VO= Value of Output.Source: 
Annual Survey of Industry, CSO, Ministry of Statistics and Programme Implementation, Govt. of India.

Pradesh. Overall the state level, in the industrial sector as 
a whole fixed capital use seems to be complementary to 
labour employment. Output elasticity- The output 
elasticity with respect to fixed capital for the industrial 
sector as a whole in Uttar Pradesh is -16.34 to 0.06 during 
1998-99 to 2012-13, but the output elasticity with respect 
to labour for the industrial sector in -16.68 at 1998-99 and 
0.11 in 2012-13 which is higher than the fixed capital. 
This implies that the output responds more to labour than 
to fixed capital.

In order to analysis is, industrial production in Uttar 
Pradesh, it is worthwhile to examine some importance 
key structural ratios. In is more appropriate to analysis the 
changes these ratios which will reflect the structural 
changes in the industrial sector in Uttar Pradesh. It has 
been done by formulating some importance and specific 
question to which these structural ratios would be 
provided the salutation. The costs of production are 
creating one employment means the fixed capital per 
employee. This is the indicator of capital intensity of the 
industry. The cost of production is creating one job 
increased by 15.70 per cent per annum in the industrial 
sector in Uttar Pradesh (Table 6). Increase the 
productivity of an employee is from 3.01 per cent in 1998-
99 to 5.37 per cent in 2012-13 for the overall industrial 
sector in Uttar Pradesh. In case of capital productivity 
(VA/FC), in the Uttar Pradesh has experienced a very 
slow increase of 0.34 per cent per annum in 2012-13 with 
respect to 1998-99 which has been only 0.21 per cent. The 
average wage of an employee (EMO/NE) in the industrial 
sector has increased by 1.62 per cent in 2012-13. Though, 
the average wage of an employee in the industrial sector 
has shown a decline for the overall sector during 1998-99 
to 2012-13 in the states. The decrease of the capital output 
ratio (FC/VO) is 0.88 to 0.28 per cent from 1998-99 to 
2012-13. The increase in average output of an employee 

(VO/NE) is 15.9 per cent in 1998-99 to 55.4 per cent in 
2012-13 in the overall industrial sector in Uttar Pradesh. 
This general rise may be because of following 
employment and rising labour productivity in the 
industrial sector in the Uttar Pradesh. The rising output 
per employee resulted in a fall in labour cost per unit of 
output (EMO/VO). The emolument per unit of output has 
been decreased form 0.06 per cent in 1998-99 to 0.03 per 
cent in 2012-13. The value added generated by every unit 
of output (VA/VO) in the industrial sector in Uttar 
Pradesh is declining. All these structural ratios explain the 
increasing capital intensity, falling employment, and 
consequently rising labour productivity and falling labour 
cost in the manufacturing sector in Uttar Pradesh. Rising 
wages with falling employment explains the increasing 
skill composition of the employees which results in an 
increase in labour productivity. The increasing capital 
intensity and higher skills explain the rising output per 
employee. 

In the Table 7, we have shown that the technical 
change, efficiency change and total factor productivity in 
all industrial sectors during 1998-99 to 2012-13 in Uttar 
Pradesh. A larger than one productivity value index 
indicates that the producers are improvement of inputs 
efficiency we are used in the production function and if 
index value is less than one indicates that the productivity 
is declining. During three decades Uttar Pradesh 
industrial sector has been exercised positive change in 
total factor productivity change with the varied 
magnitude (Baliyan, 2015). The total factor productivity 
gain is basically due to changes in technical progress with 
the contribution of efficiency change of used the inputs 
(labour and capital) in the production function. After 
1998-99, the overall industrial sectors total factor 
productivity change in Uttar Pradesh are increased to 
1.068 (6.80 per cent) during the 1998-99 to 2012-13 
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Years EFFCH TECHCH TFPCH Change 
(per cent)

1998-99 1.000 1.000 1.000
1999-00 1.000 1.266 1.266 26.6
2000-01 1.000 1.124 1.124 12.4
2001-02 1.000 1.113 1.113 11.3
2002-03 1.000 1.167 1.167 16.7
2003-04 1.000 1.105 1.105 10.5
2004-05 1.000 1.066 1.066 6.6
2005-06 1.000 0.933 0.933 -6.7
2006-07 1.000 1.162 1.162 16.2
2007-08 1.000 0.958 0.958 -4.2
2008-09 1.000 0.930 0.930 -7.0
2009-10 1.000 1.071 1.071 7.1
2010-11 1.000 0.713 0.713 -28.7
2011-12 1.000 1.706 1.706 70.6
2012-13 1.000 0.916 0.916 -8.4
MEAN 1.000 1.068 1.068 6.8

Table 7: Efficiency change, technological progress and 
total factor productivity change of industrial 
sector in Uttar Pradesh during, 1998-2013

EFFCH=Technical Efficiency Change, TECH=Technical 
Change, and TFPCH=Total Factor Productivity (TFP) 
Change.[Note that all Malmquist index averages are geometric 
means]
Source: Annual Survey of Industry, CSO, Ministry of Statistics 

and Programme Implementation, Government of India, 
New Delhi.

period. However, during 1998-99 to 2004-05 the trend of 
total factor productivity change is positive, but has been 
decline trend and during 2005-06 to 2012-13 the trend of 
technical change has been very up and down which is 
reflected that  the not improved4 the efficiency of inputs. 
This study applies Malmquist Productivity Index (MPI) 
to measure Total Factor Productivity Growth (TFPG) and 
its sources using DEA Approach. To estimate the 
percentage change in total factor productivity change 
(TFPCH), one is subtracted from the TFPG or TFPCH 
index and then value is multiplied by 100, [(TFPCH-
1) 1́00] (Baliyan, and Baliyan, 2015). This result shows 
the overall industrial sector of Uttar Pradesh is growing 
with 6.80 percent per annum growth of Total Factor 
Productivity (TFP) during the entire study period. So it 
can be concluded that on an average the productivity 
growth of all industrial sectors is due to improvement in 
technical changes or innovations effect rather than 
technical efficiency of catching up.
CONCLUSIONS

In this paper we have examined the economic growth 
and productivity growth with structural change and its 
various components using all industrial sector data in the 
case of Uttar Pradesh. The productivity change has been 
determined using Malmquist productivity index (DEA) 
for the 1998-99 to 2012-13 study periods. The empirical 
results reflected that the growth rate of organized sector is 

very high from 1980-81 to 89-90 (12.4 per cent) to 2000-
01 to 09-01 (8.1 per cent), but, during 2010-11 to 2013-14 
recent years the growth rate of organized sector has been 
negative (-1.5 per cent). The results of this study also 
indicate that the growth rate of registered/ unregistered 
sector, the output growth of the registered and 
unregistered manufacturing sector increased by 6.0 per 
cent per annum during the period of 1980-81 to 2013-14 
in all states.

In terms of major components growth rate of all 
industrial sectors in Uttar Pradesh during 1998-99 to 
2002-03, fixed capital, no. of workers and net value added 
has been negative growth rate per year but during this 
period profit CAGR has been a positive trend. In the 
second phase (2004 to 2008) CAGR of all components 
shows the positive growth rate but from 2009 to 2013 the 
CAGR of all components shows the declining growth rate 
per annum. During the period, fixed capital and profits 
has been increased, but the level of employment has been 
decreased as compared to entire period. In this study, we 
have also analyzed the employment and output elasticity 
for the industrial sector in Uttar Pradesh. The employment 
elasticity with respect to output and fixed capital has been 
estimated. The employment elasticity with respect to 
output for the entire industrial sector is -0.43 in 1998-99 
and 0.03 in 2012-13 and with respect to fixed capital is 
0.03 in 1998-99 and 0.49 in 2012-13. This implies that an 
increase in output/capital increase employment but 
decreased trends. And, in terms of the output elasticity 
with respect to fixed capital for the industrial sector as a 
whole in Uttar Pradesh are -16.34 to 0.06 during 1998-99 
to 2012-13, but the output elasticity with respect to labour 
for the industrial sector in -16.68 at 1998-99 and 0.11 in 
2012-13 which is higher than the fixed capital. This 
implies that the output responds more to labour than to 
fixed capital.

The estimates of productivity growth, decomposed 
into components of TFPCH and TECHCH, have 
important policy implications for the industrial sector in 
Uttar Pradesh. In case of capital productivity (VA/FC), in 
the Uttar Pradesh has experienced a very slow increase of 
0.34 per cent per annum in 2012-13 with respect to 1998-
99 which has been only 0.21 per cent. Though, the average 
wage of an employee in the industrial sector has shown a 
decline for the overall sector during 1998-99 to 2012-13 
in the states. The value added generated by every unit of 
output (VA/VO) in the industrial sector in Uttar Pradesh is 
declining. The total factor productivity gain is basically 
due to change in technical progress with the contribution 
of efficiency change of used the inputs (labour and 
capital) in the production function. After 1998-99, the 
overall industrial sectors total factor productivity changes 
in Uttar Pradesh are increased to 1.068 (6.80 per cent) 
during the 1998-99 to 2012-13 period. However, during 
1998-99 to 2004-05 the trend of total factor productivity 
change is positive but has been decline trend and during 
2005-06 to 2012-13 the trend of technical change has 
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been very up and down which is reflected that  the not 
improved the efficiency of inputs.

There are certain directions in which this work can be 
extended for further research. In this paper, we estimate the 
economic growth and structural change with productivity 
change using DEA and draw some industrial reform policy 
implications in Uttar Pradesh. Finally, the determinations 
of productivity would be another interesting area of 
research to purpose in the future research. 
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INTRODUCTION 
India is endowed with entrepreneurial talent and 

proper utilization of this talent may accelerate the pace of 
socio-economic upliftment and key driver of economic 
growth, productivity and self employment (Saini and 
Bhatia, 1990 and  Panigrahy and Hota, 2016) which 
further bring economic dynamism (Lackeus, 2015). 
Researchers summarized that entrepreneurship helped in 
motivating new enterprises (Chowdhary and Prakash, 
2010), development of small scale production units 
(Singh and Verma, 2012), which generally have a positive 
influence on income and employment on sustainable 
basis (Kacharu et al., 1998; Bharti, 2005; Labrianidis, 
2006; Singh 2007 et al.; Srinivas et al., 2009) and also 
generate opportunities in service sector (Chand et al., 
2006) resulting in all round economic development and 
business networks (Kalantaridis and Bika, 2006 and 
Bosworth, 2008).  An entrepreneur is promoted to make 
optimal use of local resources in the benefit of his/her own 
and the society as well (Saini and Bhatia, 1990 and  

Srinivas et al., 2009). Entrepreneurship development 
programmes (EDP) are organized by various agencies, 
financial institutions and R&D organizations 
(Chowdhary and Prakash, 2010). EDP is a programme 
meant to inculcate, develop and polish the entrepreneurial 
abilities/skills and knowledge among the needy people 
who want to establish and run a successful enterprise 
(Kumari, 2014). EDP is being celebrated as ‘learning by 
doing’ model of Arrow (1962). 

The main purpose of such entrepreneurship 
development programme is to widen the base of 
entrepreneurship by motivation and entrepreneurial skills 
development (McClelland and Winter, 1969; Chowdhary 
and Prakash, 2010). It may be too ambitious to predict a 
complete and robust theory due to interdisciplinary nature 
of entrepreneurship. However, interaction between 
potential entrepreneurs and technical experts play a 
significant role in understanding and knowledge sharing 
which further motivate and persuade the person to adopt 
the technology or practice for improved performance. 



Further, the concept of licensing of post-harvest 
technology has been recognized as a vital tool for 
commercialization of technology. The licensing does play 
the important role in providing legal platform to 
entrepreneur for adoption of technology developed by a 
person or an organization (Rastogi, 2014). Now-a-days, 
post-harvest sector received greater attention at global 
level on account of urbanization, globalization and 
changing lifestyle. Importantly, agro processing provides 
employment opportunity to those who exit the 
agricultural sector (Goletti and Christiane, 1999), a 
strategy for rural development (Oladipo, 2008) and 
socially acceptable, and has implications for 
entrepreneurship development in production and 
consumption catchments (Dixit et al., 2010; 2011). Food 
processing industry contributes 9 to 10 percent of GDP in 
agriculture and manufacturing sector in India but still in 
nascent stage in terms of level of processing that is far less 
than the developed nations (Ghosh et al., 2013), despite 
large number of technologies are coming up from R& D 
organizations. To promote agro processing and to 
popularize/ transfer of post-harvest technology among 
small and medium entrepreneurs, ICAR-Central Institute 
of Post Harvest Engineering and Technology (CIPHET) 
has adopted two pronged strategies, that is, (i) 
Entrepreneurship Development Programme (EDP) and 
(ii) Licensing of technology, which resultant to creation of 
awareness, knowledge, skill, technical know-how and 
finally motivation and adoption of post-harvest 
technology. In this backdrop, an impact assessment of 
these modules was looked upon from both tangible and 
intangible perspectives. Here, an assessment of EDP and 
licensing of technology was made in terms of adoption, 
increase in income and employment of the entrepreneurs. 
Besides, factors affecting adoption of post-harvest 
technology and major constraints hindering the 
entrepreneurship were identified, prioritized and 
discussed. 
METHODOLOGY

ICAR-CIPHET had conducted around 21 EDPs 
since 2005 to 2009 and licensed around 24 to 25 
technologies to 96 persons till July 2013 (now 112 up to 
March 2016). To assess the impact, the specific choice 
indicators were developed based on earlier studies 
(Walker et al., 2008; Mruthyunjaya et al., 2004) and 
transformed into schedule/questionnaire for ascertain (i) 
Feedback from EDP participants and licensee and (ii) 
Response of scientists who have conducted EDP. Primary 
data were collected from EDP participants/licensee, 
through personal visits and e-mail/post from Madhya 
Pradesh, Bihar, Maharashtra, Chhattisgarh, Uttar 
Pradesh, Punjab and Haryana. Scientist’s response was 
ascertained on various aspects of EDP.  For detailed 
economic analysis we have selected enterprises, viz., soy 
and groundnut processing, meat processing, green chilli 
processing and guava processing.

Analytical Approach
Factors affecting technology adoption, multiple 

regression analysis of following form has been carried out 

 
Y =  Technology adoption 
a =  Constant
bi =  Regression coefficients
x  =  Age (years)1

x  =  Education (schooling years)2

x  =  Family members 3

x  =  Availability of raw material 4

x  =  Innovativeness 5

x  =  Higher cost of machinery 6

x  =  Approachable market 7

x  =  Credit availability8

x = Participation in trainings, exhibitions, innovators 9

meet, etc.
 e  = Error term 

For Prioritization of constraints (based on 
responses), Garrett’s Ranking technique was applied 
(Garrett and Woodworth, 1969).   

Percent position = 100 × (R  – 0.5)/N  ij j

Where, 
th thR = rank given for i  factor by j  individual j

thN = Number of factors ranked by j  individualj

RESULTS AND DISCUSSION 
Participants Opinion on Entrepreneurship 
Development Programme (EDP) 

The opinion of EDP participants were ascertained on 
various aspects such as how EDP helped in creating 
awareness about technology, improvement in their 
technical know-how, confidence building during hands 
on practice, and change in overall outlook towards 
process and value addition of agricultural produce. 
Besides, participants were asked how this programme 
motivated them to start new enterprise and helped them to 
establish a processing unit. The opinions were rated on the 
scale of 1 to 5 and mean score was obtained (Table 1). The 
result showed that the mean score with respect to 
awareness creation (4.55), improvement in technical 
know (4.33) and confidence building (3.98) revealed 
participants satisfaction level between highly agree to 
agree. None of the EDP was found to be rated below 3, 
indicating the positive impact on various aspects of the 
programme (Table 1).
Licensing of ICAR-CIPHET Technologies

Besides EDP, ICAR-CIPHET is licensing the post-
harvest technologies to the potential entrepreneurs at a 
nominal charges depending upon the nature and type of 
technology. During licensing a complete package of 
technology including hands on practices were given to the 
intended beneficiaries. Here, we consider licensing of 
technology synonymous to commercialization of 
technology. The significant lag between research output 

 
å
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and impact on the ground was reported by the researchers 
as one of the difficulty. The data pertaining to time lag 
between selected technologies (developed by ICAR-
CIPHET) and their commercialization was found 
reasonably acceptable (Table 2). In some cases, 
technology has been commercialized without any time 
lag or a lag of 6 months to one year.  The institute is rightly 
putt ing up the efforts  in the direct ion of  
commercialization of technology, as evident from the 
analysis.  
Adoption of ICAR-CIPHET Technology by the 
Entrepreneurs

EDP and licensing were found to be motivated 
beneficiaries that further led to adoption of some 
enterprise. Interestingly, spillover effect was experienced 
in some cases. For instance, a good number of soy 
processing plants have been established in Punjab and 

more are coming in a big way in other parts of the country 
as well, as a result of demonstration effect. Survey results 
indicated that 84.21 persons were found to be motivated 
and adopted ICAR-CIPHET technology in case of soy 
processing followed by and 37.5 percent in meat 
processing (Table 3). However, the percent adoption per 
se does not always depict the real picture as there was 100 
percent adoption in case of Makhana Kheer Mix and 
Turmeric processing, as number of licensee and adopter 
was one in each case.

Establishment of large scale Guava processing at 
Hambran village and Pasta making plant in Hoshiarpur, 
gave the clear message that ICAR-CIPHET intervention 
in the form of EDP/ documentation of project 
profile/licensing have been found rewarding in terms of 
promoting entrepreneurship. Overall, 27.55 percent of 
licensee and EDP participants adopted ICAR-CIPHET 
technologies (Table 3). 
Income and employment generation 

The enterprises were found economically viable, as 
evident from selected case study of soy processing, meat 
processing, green chilli processing and guava processing. 
The impact of these enterprises was realized in terms of 
enhanced income and employment per unit in a year. On 
an average economic benefits accrued in case of soy 
processing (capital investment of `7.4 lakh/unit) was to 
the tune of `5.85 lakh/annum and benefit- cost ratio of 
1.86 (Table 4), indicating these ventures are on good 
financially footing. Similarly, economic benefits of the 
enterprises such as meat processing (`3.20 
lakh/unit/annum), green chilli processing (`1.54 
lakh/unit/annum) and guava processing (`1.40 
lakh/unit/annum) were estimated and presented in 
abridged form so as to economize the space (Table 5). 

The cumulative economic benefits of the selected 
enterprise have been estimated on an annual basis taking 
into account the number of processing units established 
by EDP participants/license at the time of this study. 
Besides, these enterprises generated direct employment 

Particulars (n=125) Mean score* 
(1 to 5)

Awareness creation about technology and 
its utility

4.55

Improvement in technical know-how 
about process/technology

4.33

Confidence building as a result of hands 
on practices

3.98

Understanding about source of credit 3.5

Helpful in providing better  marketing 
option

3.2

Facilitate for preparation of business plan 3.3

Persuasion for  establishment of 
processing unit

3.53

Change in overall outlook towards 
processing

3.6

Table 1: Opinion of Beneficiaries about EDP

*5- Highly Agree, 4-Agree, 3- neither agree nor disagree, 
2- disagree and 1 - Highly Disagree

Name of technology Year of development  
and refinement

Year of 
commercialization

Time lag 
(year)

No of 
Licensee

Guava processing 2009 2011 2 2

Meat processing and value addition 2009 2009 0 8

Beet root processing 2009 2009 0 1

Dried Onion Flakes and Onion powdering 2008 2010 2 2

Makhana Kheer Mix 2009 2011 2 1

EC Room 2007 2008 1 9

Groundnut and Soymilk,curd and paneer 2010 2011 1 21

Green chilli power 2008 2009 1 13

Tomato processing 2009 2011 2 4

Extrusion Technology for snacks food 2009 2010 1 4

Others* 2010 2013 4 31

Table 2: Licensing of technology

*Pomegranate aril extractor, banana comb cutter, litchi peeling, micro encapsulation, etc
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to the tune of 24000 man days per annum in soy 
processing followed by 12600 man days per annum in 
meat processing (Table 5). The results further revealed 
that in all entrepreneurs of soyabean, meat, green chilli 
and guava processing (27 Nos) have gained net benefits of 
`121.08 lakh per annum and total direct employment 
generated was to the tune of 38220 man days per annum 
(Table 5). These units also provided indirect employment 
to a reasonable degree to those engaged in marketing of 
raw and final products. Interestingly, one Mega Project on 
fruits (guava, mango, litchi, and apple) and vegetable 
(tomato) processing plant of worth `6.0 crore was 
established after getting motivation and guidance from 
ICAR-CIPHET. As per our estimate, this plant has a 
potential to generate an income of ̀ 60 lakh per annum and 
employment to 125-150 persons for six months.
Intangible benefits realized by the EDP participants 
and licensee
?The beneficiaries have started commodities/products 

diversification such as processing of tamarind, 
mango, litchi and apple based on EDP on guava 
processing.

?Guava entrepreneurs have explored new marketing 
channels in the state of Haryana, Delhi, Himachal 
Pradesh and Punjab by establishing linkages with 
traders of other food commodities. 

?The enhancement of quality, safety and hygienic 
conditions. Bhatinda based Soya processor has 
installed RO system, Automatic packaging with batch 
number after getting educated on good manufacturing 
practices (GMP) in training programme. After getting 
inspired from ICAR-CIPHET EDP, the soya 
entrepreneur(s) got exposure on soya processing from 
USA and Canada. 

?Broaden knowledge contours of the entrepreneurs. 
For instance, one entrepreneur has designed and 

Name of the Technology Person contacted Person adopted Adopters (%)

Green chili powder and puree 14 3 14.29

Soy milk paneer and curd 19 16 84.21

Groundnut milk, curd, paneer 11 3 27.27

Snack foods 6 1 16.67

Meat processing and value addition 8* 3 37.5

Processing of Beetroot and carrot for making powder 12 1 8.33

Processing of ginger and garlic 30 1 3.33

Dried Onion flakes and powder technology 2 1

EC room 5 1 20.00

Guava processing 14 2 14.29

Makhana Kheer Mix 1 1 100.00

Turmeric processing 1 1 100.00

Extruded products 4 1 25.00

Total 127 35 27.55

Table 3: Technology adoption by EDP participants and licensee 
(No.)

Particulars Average 
Cost/
Price 

(`)

A. Fixed cost

(i) Cost of machineries and equipments 735000

(ii) Installation charges 5000

A1. Fixed cost (` per month) 6660

B. Variable cost per month

(i) Cost of raw material @ `30 /kg 27000

(ii) Electricity charge  (` per month) 2500

(iii) Labour charges 15000

(iv) Monthly repair and maintenance charges 500

(v) Packing and packaging cost @ `1/100g 
packet

7250

(vi) Other ingredients (sugar, SMP, preservative) 
(` per month)

9000

Total variable cost ( i to vi) 61250

C. Total cost (A1+B) 67910

D. Returns

(i) Soya paneer (qtuantity % price @ `70/kg) 
per month

42000

(ii) Flavoured milk @ ` 40 /lt. 90000

E. Gross Returns from milk and paneer 132000

F. Marketing cost and Commission to 
middleman @8% on MRP

10560

G. Return from by-product, i.e., okara (`/month) 5000

H. Gross income after marketing cost and 
Commission (D-E)+F

126440

Net profit (G-C) per month 58530

Annual net profit (300 days) 585300

Benefit-cost ratio 1.86

Table 4: Economic benefits from soybean processing
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developed new machine for turmeric processing based 
on the idea received while visiting ICAR-CIPHET 
workshop at Ludhiana. 

Factors Affecting Adoption of Technology
Undoubtedly, EDP/licensing of technologies 

contributed in adoption of technology and establishment 
of processing unit but it is equally true that EDP per se is 
not the deciding factors for adoption. In an examination, 
personal characteristics of farmers’/entrepreneurs’ such 
as age, ability/skill of creating and evaluating a business 
strategies, recognizing and realizing opportunities and 
networking with traders and marketing agents were found 
deciding factors for adoption of the technology. It was 
also noticed that availability of raw material (in vicinity) 
and related machinery, infrastructure facilities, 
availability and accessibility of finance, reasonable 
market for final product and institutional support were the 
influencing factors for technology adoption and success 
of EDP. There is no agreement among the trainers and 
educators about an ideal curriculum for an EDP,’ and it is 
well-known that some EDPs are imparted more 
rigorously than others. Since the entrepreneurs in our 
sample are drawn from a variety of programmes, it is 
possible that the differential quality of training received 
by them has vitiated our sample and has thus affected our 
analysis. Saini and Bhatia, 1996 mentioned that the 
effectiveness of the EDP also depends on relative quality 
of the various EDPs from which sample of beneficiary 
was taken. We have not considered the alternative 
scenario for trained entrepreneurs, that is, if they had not 
participated in the EDPs, would they have launched an 
entrepreneurial venture without the training they 
received? Would they have chosen food processing as a 
business career at all? If the answer is negative, then the 
EDPs should be credited with at least motivating the 
trainees to accept the challenge of branching out into a 
new occupational path.

The results obtained from regression analysis 
suggest that age has negative and significant relationship 
with adoption of technology (Table 6). Market was found 
to be the key driver for adoption of technology as it has 
positive and significant (r70.01) relationship with 
adoption of technology. Other factors favoring adoption 
were innovativeness in technology and participation in 
trainings, exhibitions and innovators meet. Hence, our 
results suggested for considering the pre-requisite factors 

such as participants’ interest, educational background, 
occupation, capacity to invest, skill and attitude towards 
developing business pathways before conducting such 
training programme.
Constraints Faced by the Entrepreneurs

The opinions of the EDP participants/licensee were 
ascertained with respect to techno- economic, financial, 
physical and market related constraints, and prioritized on 
the scale of 0 to 3 (0: No constraint, 1: Fewer constraint, 2: 
Moderate constraint, and 3: Extreme constraint). Overall, 
hands on practices during EDP, labour availability, power, 
credit, high rate of commission on print price charged by 
retailers, were found to be rated as moderate constraint. In 
case of soybean processing, product certification and 
licensing, was rated as moderate constraint by few 
entrepreneurs. In case of groundnut processing Ludhiana 
and Bathinda based entrepreneurs have shown their 
concern about high cost of raw groundnut. Majority of the 
entrepreneurs have informed that marketing skill need to 
be sharpened for running the business on sustainable 

Name of the technology Profit No of unit established Total income generation Employment (man days)

Soybean processing 5.85 16 93.6 24000

Meat processing 3.20 7 22.4 12600

Green Chilli processing 1.54 2 3.08 720

Guava processing 1.40 2 2.00 900

Total 27 121.08 38220

Table 5: Income and employment generation as a result of adoption of technology 
(`lakh/ annum/unit)

Explanatory variables Regression 
coefficient

t-value

Age (years) -1.62* -2.191

Education (schooling years) NS-0.004 -0.07

Family size 2.129 1.561

Raw material availability 0.679*** 5.204

Innovativeness in Technology 0.087* 2.057

Higher initial cost of machinery NS-0.185 -1.406

Approachable Market for final 
product

0.213*** 3.702

Non-availability of credit NS-0.071 -0.573

Participation in trainings, 
exhibitions, innovators meet, 
etc.

0.221* 2.16

Constant term (a) 86.261 1.16

Coefficient of determination 
2(R )

0.98

2Adjusted R 0.97

Table 6: Factors affecting adoption of technology

*** and * significant at one and ten percent level
NS: Non-significant
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basis. Labour and capital were rated as moderate 
constraints. As far as marketing related constraints are 
concerned, packing, packaging, storage and 
transportation were not reported as ‘very serious 
constraint’ but retailers’ commission was rated as 
‘extreme constraint’. Market for soya products, was 
initially considered as ‘least constraint’ but once business 
progress, market was not a constraint, provided quality 
being maintained. It is mentioned that huge margins of 
middle man/marketing agencies restricts new entrants in 
processing sector.
Prioritization of Constraints  

The constraints faced by the EDP participants and 
entrepreneurs were further prioritized with the help of 
Garrett mean score. Further, non-availability of market 
for final product, competition among entrepreneurs and 
private companies were rated as top most constraint 
(Garret score 76.35). The entrepreneurs have also 
expressed their concern that the price of raw material was 
high particularly in case of peanut/groundnut and green 
chilli. Participants asked for more hands on practices 
during EDP/training programmes, as they have rated this 

rdIII  most influential constraint (Table 7). In addition, non-
availability of credit and non-availability of precise and 
timely market information were rated as IV and V 
position, respectively. Some physical (such as non-
availability of power, communication, and quality 
control) and institutional constraints (least developed 
social capital and franchising model) were also reported 

Factors Garrett 
mean 
score

Rank

1. Techno-economic constraints

Less Technical skill 22 VII

Technology non-availability (full package or a component) 26.87 VI

More hands on experience during EDP 39.24 III

2. Financial constraints

Non-availability of credit 35.11 IV

Higher interest rate 18.62 VIII

Marketing related constraints

Market (In terms of demand, timeliness and competition) 76.35 I

Non-availability of raw material at reasonable price 43.36 II

Higher packing and packaging cost 10.37 X

Commission and taxes 14.49 IX

Market information (price, demand  and supply, and intelligence) 30.99 V

3. Physical and institutional constants

Power 18.62 VIII

Communication 10.37 X

Quality control laboratory 6.25 XI

Social capital least developed (farmer organization, NGOs, and other public and private institutions) 2.12 XII

Table 7: Prioritization of constraints

but Garret ranking was low. There is a need to develop 
comprehensive strategies by government, research 
institutions and other line departments in an integrated 
manner to deal with these constraints so as to accelerate 
the growth of processing sector.
Expectations of the Entrepreneurs from R&D 
Organization 
1. Need for improved technology for enhancing the 

recovery of guava pulp and efficient drying of guava 
leather.

2. Automatic machine for toffee/candy manufacturing 
need to be designed and developed for small and 
medium entrepreneurs. Presently, work is being done 
manually, which is tedious and time consuming.

3. Training on smart marketing is required for 
establishing linkages of small entrepreneurs with co-
operatives, marketing agencies/actors and 
consumers. 

4. Training on by-product utilization is required. For 
example, utilization of soybean okara for making 
value added products.

5. Process protocols need to be further standardized for 
retaining/maintaining colour of green chilli powder 
for each batch.

6. Business profile for each technology need to be 
prepared for interested participants and should be 
provided during EDP/training.

Suggestions for Further Improvement in EDP 
1. Certain criteria based on need assessment, 
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willingness of participants, socio-economic status, 
occupation, resources availability, and market 
accessibility etc. need to be developed and 
considered for selection of EDP participants. 

2. Continuous tracking/monitoring of existing 
entrepreneurs (licensee/ EDP participants) to update 
and guide them, so as to keep pace with changing 
technological and market environment. 

3. Awareness on marketing aspects and source of 
funding are vital and should be a part of EDP.

4. Extension modules need to be designed for master 
trainers and potential entrepreneurs by R&D 
organizations and extension functionaries.

5. Inclusion of lectures on ‘Food safety and standards’ 
and ‘Procedural guidelines for acquiring the license 
from Government/Food Safety and Standards 
Authority of India (FSSAI)’. 

CONCLUSIONS
Entrepreneurship Development Programme (EDP) 

and licensing of technologies has impacted well in terms 
of motivation and adoption of post harvest technology. 
The study gives very clear message that establishment of 
processing units have resulted into economic benefits to 
the intended beneficiaries, besides generating direct and 
indirect employment to the society. Further, intangible 
benefits such as quality conscious, product 
diversification, design and development of machinery, 
exploring market channels, participation in training at 
abroad, etc. were also realized by the participants. Finally, 
need based EDPs considering socio-economic 
conditions, willingness, resources availability, 
geographical dimensions, and market for final product are 
to be promoted so as to encourage processing in the 
production catchments. 
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ABSTRACT
The study analysed the state-wise share to total milk output, growth trends in yield growth, output instability, sources of milk growth, 
as well as the progress of dairy infrastructure in India.The results indicated that the northern region contributed largest share to 
total milk output in India while the share in the eastern region plunged during the study. The first period (1980-1995) registered the 
highest growth rates in milk output however growth drastically declined in the second period (1996-03) before again improving in 
the third period (2004-13). India registered relatively stable milk output in the last two decades. The regional instability indices 
hovered around 6.12 to 20.6 per cent. The species-wise contribution to total milk output revealed a significant shift from indigenous 
cattle milk towards crossbred cattle milk. However, buffalo milk output contributed the largest share to total milk output in India. 
The results of decomposition analysis further revealed that growth in milk output was primarily driven by yield improvement 
however, the progress of dairy infrastructure in the country was found grossly inadequate. Therefore to fully exploit the productivity 
potential of the milk yielders, continued investment in dairy infrastructure and replacement of indigenous cattle with crossbred must 
be pursued cross all the states of India.
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B.

INTRODUCTION
The Indian livestock sector is of enormous 

importance and as of the year 2013-14, contributed 
about 26 per cent to the agricultural gross domestic 
product (Ag GDP), providing employment to over 20 
million people, particularly to women folk, in principal 
or subsidiary status (Kumar, 2010).The fast growing 
economy has resulted in changing pattern of food 
consumption, in both urban and rural communities. 

2010
The economic policy reforms triggered in 1991 

were reoriented towards liberalization and integration 

Milk and milk products have been one of the most 
significant components of the food basket in India and 
between 1983 and 2010, their share in the monthly per 
capita food expenditure increased from 11.5 to 14.9 per 
cent in rural areas and from 15.7 to18.4 per cent in 
urban areas (Anonymous, ).

with the world economy and widened the market 
opportunities for the livestock sector. Increasing 
economic growth and rising incomes during the past 
two decades have been fuelling rapid growth in the 
demand for livestock products. The rising global 
demand for livestock products, various global trade 
negotiations and domestic reforms in India, have 
improved the access to international markets 
substantially, particularly during the post-WTO period.

15.70 per cent
(Anonymous, 2013).

The production performance of the Indian 
livestock sector revealed that between 1998-99 and 
2011-12, milk output gradually increased from 74 
million tonnes to 127.9 million tonnes which enabled 
India to top the world milk output (  of 
total milk)  However; in the 

th
second year of the 12 five year plan (2013-14), the 
total milk output was 137.7 million tonnes. Milk output 
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further increased from 132.4 in 2012-13 to 
137.7million tonnes in 2013-14 registering a growth of 
4 per cent. The per capita milk availability which was 
130gm/day in 1950-51 tremendously increased to 
307grams per day per capita availability by 2013-14 

Buffalo (51 per cent) remained 
the major contributor to milk output followed by 
crossbred cows (25 per cent), indigenous (20 per cent) 
and goats (4 per cent). 

the 
productivity of crossbred cows increased marginally 
from 6.8 kg/day in 2009-10 to 7.02 kg/day in 2013-14 
while that of buffaloes recorded a marginal increase 
from 4.53 kg/day to 4.91kg/day during the same 
period. 

(Anonymous, 2015). 

Despite the impressive growth in milk output, the 
average milk yield of milch animals is much less than 
the global average (Kumar et al., 2013). In India, 

Although, there exists wide variations in 
regional yield potential in India due to differences in 
bovine density, feed availability, health infrastructure, 
and management practices, the low yields depicted by 
India's livestock are of great concern. In India, milk 
yield grew by about 3 per cent per annum during the 
1990s, but decelerated to 2 per cent during the 2000s 
(Kumar et al., 2013).

India's current livestock productivity has been 
reported to be consistently low due to inadequate feeds, 
widespread diseases, poor genetic potential of local 
breeds, lack of markets, inadequate credit access and 
marketing infrastructure (FAO, 2003; Chand and Raju, 
2008).Nonetheless, there is lack of a cause and effect 
relationship to better understand the factors 
constraining improvements in livestock yield. It 
against this background, the current study was 
undertaken:

 (i) to analyze the region-wise trends in milk 
output in India,

(ii) to determine the sources of growth for the 
observed milk output,

(iii) to determine the factors affecting milk 
output, and 

 (iv) to  analyse  the  progress  in  dairy  
infrastructure.

DATA  AND METHODOLOGY
The study was based on the secondary data 

compiled from various published sources. Data on milk 
output, livestock population and yield, veterinary 
institutions and milk processing were compiled from 
the Basic Animal Husbandry Statistics, published by 
the Department of Animal Husbandry, Dairying and 
Fisheries of the Ministry of Agriculture, and Farmers' 
Welfare, Government of India. The state-wise trends in 
milk output were studied at a decadal interval for the 

period 1980-81, 1994-95, 2004-05 and 2013-14 to be in 
tandem with the policy of market liberalisation that was 
initiated by government of India in 1991.
Decomposition Model

Besides descriptive statistics and trends, 
decomposition analysis was carried out to assess the 
relative contribution of livestock population and yield 
to the growth of milk production.

DQ = DP.Yo + DY.Po + DP.DY where, DQ = Qt –  

Qo, DP = P  – Po, and DY = Yt – Yot

Here, DP.Yo represents the population effect, DY.Po 

represents the yield effect, and DP.DY represents the 
interaction effect. Q, Y and P represent milk 
production, milk yield and population, respectively; 
subscripts o and t represents the base year and terminal 
year, respectively.
RESULTS AND DISCUSSION
Growth Trends, Instability and State-wise Milk 
Shares in India.

The results of the analysis presented in Table 1 
revealed that all regions in India except the eastern 
region depicted increasing shares in the milk output for 
the study period. The northern region registered the 
largest share of milk output during the entire study 
period due to the high concentration of buffaloes in the 
irrigated northern plains having sufficient supply of 
feeds and fodder (Birthal et al., 2006). The share in this 
region hovered around 36.1 to 33.1 per cent between 
1980-81 and 2012-13 while the eastern region recorded 
the lowest contribution and decreased marginally from 
12.87 per cent in 1980-81 to 11.3 per cent by the year 
2013-14. In the northern region, Uttar Pradesh 
registered the largest contribution, followed by Punjab 
state while in the western region; Rajasthan and 
Gujarat recorded the highest shares during the study 
period. In the southern region, the regional share 
increased marginally from 21.37 percent during 1980-
81 to 22.43 per cent by 2013-14. The states of Andhra 
Pradesh and Tamil Nadu contributed the highest shares 
to milk output in the southern region while the share of 
Kerala state was meager during the study period. In 
eastern region, Bihar and West Bengal states 
contributed the highest to milk output while the dismal 
contribution from Orissa and Assam states affected the 
overall regional milk share from the eastern region 
throughout the entire study period.

The growth analysis in state-wise milk output 
revealed that the period 1980-95 registered the highest 
growth rates in total milk output across all regions. The 
major reason for the observed trend could be due to the 
impact of the effective implementation of the 



Operation Flood program initiated in the 1970s. The 
program established dairy cooperatives and organized 
milk procuring, processing and marketing as well as 
providing technical support on input use to dairy 
farmers. During this period, the western region (7.80 
per cent) registered the highest growth followed by the 
northern (7.32 per cent) and eastern (7.19 per cent) 
regions. The impressive growth recorded in the 
western region emanated from high growth rates 
recorded in Maharashtra (12.18 per cent) and Madhya 
Pradesh (10.11 per cent) while in the northern region all 
states post impressive growth rates during the period 
1980-1995. 

In the eastern region, impressive growth rates in 
Orissa (8.55per cent) and West Bengal (9.32 per cent) 
gave a boost to overall regional growth performance 
while the marginal growth in Andhra Pradesh (3.05 per 
cent) during period 1980-1995 affected overall milk 
growth in the southern region. However; during the 
period 1996-2003, all regions depicted a drastic decline 
in milk output growth. The highest decline was 

registered in the eastern region (-0.008 per cent) while 
the highest growth was registered in the southern 
region (5.67 per cent). In the southern region, the 
drastic increase in milk output growth in Andhra 
Pradesh (9.57per cent) and Karnataka (7.42 per cent) 
states during this period gave impetus to overall 
regional milk growth while the negative growth in 
Bihar (-1.23 per cent) and West Bengal (-0.38per cent) 
and marginal growth in Assam (0.48) greatly offset the 
high positive growth recorded in Orissa (6.79 per 
cent).Nonetheless, the period 2004-2013, registered 
improvement in milk growth in all regions with 
exception of the northern region. The southern region 
(6.58 per cent) continued its dominancy in milk output 
growth during this period while a drastic plunge in milk 
growth in Punjab (1.75 per cent) and Jammu & 
Kashmir (2.15 per cent) reduced overall milk output 
growth in the northern region. The improvement in 
milk output growth in all states in the eastern and 
western regions during the period 2004-13 contributed 
to the respective impressive overall regional growth. 

State/Period Share in national milk production CAGR Coefficient of variation

1980-81 1994-95 2002-03 2012-13 1980-95 1996-03 2004-13 1980-95 1996-03 2004-13

Uttar Pradesh 18.26 17.9 18.71 18.51 7.14** 4.76** 4.37** 19.05 11.11 11.36

Jammu and Kashmir 0.8 1.11 1.7 1.29 11.39** 8.24** 2.15** 28.56 21.58 5.79

Punjab 10.28 9.91 10 7.71 7.02** 3.82** 1.75** 18.81 8.72 4.79

Haryana 6.72 6.57 6.27 5.58 7.72** 2.66** 4.01** 20.69 6.17 10.66

Northern 36.06 35.49 36.68 33.1 7.32** 4.26** 3.55** 19.46 9.67 9.12

Tamil Nadu 5.75 6.63 5.66 5.56 7.05** 1.90** 5.41** 19.42 5.76 14.15

Andhra Pradesh 7.5 5.11 8.06 10.12 3.05** 9.57** 8.47** 9.09 21.43 20.81

Karnataka 5.17 4.66 5.55 4.54 6.02** 7.42** 5.42** 16.5 17.55 13.95

Kerala 2.95 3.65 2.96 2.21 9.49** 2.62** 4.43** 24.9 8.98 11.52

Southern 21.37 20.05 22.23 22.43 5.97** 5.67** 6.58** 16.45 12.62 16.28

Bihar 6.2 5.68 3.51 5.43 6.03** NS-1.23 8.04** 16.42 9.52 19.36

Orissa 0.99 0.94 1.15 1.37 8.55** 6.79 6.05** 35.83 15.16 15.58

West Bengal 4.09 5.92 4.41 3.85 9.32**
NS-0.38 3.49** 23.94 6.9 8.95

Assam 1.6 1.13 0.86 0.63 4.07** NS0.48 NS1.21 11.5 7.42 3.27

Eastern 12.87 13.67 9.93 11.29 7.19**
NS-0.008 5.60** 19.27 6.12 13.96

Rajasthan 10.37 7.85 9.53 11.06 4.15** 5.52** 7.19** 11.82 14.32 19.46

Gujarat 6.87 6.34 7.45 8.18 5.92** 4.83** 6.38** 16.45 10.99 15.83

Maharashtra 5.17 7.63 7.63 6.93 12.18** 4.05** 4.13** 30.4 9.16 10.48

Madhya Pradesh 7.28 8.98 6.54 7.01 10.11** -0.24NS 6.18** 26.2 4.71 15.6

Western 29.7 30.79 31.16 33.18 7.80** 3.53** 6.32** 20.59 8.09 15.64

India 100 100 100 100

Table 1: State-wise share, growth trends and instability in milk production in India
(Percent)

** Significant at five percent level
NS: Non-significant
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Milk Production Instability
As far as instability is concerned (Table 1), milk 

output in India has been relatively stable. The regional 
instability indices hovered between 8.09 to 20.59 per 
cent during the study period. The period 1980-1995, 
registered the highest instability in milk output and 
during this period, the western region (20.59 per cent) 
recorded the highest instability while the southern 
region recorded the lowest production (16.45 per cent) 
instability. The observed high output instability 
registered in the western region was due to the high 
instability in Maharashtra (30.4 per cent) and Madhya 
Pradesh (26.2 per cent) while stable milk output in 
Andhra Pradesh (9.09per cent) and Karnataka (16.5 per 
cent) states could have resulted in more stable southern 
region milk output during this period. The period 1996-
2003, registered the most stable milk production in 
India during the study period. During this period, milk 
instability indices hovered around 6.12 to 12.62 per 
cent. The observed trend could have resulted from the 
effects of the livestock market liberalization policy 

initiated by government of India in 1991, which 
enabled increased private investment in the dairy 
sector and enabled access to external markets for 
disposing of milk produce. The eastern region 
registered the most stable milk output, followed by the 
western and northern regions. 

Nonetheless, an increase in milk output instability 
was experienced during the period 2004-2013 across 
most regions. The western region registered the highest 
instability in milk output while milk production in the 
northern region was most stable. The high production 
instability in Rajasthan and Gujarat states in the 
western region contributed to the high overall regional 
instability while stable milk production in Punjab and 
Jammu and Kashmir aided a stable overall milk output 
in the northern region.
Animal-wise Contribution to Total Milk Output

In India, the contribution of cows and buffaloes to 
milk output was found over 90 per cent during the study 
period (Table 2). During the period 1993-1994, cows 
and buffaloes contributed 92.1 percent which increased 

State/Period 1993-1994 2004-2005 2013-14

Crossbred Indg Buffalo Goats Crossbred Indg Buffalo Goats Crossbred Indg Buffalo Goats

Uttar Pradesh 5.91 22.00 65.00 5.90 8.02 16.80 58.90 5.40 7.54 18.80 72.00 5.30

J&K 47.00 31.10 49.00 5.50 31.60 0.00 0.00 0.00 29.50 4.70 17.60 5.90

Punjab 23.30 4.10 67.90 0.70 24.50 1.40 73.70 0.50 28.90 3.00 70.40 0.60

Haryana 4.34 13.00 75.60 2.00 9.08 5.60 84.50 2.10 9.88 5.10 89.60 1.10

Northern 11.70 15.70 67.20 3.75 13.40 10.40 64.10 3.40 13.80 12.30 72.50 3.54

Tamil Nadu 21.10 33.00 35.70 0.00 43.90 26.40 29.60 0.00 83.10 8.90 8.60 0.00

Andhra Pradesh 7.00 27.70 71.10 0.00 14.40 11.20 74.40 0.00 20.40 9.30 72.10 0.00

Karnataka 17.40 35.20 42.80 0.50 36.60 28.10 34.40 1.00 47.30 25.20 31.40 1.00

Kerala 69.20 15.10 5.20 5.20 89.10 5.40 1.90 3.90 89.00 0.10 2.10 4.00

Southern 25.10 28.90 41.20 1.03 35.50 18.30 45.60 0.66 48.10 11.50 41.30 0.61

Bihar 4.70 33.50 43.60 11.00 15.60 29.60 50.50 7.30 22.30 35.90 44.00 2.90

Orissa 31.20 49.60 18.70 0.40 41.00 43.20 15.70 0.20 44.00 48.00 15.80 0.20

West Bengal 24.10 57.20 7.20 0.30 27.90 61.20 7.70 3.10 45.70 47.40 4.80 3.10

Assam 16.70 64.90 12.80 3.50 21.00 62.80 12.60 4.10 29.30 55.30 15.30 1.90

Eastern 15.70 47.30 23.80 5.09 23.50 44.90 28.20 4.70 33.30 42.40 25.60 2.57

Rajasthan 0.00 39.20 51.10 11.40 2.30 25.80 61.00 10.40 6.70 29.90 55.10 12.80

Gujarat 6.10 27.00 63.00 4.60 7.10 25.10 64.10 3.60 22.30 23.00 59.90 2.50

Maharashtra 24.10 22.80 41.50 4.50 35.20 15.40 45.10 4.60 42.60 14.80 43.80 2.90

Madhya Pradesh 3.10 35.30 46.10 6.90 2.90 38.50 52.50 6.10 8.20 41.30 52.90 6.10

Western 8.10 31.50 49.80 6.99 11.60 25.70 56.20 6.44 18.40 27.50 53.50 6.77

India 13.80 27.50 50.80 4.39 18.50 20.70 53.80 3.92 25.20 20.50 53.90 3.85

Table 2: Share of different milch species in milk production across different states of India
(Percent)
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to 93 per cent during 2004-05 and further to 96.2 by the 
year 2013-14. Out of this share, buffaloes contributed 
over 50 per cent, followed by indigenous cattle (20.5 to 
27.5 per cent) and crossbred cattle (13.8 to 25.2 per 
cent), while the contribution of goat milk to total 
national output was lowest. The higher consumer 
preference towards buffalo milk due to its high fat 
content as compared to indigenous milk could have 
motivated farmers to raise more number of buffalo 
heifers in anticipation of high market demand (Birthal 
et al., 1999). At the all India level, the composition 
share of crossbred cattle depicted an increasing trend 
while that for indigenous cattle declined during the 
study period. The results revealed a significant shift 
from buffalo to crossbred cattle milk in the states such 
as Tamil Nadu, Karnataka, Kerala, Orissa, West 
Bengal, Assam, Maharashtra and Jammu & Kashmir 
due to continuous replacement of the indigenous cattle 
with crossbred cattle. The contribution of crossbred 

State/Period CAGR milk yield

1993-94 to 2003-04 2004-2005 to 2013-14

Crossbred Indg Buffalo Goats Crossbred Indg Buffalo Goats

Uttar Pradesh 3.13** 2.59** 2.11** 1.90** 0.48** NS0.67 NS0.43 NS0.77

J&K 1.21** 4.29** 1.55** NS0.05 5.13** -2.88** 2.80** NS-0.34

Punjab 0.46** -2.09** 1.83**
NS0.40 3.15** 11.00** 3.05** 8.08**

Haryana 0.71** 1.13** 1.22** 1.75** 3.01** 1.03** 2.34** 2.25**

Northern 1.28** 1.04** 1.66** 1.02** 2.69** 3.51** 2.26** 2.69**

Tamil Nadu 3.28** 1.57** 2.49** NS0.00 NS0.85 -0.18** NS0.38 NS0.00

Andhra Pradesh -0.48 5.05** 4.64** NS0.00 NS0.34 1.05** 1.70** 1.03**

Karnataka 2.48** 4.42** 4.08** -9.53**
NS0.54 1.14**

NS0.74 1.65**

Kerala 3.53** 4.52** 7.45** -1.09** 2.86** -8.70** -7.31** 2.16**

Southern 2.12** 3.69** 4.88** -2.65** 1.22** -1.20** -1.49** 1.21**

Bihar 1.32** NS0.18 NS-0.37 1.08** NS0.84 5.32** 1.47** 4.80**

Orissa 7.35** NS1.67 8.04** NS0.19 2.12** 8.68** 3.92** -0.19**

West Bengal
NS0.38 NS0.93 2.05** 2.36** -1.59** 1.11**

NS-0.43 3.24**

Assam -2.65** NS-0.57 -2.89** 2.37** 1.79** NS0.47 5.56** -2.17**

Eastern 1.51** NS0.46 1.49** 1.50** NS0.80 3.72 1.94** 1.42**

Rajasthan 0.40**
NS0.10 NS0.92 1.12** 2.38** 3.09** 3.03** -0.49**

Gujarat NS-0.18 1.48** NS0.73 1.31** NS0.89 2.38** 1.68** 1.35**

Maharashtra NS0.18 1.47** 1.25** 2.32** NS0.59 2.54** 1.96** 1.04**

Madhya Pradesh NS0.29 4.64** 1.23** 1.58** 2.02** 3.59** 1.58** 4.43**

Western NS-0.55 1.54** 1.02** 1.58** 1.43** 2.87** 2.13** 1.58**

India 0.98** 1.82** 2.21**
NS0.36 1.59** 2.31** 1.29** 1.73**

Table 3: Compound annual growth rates of species-wise milk yields
(Percent)

** Significant at five percent level
NS: Non-significant; Indg: Indigenous 

cattle milk at the all India level rose from 13.8 per cent 
during the year 1993-1994 to 18.5 per cent during the 
year 2004-2005 and further to 25.2 per cent in 2013-
2014 while that of indigenous cattle plummeted from 
27.5 to 20.7 and then 20.5 per cent during the same 
period.

The northern region dominated buffalo milk output 
followed by the western and southern regions while the 
eastern region dominated indigenous and goat milk 
production. Taneja and Birthal (2004) postulated that 
cattle possessed a wider spread across various region of 
India however; the eastern region had a higher 
concentration. Buffaloes were more concentrated in 
the irrigated northern plains having sufficient supply of 
feeds and fodder. Small ruminants were spread 
throughout the country but with varying degree of 
concentration. Sheep are concentrated in the rain fed 
southern and western parts, while the concentration of 
goats is higher in the eastern region.

Sserunjogi and Kaur: Growth drivers of dairy production in India: An appraisal 



Animal type Share in growth of milk 
production (percent)

1993-94 to 
2004-05

2004-05 to 
2013-14

Crossbred cattle

Milk yield 13 10

Livestock population 79 79

Interaction 8 11

Indigenous cattle

Milk yield -144 89

Livestock population 216 9

Interaction 28 2

Buffalo

Milk yield 56 59

Livestock population 36 36

Interaction 8 5

Goat

Milk yield 80 60

Livestock population 19 36

Interaction 1 4

Table 4: Decomposition of species-wise milk production 
in India
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Growth Trends in Milk Productivity
The results of the animal-wise regional milk yield 

revealed huge disparities (Table 3). At the all India 
level, the growth in milk yield increased for all 
livestock except buffaloes between the two study 
periods viz; 1993-94 to 2003-04 and 2005-06 to 2013-
14. The study also revealed significant yield 
improvements for indigenous cattle as well as goats. 
During period 1993-94 to 2003-04, buffalo yields 
recorded the highest growth of 2.21 per cent due to 
impressive yield growth in the southern states. The 
growth of milk yield for goats (0.36 per cent) was 
lowest at the all India level on the account of negative 
growth in the southern region and marginal growth 
rates in the northern region. Across the regions, the 
northern and southern regions registered higher growth 
rates in crossbred cattle milk productivity than the 
western and eastern regions for the two study periods.

During the period 1993-94 to 2003-04, the 
southern region registered the highest growth for 
indigenous cattle milk yields as a result of high growth 
in Andhra Pradesh (5.05 per cent) and Kerala (4.52 per 
cent). For buffaloes, the southern states exhibited 
highest growth in milk yield while the growth in 
buffalo milk yield was marginal in the western states. 
During period 2004-05 to 2014-14, the growth in 
buffalo milk yield exhibited drastic decline due to 

negative growth registered in the southern region and 
marginal growth in the eastern region however; 
impressive growth was recorded in the northern and 
western regions. The observed regional differences 
could be attributed to a number of reasons viz; the 
distribution of breedable bovine population across 
India, wide differentials in resource base for feed, 
fodder, animal healthcare and artificial insemination 
among others which differs significantly across India 
(Kumar et al., 2013).
Contribution of Population and Yield to Milk 
Output in India

A perusal of Table 4 revealed that between 1993 
and 2005, crossbred cattle population contributed 79 
percent while milk yield contributed only 13 percent to 
crossbred milk output however; for indigenous milk 
output, livestock population contributed the largest 
(216 per cent) while the contribution of yield was 
negative (-144 per cent).During the period 1993-2005, 
the interaction effect (28 per cent) between milk yield 
and livestock population was highest for indigenous 
cattle milk output, representing the impact of continued 
breed improvement to milk output across India. For 
buffaloes, the yield effect was the major force behind 
its high share to the total national milk pool. Buffalo 
milk yield contributed 56 per cent while its population 
added 36 per cent.  On the contrary, the contribution of 
the interaction effect exhibited varied trends during the 
period 2004-05 to 2013-14. During this period, the 
contribution of interaction effect for crossbred cattle 
increased from 8 to 11 per cent whereas the 
contribution of milk yield which had been negative (-
144per cent) for indigenous cattle turned into positive 
(89per cent) and was the highest contributor to 
indigenous milk output during this period.

 Also the contribution of indigenous cattle 
population plummeted from 216 to 9 percent during the 
study period. For goats, milk yield was the major driver 
of goat milk output in India however of recent the share 
of goat population had also improved. The results 
indicate that growth in milk output in India has come 
largely from replacement of low yielding indigenous 
cattle with high yielding crossbred cattle. The 
contribution of yield to output growth entails 
improvements in feed, healthcare and management 
practices therefore better management of higher milk 
yielding indigenous breeds should be enhanced to 
increase milk output across the different regions of the 
country.
Status of the Dairy Infrastructure in India

The status of the dairy infrastructure was analysed 
for 1992-93 and 2010-11 (Table 5). The findings 



Particulars 1992-93 2010-11 Percent change

Bovine animals served per veterinary institute 7632 5799 -24

Bovine animals per veterinary person 9217 5627 -38.9

Total artificial insemination centres 39600 55806 40.9

AIs performed per 1000 milch animals 155 373 140.6

Adult female bovine per artificial insemination centre 2727 1807 -33.7

Bovine breeding farms 183 199 8.74

Semen production centres 148 172 16.2

Frozen semen banks 91 184 102.2

Liquid nitrogen plants 151 91 -39.7

Table 5: Dairy infrastructure in India
(Number)

Source: Basic data from BAHS, Livestock Census, Land Statistics, Agricultural Statistics at a Glance, Population Census, 
Government of Indian, New Delhi
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revealed that the number of bovine animals served per 
veterinary institute and the bovine animals per 
veterinary person had decreased between the study 
periods. The total artificial insemination (AIs) centres 
had increased by 40.9 per cent between the two study 
periods however; the number of semen production 
centres, frozen semen banks, liquid nitrogen plants in 
India were found largely inadequate. Nonetheless, the 
number of AIs performed per 1000 milch animals 
doubled from 155 in 1992-93 to 373 in 2010-11. Over 
the last two decades, the bovine composition in India 
underwent significant shifts, gradually transforming 
from indigenous cattle to high yielding crossbred cattle 
and the demand for crossbred animals is increasing 
rapidly. Therefore to enhance the yield potential of the 
high yielding crossbred, higher investment in livestock 
infrastructure and appropriate policy support are 
required to ensure higher milk output.
CONCLUSION AND POLICY IMPLICATIONS

The study analysed the state-wise share to total 
milk output, growth trends in milk yields as well as 
instability in milk output. The sources of growth of 
milk output in India were also decomposed into its 
constituent components. The study has revealed that 
during the study period, the share of milk output from 
eastern region depicted a declining trend while that in 
the southern region were stagnant. Therefore to 
improve regional contribution to total national milk 
output, a policy encompassing improvement in 
livestock infrastructure and management practices 
needs to the urgently taken up to fully exploit the 
potential of crossbred cattle and buffaloes in these 
regions. The animal-wise contribution to the total milk 
output has indicated that the share of indigenous cattle 
milk output consistently declined while that of the 

crossbred cattle increased steadily during the study 
period. Therefore increase in future milk output shall 
emanate from continued replacement of low-yielding 
indigenous cattle with crossbreds and buffaloes across 
different states. The study also found that the growth in 
milk yield for the different livestock animals was so 
meager and highly instable. This provides a strong case 
for continued investments in improved breeds. 
However, the status of veterinary and animal health 
care infrastructure was found to be poor hence 
concerted efforts are required to bring about further 
progress. 
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INTRODUCTION
In India, Tribal's are known as Adivasi's covering 

diversified section of population from hilly, forest and 
valley areas. “Tribal” was derived from a latin word 
“Tribus” which was used by Romans to designate the 
division of society, while in India, Adivasi's is a 
combination of two Sanskrit word adi which means 
earliest and vasi representing inhabitant. This section of 
population holds rich heritage, culture, livelihood pattern, 
simple living, attachment towards nature and land and 
further staying along with the naked reality of 
backwardness, illiteracy, poverty, scarcity and limited 
accessibility. They are classified under characteristics of 
isolation, language, religion and shyness of contact 
( ). Standing among the top nations 
having higher concentration of tribals after African 
continents (1991 census), India holds 635 tribes located 
across five major tribal belts. As per the census of 2011, 
the tribal's were present in all states and union territories 
of India except of Pondicherry and Chandigarh, whereas 
the major seven states viz., Bihar, Jharkhand, Madhya 

Anonymous, 2009

Pradesh, Chhattisgarh, Odisha, Mizoram, and Nagaland 
account more than 75 per cent of tribes.  They contributes 
a major share in making cheap labour availability 
throughout the country and their due dedication, sincerity 
and enthusiasm towards regressive work have created 
constant demand of services over years. 

Studies shows that the tribal's were subsistence 
oriented engaged in food gathering, hunting, fishing, 
natural product collection and thus they revolves around 
forest and hilly regions.  With the changing pattern and 
growth overtime, the tribal has also changed their way in 
sustaining lives as observed among different tribal 
communities like Santal, Munda, Oram, Gond and Ho 
who are settled agriculturist often supplement their 
economy with hunting and gathering. In India, the major 
share of natural resources are available in central, eastern 
and northeastern part of India where tribal are settled and 
even after that  vast section of their population remains 
and backward at all dimensions of development (Awais et 
al., 2009).The tribal's were in target of higher caste 
population in various parts of undivided Bihar, Mizoram, 



Odisha and Madhya Pradesh forcing to work in their farm, 
house or business over generation as slave, forced action, 
physical torture, women rape/abuse/murder and even 
selling and buying of their children's.

The continuous exploitation, false promises and 
corruption on part of government functionaries and 
political classes have created unfaith on part of the system 
and promoted the problem of nexalism in major tribal 
belts of India which are classified as red corridor.  Even 
after having massive intervention and execution of 
various poverty alleviation, employment generation and 
socio-economic development programmes, vast section 
of tribal population are continuing lives below the poverty 
line. The poor habitant, illiteracy, exclusion from formal 
institutions and society, exploitation by higher caste 
people, traditional beliefs, irresponsible, corrupt and low 
mentality of government officials have forced them to 
remain outside the gamut of common development 
paradigm. Odisha stands top among all tribal dominated 
states as out of the existing 533 tribes, as per notified 
schedule under article 342 of the constitution of India, 62 
tribes are found in Odisha.  The primitive tribal groups of 
Odisha were Bonda, Chuktia, Bhunjia, Didayi, Dongaria, 
Handa, Juang, Kharia, KutiaKandha, LanjiaSoura, 
Lodha, Mankadia, Paudi,Bhuyan and Sourasand are 
considered under special category communities for their 
pre agricultural economy, low level of literacy and 
isolated habitations. The scheduled tribes are present in 
all districts of Odisha registering higher dominance in 
Malkangiri (57.43 per cent) and Mayurbhanj (56.60 per 
cent) while lowest in Puri (0.30 per cent) and Kendrapara 
(0.52 per cent) districts. The literacy status of Odisha in 
1961 shows that as against the state literacy rate of 21.66 
per cent, the STs literacy was only 7.36 per cent.  Further 
in the year 2001, the state literacy rate has increased to 
63.08 per cent while the STs Literacy has increased to 
37.4 per cent only which clearly shows the clear 
negligence on part of administrative and government 
agencies. Microfinance in Bangladesh has proved that the 
SHG based micro - credit programme has improved the 
lives of both rural and urban poor(Choudhary, 2013), in 
this regard an attempt has been made to highlight the role 
and status of SHG programme in the tribal dominated 
districts of Odisha. The microfinance programme has 
successfully created employment opportunities among 
rural people but also serves as an instrument in improving 
the socio-economic status of women through capacity 
building in rural areas (Jerinabi and Kanniammal). The 
SHGs are the voluntary organizations formed by the 
peoples belonging to same community, caste and 
economic status (NABARD, Mumbai 2006). Being the 
informal association of 10-20 poor individuals (especially 
women) who voluntary come together for the purpose of 
saving and credit facility also enjoy the financial security, 
co-operation and decision making and investment 
decision (Rajpal and Agarwal, 2013). In Odisha the self 
help group programme has created history by achieving 

the goal of group formation at rural areas more than 
targeted with due effort of Mission Shakti and various 
other stakeholders. 
Objectives of the study

i. to highlight the comparative status and growth 

pattern of WSHGs programme in Odisha and its 

impact in tribal dominated districts over the years,

ii. to examine the performance and financial status of 

WSHGs in terms of access to credit and saving 

facility in different tribal and non tribal districts of 

Odisha, and

iii. to examine the outreach of programme in enabling 

the poor to access the banking facility and ensuring 

financial literacy.
METHODOLOGY

The study is based on secondary data obtained from 
the reports of Mission Shakti, NABARD, Economic 
Survey and District statistical offices. The tribal 
dominated districts are defined here as the district having 
higher percentage of Schedule tribes population over the 
State average. In this regard out of the 30 districts of 
Odisha, 14 districts have been identified as the tribal 
dominated districts. The districts selected for the study 
through the above stated methodology are also identified 
in Economic survey reports as the tribal dominated 
districts of Odisha (2009). The comparative inclusion of 
women population, their share, BPL families enrollment 
and growth of federation structure through the 
programme are used as major parameter. Further, the 
analysis of overall financial structure i.e. saving, credit 
and repayment are taken as a parameter for comparison 
between the tribal districts and non tribal districts 
analysis. 
Significance of the study

The study aims at highlighting the comparative 
pattern of execution, its viability and opportunities 
creation for development in tribal dominant districts. 
Various studies showed the significant correlation 
between the amount of loan and the income of micro 
entrepreneurs and significantly improving the family 
status and quality of living (Patel, 2011). Taking it as a 
supportive base for further research and making 
comparison with year wise growth including saving and 
repayment status, conclusive remark can be drawn for 
policy intervention and improving performance through 
monetary expansion, quality check through repayment, 
training access and saving advancement. 
Microfinance Initiates and Coverage

As per Mission Shakti, the microfinance programme 
in Odisha has created “success beyond target” with its 
initiative of capacity building through the government 
and corporate social responsibility. Further, the local, 
regional and state level federation has added safety wings 
in form of legal, promotional and moral supports to fly 
high. The schedule tribe constitutes 9.66 per cent of 
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country and 22.13 per cent of total state population as per 
census 2000-01.The tribal are found in almost all districts 
of Odisha but its major concentration was in Malkangiri, 
Mayurbhanj, Raigada, Nabarangpur, Kandmahal, 
Gajapati and Sundergarhwhich are identified as backward 
region due to several issues such as distance from state 
headquarter, regional disparity, lagging infrastructure and 
availability of basic amenities. Adopting experiences of 
Bangladesh, the women self help group has been initiated 
by government of Odisha through Mission shakti and 
ICDS. Table 1 shows, the comparative status of growth of 
WSHGs between tribal and non tribal dominated district 
on the basis population structure and members 
enrollment. In the year 2011, there were 1.28 lakhs 
WSHGs in tribal dominated districts against 1.69 lakhs in 
non tribal districts. The enrollment and engagement in 
economic activities are significantly higher in tribal 
districts as compared to the non tribal districts(non tribal 
districts 17.9 per cent while tribal districts 19.2 per cent 
enrollment of female population) as women in tribal 
blocks mostly undertake livelihood promotional 
activities for sustaining self and family.  The average 
enrollment of members shows that in non tribal districts 
the enrollment was 1.32 lakhs per district as compared to 
the tribal districts having the enrollment of 1.08 lakhs 
which clearly shows the incomplete outreach of 
programme in tribal districts as compared to non tribal 
districts. 

In terms of quantity, the coverage was found higher in 

Ganjam district i.e. 2.62 lakhs members (Non tribal 
district) followed by tribal district, Mayurbhanj (2.42 
lakh)  while in terms of percentage enrollment against 
female population, the highest enrollment has been 
observed in Malkangiri district (Tribal dominated) i.e. 
33.0 per cent and Anugul district of Non tribal dominated 
having enrollment of 26.4 per cent of women. The 
average percentage enrollment of tribal district has been 
recorded as 20.2 and median of 19.2 per cent while in case 
of non tribal districts it is 17.9 and median of 16.9 per cent. 
The tribal dominated section shows 57 per cent districts 
are below sectional average (20.2 per cent) while in case 
of non-tribal dominated section 62.5 per cent of districts 
are below the sectional average (17.9 per cent). Taking 
median as a base it has been observed that in case of tribal 
dominated section 50 per cent of districts lies below the 
median value (19.2 per cent) while in case of non tribal 
dominated section only 37.5 per cent of districts lies 
below median value which clearly shows the better 
performance of the programme in terms of coverage of 
women in non tribal districts. The major backward and 
poorest districts of the state as specified under World 
Bank list are Kalahandi, Bolangir and Koraput whereas 
the joint survey of US – India policy institute has reported 
8 districts of Odisha are among the 50 most backward 
districts in the country (Odisha Sun Times bureau, 
Bhubaneswar Jan 30) including Malkangiri, Boudh, 
Kalahandi, Mayurbhanj, Nuapada, Nabarangpur, 
Gajapati and Khandmal. The most interesting fact to be 

Tribal dominated 
districts

Female 
population

(Lakh)

No. of 
WSHGs

No. of 
WSHG

members

Non-Tribal 
dominated 

districts

Female 
population

(Lakh)

No. of 
WSHGs

No. of 
WSHG

members

Deogarh 1.54 2415 33007 Anugul 6.16 14297 162558
Gajapati 2.94 5117 64104 Balasore 11.33 15778 189982
Jharsuguda 2.82 4258 48147 Bhadrak 7.45 9512 121761
Kalahandi 7.88 11124 129791 Boudh 2.18 2676 34322
Khandmal/Phulbani 3.73 5941 71001 Cuttack 12.79 18391 229903
Keonjhar 8.96 10729 115940 Dhenkanal 5.80 11634 128717
Koraput 5.89 11215 136796 Jajpur 8.00 9833 138006
Malkangiri 3.09 7631 102080 Ganjam 17.42 21539 268484
Mayurbhanj 12.6 21073 242968 Jagatsinghpur 5.59 6579 87412
Nabarangpur 6.15 9198 110885 Kendrapara 7.22 9917 131256
Nuapada 3.06 6421 72703 Khurda 10.79 14032 182783
Raygada 4.92 7046 89607 Nayagarh 4.60 6133 72935
Sambalpur 5.29 8782 107175 Puri 8.32 12847 183972
Sundergarh 10.25 17483 196399 Sonepur 3.19 5435 59613

Bolangir 8.17 10225 137002
Bargarh 7.30 7743 107896

Total 79.12 128433 1520603 Total 126.31 176571 2236602
Mean 5.6 9173.7 108614 Mean 7.4 11035.7 132714.7
Median 5.1 8206.5 104627 Median 7.3 10071 129986.5
S.D. 3.2 5056.7 56516.9 S.D. 4.12 4978.8 67534.4

Table 1: Women and WSHGs in Odisha (2011)

Source: Compiled from Mission Shakti and Census Report 2011.
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noted here is that out of eight most backward districts of 
India seven are tribal dominated (except Boudh) from 
Odisha. Further, several studies show the correlation 
between the tribal dominated districts and the existence of 
poverty and backwardness. As per 2011 annual report, the 
average WSHG existence in each district of Odisha was 
10,166 while at national level it is 11,659. Further, the 
comparative pattern has shown the average WSHGs in 
tribal dominated district is 9,173 while that in non tribal 
district is 11,035 which clearly show that the average 
WSHG formation and linkage facility is lagging in tribal 
dominated districts both as compared to both state and 
national level.

The comparative status  of  WSHG formation and 
enrollment over the years (Table 2) shows that in the year 
2001-02, tribal districts comprises 36.3 per cent of total 
WSHG programme in state with holding 15,455 numbers 
of WSHGs along with 1.80 lakh members. The WSHGs in 
Odisha has accelerated the formation growth 
(cumulative) with 33.1 per cent per year in tribal 
dominated districts as against 23.3 per cent in non tribal 
district over the selected years. Initially with the 
establishment of mission shakti, the formation of WSHGs 
and enrollment of members has shown positive trend in 
both tribal and non tribal districts (cumulative) while in 
case of year wise growth the trend of enrollment has 
shown negative growth in non tribal districts during the 
same year. The growth of formation of WSHGs in the 
tribal districts has shown increasing trend up to 2004, 
there after it declines but remains positive as per 
cumulative calculation while in the case of year wise 
growth the pattern has shown same trend but the growth 
rate is significantly lower compared to cumulative values. 
The cumulative calculation shows membership 
expansion in the tribal districts was declining year after 
year (except 2005-06 which has shown improvement of 
0.5 per cent) but remains positive whereas the year wise 
calculation has shown the negative growth compared to 
previous year during 2003-04 (-20.3 per cent), 2004-05 (- 

21.7 per cent), 2006-07 (-38.4 per cent), 2008-09 (-23.8 
per cent), 2009- 10 (18.7 per cent) and 2010-11 (-77 per 
cent).  The overall impact of growth of WSHGs and 
membership highlights that the programme has reached in 
saturation of member enrollment and the year wise 
growth also shows negative trend but the cumulative 
value is positive which means effort are continuously 
made by different stake holders in both the sections to 
enroll unreached women population.  
Financial Security and Accessibility

The major objective of self help group programme 
was to enhance financial security and accessibility 
through self entrepreneurship development. Various 
studies show the reason for gap and uneven development 
of rural areas but none of them have suggested an 
instrument to overcome the issue. Government since 
independence was devoting the full concentration and 
resources on socio-economic development of poor and 
backward regions while ignoring their basic needs i.e. 
accessibility, productivity, skill development and 
marketing of the produce. The programme has gained 
momentum by addressing the above demands of poor, 
rural and backward population. Though MNREGA has 
somehow helped in promoting employment opportunities 
and livelihood promotion in rural areas but its long term 
impact on employment sustainability of rural people was 
always in question due to several leakages and fake 
enrollment. Further, the rural poor needs credit not charity 
as they are inborn entrepreneurs and holds skills for 
expansion of business. In SHG programme, individual 
saving acts as a most important element and its 
cumulative expansion not only ensures security but also 
creates platform for its productive uses (Behera, 2010). 
The rural entrepreneurship development and bringing the 
poor into the gamut of formal financial system serves as a 
major goal the programme. The tribal dominated area in 
the year 2001-02, shows the total saving of ̀  320 lakhs as 
against the non tribal districts of ` 1070 lakhs registering 
almost 240 per cent increase (Table 3). The average 

Figure in parentheses represents membership growth
Source: Annual Report, Mission Shakti (Several Years)

Year Tribal districts Non-tribal districts

Cumulative Year wise Cumulative Year wise
2002 – 03 126.8 (142.0) 26.8 (42.0) 249.6 (85.8) 149.6 (-14.2)
2003 – 04 155.3 (46.7) 177.8 (-20.3) 69.2 (23.4) -3.1 (-49.3)
2004 – 05 76.7 (24.9) 26.0 (-21.7) 54.1 (29.2.) 32.4 (54.0)
2005 – 06 52.3 (25.4) 20.6 (27.1) 43.7 (21.0) 24.4 (-7.1)
2006 – 07 39.6 (12.5) 15.2 (-38.4) 24.1 (13.5) 12.2 (-22.2)
2007 – 08 31.7 (13.5) 11.8 (21.4) 29.3 (13.9) 15.2 (17.3)
2008 – 09 26.5 (9.0) 9.9 (-23.8) 25.3 (10.6) 11.7 (-13.4)
2009 – 10 22.1 (6.7) 5.8 (-18.7) 22.3 (9.0) 10.3 (-6.1)
2010 – 11 18.7 (1.4) 3.5 (-77.0) 18.7 (3.0) 2.6 (-63.4)
Average 61.1 (31.3) 33.1 (-12.1) 60.7 (23.3) 28.4 (-11.5)

Table 2. Growth of WSHGs in Odisha
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saving per WSHG in tribal section was ` 2070 while the 
non tribal section has shown the average saving of per 
WSHG of  ` 3963 (Almost double).  The saving of the 
WSHGs have shown declining trend in both the selected 
sections but remains positive. In the year 2002-03, highest 
growth in saving amount as well as saving per WSHG has 
been observed due to the massive intervention and 
formation of SHGs in different districts of state. During 
2003-04,the growth of saving of tribal dominated districts 
has shown increase of 190 per cent as against 60 per cent 
in non tribal districts. This increase is due to the massive 
increase in formation of WSHGs in Tribal areas by 177 
per cent growth while in non tribal areas the growth has 
shown negative trend (refer Table 1). Even after having 
the negative trend, the Non tribal districts shows highest 
composition both in total saving of WSHGs (` 4487 
lakhs)  as well as saving per group (` 7396) which clearly 
means that the WSHGs members of Non tribal districts 
are contributing more money (saving) in group corpus. 
The total saving and saving per group of tribal dominated 
districts has shown the average growth of 69.4 and 29.6 
per cent per annum while the median was 40.3  and 17.3 
per cent. On the other hand the non tribal districts have 
shown the annual growth of 59.4 per cent of total saving 
and 23.8 per cent saving per SHGs while the median was 
43.6 per cent and 16.8 per cent respectively. The WSHGs 
of non tribal dominated districts has shown improvement 

over tribal dominated districts in terms of total saving 
while in case of saving per group the median value was 
approx same. Over the years the pattern of total saving 
and saving per group in both tribal and non-tribal districts 
have shown uneven growth trend that is, on one hand 
increasing in total saving and on other hand decline in 
average saving per group of tribal dominated districts in 
the initial period. Further, there exists increase in the 
saving per group of non tribal block even after decline in 
total saving growth rate of compared to previous year.  
The growth rate of average saving per group of non tribal 
districts remains lower as compared to tribal districts but 
in terms in absolute value the saving amount and saving 
per group growth is significantly higher. During 2010- 11, 
each WSHG in India have recorded the saving of ` 8,689 
which is quite less as compared to the WSHG of both 
Tribal and Non tribal districts of Odisha. 
Credit Disbursement 

The credit disbursement to the WSHG in Odisha are 
carried out through all three major financial 
intermediaries that is, Commercial, Regional Rural and 
Cooperative Banks holding the same share as that of 
national level. The perusal of  Table 4 shows during 2001-
02, out of total WSHGs only 20.2 per cent groups have 
availed credit facility from different formal financial 
institution with an average credit of `11640 per group. 
While in the case of non-tribal districts 14.2 per cent of the 

Figure in parentheses represents percentage growth
Source: Annual Report, Mission Shakti (Several Years)

Year Tribal Districts Non-Tribal Districts

Total saving (Lakhs) Saving per SHG Total saving (Lakhs) Saving per SHG
2001-02 320 2070 1070 3963

2002-03 890 (178.1) 4540 (119.3) 2794 (161.1) 4133 (4.3)

2003-04 2615 (193.8) 4801 (5.7) 4487 (60.5) 7396 (78.9)

2004-05 3358 (28.4) 4892 (1.9) 7126 (58.9) 8212 (11.0)

2005-06 5919 (76.3) 7145 (46.0) 11143 (56.4) 10000 (21.8)

2006-07 8305 (40.3) 8700 (21.7) 16002 (43.6) 13210 (32.1)

2007-08 10083 (21.4) 9444 (8.5) 22554 (40.9) 16157 (22.3)

2008-09 14633 (45.1) 12473 (32.0) 29453 (30.6) 18880 (16.8)

2009-10 18157 (24.1) 14630 (17.3) 36356 (23.4) 21133 (11.9)

2010-11 21400 (17.9) 16662 (13.9) 42970 (18.2) 24305 (15.0)

Table 3. Total and average saving of WSHGs

Figure 1: WSHG saving
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total group have availed credit facility with credit amount 
of `19802. It has been observed that the financial 
institution during the initial phase has provided loan in 
multiple (5.6 times) (in the case of Tribal) and 5 times (in 
the case of Non tribal districts) of the saving made by the 
stake holders. Comparing average membership shows 
that the average saving per member in tribal district was 
`177 and in turn availed the average credit of `201 while 
in case of non tribal districts the average saving per 
member was `318 and availed the credit of `226. In case 
of Tribal districts, the share of financing the WSHGs have 
shown increasing trend over the years except for 2003-04   
(decline by 14.1 per cent compared to 2002 - 03). Till the 
year 2010-11, even after 10 years of establishment of 
Mission Shakti and TRIPTI and massive intervention of 
central and state government only 73 per cent of total 
WSHGs have availed loan facility in case of tribal 
districts and 71 per cent in case of Non tribal districts. 
Further, the loan available to WSHGs was `59372 
(Tribal) and `73935 (Non Tribal) per group thereby 
sharing average loan per member of `3619 as against the 
saving of `1387 (Tribal) and credit of `2469 as against 
saving of ̀ 1140 (Non Tribal). 

The massive jump in credit facility for tribal districts 
has been observed in the year 2002-03 during which 38.9 
per cent more WSHGs have availed loan facility whereas 
in case of non tribal districts the massive growth has 
observed in the year 2003-04 (more 23 per cent 
enrollment). The saving credit ratio shows that in tribal 
dominated districts the WSHGs have availed the credit in 
multiple of 3.3 times to 6.1 times of total saving while in 
case of non tribal districts the groups have availed in 
multiple of 3 to 5 times of total saving. The average credit 
per group was higher in case of non tribal districts since 
inception while in terms of loan per member the value was 
`1251 which is lower loan per member of tribal districts 
(`1684). This clearly represents though the groups of non 
tribal districts have availed loan in higher amount but their 
individual share is quite minimum and many of the groups 

have not availed the loan as per policy. As per NABARD 
2011 annual report Status of Microfinance in India the 
average saving per women group at national level was 
`8689 which means the WSHGs of Tribal districts have 
saved more than double (`16662) and Non tribal districts 
women members had saved more than triple (`24305) as 
compared to the national average saving. The average 
credit per group at national level was `124086 which 
means the women members have availed loan 14 times of 
saving amount while in tribal districts of Odisha it was 
`59372 and non tribal districts of `73935 (3.6 times) 
(Tribal) and 3 times of saving amount of non tribal 
districts. 

The regression analysis showing the impact of 
amount of saving, number of federations, number of 
WSHGs and number of members on credit amount 
disbursement to WSHGs found that the overall model F 
value 970.2 which is statistically significant at 0.01 level. 
The saving of members having t value 5.338 which is also 
statistically significant at 0.01 per cent level while the 
other variables such as number of federations and number 
of members are not statistically significant having t-value 
1.20 and -0.68, respectively. 

Credit Disbursement = ß  + ß  savings + ß  number i 0 1 2

of members+ß number of federation + …å3 i

Microfinance Status among Tribals-Inter District 
analysis

The inter district analysis (Table 5) shows that the 
growth of WSHG-Credit linkage in different tribal 
dominated districts shows that during the year 200-02, 
WSHGs of Kalahandi districts has received highest credit 
linkage facility as compared to other tribal districts. 
Moreover in Raygada district out of 1195 WSHGs none of 
the WSHGs have been provided credit linkage facility. 
The credit amount to WSHGs was highest in 
Nawarangpur district (`122.42 lakhs) while as the matter 
of average loan per WSHG was concerned the amount 
was highest with WSHG associated with Deogarh district 
(`410000). In the year 2010-11, there exists considerable 

700

Indian J Econ Dev 12(4): 2016 (October-December)

Year Tribal districts Non-tribal districts

WSHG availed credit Credit per SHG WSHG availed credit Credit per SHG

2001-02 3127 (20.2) 11640 (5.6) 3848 (14.2) 19802 (5.0)
2002-03 11564 (58.9) 15193 (3.3) 14262 (21.1) 18524 (4.9)
2003-04 24412 (44.8) 18949 (3.9) 29422 (44.9) 27302 (3.7)
2004-05 39505 (57.5) 29862 (6.1) 51335 (59.2) 30936 (3.8)
2005-06 48346 (58.3) 28504 (3.9) 67199 (62.2) 43417 (4.3)
2006-07 58568 (61.3) 32114 (3.7) 80250 (66.3) 47075 (3.6)
2007-08 66849 (62.6) 43243 (4.5) 93547 (67.0) 54003 (3.3)
2008-09 74833 (63.7) 52029 (4.2) 107434 (68.9) 59352 (3.1)
2009-10 89721 (72.2) 51788 (3.5) 120640 (70.1) 69126 (3.3)
2010-11 94016 (73.2) 59372 (3.6) 125815 (71.2) 73935 (3.0)

Figure in parentheses ( ) represents percentage of WSHGs availed Credit against saving and ()saving multiple in total loan.
Source: Annual Report, Mission Shakti (Several Years)

Table 4. Total and average credit availability
(`)



growth of WSHG-Credit linkage in tribal dominated 
districts. The number of WSHGs availed Credit linkage 
facility through various sources was highest in 
Mayurbhanj district followed by Koraput, Kalahandi and 
Sundergarh while lowest in Deogarh, Jharsuguda and 
Nuapada. The flow of credit to WSHGs through various 
formal sources was higher in  Mayurbhanj followed by 
Koraput and Kalahandi. The major reason for higher 
concentration of credit linkage facility in these districts is 
due to higher regular savings habit of WSHGs members 
along with savings amount. Moreover, the WSHGs of 
Deogarh district have availed higher average loan per 
group  (`87236) followed by Sambalpur (`87191) and 
Nuapada (`82202). As far as growth rate was concerned 
(2011), table 5 shows that in terms of number of WSHGs 
availed credit linkage facility was highest in Koraput 
(215.3 per cent) followed by Keonjhar (147.3 per cent), 
Jharsuguda (142.2 per cent) and Sambalpur (110.1 per 
cent) while that was lowest in Rayagada (39.1 per cent), 
Nuapada (65.4 per cent) and Mayurbhanj (68.0 per cent). 
In case of Credit amount, the growth rate was highest in 
Sundergarh (1499.6 per cent) followed by Nawarangpur 
(562.6 per cent) and Jharsuguda (514.7 per cent) while 
lowest in Keonjhar (106.6 per cent) and Gajapati (108.8 
per cent).The WSHG programme is based on the principal 
of self help. The WSHGs are initially linked with financial 
institutions in order to avail saving linkage facility and 
after certain period of time the linked institutions 
advances credit to WSHGs. Figure 5 and 6 tries to 
highlight the comparative picture between saving and 
credit linkage programme in different tribal dominated 

districts of Odisha over different time period. Table 5 
shows that during the year 2002, as compared to savings 
mobilized, lower number of WSHGs have provided 
Credit facilities except in Kalahandi district where the 
situation is somehow better as good number of WSHGs 
have availed credit facility. In the year 2011, the situation 
and pattern has shown incredible improvement as a good 
number of WSHGs has been provided credit linkage 
facility. Moreover, the gap between numbers of WSHGs 
availed savings linkage facility and credit linkage facility 
was lowest in Deogarh while the gap was highest in 
Sundergarh (Table 6).
Conclusion and Policy Recommendation

The study has highlighted various conceptual and 
practical loopholes in operation and working of WSHG 
programmes in tribal and non tribal districts of Odisha 
(Thiyanayaki, 2014). There exist greater concentration of 
the programme content in developed districts and 
unbalanced growth pattern among different tribal 
districts. The lower share of tribal districts in WSHG 
programme, lower saving and credit amount per member, 
concentration of major share in few tribal districts like 
Mayurbhanj, Kalahandi and Koraput has raised question 
of balanced growth of the programme. Further there exist 
higher disparity of both the selected sections as well as 
state compared to national level credit disbursement to 
WSHGs as observed in loan multiple of saving. As 
visualized from the model, that the total saving makes 
important contribution in loan disbursement but as regard 
to the role of WSHGs, number of federations and numbers 
of member concern the status was not impressive. In order 
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Districts 2002 2006 2011

No. of 
WSHGs

Amount 
of credit

(Lakh)

Average
loan per 
group

No. of         
WSHGs

Amount 
of credit

(Lakh)

Average 
loan per 
group

No. of 
WSHGs

Amount 
of credit

(Lakh)

Average 
loan per 
group

Deogarh 1 4.1 410000 805 303.09 37650 1496 1305.06 87236
Gajapati 36 9.25 25694 1822 384.57 21107 3410 802.90 23545
Jharsuguda 12 0.4 3333 1339 392.98 29348 3246 2415.59 74417
Kalahandi 1522 116.91 7681 5558 1950.27 35089 9773 6088.28 62296
Khandmal/ 48 1.25 2604 1981 518.60 26178 3935 1412.04 35884
Keonjhar 11 6.00 54545 2725 1183.90 43445 6739 2446.50 36303
Koraput 195 56.54 28994 4233 1628.44 38470 13346 8618.05 64574

Malkangiri 25 6.25 25000 2592 527.72 20359 4403 1366.29 31030
Mayurbhanj 16 1.95 12187 10157 2345.20 23089 17064 9071.02 53158
Nawarangpur 520 122.42 23542 3457 659.16 19067 5811 4367.48 75158
Nuapada 35 6.26 17885 2027 583.29 28776 3352 2755.44 82202
Rayagada 0 0 0 4195 1437.72 34272 5834 4294.60 73613

Sambalpur 41 8.78 21214 2806 1507.52 53724 5896 5140.84 87191
Sundergarh 665 24.72 3717 4649 358.56 7712 9711 5735.54 59062

Table 5: WSHG-credit linkage in tribal dominated districts of Odisha

Source: Annual Report, Mission Shakti (Several Years)
Figures in parentheses represents percentage change over previous selected year

(`)
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Figure 3: WSHG-Bank linkage in tribal dominated districts (2011)
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Figure 2: WSHG-Bank linkage in tribal dominated districts (2002)

to overcome these issues the various government and 
non-government agencies in association with the formal 
banking institutions should formulate certain policies to 
cover the uncovered section and the gap of savings and 
credits growth of WSHGs. Further, the promoting 
agencies and NABARD should interfere and create peer 
pressure on government and banking agencies to expand 
the loan amount as the status of saving of WSHGs 
compared to national level is far higher.
REFERENCES

Awais, M., Alam, T., and Asif, M. 2009. Socio-economic 
empowerment of tribal women: An Indian perspective. 
International Journal of Rural Studies. 16 (1): 1-11.

Behera, A.R. 2010. Lending practices for nicrofinance 
through SHGs in Orissa: Critical analysis for value 
addition. Orissa Review. 56 (1): 29-35.

Ch

Anonymous. 2009. Economic survey report. Government of 
Odisha, Bhubaneswar.

oudhary, M. 2013. A detailed study of microfinance as a 
tool for tribal transformation in the areas of Madhya 
Pradesh. International Journal of Business and 

Management Invention. 2 (1): 72-76. 

Patel, A.M. 2011. Women self help groups in Orissa-
Challenges and opportunities. Orissa Review. 57 (2, 3): 
50-53.

Rajpal, N.K. and Agarwal, A.K. 2012. Tribal women 
entrepreneurs and microfinance-A study of Mayurbhanj 
district. Management Convergence. 3 (2): 31-42.

Thiyanayaki, C. 2014. Role of microfinance on the 
empowerment of women. International Journal of 
Innovative Research in Science, Engineering and 
Technology. 3 (9): 16028-16029. 
http://www.ijirset.com.

 www.odisha.gov.in

www.stscodisha.gov.in

Mission Shakti Annual Reports. 2002-2011. Retrieved from 
http://wcdodisha.gov.in/node/52.

Retrieved from 

Tribal Action Plan, 2005. Directorate General of Health 
Services, Ministry of Health and Family Welfare, New 
Delhi. Retrieved from http://documents.worldbank.org.

Webliography

702

Indian J Econ Dev 12(4): 2016 (October-December)



Indian Journal of Economics and Development

Volume 12 No. 4: 703-710

October-December, 2016

DOI: 10.5958/2322-0430.2016.00194.3

www.soed.in

Economic Viability of Kinnow Orchards in South-Western Punjab

ABSTRACT
The study revealed that expenditure on plant materials and planting charges had the largest share (25.07 per cent) in the initial cost 
on establishment of kinnow orchard followed by digging/filling of pits (20.21 per cent) and fencing (19.77 per cent). The annual 
operational/maintenance cost was low in the initial years, which consistently increased with the increase in age of the orchard. 
Plant protection measures, pruning, manuring/fertilization and watch and ward were the major components of operational cost. It 
was emerged out that net returns received by the sample kinnow growers were quite high for selling the produce themselves in the 
market as through elimination of pre-harvest contractor; the net margins of this important intermediary get transferred to the 
farmers. The benefit cost ratio and IRR at 1.53 and 30.25 per cent respectively in case the output was sold by growers in the market 
directly were significantly higher as compared to 1.26 and 19.24 per cent for disposal of output to the pre-harvest 
contractors.Overall, benefit cost ratio more than unity and higher internal rate of returns (IRR) were indicative that investment in 
kinnow cultivation in study area was attractive.
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INTRODUCTION
Cultivation of high-value crops can potentially 

increase farm incomes, especially in a country like 
India where demand for high-value food products has 
been increasing more quickly than that for staple crops. 

by income diversification. 
High-value crops, besides their nutritional value, are 
generally labour-intensive and help in generation of 
additional income and employment through on-farm 
packaging, processing, and marketing of fresh produce 
and value-added processed products. To bring about 
diversification in agriculture and augment the income 
of farms through cultivation of high-value horticultural 
crops, Government of India has constituted National 
Horticultural Mission (NHM) in 2005 (Economic 
Survey, 2008). Over time the growth share of rice and 
wheat in overall agricultural growth of country 
declined considerably, leading to a drastic fall in the 
share of cereals in agricultural growth, from 43 per cent 
in the 1990s to 7 per cent in 2000s. In contrast, 

Under the changing agricultural scenario, the high 
value crops play a vital role in providing the livelihood 
security to the farmers 

horticultural crops emerged as an important driver of 
growth and their share in overall growth of agriculture 
increased to 60 per cent in the first decade of the 

st
21 century. These changes in the relative shares of 
crops in agricultural growth provide a clear indication 
of the growing importance of high-value crops in 
Indian agriculture (Birthal et al., 2014).Studies 
consistently show that the ratio of benefits to costs for 
fruit and vegetable crops is significantly higher than the 
corresponding ratio for predominant cereals and 
pulses. Realizing the importance of fruit cultivation, 
many farmers are diverting their resources towards 
plantation of fruit crops. 

In Punjab, agricultural growth based on wheat and 
rice has been stagnated leading to stagnation in 
incomes from agriculture. Environmental concerns 
have been escalating, particularly relating to high 
levels and imbalance among fertilizers, decline in the 
water table, and loss of land to salinity and water 

India is the world's second 
largest producer of fruits (57.73 Mt) with its projected 
value touching 98 Mt by the year 2020-21 (Banerjee, 
2009). 



logging especially in the south-western cotton zone. 
Thus, the sustainability of agriculture in state is under 
threat. In order to revitalize Punjab agriculture through 
exploring alternatives to the rice-wheat system, various 
expert committees and other group (Government of 
Punjab, 2006) have recommended the diversification 
of agriculture towards high-value commodities and a 
broader mix of traditional commodities and agro-
processed products that augment farm income, 
promote exports, and conserve soil and water 
resources. 

innow in Ferozepur district (primarily Fazilka) 
was about 26 thousand ha, which accounted for about 
55 per cent of the total area

In changing agricultural and 
overall economic scenario of state, there is a need to 
have a detailed economic analysis to generate recent 
estimates on the viability in cultivation of this 
important horticultural crop in the south-western 
region of Punjab. 
MATERIAL AND METHODS

The present study has been conducted in Fazilka, 
the newly formed district which was part of the 
erstwhile Ferozepur district of Punjab state. This 
South-Western district accounts for more than half of 
total area under Kinnow in the state. Two blocks from 
this district viz. Abohar and Khuian Sarwar having the 
maximum area under Kinnow were selected. From 
Abohar and Khuian Sarwar blocks, 43 and 25 kinnow 
growing village respectively was arranged in 
descending order with respect to the area under 
Kinnow separately. A sample of three villages from the 
hinterlands of each selected block having the highest 
area under Kinnow was selected for the present 
enquiry. Kinnow growers of the sample villages were 
listed and arranged in the ascending order with respect 
to area under Kinnow and through using cumulative 
cube-root frequency method were categorized into 

Underlining the importance of horticultural 
crops, it has been observed that the Punjab state has 
large potential for cultivation of fruits. The principal 
fruits produced in Punjab include citrus fruits, mango, 
guava, pear and grapes. The agro-climatic conditions 
prevailing in state are especially favorable for 
cultivation of the citrus fruits. Kinnow originated as a 
hybrid of king and willow leaf mandarins (Citrus 
nobilis ́  C. deliciosa) at Riverside, California (Sharma 
et al., 2007). Kinnow fruits are medium oblate base 
flattered, deep orange yellow in colour and very juicy 
and have lot of market potential, which can help in 
increasing the farm income (Gangwar et al., 2005). The 
south-western region of Punjab comprising Fazilka, 
Mukatsar, Bathinda and Mansa districts is known as 
kinnow belt as it accounts for nearly 70 per cent of the 
total area under this fruit in the state. During 2013, area 
under k

 under kinnow fruits in the 
State (Anonymous, 2014). 

three farm size groups viz. small (up to 4.04 ha), 
medium (4.04 -10.95 ha) and large (10.95 ha and 
above). A total sample of 100 growers representing 
different size categories were selected in proportion to 
their number falling in the respective categories. The 
primary data were collected from the sample 
respondents using specially prepared schedules 
through the personal interview method for the year 
2013-14. 

Data on details of various components of initial 
cost of establishment and operational costs, quantity 
and value of kinnow produced was recorded for 
orchards of different ages separately. Item wise initial 
cost of establishment including the labour charge 
involved on planting material and planting, preparation 
of field, digging and filling of pits, manures and 
fertilizers, plant protection, hoeing and fencing was 
recorded. Similarly detailed data on various 
components of operational costs were also collected 
for different stages/years of age of orchard separately. 
As most of the kinnow growers practice the inter-
cropping during the initial three non-fruit bearing years 
of orchard life, the net returns from crops being 
intercropped were also recorded. The data were also 
collected from farmers regarding leasing out of the 
Kinnow orchards to the pre-harvest contractor and 
retained for self marketing and returns obtained. 
Analytical Framework

Besides calculating average annual net returns and 
annual rate of returns from kinnow cultivation, the 
discounted measures like net present value, benefit cost 
ratio and internal rate of return (IRR) were worked out 
to assess the economic viability of kinnow cultivation 
over the useful life of kinnow plants. 
Average annual net returns

The average annual net returns indicating the 
equalized yearly value over the life period of orchard 
were worked out by taking average of sum of the 
annual differences of gross returns and gross costs over 
the useful life period of the kinnow orchard at current 
prices.
Annual rate of return

Annual rate of returns over the life of the kinnow 
orchard was estimated as under:

Benefit-cost ratio
The benefit cost ratio was calculated by taking into 

account all the components of establishment costs and 
operational costs along with gross returns at all the 
stages of useful life of kinnow. As sample constituted 
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Annual rate 
of return (%)  
                                                                

Average of annual returns -
Average of annual cost

Average of annual cost
                                                        × 100=



representative number of orchards falling in all of the 
age years of useful life, costs and returns were 
evaluated at prices of the year of data collection viz. 
2013-14. Benefit-cost ratio was worked out by 
discounting the stream of gross returns and costs during 
the useful life period of the orchard at 9 per cent. This 
rate is assumed to be the interest rate for the long term 
investments. 

BCR=                 ̧

Where
BCR = Benefit cost ratio
R  = Returns from orchard during time't't

C  = Costs on orchard during time't't

r = Discount rate 
n = Economic life of the orchards in years

Net present value
Net present value of an investment has been 

defined as the discounted value of net cash flow during 
the life span of project. Net present value has been 
estimated as:

NPV=

Where,
NPV = Net present value
R  = Returns from orchard during time't't

C  = Costs on orchard during time't't

r = Discount rate 
n = Economic life of the orchards in years

Internal rate of return
The internal rate of return (IRR) is the discounted 

rate 'r' at which net present value is zero. 
RESULTS AND DISCUSSION
Cost Structure of Kinnow Cultivation

Kinnow cultivation in the Punjab state is highly 
input intensive in nature. It requires huge investment 
on labour, fertilizer, plant protection etc. as compared 
to other crops. Kinnow cultivation involved two types 
of investment; firstly, the initial investment incurred on 
the establishment of orchards and secondly the annual 
maintenance cost (operational cost). 
Initial cost on establishment of orchard

The kinnow orchardists have to invest 
considerable amount of money during the initial year to 
establish the orchards. The major cost components of 
initial investment on kinnow orchards include land 
preparation, digging and filling of pits, manuring and 
fertilizer application, planting cost, irrigation, plant 
protection, transportation of inputs and fencing. Before 
planting kinnow plants, the land is well prepared. Land 
leveling is done with the help of laser leveler and 
tractor mounted leveler which improves the irrigation 

efficiency. The operation of digging and filling of pits 
is labour intensive in nature. During the establishment 
of kinnow orchards, the sample farmers were found 
applying FYM and fertilizers to meet the requirement 
of kinnow plants. Planting cost is one of the major 
components of establishment cost. Besides 
transportation of inputs irrigation and plant protection 
measures also become the part of establishment cost. 
To protect the young plants from trespassing by stray 
animals and human beings the kinnow growers used 
iron angles and wiring for fencing their orchards. Some 
of the farmers constructed cemented pillars and mud 
walls around the orchards.   

The item-wise and category-wise, the details of 
initial cost are presented in Table 1. On an average 
orchard, initial investment on kinnow orchards came to 
be ̀ 38802 per ha. The planting cost estimated at ̀  9727 
per ha including expenditure on plant materials and 
planting charges had the largest share (25.07 per cent) 
in initial establishment cost. The expenditure incurred 
on fencing around the boundary of kinnow orchards 
and digging/filling of pits worked out to be ` 7671per 
ha and ` 7843per ha constituting 19.27 and 20.21 per 
cent of the initial establishment cost, respectively.  The 
expenditure incurred on other important cost 
components like land preparation, interest cost, 
manuring and fertilizers application, plant protection 
and cost of transportation of farm inputs turned out to 
be ` 4168, ` 3204, ` 2299, ` 2112 and ` 1502per ha 
respectively. The respective share of these components 
in total initial establishment cost was 10.74, 8.26, 5.92, 
5.44, and 3.87 per cent. 
Maintenance/operational cost

The kinnow grower has to invest on the 
maintenance of the orchards every year from the first 
year to the last year of the life of kinnow orchard. The 
maintenance cost or operational cost of the kinnow tree 
per annum varies due to factors like age of the tree, 
insect and pest intensity, source of irrigation, distance 
from the market etc. Operational cost components 
include manuring and fertilizers, plant protection, 
irrigations, prunning, hoeing and watch and ward. 
Replanting of diseased/damaged plants during initial 
years of planting had also been considered in the 
operational cost. Further, as most of the operations in 
kinnow cultivation were done by contractual labour on 
per plant basis, cost of labor component of operation 
was taken jointly along with cost of inputs involved. 
On account of significant increase in costs during 
initial years, the item-wise operational costs for first 
seven years of kinnow plantation has been taken 
separately for each year. Annual operation costs for 
orchards of age of eight years and above were worked 
out by integrating the expenditure over age groups of 
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plantation for 8 to 12 years, 13 to 16 years and 17 to 22 
years. The orchard age wise maintenance costs of 
average kinnow orchard are depicted in Table 2. 

Results revealed that among different components 
of operational costs, plant protection constituted the 
major share in kinnow cultivation. Kinnow plants are 
highly susceptible to insect-pests and diseases attack. 
Adequate plant protection measures to control the 
insect/pest and diseases attack have been used by the 
sample kinnow growers. The results indicated that 
kinnow growers had spent large amount on application 
insecticides and fungicides. Total amount spend 
including application charges in this regard on average 

ndfarm varied from ` 3162 per ha in 2  year which 
increased consistently over the life of plantation to be 
the highest during the age group of 13 to 16 years at ` 
26914 per ha after which it declined to some extent for 
old age orchards falling in 17 years and above age 
group. Second important component of operational 
cost was the training and prunning of plants which 
requires costly skilled labour. Training and pruning is 
very important operation for the proper maintenance of 
the tree canopy during the initial years of plantation. 
The sample farmers of the study area followed the 

Particulars Age in years

1 2 3 4 5 6 7 8-12
(average)

13-16
(average)

17 -22
(average)

Manuring and fertilizer

FYM - 1088 1172 1372 1766 2023 2616 2796 2821 2648

Urea - 336 375 442 486 584 624 722 707 620

DAP/SSP - 648 627 1044 1229 1485 1475 1482 1523 1436

Micronutrients - - - 1214 1595 1965 2290 2640 2642 2630

Sub-total - 2073 2174 4072 5076 6057 7006 7640 7693 7334

Plant protection

Insecticides - 1589 3716 5352 8285 10331 12151 11524 11932 10618

Fungicides - 1573 3512 6223 8120 9682 11816 13712 14664 12723

Weedicides - - - - 334 403 430 374 318 319

Sub-total - 3162 7228 11575 16739 20416 24396 25610 26914 23660

Irrigation 3843 3463 3108 2945 2647 2810 2944 2723 2743 2614

Prunning - 692 1102 3373 5418 7892 9125 9064 9614 8995

Hoeings 3450 4311 7208 7366 6601 5487 5523 5268 5227 5064

Watch and ward 3669 3667 4686 6195 8349 7444 6234 6093 6279 6123

Replanting 323 504 454 - - - - - - -

Interest 395 625 909 1243 1569 1754 1933 1974 2046 1883

Total cost 11680 18496 26868 36769 46398 51861 57161 58371 60516 55673

Table 2: Operational/maintenance cost on an average kinnow orchard 
-1 (`ha at 2013-14 prices)

Sr. No. Particulars
-1(`ha ) %

1 Land preparation

A. Ploughing and planking 3326 8.57

B. Land leveling and Layout 841 2.17

Sub-total 4168 10.74

2 Digging and filling of pits 7843 20.21

3 Manuring and fertilizer 

A. FYM application 1273 3.28

B. Urea 153 0.39

C. DAP/SSP 872 2.25

Sub-total 2299 5.92

4 Plants and planting cost 9727 25.07

5 Irrigation 278 0.72

6 Plant protection 2112 5.44

7 Transportation of inputs 1502 3.87

8 Fencing 7671 19.77

9 Interest @ 9% p.a. 3204 8.26

Total cost 38802 100.00

Table 1: Initial investment on sample kinnow orchards 
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training and pruning once in a year for better yield and 
high quality fruits, at the time of early in the spring. 
During initial years expenditure on pruning remains 
low and increased tremendously with the age of plants. 
The expenditure of pruning increased from ̀  692 per ha 
in second year to the maximum ` 9614 per ha during 
13-16 years.  Watch and ward is necessary for physical 
protection of kinnow plants/fruits from animal attacks, 
thefts, etc. Cost of watch and ward on an average farm 
increased from ̀  3369 per ha in first year to ̀  8349 per 

th
ha in the 5  year of age and afterwards remains almost 
same over the rest of useful life of plantation with some 
variations.

The annual expenses on farm yard manure and 
fertilizers including micronutrients increased from ` 

nd
2073 per ha during 2  year to ` 7693 per ha during the 
age of 13-16 years. Kinnow growers mostly used canal 
water for quality irrigation as the underground water is 
not fit for irrigation in the study area. However, during 
times of insufficient canal water supply, farmers also 
restored to conjunctive use of tube wells along with 
canal water. To secure higher fruit set and reduce fruit 
drop, kinnow orchards were provided with frequent 
irrigations during months of summer season. Irrigation 
expenses on average farm varied from ̀  2614 per ha to 
` 3843 per ha during different stages of plantation.

Kinnow growers used manual labour and 
weedicides as preventive measures to control weeds. 
However, use of chemical weedicides for controlling 
weeds was very less; as the farmers feared that its use 
may have adverse effects on kinnow plants. During 
initial years mechanical labour was also used 
extensively for this purpose. Total expenditure on this 
account varied from ̀  3450 per ha during first year to ̀  

th7366 per ha during 4  year of plantation. Afterwards, 
the growth of trees and shadow help in subduing of the 
weed problem as well as in later years minimal 
mechanical labour was used for this and expenses per 
hectare varied in the above described range. The 
perusal of Table 2 revealed that, annual operational cost 
of kinnow orchards came to be ` 11680 per ha in the 
first year of establishment, which increased to `60516 
per ha during the age of 13-16 years. Amongst various 
components of annual average expenditure, plant 
protection constituted the major proportion followed 
by pruning, fertilizers, watch and ward and hoeing. 

Thus, it is concluded that the operational cost in 
kinnow cultivation was quite low during the initial few 
years; increased consistently during the subsequent 
years and was highest during the age of 13-16 years of 
plantations. Further, the annual maintenance cost or 
operational costs of kinnow orchards were directly 
proportional to fruit bearing ability of plants and were 
observed to be the high corresponding to the high 

productivity 13 to 16 years age of orchards.  
Returns/income from kinnow cultivation

The sample kinnow growers either disposed of 
their produce through pre-harvest contractors or sold it 
directly in the market. The costs and returns varied 
considerably in these two market channels at 2013-14 
prices. In this regard, orchard age-wise costs and 
returns of kinnow was estimated separately and 
discussed below:    
Orchard age-wise annual income from kinnow sold 
to pre-harvest contractor

In case the orchard were disposed off to pre-harvest 
contractor, the age-wise operational costs, gross 
returns and net returns per hectare are given in Table 3. 
In this case growers did not incur the harvesting and 
post-harvest costs as these were incurred by the pre-
harvest contractors. The gross returns of farmers 
comprised the contract amount received from the pre-
harvest contractors. Fruits bearing stage of kinnow 
started at the age of fourth year. In order to utilize the 
vacant land to generate extra income till the plants 
become productive, the sample kinnow growers were 
found to practice inter-cropping in the kinnow 
orchards. Net profits from inter-cropping turned out to 
be ` 40611 per ha, ` 33934 per ha and ` 21750 per 

st nd rd
haduring 1 , 2  and 3  year of orchard age, 
respectively. This extra income generated from inter-
cropping helped in lowering the net negative profits 
during the initial years of orchard. 

The net income for the first five years of plantation 
was negative, because the gross income received was 
less than gross cost which includes land rent, initial 
establishment cost and the operational cost. The net 
profit was observed to be positive and increased 

th
constantly from orchards age of 6  year onwards and 
was the highest for 13-16 years old plantation. The 
average annual net income generated during 8-12 years 
and 13-16 years was `97817 and ` 113721 per ha 
respectively. The gross income received in the last year 
of the useful life in terms of expected value of wood 
was ` 44128 per ha. The uprooting of kinnow plants 
costed ` 17659 per ha resulting into profits of ` 26469 
per ha. Considering entire useful life period of kinnow 
orchards up to 22 years, the per hectare average annual 
gross cost, annual gross income and net annual income 
(returns) were ` 108485, ` 161442 and ` 52987 
respectively.
Orchard age-wise annual income from kinnow sold 
directly in market by the kinnow growers

For self marketing situation the orchard's age-wise 
operational costs, gross returns and net returns are 
given in Table 4. In this case the farmer had to borne the 
picking as well as marketing costs also and thus gross 
cost increased in a major way and it varied with the 
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productivity and age of the orchards being the highest 
in the plant age group of 13-16 years on all farm sizes.  
Average annual picking and marketing costs are 
provided in the Appendix-I. It was found that despite 
higher gross cost, the net income received by the 
sample kinnow growers was relatively higher through 
direct sale than those farmers who sold their produce to 
pre-harvest contractor. In this case the extent of net loss 

th th
during 4  and 5  year of orchard age declined 

Age of orchards (Years) Land rent Initial cost Operational cost Gross cost# Gross income Net income

1 55108 38802 11680 105590 40611 -64979

2 55108 - 18496 73603 33934 -39670

3 55108 - 26868 81975 21750 -60225

4 55108 - 36768 110918 88452 -22467

5 55108 - 46398 126000 117515 -8485

6 55108 - 51861 136956 152632 15676

7 55108 - 57161 146822 176108 29285

8-12 (average) 55108 - 58371 187861 385997 198136

13-16 (average) 55108 - 60516 196750 437719 240969

17 -22 (average) 55108 - 55673 173562 312737 139175

Salvage (Last year) - - 17659 17659 44128 26469

Annual average (over orchard life) 51584 162146 283292 121146

Table 4: Orchard age-wise costs and returns from kinnow cultivation on an average orchard: self sale by farmers in 
the market

-1(`ha )

* Net returns from inter-cropping
# Gross costs include picking/harvesting as well as post harvest marketing costs
Gross income is estimated through multiplying the average price and average yield realized by the kinnow farmers 

significantly. In case of output sold by farmers 
themselves in the market, the per ha average annual 
gross cost, annual gross income and net annual income 
(returns) over entire life period of kinnow orchards 
were `162146, ` 283292 and ` 121146 per ha 
respectively.
Economic viability of kinnow cultivation

Kinnow plantation is an economic activity which 
actually requires considerable investments every year 

Age of orchards (Years) Land rent Initial cost Operational cost Gross cost Gross income Net income

1 55108 38802 11680 105590 40611* -64979

2 55108 - 18496 73603 33934* -39670

3 55108 - 26868 81975 21750* -60225

4 55108 - 36768 91876 61012 -30864

5 55108 - 46398 101505 87864 -13641

6 55108 - 51861 106969 107604 635

7 55108 - 57161 112268 130082 17813

8-12 (average) 55108 - 58371 113479 211296 97817

13-16 (average) 55108 - 60516 115624 229345 113721

17 -22 (average) 55108 - 55673 110780 175146 64366

Salvage (Last year) - - 17659 17659 44128 26469

Annual average (over orchard life) 51584 108455 161442 52987

Table 3: Orchard age-wise costs and returns from kinnow cultivation on an average orchard: sold to pre-harvest 
contractor

-1(`ha )

* Net returns from inter-cropping
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and yields returns each year during its useful life. In 
order to have a clear picture regarding the economic 
viability of kinnow plantation along with undiscounted 
measures like average annual net returns and annual 
rate of returns; discounted measures viz.  net present 
value, benefit-cost ratio and internal rate of return 
(IRR) were worked out through discounting the stream 
of benefits and costs over the life period of kinnow 
orchards. The benefit cost ratio and net present value 
were worked out at 9 per cent discount rate. These 
viability parameters were worked out for both of the 
cases separately where farmers sold their output to pre-
harvest contractors and sold themselves directly in 
market; the results for same are presented in Table 5. 

In case the orchards were sold to pre-harvest 
contractors, the results indicated that kinnow was 
economically viable enterprise which on an average 
yielded average annual net returns of ̀ 52987 per ha and 
annual rate of returns 48.85 per cent during the useful 
life of kinnow orchards. The estimated benefit cost ratio 
at 9 per cent discount rate was 1.26. The net present 
value was observed to be positive and internal rate of 
returns was 19.54 per cent. It was emerged out that net 
returns received by the sample kinnow growers were 
quite high for selling the produce themselves in the 
market as through elimination of pre-harvest contractor; 
the net margins of this important intermediary get 
transferred to the farmers. Table 5 reveals that benefit-
cost ratio in this case at 1.53 was significantly higher as 
compared to the output sold to the pre-harvest 
contractors. The net present value on different categories 
of farms in this case was high and the internal rate of 
return was 30.25 per cent.  Thus, despite spending huge 
cost on marketing of kinnow, the benefit cost ratio and 
IRR was significantly higher in case of direct marketing 
by farmers as compared to the disposing of the produce 
through pre-harvest contractors. 
CONCLUSIONS

The results revealed that viability of kinnow 

Particulars Output sold through pre-
harvest contractor

Output sold by growers 
directly in the market

Undiscounted measures
-1Average annual net income(` ha ) 52987 121146

Annual rate of return (%) 48.85 74.71

Discounted measures
@ -1Net present value (` ha ) 255708 724798

@B:C ratio 1.26 1.53

Internal Rate of Return (%) 19.54 30.25

Table 5: Economic viability of kinnow cultivation

@ 9 per cent discount rate

orchards increased significantly when output is sold by 
farmers in the market themselves instead of disposing 
off through pre-harvest contractors. Kinnow have a 
long gestation period which normally bears fruits from 
4th year of plantations onwards. Generally, the net 
income was negative/low in the initial 5 years of 
plantation which increased consistently in the 
subsequent years with the age of plantation and became 
highest in the age group of 13-16 years of plantation. 
Overall, benefit cost ratio more than unity and IRR 
significantly higher than prevailing bank lending rate 
were indicative that investment in kinnow cultivation 
was attractive. This justified the growers' investment 
decisions for kinnow cultivation. 
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Age of orchards (Years) (Rs/ha)

4 19042

5 24494

6 29987

7 34553

8-12 (average) 74382

13-16 (average) 81126

17 -22 (average) 62781

Picking and marketing cost* of kinnow growers in case of direct sale by farmers in the market

*Estimated by multiplying per quintal cost and the productivity realized by the sample growers

Appendix-I
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INTRODUCTION
Agriculture is considered as the backbone for the 

economy of the Punjab state as 67 per cent of the total 
workers are directly or indirectly involved in agriculture 
and allied activities and the share of agriculture and allied 
sectors in Gross State Domestic Product (GSDP) is still 
around 21.85 per cent in 2012-13 (Khanna, 2011; 
Anonymous, 2013). After the introduction of green 
revolution in Punjab, wheat and paddy have become 
major food grain crops grown in Punjab state. However, 
during the last few decades, for the sustainable growth of 
agriculture in Punjab state, crop diversification from 
wheat-rice monoculture to other alternative crops 
consuming less water has been considered as one of the 
most relevant solutions to revive the agrarian economy of 
Punjab. No doubt, green revolution has uplifted the living 
standard of farmers by generating better income and 

employment opportunities as well as achieving the target 
of food security for the whole nation. But, these positive 
implications of the green revolution are associated with 
some distressing developments for Punjab state in terms 
of ground water depletion, soil degradation, decline in 
soil fertility, rise in soil and water pollution etc. 

Besides these adverse impacts, continuous increase 
in electricity consumption has also put the state exchequer 
into pressure to meet the cost of free power supply to the 
farm sector. As per the estimates of Punjab Agriculture 
University also, in Punjab 1.6 million hectares area under 
paddy can be safely cultivated as against the current area 
of about 2.8 million hectare. Therefore, 1.2 million 
hectare area in Punjab needs to be diversified under other 
alternative crops consuming less water (Anonymous, 
2013a). Diversification in Punjab is also needed as most 
of the rice consuming eastern states of India have also 



attained self-sufficiency in the production of rice.  Also 
due to rising per capita income, growing urbanization and 
globalization, there is a shift in the consumption patterns 
of both rich as well as poor households in favour of HVCs 
(Grover et al., 2012). Moreover, nature has also gifted 
Punjab with the suitable agro climatic conditions and 
topography for the cultivation of horticultural crops, 
particularly fruits and vegetables. Despite the minor 
contributor in the production of fruits and vegetables in 
the nation, Punjab state has the large potential in the 
production of fruits and vegetables as it is the major 
contributor in terms of productivity levels. In Punjab, 
citrus is the leading fruit crop among all the major fruits 
grown in Punjab. Among the citrus fruits, kinnow fruit, a 
hybrid of two citrus cultivars, namely, King (citrus 
nobilis) and Willow leaf (Citrus deliciosa) mandarins, 
cultivation in Punjab gained momentum among the fruit 
growers as it can be easily cultivated on the sandy loam 
soils and has higher profitability and good market value 
relative to some of the other crops in the state (Grover et 
al., 2012). As per the APP-2013 (Draft), in Punjab, area 
under kinnow cultivation needs to be increased from 
40,000 hectares to 80,000 hectares within a time span of 
5-7 years. In Punjab, south-west belt (also known as 
cotton belt), which consists of Fazilka, Ferozpur, 
Bathinda, Muktsar and Faridkot is well known for kinnow 
cultivation as the major area under kinnow cultivation has 
been acquired by these districts. Among these regions,  
Fazilka district (Ferozpur is taken as a proxy for Fazilka 
district) leads in kinnow cultivation as it covers 55 per 
cent area under kinnow in Punjab state and hence, 
contributes 58 per cent of total production of kinnow in 
Punjab (Anonymous, 2013-14). In this context, the study 
seeks to analyse the returns associated with the cultivation 
of kinnow along with the marketing practices and the 
value chain system of kinnow in the state. Besides, the 
study also delineates the problems faced by the kinnow 
farmers in production and marketing of the crop.
DATABASE AND METHODOLOGY

The study is based on primary data in Fazilka district 
of the Punjab state. The multi-stage sampling was used for 
the selection of data. For the present study, Fazilka district 
was selected purposively as it occupies 54.99 per cent of 
the area under kinnow in Punjab and contributes 57.46 per 
cent of the total fruit production in Punjab (Anonymous, 
2013-14). Since the separate data for Fazilka district is not 
published yet, therefore, the figures of Ferozpur district 
were taken as a proxy for Fazilka district. Two tehsils 
from Fazilka district namely, Abohar and Fazilka were 
selected as these two tehsils are the leading tehsils in 
kinnow cultivation and account for more than 42 per cent 
of kinnow mandarin area in the district (Gangwar et al., 
2007). Then, four villages, two from each selected tehsil 
were selected randomly. Out of each village, a sample of 
25 farmers was drawn according to the size of 
landholding. Thus, a total of 100 kinnow growers were 
selected randomly.  In each of the selected village, 

farmers were divided into four categories according to 
their operational landholdings; a) small farmers, having 
up to five acres of land, b) semi medium farmers, having 
5.1 to 10 acres of land, c) medium farmers, having 10.1 to 
25 acres of land, and d) large farmers, having 25.1 and 
above acres of land. In order to study the marketing 
practices adopted in kinnow, 10 pre-harvest contractors, 
10 wholesalers and 10 retailers were also selected at 
random and one local market viz., Abohar market was 
selected.
Cultivation of Kinnow 

Various components of cost were calculated by 
dividing into two parts i.e. variable costs and fixed costs. 
An average was taken for the costs of cultivation and 
returns from 5-7 years and 8 to end year of life of kinnow 
(25 years) (Sidhu et al., 2012). For working out the 
economic viability of kinnow orchards, BCR, NPV and 
IRR was calculated.
a) Benefit-Cost Ratio (BCR): This was used for 
evaluating the project or investment by comparing its 
economic benefits with its economic costs.

Where;
BCR= Benefit cost ratio
Bn= Benefit in the n years
Cn= Cost in the n years
i= Rate of interest used for discounting
n= 1, 2, 3, 4 ….,25 (Meena, 2012)
b)Net Present Value (NPV): It represents the difference 
between the present value of cash inflows and the present 
value of cash outflows (Meena, 2012).

c) Internal Rate of Return (IRR): It is the rate of 
discount that makes the net present value of all cash flow 
(both positive and negative) from an investment equal to 
zero (Meena, 2012).

Marketable Surplus: It refers to the amount of produce 
for commercial sale remained after domestic 
consumption. Amount of domestic consumption was 
found to be depending upon size of the orchard, family 
and relatives, amount of yield and price of the produce etc. 
The formula of marketable surplus is;

MS = TP - DC
Where;

MS= Marketable Surplus
TP= Total Production
DC= Amount kept for domestic consumption  

Marketing Analysis of Kinnow
For investigating the marketing system of kinnow, 

marketing channels of kinnow, channel-wise marketing 
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PM = 
PP 

SP - PP - MC
 ́100

costs of various intermediaries, net margin of various 
intermediaries and producer's share in consumer rupee 
were worked out.
a) Net or absolute margin of the market functionaries: 
It is the profit of the various market functionaries and 
obtained by deducting the purchase price and marketing 
cost from the sale price of market functionaries. It is 
worked out as:

NM = SP – (PP + MC)
Where;

NM= Net margin of the functionary
SP= Sale price of the functionary
PP= Purchase price of the functionary
MC= Marketing cost of the functionary 
         (Acharya and Agarwal, 1999)

b) Percentage Mark-up of the Market Functionaries: 
It was obtained as the percentage ratio of net margin to 
purchase price (Acharya and Agarwal, 1999).

c) Producer's Share in Consumer Rupee: It shows the 
percentage share of producer's sale price in consumer's 
purchase price and is obtained by:

Where; 
P = Producer's in consumer rupees

S = Sale price of farmerf

P = Purchase price of consumerc 

      (Acharya and Agarwal, 1999).
RESULTS AND DISCUSSION
Cultivation of Kinnow

The year-wise total costs of kinnow cultivation 
presented in Table 1. Total cost of kinnow cultivation was 
calculated to be Rs. 27041.13 per acre during the first 
year. The total cost of first year was found to be higher 
than second year (`19071.6), third year (`20758.45) and 
fourth year (` 23040.45) due to higher expenses incurred 
on plantation of kinnow orchard such as digging and 
filling the pits and planting material etc.  In the first year, 
variable cost accounted for around 26 per cent but in the 
second year of cultivation share of variable cost declined 
to around 22 per cent and share of fixed cost was about 78 
per cent. Again in the fourth year, the share of variable 
cost increased to 36 per cent due to the substantial 
increase in the share of manures (around 16 per cent of 
TVC), fertilizers (17 per cent) and plant protection (22 per 
cent) etc. During the 8-25 years of cultivation, the share of 
variable cost increased quickly to about 60 per cent and 
the share of fixed cost remained only about 40 per cent.

Table 2 and Figure 1 represents the year-wise gross 
returns as well as net returns from kinnow orchards.  
During the first three years net returns were found to be 

th thnegative due to zero gross returns. During 5 -7  year net 
threturn increased from `5795.1 in 4  year to `48142.26 

P  = s
Pc

Sf
 ́100
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Particulars

First Second Third Fourth 5- 7 8 – 25

Variable Cost
Manures 297 (4.23) 458.1 (10.88) 810.55 (13.74) 1331.4 (16.31) 4051 (20.36) 4708 (20.85)
Fertilizers 369.2 (5.25) 528 (12.54) 953.7 (16.17) 1457 (17.84) 4608 (23.16) 5388.5 (23.86)
Plant protection 473.7 (6.74) 654.5 (15.54) 1261.9 (21.39) 1808 (22.14) 5443 (27.36) 6079 (26.92)
Family labour 1755  (24.98) 1541  (36.59) 1589 (26.94) 1772  (21.70) 2027  (10.19) 2226  (9.86)
Hired labour 2369  (33.72) 871  (20.68) 910.5 (15.43) 1276  (15.63) 2731 (13.73) 3003  (13.30)
Machine labour 1762  (25.08) 159.5 (3.79) 373.3 (6.33) 521  (6.38) 1035.3 (5.20) 1180 (5.22)

Total variable 
cost (TVC)

7025.9 [25.98] 4212.1 [22.09] 5898.95[28.42] 8165.4 [35.44] 19895.3 [57.10] 22584.5 [60.17]

Fixed Cost
Plantation 4537.1 (22.67) - - - - -
Rented value of 
owned land

11868 (59.29) 11868 (79.87) 11868 (79.87) 11868 (79.78) 11868 (79.40) 11868 (79.40)

Rent paid for 
leased in land

845  (4.22) 845  (5.69) 845  (5.69) 845  (5.68) 845  (5.65) 845  (5.65)

Depreciation on 
farm implements

600.9  (3.00) 418.8 (2.82) 418.8 (2.82) 426.8 (2.87)) 466.6 (3.12) 466.6 (3.12)

Interest on fixed 
capital

2164.23
(10.81)

1727.7 (11.63) 1727.7 (11.63) 1735.7 (11.67) 1767.84 (11.83) 1767.84 (11.83)

Total fixed costs 
(TFC)

20015.23 
[74.02]

14859.5 
[77.91]

14859.5 
[71.58]

14875.5 
[64.56]

14947.44 
[42.90]

14947.44 
[39.83]

Total Costs (TC) 27041.13 19071.6 20758.45 23040.9 34842.74 37531.94

Table 1: Year-wise costs of cultivation of kinnow
(` /acre)

Figures in () show the percentage to TVC and TFC and [] shows the percentage to TC

Year



th thand then ̀ 64748.06 in 8  -25  year of cultivation.  Hence, 
th th th thduring 5 -7  and 8 -25  years of cultivation, net returns 

were found to be increased at a rapid rate.
Table 3 represents the economic viability of kinnow 

orchard which is found by calculating BCR, NPV and 
IRR. BCR was calculated to be 2.04 which indicate that 
kinnow is a profitable crop as one rupee invested in 
kinnow cultivation yields return of `2.04. Net present 
value was calculated to be `302289.78 which shows that 
investment in kinnow cultivation is worthwhile as money 
received from an investment is greater than money 
invested. Internal rate of return was found to be 40 per 
cent which indicates that the investment is acceptable as 
the IRR is greater than the market rate of interest.

In the study area, about 93 per cent of the sample 
farmers used to purely lease out their orchards to pre 
harvest contractors (PHC). Farmers were paid in 2-4 
instalments by PHCs. Table 4 represents reasons for 
leasing out orchards by farmers to PHCs. Large number of 
reasons was found for which farmers generally preferred 
to lease out their orchards to PHCs. About 81 per cent of 
the farmers reported that due to risk of marketing, they 
generally preferred to lease out their orchard to PHC. The 
second major reason which was reported by 42 per cent of 

the farmers was regarding the lack of information about 
the marketing system of kinnow. They reported that 
sometimes price of kinnow was higher in local market 
than in distant market and by selling the produce in distant 
market at a very low price they had to incur losses. 
Besides these, no timely sale of produce, lack of time, 
higher labour cost, shortage of labour supply, assured 
income in advance disregarding the price in the market, 
improper care of other crops, higher transportation cost, 
higher marketing cost, avoiding the responsibilities and 
burden of sale and loss of spoilage due to bad weather 
were found the other reasons reported by the farmers.

The various advantages of kinnow cultivation are 
presented in Table 5. About 95 per cent of the farmers 
reported that kinnow is a profitable crop. Similarly, 75 per 
cent of the farmers also reported that kinnow requires 
lesser cost of production than other crops such as cotton. 
In case of cotton, there is higher cost of seeds, pesticides 
than kinnow. Moreover, fixation of income in advance by 
leasing out to PHC, obtaining whole income in maximum 
3-4 instalments by leasing out to PHCs, lesser work load 
of cultivation than cotton and paddy, lesser water 
consuming than other crops such as paddy, suitability of 
soil for kinnow cultivation, lesser labour cost than cotton, 
subsidies in plants and drip system, insurance of orchard 
by government were found the other advantages of 
kinnow cultivation.
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Figure 1:Y ear-wise returns from kinnow orchards 
(`/Acre)  

BCR 2.04
NPV (`) 302289.78
IRR per cent 40.00

Table 3: Economic viability of kinnow orchard

Table 4: Reasons for leasing out the kinnow orchards by 
farmers to PHCs

Reasons No. of agreed 
farmers 

Rank

Avoiding risk of marketing 81 1
Lack of information regarding 
marketing system

42 2

No timely sale of produce 41 3
Lack of time 39 4
Higher labour cost 31 5
Shortage of labour supply 31 5
Assured income in advance 
disregarding the price in the market

31 5

Improper care of other crops 29 6
Higher transportation cost 25 7
Higher marketing cost 24 8
Avoiding the responsibilities and 
burden of sale

22 9

Loss of spoilage due to bad weather 8 10
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Table 2: Year-wise returns from kinnow orchards 
(` /acre)

Particulars

First Second Third Fourth 5 – 7 8- 25
Gross returns 0 0 0 28836 82985 102280
Total costs 27041.13 19071.6 20758.45 23040.9 34842.74 37531.94
Net returns -27041.13 -19071.6 -20758.45 5795.1 48142.26 64748.06

Year



Category-wise average marketable surplus is 
presented in Table 6. Average domestic consumption as a 
percentage of total production was found to be highest 
among small farmers (0.71 per cent) and least among 
large farmers (0.15 per cent) whereas average marketable 
surplus as a percentage of total production was least 
(99.29 per cent) among small farmers and highest among 
(99.85 per cent). Among semi medium farmers, domestic 
consumption was 0.44 per cent of total production and 
marketable surplus was 99.56 per cent of total production. 
Among medium farmers, domestic consumption was 0.37 
per cent whereas average marketable was 99.63 per cent. 
It shows that among all the categories of the farmers, only 
negligible part was retained for domestic consumption 
and larger the area under kinnow orchard, greater was the 
marketable surplus and vice versa.
Marketing Analysis of Kinnow
a) Supply chain of kinnow

Supply chain describes the arrival of kinnow from 
producer to consumer through various marketing channels.  

Five marketing channels were found in the study area.
Channel 1: Producer-Pre harvest contractor-Wholesaler 
(through commission agents)-Retailer-Consumer
Channel 2: Producer-Wholesaler (through commission 
agents)-Retailer-Consumer
Channel 3: Producer-Retailer-Consumer
Channel 4: Producer-Pre harvest contractor- Consumer
Channel 5: Producer –Consumer
b) Channel-wise marketing cost and price spread of 
various intermediaries

Channel-wise marketing costs of various 
intermediaries are presented in Table 7. In the first 
channel, the largest difference was found between the 
selling price of producer (`848.5/q) and the purchase 
price of consumer (`2783.34/q) followed by the second 
channel due to the involvement of significant number of 
intermediaries. In the first channel, total marketing cost 
incurred by pre harvest contractor and selling price of pre 
harvest contractor or purchase price of wholesaler was 
found to be ̀  85 and ̀ 1620 respectively. In channel 2, per 
quintal selling price of producer or purchase price of 
wholesaler and marketing cost of producer were found to 
be `1466.67 and `117 respectively. Total marketing cost 
of wholesalers and selling price of wholesalers or 
purchase price of retailers were calculated to be `217.05 
and `2090 per quintal respectively. In channel 3, selling 
price of producers or purchase price of retailers and 
marketing cost of producers were `1500 and `79 per 
quintal respectively. Thus, per quintal net margin of 
producers was `1421 per quintal. Marketing cost of 
retailers and selling price of retailers or purchase price of 
consumers were found to be ` 40 and `1700 per quintal 
respectively. In channel 4, selling price of producers or 
purchase price of pre-harvest contractors was calculated 
to be `1100. Selling price of pre-harvest contractors or 
purchase price of consumers and marketing cost of pre-
harvest contractors were found to be `1800 and ` 77 per 
quintal respectively. In the fifth channel, no price spread 
was found between the sale price of the producer and 
purchase price of the consumer (`1600/q) due to the direct 
contact between the producer and the consumer. Hence, 
the results indicates that larger the number of 
intermediaries, higher will be the marketing cost and 
larger will be price spread.
c) Channel-wise marketing margin of different 
intermediaries and producer's share in consumer's 
rupee

Channel-wise marketing margin of different 
intermediaries and producer's share in consumer's rupee 
is shown in Table 8. In channel 1, per quintal percentage 
mark-up of pre harvest contractor, wholesaler and retailer 
were calculated to be 80.90, 14.29, and 31.07 per cent 
respectively. Producer's share in consumer's rupee was 
calculated to be 30.48 per cent. 

In channel 2, per quintal percentage mark-up of 
wholesaler and retailer were calculated to be 27.70 per 
cent and 31.07 per cent respectively. Producer's share in 

Advantages No. of agreed
farmers

Rank

Profitable Crop 95 1

Lesser cost of production as 
compared to other crops such as 
cotton

75 2

Fixation  of income in advance by 
leasing out to PHC

48 3

Obtaining whole income in 
maximum 3 to 4 installments by 
leasing out to PHC

40 4

Lesser work load of cultivation than 
cotton and paddy

34 5

Lesser water consuming than other 
crops such as paddy

32 6

Suitability of soil for kinnow 
cultivation

25 7

Lesser labour cost than cotton 22 8

Subsidies in plants and drip system 11 9

Insurance of orchard by govt. 9 10

Table 5: Advantages of kinnow cultivation

Table 6: Category-wise marketable surplus of kinnow 
(q)

Category Production Domestic 
consumption

Marketable 
surplus

Small 555.23
(100.00)

3.9
(0.71)

551.33
(99.29)

Semi-medium 1045.72
(100.00)

4.66
(0.44)

1041.06
(99.56)

Medium 1474.28
(100.00)

5.45
(0.37)

1468.83
(99.63)

Large 5077.92
(100.00)

7.55
(0.15)

5070.37
(99.85)
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Particulars Channel 1 Channel 2 Channel 3 Channel 4 Channel 5

Selling price of producer 848.5 1466.67 1500 1100 1600
Marketing cost of producer
Watch and ward - 58 30 - 32
Picking - 30 28 - 28
Transportation - 12 9 - -
Loading/unloading - 10 8 - -
Miscellaneous - 7 4 - -
Total - 117 79 - 60
Selling price of producer/Purchase price of PHC 848.5 - - - -
Marketing cost of PHC
Watch and ward 44 - - 40 -
Picking 23 - - 19 -
Transportation 6 - - 8 -
Loading/unloading 8 - - 6 -
Miscellaneous 4 - - 4 -
Total 85 - - 77 -
Selling price of PHC/ Purchase price of wholesaler 1620 1466.67 - - -
Marketing cost of wholesaler
Market fee @ 2% 32.4 29.33 - - -
Rural development fund @ 2% 32.4 29.33 - - -
Commission @ 9% 145.8 132 - - -
Weighting 1.72 1.72 - - -
Gunny bags 5 5 - - -
Spoilage @ 1% 16.2 14.67 - - -
Miscellaneous 5 5 - - -
Total 238.52 217.05 - - -
Selling price of wholesaler/ purchase price of retailer 2090 2090 1500 - -
Marketing cost of retailer
Transportation 9.15 9.15 10 - -
Plastic bags 8.5 8.5 8 - -
Spoilage 20.9 20.9 17 - -
Miscellaneous 5.4 5.4 5 - -
Total 43.95 43.95 40 - -
Selling price to consumer 2783.34 2783.34 1700 1800 1600

Table 7: Channel-wise marketing cost of various intermediaries of kinnow 
-1(`q )

consumer's rupee was calculated to be 52.69 per cent. In 
channel 3, per quintal percentage mark-up of retailer was 
calculated to be 10.67 per cent. Producer's share in 
consumer's rupee was calculated to be 88.23 per cent. In 
channel 4, per quintal percentage mark-up of pre harvest 
contractor was calculated to 56.63 per cent. Producer's 
share in consumer's rupee was found to be 61.12 per cent. 
In channel 5, due to the absence of intermediaries there 
was direct contact between producer and consumer and 
sale price of producer was found equal to be purchase 
price of consumer. Hence, producer's share in consumer's 
rupee was found to be 100 per cent. 

The perusal of Table 8 indicates that more the number 
of intermediaries engaged in the channels, lesser will the 
producer's share in consumer's rupee and vice versa as the 
intermediaries generally used to purchase the produce at 
lower prices from producers and sell at higher prices and 

eat the significant share without much effort. Hence, 
channel 5 was found to be most efficient channel and 
channel 1 was least efficient channel as the producer's share 
in consumer's rupee was found to be highest in Channel 5 
(100 per cent) and least in Channel 1 (30.48 per cent).
Problems faced by the kinnow growers

Problems faced by the kinnow growers are presented 
in Table 9. About 86 per cent of the farmers reported about 
the inefficient marketing system of kinnow. There was an 
evening market found to be in Abohar market in which 
farmer has to sell his produce at the existing rate 
forcefully.  Besides this, farmers reported that there are 
too many fluctuations in the price of kinnow. Price of 
kinnow is not fixed and it mainly depends upon demand 
and supply conditions. During glut in the market, prices of 
kinnow go down at a rapid rate for which farmers has to 
penalize. Due to the lack of storage facilities, kinnow 
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Particulars Channel 1 Channel 2 Channel 3 Channel 4 Channel 5

Price received by the farmer 848.5 1466.67 1500 1100 1600
Marketing cost of producer - 117 79 - 60
Net price or margin of producer 848.5 1349.67 1421 1100 1540
Purchase price of pre harvest contractor 848.5 - - 1100 -
Cost incurred by pre harvest contractor 85 - - 77 -
Sale price of pre harvest contractor 1620 - - 1800 -
Net margin of pre harvest contractor 686.5 - - 623 -
Percentage mark-up of pre harvest 
contractor

80.90 - - 56.63 -

Purchase price of wholesaler 1620 1466.67 - - -
Cost incurred by wholesaler 238.52 217.05 - - -
Sale price  of wholesaler 2090 2090 - - -
Net margin of wholesaler 231.48 406.28 - - -
Percentage mark-up of wholesaler 14.29 27.70 - - -
Purchase price of retailer 2090 2090 1500 - -
Cost incurred by the retailer 43.95 43.95 40 - -
Sale price of retailer 2783.34 2783.34 1700 - -
Net margin of retailer 649.39 649.39 160 - -
Percentage mark-up of retailer 31.07 31.07 10.67 - -
Purchase price of consumer 2783.34 2783.34 1700 1800 1600
Producer's share in consumer's rupee (in 
percentage)

30.48 52.69 88.23 61.12 100

Table 8: Marketing margin of different market intermediaries and producer's share in consumer's rupee

Figure 2: Flow chart of supply chain of kinnow

Channel 1

Channel 4

Channel 2

Channel 3

Channel 5

Producer Pre-harvest contractor

Wholesaler

Retailer

Consumer
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Problems No. of 
farmers 
faced the 
problem

Rank

Inefficient marketing process 86 1

Fluctuations in price 79 2

Price is low 72 3

Lack of storage facility 42 4

Problem of storage due to 
perishable nature

36 5

Lack of processing plants 34 6

Lack of good quality of 
pesticides and proper 
availability of fertilizers

21 7

Highly sensitive to bad weather 18 8

Highly affected by diseases 14 9

Higher input cost 13 10

Lack of proper information of 
modern cultivation practices

11 11

Highly establishment cost due 
to destruction of plants

10 12

Table 9: Problems faced by kinnow growers

cannot be stored for a long time and has to sell at the 
existing price in the market.  Lack of processing plants 
and good quality of pesticides as well as proper 
availability of fertilizers, highly sensitive to bad weather 
and affected by diseases, higher input and establishment 
cost and lack of modern techniques of cultivation were the 
other problems faced by the farmers in the study area.
CONCLUSIONS AND POLICY SUGGESTIONS

The study was undertaken in Fazilka district to study 
the cultivation and marketing system of kinnow. Majority 
of the farmers in the study area was found to be lease out 
their orchards to pre-harvest contractors. For finding the 
economic viability of kinnow orchards, Benefit-Cost 
ratio, NPV and IRR at 10 per cent rate of discount were 
calculated to be 2.04, `302289.78 and 40 per cent 
respectively indicate that kinnow is a profitable crop. For 
the disposal of kinnow from producer to consumer, five 
marketing channels were found. Largest number of 
intermediaries were involved in Channel 1 followed by 
Channel 2 whereas in Channel 5, direct contact was found 
between the producers and consumers. Hence, price 
spread was found to be highest in Channel 1 followed by 
Channel 2 whereas in channel 5, no price spread was 
worked out due to the elimination of intermediaries. 
Producers received fewer amounts when the produce was 
sold through channel 1 whereas it was highest in channel 
5. Producers' share in consumers' rupee was found to be 
30.48, 52.69, 88.23, 61.12, and 100 per cent in channel 1, 
2, 3, 4 and 5 respectively. Thus, Channel 5 was found to be 
most efficient channel both from the producers as well as 
consumers point of view. Inefficient marketing system of 

kinnow, price volatility, low price, lack of storage 
facilities of kinnow were the major problems regarding 
the marketing of kinnow reported by the farmers. As per 
the conclusions drawn from the results of the study 
following policies may be suggested:
1.Major problem was found to be the marketing of the 

crop. Due to risk of marketing, farmers have to lease out 
their orchards to PHCs or to incur large amount of 
transportation cost to sell their produce in distant 
markets as there is no big fruit market in the study area. 
Hence, to address the problem of marketing, 
government should establish the regulated markets 
with better marketing facilities.

2.There are so many fluctuations in the price of kinnow 
and there is a sharp decline in the price of kinnow in the 
bumper harvest as the price of kinnow is determined by 
the demand-supply conditions. So, there is a need to fix 
the price of kinnow at a certain reasonable level that can 
yield a certain profit margin to farmers after covering 
all the costs of cultivation.

3.There should be the establishment of more processing 
plants in the study area and these plants should purchase 
the produce from farmers directly.

4.Due to the perishable nature of kinnow, it cannot be 
stored for a long time. Hence, there should be the better 
market infrastructure for the timely sale of the product.

5.Farmers should be provided the improved production 
technologies to increase the production and hence, 
income.

6. Government should minimize the cost of grading, 
waxing and packaging facilities for the favourable 
returns of the farmers.    
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INTRODUCTION
Trade is considered as an engine of economic 

growth for the agrarian economies like India. Among 
agricultural commodities, cotton exports play a vital 
role in India’s total exports valued at `21676.33 crores 
during 2013-14. Cotton is one among the top five 
agricultural commodities exported from India and 
accounts for 59 percent of the raw material consumption 
in textile industry (Anonymous, 2012). India has its own 
inherent strength to dominate the global cotton market 
in view of its comparative advantage in production and 
export of raw cotton. The export earnings of cotton in 
India has increased from `357.35 to `21676.33 crores 
from 2004-05 to 2013-14 and the share of export 
revenue of raw cotton to total exports increased from 
0.09 to 1.45 percent from 2004-05 to 2011-12 and 
declined to 1.14 percent during 2013-14.  Whereas, in 
value terms, Indian total cotton exports has declined by 
48 percent in 2014-15 over 2013-14. 

India is the major producer of cotton in the world 
accounts for 24 percent of world cotton production and a 
major exporter of raw cotton since 2005-06. It is also the 
world’s second largest exporter of raw cotton after USA 

accounts for 23 percent of the world cotton exports. 
Cotton is emerged as the second largest agricultural 
commodity exported from India accounts for 11.4 
percent of total agricultural exports for the TE 2011-12 
(Gulati et al., 2013). In India, cotton is cultivated in 
117.53 lakh hectares with a production of 359.02 lakh 

. thbales during 2013-14   However, as per the 4  Advance 
Estimates the projected cotton production in India 
during 2014-15 is 354.80 lakh bales which is marginally 
lower than previous year but higher by 30.10 lakh bales 
than the average production of last five years. Out of the 
total production, the proportion of domestic 
consumption and exports is in the ratio of 74.93: 25.07.   
The Government of India has liberalized the raw cotton 
exports and brought it under Open General Licence 
(OGL) since 2001. This has earned the confidence of 
international buyers and provided an opportunity to the 
growers to realize international price for their produce.  
Later, the cotton export was banned in mid 2010 and 
then export caps were placed during 2010-11. Further, 
the quantitative restriction on cotton exports were lifted 
in August, 2011 and export of cotton was liberalized 
again resulted in record export of 12.9 million bales in 



2011-12. During March 2012, cotton exports were 
banned again in view of protecting the domestic textile 
industries (Gulati et al., 2013). These frequent changes 
in cotton export policy resulted in decelerated raw 
cotton exports and prevented farmers from realizing 
remunerative price.  

India is exporting cotton to more than 50 countries. 
The major markets for Indian raw cotton exports include 
China, Bangladesh, Pakistan, Indonesia, Turkey, 
Vietnam, Taiwan, Malaysia, and Hongkong. Among 
these, China, Bangladesh, Pakistan, and Vietnam are the 
biggest export markets together accounts for 90 percent 
of raw cotton imports from India. As per FAO estimate, 
China’s share in world cotton imports is expected to 
reduce from 47 to 31 percent for the period from 2011-
12 (base year) to 2023. The share of other countries in 
world raw cotton imports such as Bangladesh (8-12 
percent), Vietnam (5-7 percent), Turkey (7-12 percent), 
Indonesia (7-9 percent), and Pakistan (4-6 percent) is 
expected to increase. Similarly with respect to world 
cotton exports, United States, India, Australia and Brazil 
are the major players and India’s share in world cotton 
exports is expected to increase from 18 to 20 percent 
from 2011-12 to 2023 while Brazil’s share of world 
cotton exports is expected to increase from 10 to 12 
percent during the same period. The share of United 
States of America and Australia in the total world cotton 
exports is expected to decrease from 27 to 24 percent 
and 12 to 10 percent, respectively. Thus, the global raw 
cotton market undergoes structural changes in future 
which could lead to a new business environment. At the 
same time, the area under cotton in India is expected to 
increase by 4.2 percent and yield by one percent per 
annum resulting in attaining India’s cotton production to 
9.2 million tonnes by 2023 (Anonymous, 2014) and 
thus, becoming an important player in the global cotton 
trade. These changes in production and bilateral cotton 
trade balance positions would pose substantial 
challenges in sustained growth and competitiveness of 
India’s raw cotton exports in future which requires 
efficient and innovative policies to push up the cotton 
trade.   Therefore, an attempt has been made to study the 
growth and composition of Indian raw cotton in 
production and export and the direction of raw cotton 
trade in India and in the world market. The study also 
attempts to formulate strategies to boost India’s raw 
cotton exports in future.  
MATERIAL AND METHODS

The study is based on the secondary data on area, 
production, productivity, export (value and quantity 
terms) of cotton from India to different countries for the 
period 2004-05 to 2014-15 was elicited from the 
websites of Ministry of Commerce (www.commerce. 

nic.in), Food and Agriculture Organization 
(www.faostat.fao.org) and Cotton Corporation of India 
Ltd., (www.cotcorp.gov.in).   Seven major raw cotton 
importing countries from India viz., China, Bangladesh, 
Pakistan, Indonesia, Turkey, Vietnam, and Taiwan were 
considered for the analysis based on their volume of raw 
cotton import from India during the period 2005-06 to 
2014-15.  The countries such as Malaysia, Hongkong 
and Thailand were grouped under other countries 
category along with remaining minor importers of raw 
cotton from India.     
Growth Rates in Export of Cotton

The exponentional function was used to estimate 
the growth in export of cotton in quantity and value 
terms.
Structural Changes in Export of Cotton

The dynamics in the direction of exports and 
changing pattern of trade in raw cotton from India to 
other countries over a period of time were analysed by 
employing the first order Markov Chain Model. Markov 
chain analysis is an extension of probability theory 
developed by Markov in 1907. This econometric 
analysis not only helps us to know the trend in sustaining 
existing market, but also the shift in shares from one 
country to another over a period of time (Sujatha et al., 
2007). Markov chain analysis is a way of analysing the 
current movement of variables in an effort to forecast 
their future movement. The estimation of transitional 
probability matrix (P) was central to this analysis. The 
transition matrix is a rectangular array would 
summarize the transition probabilities for a given 
Markov process.

The Matrix P is called probability matrix. The 
probabilities P  must satisfy ij

0 7P  71 andij

The elements P  of the matrix P indicates the ij

probability that export will switch from country i to 
country j with the passage of time in other words the 
matrix explains the switching behavior of cotton export 
of India among the major importing countries over a 
period of time indicating the direction of cotton trade. 
The row elements in the transitional probability matrix 
imply the probability of retention (Diagonal element of 
the row) in the volume of trade and extent of loss in trade 
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(other than diagonal element of the row) on account of 
competing countries.  The column elements indicate the 
probability of retention of trade and the gain in the 
volume of trade from other competing countries. The 
diagonal elements of the matrix measure the probability 
that the export share of a country will be retained. 
Hence, an examination of the diagonal elements 
indicates the loyalty of an importing country to a 
particular country’s exports. In the present context, the 
structural changes were treated as a random process 
with selected importing countries. The average exports 
to a particular country was considered to be a random 
variable which depends only on the past exports to that 
country, which can be denoted algebraically as r:

Where,
thE   = Raw cotton exports from India to j  country during         jt

the year t.
thE  = Raw cotton exports to i  country during the period          it-1

t-1.
P  = Probability that the cotton exports will shift from         ij

th thi  country to j  country.
e  = Error term independent of Ejt jt-1

t =  Number of years considered for the analysis 
r  = Number of raw cotton importing countries

Thus, the expected export shares of India during a 
period ‘t’ was obtained by multiplying the quantity of 
cotton exported to the selected countries during the 
previous period (t-1) with the estimated transitional 
probability matrix P. The transition probabilities of the 
Markov Chain Model were estimated by Minimum 
Absolute Deviations (MAD) estimation procedure, 
which minimizes the sum of absolute deviations. The 
conventional Linear Programming Technique was used, 
as this satisfies the properties of transitional 
probabilities of non-negativity restrictions and row sum 
constraints in estimation. The Linear Programming 
formulation was stated as:

Where,
P* is a vector in which probability P  are arranged; ij

O is a null vector; I is an appropriately dimensioned 
vector of areas;  e is the vector of absolute error (| U |);   
Y is the   vector of export to each country;  X is a block 
diagonal matrix of lagged values of Y;  V is the vector of 
errors; and G is a grouping matrix to add the row 
elements of P arranged in P* to unity.  These P* vectors 
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were arranged to obtain the transitional probability 
matrix which indicated the overall structure of the 
transitions that had taken place in the system. Using the 
estimated transitional probabilities, the exports of raw 
cotton to various destinations were predicted by 
multiplying the same with the respective shares of base 
year by using a software LINGO. 

Prediction of quantity of raw cotton exports were 
made by using:

 
Where 

 B =  Quantity of raw cotton exported in base year;  0         

B  = Quantity of raw cotton exported in next year            (t+1)

(prediction);
T= Transitional probability matrix. 
RESULTS AND DISCUSSION
Growth of Area, Production, Productivity and 
Export of Raw Cotton

Compound annual growth rates (CAGR) for area, 
production, productivity and export of raw cotton were 
analysed for a period of ten years i.e., from 2004-05 to 
2013-14 (Table1). Area (4.20 percent), production (9.13 
percent), productivity (4.98 percent) exhibited a 
positive growth. There was significant increase in 
growth in area, production and productivity of cotton 
mainly attributed to introduction of Bt-cotton, increased 
irrigation area under cotton coupled with successful 
operation of Minimum Support Price by Government of 
India through Cotton Corporation of India.  The growth 
in export quantity of raw cotton for the period 2005-06 
to 2014-15 was increasing at 9.48 percent per annum 
and export value of raw cotton was increasing at 21.38 
percent per annum (Table 2)  This increase in export of 
raw cotton both in terms of value and quantity was on 
account of 4.20 percent CAGR in cotton area, 9.13 
percent of annual increase in production and 4.98 
percent increase in cotton yield during the current 
decade.  It was reported that over the past 35 years, the 
average growth of cotton production in India has been 
4.6 percent.  However, since 2000, cotton production in 
India has been growing rapidly at 11.6 percent annually.  
The surge in cotton production in India is mainly due to 

Particulars CAGR

Area 4.20**

Production 9.13**

Productivity 4.98**

Table  1: CAGR of area, production, productivity of raw 
cotton in  India (2004-05 to 2013-14)

(Percent)

** Significant at five percent level

r

1=i

ij1-it PE jjt eE +́=S
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Destination CAGR

Quantity Value

China
NS9.08 20.91**

Bangladesh 28.67*** 42.39***
Pakistan

 NS0.81  NS11.13
Indonesia  NS-3.87  NS6.83
Turkey -1.35**  NS9.65
Vietnam 20.90*** 33.79***
Taiwan  NS-0.52  NS10.46
Others

 NS-0.52  NS6.01
Total

 NS9.48 21.38***
***  and ** Significant at one and  five percent level
NS: Non-significant

Table 2: Destination wise CAGR of raw cotton exports  
from India (2005-06 to 2014-15)

(Percent)

the introduction of Bt (Bascillus thuringiensis) cotton in 
2002 (Bedi and Cororaton, 2008).
Growth of Raw cotton Exports from India 
Destination-wise

The growth rates of raw cotton exports from India 
destination wise showed Bangladesh recorded a highest 
growth both in terms of quantity (28.67 percent) and in 
value terms (42.39 percent) fallowed by Vietnam, China 
and Pakistan  (Table 2). Countries such as Bangladesh, 
Pakistan and Vietnam are scaling up their cotton imports 
from India to meet the requirement of their export 
focused garment industries.  The CAGR of raw cotton 
exports from India to Indonesia, Turkey, Taiwan and 
other country group (Hongkong, Thailand, Malaysia)) 
was negative in quantity terms and positive in value 
terms.               

              
Direction of Raw Cotton Exports

The transition probability matrix for raw cotton 
exports revealed that China, Bangladesh, Vietnam and 
other countries category (Hongkong, Thailand, 
Malasiya and others) were the stable markets for India’s 
raw cotton, while the countries such as Indonesia and 
Turkey were the unstable markets with zero percent 
retention of previous years market share (Table 3). 
Pakistan and Taiwan have depicted low probability 

retention of 0.0604 and 0.0692, respectively indicated 
that they were the unstable importers of Indian raw 
cotton.  China had retained 65 percent of previous year’s 
share of cotton export from India and lost its share to 
Bangladesh (15.56 percent), Pakistan (10.09 percent), 
Vietnam (3.61 percent) and other countries group (3.85 
percent). At the same time, China’s market share had 
gained from Bangladesh (59.08 percent), Pakistan 
(80.87 percent) and Indonesia (22.14 percent). These 
findings are in similar line with the findings of  
Mahadevaiah et al. (2005)  who reported that China had 
been the only stable importer of raw cotton as revealed 
by the high probability of retention that increased from 
0.08 during the pre-reforms period to 0.31 during the 
post reforms period. 

India’s raw cotton exports to Bangladesh were 
retained to the tune of 25 percent while 59 percent of its 
market share was lost to China.  It also lost 11.15 percent 
to Vietnam and 5 percent to Turkey.   However, it gained 
84 and 15.56 percent from Vietnam and China 
respectively. Bangladesh spinning industry prefers high 
quality Indian cotton in comparison with that from US 
and Brazil as the cost and transportation time  of Indian 
cotton are much lower. Therefore cotton emerged as a 
significant item of export from India to Bangladesh 
since 2003-04.  Bangladesh is now the world’s second 
largest exporter of apparel, behind China. Much of the 
Bangladesh’s apparel export is fuelled by cotton sourced 
from India.  Now the Cotton Corporation of India (CCI) 
has decided to scale up its export to Bangladesh.  There 
is a vast scope for India to promote raw cotton exports to 
Bangladesh by taking advantage of neighbourhood 
factor, which gives it an edge over rest of the world.   

Vietnam had retained 16.03 percent of its previous 
year’s raw cotton export share while 84 percent of its 
share was lost to Bangladesh.  However, Vietnam at the 
same time gained from Bangladesh (11.15 percent) and 
Turkey (5.86 percent).  The cotton production in 
Vietnam meets only one percent of its domestic 
requirement and hence the country depends on imports 
to a larger extent for its growing textile industry. India is 
the second leading supplier of cotton to Vietnam after 

Country China Bangladesh Pakistan Indonesia Turkey Vietnam Taiwan Other countries

China 0.6493 0.1556 0.1009 0.0104 0 0.0361 0.0091 0.0385
Bangladesh 0.5908 0.2497 0 0 0.0481 0.1115 0 0
Pakistan 0.8087 0 0.0604 0.121 0 0 0 0.0099
Indonesia 0.2214 0 0 0 0 0 0.185 0.5936
Turkey 0 0 0.9414 0 0 0.0586 0 0
Vietnam 0 0.8397 0 0 0 0.1603 0 0
Taiwan 0 0 0.9308 0 0 0 0.0692 0
Others 0 0 0.3676 0.1959 0.1616 0.0066 0.0468 0.2214

Table 3: Transitional probability matrix of Indian raw cotton exports (Value) from  2004-05 to 2013-2014
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United States and it is one of a very few countries in Asia 
that have expanded their yarns spinning sector in recent 
years (Dao, 2013).  

Even though Indonesia is the third largest importer 
of cotton in the world next to China and Turkey and 
during 2006 its imports from India reached nine percent 
of the market surpassing those from Brazil 
(Anonymous, 2007), but the transitional probability 
matrix shows zero retention which indicated Indonesia 
is the unstable raw cotton market for India.  The other 
countries group which includes Hongkong, Thailand 
and Malaysia (along with other minor importing 
countries) are the stable markets of Indian raw cotton as 
indicated by the 22.14 percent of retention share.  These 
countries gained mainly from Indonesia (59.36 percent) 
and lost their share to Pakistan (36.76 percent), Turkey 
(16.16 percent), Taiwan (4.68 percent) and Indonesia 
(19.59 percent).     
World Market Share Projections of Indian Raw 
Cotton Exports

The market share projections of Indian raw cotton 
exports based on the transitional probability matrix were 
computed for different importing destinations and 
projections were made up to 2019-20 (Table 4). The 
actual and estimated quantities of Indian raw cotton 
exports (lakh bales) from 2005-06 to 2014-15 revealed 
that actual share of China in raw cotton exports had 
increased from 48.10 to 81.08 percent for the period 
from 2006-07 to 2011-12 due to high cotton 
consumption in textile and apparel industry coupled 
with lower cotton production and higher mill demand 
resulted in huge gap between production and 
consumption. As a result of this China resorted to 
massive buying of raw cotton in international markets 
during 2011 and 2012 under Chinese government 
stockpiling programme at the same time the raw cotton 
was available at a much cheaper rate.  Thus China built a 
raw cotton stock by over-quota imports of 5.3 million 
tonnes of raw cotton during 2011-12 and thus during 
2012-13, China accounted for 36 percent of world 
cotton imports (Anonymous, 2013). Much of the growth 
in China’s cotton imports was a result of increased 
imports from India during 2005-2010 (Andrew et al., 
2012). During 2009-10 the raw cotton exports share of 
China increased to 54.79 percent compared to previous 
year export share of 45.86 percent due to 
implementation of Vishesha Krishi Gram Upaj Yojana 
(VKGUY) in order to encourage cotton exports and 
liquidate burdensome cotton stock from the domestic 
market (Singh, 2009).

 During 2010-11, the raw cotton exports to China 
decreased to 43.02 percent because  during 2009-10, 
Government of India had imposed quantitative 

restrictions on export of raw cotton. When these 
restrictions were lifted in August 2011, the raw cotton 
exports to China increased to all time high of 81.08 
percent in 2011-12.  China during the year 2011-12 had 
imported 93.15 lakh bales of raw cotton from India.  
However, the actual share of raw cotton exports to China 
had declined continuously from 60.96 percent during 
2012-13 and reached a lowest 39.26 percent in 2014-15 
due to China’s restrictive import policy of raw cotton 
and its surplus accumulated stock . Whereas the 
estimation for the period  2015-16 to 2019-20 showed 
an increasing trend (Table 4). 

With regard to Bangladesh the actual and predicted 
exports share showed fluctuations from 7.37 percent to 
30.32 percent over the study period (2005-06 to 2014-
15).   Due to global crisis, Indian export of raw cotton to 
Bangladesh declined in 2009-10 but regained 
momentum in 2010-11. India’s market share in 
Bangladesh raw cotton imports during 2010-11 and 
2014-15 was 22.89 and 30.32 percent respectively 
which was highest, largely due to strong demand from 
new generations spinning mills. Uzbekistan and India 
are the major suppliers of raw cotton to Bangladesh, 
mainly due to competitive pricing and short delivery 
periods in addition to this Bangladesh spinning sector 
has grown significantly in response to growing demand 
for yarns from both the domestic textile market and the 
export oriented readymade garment sector (Hussain, 
2013). The share was decreased to 9.67 percent in 2011-
12 due to Indian ban on cotton exports.  It is interesting 
to note that Bangladesh has emerged as one of the major 
importer of raw cotton from India in recent years as its 
share increased to 30.32 percent during 2014-15.   
However the projections showed a decreasing trend.

Pakistan’s domestic cotton production is generally 
of inferior quality as a result Pakistan imports a 
significant quantity of better grade, cleaner cotton from 
India and other countries for producing quality fabrics 
for its export markets.  The actual proportion of Pakistan 
market share of raw cotton imports from India showed 
an increasing trend during the period from 2005-06 to 
2007-08. During TE 2005-06, cotton lint constituted 31 
percent of India’s agricultural exports to Pakistan with 
an annual volume of $42 million (Chand and Saxena, 
2014).   But declined to a lowest 1.38 percent in 2011-12 
due to reduced consumption but raised to 10.76 and 9.56 
percent during 2012-13 and 2013-14, respectively 
mainly to meet the increased demand for textiles to be 
exported duty free under the GSP (Generalized System 
of Preference) plus status granted to Pakistan by EU.   
After 2012-13, Pakistan’s share was again decreased 
and it was 5.80 percent in 2014-15 except a highest ever 
share of 20.85 percent during 2010-11. The predictions 
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for the period 2015-16 to 2019-20 showed an increasing 
trend. 

With respect to Indonesia, the actual proportion of 
exports showed an increasing trend from 2005-06 to 
2008-09 and a decreasing trend after 2008-09 and 
reached a minimum of 1.58 percent during 2012-13.  
During 2008-09 India was the second largest exporter of 
raw cotton to Indonesia after USA. Volatile international 
cotton prices during cotton year 2011 slowed down 
Indonesian cotton imports (Slettee and Meylinah, 
2013).  However in recent years the share was increased 
and during 2014-15 it was 2.32 percent.  The projections 
for the period 2015-16 to 2019-20 showed a marginal 
increase. The actual and predicted market share of 
Indian raw cotton exports to Turkey shown a declining 
trend. The actual share (6.93 percent) was highest 
during 2006-07 and declined to a mere 0.25 percent 
during 2012-13, again picked up during 2013-14. The 
projections showed a constant share of around 1.6 
percent per annum.

Vietnam emerged as one of the major importer of 
raw cotton from India during 2014-15. The actual 
market share of Indian raw cotton exports to Vietnam 
showed an increasing trend from 3.17 percent during 
2005-06 to 13.55 percent during 2014-15 due to higher 
demand from the garment and textile sector whereas 
predicted market share shown a decreasing trend.  
Vietnam produces relatively small amount of cotton and 
Vietnamese government has not yet approved the 
commercial cultivation of Bt cotton.  Therefore in order 
to keep pace with rising cotton demand, Vietnam will 
remain a net importer for the foreseeable future. With 
respect to Taiwan the actual market share was declined 
from 3.92 percent during 2005-06 to 1.13 percent during 
2013-14 and increased to 2.39 percent during 2014-15.  
The predicted market share showed a declining trend.  
The actual market share of Indian raw cotton exports to 
other countries group including Thailand, Hongkong 
and Malaysia (along with other minor importing 
countries) are also showed a decreasing trend. However, 
the prediction for 2015-16 to 2019-20 showed an 
increasing trend.
CONCLUSIONS

Raw cotton exports of India has been a major 
success story in recent years in the international trade 
and Indian export of raw cotton have shown a high 
growth in recent decade which is limited  only to a few 
markets like China, Bangladesh and Vietnam.  
Therefore, specific strategies for achieving a significant 
market penetration with a market share and product mix 
target need to be evolved for the countries like Vietnam, 
Taiwan, Hongkong, Thailand, and Malaysia. The results 
of the study on stability analysis of Indian cotton 

markets has indicated China as the most stable market 
which has retained 65 percent of the Indian raw cotton 
market share, however it is to be noted that the raw 
cotton export share of India in recent years to China 
declined and reached a lowest 39.26 percent in 2014-15 
due to China’s restrictive import policy. Hence, the 
following conclusions are drawn from the preceding 
analysis and calculation.
i. To avoid trade risks in future India should not solely 

rely upon China for its raw cotton exports instead it 
has to concentrate on other potential importers like 
Vietnam, Bangladesh, Pakistan, Indonesia and 
other country’s group which includes Hongkong, 
Thailand and Malaysia which are depends on 
imports to meet the requirement of their export 
focused garment industries.  

ii. During 2014-15 Bangladesh and Vietnam emerged 
as a major importers and their share in Indian global 
cotton exports has increased substantially, hence, 
appropriate export strategies has to be designed to 
increase the raw cotton exports to these countries in 
future.    

iii. India need to establish world class manufacturing 
units along the cotton value chain to exploit the 
opportunities to produce finished products from 
raw cotton and export the same. This would absorb 
surplus domestic cotton and in turn provide 
additional employment opportunities.   
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ABSTRACT
Climate change poses formidable challenge to the development of livestock sector in India. The anticipated rise in temperature 
between 2.3°c and 4.8°c over the entire country together with increased precipitation resulting from climate change is likely to 
aggravate the heat stress in dairy animals, adversely affecting their productive and reproductive performance, and hence reducing 
the total area where high yielding dairy cattle can be economically reared. Given the vulnerability of India to rise in sea level, the 
impact of increased intensity of extreme events on the livestock sector would be large and devastating for the low-income rural 
areas. The predicted negative impact of climate change on Indian agriculture would also adversely affect livestock production by 
aggravating the feed and fodder shortages. The livestock sector which will be a sufferer of climate change is itself a large source of 
methane emissions, an important greenhouse gas. In India, although the emission rate per animal is much lower than the developed 
countries, due to vast livestock population the total annual methane emissions are about 9-10 Tg from enteric fermentation and 
animal wastes. Other direct or indirect effect such as feed resources, water resources and health contributed significantly to the 
change in production pattern in India`s livestock industry that support more than 70% of rural populace. It is suggested that strong 
and sound policies to be implemented to preserve local indigenous breeds of livestock, improvement of pasture, water resource 
management, research and development would mitigate the monumental consequences of climate change on livestock in India.
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INTRODUCTION
Livestock sectors are critical for the rural economy, 

especially the small and marginal farmers. They not only 
contribute to their income but also their best insurance 
against any natural calamity. Currently, climate change 
represents one of the greatest environmental, social, and 
economic threats facing the planet today. In developing 
countries like India, climate change will have a significant 
impact on the livelihoods and living conditions of the 
poor. It is a particular threat to the attainment of the 
Millennium Development Goals (MDGs) and progress in 
sustainable development.

Evidence from the Inter-Governmental Panel on 
Climate Change (Mertz, 2007) is now overwhelmingly 
convincing that climate change is real, that it will become 
worse, and that the poorest and most vulnerable people 

will be the worst affected. The International Fund for 
Agricultural Development (IFAD) acknowledges climate 
change as one of the factors affecting rural poverty and as 
one of the challenges it needs to address. While climate 
change is a global phenomenon, its negative impacts are 
more severely felt by poor people in developing countries 
who rely heavily on the natural resource base for their 
livelihoods. Rural poor communities rely greatly for their 
survival on agriculture and livestock keeping that which 
are amongst the most climate-sensitive economic sectors 
(Anonymous, 2012).

Livestock sector is socially and economically very 
significant in developing countries like India due to the 
multi-functionality of livestock performing output, input, 
asset and socio-cultural functions. Rapid population 
growth, urbanization and income growth in developing 



countries is fuelling a massive increase in global demand 
for food from animal origin. Driven by the drivers of 
demand, the world agriculture is slated to witness 
livestock revolution in the next 20 years or so (Delgado et 
al., 1999).

Contribution to Food Security
Livestock is an important contributor to the global 

calorie and protein supplies. However, livestock need to 
be managed carefully to maximize this contribution. 
While livestock products are not absolutely essential to 
human diets, but they are valued and they will continue to 
be consumed in increasing amounts. Meat, milk and eggs 
in appropriate amounts are valuable sources of complete 
and easily digestible protein and essential micronutrients 
(Anonymous, 2012). 

Livestock can increase the world's edible protein 
balance by transforming inedible protein found in forage 
into forms that people can digest. On the other hand, 
livestock can also reduce the global edible protein balance 
by consuming large amounts edible protein found in 
cereal grains and soybeans and converting it into small 
amounts of animal protein. 

Access to food derived from livestock is affected by 
income and social customs. Access to livestock as a 
source of income, and hence food, is also unequal. Gender 
dynamics play a part in this inequality, particularly in 
pastor alist and small-scale farming communities, where 
female-headed households tend to have fewer resources 
and consequently own fewer and smaller livestock, and 
within families where the larger and more commercial 

livestock operations are often controlled by men. These 
problems are not unique to livestock, but they are 
prevalent among both producers and consumers of 
livestock products and they demand attention (FAO, 
2006).

However, the current census depicted decrease in 
the category of all livestock except poultry and buffaloes, 
as evidenced by low consumption status of livestock 
products. However, whole rural economy revolves 
around livestock production which contributes 7 per cent 
to GDP and a source of employment and ultimate 
livelihood for 70 per cent in rural areas. Urbanisation 
brought a marked shift in lifestyle of people and food 
habits towards more milk products, meat and eggs with 
resultant increase in demand for livestock.

Besides contributing to the global food security, 
livestock activities have significant impact on virtually all 
aspects of the environment including air and climate 

Species Population*

India World World % Rank in 
the World

Cattle 185.7 1334.5 13.90 Second

Buffaloes 97.7 172.7 56.57 First
Goats 120.0 780.1 15.38 Second
Sheep 62.5 1038.8 6.02 Third
Others 465.7 3326.1 14.00

Table 1: Livestock population in India and the World

FAO estimate (2010)
*Million
Projected growth rate is 1.23 per cent per annum

Years

Category 2007 2012 2015 % Change

Cattle 199075 190904 187,000 -4.10

Buffaloes 105342 108702 110,000 3.19

Sheep 71558 65069 63,000 -9.07

Goats 140537 135173 133,000 -3.82

Camel 517 400 380 -22.63

Donkey 438 319 - -27.17

Poultry 648829 729209 746,900 12.39

Table 2:  Livestock census in India 
(Thousands)

Source: www.faostat.org

Number Item Consumption Status
1 Milk -1178gday -1250gday
2 Meat -1800g yr -111kg yr
3 Eggs -135eggs yr -1180eggs yr

Table 3: Current consumption status of livestock 
products in India

(Per head)

Source: FAO, 2010

Species of ruminant Methane emission
 (MT/animal/year)

Total (%)

Cattle 5.35 53.1
Buffalo 3.93 39.0
Goat 0.47 4.7
Sheep 0.14 1.8
*Others 0.14 1.4

Table 4: Methane emission of livestock in Indian

*Camel, horse, donkey, etc.
Source: Singhal et al. (2005)
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change, land and soil, water and biodiversity. It is reported 
that livestock production accounts for 18 per cent of the 
global Green House Gases (GHGs) emissions including 
methane (CH ) emission from enteric fermentation and 4

manure management, nitrous oxide (N O) emissions from 2

animal manure, and carbon-dioxide (CO ) emissions from 2

land-use change caused by demand for feed grains, 
grazing land and agricultural energy use (Sidahmed, 
2008). 
Impact of Climate Change on Feed Resource

India possess the largest livestock production in the 
world (520.6 million) and account for the largest number 
of cattle (world share 16.1 per cent), buffaloes (57.9 per 
cent), second largest in number of goats (16.7 per cent) 
and third largest in number of sheep (5.7 per cent) in the 
world (FAOSTAT). However, it suffers a great challenge 
in terms of available feed both in green and dry form 
required for increasing the number of its livestock. 

The predicted negative impact of climate change on 
Indian agriculture (Dinar, 1998) would adversely affect 
livestock production in the country and further limit the 
possibility of rearing the animals economically. As a 
result of poor availability of pasture and grazing lands in 
India (only 3.4 per cent of the area in India is under 
permanent pasture and grazing land), animals either 
subsist on poor quality grasses available in the pastures 
and non-pasture lands or are stall-fed, chiefly on crop by-
residues. The feed and fodder deficit in the country is 
already of the order, 22 per cent for dry fodder, 62 per cent 
for green fodder and 64 per cent for concentrates 
(Anonymous, 2012a). These shortages would be further 
aggravated by the adverse effects of climate change on 
agricultural production. 

From the precipitation forecasts, it is not clear 
whether the envisaged increase in precipitation in India 
resulting from climate change would occur in the entire 
length and breadth of the country, since the micro-scale 
modeling of climate systems is not advanced enough to 
make reasonable projections at the local scale. However, 
adverse consequences would be inflicted on livestock in 
regions where high temperatures could be associated with 
decline in rainfall, increased evapo-transpiration or 
increase in the incidence of droughts. 

A drought in 1987, affected over 168 million cattle in 

India, due to decline in feed and fodder availability and 
serious water shortages. In one of the worst draught 
affected state of Gujarat, 18 million cattle out of 34 
million were reported to have died before it rained the 
next year. A 1999-2000 drought in the arid state of 
Rajasthan in the north-western part of the country, which 
is highly drought-prone, affected 34.5 million cattle; in 
the subsequent year about 40 million cattle were affected 
by drought (FAO, 2010). The draught damaged 7.8 
million ha of cropped area in the state and fodder 
availability fell from 144 to 127 million tons. Any 
increase in the frequency and intensity of droughts in the 
arid and semi-arid regions in India would perhaps have 
the greatest impact on the pastoral families, as they have 
to migrate to arable areas to secure their livelihoods. 
Pastoralists' adopt several strategies to cope against 
draught such as selling of livestock and other assets, 
sending of animals to Government run cattle-camps, 
working in scarcity relief programs etc. but a large 
number of them resort to migration.

The effect of Climate change on livestock could be 
either directly or indirectly. The direct effect is in four 
ways:
1. The impact of changes on livestock feed- grain 

availability and price;
2. The impact on livestock pastures and forage crop 

production and quality;
3. Changes in livestock diseases and pests; and
4. The direct effects of weather and extreme events on 

animal health, growth and reproduction (Smith et al., 
2013). The indirect effects of climate-driven changes 
in animal production may result mainly from 
alterations in the nutritional environment. Research 
report indicated that changes in climate to a large 
extent will affect the quality and quantity of forage 
(Topp and Doyle, 1996). The impact of climate 
change may result in the deterioration of pasture 
towards lesser quality subtropical C4 grasses in 
traditional temperate regions as a result of warmer 
temperatures and less frost. However, there may be 
increases in production owing to the increase in CO2 

levels (Campbell et al., 2005).
The effects of climate change such as warmer 

temperatures and rainfall patterns produce a greater 

Years Supply Demand Deficit (% of demand)

Green Dry Green Dry Green Dry

2000 385 428 988 549 61.1 21.9

2005 390 443 1025 569 61.9 22.1

2010 395 451 1061 589 62.8 23.5

2015 401 466 1097 609 63.5 23.6

2020 406 473 1134 630 64.2 24.8

2025 411 488 1170 650 64.9 24.9

Table 5: Demand and supply of livestock in India (Million tonnes)

Source: Draft Report-Tenth V year plan, GOI
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impact of rangeland biodiversity which influence 
livestock production. It is indisputable that grass, legumes 
and shrub composition in rangeland constitute the 
important determinant of livestock productivity. 
However, the climatic change induced interactions of 
humidity; temperatures and rainfall are likely to influence 
the distribution of these on rangelands. Climate change 
impact will be greatest felt in grazing systems, especially 
in the arid and semi-arid tropics, where livestock 
production systems have a tendency of accelerating 
ecological destruction through climatic variability. 
Increase in temperature as well as decrease in rainfall due 
to climatic variability has affected the grasses and 
legumes species on rangelands promoting especially 
unpalatable species reducing livestock productivity. Such 
changes could have enormous consequences on livestock 
production system which is mainly dependent on these 
rangelands through the number of animals that are kept, 
livestock productivity itself and potential loss of animals 
during the dry spells.
Climate Change and Poultry Production

Under the Indian Council of Agriculture Research 
Network Project on Climate Change, the impact of high 
ambient temperature on survivability and performance 

was evaluated. As the ambient temperature reached ≥ 
34°C, the mortality due to heat stress was significantly 
high in heavy meat type chickens (8.4 per cent) as 
compared to light layer type (0.84 per cent) and native 
type (0.32 per cent) chickens. Feed consumption 
decreased from 108.3 g/bird/day at 31.6°C to 68.9 g/ 
bird/day at 37.9°C. The egg production also decreased 
both in broiler (by 7.5 per cent) and layer (by 6.4 per cent) 
breeders as compared to their standard egg production. 
The body temperature increased from 41 to 45°C as the 
shed temperature rose from 28 to 42°C and the critical 
body temperature at which the birds succumbed to death 
was 45°C, which was observed at the shed temperature of 
42°C. Naked neck birds performed significantly better 
than the normal birds with respect to thermo-tolerance, 
growth, feed efficiency and immunity at high 
temperatures.
Impact of Climate Change on Water Resources

Climate change will have far-reaching consequences 
for livestock production, mainly arising from its impact 
on rainfall patterns which later determine the quantity and 
quality of grassland and rangeland productivity. The 
IPCC in 2007 is confident that the overall net impact of 
climate change on water resources and freshwater 
ecosystems will be negative due to diminished quantity 
and quality of available water. In India, climate change 
has already begun impacting on ecosystems, mostly to 
their detriment. Predicted effects of climate change are a 
threat to many water plant species and even some 
ecosystems, as identified by both the Millennium 
Ecosystem Assessment MEA (2005). The availability of 
water resources is strongly related to the amount and 
timing of runoff and rainfall. Droughts are likely to 

become more widespread, while increase in heavy 
rainfall events would produce more flooding (Easterling 
and Aggarwal 2007; Kundzewicz et al., 2007). Water 
quality is important for livestock production, ecosystems 
and other purposes. Increases in temperature, changes in 
rainfall patterns, sea level rise, and extreme events could 
diminish water quality in India.  Increasing heat stress 
will significantly increase water requirements for 
livestock, resulting in overgrazing near water points.  As a 
result it causes land degradation and endangers 
biodiversity. Climate change and variability have the 
potential to impact negatively on water availability and 
access to and demand for water in most countries (Mertz, 
2007). Climate change can often exacerbate water 
problems for instance where climate change has led to 
overgrazing in some areas which then suffer rapid runoff 
and flooding. Frequent droughts might be a cause of 
concern in terms of disease and parasites distribution and 
transmission, apart from the physical losses of livestock. 
Access to water for livestock production is predicted to 
become more challenging with the continued onset of 
climate change. 
Impact of Climate Change on Livestock Health

It has been known that climatic variations can 
influence livestock health, particularly through changes 
in temperature and precipitation, as well as extreme 
weather events (Skuce et al., 2013). Expression of many 
livestock diseases and parasitic infestation are known to 
be climate dependent causing devastating illness and loss 
of body condition resulting in reduced animal 
performance. Livestock health may be affected by climate 
change in four ways:
1. Heat-related diseases and stress,
2. Extreme weather events,
3. Adaptation of animal production systems to new 

environments, and
4. Emergence or re-emergence of infectious diseases, 

especially vector-borne diseases critically dependent 
on environmental and climatic conditions (Forman, 
et al., 2008)
Environmental changes are likely to influence 

changes in disease epidemiology, however, their effects 
may be difficult to predict, posing challenges on 
conventional disease control methods. Several examples 
illustrate how variations in climate in the form of floods, 
droughts, and other extreme weather events influence the 
range and transmission dynamics of infectious diseases, 
and therefore suggest potential effects of climate change 
(Institute of Medicine US, 2008).

Climate change could indirectly affect livestock 
production by influencing the emergence and distribution 
of livestock disease and parasites, exacerbating the 
frequency and distribution of adverse weather conditions 
(Watson, 2008). Bacterial, viral disease and parasitic 
infestation will be greatly influenced by changes in rise in 
temperature and humidity. Disease challenges have 
already indicated that they are a major constraint to the 
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improvement of the livestock industry in the tropics 
(Davendra, 2004).
Overall Implications of Climate Change on Indian 
Agriculture

According to the World Bank report on climate 
impact, the consequences for South Asia of a warming 
climate are even worse if global temperatures increased 
by an average of 4°C by 2090. In this scenario, seen as 
likely unless action is taken now to limit carbon 
emissions, South Asia would suffer more extreme 
droughts and floods, rising sea levels, melting glaciers, 
and declines in food production. In India, for example, an 
extreme wet monsoon that currently has a chance of 
occurring only once in 100 years is projected to occur 
every 10 years by the end of the century. 
Possible Impacts of Climate Change in India
1. An extreme wet monsoon that currently has a chance 

of occurring only once in 100 years is projected to 
occur every 10 years by the end of the century.

2. Kolkata and Mumbai are 'potential impact hotspots' 
threatened by extreme river floods, more intense 
tropical cyclones, rising sea levels and very high 
temperatures.

3. Some 63 million people may no longer be able to 
meet their caloric demand.

4. Decreasing food availability can also lead to 
significant health problems.

5. Cereal productivity to decrease by 10-40 per cent by 
2100.

o6. Greater loss expected in rabi season. Every 1 C 
increase in temperature reduces wheat production by 
4-5 million tons. Loss only 1-2 million tons if farmers 
could plant in time.

7. Increased droughts and floods are likely to increase 
production variability

8. Increased water, shelter, and energy requirement for 
livestock; implications for milk production.

9. Increasing sea and river water temperatures are likely 
to affect fish breeding, migration, and harvests. Coral 
reefs start declining from 2030.

10. Considerable effect on microbes, pathogens, and 
insects (World Bank, 2008).

Strategies to Mitigate the Effect of Climate Change on 
Livestock in India

Livestock production is one of the core sectors which 
play an important role in food security. With this in mind, 
it is crucial to mitigate possible impacts of climate 
variability on livestock production if challenges of food 
insecurity are to be addressed. As the adverse impacts of 
climate change become more frequent and severe, 
livestock producers need to be equipped to deal with 
climatic variability with the objective of sustaining 
livestock production.  

One of the feasible options of adapting to climate 
change effects in livestock production is promoting local 

Indigenous Livestock Utilization as a Mitigation 
Strategy

indigenous livestock species. Indigenous livestock 
species represent a genetic resource which is resilient to 
climate variability and should not only be conserved for 
future use but also utilized as a potential tool to mitigate 
against climate change effects. Therefore it is imperative 
that improvements, characterization and conservation of 
indigenous livestock genetic resources become essential.  
1. Mapping of risk prone areas: This is necessary for 

formulation of policies use of modern tools.
2. Fodder banks: Feed and fodder policy is needed 

drought and flood.
3. Complete feed units: Fodder processing unit attached 

to fodder bank value addition.
4.  Human intervention: For physical modification of 

the environment and improvement in nutritional 
management.

5. Reduction of methane emission: Nutritional 
technologies.

6. Silvi-pasture development: to develop the village 
common lands into silvi-pasture,

7. Urgent action is needed to build resilience through 
climate-smart agriculture, flood defenses, drought 
and heat resistant crops, improved ground water 
management, better coastal infrastructure, and 
human health, the report says.

CONCLUSIONS
Climate change is seen as a major threat to the 

survival of many species, ecosystems and the 
sustainability of livestock production systems in India 
and many parts of the world. Climate change has the 
potential to be an increasingly formidable challenge to the 
development of the livestock sector. Responding to the 
challenge of climate change requires formulation of 
appropriate adaptation and mitigation options for the 
sector. Therefore, particular attention should be given to 
identification and use of native pasture plants and forage 
shrubs for use in degraded environments as a result of 
climatic variability. Matching feed resources to livestock 
requirement in adverse condition will be a grave task. 
Promoting adapted pasture species will play a major role 
in reducing vulnerability of feed resources to climate 
change. This improves preparedness for harsh climate 
induced conditions on livestock production itself and thus 
substantially raising survival rates and livestock 
performance due to availability of feed resources. 
Research prioritization should be guided by demands 
from livestock farmers to curb the negative effects of 
climate change to sustain animal production in order to 
enhance food security. Research institutions should start 
producing forage varieties that are well adapted to 
stressful environmental conditions; new approaches such 
as marker assisted selection on forages could be exploited 
to produce grasses and legumes varieties which can 
sustainably support livestock production in the predicted 
uncertainties of climatic variability.
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ABSTRACT
Non-Timber Forest Products (NTFPs) are significant outcome of forest products and these are harvested by tribes for their 
livelihood needs. Some of the NTFPs are fruits, seeds, medicinal and aromatic plants, resins, honey, gum, bamboos and canes. 
NTFP is extracted from natural forests and mix of forest-based agricultural fields. NTFP product has both rural and urban market 
linkages. The collectors faced problems in marketing of NTFPs because of underdeveloped markets. Management of NTFPs means 
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NTFPs in rural livelihoods are key for any development policy to respond to the needs of local people. A review of the NTFP 
management suggests that asynchronous networking via modern technologies would be a better option for both livelihood and 
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INTRODUCTION
As the political economy of forest resources changes 

globally, Non-Timber Forest products (NTFPs) are 
increasingly argued as having high value in the tropical 
region (Mahapatra and Tewari 2005; Godoy et al., 1993). 
It is only in recent decades that the status of NTFPs has 
improved due to the realisation that they contribute 
substantially to the rural economy. The challenge for 
forest managers is to combine conservation of forest 
functions (biodiversity, watershed protection, erosion 
control, carbon storage) with improved livelihoods of 
local people (Ros-Tonen et al., 1995). The management 
of NTFP production and harvesting cannot be seen 
separately from other forest uses. In general it is a part of a 
total livelihood strategy and combined with agricultural 
or other economic activities. The role of NTFP production 
and harvesting in conservation is based on the assumption 
that the collection of fruits or tapping latex is less 
damaging than felling trees. NTFP were therefore 
considered as a low impact forest use compatible with 

forest conservation. On the other hand NTFP constitute an 
important component of many subsistence farming 
systems (Hartog and Wiersum, 2000). The FAO estimated 
that 80 per cent of the population of developing countries 
use NTFP to meet their needs in health and nutrition 
(FAO, 1997).

Historically, NTFPs have contributed towards rural 
livelihoods in both subsistence and commercial uses such 
as food, medicine, energy and so on. Millions of people 
worldwide depend on the harvest of non-timber forest 
products (NTFP) for their livelihoods. India's forests are 
rich with vast natural resources, including NTFPs such as, 
fruits, seeds, medicinal and aromatic plants, resins, 
honey, gum, bamboos, and canes. More than 3000 plant 
species produce commercially useful NTFPs. This 
indicates that forests provide rural communities with both 
subsistence and cash income. In an Indian context, more 
than 100 million people who stay within or around forest 
areas greatly rely on the gathering and trading of NTFPs 
(Rasul et al., 2008; Bhat et al., 2003; Sinha and Bawa 



2002). Understanding the significance of NTFPs in rural 
livelihoods is key for any development policy to respond 
to the needs of local people. Many development agents 
and organisations promote NTFPs as they consider them 
to be a method through which to achieve sustainable 
livelihoods. While measuring the depth of the relationship 
between people and forest produce, Byron and Arnold 
(1999) find that people prefer to generate much of their 
livelihoods from forests because it is a viable option; 
however for many, forest dependency is often a last 
livelihood resort. The majority of NTFPs for the purposes 
of, for example fuel, diet, medicine, forage and fibre are 
used by collectors and their family members while some 
may also be produced for sale or barter (Arnold et al., 
2001; Davidson-Hunt et al., 2001; Hegde and Enters 
2000; Sunderlin et al., 2005). In fact, the World Bank 
(2000) finds that one out of four of the world's poor rely 
directly or indirectly on forests for their livelihoods
Commercialization of non-timber forest products 
(NTFPs) has been promoted by researchers, 
conservationand development organizations, and more 
recently, by governments, as a means to achieve rural 
livelihood improvement in an environmentally sound 
way.

NTFPs used for subsistence purposes include 
medicinal herbs, food and nutrition such as fruits, honey 
and leaves for making plates and vines for making ropes. 
All of these in addition offer income opportunities 
particularly to the poorest households (Springate 
Baginski et al., 2007). In the Indian context, findings 
show that NTFPs have a quite similar subsistence use 
(Das, 2005; Mitchell et al., 2003; Reddy, 1999; 
Appasamy, 1993). Arnold et al. (1998) and Byron and 
Arnold (1999) confirm this study by stating that people in 
the rural households use the forest for food to complement 
and supplement agriculture. A macro level study in the 
Indian context reveals that India possesses a rich bounty 
of NTFPs in its 64 million hectares of state-managed 
forests. More than 50 per cent of forest revenues and 70 
per cent of forest export income comes from NTFPs. 
Moreover, State governments in India earn roughly ̀ 2000 
million per annum from NTFPs relating to trade, 
royalties, fees, fines, profits, licenses and sales (Mitchell 
et al., 2003). 

Many households make some part of their living from 
these NTFPs, but the producers are at a disadvantage, 
with unstable markets, poor infrastructure and market 
access, and low bargaining power. In these situations, 
forestry (including NTFP harvesting) is often the default 
option. Where the market is sufficiently attractive, the 
product sufficiently valuable, and land/resource tenure 
secure, people invest in managing NTFPs. The potential 
for NTFP commercialization to be effective as a tool for 
biodiversity conservation is limited. The main responses 
to increased market demand for NTFP are inimical to 
biodiversity conservation in many situations. Although 
being potentially beneficial for local livelihood at the 

. 

short term, this commercial extraction of NTFP is not 
always sustainable. Ample evidence of over-harvesting of 
NTFP is given by numerous examples in literature. Even 
in the beginning of NTFP research over-harvesting of 
NTFP resources like rattan was reported (de Beer and 
McDermott, 1989). Ros-Tonen (1999) concludes that the 
larger the market for a NTFP, the higher becomes its value 
and the greater the danger of overexploitation. Only 
products which can be harvested without killing the 
individual plant or animal, which are abundant, or which 
regenerate easily offer good prospects for sustainable 
management. Examples of NTFP with a potential for 
sustainable production and harvesting are Brazil nut 
(Bertholletiaexcelsa) in Brazil and Bolivia (Assies, 1997) 
and palm heart from multistemmed species like 
Euterpeoleracea in Guyana.
Management of NTFPs 

Management needs to consider both the conservation 
of forest functions on the long term and the quality of local 
livelihood. There are some promising management 
options. Such systems may meet the economic needs of 
local people (income diversification, risk spreading, 
efficient labour, and land use) with relatively good 
biodiversity impacts. The contribution of NTFPs to 
improved livelihoods can best be assured through as a 
process of gradual domestication of NTFPs in human-
modified (agro) forest types. Byron and Arnold (1999) 
proposed a typology of people-forest relationships that 
does justice to the varied dependencies on forest 
resources. Three categories of forest conditions and 
people's dependence on forest resources are:
1) NTFP extraction from natural forests - Relatively 
undisturbed forest areas, where hunting, gathering and 
fishing is still substantial sources of livelihood for forest-
dwelling people.In these regions, the predominantly 
indigenous populations live by practising slash-and-burn 
subsistence agriculture, extracting forest products, 
hunting and fishing. People in these areas have an 
extensive knowledge of the forest and the potential uses 
of forest species.

The income-generating capacity of NTFP extraction 
in natural forests is restricted due to the often low 
densities at which the NTFP-producing species occur and 
their irregular distribution (Boot, 1997 and Van Dijk, 
1999). As a result, extraction is mostly a part-time, 
seasonal  and subs is tence-or iented  ac t iv i ty,  
complementary to farming, mining or logging. 
2) NTFP exploitation in anthropogenic forest land-
use-Areas where natural forests have been partly replaced 
with anthropogenic vegetation types and where people 
make a living from a mix of forest-based and agricultural 
economic activities.

Numerous interventions can be applied in various 
intensities and at different level. At the species level one 
has to consider yield raising methods and techniques such 
as semi-natural selection or domestication of the specific 
species. At the system level not a single species but also 
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the surrounding ecosystem is adapted to the production 
and harvesting of a specific species. Farming or 
plantations are considered the most intensive 
management systems. Increased harvesting of wild 
NTFPs often leads to overexploitation at the species level. 
Intensified management to increase production is likely to 
have negative biodiversity consequences at the plot level. 
Intermediate intensity systems can have a relatively high 
biodiversity compared to monoculture plantations and 
intensive agriculture. Analogue Forestry is a system of 
complex agro-forestry that encourages farmers to mimic 
the structure and ecological functions of the local natural 
forest ecosystem using species that provide them with a 
range of products for personal consumption or sale in the 
marketplace. Farmers benefit from the diversity of 
products that they harvest while also restoring the natural 
environment and supporting key ecological processes like 
soil retention and water purification (Senanayake and 
Jack, 1998). Such systems seem promising and are in 
needs of more scientific attention to fully investigate their 
potential contribution to sustainable forest management, 
conservation of natural resources and improvement of 
local livelihood. Domestication of NTFP in a complex of 
anthropogenic land-use types not only involves a gradual 
selection of species and modification of the natural forest 
habitat but also a gradual strengthening of social 
institutions regarding the production of NTFPs. 
3) NTFP use from a livelihood perspective - Forest 
areas of either type where the rural-urban interface or 
links with outside market predominate people's 
livelihood strategies. 

Various socio-economic conditions affect the role 
that NTFPs play in people's livelihoods, such as the 
availability of alternative employment opportunities, 
access to markets, the availability of products with 
established markets, agricultural development, and the 
degree of linkages with urban areas and the importance of 
labour migration. The importance of such conditions 
indicates that when considering the options for NTFP 
development from a socio-economic perspective, 
attention needs to be given to the fact that the previously 
remote forest areas are increasingly becoming 
incorporated into external social, economic and policy 
networks. A relatively secure food supply from forest and 
farming land and a social network which they can fall 
back on in times of economic hardships provides them 
with tranquillity and peace of mind, while the markets, 
income-generating opportunities, educational and health 
facilities and development agencies in nearby regional 
towns compensate for the constraints on development and 
economic suffering associated with forest life in more 
isolated areas.
NTFP - New Market Opportunities

NTFP are a rapidly growing market sector with a total 
value in world trade of US$1,100 million (Elevitch and 
Wilkinson, 2000). In some cases the value of NTFP trade 
is higher than that generated by commercial timber 

exploitation (CERUT, 1999). The focus on developing 
market outlets for NTFPs needs to be kept in balance with 
consideration of the huge and usually very important 
continuing use of NTFPs to meet subsistence needs. 
Forest product certification seeks to link trade in forest 
products to the sustainable management of forest 
resources, and is therefore an important marketing tool for 
management to consider. Certified products enter 
different markets with other opportunities compared to 
the traditional, non-certified, trade markets. The three 
main certification schemes, Forest Stewardship Council 
(FSC, Sustainable Forest Management), International 
Federation of Organic Agricultural Movements (IFOAM, 
biological control) and Fair trade Labelling Organisation 
(FLO, Fair Trade), are still highly inconsistent and 
urgently need closer co-operation. Some specialized 
products, like shade coffee and chicle in Mexico and palm 
heart in Brazil, have already been certified by different 
certification schemes. Collection of leaves from 
Diospyros species used as tobacco alternative by means of 
beedi rolling has been one of the largest operations of 
NTFP collection in many states of India. NTFPs have 
attracted considerable global attention in recent years due 
to increase in recognition of their contribution to 
household economies and food security. Forest-based 
small-scale enterprise represents an opportunity for 
employment for rural, tribal and marginalized groups 
which are based mainly upon the collection and 
processing of NTFP.

NTFP collectors' forms an important stratum of the 
value-chain pyramid and this forest gatherer community 
who rely on NTFPs for their livelihood are often poorly 
organized. Sometimes they have great difficulty in selling 
NTFPs even at local markets. It requires marketing 
sophistication and an institutional and administrative 
infrastructure that is far beyond their reach. Most NTFPs 
are by-products or end-products such as seeds, fruits and 
leaves which will go waste if not collected at the 
appropriate time. By promoting collection by gatherers 
we not only assure their income, but also allow proper 
utilization of NTFPs.
Value Chain of NTFP: Tribes/ collectors, traders, 
industry and consumers exist like this.

Recently, the Central Government had announced the 
constitution of minimum support price (MSP) 
commission for forest produce to fix assured price to 
tribals, which is a welcome move. This is similar to MSP 
for agricultural produce. In order to establish long-term 
market linkages, aggressive buying of NTFPs by state 
agencies, cooperative agencies, NGOs, Girijan 
cooperatives or producer companies is recommended. 
But government agencies should have sufficient 
mechanisms to dispose the collected NTFPs; otherwise it 
might lead to wastage. In this case, the government can 
consider collaboration with socially committed private 
sectors. While price-level interventions as a welfare 
measure seem to be a workable option, enforcement of 
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Flow Chart 1: Value chain of NTFP

such interventions may remain an issue. On the other 
hand, promotion and strengthening of producer 
companies and collectors' cooperatives can augment the 
opportunities for local value addition by the community. 
Further, production of non-edible oils and primary 
extraction of dye-yielding species by the producer 
companies/collectors' cooperatives, offer ample 
opportunities to enhance the economic returns to them. 

There are several producer companies and 
cooperative federations that are supporting organized 
NTFP trading. Some examples include Uttarakhand 
Forest Development Corporation, Chhattisgarh Minor 
Forest Produce (T&D) Federation (CGMFPFED), 
Madhya Pradesh Minor Forest Produce (T&D) 
Federation, Girijan Cooperative Corporation, AP and 
Gram Mooligai Company Ltd, Tamil Nadu. CGMFPFED 
has a scheme to share 80 per cent of profit from NTFP 
trading as incentive wages to collectors of tendu leaves, 
15 per cent for collection, sale and the warehousing and 
the remaining 5 per cent for temporary reimbursement of 
costs to Societies. CGMFPFED has nationalized certain 
NTFP for organized trading. Organized trading has led to 
proper payment of collection prices to the herb collectors 
and sustainable harvesting from forest areas. However, 
while deciding the price for NTFP, the policy makers need 
to evolve the basis for arriving at a 'fair price'. This should 

ideally be based on specific species-wise studies 
conducted on the cost incurred in sustainable scientific 
collection. Under the Biological Diversity Act 2002, 
India, it is required to ensure prudent and sustainable 
utilization of the bio resources. 

The need of the hour is to work on the improvement in 
collection practices in line with the Standards for Good 
Field Collection Practices (GFCP) as stipulated by the 
Quality Council of India (http://www.qcin.org). This 
process must be followed by assessment of cost involved 
in practising the same. A suitable margin can then be 
added to the cost incurred for arriving at the fair price. 
Role of stakeholders in supporting livelihood options 
of NTFP gatherers 

Educating NTFP gatherers is a priority issue. 
Ignorance of gatherers about plant biology and selective 
harvesting might lead to over-exploitation. For example, 
collection of immature plant parts might lead to reduction 
in quality of raw material and subsequently its wastage. 
Similarly, quality of raw material reduces due to 
collection and accidental mixing of foreign material along 
with the material of interest, i.e., 20–50 per cent loss can 
occur due to presence of soil, sand, mud, foreign material 
and excess moisture. One of the factors is the lack of 
knowledge in collection practices and timing of 
harvesting. These issues can be sorted out through 
periodic training programmes. Proper training on 
scientific methods of collection can be imparted by 
stakeholders. Such awareness programmes not only 
improve the quality of raw material, but enhance the 
income of herb collectors. Premium is paid for good 
quality material by the end-users. Certain remedial 
measures have been proposed that effectively equip 
NTFP gatherers with sustainable source of livelihood. 
This is the responsibility of the society, industries, 
government agencies and other stakeholders. Providing 
insurance facility to the herb collectors is one such option. 
Sometimes, the gatherers' families depend on a single 
source of income. Providing insurance can protect the rest 
of the dependents. This is similar to the farm insurance for 
agricultural farmers. Proper identity cards may be issued 
to enable them to carry the collected herbs. This can be 
implemented in collaboration with local NGOs with 
financial help from government agencies and other 
developmental funds. It is also essential to arrange regular 
workshops/awareness programmes on good harvesting 
practices. 

The National Medicinal Plant Board (NMPB) in 
collaboration with WHO published a document on good 
field collection practices for Indian medicinal plants. 
While preparing awareness programmes, one needs to 
consider the above guidelines for popularizing the best 
harvest practices. Relevant traders or industries can also 
organize the same. Currently, NMPB has provision for 
financial assistance to organize awareness programmes 
under the National Mission on Medicinal Plants. Safety 
protection gears may also be supplied to them to avoid 
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minor accidents. There are some incidents when herb 
collectors, especially women are encountered with risky 
job of climbing trees, as well as snake and scorpion bites. 
Frequent health check-up programmes for their families 
are necessary to minimize occupational health diseases. 
Responsible society leaders can volunteer such 
programmes. One such noteworthy example is that of 
Dabur's initiative and its impact on the living standards of 
local people in Nepal. The company evolved a model for 
sustainable collection coupled with concurrent 
plantations of Himalayan Yew leaves from the Nepal 
Himalaya region. An independent study established that 
the initiative could help the communities in improving the 
quality of life due to an enhanced income (Susan Howard, 
personal commun). Since NTFP collectors' living 
standards are poor, a common, shared drying yard can be 
provided for drying the herbs. Further, arranging the 
nearest collection/distribution points can reduce the time 
and money spent on transportation. Having the facility of 
distribution points is ideal if the material is of perishable 
nature, for quick transportation. Benefits of value 
addition can be translated to NTFP collectors. Creating 
value in the existing value chain by scientific and 
technical intervention can benefit NTFP collectors. 

Value addition at the grassroots level, for example, 
primary processing of herbs such as cleaning, drying and 
sorting at the level of collection is important both in terms 
of quality and value addition. Value addition to 'spent 
material' or processed NTFP is another important area. 
Spent material is generally discarded without realizing its 
potential. In addition to technical contribution product 
value can be enhanced by understanding and complying 
with regulatory requirements of major world markets. 
Such value enhancement to value chain will empower all 
actors of the supply chain pyramid such as primary 
producers, traders, industry and consumers. Benefits thus 
obtained will get translated to herb collectors who are at 
the bottom of the pyramid. However there is little effort in 
the area of identification of the value chain, and value 
creation at various levels by industry stakeholders. 
Therefore, it is a collective responsibility of all 
stakeholders, including government agencies to support 
livelihood options of NTFP gatherers. As long as the 
bottom of the pyramid is supported, enriched and 
equipped, rest of the strata can sustain for a long time. 

The Nilgiri Biosphere Reserve (NBR) in southern 
India is a region known for its floral and faunal diversity, 
as well as an area with increasing human pressure. 
Keystone foundation is a Non-Government Organization 
(1993) working in the Nilgiri Biosphere Reserve with 
indigenous communities on eco-development initiatives. 
Fifty to 75 per cent of the households in rural areas gather 
a diversity of forest products. Dominant NTFPs 
contributed 25-60 per cent of the average annual per 
capita household income from NFTPs. The mean annual 
per capita household income from NTFPs ranges between 
`134 and `4955. The mean annual income per hectare 

ranges from `93 in the mountain zone to `3780 in the 
moist deciduous. NTFPs contribute 15 -50 per cent of the 
annual per capita income of rural households. Ethnicity 
plays an important role in the collection of NTFPs and 
ethnic tribes derive a large proportion of their annual per 
capita income from NTFPs. Social and cooperative 
initiative at all levels and at various stages viz., in the 
collection, processing or value addition and marketing 
areas will work positively in the management of NTFPs.
·Value addition of NTFPs through the use of simple 

technologies has meant the cooperatives can sell 
processed NTFPs at higher prices than in their raw 
state. This in turn has meant increased incomes for the 
NTFP collectors. As a result of the value addition 
activities - family incomes might increase by 30-50 
per cent. 

·The cooperatives promoted are able to facilitate the 
aggregation of NTFPs gathered by primary 
collectors. This aggregation means they can sell to 
higher level markets, achieving better prices. 

·The apex cooperatives were buying NTFP products 
from the cooperatives and selling them at exhibitions 
and through their own retail outlets at district level.

·Target communities have increased understanding 
about the opportunities and challenges related to the 
marketing of NTFPs. 

·Cooperatives have been able to access working 
capital and markets through links with the District 
Supply and Marketing Society, enhancing their long 
term sustainability. 

·There has been increase in protection and 
conservation of forest through the promotion and 
revival of village forest protection groups. 

CONCLUSIONS
NTFPs are important forest products and tribes are 

the people who harvest them. Tribes are often 
marginalized because of underdeveloped NTFP markets. 
Social networks could help bridge the divide by 
organizing cooperative efforts such as volunteer 
monitoring. A review of the literature and subsequent 
discussion suggests that a synchronous networking via 
modern technologies may be the best approach. At the 
same time, refinement and adoption of forest farming 
practices could compliment efforts to improve the 
formality and function of NTFP management, markets 
and networking. The consistency of formalized farming 
systems could improve system transparency and increase 
credibility. Benefits are also possible via systematic 
NTFP inventory and tracking procedures. Although 
complex and surely challenging to develop and 
administer, such procedures could provide a stepping 
stone for enhancing NTFP management and market.
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Statistical Modeling and Forecasting of Food Grain in Effects on 
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ABSTRACT
This study made an attempt to forecast and best fitted trend of Public Distribution System in India by using Box and Jenkins 
methodology of univariate Auto Regressive Integrated Moving Average (ARIMA) model. For empirical analysis a set of rice, wheat 
and total food grains for procurement, off take and stocks in PDS were considered for analysis with available annual data from 
1972- 2013 and forecasted values were estimated for 2017. The validity of the model were verified based on minimum value of AIC 
(Akaike Information Criterion), SBC (Schwarz's Bayesian Information Criterion), MAPE (Mean Absolute Percentage Error), 

2maximum R  etc. The work give a clear and complete view of Public Distribution System which takes a vital role in Food Security. 
ARIMA(2,1,1), ARIMA(1,1,2) and ARIMA(0,1,1) were found the best fitted models of total food grains for all three parameters. 
Predicted values of total food grains were observed 64.14, 58.24, 45.96 million tonnes in the period 2017 for all three parameters 
such as procurement, off-take, and stocks respectively.
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INTRODUCTION
The Government, via the Food Corporation of India 

(FCI), procures and stocks food grains which are released 
every month for distribution through the PDS network 
across the country. The PDS has been criticized for its 
urban bias and its failure to serve the poorer sections of the 
population effectively. The system of procurement is also 
used by the Government of India to provide minimum 
support prices to the farmers so as to stabilize farm output 
and income. 

The procurement for rice under PDS was 31.31 
million tonnes in 2013 as compare to 34.04 million tonnes 
in 2012 which was declined by 8.0 per cent, the 
procurement for total food grains also declined by 21.8 
per cent during 2013 over the period 2012. Khera (2011) 
studied that the PDS affects the composition (away from 
more nutritious 'coarse cereals'), rather than level, of 
cereal consumption. Sharma (2012) studied on trend 

analysis of food subsidy in India. In his study the stocks 
started depleting and reached a level of 12.6 million 
tonnes against a minimum norm of 16.2 million tonnes on 
October 1, 2006, which forced India to import about 5.5 
million tonnes of wheat during 2006-07 and 1.8 million 
tonnes during 2007-08, at a price much higher than 
domestic prices. By considering the above facts the 
present investigation is planned to study the trends of 
public distribution system parameter using ARIMA 
model and evaluate statistical description with suitable 
analysis. Future forecast is also considered as a main 
objective after finding the best fitted ARIMA models. 
Forecast would be obtained based on early indicators. The 
residuals from the model have been used to detect the 
hidden periodicity by the spectral density function.
MATERIALS AND METHODS

Time series data on rice, wheat and total food grains 
in Public Distribution System were collected over the 



period of 1972-1973 to 2012-2013. All the secondary data 
are collected from Ministry of Food, Consumer Affairs 
and Public Distribution, Government of India.

Descriptive statistics is the term given to the analysis 
of data that helps describe, show or summarize data in a 
meaningful way. Descriptive statistics are very important 
because if we simply presented our raw data it would be 
hard to visualize what the data was showing, especially if 
there was a lot of it. Statistical measures used to describe 
the above series areminimum, maximum, average, 
standard error, skewness, kurtosis, simple growth rate. 
Simple growth rates have been calculated using the 
formula,

 

Where, Where X  and X  are the value of last year and first p 0

year in the series; n is the no of observations. (Dekhale et 
al., 2014). For detecting outlier in time series, Grubbs test 
was used in the present scenario as the test is particularly 
useful in case of large sample and easy to follow. (Dasyam 
et al., 2015). Trend analysis uses a technique called least 
squares to fit a trend line to a set of time series data and 
then project the line into the future for a forecast.  Trend 
analysis is a special case of regression analysis where the 
dependent variable is the variable to be forecasted and the 
independent variable is time. While moving average 
model limits the forecast to one period in the future, trend 
analysis is a technique for making forecasts further than 
one period into the future.

ARIMA Model is one of the most successful time 
series forecasting techniques, termed as Box-Jenkins 
model which is most commonly used as linear statistical 
model (Prity et al., 2014). According to Box-Jenkins 
(1976), a non-seasonal ARIMA model denoted by 
ARIMA (p,d,q). This model is a combination of Auto 
Regressive (AR) and Moving Average (MA) with an 
order of integration or differencing (d), where p is order of 
auto correlation and q is order of moving average 
(Gujarati, 2003). Box and Jenkins (1976) ARIMA 
methodology consist these four steps that is, model 
identification, model estimation, diagnostic checking and 
forecasts respectively (Sankar, 2011).

Identification: Model identification by ARIMA (p, d, 
q) is based on the concepts of time-domain analysis that 
is, autocorrelation function (ACF), partial autocorrelation 
function (PACF). 
Estimation: Having identified the appropriate p and q 
value, the next stage is to estimate the parameter of the 
autoregressive and moving average terms included in the 
model. Standard computer packages like SAS, SPSS etc., 
are available to estimate relevant parameters using 
iterative procedure. 
Diagnostic checking: The estimated model must be 
checked to verify if it adequately represents the series or 
not. For evaluating the adequacy of ARIMA process, 
various reliability statistics are there. Different 
researchers mentioned different criteria for selection of 

model. There are not any hard and fast rules for selection 
of appropriate model in the time series studies. Here, 
model with minimum values MAPE, AIC, SBC and high 

2R  values are considered as an appropriate model for 
forecasting (Shafaqat, 2012).
AIC = 2k – 2ln (L) SBC = -2ln (L) + k ln (n)
(Where k is the no of parameter in the statistical model 
and L is the maximum value of the likelihood function for 
the estimated model)

RESULT AND DISCUSSION
In this study, nine set of data were used to examine the 

forecasting ability of ARIMA model and other statistical 
study. The univariate data points of rice, wheat and total 
food grain for all three parameters i.e. procurement, off 
take and stocks were investigated to verify per se 
performance and existence of outlier by computing 
Descriptive statistics and Grubbs method respectively. 
From Table 1, it was clearly observed that all series under 
consideration having no outliers were found. Total food 
grains under procurement have varied between 5.75 
million tonnes to 72.19 million tonnes with an average of 
72.42, registering a simple growth rate of almost 15 per 
cent per annum. So for about the rice, the skewness (0.71, 
0.81) for both parameter procurement and off take are 
positive and kurtosis (-0.80, -0.81) are negative which 
indicates that there has been increasing order during early 
half of the study period and it's remain steady for a long 
time. On the other hand about rice the skewness (1.07) and 
kurtosis (0.53) both are positive in nature for the 
parameter stocks indicates that has been increased during 
early half of study period could not be sustained for longer 
period.

From Table 2, parametric trend models were 
examined for path of movement of the series from 
knowing the above per se performance. The competitive 
parametric models were fitted on basis of maximum adj. 

2R  along with significance of coefficient. Among the 
competitive parametric models, cubic model are found 
best fitted model for all the cases which indicating that 
path of movement of the series was uniform.
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Descriptive Statistics Procurement Offtake Stocks

Rice Wheat Total Rice Wheat Total Rice Wheat Total
Mean 15.29 12.13 27.42 13.42 12.32 25.74 13.04 8.63 21.89
Standard Error 1.56 1.18 2.65 1.43 1.03 2.40 1.33 1.00 2.23
Standard Deviation 10.11 7.64 17.16 9.28 6.68 15.58 8.61 6.48 14.45
Sample Variance 102.30 58.43 294.42 86.10 44.65 242.67 74.07 42.03 208.73
Kurtosis -0.80 2.17 0.02 -0.81 0.59 -0.33 0.53 0.49 0.47
Skewness 0.71 1.45 0.95 0.81 1.30 0.98 1.07 1.07 1.12
Minimum 2.71 1.96 5.75 3.00 5.53 9.59 1.64 0.72 2.60
Maximum 35.04 38.15 72.19 32.64 30.14 62.78 35.47 26.04 59.76
SGR% 0.25 0.10 0.15 0.16 0.07 0.10 0.42 0.57 0.43
No of outlier Zero Zero Zero Zero Zero Zero Zero Zero Zero

Table 1: Per se performance of procurement, off take, stocks in PDS

Model summary Parameter estimates
2R 2Adj R F Sig Constant b1 b2 b3

Procurement (Million tonnes)
Linear 0.86 0.85 238.45 0.00 1974.36 0.93
Quadratic 0.95 0.94 335.25 0.00 1963.32 2.15 -1.26
Cubic 0.95 0.95 238.91 0.00 1959.01 2.89 -2.99 1.03
Logarithmic 0.94 0.94 638.25 0.00 1934.07 0.97
Compound 0.86 0.85 235.78 0.00 1974.42 2.52
Growth 0.86 0.85 235.78 0.00 7.59 0.93
Exponential 0.86 0.85 235.78 0.00 1974.42 0.93

Offtake (Million tonnes)
Linear 0.80 0.79 157.06 0.00 1974.41 0.89
Quadratic 0.89 0.88 154.78 0.00 1959.34 2.47
Cubic 0.91 0.91 132.83 0.00 1944.25 4.82 -6.99 3.11
Logarithmic 0.90 0.89 343.28 0.00 1929.87 0.95
Compound 0.80 0.79 155.63 0.00 1974.47 2.44
Growth 0.80 0.79 155.63 0.00 7.59 0.89
Exponential 0.80 0.79 155.63 0.00 1974.47 0.89

Stocks (Million tonnes)
Linear 0.58 0.57 54.36 0.00 1978.40 0.76
Quadratic 0.62 0.60 31.86 0.00 1971.08 1.59 -0.86
Cubic 0.62 0.59 20.84 0.00 1969.50 1.91 -1.72 0.56
Logarithmic 0.60 0.59 60.20 0.00 1954.62 0.78
Compound 0.58 0.56 54.14 0.00 1978.42 2.14
Growth 0.58 0.56 54.14 0.00 7.59 0.76
Exponential 0.58 0.56 54.14 0.00 1978.42 0.76

Table 2: Trend model of procurement, off take, stocks in PDS
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Dickey-Fuller test Procurement Offtake Stocks

Rice Wheat Total Rice Wheat Total Rice Wheat Total

Tau (Observed value) -1.4523 -1.0436 -1.3333 -1.7108 -3.3313 -2.3551 -3.4523 -1.1290 -1.1468

Tau (Critical value) -0.6249 -0.6249 -0.6249 -0.6249 -0.6249 -0.6249 -0.6249 -0.6249 -0.6249

p-value (one-tailed) 0.8014 0.6139 0.8347 0.7075 0.0697 0.3817 0.0642 0.6114 0.7109

alpha 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05

Table 3: Augmented dickey fuller (ADF) test statistics

Forecasting model are developed using ARIMA 
model. So before developing ARIMA model each and 
every series is checked for stationary. The basic 
assumption in time-series econometrics is that the 

underlying series is stationary in nature. Thus the test for 
stationarity of all the series under consideration was 
done using Augmented Dickey Fuller (ADF) test 
statistics (Dickey and Fuller, 1979). 



Parameter Best fitted ARIMA
2R 2adj R AIC SBC RMSE MAPE MAE

Procurement (Million tonnes)
Rice 0,1,1 0.94 0.94 76.80 80.22 2.34 15.13 1.78
Wheat 2,1,1 0.83 0.82 98.87 105.73 3.02 20.92 2.19
Total 2,1,1 0.93 0.92 132.08 138.93 4.54 13.51 3.39

Offtake (Million tonnes)
Rice 2,1,1 0.84 0.83 98.88 105.73 3.02 20.92 2.19
Wheat 5,1,1 0.84 0.81 94.70 106.70 2.68 18.33 2.01
Total 1,1,2 0.91 0.91 131.41 138.27 4.51 14.55 3.36

Stocks (Million tonnes)
Rice 0,1,1 0.89 0.88 90.44 93.86 2.76 19.01 2.11
Wheat 5,1,0 0.72 0.68 110.99 121.27 3.34 42.33 2.63
Total 0,1,1 0.85 0.83 149.02 152.45 5.48 21.83 3.96

Table 4: Best fitted ARIMA model on rice, wheat and total food grain in term of PDS
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Procurement
Year Rice Wheat Total

Actual Predicted Actual Predicted Actual Predicted
2008 34.10 28.47 22.69 16.14 56.79 45.62
2009 32.03 32.14 25.38 22.77 57.42 54.06
2010 34.20 32.83 22.51 18.05 56.71 50.59
2011 35.04 34.29 28.34 24.12 63.38 58.61
2012 34.04 35.42 38.15 32.33 72.19 65.14
2013 31.31 35.45 25.09 35.21 56.40 69.81
2014 34.04 16.80 55.83
2015 34.79 29.87 66.40
2016 35.53 34.67 67.67
2017 36.27 24.54 64.14

Off-take
2008 22.69 16.14 14.88 15.12 39.50 40.74
2009 25.38 22.77 22.35 19.19 49.72 40.92
2010 22.51 18.05 23.07 24.68 53.00 52.24
2011 28.34 24.12 24.16 24.20 56.28 51.10
2012 38.15 32.33 30.14 23.74 62.78 56.27
2013 25.09 35.21 28.19 26.56 57.39 61.82
2014 . 16.80 . 22.73 . 54.54
2015 . 29.87 . 21.32 . 55.86
2016 . 34.67 . 21.63 . 57.08
2017 . 24.54 . 21.56 . 58.24

Stocks
2008 21.60 14.80 13.43 8.33 35.58 20.92
2009 26.71 25.98 16.13 17.16 43.31 45.85
2010 28.82 27.75 15.36 14.50 44.31 42.68
2011 33.35 30.05 19.95 13.79 53.40 46.32
2012 35.47 35.81 24.21 20.17 59.76 58.86
2013 30.55 35.93 17.83 21.95 49.52 61.31
2014 . 28.23 . 14.28 . 43.03
2015 . 28.87 . 15.14 . 44.01
2016 . 29.51 . 15.10 . 44.99
2017 . 30.15 . 15.76 . 45.96

Table 5: Model validation and forecasting by ARIMA in PDS     
(Million tonnes)



Figure 1: Model prediction for all the data series

Figure 2: Model residual plot of autocorrelation and partial autocorrelation for all the series
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Test interpretation:
H : There is a unit root for the series.0

H : There is no unit root for the series. The series is a

stationary.
As the computed p-value is greater than the 

significance level alpha=0.05, one cannot reject the null 
hypothesis H . So it is observed that all the series are non-0

stationary. The detailed results of the test are given in 
Table 3. At first differencing of all the series was felt for 
proper modeling and forecasting. ARIMA model were 
developed for all the series are shown in Table 4. The best 

2 fitted ARIMA model are selected based on maximum R
2 value, adj R value, lower value of AIC, SBC,  MAPE, 

RMSE etc. In case of rice the value of RMSE (2.34), 
MAPE (15.13), AIC (78.80) in procurement was found 
lower comparatively to the others two parameters. And 

2R (0.94) value was found higher.
The best fitted models for all the series are 

represented clearly in Figure 1. In case of stocks all the 
series has fluctuating data points that is, suddenly increase 
or decrease in nature. But in case of procurement all data 
series are increasing pattern.

After analyzing the best fitted ARIMA model, the 
model residual plot of ACF and PACF graph for all the 
series are depicted by Figure 2. It was clear that all 
autocorrelation and partial autocorrelation lie between 95 
per cent control limit. This also confirmed the good fit of 
selected model. The ARIMA models developed in the 
present dissertation work finally are used to forecast the 
corresponding variables. There are two kinds of forecasts: 
sample period forecasts and post sample period forecasts. 
The sample period forecast are made for last six years of 
the data-set (2008-2013) to establish the confidence about 
the model and the latter, upto 2017, to generate genuine 
forecasts for use in planning and other purposes which is 
shown in Table 5.

Statistical analysis of  food grains in effect on Public 
Distribution System (PDS) are always essential in 
supporting policy decision regarding-food and nutritional 
security, economic management development, 
government- non government policy issues. The 
statistical technique make easier to provide to estimate the 
forecast with reasonable precession well in advance.  

model
The analysis of best fitted 

model and to estimate the changing pattern may be useful 
tool for researcher and policy makers.

Descriptive statistics are used to present quantitative 
descriptions in a manageable form. Each descriptive 
statistic reduces lots of data into a simpler summary. 
Under this descriptive statistics, it was also included the 
simple growth rate per annum (SGR); as these reduces 
lots of data into simple summary. After examining the 
series, initially parametric models, various time series 

CONCLUSIONS

Time series analysis for forecasting may be regarded as a 
useful practice of a  to predict future values based 
on previously observed values. 

models are formulated. In this, models are selected based 
on significance of all estimated parameters, diagnostic 

2criterion (R , RMSE, MAPE, MAE, AIC and SBC) and 
properties of residuals (normality and randomness).In 
case of time series models serial correlation of residuals is 
also examined through ACF and PACF plots. Based on 
this criterion, final models are chosen for forecasting. In 
this study it is found that all the data series have no outlier 
effect detecting in grubbs test. From the Augmented 
Dickey Fuller (ADF) test, it has confirmed that all 
selected series are non-stationary and it became stationary 
at transformed data by first difference only.

It is found that all the data the series have no outlier 
which is tested by grubbs test. In case of stock the data 
series of wheat has found the highest simple growth rate, 
(0.57 per cent) compared to the other data set. For testing 
the parametric trend model, cubic model is considered as 

2the best fitted model for all data series based on R  value 
and parameter estimation. In case of procurement 
ARIMA (2,1,1) is found the best fitted model of wheat 
dataset and ARIMA (0,1,1) is found the best fitted model 
of rice dataset. Also in case of offtake, ARIMA (5,1,1) is 
found the best fitted model of wheat dataset and ARIMA 
(2,1,1) is found the best fitted model of rice dataset. And 
lastly in case of stock, ARIMA (0,1,1) 
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is found the best 
fitted model of rice dataset and ARIMA (5,1,0) is found 
the best fitted model of wheat dataset. After selecting best 
fitted ARIMA model, the model validation and 
forecasting values are observed.
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Himachal Pradesh

ABSTRACT
The attractiveness of any business ultimately depends upon its profitability. The profitability of farm business can be derived from 
the relationship between the cost incurred in running the business and the returns accrued from it. It is the input- output relationship 
that generally decides the economic prosperity and the degree of commercialization on these farms. For this purpose, the present 
study was designed to measure socio economic status of kinnow orchardists, input use, cost structure, return and resource use 
efficiency in kinnow production of Himachal Pradesh, India. In present investigation the sample of 308 kinnow orchardists were 
selected from study area which input-output data collected with a view to examine the input use, cost structure and returns in 
production and the resource use efficiency of kinnow orchardists in year 2013-14. The results of study revealed that the average net 
profit per hectare was ̀ 4372.16 to ̀ 11319.86 and it increased with the increase in size of farms. The overall input-output ratio was 
3.44 on the basis of total cost of cultivation for large orchardists followed by medium farms (2.96) and small farms (2.63). 
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INTRODUCTION
Horticulture holds the key for economic 

development of the people of Himachal Pradesh. 
Awareness of potentiality of horticultural crops in 
promoting nutritional security, higher returns per unit 
areas, employment to rural population. Little attention 
was given for the improvement of fruit cultivation in the 
pre-independence era. The policy makers of the post-
independence era has emphasized more on economic 
upliftment of rural people of the state, prominently and 
through emphasis on fruit cultivation, more emphasis 
there from has been given to this sector in various state 
plans. With the increase in population, the land-man ratio 
is decreasing fast and economic use of land, therefore, 
becomes the major task in planning economic activities. 
Under such changing agricultural scenario, horticultural 
sector plays a vital role in providing a secure livelihood to 
the farmers as it generates sufficient employment and also 
increases the income of the farming families (Bhata et al., 
2011). One of the economical approaches to achieve a 
sizeable increase in productivity lies in enhancing the 
efficiency of use of resources. In the present set up of 

orchard management, growers have to take the crucial 
decisions at different stages of production. Mandarins 
(oranges), besides being most refreshing, health-
promoting, and delicious fruits, are well-known all over 
the country for their quality. Kinnow is the first generation 
hybrid between King ×Willow leaf. It was first introduced 
in Punjab. It performed well and gained commercial 
significance in adjacent states also. Kinnow being a 
commercial fruit crop, the post-harvest losses are 
significant in terms of quantity and economic value 
(Gangwar et al., 2005). Therefore, to improve the socio 
economic status, it is essential to create awareness among 
the growers about their economic consequences. 
Therefore, the study of socio-economic status helps in 
identifying the adaptive capacity of the individuals or 
communities based on the characteristics like education, 
economic status, gender, experience, training undergone, 
access to information etc., and play a vital role in 
understanding their mode of farming in a keen manner to 
highlight the socio economic characteristics of the study 
area on the basis of the primary data. Therefore, the 
present study was undertaken in Kangra and Sirmour 



districts of Himachal Pradesh to study the socio-
economic status, study the costs and returns from kinnow 
orchardists. Under such circumstances the present study 
can guide and advise the orchardists and other clienteles 
for affecting the needed adjustments.
MATERIAL AND METHODS

A multi-stage sampling was adopted for the selection 
of districts, blocks, panchayats, villages and kinnow 
growers. Sirmour and Kangra districts were selected 
because these two districts covered the maximum area 
under kinnow cultivation. The kinnow growers were 
selected randomly from each village so as to constitute a 
sample size of 308 growers from the area under study in 
the year 2014.A questionnaire was designed as a tool for 
primary data collection. The questionnaire was designed 
in order to collect both qualitative and quantitative data. 
The questionnaire was then administered to respondents 
through face-to-face interviews. There are other ways in 
which questionnaires can be administered, such as self-
administered questionnaires and telephone surveys. 
However, face-to-face interviews were chosen because 
they have several advantages over the other methods. The 
main respondent provided most of the information, but 
was allowed to consult other household members where 
necessary. Tabular analysis was used to examine socio-
economic status of the growers, resource structure, 
income, and expenditure pattern of kinnow. For the 
analysis of data the total family heads were divided into 
four classes according to the size of their land holdings, 
viz., marginal (<1.5), small (1.5-3 ha), medium (3-4.5 ha) 
and large farmers (4.5-6 ha).It can be seen that 102 of the 
selected respondents belonged to marginal category 
followed by 69 respondents in medium, 75 respondents in 
large and 62 respondents in small category. Thus, keeping 
this constraint in mind, the study could analyse the data 
only for marginal, small and medium group of 
landholdings. 
RESULT AND DISCUSSION
Type and Family Size:  These factors ascertain the socio-
economic prosperity of the family in particular and the 
area in general. It plays a critical part in the farm business 
activities. The size of sample family, types of family and 
work force in the study area had been presented in Table 1. 
The perusal of table showed that the average family size 
ranged between 3.93 members per family in case of 
marginal orchardists to 5.08 members per family in large 
orchardists.   The average size of the family was highest 
in case of large holdings and lowest on small size 
orchardists. This has contradicted the family results that 
small size groups have large size of family than the 
medium and large holdings. The reason for this may be 
attributed to steep decline in joint family system among 
small category of respondents. Results also supported by 
(Gupta and George, 1974).
Education status: Education is an important factor for 
the economic development of any society. For scientific 
management of the orchards, the education level becomes 

more significant that will determine the profitability of 
the innovations. Innovated spirit generally goes with the 
well educated people. Therefore, it was with this 
importance in mind the educational status of sampled 
orchardists was also analyzed. On an average, nearly 
more than 80 per cent of family members are literates. It is 
very heartening to notice in the graph 1 that, in the study 
area, the proportion of family members having higher 
education that is graduates in small category of 
orchardists. 
Work force: Readily available work force in the form of 
owned human labour play an important role in labour 
intensive and capital deficit agriculture/ horticultural 
enterprises. Persons of all age groups are not available for 
such field work. The persons of 14-60 years are generally 
considered as active farm labour. The economy of 
households depends on the strength of active workers. 
The number of workers and dependents in the sampled 
households of study area are given in Table 2. The table 
showed that on an average, the number of workers in the 
family was highest (2.52) in large category and lowest 
(1.48) in small category. The proportion of active workers 
actually working on farm was worked out to be highest 
(63.57 per cent) in small farms followed by 51.61 per cent 
of medium farms, 50.48 per cent in large farms and 48.38 
per cent of marginal farms. The dependency ratio was 
worked out to be highest in small farms (1.75) followed 
by small (1.07), large (1.02) and marginal farm 0.94 each. 
Dependency ratio indicates that on an average one worker 
had to support more than one member in the family.

Particulars Marginal Small Medium Large

Number of sample 
households

102 69 75 62

Average size of the 
family

3.93 4.06 4.13 5.08

Type of family

Number of joint 
families (per cent)

39.22 30.43 58.67 51.61

Number of nuclear 
families (per cent)

60.78 69.57 41.33 48.39

Table 1: Demographical profile of sample household in 
the study area

Particulars Marginal Small Medium Large

Average number of 
workers

2.03
(48.38)

1.48
(63.57

2.00
(51.61)

2.52
(50.48)

Average number of 
dependents

1.90
(51.62)

2.58
(36.43

2.13
(48.39)

2.56
(49.52)

Average family size 3.93 4.06 4.13 5.08

Dependency ratio 0.94 1.75 1.07 1.02

Table 2: Category wise distribution of workers and 
dependents of the sample households
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Occupation: Most of the respondents reported 
agriculture and horticulture as sole occupation while the 
rest had service (private/public sector) and trade as their 
subsidiary occupation as well. The occupational structure 
of farmer family members presented in Table 3 and it was 
noticed that the table that agriculture is the main 
occupation of the people as more than 55 per cent of 
workers population is engaged in agriculture as main 
occupation followed by service while only less than 10 
per cent was businessman. 

Figures in parentheses are percentage to the total in each category.

Cropping pattern: Cropping pattern in any region 
depends mainly on soil, altitude, microclimate, 
accessibility of resources and management factors. The 
per cent share of area under different crops in the gross 
cropped area reveals the extent of diversification in 
sampled farms. A scrutiny of the cropping pattern 
suggests the status of agriculture in the area. A look at the 
proportional share of a particular crop in gross cropped 
area on the farm suggests the significance that the farmer 
attaches to a particular crop. This importance can be of 
both economic nature as well as social considerations on 
the part of the farmer. Cropping pattern of sampled farms 

was examined and results are discussed in Table 4.The 
area under fruits crop was lowest in marginal category and 
highest (65.98 per cent) in large farm orchardists. The 
other fruits like mango, litchi, guava etc. occupied largest 
proportion of gross cropped area in marginal categories 
farms rather than kinnow. Categories- wise gross 
cropping area under field and fruit crops showed 
increasing trend from marginal to large category. 

More than 80 per cent of the total kinnow plantations 
were found to be bearing on all categories of orchards. 
This clearly indicated that as the size of orchard increased, 
the proportion of bearing trees also increased. This table 
also indicated that none of the orchardist followed 
scientific recommendation with regard to the number of 
plants per hectares. As per recommendation number of 
277 plants per hectare, the kinnow plantation in the study 

Illiterate Middle Metric Plus Two Graduate Post graduation

Marginal 6.48 12.47 19.20 24.19 23.69 13.97

small 4.29 14.64 17.86 22.86 25.71 14.64

Medium 8.71 15.16 22.26 20.65 22.26 10.97

Large 9.21 13.65 20.32 21.27 18.41 17.14

0.00

5.00

10.00

15.00

20.00

25.00

30.00

Graph 1: Literacy status of the samled household
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Occupation Marginal Small medium Large

Service 0.71
(34.78)

0.32
(21.57)

0.36
(18.00)

0.47
(18.59)

Business 0.21
(10.14)

0.14
(9.80)

0.07
(3.33)

0.10
(3.85)

Agriculture 1.12
(55.07)

1.01
(68.63)

1.57
(78.67)

1.95
(77.56)

Total workforce 2.03 1.48 2.00 2.52

Table 3: Occupational distribution

Particulars/ 
Categories

Marginal Small Medium Large

Maize 0.33 0.38 0.27 0.39

Paddy 0.12 0.20 0.05 0.11

Wheat 0.31 0.38 0.21 0.31

Oilseed 0.14 0.20 0.11 0.10

Others 0.02 0.02 0.08 0.00

Vegetables 0.31 0.17 0.29 0.35

Total area under 
field crop

1.24 1.36 1.01 1.27

Fruits crops 1.43 2.74 4.66 6.03

Gross cropped 
area

2.67 4.1 5.67 7.3

Table 4: Cropping pattern and intensity of cropping     
(ha/farm)
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area were found to have plants in the range of 114 to 143 
plants per hectare. Area under horticulture crops had been 
further analyzed, fruits crop wise. Kinnow accounted for 
67.80 per cent, 84.19 per cent and 87.81 per cent of total 
area under fruits crop in small, medium and large 
categories, respectively (Table 5). Among the fruits crops, 
kinnow dominated the scene in all categories of orchards 
under study.
Average yield: Average yield of maize in the study area 
were found to be higher in small, followed by the medium 
category, large and then marginal categories farms. The 
production of wheat was found to be highest in medium 
category than others categories. The per hectare yield of 
kinnow, based on bearing trees was found to be highest on 
large category followed by medium small and marginal 
ones as shown in Table 6.

Gross farm income: The farm income here means, the 
income from field crops and fruit crops only, during the 
study year. The contribution of income from fruits crops 
towards the gross farm income on marginal category was 
34.32 per cent, while it was 52.68 per cent, 64.11 per cent 

Categories Average Area under  fruits crop Kinnow plants per 
hectare

Mango Guava Litchi Kinnow Other

Marginal 0.53
(38.91)

0.12
(8.65)

0.05
(3.60)

0.65
(47.76)

0.01
(1.08)

143.31

Small 0.38
(12.31)

0.51
(16.57)

0.07
(2.37)

2.08
(67.80)

0.03
(0.95)

136.06

Medium 0.32
(6.96)

0.25
(5.37)

0.11
(2.32)

3.87
(84.19)

0.05
(1.16)

114.16

Large 0.44
(7.24)

0.19
(3.22)

0.07
(1.21)

5.28
(87.81)

0.03
(0.54)

117.02

Table 5: Area under different fruits, proportion of bearing and non-bearing kinnow plants indifferent categories of 
orchards

(ha/farm)

Figures in parentheses are percentage to the total in each category

Particulars Marginal Small Medium Large

Field crop(q/farm)

Maize 2.59 3.48 1.64 2.17
Paddy 1.00 1.80 0.67 1.56
Wheat 1.21 1.45 0.83 1.81
Oilseed 0.74 0.55 0.55 0.49
Others 0.16 0.12 0.49 0.00
Vegetables 2.59 1.22 2.27 2.53
Fruits crop (mt/farm)
Mango 0.91 0.75 0.64 0.87
Litchi 0.25 0.91 0.49 0.39
Guava 0.24 0.17 0.26 0.17
Others 0.12 0.06 0.11 0.06

Table 6: Yield of important field and fruit crops

Figures in parentheses are percentage to the total in each category

and 77.44 per cent on small, medium and large farms, 
respectively as shown in Table 7. The gross farm earning 
on large farms were more than the other farms. The 
contribution of fruit crops towards the gross farm income 
had shown an increasing trend while the contribution of 
field crops had shown a declining trend with the increase 
in size of farms. The reason for this may be attributed to 
the higher number of bearing plants on large orchards.
Cost and returns structure in kinnow cultivation: An 
economic analysis of kinnow has been presented through 
studying their costs and returns (Bhat et al., 2011). The 
cost of cultivation is a subject of attention to a wide range 
of users of cost data and it assumes particular importance 
in the area of planning. The efficacy of data on the cost of 
cultivation of horticultural commodities for planning is 
appreciated as these data inform the planners about the 
area where it is economical to produce various 
commodities and the regions that would accordingly be 
most appropriate for the development of industries based 
on the agricultural raw material. At the micro level, it 
enables the farm management experts to examine the 
efficiency of the various cultivation practices and revise 
the crop planning by furnishing information regarding 
their profitability. This facilitates the experts to make 
practical recommendations for farm planning aimed at 
better allocation of existing resources and introduction of 
improved agronomic practices that would increase the 
competence in kinnow production. Therefore, cost of 
cultivation has been computed on the basis of standard 
cost concepts for marginal, small, medium and large 
orchards for the study periods and results have been 

Crops Marginal Small Medium Large

Fruits 34.32 52.68 64.11 77.44

Field crop 65.68 47.32 35.89 22.56

Total (`)
(Per cent)

45310.64
(100.00)

69197.42
(100.00)

120231.48
(100.00)

140542.35
(100.00)

Table 7: Gross farm income
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Table 8: Cost and return structure of kinnow orchards
(Per cent)

Particulars Marginal Small Medium Large

Material Cost

Planting material cost 5.42 5.97 1.75 1.34
FYM and fertilizer cost 11.20 13.74 8.41 10.11
Miscellaneous 2.30 0.52 0.56 0.98
Variable Cost
Machinery labour 0.22 1.32 0.67 1.08
Bullock labour 3.97 3.58 2.98 1.57
Interest on working capital 0.88 1.15 0.61 0.65
Variable human labour cost

Layout and preparation 3.15 2.09 0.83 0.65
FYM and nutrient applications 11.30 9.81 6.69 7.90
Planting 1.74 0.13 0.31 0.33
Irrigation 9.22 3.92 2.51 3.64
Weeding 1.63 3.18 2.48 2.94
Harvesting 12.31 9.44 9.82 10.63
Fixed Cost
Land revenue 0.49 0.58 0.38 0.39
Depreciation 1.76 0.75 3.15 0.38
Rental value of owned land and interest on fixed capital 34.41 43.81 58.85 57.42

Total Cost (Cost C) (`/farm) 2668.93
(4106.35)

6805.24
(3278.83)

20599.65
(5322.17)

24465.17
(4629.31)

Total Cost (Cost A) (`/farm) 782.37
(2616.82)

4939.33
(6805.24)

18216.34
(4706.42)

21688.59
(4103.93)

Total Cost (Cost B) (`/farm) 1700.81
 (1203.74)

2379.82 
(3278.83)

(20599.65)
(5322.17)

24465.17
(4629.31)

Figures in parentheses are cost per hectare basis

Particulars Marginal Small Medium Large

Gross farm 
income

5510.62
(8478.51)

17886.54
(8617.91)

60615.15
(15660.67)

84288.81
(15949.17)

Farm 
expenditure

2668.93
(4106.35)

6805.24
(3278.83)

20599.65
(5322.17)

24465.17
(4629.31)

Net farm 
income

2841.69
(4372.16)

11081.30
(5339.08)

40015.50
(10338.50)

59823.63
(11319.86)

Farm business 
income

4728.25
(7274.77)

15928.30
(7674.41)

54521.84
(14086.39)

76648.35
(14503.44)

Farm family 
labour income

3809.81
(5861.69)

12947.21
(6238.09)

42398.81
(10954.25)

62600.21
(11845.25)

Farm 
investment 
income

3760.13
(5785.25)

14062.38
(6775.40)

40015.50
(10338.50)

73871.77
(13978.06)

Input-output 
ratio

2.06 2.63 2.94 3.44

Table 9: Various measures of farm business returns from 
kinnow orchards

(`)

summarized in Table 8. The operational cost (cost A) on 
per farm basis was higher for large orchardists, this was 

due to higher expenditure incurred on manures, fertilizers 
and plant protection measures related to other categories 
of orchards. The similar trend was observed while 
analyzing cost B. (Results are also agreed with Ansari et 
al., 2009; Asodiya et al., 2014).
Farm efficiency measure: The attractiveness of any 
business ultimately depends upon its profitability. The 
profitability of farm business can be derived from the 
relationship between the cost incurred in running the 
business and the returns accrued from it. If the return is 
higher than the costs, there is surplus, which is known as 
profit. Therefore, an attempt has been made to find out the 
farm efficiency of different sizes of farm income, farm 
expenditure and output- input ratio. It is the input- output 
relationship (Table 9) that generally decides the economic 
prosperity and the degree of commercialization on these 
farms. Given the price, offered by the market mechanism 
to a unit of output, the farmers prosperity depend upon his 
capacity to produce his output at a lesser cost than the 
market price. 
CONCLUSIONS

The input-output ratio reflects the criteria for 
economic viability of the crop based on return per rupee 
invested. On an average net return per hectare from kinnow 
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farms on the basis Cost C was highest `5322.17 per 
hectares for medium farm orchardists. The average net 
profit per hectare over was `11319.86 per hectares and it 
increased with the increase in size of farms. The input-
output ratio was highest (3.44) for large category of 
orchardists. Thus, it shows the increasing trend with an 
increase in the farm size. Therefore, it can be concluded 
that the kinnow cultivation was quite remunerative even if 
the lowest market price is considered. The results showed 
that all input was positively related to the output of kinnow. 
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INTRODUCTION
The recent claim by India as the fastest growing 

economy in the world can be a statistically proven fact but 
it contributes nothing to improve the life of its people. On 

th
Human Development Index (2015) India has 130  
position among 188 countries and it has been ranked 
lower than Nepal and Bangladesh on Social Progress 
Index. While Make in India initiative is an attempt to 
realize inclusive growth by reviving slow growing 
manufacturing sector of the country, the prospects of 
achieving all-inclusive and sustainable development 
through this route are not that bright. There is an 
immediate need to address some key issues that challenge 
Indian economy. The following sections of the paper aim 
to discuss these perspectives. 
India- Growth Performance

Indian economy has passed through many phases 
since independence. After a marvelous start with annual 
growth rate of 4.1 percent (Angus Madison) under Nehru 
to 1.04 per cent in the next fifteen years period (1965-80), 
Indian economy showed many swings even in the later 
period. License raj and command economy were the two 
features of Indian industrial sectors during those days that 

held the growth at lower level after 1965. A small 
initiative to create business conducive environment on the 
part of Government under congress party proved a bliss 
for Indian economy and as a result, GDP per capita grew 
at an annual rate of 3.71 percent during I980s compared to 
0.32 per cent during 1970s (Table 1).

Economic reforms of 1991 led the economy to grow 
further to 5.88 per cent in the nineties. After few setbacks 
during 1997-2002 due to global and infrastructural 
reasons, economy picked up to perform its best with 
increased efforts by government for public investments 
and fiscal consolidation since 2003-04. The economy 
achieved its heights during the golden era when annual 
growth reached to 9.45 per cent for three consecutive 
years starting from 2005-06 while GDP per capita for the 
first time grew at an annual growth rate of 7.90 per cent.

In 2008-09 while the advanced developed countries 
were experiencing extreme recession, India succeeded in 
achieving 6.72 per cent growth and remained second 
fastest growing economy of the world, next only to China. 
Growth rates further revived and rose to 8.59 and 8.91 per 
cent in years 2009-10 and 2010-11, which reduced to 6.69 
and 4.74 percent in next two years. In January, 2015 the 



government has revised the base year from 2004-05 to 
2011-12 and changes were made in GDP reporting 
(Anonymous, 2015). As a result, Economic growth, 
measured by growth in gross domestic product (GDP) at 
constant market prices, is estimated to be 5.1 per cent and 
6.9 per cent respectively during 2012-13 and 2013-14. It 
has increased further to 7.4 per cent in the year 2014-15.

Whichever method we may apply to calculate growth 
rates, the fact remains that India is going to be the fastest 
growing economy, leaving china behind for the first time 
in year 2015-16 (Table 2). A comparison of GDP per 
capita shows that India is improving and approaching 
very fast to the rates achieved by China while US 
economy has also started improving slowly (Table 3).

The growth experienced by India is largely attributed 
to growth in service sector which is suffering from low 
employment elasticity. Agriculture sector is the biggest 
employer with 49per cent share in employment despite its 
14 per cent share in GDP. Manufacturing sector, the least 
growing sector is suffering from its own problems and is 
static in terms of growth since 1980s. Thus there is dire 
need to revive sick manufacturing sector in order to 
accelerate the growth process in the country.  
India-Issues Related to Development and 
Sustainability

Indian growth story is a story of success but 
development indicators of the country tell a very different 
tale.  Contrary to the sharp fall in poverty ratio estimated 
by Tendulkar committee (2009) from 37.2per cent to 
21.9per cent between 2004-05 to 2010-11, the standard of 
living of the poor people has actually not improved. There 
are incidences of deaths because of severe malnutrition 
among children and women. The global hunger index 

1(2014)  ranks India 25 out of 52 countries with serious 
hunger situations. Around 51.1per cent of Indian 
population is living in the state of extreme deprivation 

according to the Multi-dimensional Poverty Index (2005-
06). Unemployment problem is also wide spread with 
employment elasticity only of 0.17 per cent in 2011-12. 
The compound annual growth rate (CAGR) of 
employment during 2004-05 to 2011-12 declined to 0.5 
per cent from 2.8 per cent during 1999-2000 to 2004-05 as 
against CAGRs of 2.9 per cent and 0.4 per cent 
respectively in the labour force for the same periods 
(Economic survey 2015). Overburdened agriculture 
sector, low earnings , lack of respectful jobs, increased 
casualization and low female participation rates are other 
features that explain non- inclusiveness of the growth of 
Indian economy. There are some improvements on the 
health fronts due to personal care and improved sanitation 
but for the larger population improved and timely health 
services are just a dream. Dependence on costly and 
unreliable private health services is due to non-
availability of timely and adequate public services.

The Human Development Report (2015) which is a 
composite index of life expectancy, education, and 

thincome per capita indicators ranked India at 130  position 
out of 188 countries. Between 1980 and 2014, India's HDI 
value has increased from 0.362 to 0.609, but India's HDI 
value for 2014 is the lowest among the BRICS countries, 
with Russia at 50, Brazil at 75, China at 90, and South 
Africa at 116, and slightly ahead of Bangladesh and 
Pakistan. While China improved its ranking by thirteen 
places between 2009 and 2014, India's position improved 

Period GDP GDP
per capita

1950/51-1959/60 3.56 1.60
1960/61-1969/70 3.55 1.29
1970/71-1979/80 2.63 0.32
1980/81-1989/90 5.38 3.17
1990/91-1999/00 5.88 3.83
2000/01-2009/10 7.54 5.90
2004/05-2013/14 7.59 6.12
2008/09-2013/14 8.40 6.62
2005-06 to 2007-08 (Golden Era) 9.45 7.90
1991/92- 2013/14 6.74 4.99

Table 1: Compound annual growth rate of GDP in India 
(1950-2014)

Own calculation based on data taken from planning commission's website
Data Source- Central Statistical Organisation
GDP figures used are GDP at constant prices (2004-05)

Period China India

2011-12 9.5 6.6
2012-13 7.8 5.1
2013-14 7.7 6.9
2014-15 7.3 7.3
2015-16 (estimated) 7.1 7.5

Table 2: A Comparison of GDP growth rates- India and 
China

Source: World Bank estimates -Annual percentage growth rate of GDP at 
market prices based on constant local currency. Aggregates are based on 
constant 2005 U.S. dollars.
Source website link= http://data.worldbank.org/indicator/ 
NY.GDP.MKTP.KD.ZG

Period China India United States
1961-70 2.73 1.86 2.98
1971-80 4.37 0.74 2.14
1981-90 7.76 3.30 2.41
1991-00 9.29 3.70 2.20
2001-10 9.86 5.99 0.73
2011-2014 8.04 6.47 2.13

Table 3: GDP per capita (constant 2005 US$) - A 
comparison

Source- Same as Table 2

1The Global Hunger Index is composed of the proportion of the undernourished as a percentage of the population, the prevalence of 
underweight children under the age of five and the mortality rate of the children under the age of five (in percentage)
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by six ranks (Table 4). Still a lot remains to be done to 
bridge the gap. India's HDI value (0.609) when 
discounted for inequality falls to 0.435. Income 
inequalities as measured by the Gini coefficient are 33.6. 
Between 2009-2014 the life expectancy at birth has 
increased by 14.1 per cent, mean year of schooling 
increased by 3.5 per cent while the GNI has increased by 
about 338 per cent. Many countries from the Bricks 
groups are above India except South Africa, even 
Bangladesh is doing better than us in terms of LE and 
education despite showing less growth in terms of GNI. 

Gender inequalities are also keeping us at a very low 
thlevel. With a value of 0.563 and 130  rank on gender 

inequality Index, we are standing behind all the Bricks 
and middle income group countries. Same is true for the 
Gender Development Index (GDI). India has performed 
very poorly on eliminating gender disparities. India has 
GDI value of 0.795 while Bangladesh and Pakistan are at 
0.917 and 0.726 respectively. Higher level of illiteracy 

and multi-dimensional poverty along with widespread 
income and gender disparities and low life expectancy at 
birth put a question mark on India's achievements at 
development front which are needed to be addressed 
without much delay.

Social progress index (2015) is one such index that 
judges the countries performance on more than 44 
indicators in the areas of basic human needs, foundations 
of wellbeing, and opportunity. From basic needs to 
wellness and access to knowledge and education to 
economic sustainability and economic and political 
freedom it embraces all the parameters to measure true 
inclusiveness and sustainability. The index ranks India 

th thlower than Nepal (98 ) and Bangladesh (100 ). India has 
stscored the 101  place, while china and Sri Lanka are on 

nd th92  and 88  place (Table 5). On the parameter of 
th 'tolerance and inclusions' India ranks 128 ; on 'ecosystem 

th thsustainability' it is at 108   and ranks 120   on 'health and 
wellness'. Indian has performed even lower than 

Country HDI 
Rank

Index 
(HDI)

LEB Expected 
years 

of 
schooling

Mean 
years 

of 
schooling

GNI 
per 

capita

Income 
inequalities

(Gini co-
efficient)

GII Change in 
ranks 

(b/n 2009-
2014)

Norway 1 0.944 81.6 17.5 12.6 64,992 26.8 9 0
Germany 6 0.916 80.9 16.5 13.1 43,919 41.1 3 -3

United States 8 0.915 79.1 16.5 12.9 52,947 30.6 55 3

United kingdom 14 0.907 80.7 16.2 13.1 39,267 38.0 39 -2

Russian 50 0.798 70.1 14.7 12.0 22,352 39.7 54 8

Sri Lanka 73 0.757 74.9 13.7 10.8 9,779 36.4 72 5

Brazil 75 0.755 74.5 15.2 7.7 15,175 52.7 97 3

China 90 0.727 75.8 13.1 7.5 12,547 37.0 40 13

South Africa 116 0.666 57.4 13.6 9.9 12,122 65.0 83 4

India 130 0.609 68.0 11.7 5.4 5,497 33.6 130 6

Bangladesh 142 0.570 71.6 10.0 5.1 3,191 32.1 111 0

Pakistan 147 0.538 66.2 7.80 4.7 4,866 29.6 121 0

Table 4: Trends and position of India in global HDI 2015

Source: Human Development Report, 2015

Country SPI 
rank

Social 
progress 

BHN 
rank

Basic 
human 

FWB 
rank

Foundations 
of well being

Opportunity
rank

Opportunity

Norway 1 88.36 9 94.80 1 88.46 9 81.82
United kingdom 11 84.68 19 92.22 15 79.04 6 82.78
United States 16 82.85 21 91.23 35 75.15 8 82.18
Brazil 42 70.89 74 71.14 30 76.21 32 65.33
South Africa 63 65.64 92 64.59 64 69.94 37 62.38
Russian 88 63.64 70 74.10 77 67.63 70 49.19
Sri Lanka 92 60.1 75 71.12 81 67.03 95 42.14
China 98 59.07 71 73.74 88 65.40 110 38.08
Nepal 101 55.33 96 62.54 96 62.71 102 40.74
Bangladesh 100 53.39 97 61.94 95 62.73 115 35.09
India 101 53.06 101 58.87 113 57.38 91 42.93
Pakistan 122 45.66 104 56.37 125 50.71 124 29.90

Table 5 : Trends and position of India in social progress index 2015

Source: Social Progress Index, 2015
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Mongolia, Kazakistan and sub Saharan countries like 
Namibia, South Africa and Ghana on social progress 
index.

The discussion above shows that despite achieving a 
very high economic growth, India could not use it for the 
betterment of its people and for improving environment. 
Widespread exclusion is present in the form of disparities 
based on regions, income, castes and gender. While high 
income groups can enjoy the best of the services, the poor 
lot has no access to even basic health and amenities. It is 
this section of the society who is more vulnerable to 
changes in eco system as they are highly dependent on 
environment and natural resources for their livelihood. 
However, unfortunately economic growth could not 
contribute much to change the life of these people. 

Moreover all major plans to achieve development in 
India are implemented without realizing the actual cost of 
these plans. Polluted air, contaminated water, over 
populated metropolitan and sub metropolitan cities, poor 
town and infrastructural planning with large number of 
flyovers and high rise buildings in extreme alert seismic 
zones, mindless use of natural reserve areas cannot be 
called development and  is far away from sustainable 
development. Subsidies provided to accelerate 
agricultural growth since green revolution is one such 
example which has done much harm than good to 
agriculture sector. It is extremely important to analyse the 
long term impacts of policies in order to make the 
development sustainable.  Recent efforts to achieve 
growth and sustained development through 
manufacturing exports under 'Make in India' seem to be a 
step in the right direction.  
II. Make In India–An Effort Towards Sustainable 
Growth

'Make in India' aims at revival of Indian 
manufacturing through inviting foreign capital and 
creating conducive atmosphere for foreign investors to 
invest and manufacture in India for exports. We know 
from the insights of development economics that 
development in an underdeveloped country is constraint 
by insufficient investment funds due to high saving and 
investment gap, fiscal deficit and foreign exchange 
constraint.   By inviting foreign investors to make in India 
government of India is trying to overcome all these 
constraints. 

There are number of economic models and theories 
that give us insight to devote resources towards non- 
traditional modern industrial sector. Classical dualism 

2model  supports the idea of shifting of resources in favour 
of the most transitional sector. The theory of unbalanced 
growth also suggests investment in the most vibrant 
sector which has largest forward and backward linkages. 
The development thinking of recent times has moved 
away from sectoral transformation towards more explicit 

growth perspectives. Rodrik (2013, 2014) showed that 
economic growth can be viewed as presence of explicit 
structural transformation elements along with 
conventional conditional convergence perspectives, with 
catch-up to the frontier depending upon a number of 
fundamentals (policies, human capital, openness, 
institutions, etc). Rodrik in his model showed that shifting 
of resources from traditional to modern sectors leads to 
two broader set of gains- compositional gains i.e economy 
wide productivity gains and dynamic gains i.e. 
subsequent gains when these resources experience rapid 
productivity growth.  Economic survey of India (2015) 
explains some desirable features (as explained by Rodrik) 
of manufacturing sector that can be served as engine of 
structural transformation of the Indian economy. 
According to this survey register manufacturing in India 
is highly productive and is characterised by unconditional 
domestic convergence. There is huge expansion 
possibilities given the expansion of resources needed. 
Large pool of cheap labour available explains its 
comparative advantage for producing at low cost 
provided it is trained and skilled. Last but not the least this 
sec tor  has  a  h igh  po ten t ia l  o f  p roduc ing  
tradable/exportable goods if due investment will be made 
in productive technologies and human resources. With the 
purpose to accelerated growth process Indian government 
under 'Make in India' has identified 25 such sectors where 
all these fundamental growth possibilities are present. 
The following section is devoted to issues and Challenges 
in the way of 'Make in India' Initiative.
Make in India-Issues and Challenges

'Make in India' which aimed at creating India a global 
manufacturing hub is a commendable effort by  
Government of India to boost the economy by increasing 
share of manufacturing in GDP on one hand and to  
achieve a balanced , sustainable and all inclusive growth 
on the other.  From  Skill India which aimed at increasing 
employment in the economy by providing skill trainings 
to 'start up initiative' under which the eligible youths will 
be  provided with new opportunities and adequate 
financial help to start up their own business ventures, each 
step is clearly focused and thoughtfully undertaken. 

With the objective to increase the contribution of 
manufacturing to 25 per cent of the GDP by 2025, this 
program has taken many initiatives since its inception in 
September 2014. Through many new processes and 
initiatives i.e. ease of doing business, digital India, online 
application for environment and forest clearances, setting 
up of enivesh and e-biz portals, easing the FDI norms in 
15 sectors , start up India and stand up India (to boost 
innovations and entrepreneurship and job creations), 
building up of industrial corridors, this program resulted 
in taking India to top spot and among the fastest growing 
countries in the world. India has also been ranked as the 

2Classical dualism model suggests that economic development is by definition a process of shifting resources from low to high productivity 
sectors, thereby raising economy-wide levels of productivity
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top foreign investment destinations globally while 
foreign equity investment grew by 35 per cent. On the 
ease of doing business India has jumped 12 ranks between 
2014-15. While all these measures are undoubtedly in the 
right direction, they needed to be supplemented by 
creation of an overall ecosystem that supports its growth 
and sustenance. The success to achieve inclusive and 
sustained development will depend upon the way these 
issues will be addressed.
Followings are the Issues and Challenges Ahead of 
India Government 
Creating productive jobs outside agriculture: In 2014-
15 the agriculture sector grew at -0.2 per cent. Farmers in 
India are grappling with rising cost of production, 
unseasonal rains, hailstorms, drought and debt. The rising 
frequency of weather shocks amid higher vulnerabilities 
has compounded the stress in agriculture, slashing 
cultivation income and farm profitability. Maharashtra 
alone has reported 124 farmer suicides since January 
2015. Without rural prosperity, the centre's plan to fuel the 
economy for higher growth will be easier said than done. 
India may be set to grow at a projected 7.6per cent in 
2015-16, outpacing china, but a slowing rural economy 
can pose hurdles in sustaining this turnaround.  According 
to planner for India to sustain a growth rate of 8per cent, 
agriculture must grow at a minimum of 4per cent.  Thus 
India's challenge is to increase productivity in agriculture 
and also to create conditions for faster growth of 
productive jobs outside agriculture. To take the best 
advantages of demographic dividend creating productive 
jobs outside agriculture is very important and the biggest 
challenge before Government. Make in India through its 
'Skill India' initiatives has aimed at skilling 500 million 
youth in the country by 2022. It is an ambitious plan and 
requires huge coordination and collaboration to achieve 
this goal. Followings are needed to be done immediately:

a. The term 'skill' is needed to be defined clearly in order 

to identify the unskilled workers for training.

b. We need to value the importance of vocational 

education

c. We need to ensure that all children between the ages 

of 6 and 14 are completing elementary education. 

Training an uneducated youth is a difficult task and 

basic education will help him learn the skill better 

particularly if the person is from rural area.

d. Collaboration between industries and educational 

institutions can work to build up skills among the 

youth and support capacity building in the economy.

e. Ex- personnels can be invited back as skill trainers.

f. Equal access to skill development is needed for all 

social groups particularly women and disadvantaged 

section of society, to help them in securing decent 

employment and moving out of poverty. Removing 

barriers to access and addressing the specific needs of 

these sections are key elements in achieving inclusive 

growth.

g. Entry barriers such as educational qualification, 

transportation, loss of wages, language etc. are also 

needed to be suitably addressed.
Addressing labour issues- While world is looking at 
India as the fastest growing economy, all efforts on the 
part of government will fail unless 'labour issues' are 
resolved. India being a diverse country has different 
labour requirements in different regions. We have 
agricultural labour, organised and unorgansied industrial 
labour, women labour and child labour. While protecting 
the interest of migrant labour is one responsibility, 
ensuring decent wages in unorgansied sector is another. 
Protecting labour interests in organsied sector through 
social security measures while encouraging employers to 
work with labour despite industrial disputes also poses the 
biggest challenges. Child labour and low wages for 
women are other issues that demand serious policy 
interventions. We do have labour laws in place which over 
the period have forced the employers to move away from 
labour. In this kind of scenario,  using labour productively 
for 'Make in India' initiative is the biggest challenge. 

Recent incident of workers' agitation in the Gurgaon 
Manesar belt demanding better wages and working 
conditions questions NDA's “Make in India” promises. 
Pushpa, a 28-year-old worker, and her fellow contract 
workers refused to leave meekly, when the management 
fired them citing lack of work. Standing at the gates of 
ASTI Electronics at Manesar, the 310 odd workers had 
demanded an end to the illegal practice of contract labour 
which props up the hire and fire regime that allows 
factories to keep wages low, deny workers social security 
and bully them into submission (Bhattacharya, 2015). 
'Make in India' which is being promoted as a strategy to 
achieve all inclusive growth, cannot rewrite the labour 
laws against workers and ignore their interests. All steps 
to resolve labour issues are needed to be taken very 
carefully after assessing the impact of these in the years to 
come. Any unpopularity can be harmful for the scheme in 
action.
Inviting international capital- Another issue is to invite 
international capital to India in order to achieve 
sustainable development. Inviting foreign investors for 
business initiatives and depending upon foreign countries 
in order to export the manufactured product is not a very 
great idea. Highly volatile nature of world demand cannot 
give us stable returns. India need to learn that china's 
slowdown could be an opportunity for India but India is 
not alone who is trying to explore this opportunity there 
are many others. Moreover, even if India will succeed 
getting huge chunk of foreign investment, the potential 
benefits from this strategy will depend upon the value 
addition while domestic manufacturing and unfortunately 
that is going to be very little as manufactured product is 
expected to have huge import content. Until and unless 
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there are efforts to increase domestic investment the profit 
base is difficult to expand (Chandra and Bhattacharya, 
2014). 

Additionally, given the ongoing recession faced by 
developed world, it is not the best time to follow an export 
led growth policy. So rather than working for make in 
India to export out it is wise to concentrate on made in 
India for domestic market. Moreover, India itself is a huge 
market, it is big enough to boost our manufacturing sector. 
Given that we need to work for reducing our cost of 
production while improving quality, foreign 
collaborations can be of great help. However, opening our 
economy fully for foreign investors to exploit cheap 
Indian labour and land can have serious consequence such 
as large scale displacement, worsening of wages and 
labour standards and environmental deterioration etc. 
Unless we have an effect and efficient regulatory 
mechanism at work, the growth achieved will not be 
sustainable and inclusive.   
Availability of Infrastructure: Another major obstacle 
in the way of 'Make in India' is the woefully inadequate 
availability of infrastructure such as power generation 
and distribution capacities, roads, ports, transportation 
and communication facilities. The prospects of quickly 
reducing these obstacles are bleak. The possibility of 
increasing public investment for building infrastructure, 
when government is trying fiscal prudency measures to 
reduce public expenditures, looks rather dim. All efforts 
on the part of government to involve private investors for 
generating infrastructure through make in India push is a 
big challenge for India as it is not an area where profits are 
very certain. Moreover, the long gestation period of these 
projects are also making them unattractive for the private 
investors. Despite spending so much on creating 
industrial corridors, the interiors of the country is difficult 
to get connected to the growing world.  Communication 
technology can help people even in the remotest of areas 
to access information but physical infrastructure is 
needed to help them realize their dreams for better life.

 Land acquisition is also central to the government's 
thrust on infrastructure development under Make in India. 
However issues like displacement and environment 
degradation are also big enough to address. How wisely 
these issues are addressed and handled by the present 
government will determine the success of this program. 
Urbanisation and Related Problems: Urbanisation in 
India is increasing at a rapid pace.  The number of people 
living in urban areas is expected to more than double and 
grow to around 800 million by 2050 (Kulkarni and Shah, 
2015). This will pose unprecedented challenges for water 
and waste management in urban India. In this kind of 
scenario, keeping the already overpopulated metro cities 
clean and green is a big issue. Even if we ignore big 
problems like unemployment, inadequate housing and 
basic amenities for the time being, handing of the garbage 

and providing safe drinking water to all is going to be 
biggest challenge in these cities.

The recent incident of garbage catching fire on 27 
January in one of Mumbai's biggest (dump) landfills is 
one such example. This incident left the whole city under 
a blanket of thick smog for many days and more than 70 
schools were closed for two days (EPW, 2016). According 
to a Central Pollution Control Board (CPCB) report of 
2014, Indian cities generate around 50,000 tonnes of 
municipal solid waste (MSW) every day in 2010-11. The 
World Bank estimates that this will rise by more than 
240% by 2025. These dumps are big health hazard for the 
people living nearby and symptomatic of the neglect of 
urban solid waste disposal in India. Despite having long 
lists of rules defined on MSW, the implementation is 
almost zero. The attempt to make Indian cities 'the smart 
cities' needs to take up the implementation of MSW rules 
as a challenge so as to call the  economic development 
sustained one. NDA has announced a novel scheme on 

th29 Feburary, 2016 for conversion of city waste into 
3compost under the Swatch Bharat Abhiyan (HT, 2016) . It 

is yet to see how it will work and get implemented.
Similary making safe drinking water available to 

meet the demand of fast expanding urban area is also a big 
challenge. Presently, only 33% of urban Indians are 
connected to a piped sewer system (Census of India, 
2011). Large parts of the modern cities remain 
unconnected to the sewage system as they live in 
unauthorised or illegal areas or slums, where state 
services do not reach (Shah, 2013). Census (2011) also 
showed that in 4,041 statutory towns, close to eight 
million households do not have access to toilets and 
roughly 7.9 million defecate in the open. Weak sanitation 
and untreated sewage have huge health impacts. A leaking 
sewage piped close to drinking water pipe makes the 
whole area water contaminated. In the advent of more 
manufacturing units coming up under 'Make in India' 
water availability is the first thing to get affected if not 
regulated through proper mechanism. Thus, there are 
problems related to both access and management of water. 
Data suggests that most cities spend anywhere between 
30 per cent and 50 per cent of their water supply accounts 
for electricity to pump water. The situation is worse in the 
case of the poor, who often have to spend a great deal of 
time and money to obtain water since they do not have 
house connections (CGWB, 2011).
Smart Cities: A number of new initiatives launched by 
NDA to raising the level of Indian cities to 'smart cities'. 
'Swatchh cities' and 'rejuvenated cities' and 'housing for 
all' are big dreams to fulfill. It requires funds as well as 
willingness on the part of state and local governments. 
Moreover we need to understand what kind of cities we 
want – the one loaded with people with high rise building 
and countless flyovers or the one properly planned with 
basic amenities. We already have so many cities and town 

3New Scheme to Turn Urban Waste into Farm Manure.,(March 2016) The Hindustan Times, New Delhi
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with over a billion people living in each, getting these 
connected with each over should be the first step towards 
faster and inclusive growth rather than digging the 
already overburdened metropolitans for constructing 

4metros and monorails (Guha, 2016) . 
One needs to understand that the first step towards 

5smart cities is to develop smart citizens (Shankar, 2016) . 
Substantial amount of investment which authorities are 
ready to put in for creating smart cities would be wastage 
of resources if its citizens have no civic sense. A smart 
citizen is one who has civic sense and respects the rule of 
law, the one who is mature enough to perform his duties 
and informed enough to understand his environment and 
politics. Good governance always involves its citizens in 
the overall development process. Thus the challenge is to 
make its citizens capable of taking part in development 
process. 
Renewable Energy: Power generation in India has 
always been much less than the requirement.  Looking at 
the requirements to meet the energy targets while using 
the clean and green technology under 'Make in India' 
government  has set a target of 175 GW of the renewable 
energy  based power capacity by 2022, out of which 
100GW will be achieved in the field of solar energy 
creation. Though must for sustainability it is one of the 
toughest challenges in the face of issues related to land 
requirements, manufacturing hurdles and technological 
hindrances. The recent worldwide fall in the price of solar 
photovoltaic is an encouraging trend but will not help 
India to achieve her highly ambitious targets in this field. 
According to CERC, 2015, five acres of land is required to 
generate one megawatt of solar energy, thus the land 
needed for achieving targets of utility scale solar is about 
1,214sq. km. As per the latest data on pattern of land 
utilisation, India's culturable wasteland and fallow land 
(excluding current fallow) estimated to 1,28,570 sq km 
and 1,04,840 sq km, respectively (MOSPI, 2015). This 
definitely means use of agricultural land for these mega 
projects at large scales. Acquiring this much land for these 
purposes is definitely a big challenge in itself. Roof top 
solar energy creation has good prospects but requires a 
strong mechanism of regulations and incentives. 

Additionally, solar manufacturing is an integrated 
process involving multiple stages and here in India it is 
extremely fragmented and lacks integration. It is 
specifically sparse in the upstream of module assembly 

(Sharda 2015). As per the, latest research by Green Tech 
Media India has only 0.9GW and 2.1GW of cell, and 
module manufacturing, respectively(Anand, 2015). 
Moreover 40% of solar cell manufactures have closed 
down due to falling global prices and lack of cost 
competitiveness of Indian solar industry arising out of 
relatively insufficient government support, the smaller 
size plants, and limited access to raw materials 
(Energetica India, 2015). Moreover Indian solar industry 
is in its inception and technologically less developed 
unable to compete with that of Germany, China and Japan, 
thus presents the biggest challenge. Along with all zeal 
and enthusiasm what is require is to think innovatively to 
remove these hurdles and increase research and 
development funds for this field.

6While Solar double cropping  and route of land 
7 leasing can solve the land problems, manufacturing 

hurdles and technological weaknesses can be removed by 
right initiatives.
Environmental Issues and Clearance: With the purpose 
of fast track the environmental clearance for industrial 
projects for the success of make in India, NDA has 
constituted a high level committee in 2014. India has a 
system in place where the Ministry of Environment, 
Forest and Climate Change (MoEFCC) works as an 
important regulatory agency. One such regulation 
popularly known as ' environmental clearance regulation' 
mandates a step wise procedures  to be followed that 
includes detailed environment impact assessment (EIA) 
of any project, preparation of EIA reports, engagement 
with project-affected communities through public 
hearings, and an appraisal of project documents by a 
group of expertrs (notification issued in 1994 under 
Environment Protection Act, 1986). However, the 
composition and role played by environmental appraisal 
committee (EAC) has come under serious attack since 
2006. 

Now with emergence of what may be called the 
'second generation challenges' EIA issues such as 
diversion of wild and cultivated land for the purposes of 
manufacturing, mining and power generation present a 
unique set of challenges for impact assessment and public 
participation. Moreover, India's industrial projects have 
fast moved into new geographies. Expansion of Indian 
and foreign corporation include constructing dams in the 
remotest parts of Himalayas, sprinkling the entire 

4Guha, S. 2016.  What does India Need – Green cities, Smart cities or Good Growth Model.The Hindustan Times, New Delhi
5Shankar, A. 2016. Smart Cities can't do without Smart Citizens. HT Estates.The Hindustan Times, New Delhi
6 “Solar double cropping” or “solar sharing,” that is, producing food and electricity simultaneously from the same piece of land. With 
spaced-out panels installed at a height, the land underneath can continue to be used for agriculture. This has been successfully demonstrated 
in Japan premised on the work of agricultural machinery engineer Akira Nagashima in 2004 (Movellan, 2013)
7One alternative is to lease land from farmers instead of buying it so that the ownership remains with the farmers and they can benefit from 
the growing valuation of land over time. Leasing reduces the project cost and makes the affected farmers—as the Land Acquisition Act of 
2013 proclaims in its preamble—“partners in development” in the truest sense. The Magarpatta special economic zone in Pune is an 
example of such a project in India. There are instances of some renewable energy projects in different parts of the world that have followed 
the route of leasing.
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coastline with port infrastructure, and mining out the 
central Indian forests. Few such projects are - hydropower 
projects and large-scale mines in tribal reserves and 
protected zones of Dzongu in Sikkim, Siang in Arunachal 
Pradesh or Bastar in Chhattisgarh. All this is presented by 
the state as an effort to promote inclusion, remove 
backwardness and promote opportunities for growth in 
these remote and underdeveloped areas but in reality this 
is a great environmental intrusion and a major cause of 
miseries of the local (Menon and Kohli, 2015). 

The TSubramanian Committee report (2015) has 
addressed some issues such as functioning of ECA, 
monitoring of pollution through use of technology and 
monetary penalties as solution but given that getting 
approval from environmental ministry is merely a last 
stage formality and public interests are merely hearings, it 
cannot be a game changer. The government policies on 
environmental regulation will change nothing for 
sustainability unless the second generation challenges are 
addressed religiously. 
Other Issues- Increased health and education spending, 
community involvement, women empowerment and 
equal opportunities for allare critical for sustainable 
development. Unless these issues are addressed properly 
no nation can stay on the growth path for long. For the 
purpose to involve all sections of society in productive 
activities, initiatives are needed to be taken quickly.
SUMMARY AND CONLUSIONS

The sustainable development goals define 
sustainable development as a tool to generate a life full of 
peace, prosperity, dignity, equality and the one dedicated 
to save planet from degradation. With emphasis on these 
parameters this paper has attempted to evaluate India's 
recent efforts to achieve development through 'Make in 
India' initiative. It is found that there are several issues 
that are needed to be addressed in order to achieve 
development through this route. It is rather difficult to say 
that we will be able to achieve sustainable development in 
near future given the present circumstances. However, 
few initiatives like generation of renewable energy, green 
technology and skill India are steps towards better 
environment for development and inclusiveness. 
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INTRODUCTION
Agriculture remains extremely important in the 

Indian scenario for a number of reasons. Although India 
has achieved self-sufficiency in food production at the 
macro level, there still remains a food deficiency, with the 
country facing massive challenges of high prevalence of 
malnourished children and high incidence of rural 
poverty. Moreover, the dependence of the rural workforce 
on agriculture for employment has not declined in 
proportion to the sectoral contribution to GDP. Thus, the 
pressure on agriculture to increase production is high.

In the post-independence era, in India, there has been 
a striking increase in the rate of growth compared to the 
earlier decades with respect to agricultural production. 
During the first half of the century, crop output is 
estimated to have grown at best around 1 per cent a year 
with some estimates placing it as low as 0.4  per cent a 
year (Blyn, 1966; Heston, 1977). According to 
Vaidyanathan (1994), between 1949 and 1985, the trend 

growth rate of agricultural production averages around 
2.6  per cent a year. Interestingly, prior to 1950, most of 
the growth came from an extension of cultivated area 
while the major part of growth since then has come from 
higher productivity per capita. A notable feature of Indian 
agriculture in the post-independence era is the wide 
regional variation in growth of output both at the 
aggregate level and in particular crops. A study by Bhalla 
and Tyagi (1989) estimates that between the early 60s and 
early 80s the growth rate at the state level ranged from less 
than 1 per cent per annum in Tamil Nadu and Bihar to over 
6  per cent per annum in Punjab. As population growth has 
occurred at a rapid rate in the post-independence era, the 
pressure on the agricultural sector to improve on its 
efficiency to feed the growing population has also 
increased. 

Both demand and supply side factors are important in 
agriculture. In the present paper we have tried to study 
some issues of the latter, that is, whether the Indian states 



are efficiently utilizing the inputs used in the production 
process. Msuya (2008) shows that, low productivity is 
one of the primary causes of low and unstable value added 
output, leading to a stagnant rural economy with 
persistence of poverty. In economics, the mainstream 
neoclassical paradigm assumes that the producers in an 
economy always operate efficiently. However, the 
producers are not always efficient. Two otherwise 
identical firms in terms of their technological status never 
produce the same output level, have same costs and profit. 
The difference in output, cost and profit can be explained 
in terms of efficiency, and some unforeseen exogenous 
shocks. Given the resources (inputs), a producer is said to 
be technically inefficient if it fails to produce the 
maximum possible output (Desli et al., 2002). 
Inefficiency has a number of major effects, for example, 
low level of production with a given level of input, under-
utilization of resources and increase in cost of production. 
Around 21 per cent of the total population is 
undernourished in India and so the loss of food production 
due to inefficiency is a major concern. So the analysis of 
inefficiency of agricultural production units in India is a 
pertinent issue for any policy prescription relating to 
poverty and hunger. This paper analyzes state level data 
from the agricultural sector in India for the period 1990-
91 to 2013-14 to study the efficiency dynamics of a 
“typical” firm in individual rice and wheat producing 
states during the post reform years. Although several 
methods are available to measure inefficiency, our focus 
in this paper is on the stochastic frontier (SF) 
methodology developed by Battese and Coelli (1995).

We hypothesize that states of India differ in their 
technical efficiency pertaining to the agricultural 
production due to factors that are state specific. In this 
paper we tried to understand and investigate the factors 
responsible for agricultural production at the national 
level.
LITERATURE REVIEW

According to Battese and Coelli (1995), the 
stochastic frontier production function postulates the 
existence of technical inefficiencies of production of 
firms involved in producing a particular output. In the 
early studies, Aigner et al. (1977) applied the stochastic 
frontier production function in analyzing aggregative data 
on the US primary metals industry (involving 28 states) 
and US agricultural data for six years and the 48 
coterminous state. The first application of the stochastic 
frontier model to farm-level agricultural data was 
presented by Battese and Corra (1977), where  data was 
used from the 1973-74 Australian Grazing Industry 
Survey to estimate deterministic and stochastic Cobb-
Douglas production frontiers for the three states included 
in the Pastoral Zone of Eastern Australia. Early empirical 
papers, in which the issue of the explanation of these 
inefficiency effects was raised, include Pitt and Lee 
(1981) and Kalirajan (1981). These papers adopt a two-
stage approach, in which the first stage involves the 

specification and estimation of the stochastic frontier 
production function and the prediction of the technical 
inefficiency effects, under the assumption that these 
inefficiency effects are identically distributed. The 
second stage involves the specification of a regression 
model for the predicted technical inefficiency effects, 
which contradicts the assumption of identically 
distributed inefficiency effects in the stochastic frontier. 
Kumbhakar et al. (1991), Reifschneider and Stevenson 
(1991) and Huang and Liu (1994) proposed models for 
the technical inefficiency effects involved in stochastic 
frontier functions. The parameters of the stochastic 
frontier and the inefficiency model are estimated 
simultaneously, given appropriate distributional 
assumptions based on cross-sectional data on the sample 
firms. 

Traditionally, stochastic frontier models have been 
used to estimate technical efficiency in micro units, for 
instance, firms, agricultural farms, etc. But recently this 
methodology has also been extended for use in the 
estimation of regional efficiencies (Margono and Sharma, 
2004).

Kaneko et al. (2004) applied stochastic frontier 
analysis (SFA) techniques on a provincial level data set of 
China to measure technical and water efficiency in their 
agricultural production from 1999 to 2002. The 
explanatory variables of the efficiencies were identified 
together with the physical structure of the irrigation 
factor, which refers to the water use per irrigated land 
area. The study gives three important insights: corn is the 
most vital crop for improving economic and water 
efficiency, the mean annual temperature responds greatly 
to the change in water efficiency and although utilization 
of irrigation water was facilitated by water reservoirs, it 
led to less efficiency in water use.

Hassine (2007) in his paper aimed to estimate for a 
group of Mediterranean countries, the technical 
efficiency of the agricultural sector which were involved 
in the process of global market liberalization. The 
analysis applied the method of stochastic production 
frontier model to a set of six different crops. The paper 
indicated a substantial scope for increasing crop 
production up to 50 per cent in some regions by a variety 
of mechanisms which could include expanding irrigated 
areas, encouraging mechanization and combating land 
fragmentation.

Djokoto (2012) estimated technical efficiency in 
Ghana's agricultural sector and investigated the major 
factors that influence technical efficiencies using the SFA 
model. Using data from 1976-2007, the results showed a 
decreasing returns to scale in Ghana's agriculture. Land 
has been overused, implying negative inelasticity. 
Technology variables, fertilizers and tractors were found 
to be positively related to output. The level of inefficiency 
was found to be 21 per cent along with decreasing returns 
to scale.

Ju and Wei (2014) applied a stochastic translog 
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production function to study the underlying causes of 
technical inefficiency for 28 provinces in the Chinese 
mainland over the period 1970-2011. They found that 
inefficiency was present in the production process which 
can be explained by relevant explanatory variables. They 
found that the provinces with higher level of human 
capital, greater participation in international trade, a 
relaxed household registration (hukou) system and a 
smaller government size lay closer to the national frontier. 
Public infrastructure was not productive and we observed 
that state-owned enterprises were not operating relatively 
inefficiently when compared to non- state-owned 
enterprises, which was contrary to the general belief.
METHODOLOGY

The efficiency/inefficiency of a production unit 
means the comparison between the observed and 
potential/optimal output or input. Efficiency of 
production units can be technical, allocative, scale or 
economic. Koopmans defined technical efficiency of 
input on the basis of disposability condition i.e. the vector 
of inputs is technically efficient if and only if increasing 
any output and decreasing any input is possible only by 
decreasing some other output or increasing some other 
input. Farrell (1957) and others suggest a measure of 
technical efficiency in terms of deviation of observed 
points from the points on the frontier constructed from 
observed points. Debreu (1951) gave a measure of 
technical efficiency in terms of maximum possible 
proportionate reduction of all variable inputs or 
maximum possible proportionate expansion of all output, 

1which is called 'radial measure'.
Battese and Coelli (1995) proposed a stochastic 

frontier production function, which has firm effects 
assumed to be distributed as a truncated normal random 
variable, in which the inefficiency effects are directly 
influenced by a number of variables. Battese and Coelli 
(1995) inefficiency frontier model for panel data is as 
follows:
Y  = exp (x   b+ V  – U )…………………….(1) Whereit it it it

Y , denotes the production at the t-th observation (t = 1, it

2… T) for the i-th firm (i = 1, 2,..., N)
x , is a (1 ḱ) vector of values of known functions of it

inputs of production and other explanatory variables 
associated with the i-th firm at the t-th observation;
b is a (k 1́) vector of unknown parameters to be 
estimated;

2the V  s are assumed to be iid N (0,s) random errors, it V

independently distributed of the U  s.it

the U  s are non-negative random variables, it

 

associated with technical inefficiency of production, 
which are assumed to be independently distributed, such 
that U  is obtained by truncation (at zero) of the normal it 

2distribution with mean, z  d and variance, s.it

z  is a (1 ḿ) vector of explanatory variables it

associated with technical inefficiency of production of 
firms over time; and
d is an (m 1́) vector of unknown coefficients.
Equation (1) specifies the stochastic frontier production 
function in terms of the original production values. The 
technical inefficiency effect, U , in the stochastic frontier it

model (1) could be specified in equation (2),
U  = z  d+ W  (2)it it it…………………………………………………………………………...

where the random variable, W , is defined by the it

truncation of the normal distribution with zero mean and 
2variance, ó , such that the point of truncation is -z  d that it

is,W ñ-z d These assumptions are consistent with U  it it it
2being a non-negative truncation of the N (z d, s) -it

distribution. The inefficiency frontier production 
function (l)-(2) differs from that of Reifschneider and 
Stevenson (1991) in that the W-random variables are not 
identically distributed nor are they required to be non-
negative, as in the latter paper. Further, the mean, z d, of it

the normal distribution, which is truncated at zero to 
obtain the distribution of U is not required to be positive it 

for each observation, as in Reifschneider and Stevenson 
(1991). The method of maximum likelihood is proposed 
for simultaneous estimation of the parameters of the 
stochastic frontier and the model for the technical 
inefficiency effects.
Empirical Model

Data was taken on the major states of India 
categorized into rice-producing states and wheat 

2producing states  to carry out stochastic production 
function analyses on a panel data for the time period 
considered from 1990-91 to 2004-05 and 2005-06 to 

32013-14 . The states taken into consideration as rice-
producing states for 1990-91 to 2004-05 are Bihar, 
Maharashtra, Haryana, Tamil Nadu, Karnataka, Andhra 
Pradesh, Uttar Pradesh and Orissa. The states taken into 
consideration as wheat-producing states are Bihar, 
Punjab, Haryana, Madhya Pradesh, Uttar Pradesh, 
Maharashtra and Gujarat. The states taken into 
consideration as rice-producing states for 2005-06 to 
2013-14 are Maharashtra, Tamil Nadu, Karnataka, 
Andhra Pradesh, Uttar Pradesh, Uttarkhand, West Bengal 

4and Orissa . The states taken into consideration as wheat-
producing states are Bihar, Jharkhand, Madhya Pradesh, 

.

1Neogi C (2005)
2Categorized on the basis of data available on rice production and wheat production at the state-level in rbi.org.in.
3The subperiods of the analysis are defined in a way to take into consideration the change in the geographical area of some 
states of India in 2000, and the dataset of  all relevant variables  of the new states being available from 2005-06. 
4The set of states of analysis are identified which passes the homogeneity test of error variance.
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Chhattisgarh and Uttar Pradesh.
Data on variables such as total agricultural 

production, institutional credit, net irrigated area, 
consumption of fertilizers, and consumption of pesticides 
were collected for the specified states of India. 
Information on the rural literacy rate, level of technical 
education, length of roads, share of agricultural NSDP to 
total NSDP  for states are used to explain the differences 
in the inefficiency effects among the farmers. We have 
studied the production efficiency of the two sets of states 
using one of the most commonly used forms of 
production function:
Cobb-Douglas:

where the technical inefficiency effects are assumed to be 
defined by

Where ln denotes the natural logarithm (i.e. logarithm to 
the base e);
Y is the total agricultural production of the individual 

5states considered .
INSCRE  represents institutional credit which comprises it

of purpose wise refinance disbursements by NABARD 
under investment credit provided to each representative 
states. It shows refinances given for the purpose of minor 
irrigation, land development and farm mechanization. It 

6is measured in terms of rupees lakh .
NIA  is the Net Irrigated Area of each state.  It is measured it

7in terms of '000 hectares .
CONFER  represents consumption of fertilizers by each it

representative state. Its principal components include N 
(nitrogen), P (Phosphate) and K (potassium). It is 

8measured in terms of '000 tonnes .
CONPES  represents consumption of pesticides. It is it

measured in terms of metric tonnes .
RATELIT  represents rate of literacy of the rural areas of it

the representative states and the rate is calculated in terms 
10of total rural population of the state .

RATETECHEDU  represents rate of technical education it

of the rural areas of the representative states and the rate is 
11calculated in terms of total rural population of the state .

LENROAD represents length of roads per square it 

kilometer area of the representative state. Importance of 
infrastructure in explaining inefficiency is brought into 

12the analysis by considering this variable .
SHARENSDP  is share of agricultural Net State it

Domestic Product to total Net State Domestic Product. 
We have attempted to consider the significance of 
agricultural sector in the state's economic scenario by this 

13variable . 
V and W are as defined in the previous section.it it 

RESULTS AND DISCUSSION OF THE MODEL
I. Rice-Producing States

Levene's Test of Equality of Error Variances was 
performed for the rice producing states for 1990-1991 to 
2004-05 where value of share of agricultural Net State 
Domestic Product to total Net State Domestic Product 
was incorporated as the covariate. As shown in Table 1, 
Levene's Test is insignificant, indicating that the group 
variances are equal (hence the assumption of 
homogeneity of variance is likely to be accepted). 

Levene's Test of Equality of Error Variances was 
performed for the rice producing states for 2005-06 to 
2013-14 was calculated with a significance value of 
0.056. Levene's Test is insignificant, indicating that the 
group variances are equal (hence the assumption of 
homogeneity of variance is likely to be accepted).

Table 2 shows the summary statistic for variables in 

9

 ( )( )0 1 2it it itU RATELIT RATETECHEDUdd d=+ +

( )( )3 4it itLENROAD SHARENSDPd d+ +

5Data obtained from http:// www.rbi.org.in/ accessed in December 2014.
6Data obtained from http://www.nabard.org/.in accessed in December 2014.
7Data obtained from http:/www. indiastat.com
8Data obtained from Fertilizer Statistics.
9Data obtained from http:/www. indiastat.com
10Literacy data is obtained from Census 1991, 2001 and 2011.Each year's literacy rate is calculated based on the decennial growth 
rate of literacy and the total population of the rural areas in the respective states. Data obtained from Census Reports 1991, 2001 and 
2011, GOI. 
11Rate of technical education is calculated on the basis of the data collected from Census 1991, 2001 and 2011. Each year's  rate of 
technical education is calculated based on the decennial growth rate of technical education and the total population of the rural areas 
in the respective states. Data obtained from Census Reports 1991, 2001 and 2011,GOI.
12Length of roads has been taken for each state and adjusted to take into consideration the area of the respective state. Data obtained 
from India Infrastructure Database Vol II by Buddhadeb Ghosh & Prabir De. Bookwell, New Delhi(2005)
13Net state domestic product data is available for different base periods i.e 1990 -1993 data is given at the base period 1980-81 and 
1993-2005 data is given for the base period 1993-94 . The method of splicing has been used to represent the data set with respect to 
the base period 1993-94.A ratio of current to constant prices NSDP has been considered. Data obtained from Domestic Product of 
States1960-2005. EPW Research Foundation.

F-Value Significance level

2.139 0.056

Table 1: Result of Levene's Test of equality of error 
variances
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the stochastic frontier production function for the rice 
producing states of India for the two sub-periods 
considered:

Maximum-likelihood estimates of the parameters of 
the Cobb-Douglas model and determinants of Technical 
Inefficiency are obtained using the computer program, 
FRONTIER 4.1 for the period 1990-91 to 2004-05. These 
estimates, together with the estimated standard errors of 
the maximum-likelihood estimators, are shown in Table 
3.

Maximum-likelihood estimates of the parameters 
of the Cobb-Douglas model are obtained for the period 
2005-06 to 2013-14. These estimates, together with the 
estimated standard errors of the maximum-likelihood 
estimators, are shown in Table 4.

The  signs  of  the  coefficients  of  the  stochastic  
frontier  are  as  expected,  with  the  exception  of  the 
negative estimate of the institutional credit variable. 
This implies that, ceteris paribus, an increase in the 
extent of institutional credit would not significantly 
lead to increased agricultural production. This may be 
due to, as explained by Mohan (2006), several 
weaknesses that have crept into the credit disbursement 
system which have affected the viability and 
sustainability of these institutions. According to 
Ahmad and Masood (2009), institutional credit does 
not affect agricultural production of states of India in 
the post reform period. The positive coefficient of the 

Minimum Maximum Mean Standard deviation

1990-91 to 2004-05

Institutional Credit 594 181180 12476.44 17579.82

Net Irrigated Area 1247 13227 3834.33 3046.30

Consumption of fertilizers 193 3352 1200.52 741.97

Consumption of pesticides 234 13650 4093.25 2748.91

2005-06 to 2013-14

Institutional Credit 731.76 72102.63 18390.93 15478.57

Net Irrigated Area 336 13929 4181.53 4018.43

Consumption of fertilizers 125.71 5200.84 1885.58 1425.67

Consumption of pesticides 141 9563 3546.97 2989.99

Table 2: Descriptive statistics variables in the stochastic frontier production function for the rice producing states of 
India

Variables Co-
efficient

Variables Co-
efficient

Constant 0.8877
(0.3905)

Constant 4.731
(1.590)

In (INSCRE )it -0.0611
(0.05358)

(RATELIT )it
**-5.742

(2.661)

In (NIA )it
**0.2038

(0.0713)
(RATETECHEDU )it 0.06637

(1.000)

In (CONFER )it
**0.9174

(0.0960)
(LENROAD )it

**-3.192
(0.880)

In (CONPES )it
**0.2298

(0.032)
(SHARENSDP )it

**-0.0449
(0.0180)

Table 3: Estimates of the parameters of the stochastic 
frontier production function and  determinants 
of technical inefficiency in agricultural 
production

Figures in parentheses represent standard error. ** indicates 
significant at 5 per cent level

Variables Co-
efficient

Variables Co-
efficient

Constant
**5.2131

(0.0012)
Constant -0.8474

(0.3564)

In (INSCRE )it
**-0.3315

(0.0176)
(RATELIT )it 0.6740

(0.5678)

In (NIA )it
**0.2502

(0.0138)
(RATETECHEDU )it -0.1504

(14.0145)

In (CONFER )it
**0.6796

(0.0592)
(LENROAD )it

**0.4181
(0.0838)

In (CONPES )it
**0.2797

(0.092)
(SHARENSDP )it 0.2721

(0.0108)

Table 4: Estimates of the parameters of the stochastic 
frontier production function and determinants 
of technical inefficiency in agricultural 
production

Figures in parentheses represent standard error.
** Significant at 5 per cent level
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net irrigated area confirms the expected positive 
relationship between the net irrigated land and total 
value of production. Consumption of fertilizers comes 
as the most important factor of production with an 
elasticity of 0.9174 in the first sub-period and 0.6796 in 
the second sub-period. This implies that, ceteris 
paribus, an increase in the extent of consumption of 
fertilizers would significantly lead to increased 
agricultural production. The second most important 
factor of production is seen to be consumption of 
pesticides with an elasticity of 0.2298 in the first sub-
period and 0.2797 in the second sub-period.

The estimated coefficients for the net irrigated area, 
consumption of fertilizers and consumption of 
pesticides are highly significant. The inefficiency 
model is of particular interest.  The  estimated  
coefficients  of  rate  of  literacy , length  of  roads  per  
sq.  km,  and share of agricultural NSDP to total NSDP 
are  significant  implying  that  efficiency  of 
production increases with improvement in rural 
literacy rate, infrastructural development of the states 
and importance given to the agricultural sector. 
However, rate of technical education is seen to be 
inversely related with that of inefficiency in the first-
sub-period. In the second sub-period literacy, rate of 
technical education and share of agricultural NSDP to 
total NSDP is not found to affect efficiency 
significantly. Infrastructural growth is seen to 
adversely affect the efficiency of agricultural 
production.

The mean efficiency estimates of the rice-
producing states over 1990-91 to 2004-05 have been 
calculated as follows:

Analyzing the given parameters with reference to 
the Indian States, it was found that Tamil Nadu was the 
most efficient. The deviation is found to be least in 
Tamil Nadu for the period 1990-91 to 2004-05. Tamil 
Nadu aims at bringing about a revolution in dry land 

agriculture besides sustaining the trend of agricultural 
development in irrigated agriculture. One of the most 
important goals of the government is to increase the 
productive capacity of agriculture through increased 
acreage and higher productivity. Tamil Nadu was 
followed by Odisha. Odisha's agricultural sector is 
endowed with rich water resources both surface and 
ground water which benefit the level of production.

Ranking the other states in order of efficiency gives 
the following result: Haryana is ranked third, followed 
by Karnataka, Uttar Pradesh, Maharashtra Bihar and 
Andhra Pradesh.  The standard deviation is found to be 
highest in Andhra Pradesh followed by Maharashtra 
and Bihar. The mean efficiency estimates of the rice-
producing states over 2005-06 to 2013-14 have been 
calculated (Table 6).

It was found that Uttarkhand was the most efficient 
state. The deviation is found to be least in West Bengal 
for the period 2005-06 to 2013-14. 

Ranking the other states in order of efficiency gives 
the following result: Tamil Nadu is ranked second, 
Uttar Pradesh is ranked third, followed by 
Maharashtra, Andhra Pradesh West Bengal and Orissa.  
The standard deviation is found to be highest in 
Maharashtra followed by Uttar Pradesh and 
Uttarkhand.
II. Wheat-Producing States

Levene's Test of Equality of Error Variances was 
performed for the wheat producing states  for the 
period 1990-91 to 2004-05 where value of share of 
agricultural Net State Domestic Product to total Net 
State Domestic Product was incorporated as the 
covariate. As shown in Table 7, Levene's Test is 

State Mean efficiency 
estimate

Standard 
deviation

Bihar 0.711 0.0771

Haryana 0.921 0.0276

Tamil Nadu 0.937 0.0198

Andhra Pradesh 0.437 0.1088

Uttar Pradesh 0.863 0.0395

Orissa 0.930 0.0388

Maharashtra 0.842 0.0796

Karnataka 0.868 0.0544

Table 5: Mean efficiency estimates of the eight states for 
the period 1990-91 to 2004-05

State Mean efficiency 
estimate

Standard 
deviation

Tamil Nadu 0.8060 0.1042

Andhra Pradesh 0.4395 0.1214

Uttar Pradesh 0.7283 0.1547

Orissa 0.3144 0.0699

Maharashtra 0.7225 0.1750

West Bengal 0.3263 0.0312

Uttarkhand 0.8354 0.1404

Table 6: Mean efficiency estimates of the seven states for 
the period 2005-06 to 2013-14

F-Value Significance level

.487 . 817

Table 7: Result of Levene's Test of equality of error 
variances
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Minimum Maximum Mean Std. Deviation

1990-91 to 2004-05

Institutional Credit 1431.00 52804.00 14935.38 9990.92

Net Irrigated Area 1940.04 13227.00 4686.56 3191.40

Consumption of fertilizers 585.30 3351.70 1288.52 723.58

Consumption of pesticides 662.00 9000.00 4465.84 2362.16

2005-06 to 2013-14

Institutional Credit 731.76 51918.53 8375.62 11017.14

Net Irrigated Area 102.00 13929.00 4265.98 4793.48

Consumption of fertilizers 123.49 4650.98 1298.43 1409.67

Consumption of pesticides 70.00 9563.00 1784.51 3008.51

Table 8: Descriptive statistics variables in the stochastic frontier production function for the wheat producing states of 
India

Variables Co-
efficient

Variables Co-
efficient

Constant .4568
(0.1504)

Constant -1.358
(0.2309)

In (INSCRE )it .1209**
(0.3306)

(RATELIT )it 12.672
(1.093)

In (NIA )it 0.1897**
(0.0145)

(RATETECHEDU )it 0.1446
(0.998)

In (CONFER )it 0.8483**
(0.0571)

(LENROAD )it - 1.389**
(0.199)

In (CONPES )it 0.2142**
(0.0275)

(SHARENSDP )it 0.0111
(0.004)

Table 9: Estimates of the parameter of the stochastic 
frontier production function and determinants 
of technical inefficiency in agricultural 
production

Figures in parentheses represent standard error
** indicates significant at 5 per cent level

Variables Co-
efficient

Variables Co-
efficient

Constant 4.429
(0.2436)

Constant 0.7697
(0.8704)

In (INSCRE )it 0.1300
(0.2544)

(RATELIT )it -0.1529
(9.1691)

In (NIA )it 0.2345
(0.2349)

(RATETECHEDU )it -0.0055
(1.000)

In (CONFER )it -0.0737
(0.6609)

(LENROAD )it -1.1301
(0.9434)

In (CONPES )it 0.5303**
(0.0750)

(SHARENSDP )it 0.2647
(0.5087)

Table 10: Estimates of the parameter of the stochastic 
f ro n t i e r  p ro d u c t i o n  f u n c t i o n  a n d  
determinants of technical inefficiency in 
agricultural production

Figures in parentheses represent standard error
** indicates significant at 5 per cent level

insignificant, indicating that the group variances are 
equal (hence the assumption of homogeneity of 
variance is likely to be accepted).

Levene's Test of Equality of Error Variances was 
performed for the wheat producing states for 2005-06 
to 2013-14 was calculated  with a significance value of  
0.146.Levene's Test is insignificant, indicating that the 
group variances are equal (hence the assumption of 
homogeneity of variance is likely to be accepted).

Table 8 shows the summary statistic for variables 
in the stochastic frontier production function for the 
wheat producing states of India.

Maximum-likelihood estimates of the parameters 
of the Cobb-Douglas model along with determinants of 
technical inefficiency in agricultural production for 
1990-91 to 2004-05 are obtained using the computer 
program, FRONTIER 4.1 (as shown in Table 9) and for 
2005-06 to 2013-14 (as shown in Table 10). These 
estimates, together with the estimated standard errors 
of the maximum-likelihood estimators, are as 
calculated.

During the period 1990-91 to 2004-05, the  signs  
of  the  coefficients  of  the  stochastic  frontier  are  as  
expected. The positive coefficient of the institutional 
credit and net irrigated area confirms the expected 
positive relationship between the two factors and total 
value of production. Consumption of fertilizers comes 
as the most important factor of production with an 
elasticity of 0.8483. This implies that, ceteris paribus, 
an increase in the extent of consumption of fertilizers 
would significantly lead to increased agricultural 
production. The second most important factor of 
production is seen to be consumption of pesticides with 
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State Mean efficiency 
Estimate

Standard 
deviation

Bihar 0.6550 0.2160

Uttar Pradesh 0.9023 0.0706

Madhya Pradesh 0.6894 0.1925

Uttarkhand 0.8271 0.0698

Jharkhand 0.6980 0.1684

Chattisgarh 0.3048 0.0500

Table 12: Mean efficiency estimates of the six states for 
the period 2005-06 to 2013-14

an elasticity of 0.2142.
The estimated coefficients for the institutional 

credit, net irrigated area, consumption of fertilizers and 
consumption of pesticides are highly significant. The 
inefficiency model is of particular interest.  The 
estimated coefficient of length of roads per sq km,  is  
significant  implying  that  efficiency  of production 
increases with improvement infrastructural 
development of the states. However, rate of literacy 
and rate of technical education are seen to be inversely 
related with that of inefficiency. The data collected for 
literacy pertains to the rural areas of the concerned 
states.  It  may  be  possible  that  for the wheat 
producing states disbursement  of  education  leads  to 
development  of  other  non-agricultural  lucrative  
employment opportunities  which  adversely  hampers 
efficiency of agricultural production. Share of 
agricultural NSDP to total NSDP is not seen to benefit 
efficiency of wheat production due to the law of 
diminishing marginal returns. 

For the period 2005-06 to 2013-14 and for the 
concerned states, consumption of pesticides is 
observed to significantly affect agricultural 
production. However none of the efficiency variables 

are found to be significant though (except for Share of 
agricultural NSDP to total NSDP) all of them are seen 
to have the expected signs. This may imply that that 
there is a change in the nature of variables explaining 
efficiency in agricultural production in the wheat 
producing states of India. The mean efficiency 
estimates of the wheat-producing states over the 
specified time period have been calculated (Table 11).

Analyzing the given parameters with reference to 
the Indian States, it was found that Uttar Pradesh was 
the most efficient followed by Maharashtra. The 
deviation is found to be least in Punjab for the period 
1990-91 to 2004-05. Punjab was followed by Gujarat. 

Ranking the other states in order of efficiency gives 
the following result: Haryana is ranked third, followed 
by Bihar, Madhya Pradesh, Gujarat and Punjab. The 
standard deviation is found to be highest in Bihar 
followed by Maharashtra and Uttar Pradesh. The mean 
efficiency estimates of the wheat-producing states over 
2005-06 to 2013-14 have been calculated (Table 12).

It was found that Uttar Pradesh was the most 
efficient followed by Uttarkhand. The deviation is 
found to be least in Chattisgarh for the period 2005-06 
to 2013-14. Chattisgarh was followed by Jharkhand. 

Ranking the other states in order of efficiency gives 
the following result: Jharkhand is ranked third, 
followed by Madhya Pradesh, Bihar and Chattisgarh. 
The standard deviation is found to be highest in Bihar 
followed by Madhya Pradesh and Jharkhand. 
CONCLUSIONS

The principal objective of this paper is to analyze 
production efficiency in the rice producing and wheat 
producing states of India. The paper used a stochastic 
frontier model, employing time series data ranging 
from 1990-91 to 2004-05 and 2005-06 to 2013-14 
covering the two sets of states. The basic findings can 
be summarized as follows:
For 1990-91 to 2004-05,  
1a) The results obtained from the stochastic frontier 
estimation show that inefficiency is present in 
agricultural production of the states where mean 
efficiency estimates ranges from 0.937 to 0.437 during 
the years of our study for the rice producing states. 
b) Sufficient evidence of positive relationship between 
agricultural productivity and higher use of fertilizers, 
and pesticides is seen along with the significance of net 
irrigated area for these states.  
c)The  variables  found  to  be  statistically  significant  
for  the  variations  in  technical efficiency among rice 
farmers are rate of rural literacy rate, total state road 
length per unit of area and share of agricultural NSDP 
to state NSDP. 
d)The major inputs associated with the variation in 
crop output were found to be net irrigated area, 

State Mean efficiency 
Estimate

Standard 
deviation

Bihar 0.773 0.133026

Gujarat 0.550 0.060545

Haryana 0.797 0.130976

Punjab 0.307 0.025614

Uttar Pradesh 0.845 0.108743

Madhya Pradesh 0.592 0.094994

Maharashtra 0.841 0.124983

Table 11: Mean efficiency estimates of the seven states for 
the period 1990-91 to 2004-05

766

Indian J Econ Dev 12 (4): 2016 (October-December)



consumption of fertilizers and consumption of 
pesticides. 
2a) State level mean efficiency estimates of wheat 
production ranges from 0.845 to 0.307 during the years 
of our study.  
b)The  variable  found  to  be  statistically  significant  
for  the  variations  in  production efficiency among 
wheat farmers is total state road length per unit of area. 
c) The major inputs associated with the variation in 
crop output were found to be institutional credit, net 
irrigated area, consumption of fertilizers and 
consumption of pesticides. 
3) According to our study, Tamil Nadu is the most 
efficient rice producing state and Uttar Pradesh is the 
most efficient wheat producing state.
For 2005-06 to 2013-14,
1a) The results obtained from the stochastic frontier 
estimation show that inefficiency is present in 
agricultural production of the states where mean 
efficiency estimates ranges from 0.8344 to 0.3144 
during the years of our study for the rice producing 
states. 
b) Sufficient evidence of positive relationship between 
agricultural productivity and higher use of fertilizers, 
and pesticides is seen along with the significance of net 
irrigated area for these states.  
c)None of the  variables  found  to  be  statistically  
significant  for  the  variations  in  technical efficiency 
among rice farmers. 
d)The major inputs associated with the variation in 
crop output were found to be net irrigated area, 
consumption of fertilizers and consumption of 
pesticides. 
2a) State level mean efficiency estimates of wheat 
production ranges from 0.9023 to 0.3048 during the 
years of our study.  
b)None of the  variable is found  to  be  statistically  
significant  for  the  variations  in  production 
efficiency among wheat farmers. 
c) The major input associated with the variation in crop 
output is found to be consumption of pesticides. 
3) According to our study, Tamil Nadu is the most 
efficient rice producing state and Uttar Pradesh is the 
most efficient wheat producing state for 1990-91 to 
2004-05 and Uttarkhand is the most efficient rice 
producing state and Uttar Pradesh is the most efficient 
wheat producing state for 2005-06 to 2013-14.
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    An Economic Analysis of Poplar Plantation in Haryana

ABSTRACT
The present study was undertaken in Yamunanagar district of Haryana. The study revealed that on an average, economics of poplar 
plantation during 2012-2013 in Yamunanagar district showed that the growers had to incur losses of  ̀  33420,  45973,  57142,  
63074, `67003 and ` 73532 per hectare in the first, second, third, fourth fifth and sixth year of the poplar plantation respectively. 
The average net return per hectare was ̀ 1095638 in the seventh year. In the end of seventh year net returns on small, medium and 
large farms were found to be ` 1114391, ` 1146385 and ` 1026055 per hectare, respectively. The net returns were found slightly 
higher on medium farms as compared to small and large farmers mainly due to higher yield owing to better management practices 
followed by these farmers. As far as economic feasibility was concerned of poplar plantation, the net present value at 9 per cent 
discount rate and the net discounted return for one hectare poplar plantation came to be ̀  353688.41 for the entire seven years. The 
benefit-cost ratio at this discount rate of interest was calculated as 1:2.44. The overall internal rate of return from one hectare was 
found to be as high as 39.06 per cent. The payback period of one hectare poplar plantation is seven years. The analysis of benefit 
cost ratio and internal rate of return showed that the investment in poplar plantation is considered to be economically viable.
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INTRODUCTION
The area under the forest in the country is 

2
estimated to be 637293 km  of the total geographical 
area. Out of this, 7.76 per cent forest cover is in the 
form of open forests and another 1.58 per cent is scrub 
forests (FSI, 2000). As the country has a net sown area 
of 46.84 per cent, it is one of the most important 
potential areas for tree growing along with the 
agriculture crop (FSI, 2000). In order to attract farmers 
toward agro forestry, we should have viable agro 
forestry models which can provide attractive financial 
returns to the farmers. There are many sustainable agro 
forestry systems in vague in many parts of India and 
among them is poplar (Poplus deltoides) based agro 
forestry system (Puri et al., 2001). Poplars are 
distributed throughout the North West Himalayas and 

are growing in Jammu and Kashmir, Himachal 
Pradesh, Uttrakhand, Punjab, Haryana, Uttar Pradesh 
and even in Madhya Pradesh also. When poplar is 
planted on the field boundaries, kharif as well as rabi 
crops can be grown in field throughout the rotation of 
poplar. In block plantation of poplar, the usual kharif 
crops can be grown for two years only; thereafter 
shade-bearing crops like ginger, turmeric etc. are 
planted. However, rabi crops can be grown as usual. 
Poplar plantations also serve as windbreaks. The 
earliest benefit occurring from poplar trees to the 
farmers is fuel wood from pruning. Area under poplar 
and willow in India is estimated at 505,000 ha. The 
largest share (312,000 ha) is composed of poplar 
(Poplus deltoids) plantations outside the forest. It is 
being successfully cultivated in the plains of UP, 



Punjab and Haryana. According to a field survey 
conducted in Haryana state, three clones G48, WSL 22 
and Udai, were the leading clones constituting 95 per 
cent planning stock produced in over 700 acre nursery 
area during 2011-12 season. Over a dozen clones had 
around 5per cent share in the nursery grown saplings. 
In Haryana, Poplar are planted in semi-arid to dry sub-
humid zone which includes Sonepat, Ambala, Karnal, 
Panipat, Yamunanagar and part of Rohtak district. 
Farmers are earning handsome profits from nursery as 
well as plantation activities. Profits to the tune of 38.8 
percent and 100.00 percent of investments are reported 
from rising of nursery stock within one year. Benefit: 
cost ratio of 1:1.92 and 1:2.13 has been estimated with 
pure poplar and with poplar + intercropping in a pay-
back period of 7 years (Dhillon et al., 2001). Owing to 
very little risks and high profits in poplar cultivation, 
1arge farmers and absentee land-lords prefer to put 
their lands under poplar-based agro-forestry rather than 
other agriculture/agro-forestry options. Keeping in 
view all the fact in mind, the present investigation has 
undertaken.
METHODOLOGY

The present study was conducted in Yamunanagar 
district of Haryana state having the highest area under 
poplar cultivation, which was purposively selected for 
economic analysis of production of poplar plantation 
during 2012-2013. Both primary as well as secondary 
data have been used for attaining the objectives of the 
study undertaken. From the above selected district, 
Jaghadhri and Radaur block having the largest area 
under the poplar cultivation was selected purposively 
for the present study. Four villages were selected from 
Jagadhri and Radaur block having highest area under 
poplar plantation and at next stage each block two 
villages were selected. From Jagadhri block Fatehgarh 
and Jairampur and from Radaur, Jathlana and Unehri 
were selected. From the four selected villages a list of 
poplar growers was prepared. Then farmers were 
categorized into three categories, viz. small, medium 
and large by cumulative total method of area under 
poplar plantation. From each sampled village, 20 
poplar growers were selected from the comprehensive 
list of all farmers proportionate to each size groups. 
Thus, a total of 80 farmers (30 small, 28 medium and 22 
large farmers) were selected from all the four villages 
for conducting the present study. Distribution of 
selected respondents are presented in Table 1.

To analyze the economics of production, it is 
essential to study the cost in two parts viz., 
establishment costs and operational costs. The former 
consists of cost of pond construction, preparation of 

land and layout, digging and filling of pits, cost of drip 
irrigation system, cost of plants and plant materials, 
cost of plant protection, cost of manures and fertilizes 
(incurred before plantation), cost of fencing, etc. 

Operational and maintenance costs include the 
expenditure on manuring (farm yard manure and 
fertilizer), intercultural operation, irrigation, plant 
protection, pruning and cutting, rental value of land, 
depreciation on fixed investment and interest on 
working capital. For analysis of data, various economic 
tools were used.
Method of Analysis

For working out the cost returns input used and 
yield level, tabular analysis has been done. To work 
out net present values of further returns in poplar 
plantation the following discounting measure has 
been used.
Discounted cash flow

In the plantation of poplar a heavy amount of 
investment was made in establishing the poplar 
plantation in the initial years and the returns from the 
poplar plantation can be obtained only after a period of 
7-8 years. Therefore, it becomes essential to estimate 
the discounted cash flow or net present value (NPV) of 
both cost incurred and returns obtained over the years 
has been as follows:

Where, 
Ct = Cash flow and net returns in present
r = Prevailing rate of interest (Discount rate)
N = Number of years 

Internal rate of return
To estimating the internal rate of return, the 

investment cost and incremental gross returns for each 
year in the life of poplar plantation were calculated. The 
internal rate of return was calculated at the different rate 
of discount until it satisfies the relationship B – C = 0 
where 'B' is the sum of discounted stream of positive 
value (returns) and 'C' is taken as the sum of discounted 
stream of negative values (costs). 
Benefit cost ratio

The benefit cost ratio is the ratio between the sum 
of discounted net benefits of returns (R) and the sum of 

Categories Size holding in hectare No. of farmers

Small <2 30
Medium 2-5 28
Large >5 22

Table 1: Classification of selected poplar growers of 
Yamunanagar district

*Categories selected by cumulative total method 

å=+
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discounted cost (K), (B = R/K). If this ratio is greater 
than 1 than the investment in poplar plantation is 
considered to be economically viable.

Payback period
It is the period within which the cost of the poplar 

plantation is fully recovered from its own returns. In 
other words, it indicates the number of years by which 
the net returns (R) equal, to the cost of poplar plantation 
(K). For this condition the following relationship must 
be satisfied.
Where,

i = 1, 2, 3 ……. n year,
R = Indicates the return over a number of year,
K = Indicate the cost of poplar plantation.

RESULTS AND DISCUSSION
Establishment cost of poplar plantation on different 
size of farms

The average total cost of establishing poplar field 
in Yamunanagar district was ` 28856 per hectare. The 
establishment cost was slightly higher on large farms (` 
31829) as compared to medium (` 29831) and small 
farms (`25674), which is due to better management of 
small farms than large ones. The highest cost item of 
expenditure was incurred on cost of plant seedling 
which was worked out to be ` 14117 per hectare, 
constituting 48.92 per cent to total establishment cost, 
followed by cost of preparation of land which was ` 
4072 per hectare, contributing 14.11 per cent of total 
establishment cost. Cost of digging and filling of pits 
(11.67 per cent), cost of filling material (9.16 per cent), 
cost of tools (8.40 per cent), and cost of irrigation (1.62 
per cent) were also considered the other major 
component of the overall average establishment cost 
(Table 2).
Overall average operational cost of poplar 
plantation

The overall average operational costs of poplar 
plantation are presented in Table 3. The operating costs 
per hectare increased over years because of higher 
expenses incurred on various inputs and rise in plant 
cutting cost. This increase may be attributed to the 
direct relationship between the physical input 
requirement and age of the plants. The annual operating 

cost ranges from 16629 in the first year to  87697 per 
hectare in the seventh year on small farms and 
corresponding values on medium and large farms were 
found to be ̀  17212 in first year to ̀  98087 per hectare 
in seventh year and ` 17991 to ` 89971 per hectare 
onwards, respectively. The lower cost on small farms 
may be due to poor financial condition and better 
management as compared to medium and large farms. 
The operational cost goes on increasing up to five year 
of the establishment of a poplar field and decrease in 
sixth year because of fewer doses of fertilizers and no 
watch and ward required in this year.
Overall average cost and returns from poplar 
plantation

The total annual cost of poplar cultivation does not 
vary much with the age of plant. The rental value of the 
land is assumed to different to offset the price 
fluctuation. This crop generates negative returns 
during the initial six years and starts giving positive 
returns in seventh year. The gross returns of medium 
category farms were found more as compared to small 
and large category farms. In the end of seventh year net 
returns on small, medium and large farms were found 
to be ̀  1114391, ̀  1146385 and ̀  1026055 per hectare, 
respectively. The net returns were found slightly higher 
on medium farms as compared to small and large 

` `

Particular Size of farms

Small Medium Large Over 
all

Preparation of land 3700 4037 4625 4072

Digging and filling of 
pits

3150 3395 3630 3367

Cost of filling material
(manures, fertilizers and 
insecticide)

2412 2625 2850 2644

Irrigation cost 412 462 550 467

Cost of plant seedling 12150 15050 15612 14117

Cost of tools 2225 2462 2650 2424

Miscellaneous 1625 1800 1912 1765

Total cost 25674 29831 31829 28856

Table 2: Establishment cost of poplar plantation on 
different size of farms               

(`/ha)

Figures in parentheses are the percentage to the average cost per 
annum

IRR 
(Lower 
discount 

rate) 
+ 

difference 
between two 

discount 
rates) 

× 

(Present worth of the cash flow at lower discount rate)  
––––––––––––––––––––––––––––––––––––––––––––––––  

(absolute difference between the Present worth of the cash flow at 
two discount rates)  
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Particulars Average cost
per annum for 
small farmer

Average cost 
per annum for 

medium farmer

Average cost
per annum for 
large farmer

Average cost
per annum

Manures and fertilizer 3945
(13.49)

4210
(13.09)

4281
(13.70)

4138
(13.46)

Intercultural operations 2552
(8.73)

2667
(8.29)

2775
(8.88)

2652
(8.63)

Irrigation 3552
(12.15)

3833
(11.92)

3923
(12.55)

3644
(11.85)

Plant protection 2621
(8.96)

2703
(8.40)

2792
(8.94)

2705
(8.80)

Pruning and cutting 2153
(7.37)

2849
(8.86)

2558
(8.19)

2520
(8.20)

Watch and ward /replacement cost 4049
(13.85)

4160
(12.93)

2392
(14.06)

4201
(13.67)

Cutting of plant 10365
(35.45)

11746
(36.51)

10526
(33.69)

10879
(35.39)

Total operational cost 29240
(100.00)

32172
(100.00)

31249
(100.00)

30742
(100.00)

Table 3: Average operational cost of poplar plantation for small, medium and large farms in Haryana                                                                                                                   
 (`/ha)

 Figures in parentheses are the percentage to the average cost per annum

Particulars Small farmer Medium farmer Large farmer Overall

Land rent 78125 79500 83750 80458
Operational cost 87697 98087 89971 91916
Expected deprecation on fixed investment @ 10 % 2567 2983 3183 2885
Interest on operational cost @ 9% per annum 7892 8828 8097 8272
Total cost 176281 189398 185001 183531
Production(qtls) 1728 1788 1638 1718
Gross return 1373760 1421460 1302210 1365810
Marketing cost 96163 99502 91154 95606
Net return (GR-TC-MC) 1101316 1132560 1026055 1086673
Net return from intercropping 13075 13825 - 8965
Total net returns 1114391 1146385 1026055 1095638

Table 4:  Average cost and return from poplar plantation for small, medium, large and overall farms in Haryana                                                                                                           
 (`/ha)

# Gross return has been worked out by taking average price (`795 per quintal) received by the farmers during peak marketing season of 
the current period in Yamunanagar market

farmers mainly due to higher yield owing to better 
management practices followed by these farmers. The 
same results were also found in the study of Dwivedi et 
al. (2007).

The net returns from inter cropping ranges from ` 
34550 to ̀  13075, ̀  35263 to ̀  13825 and ̀  35700  to ̀  
16800 per hectare during the first year to seven year of 
the poplar plantation for small, medium categories and 
large farmer took inter cropping only to six years, 
respectively (Table 4).
Net present value (NPV), internal rate of returns 

and benefit-cost ratio
The net present value computed has been for 

small, medium, large and overall category farms, 
respectively. The figures show that net present values 
(NPVs) for one hectare poplar plantation came to be 
`368359.41, `384390.14, `305784.86 and 
`353688.41on small, medium, large and overall 
average size farms, respectively. The positive NPV of 
all the categories of farms shows that poplar 
plantation is a profitable crop enterprise in the 
Yamunanagar district of the state. The same results 
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Category Return Cost NPV B:C ratio IRR Pay Back Period

Small 609460.44 241101.03 368359.41 1:2.53 40.36 7

Medium 626957.96 242567.82 384390.14 1:2.58 41.21 7

Large 561149.48 255364.62 305784.86 1:2.20 35.32 7

Overall 599204.42 245516.01 353688.41 1:2.44 39.06 7

Table 5: Category wise benefit cost ratio, net present value, internal rate of return and pay back period with 
intercropping                                                          

(` /ha)

were also observed by Wang et al. (2014). The NPV 
was found higher on medium farms. The reason for 
this higher value could be the better management of 
resources and more yield from poplar plantation 
realized by medium category farmers than small and 
large ones. 

The computed values of internal rate of returns on 
different size of farms indicates a very high internal 
rate of return of 40.36, 41.21, 35.32 and 39.06 per cent 
per annum on small, medium, large and on overall 
average size of farms, respectively. This indicates that 
investment on poplar plantation is highly profitable 
and internal rate of return in all the size groups of farms 
is more than the present market interest rate i.e. 9 per 
cent per annum. The same result was also found in the 
study of Keèa et al. (2012). The higher rate of returns 
from poplar on small and medium farms than on large 
farms was mainly due to better production and 
management of poplar plantation on these farms. 
Finally, it can be said that poplar plantation in the area 
is highly remunerative and paying proposition. At 
discount rate of 9 per cent, on an average the benefit 
cost ratio obtained was equal to 2.44. It indicates that at 
the prevailing rate of interest 9 per cent per annum as 
investment of ̀ 1.00 would fetch a return of ̀ 2.44. The 
benefit-cost ratios were found as 2.53, 2.58 and 2.20 on 
small, medium and large categories of farms, 
respectively. Since this ratio is greater than unity on all 
three categories of farms, it shows that the investment 
in poplar plantation is considered to be economically 
viable. Higher value of benefit-cost ratio on medium 
farms as compared to small and large size of farms 
indicates that medium size of farms are more 
appropriate size of poplar plantation from efficiency 
and profitability point of view (Table 5).
CONCLUSIONS

On an average, the economics of poplar plantation 
during 2012-2013 in Yamunanagar district showed 
that the growers had to incur losses of  ` 33420, ` 
45973, ` 57142, ` 63074, ` 67003 and ` 73532 per 
hectare in the first, second, third, fourth fifth and sixth 

year of the poplar plantation respectively. The 
average net return per hectare was ` 1095638 in the 
seventh year. In the end of seventh year net returns on 
small, medium and large farms were found to be ` 
1114391, ` 1146385 and ` 1026055 per hectare, 
respectively. The net returns were found slightly 
higher on medium farms as compared to small and 
large farmers mainly due to higher yield owing to 
better management practices followed by these 
farmers. To study the economic feasibility of poplar 
plantation, the net present value was calculated at 9 
per cent discount rate and the net discounted return for 
one hectare poplar plantation came to be ` 
353688.41for the entire seven years. The benefit-cost 
ratio at this discount rate of interest was calculated as 
1:2.44. The overall internal rate of return from one 
hectare poplar plantation was found to be as high as 
39.06 per cent. The payback period of one hectare 
poplar plantation is seven years. The analysis of 
benefit cost ratio and internal rate of return showed 
that the investment in poplar plantation is considered 
to be economically viable.
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Direct Seeded Rice: Potential and Constraints in Punjab

ABSTRACT
Rice production contributes to global climate change through emissions of methane and nitrous oxide gases. Further water table is 
lowering at an alarming rate in Punjab due to excessive drawing of groundwater for rice cultivation. Water use in rice production, 
therefore, needs to be decreased by increasing water-use efficiency, decreasing seepage, percolation and evaporation losses. DSR 
(direct seeded rice) has got the potential to improve water use efficiency, reduce other losses besides significantly reducing the 
methane production by producing the aerobic conditions. The FLD on DSR were conducted during 2013-14 to 2015-16 in Bathinda 
district of Punjab to assess prospects and constraints of DSR over NTR (normal transplanted rice). DSR has saved labour worth 
`5250 per hectare, irrigations to the tune of 40 per cent and has also given 2.61 per cent additional yield worth ̀ 3298 per hectare 
over NTR. A successful transition of rice cultivation from normal transplanting system to DSR culture demands breeding of special 
rice varieties and developing appropriate management strategies. Despite threats of weed flora, NO  emissions, lodging, nutrient 2

deficiencies and blast attack the technique, thus, need to be popularized on heavy soils through suitable policy at the state level. 
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INTRODUCTION
Rice is a leading cereal of the world (Ashraf et al., 

2006) and more than half of the human race depends on 
rice for its daily sustenance (Chauhan and Johnson, 2011). 
Direct seeding of rice refers to the process of establishing 
the crop from seeds sown in the field rather than by 
transplanting seedlings from the nursery (Farooq et al., 
2011). Direct seeding avoids three basic operations 
namely puddling, transplanting and maintaining standing 
water. Direct seeding of rice has the potential to provide 
several benefits to farmers and the environment over 
conventional practices of puddling and then 
transplanting. Direct seeding of rice helps to reduce water 
consumption as it eliminates producing seedlings in a 
nursery, flood irrigations, puddling, transplanting in a 
puddled soil and maintaining 4-5 inches depth of water at 
the base of the transplanted seedlings. Direct seeding of 
rice on the other hand avoids nursery raising, seedling 
uprooting, flood irrigations, puddling and transplanting 
and thus, reduces the labour requirement. In addition to 
labour savings the demand for labour is spread out over a 
longer period in direct seeded rice (DSR) than in 
transplanted rice (Kumar and Ladha, 2011; Kaur et al., 

2015; Ladha et al., 2003, Akkas et al., 2006). 
Conventional tillage requires intensive labour in the 
critical operation of transplanting which often results in a 
shortage of labour. Further the declining availability and 
quality of water and increasing costs are already affecting 
the sustainability of irrigated rice production systems in 
many parts of South Asia. Water table is lowering at an 
alarming rate in Punjab due to excessive drawing of 
groundwater through bore wells for paddy cultivation. 
The groundwater table has fallen at about 23 cm annually 
in the Central Punjab. After conducting a study of water 
table levels in 137 blocks, the Central Ground Water 
Board (CGWB) has classified 103 blocks as "over 
exploited", five "critical" and four "semi-critical." Water 
application in rice production, therefore, needs to be 
decreased by increasing water-use efficiency through 
reduced losses caused by seepage, percolation and 
evaporation. DSR has got potential to improve the 
efficiency of water use. Besides it also helps in making 
full use of family labour and having less dependence on 
hired labour. An attempt has been made in this paper to 
compare the costs incurred in DSR with normal planted 
rice (NTR) and additional costs / savings involved in the 



cultivation of direct seeded rice so as to assess prospects 
and constraints involved in it. 
OBJECTIVES
i. to compare the cost structure in direct seeded rice and 

normal transplanted rice,
ii.additional costs / savings involved in the cultivation of 

direct seeded rice in comparison to normal transplanted 
rice, and

iii. to assess the ecological impact of direct seeded rice 
over normal planted rice.

METHODOLOGY
The Front Line Demonstrations on direct seeded rice 

were conducted in the adopted village Killi Nihal Singh of 
district Bathinda (Punjab) during 2013-14 and 2015-16 
by Krishi Vigyan Kendra Bathinda under the National 
Initiatives on Climate Resilient Agriculture (NICRA) 
project. These demonstrations were conducted under the 
Technology Demonstration Component (TDC) of the 
project. Total 14 Front Line Demonstrations on direct 
seeding rice were conducted in 8.8 hectare area during the 
year 2013-14 to 2015-16. The rice variety Pusa Basmati -
1121 was grown under the demonstration plots as well as 
at the farmers' fields. The basmati crop was sown directly 

ndin the field in the 2  fortnight of June and the same  under 
conventional method was first sown in the second 
fortnight of June and then transplanted in the field during 

nd2  fortnight of July to monitor its performance under both 
the conditions. The mean of actual costs incurred under 
both the situations were calculated through cost counting 
method during the period under report. The farmers used 
their own tractors and diesel consumed on all operations 
was assessed at prevailing market price in the respective 
years. Tractor hours and human labour that is, family 
labour as well as casual labour were assessed for different 
operations like field preparation, puddling, transplanting, 
irrigations, fertilizer application, weedicide & pesticides 

use, harvesting and marketing operation. The various 
inputs used were assessed at their prevailing market price 
during respective years. The additional costs incurred and 
the savings made thereof on various fronts by DSR over 
NTR were tabulated and analyzed to achieve the 
objectives.
RESULT AND DISCUSSION
Cost structure of DSR and NTR
Costs incurred in DSR and NTR
       All the operational costs incurred in the cultivation of 
rice crop under direct seeded method as well as 
transplanting method are recorded in Table 1. The 
recommended seed rate of basmati crop used for direct 
seeding was 20 kilogram per hectare and for normal sown 
crop it was 10 kilogram for sowing nursery to transplant 
basmati rice in one hectare area. The seed cost worth 
`1375 to `1500 per hectare during 2013-14 to 2015-16, 
respectively with the average of ̀ 1458.33 per hectare was 
calculated for DSR. The same cost for normal planted rice 
came out to be `733.33 per hectare. The seed treatment 
costs under both the conditions using 5 gram Emisan-6 
and 1 gram Streptocycline per 8 kg seed has been assessed 
worth ̀ 36.67 per hectare for DSR and ̀ 18.33 per hectare 
for NTR. The total pesticides costs including insecticides, 
weedicides and fungicides ranged from `6250 to `6750 
per hectare under DSR conditions because more weed 
flora emerged in DSR fields and two extra sprays of 
weedicides were applied to the crop (Bhullar et al., 2016). 
This cost ranged between `5375 to `5750 per hectare 
under normal sown rice. As far as the cost of fertilizer is 
concerned, farmers have to spray Ferrous Sulphate to 
ameliorate the iron deficiency in DSR crop, thus, spent 
`500 per hectare as an additional cost over the NTR crop. 
On an average the total fertilizer cost worked out to be 
`4875 per hectare in DSR while it was `4375 per hectare 
in NTR. Further under NTR conditions farmers applied 

Particulars 2013-14 2014-15 2015-16 Overall average

DSR NTR DSR NTR DSR NTR DSR NTR
Seed 1375 700 1500 750 1500 750 1458.33 733.33
Seed Treatment 35 17.5 37.5 18.75 37.5 18.75 36.67 18.33

1Cost of  pesticides  6250 5375 6625 5625 6750 5750 6541.67 5583.33
2Cost of fertilizers 4750 4250 4875 4375 5000 4500 4875.00 4375.00

Diesel used for Irrigations 1625 2750 1687.5 2812.5 1750 3000 1687.50 2854.17
3Human Labour used  7975 16400 8500 16562.5 8500 16650 8325.00 16537.50

4Tractor hours used 5450 5450 5512.5 5512.5 5512.5 5512.5 5491.67 5491.67
Combine harvester 2375 2375 2500 2500 3000 3000 2625.00 2625.00
Marketing charges 1125 1125 1250 1250 1250 1250 1208.33 1208.33
Sub Total                                                                                                                   32249.17  
Interest on variable costs@ 9% for half period                                                        725.60
Total cost                                                                                                                  32974.77 

34926.66
785.85

35712.51

Table 1: Input Costs in DSR & NTR during different years                   
(`/ ha)

1. 2. 3 4 Includes insecticide, fungicide & weedicides, All fertilizers and micronutrients, Labour used in all field operations, Tractor used for 
all field operations (7 hours) and diesel consumed (35 liters)       
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on an average 25 irrigations where as only 15 irrigations 
were applied to the DSR crop. Though free electricity is 
supplied to run tubewell for irrigations to the Punjab 
farmers yet the value of diesel consumed for irrigations in 
the absence of electricity has been assessed at its 
prevailing market rates during the respective years. It was 
`1687.5 per hectare under DSR and ̀ 2854.17 per hectare 
under NTR conditions. The human labour that is, family 
as well as casual labour, for DSR and NTR was assessed 
for different operations like field preparation, puddling, 
transplanting, irrigations, fertilizer, weedicide & 
pesticides applications and harvesting. It was `8325 per 
hectare under DSR and `16537.50 per hectare under 
NTR. The tractor cost of `5491.67 per hectare was 
worked for 17.5 hours of its use consuming 122.5 liters of 
diesel under both the conditions of basmati cultivation. 
The total average operational costs under DSR and NTR 
have been worked out about `32249.17 and `39426.67 
per hectare, respectively. This cost is about `.677.50 per 
hectare more in NTR over DSR. Further the interest rate 
@ 9 per cent on all variable costs for half the crop period 
time was also included in the total costs which were 
`725.60 and `785.85.00 per hectare for DSR and NTR, 
respectively.
Comparable costs involved in cultivation of DSR and 
NTR  
        The costs being saved or applied additionally in DSR 
were compared with those of NTR in Table 2. The data in 
Table 2 revealed that the cost of ̀ 1200.00 per hectare was 
applied extra for sowing of basmati rice with DSR 
machine over NTR. The cost of nursery production which 
includes seed, labour, fertilizers, weedicides and 

machinery costs under NTR worth ̀ 1500 per hectare was 
saved by using DSR technique. Further the cost of 
puddling worth `875 per hectare which is prequest for 
transplanting rice was also saved by DSR technique over 
NTR. The average cost of transplanting in NTR 
amounting `5250 per hectare was saved in DSR. Further 
on an average ̀ 1000 per hectare was the additional cost of 
controlling weeds under DSR over NTR because more 
weeds appears in DSR. Similarly an additional cost worth 
`500 per hectare was spent in DSR for ameliorating the 
deficiency of iron content which was not applied in NTR. 
Last but not the least was the irrigation cost. Under DSR 
farmers saved `2250.00 per hectare on account of 
irrigations over the NTR. Similar results were reported by 
Romana (2014).

Summing up all the comparable operational costs 
`7175 per hectare were saved by DSR technique over the 
normal planted method in rice cultivation.    
Productivity comparison

The productivity of basmati rice grown under DSR 
conditions was observed slightly more than that grown 
under NTR conditions. The productivity increase was 
measured by calculating the difference in grain yield of 
DSR and NTR which was 1.1 quintal in 2013-14 and 1.5 
quintal in both the years 2014-15 and 2015-16. The 
percentage increase in productivity under DSR was 
observed between 2.03 to 2.87 per cent during 2013-14 to 
2015-16 over the NTR with the overall increase of 2.61 
per cent (Table 3). On an average 53.80 quintal per hectare 
yield was observed in DSR as compared to 52.43 quintal 
per hectare under NTR conditions. Maximum percentage 
increase was observed in the year 2014-15. The monetary 

Particulars 2013-14 2014-15 2015-16 Overall average

DSR NTR DSR NTR DSR NTR DSR NTR

Cost of sowing 1125 - 1225 - 1250 - 1200 -
Cost of Nursery raising - 1375 - 1500 - 1625 - 1500
Cost of  puddling - 750 - 875 - 1000 - 875
Cost of transplanting - 5000 - 5250 - 5500 - 5250
Cost of weedicides 1750 750 1750 750 1750 750 1750 750
Cost of micro nutrients 450 - 500 0 550 0 500 -
Cost of irrigations 3875 6000 4000 6250 4125 6500 4000 6250
Total comparable costs 7200 13875 7475 14625 7675 15375 7450 14625

Table 2: Comparable costs involved in cultivation of DSR and NTR      
(` / ha)

Year Varieties DSR NTR Additional
yield (q)

Price 
(`. /q)

Value (`) % Productivity increase in 
DSR over NTR 

2013-14 Pusa 1121 55.2 54.1 1.1 3200 3520 2.03
2014-15 Pusa 1121 52.5 51.0 1.5 2500 3750 2.94
2015-16 Pusa 1121 53.7 52.2 1.5 1750 2625 2.87
Overall average 53.80 52.43 1.37 2483 3298 2.61

Table 3: Productivity of rice under DSR and NTR                                   
 (q / ha)  
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value of this increased productivity was assessed by 
multiplying the output quantity with the respective 
market price prevailed in the open market during the 
respective year. Overall the additional yield worth `3298 
per hectare was received from the directly sown rice over 
the normally planted crop. 
Returns / losses in DSR over NTR 

The gains / losses were calculated for rice crop grown 
under both the methods of production. Under DSR 
technique, the farmers saved money against nursery 
production, field puddling, transplanting and irrigation 
application to the tune of `7175 per hectare. Further this 
technique resulted in overall 2.61 per cent higher 
productivity over the normal transplanted rice and paid 
higher returns worth ̀ 3298 per hectare (Table 4). Thus, on 
an average, there was saving of ̀ 10473 per hectare in rice 
grown with the DSR technology over the normal 
transplanted rice method.

Farmer's Perception about working of DSR 
technology

The perceptions of selected farmers were also taken 
regarding various components of DSR technology as well 
as DSR seed drill. More than half (55 per cent) of the end 
users were satisfied with the efficiency of DSR machine 
(Table 5). A majority of the farmers were unsatisfied as for 
as the availability of DSR machine. They were of the 
opinion that more number of DSR machines should be 
supplied in the Co-Operative Society of the village so as 
to make these easily available. Weeds are one of the major 
constraints in adoption of DSR technology as almost all 
the kharif season weeds appear in huge quantity due to 
moist soil surface over longer period of time in DSR. 
Weeds problem was reported as serious one by 90 per cent 
of the respondents. As per the recommendation of the 
Punjab Agricultural University, DSR is only 
recommended in medium to heavy soils. Deficiency of 
micro-nutrients was also observed in DSR fields but a 
vast majority of the selected farmers (85 per cent) were 
satisfied with the amelioration of micro-nutrients. All the 
farmers were dissatisfied due to no provision of 

recognition to the beneficiaries of DSR technology. To 
respond the question whether the DSR machines should 
be supplied by Co-operative Societies, 95 percent farmers 
showed their consent for this. Half of the farmers were 
satisfied with the yield obtained from DSR. A vast 
majority of the farmers were satisfied with the water 
saving capacity of this DSR technique.

Ecological Impact
Increasing Water use Efficiency

On this globe new water cannot be created; thus, we 
have to conserve and make judicious use of every drop of 
available water. Two possible options are to minimize 
water losses through better management, thus, ensuring 
more water for crop production, and improve water use 
efficiency (Bhushan et al., 2007). The productivity of 
water in rice is very low. Normal planted rice needs 3000 
to 5000 liters of water to produce one kg rice. Rice alone 
use 85 per cent of the available fresh water for agriculture 
at the global level. The declining availability and quality 
of water, increased competition from domestic and 
industrial sectors and increasing costs are already 
affecting the sustainability of irrigated rice production 
systems in many parts of South Asia. The groundwater 
table has fallen at about 23 cm per year in the Central 
Punjab. Water use in rice production, therefore, needs to 
be decreased by increasing water-use efficiency. The 
direct seeded rice has the potential to improve the 
efficiency of irrigation water. About 40 percent irrigations 
water worth `2250 per hectare were saved by the DSR 
technique, thus, better efficiency of the available water to 
irrigate the per unit area in shorter time periods.

Particulars 2013-14 2014-15 2015-16 Overall

Savings in 
preparatory tillage (+)

1000 1150 1375 1175

Savings in 
irrigations (+)

2125 2250 2375 2250

Savings in 
transplanting (+)

5000 5250 5500 5250

Losses in pesticide 
use (-)

- 1450 - 1500 - 1550 - 1500

Saving on account of 
additional yield in 
DSR (+)

3520 3750 2625 3298

Overall savings (+) 10195 10900 10325 10473

Table 4: Gains vis-a-vis losses in DSR over NTR                                        
(`/ha)

Particulars Satisfactory Un-
satisfactory

Not 
responded

Efficiency/Working 
of DSR machine

55 % 40 % 05 %

Timely availability 
of Machine

30 % 70 % --

Weed Management 10% 90% --
Deficiency of 
Micro –nutrients 
and its 
amelioration

85% 10% 05 %

Incentive to end 
users of DSR 
technology

-- 100 % --

Supply of DSR 
machine at co-
operative level

95% 05 % --

Yield obtained 
from Basmati crop

50 40 % 10 %

Less water 
required, saves 8-
10 irrigations

90 10 % --

Table 5: Satisfaction of the farmers regarding use of DSR    
(n=14)
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 Improving Soil Health
Recent trends of yield decline/stagnation observed in 

long-term experiments in South Asia were mostly due to 
soil-related causes such as the decline in soil carbon (C) 
and macro and micro nutrients in rice-wheat systems, 
accumulation of phenolic compounds and the increase in 
soil salinity. Intensive use of irrigation water in rice also 
led to a salinity buildup. In the short term, salinity buildup 
leads to reduced yields, whereas, in the long term, it can 
lead to abandoning of crop lands (Ladha et al., 2003). 
Farmers are also using poor-quality water for irrigation in 
several areas of the Indo Gangetic Plans for rice and run 
the risk of further aggravating soil degradation. The soil 
quality of rice systems therefore needs to be continuously 
monitored and efforts be made to improve soil health. 
DSR is the right answer in this direction to lower the use 
of poor quality water as 40 percent less water is required 
to raise the paddy crop under this system. 
Lowering Greenhouse Gas Emission

Rice production contributes to global climate change 
through emissions of methane and nitrous oxide and in 
turn suffers from the consequences. Methane is formed in 
soil through the metabolic activities of a small but highly 
specific bacterial group called methanogens. Their 
activity increases in submerged, anaerobic conditions 
developed in wetland rice fields, which limit the transport 
of oxygen into the soil, and the microbial activities render 
the water-saturated soil practically devoid of oxygen. The 
upland, aerobic soil does not produce methane (Chauhan 
and Johnson 2011). Water management, therefore, plays a 
major role in methane emission. DSR significantly 
reduces the methane production by producing the aerobic 
conditions which includes the elimination of flooding 
irrigation and maintaining the standing water in the crop.  
CONCLUSIONS

From the ongoing discussion it can be concluded that 
DSR technology has an edge over the existing method of 
paddy transplanting as per the total water consumption as 
well as monetary benefits are concerned. Although, an 
additional amount worth `1000 per hectare was required 
for controlling weeds, ̀ 1200 per hectare were spent extra 
for sowing paddy seed and further `500 per hectare were 
applied additionally to ameliorate the iron deficiency in 
DSR but savings on account of nursery raising, nursery 
transplanting, flood irrigation, maintaining standing 
water, productivity etc. over normal planted rice have 
outraced the additional costs involved in direct seeded 
rice. Direct seeded rice has saved labour worth ̀ 5250 per 
hectare on account of paddy transplanting, thus, a massive 
relief against labour shortage during the transplanting of 
about 28 lakh hectares of paddy crop in the state. Further 
irrigations to the tune of 40 per cent were also saved in 
direct seeded rice over the normal planted rice which is 
quite a satisfactory answer to the ever decreasing water 
table of the state. The DSR has also given 2.61 per cent 
additional yield over NTR worth ̀ 3298 per hectare, thus, 
overcoming the fear of about half the sampled population 

regarding poor yield under DSR conditions. Thus, overall 
DSR has paid ̀ 10473 per hectare extra over the NTR. 

On the face of global water scarcity and escalating 
labour rates, when the future of rice production is under 
threat, direct seeded rice (DSR) offers an attractive 
alternate. A successful transition of rice cultivation from 
normal transplanting system (NTR) to direct seeded rice 
(DSR) culture demands breeding of special rice varieties 
and developing appropriate management strategies. 
Despite controversies, if properly managed, comparable 
yield can be obtained from DSR. Although weed flora, 
NO emissions, lodging, nutrient deficiencies and blast 2 

attack are threats in DSR but the biotechnological and 
genetic approach may help to resolve these issues. The 
Technique, thus, need to be popularized on heavy soils 
through suitable policy at the state level. The role of Agro 
Service Centers needs to be strengthened in this regard.  
POLICY IMPLICATION

The Direct Seeded Rice (DSR) techniques has a 
significant impact on saving the underground irrigation 
water besides lowering the production of Methane gas by 
creating anaerobic conditions. In lieu of the continuous 
depletion of sweet water reserves in the state, the 
technique, thus, needs to be popularized on war footing 
base by formulating suitable policy at the national level. 
The incentives to the end users need to be popularized. 
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ABSTRACT
The present investigation was undertaken with a view to study the marketing of papaya (Carica papaya L.) in Middle Gujarat. A 
multistage random sampling design was used for selecting the sample. The study covered 4 talukas, 12 villages and 120 papaya 
growers (37 marginal, 18 small, 25 medium and 40 large) from Anand and Vadodara districts of Gujarat. For studying price spread 
in marketing, five functionaries from each category of papaya marketing were randomly selected from Anand and Vadodara 
markets. The reference period of this study for farmers was August-2009 to January-2012 and for market functionaries it was April-
2012. As papaya is a market oriented crop, on an average about 99 percent of production was marketed, while negligible portion 
was utilized for other purposes. The producer to pre harvest contractor to Wholesaler-cum-Commission agent to retailer to 
consumer was the major marketing channel as more than 90 percent of papaya moved through this route. The total cost in marketing 
of papaya per quintal was ̀ 526.95 which was 30.29 per cent of the consumers’ rupee. Among it the highest marketing cost observed 
in pre harvest contractor which accounted as `183.12 per quintal followed by retailers (`161.05), wholesaler-cum-commission 
agent (`174.40) and growers (`8.38) per quintal. The results also indicated that transportation cost was the major marketing cost 
possessed by pre-harvest contractor and wholesaler-cum-commission agent while retailer possessed damage cost. The margins in 
papaya marketing amounted to `614.45 per quintal which was 35.32 per cent of consumers’ rupee. The producer’s share in 
consumer’s rupee was estimated to be 34.39  per cent.
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INTRODUCTION
Papaya belongs to the genus Carica of the family 

Caricaceae with 48 species of all the species Carica 
papaya L. is the most important and best known. It is 
cultivated all over the world. The original home of papaya 
is Tropical America (Shivannavar, 2005). Papaya is a very 
wholesome, refreshing and delicious fruit. Green fruits 
are diuretic and mildly laxative and are used as 
vegetables. It has a high nutritive and medicinal value. 
Papain prepared from dried latex of its immature fruits is 
used in digestion of protein, removing skin blemishes, in 
treatment of stomach ulcer, diphtheria, in meat 
tenderizing, manufacture of chewing gum, cosmetics, for 
degumming natural silk and to give shrink resistance to 
wool. The ripe fruits are rich source of carbohydrates, 
minerals (Ca, P and Fe), Vitamin (carotene, thiamine, 
riboflavin, etc.) and ascorbic acid (Singh et al., 2010). 

Besides this, it is also used in pharmaceutical industries, 
textile and garment cleaning paper and adhesive 
manufacture etc. The ripe fresh papaya fruit is delicious 
and used as table fruit. It has a neutral taste that can be 
considerable improved by addition of flavors rich fruits to 
make soft drinks, jams and various preserves. Unripe 
fruits can be fermented into sauerkraut or cooked as a 
substitute for apple sauce. Because of all these reasons 
papaya is popularly known as common man’s fruit. The 
importance of papaya to agricultural and the world’s 
economy is demonstrated by its wide distribution. It has 
emerged from the status of a home garden crop to that of 
commercial orchards in many tropical countries. 

In India papaya is grown on 0.957 lakh ha and its 
production 39.14 lakh tonnes. Gujarat state has area of 
15300 ha under papaya crop with the production of 
832900 tonnes. Marketing play important role in 

Economics of Marketing of Papaya in Middle Gujarat 
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determining the level of income to the producer for his 
saleable commodity. Marketing is the process which 
involves all aspects structure, both functional and 
institutional based on technical and economics 
consideration and includes operations like assembling, 
grading, storage, transportation and distribution. There 
are many Middle men who operate both in assembling 
and distribution point in papaya marketing business. They 
exploit the growers by taking high marketing margins. 
The marketing margins shows the price spread between 
the prices paid and received by any particular fruit 
marketing agency. Since no serious attempt has been 
made to know marketing cost and price spread in papaya 
marketing. Keeping in view above, the investigation with 
respect to economics of production of papaya in Middle 
Gujarat was undertaken with following objectives:
1. to study the utilization pattern and marketing 

channel, and
2. to workout the marketing cost and price spread

METHODOLOGY
Multistage random sampling was used to select 

district, talukas, villages and papaya growers. Anand and 
Vadodara districts were selected purposively on the 
highest area under papaya crop in Middle Gujarat region. 
Two talukas having highest area under papaya from each 
district i.e. Anand and Umreth talukas from Anand district 
and Vadodara and Savli talukas from Vadodara district 
were selected. Hence, total four talukas were selected for 
the study. In order to select the villages, the staff of taluka 
development officers was contacted and the various 
objectives of the study discussed. Then a list of the 
villages growing papaya was prepared. From the prepared 
list three villages were selected randomly from the each 
selected taluka. Thus, total 12 villages were selected for 
the study. From each of the villages ten papaya growers 
were randomly selected for the present study. They were 
then stratified in to four size groups viz., marginal (up to 
1.00 hectare), small (>1.00 to 2.00 ha), medium (>2.00 to 
4 ha) and large (above 4.00 ha). Thus, in all 120 growers 
(37 marginal, 18 small, 25 medium and 40 large) were 
selected for the study. For the study of marketing aspects 
of papaya, the Anand and Vadodara markets were 
selected. An estimate of marketing aspects of the papaya 
was made after analyzing the possible marketing 
channels, from these marketing channels, five market 
functionaries from each category were selected for both 
Anand and Vadodara markets. Thus, 10 functionaries 
each of pre harvest contractor, wholesaler cum 
commission agent and retailers were selected. To study 
the marketing of papaya, required information were 
collected from farmer for the year August-2009 to 
January-2012 during the months of February-March 2012 
and for market functionaries it was collected for the 
month of April-2012 during the month of May-2012. 

Statistical tools like tabular analysis, mean and 
percentage were used for estimating marketing of papaya. 
To examine price spread marketing cost, margin and 

producer’s share in consumer’s rupee the following 
formulas were used: 
Price Spreads

The producer’s share, marketing costs and margins 
of middleman in marketing of papaya were worked out by 
using the formulas as given by Acharya and Agarwal 
(2003). 
(i) Producer’s share in consumer’s rupee

Where, 
P  = Producer’s share in consumer’s rupee.S

P  = Price of the produce received by the farmer.F

P  = Price of the produce paid by the consumer. C

(ii) Marketing margins of middlemen
The absolute and percentage margin of middlemen 

involved in marketing were estimated as under: 
thAbsolute margin of i middleman = P  – (P  + C ) Ri Pi mi

thPercentage margin of i  middleman

Where, 
thP  = Sale price of the i  middleman, Ri

thP  = Purchase price of the i  middleman, and Pi

thC  = Cost incurred on marketing by the i  middleman. mi

(iii) Total cost of marketing
The total cost incurred on marketing of papaya by 

the farmers and intermediaries involved in the process of 
marketing was computed as:

C = C  + C  + C  + ………….. CF m1 m2 mn

Where, 
C = Total cost of marketing 
C  = Cost incurred by the producer in marketing of F

            Papaya, and 
th     C = Cost incurred by the i  middleman in marketing mn

            of Papaya. 
Marketing margin for the adopted marketing channel 

was worked out by comparing the prices prevailing at 
successive stages of marketing. Since used price were 
related to a particular point of time and as such concurrent 
margins were worked out. 
RESULTS AND DISCUSSION

Marketing play very important role in determining 
the level of income to the producer for his saleable 
commodity. Considering the perishable nature, bulkiness 
and seasonal nature of papaya, the profitability depends 
upon how marketing of papaya is undertaken by the 
producers. Therefore, different aspects of marketing viz., 
utilization pattern, marketable surplus, agency through 
whom sold, marketing costs and margins, etc. were 
studied and the results are discussed here. 
Utilization Pattern

For agrarian economics, it is not important to merely 
increase agricultural production, but simultaneously 
marketable surplus must also increased. The total 
production, utilization pattern and marketable surplus of 

100́=
C

F
s

P

P
P

100́
Ri

mipiRth

P

)+C-(PP
(%)= middlemaniMargin of i
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papaya by the sample farmers are presented in Table 1. 
Results showed from table that the total production of 
papaya on sampled farms was 92856.3 quintals. The 
quantity utilized as damaged accounted for 0.44 per cent, 
for relatives 0.24 percent, wage purpose 0.12 per cent and 
home consumption was 0.11 percent. The proportion of 
this utilization was negligible. Because of the perishable 
nature of papaya, there was not much difference between 
marketable and marketed surplus in the present study. The 
marketable surplus of papaya varied from 98.55 percent 
on marginal farms to 99.26 percent on large farms. The 
marketable surplus increased in absolute as well as in 
percentage terms with the increase in farm size, except on 
small farms, being 98.55, 99.07, 99.04, and 99.26 per cent 
on marginal, small, medium and large sized farms, 
respectively, with an average of 99.09 percent on sample 
farms.
Agency-wise sale of Papaya

Like other crops, the profitability of papaya crops 
depends upon how marketing is undertaken by the 
producers. Agency through which it is sold and some of the 
important factors which influence the net price received by 
the farmers. The farmer’s decisions with respect to agency 
for sale of papaya is influenced by number of factors such 
as road and transportation facilities available, distance and 
location of markets, price of the produce, transportation 
cost, marketable quantity and economic conditions of the 
farmers. Looking to the limited use of fruits by consumers 
in their daily consumption in quantity, there is no special 
regulated market for fruit crops. Papaya crop is mostly 
produce and marketed traditionally. Other thing related 
with fruit crops is that, it mostly sold out as seasonal or 
yearly to pre harvest contractor. Total activities related to 

marketing like packaging, loading from field and 
unloading at market, transportation performed by 
contractor while only weighing charges near to field paid 
by producer. The agency wise sale of total marked surplus 
of papaya is presented in Table 2. 

The purchase of papaya was undertaken mainly by 
Pre harvest contractor directly from farmers’ field. In that 
connection, it was observed that, on behalf of wholesaler 
some commission agent or some person and wholesaler 
cum commission agent himself also make contract of 
papaya field on season basis or year basis. Mostly Pre 
harvest contractor fixed the price in advance and it 
prevailed throughout the year or same. At market level 
purchased by wholesaler and retailer. The data in the table 
show the relative importance of the different agencies 
involved marketing system. 

The table reveals that maximum number of farmers 
(about 93 percent on an overall basis) preferred to sale their 
produce to the pre-harvest contractor. About 7 per cent 
producers preferred to sell to the retailers. Further, it was 
observed from table that percent sale of papaya to   Pre 
harvest contractor increased with size of farm increases. 
Whereas, it was decline as farm size increase in case of 
retailer. The marketable surplus of papaya handled by 
different agencies given in the same table shows that out of 
92007.58 quintals, 85643.93 quintals (93.08 per cent) was 
purchased by the pre-harvest contractor/wholesaler-cum-
commission agent and 6363.65 quintals (6.92 per cent) 
was marketed through the retailers.

Thus, results showed that the role played by the pre-
harvest contractors was dominant in marketing of papaya; 
from both the point of view that is, number of farmers 
using it and quantity of papaya sold through this agency. 

Particulars Category of farm

Marginal Small Medium Large Overall

Total production 14022.50 11075.00 18839.80 48919.00 92856.30

(100.00) (100.00) (100.00) (100.00) (100.00)

On farm utilization

(a) Home consumption 22.65 12.45 22.56 46.85 104.51

(0.16) (0.11) (0.12) (0.10) (0.11)

(b) Wage purpose 22.80 14.55 26.41 50.60 114.36

(0.16) (0.13) (0.14) (0.10) (0.12)

(c) Damage 100.30 48.70 87.95 169.50 406.45

(0.72) (0.44) (0.47) (0.35) (0.44)

(d)  For relatives 57.10 27.10 44.70 94.50 223.40

(0.41) (0.24) (0.24) (0.19) (0.24)

Total (a to d) 202.85 102.80 181.62 361.45 848.72

(1.45) (0.93) (0.96) (0.74) (0.91)

Marketable surplus 13819.65 10972.20 18658.18 48557.55 92007.58

(98.55) (99.07 (99.04) (99.26) (99.09)

Table 1: Pattern of utilization of papaya on the sample farms
(q)

Figure in parentheses indicate percent to total production
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This might be due to the immediate cash payment of 
produce and total marketing cost (like transportation 
charges, packaging, loading, unloading, etc.) born by Pre 
harvest contractor. Lack of regulated market for fruit and 
fear of price fluctuation among the producers. 
Marketing Channels

Every product rooted through intermediaries from 
production point to ultimate users. The marketing costs, 
margins and price spread in marketing of papaya through 
major channel have been presented based on the data 
collected from farmers and market functionaries. The 
channels identified in the study area were:
Channel I :   ProducerDRetailersDConsumers
ChannelII : Producer D Pre-harvest Contractor D 

Wholesaler-cum-Commission Agent D 
Retailer D Consumer

It was evident from the Table 3 on an average about 
93 and 7 percent of total papaya moved in studied area 
through Channel-II and I, respectively. Thus, more than 
90 per cent of papaya moved through producer to Pre 
harvest contractor to Wholesaler-cum-Commission agent 
to retailers to consumer. As such, details of cost, margin 
and price spread were studied for Channel-II only. 
Marketing Cost Incurred by the Papaya Growers

Cost of marketing affects the producer’s net share in 
consumer’s rupee. The details of component wise per 
quintal marketing cost incurred by papaya growers are 
presented in Table 4.

It is evident from the table that on an average 
marketing cost incurred by papaya growers amounted to 
`8.38 per quintal. Among the various components of 
marketing cost incurred by the growers, weighing cost 
was highest (`3.07 per q), accounting about 37 per cent to 
total marketing cost, followed by damage cost (16.71 per 
cent), transportation cost (15.39 per cent), cleaning, 
grading and packing charges (13.96 per cent), loading and 
unloading (9.31 percent), and storage charges (7.88 
percent). Further, the results revealed that per quintal total 
cost was highest on small farms (`10.28), followed by on 
marginal farms (`10.19), medium farms (`9.44) and on 
large farms (`5.63). Marketing cost incurred by the 
papaya growers was negligible because most of growers 
selling their produce through pre-harvest contractor 
which bear majority of the marketing cost. Thus, it is 
inferred that as the size of farm increased the marketing 
cost also decreased, except small farm category. 

Particulars Category of farm

Marginal Small Medium Large Overall

Farmers (No.) 3 (8.11) 2 (11.11) 2 (8.00) 2 (5.00) 9 (7.50)

Quantity sold 1561.1 (11.30) 836.5 (7.62) 1122.25 (6.01) 2843.8 (5.86) 6363.65 (6.92)

Farmers (No.) 34 (91.89) 16 (88.89) 23 (92.00) 38 (95.00) 111 (92.50)

Quantity sold 12258.55 (88.70) 10135.7 (92.38) 17535.93 (93.99) 45713.75 (94.14) 85643.93 (93.08)

Farmers 37 (100.00) 18 (100.00) 25 (100.00) 40 (100.00) 120 (100.00)

Quantity sold 13819.65 (100.00) 10972.2 (100.00) 18658.18 (100.00) 48557.55 (100.00) 92007.58 (100.00)

Table 2: Disposal pattern of papaya under different agencies
(q)

Figure in parentheses indicate percent to total marketed surplus

Particulars Produce marketed

Marginal Small Medium Large Overall

Channel-I 1561.10 836.50 1122.25 2843.80 6363.65

(11.30) (7.62) (6.01) (5.86) (6.92)

Channel-II 12258.55 10135.70 17535.93 45713.75 85643.93

(88.70) (92.38) (93.99) (94.14) (93.08)

Total 13819.65 10972.20 18658.18 48557.55 92007.58

(100.00) (100.00) (100.00) (100.00) (100.00)

Table 3: Disposal pattern of papaya under different 
channels

(q)

Figure in parentheses indicate percent to total marketed surplus

Particulars Produce marketed

Marginal Small Medium Large Overall

Cleaning, 
grading and 
packing 
charges

1.25 1.78 1.42 0.70 1.17

(12.27) 17.32 (15.04) (12.43) (13.96)

Loading and 
unloading 
charges

0.94 1.00 0.86 0.50 0.78

(9.22) (9.73) (9.11) (8.88) (9.31)

Total 
Marketing 
cost

10.19 10.28 9.44 5.63 8.38

(100.00) (100.00) (100.00) (100.00) (100.00)

Table 4: Marketing cost incurred by the papaya growers
-1( q )`

Figure in parentheses indicate percent to total marketing surplus

Transportat-
ion cost

1.58 1.59 1.43 0.79 1.29

(15.51) (15.47) (15.15) (14.03) (15.39)

Weighing 
cost

4.30 3.23 3.59 1.97 3.07

(42.20) (31.42) (38.03) (34.99) (36.63)

Damage 
cost

1.58 1.98 1.43 0.97 1.40

(15.50) (19.26) (15.15) (17.23) (16.71)

Storage  
cost

0.54 0.70 0.71 0.70 0.66

(5.30) (6.80) (7.52) (12.44) (7.88)
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Marketing Cost Incurred by Pre Harvest Contractor
Pre harvest contractor takes the papaya field on a 

contract base in the month of February/March with price 
per unit of quantity. Generally price fixed per 20 kg basis. 
It depends on the distant between farm and market, 
quality of fruits to be produced and size of farm. No 
documentation is made of such contract. But, it depends 
only and only on faith and dignity of both farmer and 
contractor. The detail about marketing cost incurred by 
Pre harvest contractor in the marketing of papaya was 
depicted in Table 5. The results revealed that the total 
marketing cost borne by pre-harvest contractor for papaya 
was `183.12 per quintal. Among the various cost 
components, the major marketing cost was transportation 
cost which accounted as 33.86 percent of total marketing 
cost, followed by cleaning, grading and packing cost 
(27.30 percent), damage/spoilage (16.59 percent), 
loading-unloading charges (15.29 percent) and weighing 
charges (1.14 percent). It was found higher due to higher 
transportation cost incurred by Pre harvest contractor as a 
buyer, there should be a hugh gap between the contractor 
and availability of papaya field from local area so they had 
buying from distant places. 
Marketing Cost Incurred by Wholesaler-cum-
Commission agent

The detail about marketing cost incurred by 
wholesaler-cum-commission agent in the marketing of 
papaya was given in Table 6.

The results revealed that the total marketing cost 
borne by wholesaler-cum-commission agent for papaya 
was `161.05 per quintal. The breakup of the cost 
components of papaya marketing at wholesaler-cum- 
commission agent level indicates that the transportation 
cost ranked first which accounted as 40.52 percent of the 
total marketing cost, followed by damage/spoilage (35.87 
per cent), loading and unloading charges (12.42 per cent), 
market cess (3.74 per cent), and weighing charges (1.24 
percent). As in pre harvest contractor, the marketing cost 
incurred by wholesaler-cum-commission agent also bears 
high transportation cost and spoilage cost. Due to direct 
transaction of papaya among farmers and wholesaler, 
commission cost was not included.  
Marketing Cost Incurred by Retailer

Generally, retailers operating in selected markets 
area purchase papaya from wholesaler-cum-commission 
agents and sell to consumers through their retail shops. 
The result on costs incurred by retailers in the marketing 
of papaya was presented in Table 7. 

In papaya, retailers incurred `174.40 as total 
marketing cost per quintal. Among different items of 
expenditure, the maximum share was   noticed as the 
weight loss due to damage/spoilage of papaya. It 
accounted about 58 per cent in total marketing cost. It was 
due to perishable nature of papaya. The other important 
components were the cost of transport (27.81 per cent to 
total marketing cost) and the cost of loading and 
unloading (11.47 per cent to total marketing cost).

Particulars Cost Percent to 
total cost

Cleaning, grading and packing cost 50.00 27.30

Loading and unloading  charges 28.00 15.29

Transportation cost 62.00 33.86

Weighing charges 2.08 1.14

Damage/spoilage 30.38 16.59

Others 10.66 5.82

Total marketing cost 183.12 100.00

Table 5: Marketing cost incurred by Pre-harvest 
Contractor  

-1(`q )

Figure in parentheses indicate percent to total marketing cost

Particulars Cost Percent to 
total cost

Loading and unloading charges 20.00 12.42

Transportation cost 65.25 40.52

Weighing charges 2.00 1.24

Damage/spoilage 57.78 35.87

Market cess 6.03 3.74

Others 10.00 6.21

Total marketing cost 161.05 100.00

Table 6: Marketing cost incurred by Wholesaler-cum-
Commission Agent

-1(`q )

Particulars Cost Percent to 
total cost

Loading and unloading charges 20.00 11.47

Transportation cost 48.50 27.81

Damage/spoilage 100.40 57.57

Others 5.50 3.15

Total marketing cost 174.40 100.00

Table 7: Marketing cost incurred by retailer
-1(`q )

Price Spreads
The difference between the price paid by the 

ultimate consumer and the price received by the farmer 
for an equivalent quantity of produce is known as price 
spread. It includes cost of performing various marketing 
functions and margins of different agencies associated in 
the marketing process of the commodity. The extent of 
price spread helps policy makers in deciding suitable 
policies for increasing marketing efficiency either by way 
of reducing the marketing costs or eliminating unwanted 
middlemen from the marketing process or by both. The 
costs incurred and margins earned by various market 
functionaries as well as price spread in marketing of 
papaya through Channel-II was given in Table 8. 

The total margin earned by different functionaries 
was `614.45 per quintal of papaya. It was higher at 
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retailers’ level (`363.10) compared to wholesaler-cum-
commission agent (`176.45) and Pre harvest contractor 
(`74.90 per quintal), constituting 20.87, 10.14, and 4.31 
per cent of consumer’s price, respectively.  The marketing 
cost incurred by different functionaries was `526.95 per 
quintal of papaya, accounting for 30.29 percent of the 
consumers’ price. Out of total marketing cost, the highest 
cost (10.53 per cent) was incurred by Pre harvest 
contractor, followed by retailers (10.02 percent), 
wholesaler-cum-commission agent (9.26 percent) and 
producer (0.48 percent). Further, it was observed from the 
table that producer’s share was 34.39 percent of the price 
paid by papaya consumers. It mean that the major part of 
consumer rupees absorb as marketing cost and margins of 
functionaries involve in marketing channel.

The details of price spread are given in Table 4.4.9. 
The share of marketing cost and margins of intermediaries 
in consumer’s price was 30.29 and 35.32 per cent, 
respectively. The percentage of price spread in consumer’s 
price was 65.61 per cent. Thus the producer’s share in 
consumer’s rupee was 34.39 per cent only. It can be 
inferred from the study that the perishable nature of 
papaya, lack of proper processing facilities and 
unorganized marketing system in the study area resulted 
into lion’s share of retailer’s margin and higher proportion 
of marketing cost. Similar type of results was obtained by 

Soomro (1987), Asmatoddin et al. (2008) and Gajanana et 
al. (2010). 
CONCLUSIONS

Due to perishable nature of papaya about 99 percent 
of marketable surplus was observed. Majority farmers 
preferred to sale their produce to the Pre harvest 
contractor and only about 7 percent sell to the village 
merchant. Mainly by two channels papaya moved from 
producers to consumers that is, Channel-I and II. More 
than 90 percent of papaya moved through Channel-II. The 
total marketing cost incurred by papaya growers 
amounted to `8.38 per quintal. Major marketing cost 
carried out by pre harvest contractor was `183.12 per 
quintal. Moreover, as a functionary wholesaler-cum-
commission agent and retailers bearded about `161 and 
`174 as a marketing cost, respectively. The results also 
revealed that the major margin earned by retailer as 
`363.10, followed by wholesaler-cum-commission agent 
(`176.45) and pre harvest contractor (`74.90). The share 
of marketing cost and margins of intermediaries in 
consumer’s price was 30.29 and 35.32 per cent, 
respectively. Thus, the producer’s share in consumer’s 
rupee was 34.39 per cent only. 

The necessary arrangement for farmers to 
transportation of produce at processing centre should be 
develop. Similarly storage facility for papaya i.e. 
multipurpose cold storage, market information and 
provision of logistic support should be made available to 
the papaya growers to improve existing market system. 
Provision quick payment of sale proceeds are some of the 
means suggested improving the efficiency of marketing 
of papaya in the state. Papaya market is still unregulated 
and hence an immediate step should be taken to regulate 
the fruit trade so that the dominance of middlemen can be 
reduced. Looking to the quantum of the marketable 
surplus coupled with perishability of papaya every effort 
should be made by the policy makers to promote 
processing of papaya for value addition and should also 
exploit other export avenues from the state. 
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Particulars Amount Percent to 
consumer's 

price

Producer's net price 598.33 34.39

Cost incurred by

(a)  Producer 8.38 0.48

(b)  Pre-harvest contractor 183.12 10.53

(c) Wholesaler-cum-commission 
agent

161.05 9.26

(d)  Retailer 174.4 10.02

Total 526.95 30.29

Margins of

(a)  Pre-harvest contractor 74.9 4.31

(b)  Wholesaler-cum-commission 
agent

176.45 10.14

(c)  Retailer 363.1 20.87

Total 614.45 35.32

Price spread 1141.4 65.61

(cost + margins)

Retailer's sale price/ consumer's 
purchase price

1739.73 100

Producer's share in consumer' rupee 
(%)

- 34.39

Table 8: Cost, margin and price spread in marketing of 
papaya

-1 (`q )
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Problems Faced by the Farmers regarding Adoption of Water Saving 
Technologies in Patiala District of Punjab

ABSTRACT
The study was undertaken with the objective of examine the problems faced by farmers regarding adoption of water saving 
technologies and to get suggestions from them. In order to achieve the objectives of the study six villages from two blocks of Patiala 
were selected purposively. Twenty farmers from each village were selected randomly. Thus, a total of one hundred twenty farmers 
were selected for this study. Finding of the study revealed that most of the respondents were in the age group of 41-52 years, 
educated up to matric and had operational land holding of 10-25 acres. Majority of the respondents belonged to low mass media 
exposure, extension contacts, and participation in extension activities. Weeds were the major problem faced by the respondents in 
direct seeded rice. Majority of zero tillage in wheat adopters had faced problem in management of rice straw to clean their fields. In 
zero tillage, more than half of the respondents faced problem of rodent attack in their field and lack of access to required information 
was found to be the major constraint faced by adopters. In laser leveler, high rent and non availability of laser leveler were the 
problems faced by the respondents. 
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INTRODUCTION
India is a diversified country where agriculture is 

demographically the broadest economic sector and 
plays a significant role in the overall development of 
socio-economic fabric of India. It is the world's second 
largest producer of rice, wheat, and other cereals and 
also seventh largest agriculture exporter worldwide 
(Anonymous, 2015). In Punjab, agriculture is a way of 
life where about 75 per cent of its population depends 
directly on agriculture. It has a total of 50.36 lacks 
hectares geographical area and 83 per cent area under 
cultivation and out of which 97 per cent is irrigated. It 
contributes 13-14 per cent towards the total food grain 
production of the country. The area under rice and wheat 
in Punjab was 1183 thousand hectares and 2812 
thousand hectares in 1980-81 respectively. It further 
increased to 2851 thousand hectares in rice and area 
under wheat 3512 thousand hectares in 2013-14 
(Anonymous, 2014). The traditional method of 

rice/wheat cultivation in Punjab requires a large amount 
of labour, water, and energy. Water is becoming 
increasingly scarce in this region, raising questions 
about the sustainability of rice/wheat production and the 
overall environment. Water saving technologies such as 
zero tillage, laser land leveling, and furrow bed planting 
have received attention in the context of increasing the 
productivity of rice-wheat cropping pattern in south Asia 
(food security issues) and saving of increasingly scarce 
water resources. Rice-wheat could face a threat due to 
water shortage and hence there is need to develop and 
adopt water saving technologies in rice cultivation so 
that production and productivity levels are elevated 
despite the looming water crisis. Punjab Agriculture 
University recommended water saving technologies 
such as direct seedling of rice, zero tillage in wheat, 
tensiometer, happy seeder, and laser land leveler for 
efficient use of natural resources. But the adoption of 
water saving technologies has not yet achieved the 
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desired level due to certain constraints. Hence the 
present study was planned with the objective of examine 
problems faced by the farmers regarding adoption of 
water saving technologies.
METHODOLOGY

Study was conducted in Patiala district of Punjab. 
Out of eight blocks, two blocks viz., Sanore and 
Bhunrheri were selected purposively, where water 
saving technologies such as direct seeded rice, zero 
tillage in wheat and laser leveler were being practiced 
by the farmer.Three villages from each block were 

selected.These were Panjola, Balwera, Manjaal, 
Nainkalan, Bhatian and Partapgarh.  Twenty farmers 
from each village were selected randomly. The data 
were analysed by using descriptive statistical tools.
RESULTS AND DISCUSSION
Socio-personal Characteristics of the Respondents

The information regarding socio-personal 
characteristics of selected farmers which include age, 
education, operational land holding, agricultural 
machinery owned, crop grown, mass media exposure, 
extension contacts, member/office bearer of 

Socio-personal characteristics Category Frequency (f) Percentage (%)

Age (years) 29-40 40 33.33

41-52 47 39.17

53-65 33 27.50

Education Illiterate 12 10.00

Primary 17 14.17

Secondary 21 17.50

Matric 34 28.33

Senior Secondary 24 20.00

Graduation and above 12 10.00

Operational land holding (acres) Marginal (<2.5) 2 1.67

Small (2.5-5.0) 4 3.33

Semi-Medium (5-10) 25 20.83

Medium (10-25) 68 56.67

Large (>25) 21 17.50

Crops grown Rice 120 100

Wheat 120 100

Vegetables 23 19.17

Agricultural machinery owned Tractor 97 80.33

DSR drill 9 7.50

Zero tillage drill 8 6.67

Laser leveler 13 10.83

Combine 5 4.17

Mass media exposure (Scores) Low (12-16) 52 43.33

Medium (16-20) 48 40.00

High (20-24) 20 16.67

Extension contacts (Scores) Low  (4-7) 68 56.67

Medium (7-10) 40 33.33

High (10-13) 12 10.00

Member /office bearer of organizations Office bearer 4 3.33

Member  116 96.67

Participation in extension activities
(Scores)

Low (6-9) 78 65.00

Medium (9-12) 36 30.00

High (12-15) 6 5.00

Table 1: Distribution of respondents according to their socio-personal characteristics
(N=120)
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organizations, and participation in extension activities 
was analyzed. The information pertaining to the profile 
of the farmers has been given in Table 1. 
Age  

The perusal of the results presented in Table 1 
revealed that age of the respondents varied from 29-65 
years. About 39 per cent of respondents belonged to the 
age group of 41-52 years while 33.33 per cent of them 
were in the age group of 29-40 years and rest of 
respondents were belonging to the age group of 53-65 
years. It can be concluded that highest number of the 
respondents were of the middle age group (41-52 
years). Similar findings were reported by Josan (2002); 
Kaur (2015). 
Education

The results presented in Table 1 pertaining to 
education of the respondents showed that more than 28 
per cent of the respondents had gained education up to 
matriculation, 10 per cent of them were illiterate, about 
14.17 per cent had gained education up to primary, 
17.50 per cent had gained education up to secondary, 
20 per cent up to senior secondary while 10 per cent 
were graduate and above. These findings are in 
agreement with the findings of Kaur (2007) and Kaur 
(2015). 
Operational land holding 

It was observed from the results presented in Table 
1 that 56.67 per cent respondents belong to medium 
category of operational land holding (10-25 acres), 
about 21 per cent of the respondents had semi-medium 
operational land holding (5-10 acres), more than 17 per 
cent of the respondents had large operational land 
holding (> 25 acres), only three per cent and about two 
per cent of the respondents had small (2.5-5.0 acres) 
and marginal (<2.5 acres) operational land holdings, 
respectively. So it was observed that most of the 
farmers fell in the category of medium land holdings 
(10-25) acres. These findings are in line with Kaur 
(2007).
Crops grown 

All respondents were growing rice and wheat 
crops. However about 19 per cent of the respondents 
were also cultivating vegetables along with rice and 
wheat crop. 
Agricultural machinery owned

The results given in Table 1 showed that majority 
of the respondents (80.33 per cent) possessed tractor. 
However, about eight per cent of the respondents had 
DSR drill, seven per cent had zero tillage drill and only 
four per cent respondents had combine harvester. 

While 10.83 per cent respondents had also owned laser 
leveler. 
Mass media exposure 

Mass media plays an important role in adoption 
process. Mass media aware and influence farmers to 
adopt new technologies. Mass media exposure was 
studied in terms of listening to radio, viewing 
television programme and reading farm literature. The 
respondents were placed into three categories by using 
range method. Data so collected has been placed in 
Table 1. Majority of the respondents had low (43.33 per 
cent) mass media exposure and almost equal (40.00 per 
cent) respondents had medium mass media exposure. 
About 17 per cent of respondents had high mass media 
exposure. The findings were in contradiction with 
Singh (2013) and Roy (2015) who reported that 
respondents had medium mass media exposure. 
Extension contacts 

Extension contacts play a significant role in the 
adoption of any innovation. It not only helps the 
farmers to get new information but also change the 
mind set of the farmers. The results presented in the 
Table 1 showed that more than half of the respondents 
(56.67 per cent) had low extension contacts. So, it 
might be due to that farmer-extension linkage was not 
very strong and farmers' visit to the various agricultural 
organizations such as PAU, Krishi Vigyan Kendra 
(KVKs), etc. was not very frequent. More than 33 per 
cent respondents had medium level of extension 
contacts. While only 10.00 per cent respondents had 
high level of extension contacts. Similar findings were 
reported by Yasmin (2009) and Tiwari (2008).
Member/ office bearer of the organizations 

Farmers registered themselves with some of the 
organizations either as life member or some of them as 
office bearer. A perusal of Table 1 further indicates that 
all respondents were members of cooperative 
agricultural service society because they get fertilizers 
and other agricultural inputs from these societies. 
About 97 per cent respondents were engaged as 
member and other three per cent respondents were 
engaged as office bearer on the positions such as 
secretary, pradhan, etc.
Participation in extension activities

To get the information regarding water saving 
technologies, farmers participate in different extension 
activities.  Participation in extension activities was 
studied in terms of participation in Kisan Mela's, field 
days, demonstrations and campaigns. The respondents 
were placed in three categories by using range method. 

789

Kaur et al.: Problems faced by the farmers regarding adoption of water saving technologies 



Problem Frequency* Percentage

Non-availability of seed 
drill

13 65.00

High cost of seed drill 10 50.00

Less germination of seed 7 35.00

Voluntary rice germination 9 45.00

High weed infestation 17 85.00

Less early vigour 
appearance

9 45.00

More time required for 
irrigation

14 70.00

Non-availability of 
herbicides

9 45.00

Insect-pest attack 5 25.00

Decrease in yield 7 35.00

Table 2: Distribution of respondents according to the 
problems faced by them in direct seeded rice

(n=20)

* Multiple response

The results presented in Table 1 revealed that majority 
of the respondents had low (65.00 per cent) 
participation in extension activities and about 30 per 
cent of respondents had medium participation in 
extension activities. Only five per cent respondents had 
high participation in extension activities.
Problems Faced by the Farmers in Adoption of 

Selected Recommended Water Saving 
Technologies
The various problems faced by the farmers in 

adoption of water saving technology were studied 

under different sub heads as following:
i. Problems faced by the farmers in adoption of 

direct seeded rice
ii. Problems faced by the farmers in adoption of 

zero tillage in wheat
iii. Problems faced by the farmers in adoption of 

laser leveler 
Problems faced by the farmers in direct seeded rice

The results presented in Table 2 depicts the various 
problems being faced by the respondents in the direct 
seeded rice. Weeds were the major problem faced by 
the respondents growing rice with direct seeding; due 
to more weed infestation DSR requires more 
herbicides. Data revealed that majority of the 
respondents (85.00 per cent) who had adopted DSR 

faced the weed problem. 
It was further reported that 45 per cent respondents 

faced problem of non availability of herbicides at the 
appropriate time. About 70 per cent respondents faced 
problem of more time required for irrigation in DSR 
crop. Direct seeded rice is practiced with specific 
machinery known as DSR drill. But only 1-2 DSR 
drills were available in the village. Farmers had to wait 
for their turn for sowing with DSR drill. Some wealthy 
respondents also had DSR drill and some respondents 
want to buy the drill. According to data 65 per cent 
respondents faced problem of non availability of seed 
drill. Some of the respondents were unable to buy the 
DSR drill due to high cost of drill. About 50 per cent 
respondents faced problem of high cost of drill. In 
DSR, seeds of crop had not met with required soil 
moisture conditions and germination of seeds is 
affected. About 35 per cent of respondents faced 
problem of low germination of seed and 45 per cent 
respondents faced problem of less vigour. In DSR, one 
more problem appeared which became the cause for 
discontinuance of the direct seeding of crop by 
majority of farmers was voluntary rice germination. 
The results showed that about 45 per cent respondents 
faced problem of voluntary rice. Insects/pests are the 
major problems in crops which became the cause of 
low yield. The results revealed that about 25 per cent 
respondents faced problem of insect/pests attack in the 
crop. 35 per cent respondents faced problem of 
decrease in yield. 
Problems Faced by Framer in Zero Tillage Wheat

The results presented in Table 3 showed that about 
57 per cent respondents faced problem of termite 
attack. In the zero tillage wheat (ZTW), rodent attack 
was the major problem. 52.38 per cent respondents 
faced problem of rodent attack in their field. 
Insect/pests create many problems in the crop. They 
reduce the quantity and quality of crop. Yield was the 
main criteria of the crops. In ZTW, more than 38 per 
cent of the respondents faced the problem of decrease 
in yield. Data showed that about 34.00 per cent 
respondents faced the problem of soil moisture 
condition at the sowing. Zero tillage of wheat is 
practiced with the specific drill. A few of zero till drills 
were available in the village society and at the time of 
sowing farmers had to wait for their turn. Due to high 
cost of drill most of farmers were unable to purchase 
the drill. So, about 38 per cent respondents faced 
problem of non availability of drill at the time of 
sowing. It was found that 28.57 per cent respondents 
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Problem Frequency* Percentage 

High cost of maintenance 5 4.31

Lack of subsidy 4 3.45

Lack of skilled mechanic 5 4.31

Lack of training 4 3.45

Non availability at required 
time 

32 27.59

More time consuming 25 21.55

High rent of laser leveler 38 32.76

Table 4: Distribution of respondents according to the 
problems faced by them in laser leveling

            (n=116)

* Multiple Response

faced the problem of high cost of drill. About 24 per 
cent respondents faced problem of less germination of 
crop which affects the yield of crop

Information is the basic tool for the highest 
adoption and success of any crop. Information should 
be provided at right time to get desired results. But 
about 57.14 per cent respondents had low access to 
required information at the critical period of crop. 
Majority of the respondents (76.19%) of ZTW adopters 
had faced problem in management of rice straw to 
clean their fields. So they had to burn rice straw to 
prepare field for sowing of wheat by zero tillage.

Problem Frequency* Percentage

Non-availability of zero 
drill

8 38.09

High cost of zero drill 6 28.57

Straw management at time 
of sowing

16 76.19

Rodents' attack 11 52.38

Less germination 5 23.81

Termite attack 12 57.14

Soil moisture condition at 
the sowing time

7 33.33

Decrease in yield 8 38.09

Less access to required 
information 

12 57.14

Table 3: Distribution of respondents according to the 
problems faced by them in zero tillage 
wheat              

 (n=21)

* Multiple Response 

Problems Faced by the Farmers in Laser Land 
Leveler

Laser leveling is continuously replacing the 
traditional method of land leveling. It levels the soil 
surface with precision and required less water to 
irrigate the field. Various problems were faced by the 
respondents during use of laser leveler. But there were 
some problems which were being faced by the 
respondents. Data presented in Table 4 revealed that 
about 28 per cent of the respondents faced problem of 
non availability of laser leveler at required time. Laser 
leveler takes more time during first time, about 22 per 
cent respondents observed it was more time 
consuming. About 33 per cent respondents were 
concerned about high rent of the machine.

About five per cent of the respondents faced 
problem regarding high cost of maintenance who had 
owned laser leveler. They were facing problem about 
lack of skilled mechanics to adjust laser settings and 
operate the tractor. Due to high cost of laser leveler 
about four per cent respondents faced problem of lack 
of subsidy for purchasing this technology and also lack 
of training programmes organized at the village level 
was one of the constraints.
CONCLUSION AND POLICY IMPLICATIONS

Although, the resource conservation technologies 
are need of the hour, but these are still not much popular 
among farmers. Main reason behind its non adoption is 
the problems associated with these technologies. It was 
found that weeds were the major problem in direct 
seeded rice, whereas management of rice straw and 
rodent attack in their field were main problems in zero 
tillage wheat. In this way, high rent and non availability 
of machine were the main problems in case of laser 
leveler. So if these problems could be properly 
addressed by our research system and marketing 
system, the area under resource conservation 
technologies can be increased manifolds.
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Systems
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ABSTRACT
A field experiment was conducted at CCSHAU, Hisar during the Rabi season of 2013-14 in thrice replicated randomized block 
design with thirteen treatments to evaluate the intercropping of barley (Hordeum vulgare L.)with mustard, chickpea and fenugreek 
with different row ratio in replacement series. Results revealed that barley seed yield was reduced more drastically in barley + 
mustard intercropping compared to barley intercropped with chickpea and fenugreek. Among intercropping treatments, barley + 

-1mustard (6:3) proved most economical barley based intercropping system having maximum barley equivalent yield (7936 kg ha , 
-1net return (`66333 ha ), B:C ratio (2.90), net return per day (451.2), RNRI (1.57), profit margin (65.5) and IAI (+1798.5) followed 

by barley + fenugreek (6:3) with highest values of LER (1.32), LEC (0.42), ATER (1.28), LUE (129.8per cent), SPI (66.2), MAI 
-1(`18508 ha ), MER (1.31) and IER (1.34). Among different row patterns, barley intercropped with either of the intercrop at 6:3 row 

ratio provided best performance. Hence, barley + mustard (6:3) intercropping system can be a best option to get more monetary 
return and resource use efficiency compared to their monocultures.
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INTRODUCTION
Barley (Hordeum vulgare L.) is the world's fourth 

most important cereal crop, which has the widest 
ecological range among cereals. It is a hardy crop and can 
be successfully grown in adverse climatic conditions of 
drought, salinity and alkalinity. It is an important cereal 
used for producing malt for brewing industries, as human 
food and as animal feed used for broilers. Barley can grow 
fast, suppress weed pressure and provide high yield in 
terms of dry weight, but protein content of the forage is 
low. So, mixing barley and legumes has been suggested to 
increase forage quality. Mustard (Brassica junecia L.)  
ranks second after groundnut amongst oilseed crops in 
India grown for edible oil, used in cooking and frying. Its 
oil cake is used as the cattle feed and manure, green 
foliage as fodder for domestic animals and young plants 
as green vegetable as they supply enough sulphur in the 
diet.   In India, rapeseed-mustard group of crops is grown 
in about 6.51 m ha with total production of about 7.67 

-1million tons with an average productivity of 1,179 kg ha  
(Kumawat et al., 2014).Chickpea (Cicer arietinum L.), is 

one of the most important Rabi pulse crop grown in India. 
It occupies an area of 8.52 m ha with a production of 

- 19.92m tones and productivity of 967 kg ha . Fenugreek 
(Trigonella foenum-graecum) commonly known as Methi 
is an important seed spice crop grown for its leaves as well 
as seeds, which are the rich source of protein, minerals 
and carbohydrates. In India total production of fenugreek 
is about 112.87 million tons from an area of 9.312 million 
hectare (Anonymous, 2013).

Intercropping of cereals and legumes is important for 
the development of sustainable food production systems, 
particularly in cropping systems with limited external 
inputs (Sadeghpour et al., 2013).  The main purpose of 
cereal-legume intercropping is to produce a greater yield 
on a given piece of land by making use of resources that 
would otherwise not be utilized by a single crop 
efficiently. Thus, intercropping systems can provide 
many benefits through increased efficiency of land use, 
enhancing the capture and use of light, water and 
nutrients, controlling weeds, insects, diseases and 
increasing the length of production cycles. In 
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intercropping system, all the environmental resources 
utilized to maximize crop production per unit area and per 
unit time.

However, spatial arrangement and plant population 
in an intercropping system have important effects on the 
balance of competition between component crops and 
their overall productivity. Thus, it becomes imperative to 
sustain the productivity of agricultural systems 
concomitant with friendly environment and efficient 
utilization of production resources. Therefore, the present 
investigation was planned to augment the possibility of 
increasing production potential of different barley based 
intercropping systems with mustard chickpea and 
fenugreek in different row ratios in the replacement 
series. 
METHODOLOGY

The field experiment was conducted during the Rabi 
seasons of 2013-14 at wheat and barley Research Area of 
CCS Haryana Agricultural University, Hisar, India which 
is situated in the sub tropical region at 29º 10´ N latitude 
and 75º 46´ E longitude with an elevation of 215.2 meter 
above mean sea level in Haryana State of India in thrice 
replicated randomized block design with 13 treatments. 
Soil of the field was sandy in texture, slightly alkaline in 
pH (7.7), low in organic carbon, poor in available 
phosphorus, medium in available nitrogen and rich in 
available potassium. The maximum and minimum 
temperature during the crop study period was congenial 
for the growth and development of crops. Total rainfall 
during study period was 77.9 mm with 18 rainy days. Sole 
barley and component crops in every intercropping 
system were sown at 22.5 cm row to row spacing. While, 
sole mustard, chickpea and fenugreek were sown at 30 cm 
row to row distance. In intercropping treatments barley 
rows were replaced with mustard, chickpea or fenugreek 
rows as per planting pattern varying from 6:1, 6:2 and 6:3. 
The gross plot size was 5.0 m x 7.2 m. Barley variety 'BH 
902, 'RG 888' of chickpea, laxmi of mustard and 'HM 65' 
of fenugreek were used in the experiment. The sowing of 
the experiment has been done on 12 November during 
2013-14. The barley, mustard, chickpea and fenugreek 
were harvested at 142, 147, 159 and 151 DAS, 
respectively. During study two irrigations was applied at 
45 and 85 DAS. The remaining standard recommended 
crop management practices were followed as per the 
package of practices of CCS Haryana Agricultural 
University, Hisar, India.

The economic yield of different crops was 
converted into barley equivalent yield (BEY) based on the 
market price. The price of barley, mustard, chickpea and 
fenugreek considered in the study was `1105, 2994, 
`3050 and `2900, respectively. Other input and output 
prices for economical calculation were used as per given 
by department of agricultural economics, CCS Haryana 
Agricultural University, Hisar. The benefit of planting 
patterns and the effect of competition between the main 

`

crop and intercrops used in this experiment were 
calculated using different competition indices. The land 
equivalent ratio (LER), area time equivalent ratio (ATER)  
and barley equivalent yield (BEY), which gives more 
desirable competitive ability for the crops over other 
indices were calculated using the formula given by Willey 
et al. (1980). The intercropping advantage index (IAI) 
was calculated as per suggested by Banik et al. (2000). 
Since none of the above competition indices provide any 
information on the economic advantage of the 
intercropping system, the monetary advantage index 
(MAI) was calculated according to Singh and Bohra 
2012. Additionally, relative net return index (RNRI) as 
per formula given by Jain and Rao 1980, land equivalent 
coefficient (LEC) and monetary equivalent ratio (MER) 
according to Adetiloye 1983 were also calculated. For 
economical and land use evaluation of different 
intercropping systems thedifferent indices were 
calculated as follows:

Land equivalent ratio (LER)

Y  = Individual crop yield under intercropping systemi

Y  = Individual crop yield under sole cropping systemij

Land equivalent coefficient, (LEC) 

LEC= LA ́  LB 
Where, LA = LER of  main crop (Barley) 
LB = LER of intercrop, (Adetiloye et al., 1983). 

Area time equivalent ratio (ATER)
It takes into account the duration of the crops and 

permits an evaluation of crops on yield per day basis. 

Where, L  and L  are partial LER of component A B

crops A and B, T  and T  are duration of crops A and B and A B

T is the total duration of the intercropping system.
Crop equivalent yield

Yield of different intercrops are converted into 
equivalent yield of any one crop based on price of the 
produce.

Where, Y  = yield of ith componenti

e  = equivalent factor of ith component or price of ith crop.i

Income equivalent ratio (IER)
It is calculated by the following formula given as 

below:

Monetary advantage index (MAI)
It is an index which tells the relative money value 

of produce under inter-cropping system. 
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Where, LER is land equivalent ratio.
Profit margin (PM) 

It is derived as the ratio of the net return to gross 
return, expressed as percentage.
Monetary equivalent ratio (MER)

1 2MER= (r  + r ) /R 
1Where, r  = Monetary return of cassava in the intercrop 

2r  = Monetary return of soybean in the intercrop 
R = Higher sole crop monetary return compared 

with the others, (Adetiloye, 1983).
System productivity index (SPI) (Odo, 1991).

SPI = (SA / LB ́  Lb) + Sa 
Where: SPI =System productivity index, 
SA and LB = Mean yield of sorghum and cowpea in sole 
cropping, 
Sa and Lb =Yield of sorghum and cowpea in 
intercropping.
Land use efficiency (LUE) ( Ram et al.,2012)

LUE= (LER + ATER) ́  100/2
Intercropping advantage index (IAI)  (Banik et al., 2000)
IAI  = AYL  P , and  IAI  = AYL  PBarley barley Barley intercrop  intercrop  intercrop

IAI  = IAI + IAI Total Barley intercrop

Where,  P  and P  are the commercial value of Barley  intercrop

Barley and intercrop, respectively 
Relative Net Returns Index (RNRI) (Jain and Rao, 1980)

RNRI=  ((PiYi) + (PjYj) ± Dij) / (Pi Yii)
th -1Where, Yi - Yield of the i major crop ha , Yj - Yield of the 

th -1 thj  intercrop ha , Pi - Unit price of the product of i  major 
thcrop, Pj - Unit price of the product of j  intercrop, Yii - 

th -1Yield of i  sole crop ha  and Dij - Differential cost of 
th thcultivation of ij  crop combination in comparison to i  

sole crop. 

RESULTS AND DISCUSSION
Barley

Significant variation in barley grain yield was 
observed among different treatments. Sole barley gave 
significantly higher seed yield than all the intercropping 
systems.Irrespective of intercrops and row ratio 
intercropped barley resulted with seed yield reduction of 
7.2 to 38.6 percent compared to sole barley crop (Table 1). 

-1Among the intercropping systems, the least (3076 kg ha ) 
-1and highest (4650 kg ha ) barley seed  yield  were 

obtained with barley + mustard (6:3) and barley + 
chickpea (6:1), respectively. Irrespective of intercrops, 
increase in number of intercrop rows from one to three 
reduced the barley seed yield. More number of effective 

-2tillers m  coupled with higher  population of barley in 6:1 
row ratio could be the reason for higher seed yield of 
barley intercropped with either of intercrop in 6:1 row 
ratio. Among intercrops, irrespective of row ratio 
significantly lower grain yield was obtained in barley + 
mustard treatments compared to barley intercropping 
with chickpea or fenugreek might be due to more 
dominant and competitive nature of mustard over barley 
compared to other intercrops. These results are in 
harmony with those of Antti Tuulos et al. (2015), who 
reported that sole barley produced significantly higher 
yield than intercropping. These findings support those 
reported by Megawer et al. (2010), who reported higher 
yield attributes of barley, when intercropped with 
chickpea compared to other crops. 
Intercrops 

Irrespective of crop, sole planting of all intercrops 
was recorded with significantly higher seed yield as 

Treatments Seed yield (Kg/ha) BEY
(Kg/ha)

Land use evaluation indices

Barley Mustard Chick 
pea

Fenugreek LER LEC ATER SPI IAI LUE 
(per 
cent)

Barley  Sole 5012 - - - 5013 1.00 - - - - -
Mustard sole - 3009 - - 8154 1.00 - - - - -
Chickpea Sole - - 1164 - 3213 1.01 - - - - -
Fenugreek sole - - - 2093 5494 1.00 - - - -
Barley+ Mustard  (6:1) 4100 610 - - 5755 1.02 0.17 0.99 51.2 1607.3 100.7
Barley+ Mustard  (6:2) 3480 1173 - - 6659 1.08 0.27 1.06 54.3 1592.1 107.2
Barley+ Mustard  (6:3) 3076 1793 - - 7936 1.21 0.37 1.19 60.6 1798.5 119.9
Barley+ Chickpea  (6:1) 4650 - 140 - 5036 1.05 0.11 0.95 52.5 -164.8 99.9
Barley+ Chickpea  (6:2) 4350 - 326 - 5252 1.15 0.24 1.06 57.4 503.9 110.2
Barley+ Chickpea  (6:3) 4080 - 570 - 5653 1.30 0.40 1.22 64.2 1116.5 126.0
Barley+ Fenugreek  (6:1) 4564 - - 323 5413 1.07 0.14 1.01 53.4 596.9 103.8
Barley+ Fenugreek  (6:2) 4216 - - 693 6036 1.17 0.28 1.12 58.8 1076.3 114.8
Barley+ Fenugreek  (6:3) 3926 - - 1126 6884 1.32 0.42 1.28 66.2 1587.1 129.8
SE m 38 7 6 7 44 0.01 0.006 0.01 0.63 96.4 1.04
CD at 5 per cent 115 27 25 28 129 0.03 0.018 0.03 1.90 291.6 3.31

Table 1: Yield, BEY and Land use evaluation indices as influenced by intercropping systems in barley
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compared to intercropping systems.  Intercropping of 
mustard, chickpea and fenugreek  with barley  varying 
from 6:3 to 6:1 row ratio reduced their respective  seed 
yield by 40.4-79.7,51.0-87.9 and 46.2-84.6 percent, 
respectively over their sole crop (Table 1). Among 
intercropping systems, barley + mustard, barley + 
chickpea and barley + fenugreek  sown in 6:3 row ratio 

-1were found with highest  grain yield 1793 kg ha , 570 kg 
-1 -1ha  and 1126 kg ha   with a reduction of 40.4, 51.0  and 

46.2 percent, respectively over their sole crop. Among 
intercropping systems, highest seed yield of all intercrops 
were obtained at 6:3 row ratio due to more proportion of 
crop in intercropping.
Barley equivalent yield (BEY)

All intercropping treatments were found with 
significantly higher barley equivalent yield compared to 
sole crops except sole mustard (Table 1).  At all row ratios, 
barley intercropped with mustard was found with higher 
barley equivalent yield compared to barley intercropping 
with chickpea and fenugreek. Among intercropping 
treatments significantly highest barley equivalent yield   

-1(7936 kg ha ) was recorded in barley + mustard (6:3) 
followed by barley + fenugreek in 6:3 row ratio (6884 kg 

-1ha ).  Higher barley equivalent yield realized under 
intercropping systems was attributed to better 
performance and yields of both the component crops 
under intercropping system at 6:3 row ratio. The higher 
barley equivalent yield in mustard intercropping   at all 
row ratios compared to other intercrops may be because of 
less competition between the crops in intercropping due 
to large variation in their growth behaviour and canopy 
size.  Megawer et al. (2010) and Awal et al. (2007) also 
recorded higher barley equivalent yield under 
intercropping systems over sole crops of barley.
Land use evaluation 

Intercropping advantage measured in terms of land 
equivalent ratio (LER) in intercropping systems revealed 
that LER for all intercropping treatments were greater 
than unity, indicating an advantage of intercropping 
compared to the sole crop (Table 1). Highest LER (1.32) 
was found with barley + fenugreek (6:3)  closely followed 
by barley + chickpea (6:3) with LER (1.30), which 
indicates that 32 per cent more area would be required by 
a sole cropping system to equal the yield of  barley + 
fenugreek (6:3)  intercropping system. These findings are 
in the agreement with those of Dhaka et al.(2015), who 
concluded that LER values greater than one indicated 
yield advantage of intercropping. Land equivalent 
coefficient (LEC) was developed to access the interaction 
and production potentials of intercropping (Table 1). LEC 
greater than 0.25 indicated yield advantage. The LEC 
value also followed a trend similar to that of LER, 
showing that with maximum LEC (0.42) barley + 
fenugreek (6:3) intercropping system was found most 
advantageous over the sole cropping of component crops. 
These results are in accordance with findings of Mbah and 
Ogidi (2012).  Area time equivalent ratio (ATER) 

provides more realistic comparison of the yield advantage 
of intercropping over sole cropping in terms of variation 
in time taken by the component crops of intercropping 
systems. Intercropping treatments having ATER values 
more than one showed advantage over sole planting. 
Barley + fenugreek (6:3) treatment was found with 
highest ATER value (1.28) showing 28per cent advantage 
over sole planting followed by barley + chickpea (6:3). 
Barley + fenugreek (6:3) intercropping system was found 
with highest system productivity index (SPI) value 66.2, 
which was significantly higher than all other treatments 
(Table 1). Barley intercropped with mustard at all row 
ratio was found with lower SPI values (51.2 - 60.6) than 
barely + chickpea and barely + chickpea intercropping 
systems. Barley + mustard (6:3) intercropping system 
was observed with highest IAI value (+1798.5) was most 
advantageous intercropping system (Table 1). The 
intercropping system having negative IAI values showed 
an economic disadvantage. The lowest total IAI value of -
164.8 showed that barley + chickpea (6:1) lead to highest 
loss. These results confirmed the findings of Dhima et al. 
(2007). Land use efficiency (LUE) had similar trend as 
LER and ATER. LUE was significantly affected by 
intercropping systems. Maximum LUE (129.8 per cent) 
was recorded with barley + fenugreek (6:3) intercropping 
system followed by barley + chickpea (6:3) with LUE 
value of 126.0 per cent. Barley + chickpea (6:1) 
intercropping system with LUE (99.9 per cent) was found 
least effective in using land as a resource.
Economical evaluation

The intercropping of mustard, chickpea and 
fenugreek  with barley in different row ratio reduced the 
cost of cultivation as compared to sole crop of barley (Rs. 
35358/ha), while  intercropping systems of  barley  with 
different intercrops recorded higher cost of cultivation as 
compared to sole planting of intercrops (Table 2). Among 
all intercropping system barley + chickpea at 6:1 row ratio 

-1observed higher cost of cultivation (Rs. 35263 ha ) than 
sole mustard, chickpea, fenugreek .Similar findings have 
been revealed by Nargis et al. (2004) and Naeem et al. 
(2013). Regardless of row proportions and barley 
population, all the intercropping systems of barley + 
mustard, barley + chickpea and barley + fenugreek 
recorded significantly higher gross returns as compared to 
sole crop of barley, chickpea and fenugreek, except sole 
mustard which was recorded higher gross return (Rs. 

-196518ha ) (Table 2). Intercropping of barley + mustard at 
6:3 row ratio recorded 45.9, 4.80, 152.3 and 55.0 percent 
significantly higher gross returns as compared to sole 
barley, sole mustard, sole chickpea and sole fenugreek, 
respectively. The higher return in mustard as sole or in 
intercropping was because of its higher market value and 
yield levels than chickpea and fenugreek. These findings 
are in conformity of results of  Noman et al. (2013),Ali et 
al. (2000), Khaliq et al. (2001) and Wasaya et al. (2013). A 
significant variation in net return was also observed due to 
intercropping of mustard, chickpea and fenugreek with 
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barley. Among all the cropping systems sole mustard 
resulted higher net return. Barley + mustard at 6:3 row 
ratio recorded significantly higher net return (Rs. 66333 

-1ha ) compared to rest of the intercropping systems due to 
higher market price of mustard and was found at par with 
6:3 row ratio of barley + fenugreek intercropping system. 
Variation in net returns due to different intercropping 
systems had also been reported by Sahota and Sukhdev 
(2012) and Abu-Bakar et al. (2014). Net returns per day 
had also followed the same trend as that of B:C and net 
returns and  maximum per day return of  Rs. 451.2 and 
highest profit margin of 65.5per cent  was obtained  with 
barley + mustard (6:3) followed by barley + fenugreek 
(6:3). 

Among sole crops, significantly higher B: C ratio was 
recorded in sole mustard (2.83). Among the different 
intercropping systems, barley+mustard with 6:3 row ratio 
was resulted with  higher B: C ratio (2.90) and it was 
followed by 6:3 row ratios of barley+fenugreek. 
Chickpea and fenugreek as intercrop in barley 
irrespective of row ratio resulted in significantly higher B: 
C ratio as compared to their respective sole crop. 

Monetary advantage index (MAI) values were 
positive in all intercropping systems, which showed a 
definite yield advantage in these intercropping systems 
compared to sole crop (Table 2). Barley + fenugreek (6:3) 
was found with highest MAI (+`18508/ha), followed by 
barley + mustard (6:3) having MAI (+`15202/ha). These 
results were also supported the findings of Ghosh (2004), 
who found that when LER values were higher, significant 
economic benefit was also expressed with higher MAI. 
Income equivalent ratio (IER) was significantly 
influenced by intercropping systems (Table 2) . IER is 
similar in concept to LER, except that yield is measured in 
terms of net income rather than crop yield. All 

Treatments Cost of 
cultivation

-1(`ha )

Gross 
return

-1(` ha )

Net 
return

-1(` ha )

B:C 
ratio

RNRI MAI 
-1(` ha )

Net return 
per day

( `/ha/day)

MER IER PM 
(per 
cent)

Barley sole 35358 69346 33988 1.96 - - 239.4 - - 49.0
Mustard sole 34105 96518 62413 2.83 - - 424.6 - - 64.7
Chickpea sole 34648 40116 5469 1.16 - - 34.4 - - 13.6
Fenugreek sole 33768 65286 31519 1.93 - - 208.7 - - 48.3
Barley+ Mustard  (6:1) 35193 77206 42014 2.19 1.14 1296 285.8 0.80 1.03 54.4
Barley+ Mustard  (6:2) 35045 86833 51788 2.48 1.32 5712 352.3 0.90 1.10 59.6
Barley+ Mustard  (6:3) 34893 101226 66333 2.90 1.57 15202 451.2 1.05 1.23 65.5
Barley+ Chickpea  (6:1) 35263 70677 35415 2.00 1.00 2539 222.7 1.02 1.08 50.1
Barley+ Chickpea  (6:2) 35180 73069 37889 2.08 1.04 7492 238.3 1.05 1.18 51.8
Barley+ Chickpea  (6:3) 35095 77055 41960 2.20 1.11 14544 263.9 1.11 1.32 54.5
Barley+ Fenugreek  (6:1) 34955 73835 38880 2.11 1.08 3652 257.5 1.06 1.07 52.7
Barley+ Fenugreek  (6:2) 34960 80926 45966 2.31 1.20 9808 304.4 1.17 1.19 56.8
Barley+ Fenugreek  (6:3) 34768 90687 55919 2.61 1.36 18508 370.3 1.31 1.34 61.6
SE m - 607.6 608 0.02 0.01 562 4.0 0.01 0.01 0.43
CD at 5 per cent - 1784.1 1784 0.05 0.04 1698 11.8 0.03 0.03 1.26

Table 2: Economical evaluation of different intercropping systems

intercropping systems were  found with IER values more 
than unity (1.03 to 1.34), which showed an economical 
advantage from these intercropping system over pure 
stand. The highest IER value of 1.34 was observed with 
barley + fenugreek  (6:3) closely followed by barley + 
chickpea (6:3). Similar results were also reported by 
Dhaka et al. (2014), who reported that the IER, in general, 
declined with increasing proportions of base crop in 
intercropping system. Mustard as intercrop with barley at 
6:3 row ratio with relative net return index (RNRI) value 
of 1.57 was found most profitable compared to sole barley 
as values were more than one (Table 2) and it was 
followed by barley + fenugreek (6:3). Barley + chickpea 
(6:1) intercropping system was found uneconomical as 
RNRI values was one. 

Barley intercropped with either of intercrop at all row 
ratio except barley + mustard (6:1) and barley + mustard 
(6:2) , was found with monetary equivalent ratio (MER) 
values more than one, which indicate the monetary 
advantage over sole cropping (Table 2). Significantly 
maximum MER (1.31) was observed with barley + 
fenugreek (6:3). Mbah and Ogidi (2012) also reported that 
in all the intercropping combinations, MER was above 
unity, an indication that it was more advantageous to plant 
the crops in mixture than sole cropping. 
CONCLUSIONS

The study concludes that intercropping barley + 
mustard (6:3) proved most economical barley based 
intercropping system having highest barley equivalent 

-1 -1yield (7936 kg ha , net return (66333 Rs. ha ), B:C ratio 
(2.90), net return per day (451.2), RNRI (1.57), profit 
margin (65.5) and IAI (+1798.5)  followed by barley + 
fenugreek (6:3) intercropping system recorded with 
highest values of LER (1.32), LEC (0.42), ATER (1.28), 

-1LUE (129.8 per cent), SPI (66.2), MAI (18508 `ha ), 
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MER (1.31) and IER (1.34). Among different row 
patterns, 6:3 intercropping system of barley with either of 
intercrop was found most economical. Therefore, in the 
current scenario of growing population pressure, 
changing climate and the need to produce diverse 
products from the ever shrinking land holdings, 
intercropping of barley + mustard (6:3) followed by 
barley + fenugreek (6:3) on economical and land use basis 
can be a very useful management strategy not only to meet 
out the food requirements but also to increase profitability 
for farmers, sustainability of agriculture and conservation 
of soil health.
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Alternate Uses of Cattle Dung for Sustainable Livelihood

ABSTRACT
An approach towards sustainable livelihood has been the agenda of national as well as international organizations in the growing 
world. Cattle dung can be disposed of in various ways and its commercial way of disposal such as by making cow dung cakes and 
farm yard manure can serve as a good source of income and sustainable livelihood. The present study was undertaken by taking a 
random sample of 60 dairy farmers from Haibowal Dairy Complex in the outskirts of Ludhiana city The study aims at lime-lighting 
such activities that are must for sustainable livelihood in the present context and are cheap and economical. Making cattle dung 
cakes and farm yard manure were two methods of cattle dung disposal that were mainly emphasized upon in the study. The Capital-
output and Benefit-cost ratio of making cow dung cakes were 2.62 and 1.62 respectively and that of making farm yard manure were 
2.38 and 1.37 respectively. An average farmer was earning ̀ 61227 and ̀ 61918 per year by making cow dung cakes and farm yard 
manure respectively. The study suggested to follow up the practice of using dung to make cakes and farm yard manure that would 
have been otherwise washed away. Furthermore local unemployed and poor families can make self help groups and take these 
practices to free themselves off the clutches of poverty.
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INTRODUCTION
Poverty is a curse and  accompanied with the  

depletion of natural and non renewable resources proves 
to be a slow poison which hinders the growth of an  
economy. A recent UN report says that over 270 million 
people in India in 2012 still remained trapped in extreme 
poverty making the post-2015 goal of eliminating 
extreme poverty by 2030 challenging, but feasible 
(Anonymous, 2015). The year of 2015 is important as the 
year that was set as a target for achieving Millennium 
Development Goals (MDGs) at the millennium summit of 
the United Nations in the year 2000. Poverty alleviation 
and environmental sustainability were some of the goals 
so adopted. For a dynamic economic development of a 
country it is necessary that the maximum population of 
the country should be above the poverty line and must be 
having  minimum means for sustainable livelihood. It is 
not possible for the whole population of a country to have 
access to the costly means of livelihood, so, there should 
be an alternate cheap approach towards earning 

sustainable livelihood. Live stock rearing and dairy 
farming provide employment, socio-economic and 
nutritional security to small, marginal and landless 
households.The share of livestock sector in total value of 
output from agricultural sector and rural poverty has an 
inverse relationship (Kaur et.al., 2015). Dairy farming 
and marketing of its by-products is one such approach. 
Cow dung has a lot of economic value and several uses. 
Cows dung is a most important source of bio-fertilizer. 
The milch animals can play an important role in the 
provision of energy either in negative way where 
livestock keeping contributes to deforestation in large 
parts of forested area or in positively, such as by 
transforming plant energy into useful work or by 
providing dung used for fuel through dung cakes or 
biogas to replace charcoal, fuel wood, firewood etc. (Raj 
et al., 2014). Sinha and Singhal (2007) reported that dung 
is a valuable input for producing manure, which enriches 
the soil by restoring the nutrients. Dung is also used as 
dried cakes for cooking as well as for production of 



biogas. Cow dung has been considered as a Gold Mine 
due its wide applications in the field of agriculture, energy 
resource, environmental protection and therapeutic 
applications (Dhama et al., 2005). It was studied by 
(Chanakya et al., 2007) that the conversion of animal 
waste and agricultural residues to biogas through 
anaerobic digestion processes can provide added value to 
farm livestock manure as an energy resource. Cow dung 
can be used as a fuel. Singh and Sooch (2004) reported 
that biogas, the end product of anaerobic digestion of 
cattle dung, can successfully supplement the cooking 
fuels in the country side areas of India, where the raw 
material needed for its production is available in plenty. 
Cattle wastes could be used as substitute or alternate to 
chemical fertilizer (Bosch and Napit, 1992). Animal 
wastes have been found to be reliable, dependable and 
cost effective and can be used separately or in conjunction 
with chemical fertilizers, thereby reduces pressure on 
demand of chemical fertilizer. Biogas can be produced by 
adding other materials to get the energy and used for 
various applications, such as for cooking, lighting, 
electricity production etc (Rao et al., 2000). Cow dung 
patties (goottes) are used for cooking. Thus, cattle dung 
has different uses and if commercialized such as selling 
cow dung cakes and farm yard manure, it can serve as a 
very good source of carrying on sustainable livelihood. 
The present study was undertaken to economically 
analyse the different uses of cattle dung and to suggest the 
most economical ways so that it may prove helpful for 
sustainable livelihood and   women work friendly as well.
METHODOLOGY

To study and to analyze the various methods of 
disposal of cattle dung, a complete list of dairy farmers in 
Haibowal Dairy Complex in the out-skirts of Ludhiana 
city was made. A sample of about 60 dairy farmers was 
randomly selected by using proportional allocation 
method. The three categories of small, medium and large 
dairy farmers were made on the basis of animals kept by 
the dairy farmers, by using the cumulative cube root 
frequency method (Singh and Mangat, 1996). The 
farmers with number of animals from 1 to 62 were 
classified into small farmers, with number of animals 
from 63 to 162 as medium and with number of animals 
from 163 to 345 were categorized into large farmers. For 
the purpose of study 5 from large, 15 from medium and 45 
from small farmers were  randomly selected.(Table1).

For the present study a self-designed questionnaire 
was prepared and primary data regarding the methods of 
disposal of cattle dung was taken from the selected 

farmers through personal interview method. Data on 
costs, capital investments, returns and income from dairy 
farrming were taken. Fixed costs included depreciation 
on machinery and other equipments, rental value of land 
building and other structures, permanent labour and 
interest on fixed capital. Variable costs included the cost 
of raw material, wages to casual labour, water and 
electricity charges, maintenance costs and interest on 
variable costs. Gross returns and returns over variable 
costs, capital-output ratio, benefit-cost ratio and other 
economic parameters were used to work out the 
economics of the different methods of cattle dung 
disposal in the study area.
RESULTS AND DISCUSSION

Cattle dung disposal pattern of the dairy farmers 
taken in the sample was analysed. The farmers were 
disposing off their cattle dung in mainly four ways, i.e., 
draining away the cattle dung, making and selling the 
cattle dung cakes, making and selling the farm yard 
manure and selling away the cattle dung to bio-
methanation power plant for electricity generation. Table 
2shows the pattern of the cattle dung disposal of different 
categories of farmers in different ways. It was quite 
evident from the Table 2 that the maximum number of the 
farmers were draining away the cattle dung i.e  38.33 
percent of the farmers were draining away  9686.68 
tonnes of cattle dung. It was noticed that 20 percent of the 
farmers were making cow dung cakes of the 14 percent of 
the cattle dung so produced while 9.10 percent of the 
cattle dung was being used for making farm yard manure 
by 15 percent of the dairy farmers of the sample while 
26.67 percent of the dairy farmers were selling 28.55 
percent of the cattle dung to biomethanation plant for 
electricity production.

A total of 20033.83 tonnes of the cattle dung was 
produced during the whole year on the dairy farms of the 
farmers so selected. A similar study conducted by 
Harsdorff (2014) in Jabalpur dairy cluster about cattle 
dung disposal activities revealed that about 46 percent, 3 
percent and 17 percent of the dairy farmers were making 
dung cakes, farm yard manure and were selling it to 
biogas plants respectively. Rest 34 percent of them were 
applying fresh dung to their fields or were dumping or 
draining it away. In the present study, it was noticed that 
the methods of making cow dung cakes and farm yard 
manure were giving livelihood to a lot of families and 
were also work friendly for women, therefore these two 
methods were emphasized upon. An effort was made to 
work out the economics of these two methods so that the 
economic viability be analysed and these methods may be 
suggested to the local dairy farmers to enhance their 
livelihood and sustainability.
Economics of making Cow dung cakes

An effort was made to work out the economics of the 
making cattle dung cakes (Table 3). A total of 12 farmers 
were making cow dung cakes and their expenses and 
profits were totaled into tabulated form.  Transporting 

Animals (No.) Size category Farmers (No.)

1-62 Small 45
63-162 Medium 15
163-345 Large 5
Total 60

Table 1: Classification of farmers
(Percent)
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vehicle was the major part of the capital investment and it 
accounted for 92.97 percent of the whole capital 
investment. Fixed costs included depreciation on 
transporting vehicle, tools and equipment, rent on land 
and interests on fixed costs came out to `219847.60, 
whereas the variable costs included the expenses on 
labour and water and thereby totaled to `232703.30, so 
the total costs were ̀ 452550.90. Gross returns were to the 
tune of `1187283.00 and therefore the net returns were    
`734732.10. It further implied that each farmer was 
getting ̀ 61227 per year. Capital-output ratio and Benefit-
cost ratio were 2.62 and 1.62 respectively. To what extent 
Cattle dung is  precious, it can be sorted out from the 
above facts. In another study conducted in Talamalai 
village in Talavadi Block in Tamil Nadu (Chandra, 2016) 
cattle dung gave an assured income to the farming 
families and the amount so received was substantial 
enough to make a material difference to the families those 
were selling upto 3000 tonnes of cattle dung to the buyers 
from Kerala, Karnataka  and Tamil Nadu itself.
Economics of making Farm yard manure

An effort was made to work out the economics of 
making farm yard manure as well (Table 4).The study 
found that again transporting vehicle was a major part of 
the capital investment as cattle dung was to be carried 
away on these vehicles to the site of making farm yard 
manure. Fixed costs included depreciation on 
transporting vehicle, tools and equipments, rent on land 
and interests on fixed costs was `219688, whereas, the 
variable costs included the expenses on labour and water 
and thereby totaled to  `184682.4, Thus, the total costs 
were `404370.4. Gross returns were `961632 and 
therefore ,the net returns in making farm yard manure out 
of cattle dung were ̀ 557261.6. It further implied that each 
farmer was getting `61918. Capital-output ratio and 
Benefit-cost ratio were 2.38 and 1.37 respectively.
CONCLUSIONS

In the present scenario the need of the hour is to 
eradicate poverty by finding new and sustainable sources 
of livelihood. The study brought into the limelight the 
expenses incurred in making cow dung cakes and farm 
yard manure and the resultant profits from the same 
enterprises as well. It was found that both of these 
methods of cattle dung disposal were being practiced by 
dairy farmers as subsidiary enterprises and were making 
profitable use of the cattle dung which would otherwise 
have been drained away, Moreover, it was further found 

that the both of these activities were being practiced by the 
poor labourers and the other slum dwellers living in the 
vicinity of the Haibowal Dairy Complex which were 
neither the dairy farmers and nor employed by them. Thus 
the importance of mentioning these profits is that both of 
these practices can be followed by anyone. The persons so 
interested can take the cattle dung from the farmers that 
are just draining away and can make farm yard manure 
and cattle dung cakes out of it and earn livelihood thus 
enabling the nation to fulfil the millennium development 
goals. On an average, a farmer was earning `61227 from 
making cow dung cakes and `61918 from making farm 
yard manure. It has been reported that the fact that making 
farm yard manure out of cow dung represents a better 
approach not only as a solid waste management based on 
sound environmental practices but also as a value 
conversion of resources and sustainable practices (Ano

Method Farmers (No.) Percentage Quantity disposed of (tonnes) Percentage

Draining away 23 38.33 9686.68 48.35
Making cow dung cakes 12 20 2803.89 14
Making farm yard manure 9 15 1821.6 9.1
Selling to Biomethanation Plant 16 26.67 5721.66 28.55
Total 60 100 20033.83 100

Table 2: Distribution of disposal of cattle dung disposal off by different methods

Sr. No. Particulars Amount (`) Percentage

Capital investment
(i) Transporting Vehicle 39000 92.97

(ii) Tools and equipments 
@ ` 100/- each

2950 7.03

Total 41950 100
A Fixed Costs
(i) Depreciation on 

transporting vehicle @ 
5850 1.29

(ii) Depreciation on tools & 
equipments @ 15% p.a.

442.5 0.1

(iii) Rent on land 190000 41.98

(iv) Interest on fixed costs 
@ 12% p.a.

23555.1 5.2

Sub Total (A) 219847.6 48.58
B Variable costs
(i) Water 2720 0.6
(ii) Labour 205050.8 45.31

(iii) Interest on variable 
costs @ 12% p.a.

24932.5 5.51

Sub Total (B) 232703.3 51.42

Grand Total (A+B) 452550.9 100

C Gross returns 1187283
D Net returns(C-A-B) 734732.1
E Benefit-cost ratio 1.62
F Capital-output ratio 2.62

Table 3: Economics of making cow dung cakes ( Per Year)
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Sr. No. Particulars Amount (`) Percentage

Capital Investment

(i) Transporting vehicle 39000 95.12

(ii) Tools and 
equipments `100 

2000 4.88

Total 41000 100

A Fixed costs 0 0

(i) Depreciation on 
transporting vehicle 

5850 1.45

(ii) Depreciation on 
Tools & Equipments 
@ 15% p.a.

300 0.07

(iii) Rent on land 190000 46.99

(iv) Interest on fixed 
costs @ 12% p.a.

23538 5.82

Sub Total (A) 219688 54.33

B Variable costs 0 0

Labour 164895 40.78

(ii) Interest on variable 
costs @ 12% p.a.

19787.4 4.89

(iii) Sub Total (B) 184682.4 45.67

Grand total (A+B) 404370.4 100.00

C Gross returns 961632

D Net returns (C-A-B) 557261.6

E Benefit-cost ratio 1.37

F Capital-output  ratio 2.38

Table 4: Economics of making farm yard manure (Per Year)
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Factors Affecting Migration of Agricultural Labourers in Rajasthan

ABSTRACT
The present investigation was conducted in Jaipur district of Rajasthan. Out of the total, Chomu and Phulera tehsils were selected 
randomly for study purpose. Three un-irrigated villages from Chomu tehsil and three irrigated villages from Phulera tehsil were 
selected purposively for study purpose. A sample of 120 agricultural labourers was selected at random with probability proportion 
from the selected list of farm households. These data were collected for two consecutive seasons of the agricultural year 2010-11 
i.e., Rabi season and Kharif season. The simple correlation matrices as well as variance inflation factor (VIF) were worked out to 
test the presence of multicollinearity and the multiple regression coefficients were estimated to investigating the factors responsible 
for lobour migration. The significance of the regression coefficients was tested by student‘t’ test. The study results revealed that the 
degree of correlation between labour work-days with education of the family head was positively non-significant in both the tehsils 
i.e. Phulera and Chomu and with household work was negatively non-significant in both the tehsils. The estimated coefficients of 
family size, family income and farm size with labour work-days were positively non-significant in chomu tehsil and negatively non-
significant in Phulera tehsil. The regression results indicated that out of the six hypothesized variables i.e. family size, farm size, 
family income, education of the family head, general living condition of the family and household work, only two variables, namely 
family income and household work of the family emerged as important factors responsible for perpetuating migration of 
agricultural labour in Jaipur district of Rajasthan. 
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INTRODUCTION
India is an agricultural country where about 60 

percent population is engaged in the agriculture. This 
sector contributes about 14 percent in Indian GDP. The 
labourers constitute a vital input in the agricultural 
production. These agricultural labourers are migrating to 
different regions of the country for fulfill their basic 
necessities. The labour migration is a major problem, 
which has to be resolved for stagnation in the agricultural 
production of a particular region. The landless poor who 
mostly belong to lower castes, indigenous communities 
and economically backward regions constitute the major 
portion of Migrants. Labour migration in this sense is the 
residential mobility of working class population from one 
place to another, normally from the low- income areas to 
the high – income areas. The labour migration took place 
only from dry land area during rabi and summer because 
of season’s inadequate employment days and almost 90 
percent of labourers migrated to the urban areas for about 

85 days and earned wages at the rate of `40 per day 
(Vithob et al., 2008). The contract male and child 
labourers migrated and employed predominantly in 
sowing and harvesting seasons of boro and aman paddy. 
No female contract labour migrated to the study areas. 
The non-availability of adequate local labour and 
attraction of higher real wage caused migration by the 
contract labour (Ray and Haque, 2000). The hired human 
labour started their movement from agriculture to non-
agriculture occupations obtaining higher wage rate and 
more employment resulting in a continuous flow of male 
rural labour from agriculture to non-agricultural 
occupations (Singh et al., 2010). Per hectare labour use 
was higher in the irrigated areas. Hired labour (casual and 
contract) use was higher than family labour use in the 
irrigated zone. Hired labourers were mostly migrants 
from labour surplus states. The migrant labour caused a 
reduction in the wage rate in the rural labour markets 
(Tomer et al., 2000). The agricultural labourers with small 



land holdings were forced to migrate to support their 
families when they failed to get employment (Math and 
Belavatagi, 2009).  The major reason for the migration of 
labourers particularly from rural areas is economic. The 
natural resources like land, water, forest and fisheries had 
been degraded day by day which has affected the income, 
employment and life supporting services in the study area. 
Most of the migration is seasonal and distress driven in 
nature. The scheduled caste and scheduled tribes 
population at large had a grater participation in this 
migration process (Sahu et al., 2009). In the developing 
Countries, low agricultural income and agricultural 
unemployment and under employment are the major 
factors, which push the migrants towards the areas with 
greater job opportunities. In the above context, this 
research has been done to focus on the factors affecting 
migration of agricultural labourers.
METHODOLOGY

The main focus of this paper is to examine the factors 
affecting migration of agricultural labourers in Jaipur 
district of Rajasthan. The present investigation was 
conducted in Jaipur district of Rajasthan. Out of the total, 
Chomu and Phulera tehsils were selected randomly for 
study purpose. From all the villages of Chomu tehsil, a 
cluster of three un-irrigated villages was selected 
purposively which consisted of Jaitpura, Kanpura and 
Khushalpura villages. Likewise, a cluster of three 
irrigated villages namely, Kajipura, Khatwari and 
Mundwara was selected purposively from all the villages 
of Phulera tehsil. From the selected list of farm 
households, a sample of 120 agricultural labourers was 
selected at random with probability proportion to the total 
number in selected villages in two tehsils. These data 
were collected for two consecutive seasons of the 
agricultural year 2010-11. For investigating the factors 
responsible for lobour migration, a functional analysis of 
the following form was carried out. The multiple 
regression analysis represents a logical extension of two 
variable regression analyses. Instead of a single 
independent variable, two or more independent variables 
are used to estimate the values of a dependent variable. 
However, the fundamental concepts in the analysis 
remain the same. For the purpose of the study, the 
relationship between dependent variable ‘Y’ and the 
selected independent variable (x , x , x , x , x , x ) was 1 2 3 4 5 6

obtained by fitting the multiple linear regression equation 
as follows:

Where,
= Predicated value of dependent variable

        (labour work days)
X = Independent variables is

X = Family size 1

X = Farm size 2

X = Family income 3

X = Family education 4

X = Family general living conditions 5

X = Household work 6

b = Partial regression coefficients. is

The simple correlation matrices as well as variance 
inflation factor (VIF) were worked out to test the presence 
of multicollinearity
RESULTS AND DISCUSSION
Correlation Analysis

The degree of relationship between the hypothesized 
variables was measured through correlation analysis, i.e.; 
by estimating correlation coefficients. These coefficients 
summaries in one figure the direction and degree of 
correlation. The estimated coefficients of correlation 
between agricultural labour work days and other variables 
are depicted in Table 1. 

The peerusal of Table 1 reveals that the degree of 
correlation between agricultural labour work days and 
family size was non-significantly negative in Phulera 
tehsil and Jaipur district but non-significantly positive in 
Chomu tehsil. The correlation between agricultural 
labour work days and farm size was negative in Phulera 
tehsil and Jaipur district but in Chomu tehsil it was non-
significantly positive. There was a negative and non-
significantly correlation between these variables in the 
district and Phulera tehsil but in the case of Chomu tehsil 
it was non-significantly positive. There existed a non-
significant negative correlation between education of 
family head and agricultural labour work days performed 
in Jaipur district, whereas the coefficient was found to be 
non-significant and positive in both the tehsils (Phulera 
and Chomu). There existed a low degree of negative (non-
significant) correlation between the said variables in 
Chomu tehsil. The coefficient was found to be positive in 
Phulera tehsil and Jaipur district. The degree of 
correlation between agricultural labour workdays and 
household work was non-significantly negative in both 
Phulera and Chomu tehsils as well as in the district of 
Jaipur.
Regression Analysis 

It was not sufficient to know whether some sort of 

 
u

i
bibY +

=
+=

6

1
0

ˆ S

Independent variables Phulera 
(n =60)1

Chomu 
(n =60)2

Jaipur 
(N=120)

Family size (X )1 -0.009 0.022 -0.008
Farm size (X )2 -0.195 0.131 -0.073
Family income (X )3 -0.141 0.062 -0.072

Education of the family head 
(X )4

0.043 0.076 -0.009

Family general living 
conditions (X )5

0.063 -0.021 0.017

House-hold work (X )6 -0.041 -0.079 -0.063

Table 1: Zero order correlation coefficients between 
migration factors and labour work days in 
Jaipur district of Rajasthan
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correlation exists between the variable or not. The 
comparative influence of each of the interacting factors is 
also needed to be probed. For this purpose agricultural 
labour measured as labour work days was taken as a 
dependent variable and hypothesized to be a function of 
all the variables studied above in the case of correlation. 
Multiple regression equations of the linear form were 
estimated by using the method of least squares. 

The multiple regression values showing influence of 
migration factors on agricultural labour work days in 
Phulera tehsil of the Jaipur district are illustrated in Table 
2. The results revealed that the regression coefficient for 
family income was found to be positively and significant 
(0.003) at 5 percent level of probability. This revealed that 
family income significantly acted as an important factor 
influencing migration of agricultural labour in the study 
area. The household work was found to be significantly 
negative (-0.633) at 10 percent level of significance. It 
indicated that with the increase in household work the 
agricultural labour work days decreased. The regression 
coefficient for education of the family head was found to 
be negatively non-significant. 

Table 3 depicts that the regression coefficient for 
family income was also found to be positively and 
significant (0.001) at 10 percent level of significance in 
Chomu tehsil. This revealed that family income 
significantly acted as an important factor influencing 
migration of agricultural labour in the study area. The 
regression coefficient for family size and Family general 
living conditions were found to be negatively non-
significant.

The multiple regression values showing influence of 
migration factors on agricultural labour work days in 
Jaipur district are depicted in table 4. The results revealed 
that the regression coefficient for family income was 
found to be positively and significant (0.001) at one 
percent level of probability. This revealed that family 

income significantly acted as an important factor 
influencing migration of agricultural labour in the study 
area. The household work was found to be significantly 
negative (-0.420) at 10 percent level of significance. It 
indicated that with the increase in household work the 
agricultural labour work days decreased. The regression 
coefficients for family size and education of the family 
head were found to be negatively non-significant. 

CONCLUSIONS
It may be concluded from the foregoing discussion 

that the degree of correlation between labour work-days 
with education of the family head was positively non-
significant for the sample tehsils and with household 
work was negatively non-significant in both the tehsils. 
The estimated coefficients of family size, family income 
and farm size with labour work-days were positively non-
significant in chomu tehsil and negatively non-significant 

Independent variables Regression
Coefficient

SE VIF

Family size (X )1
NS0.731 1.662 1.089

Farm size (X )2 3.459NS 3.795 1.145
Family income (X )3 0.003** 0.001 1.159
Education of the family 
head (X )4

-0.088 1.028 1.129

Family general living 
conditions (X )5

1.328NS 2.282 1.117

House-hold work (X )6 -0.633* 0.295 1.211
2R 0.301

F-value 3.808**

Table 2: Multiple regression values showing influence of 
migration factors on agricultural labour work 
days in Phulera tehsil of the Jaipur district

(n =60)1

***, **, and * Significant at 1, 5, and 10 percent level.
NS: Non-significant.

Independent variables Regression
coefficient

SE VIF

Family size (X )1
NS-1.319 1.322 1.034

Farm size (X )2
 NS0.929 1.417 1.134

Family income (X )3 0.001* 0.0004 1.095

Education of the family 
head (X )4

 NS0.676 0.655 1.012

Family general living 
conditions (X )5

 NS-0.860 1.238 1.093

House-hold work (X )6
 NS0.094 0.170 1.115

2R 0.177
F-value

 NS1.897

Table 2: Multiple regression values showing influence of 
migration factors on agricultural labour work 
days in Chomu tehsil of the Jaipur district

(n =60)2

*Significant at 10 percent level.
NS: Non-significant.

Independent variables Regression
Coefficient

SE VIF

Family size (X )1
NS-0.397 1.121 1.014

Farm size (X )2
 NS0.481 1.792 1.148

Family income (X )3 0.001** 0.0003 1.623

Education of the family 
head (X )4

 NS-0.145 0.650 1.048

Family general living 
conditions (X )5

 NS0.292 1.082 1.643

House-hold work (X )6 -0.420* 0.175 1.157
2R 0.212

F-value 5.074***

Table 2: Multiple regression values showing influence of 
migration factors on agricultural labour work 
days in the Jaipur district of Rajasthan

(N=120)

***, **, and * Significant at 1, 5, and 10 percent level.
NS: Non-significant.
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in Phulera tehsil. It may be also concluded  the that the six 
hypothesized variables, that is, family size, farm size, 
family income, education of the family head, general 
living condition of the family and household work, only 
two variables, namely family income and household work 
of the family emerged as important factors responsible for 
perpetuating migration of agricultural labour in Jaipur 
district of Rajasthan. However family income favorably 
and household work adversely affected the migration of 
labour in the district.
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Cost Benefit Analysis of Ready to Eat Snack Food: Paneer Nuggets

ABSTRACT
Paneer is a South Asian variety of soft cheese prepared by addition of citric acid and heat coagulation of milk. It can be used in the 
preparation of a number of several culinary preparations and snacks. In India, around 7 per cent of the total milk produced is being 
converted to paneer. Value addition of paneer to make it more attractive in ready to eat form of nuggets in another way to delight 
consumers. Paneer nuggets are value added product prepared from paneer by steam cooking method. An economic viability is the 
most important factor to make place in the market for any food product along with its quality and sensory parameters. Considering 
the prevailing market, price of paneer nuggets is `300 per kg, cost of the developed paneer nuggets was 216.11 per kg a profit of 
`83.89 per kg could be obtained which is a good profit margin for the commercial viability and sustainability of the product. The 
break even output was calculated at 4.36 kg of product which is lower than the actual level of production indicating the viability of 
this enterprise.
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INTRODUCTION
Across the world, food-processing is considered to 

be a sunrise sector because of its large potential for growth 
and socio-economic impact. There is an increasing 
demand for functional ready to eat snack foods. The main 
reasons are increase in disposable incomes, changes in 
consumer concerns, perceptions on nutritional quality 
and safety of food. India is currently the largest producer 
of milk in the world, a status it has maintained since the 
late nineties. Employment opportunities to large number 
of small producers especially women and poor, milk 
vendors and milk processors is provided by milk 
production and processing (Chandel and Chauhan, 2010).

India ranks first in milk production, accounting for 
18.5 percent of world production, achieving an annual 
output of 146.3 million tonnes during 2014-15 as 
compared to 137.69 million tonnes during 2013-14 
recording a growth of 6.26 per cent (Anonymous, 2016). 
Further, India’s milk production is expected to grow to 
185 million tonnes by 2020 (Bhasin, 2014). Milk and milk 
products have been recognized as important part of diet 
since Vedic times and it is considered to be complete food 

(Gupta, 1999). About half the milk produced is consumed 
in the liquid form and the remaining half is used to prepare 
products such as ghee, curd, butter, khoa, paneer, cheese, 
chhana, ice cream and milk powders. There is an 
increasing demand for functional ready to eat snack 
foods. So the current prevailing trend is to develop 
functional ready to eat snack food. Global functional food 
market is growing at 7.4 percent, where as in India it is 
growing at 12-15 percent (Patel, 2011).

Paneer is so versatile that we can make number of 
different dishes or snacks with it. Paneer nugget is the 
ready-to-eat dairy based snack food. Further, value added 
paneer product like paneer nugget will increase the shelf 
life of the paneer. Due to the ever growing demand of 
paneer by varied health conscious consumers, researchers 
were encouraged to develop new types and varieties of 
paneer based products. Paneer nuggets can be prepared by 
addition of various food grade additives like spices mix 
(black pepper, chilli powder, coriander powder and 
turmeric powder), condiments (ginger and garlic paste), 
refined wheat flour, skim milk powder and  sodium 
caseinate into the paneer for preparation of paneer 



nuggets by steam cooking method. Further it will improve 
the parameters such as yield, sensory characteristics, shelf 
life and also reduce the cost of production.

In the current scenario in the Punjab state, income of 
the farmers is declining from crop farming and wheat 
paddy crop rotation is leading to deterioration of soil 
quality and water table going down continuously. Under 
these circumstances, adopting the subsidiary has become 
of great importance. Dairying is a good subsidiary 
occupation providing regular income and employment to 
the farmers. For making dairy farming more profitable 
and viable enterprise, converting milk into milk products 
at farm level is a good option. For small and marginal 
farmers who cannot invest more in the initial stage, 
manufacturing products like paneer nuggets can be 
started with low initial investment. With this background, 
the present study focuses on determining the cost and 
returns associated with manufacturing of paneer nuggets.
MATERIAL AND METHODS  

Economic viability is the most important factor to 
make place in the market for any food product along with 
its quality and sensory parameters. Further, the product 
should also be attractive in terms of palatability and price 
for commercial sustainability of the product in a 
competitive market. Every market product needs to be 
commercially viable to become attractive for 
entrepreneurs and industrialists so that its production can 
be taken up. Raw material, packaging material other 
ingredients and equipments used for the preparation of 
paneer nuggets include: Milk, spices and condiments, 
processing equipment and accessories, vacuum 
packaging machine and digital pH indicator. Paneer used 
for the preparation of paneer nuggets was prepared by the 
method followed by Bhattacharya et al. (1971). The 
manufacturing cost of paneer nuggets was calculated out 
as per guiding principle suggested by Chauhan et al. 
(2006) and Chauhan et al. (2009).

Therefore, through present investigation, an attempt 
was made to estimate the cost of production of optimized 
paneer nuggets considering certain set of assumptions:
1. Land and building

The working space required for paneer nuggets unit 
was 400 sq feet (20x20 sq. feet) and it was taken on rent 
(@ `6000 per month) in semi-urban area. Building 
includes processing section, store and utilities section.
2. Machinery and Equipment

Capital investment (`4,50,000) includes the cost of 
all equipments viz. paneer vat & its accessories, 
autoclave, cream separator and refrigerator. Depreciation 
on machinery and equipments was taken @10 percent per 
annum. Interest on capital investment and variable cost 
was taken @12 percent per annum. 
3. Capacity

One batch of paneer nuggets 20kg was made from 
raw materials in one day (8 hours) and yield of the final 
product was 20 percent of the raw material.
4. Manpower

One skilled and one unskilled person was required 
for manufacturing paneer nugget and 300 working days of 
the year. 
Break-Even Output 

The break even output is the minimum number of 
units of finished product produced at which the total 
revenue equals total cost. A firm will continue its 
production process or will remain solvent as long as the 
total revenue is greater than or equal to the total cost. 
Break even output provides us with an estimate of the 
output produced at that level.

Marketing and distribution
It was assumed that all finished product was directly 

sold to the consumers as per demand from the factory 
itself. So, the calculated cost of production as well as 
profit per batch is ex-factory before taxes. It does not 
include any marketing and distribution charges. 
RESULTS AND DISCUSSION

Cost analysis for the manufacture of the product to 
evaluate the techno-economic feasibility of the 
technology at commercial scale was carried out so as to 
make it possible to start a small unit and a major step to 
provide an alternative to crop farming stick farmers. It 
will be quite easy for farmers to start their own 
manufacturing unit with this feasibility study.The 
different cost components comprising of a broad category 
of fixed, variable and total costs are broken into specific 
cost categories based upon the type of input needs. The 
cost of steam cooked paneer nuggets and profitability 
were estimated and the detailed break up of different cost 
components into per unit fixed, variable and total cost are 
presented and discussed in succeeding sections.                                                    

Total capital investment for the production of paneer 
nuggets is  `4,50,000. The costing methodology it will 
breakup and categorize the overall cost of manufacturing 
the paneer nuggets into its distinguished components. The 
cost components are fixed costs and the variable costs
Fixed Cost

This component includes the cost of deprecation on 
equipment’s, interest on capital investment and building 
rent per annum for the production of paneer nuggets.  
Total fixed cost per annum is `171000 out of which 
highest share was of building rent (`72,000) followed by 
`54000 on interest of capital and  ̀ 45000 on depreciation 
of buildings. Further, the fixed cost for one batch per day 
came out as  ̀ 468.35 as shown in Table 1. 
Variable Cost

Variable cost for paneer nuggets include the cost of 
various raw materials used in a batch of 20 kg product as 
shown in Table 2. Raw materials are mixed milk 100 kg 
@30/kg, RWF 820g@50/kg, sodium caseinate 380 g 

unitpercostVariable-unitperpriceSale

costfixedTotal
point (Output)=evenBreak
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@600/kg, spices 450g @ 320/kg and condiments 600g 
@200/kg, labour @277.72/day for unskilled and 342.22 
for skilled. One skilled and one unskilled person is 
required, packaging material cost ̀ 90, electricity @8/unit 
30 units, laboratory, cleaning and sanitizing charges @ 
0.2 and 0.1 percent , respectively. The total variable cost 
per day per batch is  ̀ 4,322.25. It is evident from that the 
largest share among the variable cost is of raw materials 
(75.07 percent) followed by the Labour (16.08 percent) 
cost and  packaging material (2.33 percent) and other cost 
components like electricity, laboratory, cleaning and 
sanitizing together accounted for about 6.52 percent. 
Final cost of production of paneer nuggets was worked 
out to be  ̀ 4322.2 per batch and 216.11 per kg.

Returns from Batch 
Gross returns (total revenue) were calculated by 

multiplying the volume of output produced with its 
selling price. From the value of gross returns, the estimate 
of total cost of production (total fixed costs + total 
variable costs) was subtracted to arrive at an estimate of 
net profit/net returns (Table 3). Yield of batch was 20 kg 
and total cost per kg was  ̀ 216.11  and sales price was 300 
per kg with a profit of  `83.89 per kg. The gross returns 
per day were found to be  `6000 and net returns per day 

Particulars Amount (`)

Total Capital investment required 450000

Fixed cost (A)

Depreciation on Equipments @10% p.a. 45000

Interest on Capital Investment @12% p.a. 54000

Building rent per annum 72000

Fixed cost per annum 171000

Total fixed cost per day (A) 468.35

Table 1: Total fixed cost required for paneer nuggets unit

Variable cost Quantity required 
per batch (20 kg)

Cost (`)

Raw materials

a. Mixed milk for paneer (30/kg) 3,000

b. Refined wheat flour (50/kg) 41

c. Sodium caseinate (600/kg) 150

d. Spices

100 kg

820 g

380 g

450 g

600 g

144

e. Condiments 120

Total 3455

Surplus cream @ `150/kg 3.75 kg (-)562

Total 2893

Labour @  277.72/ day for unskilled and 342.22/ day for skilled 
(1 man day= 8 Hr)

Unskilled = 1
Skilled = 1

619.94

Packaging Material 90 90

Electricity @ ` 8/ unit 30 240

Laboratory charges@ 0.2 percent of raw materials 7.31

Cleaning and sanitizing materials @ 0.1 percent of raw materials 3.65

Total 960.9

Total variable cost per day (per batch) (B) (`) 3853.9

Total cost of the batch = A (Table 1)+B (`) 4322.25

Table 2: Total variable cost required for paneer nuggets unit
(`/unit)

Returns from batch Amount (`)

Yield per batch (kg) 20
Total cost per (kg) 216.11
Sale price per (kg) 300
Gross returns 6000
Net returns 1677.75
Net returns per month 50332.5
Profit per kg (Before taxes) 83.89
Total fixed cost 468.35
Sales price per unit 300
Variable cost per unit 192.69
Break Even point (kg) 4.36

78.2Margin of safety (percent)

Table 3: Returns from the batch of paneer nuggets
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were found to be  `1677.75 on monthly basis, an 
entrepreneur can earn as much as  ̀ 50,332.5.

The break even output is the minimum number of 
units of finished product produced at which the total 
revenue equals total cost. The break even output was 
calculated at 4.36 kg of product which is much lower than 
the actual level of production of 20 kg providing enough 
margin of safety (78.2 percent).
CONCLUSIONS

It is evident from foregoing discussion that a small 
paneer nuggets production unit is a profitable enterprise 
for the farmers can earn a monthly income of  `50332.5. 
Its adoption can help in providing regular income and 
employment to the farmers, especially small and marginal 
ones. In the period of much needed diversification of 
Punjab agriculture, such small scale dairy processing 
enterprises can be good option for ameliorating the 
economic distress in farming sector. As bigger dairy 
plants require large capital investment in initial stage, so 
starting a paneer nuggets production unit is a good option 
for small and marginal farmers who can easily start this 
business  with low initial investment.
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Factors Discriminating Credit Growth: A Comparison of Punjab 
and Kerala

ABSTRACT
The role of credit in commercial agriculture is inimitable. The study examined the factors discriminating credit growth in Punjab 
and Kerala from1983-84 to 2011-12. The credit growth is highly influenced by factors like net irrigated area per 1000 hectare of net 
sown area and average size of operational holdings. The reason was the dependency of Punjab on credit for irrigation 
needscompared to a rain fedagriculture in Kerala. Moreover the smaller size of the operational land holding in Kerala limits 
tractorization or other forms of mechanization. The next important factors differentiating the credit growth in both the states were 
area under high yielding varieties and fertilizer consumption per 1000 hectares of net sown area which had a substantial impact on 
the inter-state credit growth variability. The high input intensive agriculture in Punjab due to the advent of green revolution could be 
the root cause. Other factors like GSDP at constant prices, per capita income and number of tractors per 1000 hectare of net sown 
area also discriminate the credit growth. The main reason for the difference in credit growth between the two states is the variation 
in the climatic conditions, land distribution and cropping pattern. 
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INTRODUCTION
Punjab, the land of five rivers has been flourishing in the 

field of agriculture since 1960s. The total cropped area of the 
state is 78.8 lakh hectares and the major crops grown are 
wheat, rice, cotton and maize (Anonymous, 2010). Punjab 
contributed 45.4 per cent of wheat and 25.3 per cent rice to 
the central pool during 2010-11 (Anonymous, 2011). The 
contribution of agriculture to the gross state domestic 
product (GSDP) is 15.47 per cent at constant prices (2004-
05) during 2010-11. The production of food grains in the 
state has increased from 3.39 million tonnes in 1965-66 to 
11.92 million tonnes in 1980-81 and 29.09 million tonnes in 
2012-13 (Anonymous,2013). Such a tremendous increase in 
the food grain production is mainly contributed to the green 
revolution strategy which is marked by the improved seed-
irrigation-fertilizer and mechanization technologies. Large 
scale adoption of high yielding varieties of seeds along with 
the use of fertilizers and pesticides complimented by farm-
mechanization has increased the cropping intensity of the 
state from 128.6 per cent in 1965-66 to 161.8 per cent in 
1980-81 and 189.39 per cent in 2012-13 (Singh et al., 2007 

and Anonymous, 2013).
Farming in Punjab has been capital intensive since the 

advent and adoption of this technology of improved varieties 
of seeds, fertilizers, pesticides in the green revolution 
strategy. The adoption of these capital intensive technologies 
has been facilitated by expansion of institutional agricultural 
credit. Being a capital intensive model of agriculture, there 
was a need for credit to meet the cash requirements of 
farmers particularly for small farmers. This requirement of 
farmers has been supported mainly by institutional finance 
as 62 per cent of the total credit is advanced by institutional 
source (Singh et al., 2007). 

Kerala's economy is predominantly agrarian in nature. 
The net area sown in Kerala is 2088.95 thousand hectares. 
Agriculture, fishing and forestry contributed 9 per cent to 
GSDP in 2011-12. The share has been falling steadily over 
the years. The low availability of land and the high cost of 
other factors of production (farm labour, fertilizers, etc.), and 
the vagaries of the monsoon have resulted in low farm 
viability. However, this sector is very significant from the 
point of view of rural livelihood options, food security, and 



raw material for the food processing industries and for 
exports. It is this sector which provides employment to rural 
people and addresses the problem of rural poverty; hence, 
various initiatives have been taken to promote crop 
development, animal husbandry and fisheries in Kerala 
(Anonymous, 2012). Thus, institutional agricultural credit is 
highly important for a state like Kerala experiencing rapid 
shift from food crops to cash crops, severe labour shortage, 
deteriorating capital formation in agriculture, high cost of 
land, and increasing cost of cultivation (Mathew and 
Michael, 2012).

The growth and contribution of agriculture in Kerala 
economy is lesser compared to that of Punjab. These states 
are extremely different from each other with regard to 
natural and geographic features, climatic conditions, 
cropping pattern etc. Kerala's agriculture economy is based 
mainly on non-food crops while Punjab is known for its food 
grain production. Production of almost all food crops is 
stagnant and declining in Kerala due to sharp decline in area 
over the years and due to the limited scope of the expansion 
of area under cultivation in the state. While in Punjab due to 
the green revolution and adoption of new technologies and 
use of high yielding varieties and other inputs intensively, 
the agricultural growth is very high and the use of 
institutional agricultural credit is also higher. By identifying 
the factors that discriminate the credit growth in Punjab and 
Kerala, it is expedient to develop the agricultural sector of 
Kerala through agricultural credit.  Hence the present study 
analyses the factors that discriminate the credit growth to 
understand the determining factors of credit and agriculture 
in the two states. 
MATERIALS AND METHODS
Data Sources and Methodology

Secondary data relating to source-wise institutional 
agricultural credit disbursed in Punjab, Kerala and India 
were collected for the period 1983-84 to 2011-12 from 
various issues of Reports of Currency and Finance and 
Statistical tables related to banking data, Reserve Bank of 
India publications, various annual reports and annual credit 
plans (ACP) of lead bank (Punjab National Bank), Ludhiana, 
lead bank (Canara Bank) and NABARD, etc. 

To determine the factors affecting the credit growth in 
Punjab and Kerala, Mahalnobis D-square analysis was 
carried out. Both the states were considered as two different 
groups, group I: Punjab and group II: Kerala. Various factors 
were identified and the Mahalnobis D-square was calculated 
applying the discriminant analysis in SAS software. The 
eight factors that were identified as the discriminating ones 
were GSDP at 2004-05 prices, net irrigated area per 1000 ha 
of NSA, cropping intensity, area under HYVs per 1000 ha of 
NSA, fertilizer consumption per 1000 ha NSA, per capita 
income, average operational land holding, tractors per 1000 
hectare of NSA. The significance was tested using F-test to 
analyze whether these groups are significantly different from 
each other due to the factors under study. The test was 
performed by calculating simple F at k and N +N -k-1 degree a b

of freedom using the simple formula:
 

Where, Na and N indicates the number of b

observations in group A and B, respectively.
The factor share in this distance was calculated by 

use of discriminant function as stated below:
Z =l  X  + l  X + l X  +…. + l X1 1 2 2 3 3 k k

The distance D-square is then estimated by 
2D = l d  + l d +…..+l d1 1 2 2 k k

Where, d  is the difference in group means (A-B) for the i

character X .k

The significance of D square was tested using F-test ( at 
F ). The problem of multi-collinearity affects the (k, n-k-1)

multivariate analysis. Hence the factors were checked for 
multi-collinearity problem and the non-significant variables 
were dropped by step-wise selection of the variables and the 
discriminant function was re-run only with the significant 
variables to get the desired equation.

The product l d gives the contribution of the i-th factor to i i
2the total distance D . Each additional factor brings an 

addition to the distance. Therefore, the comparisons of the 
magnitudes of the products brings out which character is 
relatively more important in discriminating group A from 
group B. Percentage shares to total distance denote the 
comparative picture of two groups.
RESULTS AND DISCUSSION

Credit is one of the most important inputs for 
agricultural development and plays a pivotal role in the stage 
of transformation of agriculture to a commercial enterprise 
(Kumar et al, 2010). It plays a vital role in increasing 
agricultural growth as well as the growth of farmers. It is also 
a powerful instrument in uprooting the major input 
constraints that hinder the growth in agricultural production 
and economy.  For sustained growth in agriculture, adequate 
quantity of credit at required time and place and its proper 
utilization is very important. But there has been incidence of 
regional disparities in the flow of institutional agricultural 
credit in India (Mohanty and Haque, 2003).  The main 
factors for the variations in agricultural credit among the two 
states are analyzed in the present study. 

The factors discriminating the credit growth in both 
states were identified by employing the discriminant 
analysis. A total of 8 variables were identified to be the 
discriminating factors which were analysed for significance 

2by the Mahalnobis D method. The eight factors that were 
identified as the discriminating ones were GSDP at 2004-05 
prices, net irrigated area per 1000 ha of NSA, cropping 
intensity, area under HYVs per 1000 ha of NSA, fertilizer 
consumption per 1000 ha NSA, per capita income, average 
operational land holding, tractors per 1000 hectare of NSA. 
To understand the extent of share in discriminating the credit 
growth, the percentage contribution of each factor was also 
calculated. 

In order to find out the relative importance of the 
variables in Table 1 which has helped in discriminating the 
two states with respect to agricultural credit, the data were 
put to discriminatory analysis based on the eight pre-decided 
characteristics as shown in Table 1.

2The Mahalnobis distance D  between the two states on 
the basis of 8 characteristics was calculated which came out 
to be 17994. The distance was statistically significant at one 

F=  
a b*(Na b 1)  * 2N N +N -k- D /k  

Na+Nb(Na+Nb-2)  
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percent level of significance (p-value <0.0001 per cent). The 
discriminant function based on these 8 factors fit to the data 
of two states was of the following form:

Z =1.37 X  + 16089 X +3.41 X  + 1359.1 X + 4280.96 1 2 3 4

X + 0.001 X + 2059 X + 41.54 X5 6 7 8

Since the problem of multi-collinearity exists among the 
variables and affects the multivariate analysis, the step-wise 
selection method was done using the forward and backward 
elimination procedure. In the step-wise method, the first 
variable to be included in the analysis has the largest 
acceptable value for the selection criteria. Mahalnobis 

2distance D  was the selection criterion for selecting the 
variables. Mahalnobis distance between the groups was 

2selected and the variable with the largest D  for the two 
groups was selected as a discriminating factor. At each step 
chosen the variable was decided using the highest F-value. 
The results of stepwise selection (given in Table 2) revealed 
that variables like X  (GSDP at 2004-05 prices), X  (net 1 2

irrigated area per 1000 ha of NSA), X  (Area under HYVs 4

per 1000 ha of NSA), X  (Fertilizer use per 1000 hectare 5

NSA), X  (Per capita income), X  (Average operational 6 7

Holding) and X  (Tractors per 1000 hectare of NSA) 8

significantly contributed to discriminating the credit growth.
Further the importance of individual characteristics and 

2their relative share (li*di) in the distance D , the coefficients 
of the best linear discriminant function (li's) were estimated 
and represented in Table 2. The D square value came out to 

be 25925.59. The distance was statistically significant at less 
than one per cent level of significance (p-value <0.0001  per 
cent).The best linear discriminant function for the two 
groups after elimination of multi-collinearity was worked 
out to be:
Z= 1.39 X  + 16213 X  + 1300.52 X + 4295.95 X +0.004 1 2 4 5

X  + 2037.38 X  +39.93 X6 7 8

The comparison of the products (li x di) established that 
2 main share in D is for net irrigated area per 1000 ha of net 

sown area. This variable alone contributed to 48.64 per cent 
of the distance between the two states. Next in importance 
was the average size of the operational holding and number 
of tractors per 1000 ha of net sown area which contributed to 
27.58 per cent and 13.29 per cent, respectively. Factors like 
area under HYV and fertilizer consumption each calculated 
per 1000 hectare of NSA also contributed to the distance, 
however their percentage share was comparatively lesser 
(5.81 per cent and 3.95  per cent respectively).GSDP at 
2004-05 prices and per capita are other variables which 
affect the credit growth but with a meagre contribution (0.68  
per cent and 0.05  per cent) as compared to other variables as 
the growth in GSDP and per capita incomes in both states are 
almost similar.

The findings of the study indicate that the credit growth 
were highly influenced by factors like net irrigated area per 
1000 hectare of net sown area and average size of operational 
holdings. The next important factors influencing the credit 

Variables Sample means Mean 
difference

t- value

Punjab Kerala

X1:GSDP at 2004-05 prices (`crore) 268.22 141.10 127.13 2.34**

X2:Net irrigated area per 1000 ha of NSA 0.94 0.16 0.78 89.56***

X3: Cropping intensity (%) 181.22 133.62 49.43 25.35

X4: Area under HYVs per 1000 ha of NSA 1.36 0.20 1.16 37.89

X5: Fertilizer consumption per 1000 ha NSA (tonnes/ha) 0.33 0.09 0.24 19.16***
X6: Per capita income (` crore/ha) 24518.07 20988.93 3529.14 0.15

X7: Average operational holding (ha) 3.79 0.28 3.51 117.61***

X8: Tractors per 1000 ha of NSA (no./ha) 89.37 3.06 86.31 15***

Table 1: Sample means for the agricultural credit variables

Source: Economic Review of Kerala (GOK), Statistical Abstract of Punjab (GOP).
 ***and ** significant at one and  five percent level

Variables Difference in 
sample means 

(d )i

Discriminant 
function 

coefficients (l )i

l x di i Percentage 
share in the 

total distance

X :GSDP at 2004-05 prices1 127.13 1.39 176.71 0.68
X :NIA per 1000 ha of NSA2 0.78 16213.00 12608.93 48.64
X : Area under HYVs per 1000 ha of NSA4 1.16 1300.52 1505.57 5.81
X : Fertilizer use per 1000 ha NSA5 0.24 4295.95 1023.75 3.95
X : Per capita income6 3529.14 0.004 14.12 0.05
X : Average operational holding7 3.51 2037.38 7150.22 27.58
X : Tractors per 1000 ha of NSA8 86.31 39.93 3446.29 13.29

2Total distance (D ) - - 25925.59 100.00

2Table 2: Relative contribution of variables in distance (D ) between the two states
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growth in both the states was area under high yielding 
varieties and fertilizer consumption calculated per 1000 
hectares of net sown area which explained a substantial 
impact of the inter-state credit growth variability.
The main reason for the variation in credit growth of the two 
states is the net irrigated area per 1000 hectare of the net 
sown area. Punjab state has a high level of dependence on 
agricultural credit for meeting its irrigation needs as the 
major source of irrigation is tube wells. On the other hand, 
Kerala, being a rain fed agriculture state; the needs of credit 
for irrigation are very much lower than that of Punjab.  
Moreover Punjab, the birth place of green revolution in India 
has been leading the country in case of agriculture 
production as well as input usage. The key reason for the 
agricultural credit growth in Punjab is the use of technology 
which includes use of high yielding varieties of seeds, 
fertilizer and pesticide usage and increased tractorization.

In the case of Kerala, the average size of land holding is 
very small as compared to Punjab. And majority of the 
farmers are marginal as well as small, hence there is lack of 
adoption of latest farm technology. Due to the small size of 
the land and its discontinuous distribution, tractorization or 
other types of mechanization cannot be followed in the state. 
On the other hand in Punjab, average size of operational 
holding is nearly 4 hectares. Hence mechanization and 
tractorisation became possible in Punjab to a greater extent. 
This is the reason why factors like average size of the 
operational holdings and number of tractors per 1000 ha of 
net sown area has been affecting the credit growth in the 
state. 

The level of adoption of hi-tech technologies and that of 
mechanization and tractorization is very high in Punjab 
mainly due to the larger amount of land holdings. But in 
Kerala, due to the sparse operational land holdings by the 
farmers, the farm mechanization or tractorization is still not 
under consideration. This may be the reason why, the number 
of tractors per 1000 hectares of the NSA is another major 
contributor to the factors discriminating the credit growth in 
two states. The percentage share of this factor is 13.29 per 
cent. Hence, it is necessary that the banks should focus on the 
promotion of the small-scale technologies suited for the 
Kerala state, where the average size of the operational holding 
is very small as compared to Punjab. The credit agencies 
should disburse credit for various resource conserving 
technologies to promote the growth of institutional 
agricultural credit as well as to maintain the sustainability of 
agriculture in the state as well as the country as a whole.

The advent of green revolution has led to the practice of 
input intensive agriculture in Punjab. Hence the use of high 
yielding varieties is dominant in Punjab agriculture. Almost 
100 per cent area under rice and wheat and 98 per cent of 
maize in Punjab is under high yielding varieties. But in 
Kerala the use of HYVs is limited due to the high cost of 
seeds. Hence it discriminates the credit growth in both the 
states.  The percentage share in discriminating the credit 
growth is 5.81 per cent. Hence by promoting the use of high 

yielding varieties, by providing adequate credit facilities to 
the Kerala state, the discrimination in credit growth can be 
reduced in both the states. Input intensive agriculture in 
Punjab is characterized by the higher use of fertilizer. The 
fertilizer consumption per 1000 hectares of net sown area 
was considered as a factor that discriminates credit growth in 
the two states and it was found significantly affecting the 
credit growth with a percentage share of 3.95 per cent. The 
use of fertilizer in Kerala is lesser due to the fertile land and 
lesser cultivation of rice and wheat.

GSDP at constant prices was also an important 
factor discriminating the credit growth in both the states even 
though its percentage share to the distance was 
comparatively lesser than other factors. This is mainly 
because the agricultural GSDP at constant prices had only a 
slight difference in both the states with Punjab leading by a 
few crores. This factor contributed 0.68 per cent for 
discriminating the credit. 
CONCLUSIONS

The discriminant analysis for determining the factors 
affecting the credit growth in both the states revealed that the 
credit growth are highly influenced by factors like net 
irrigated area per 1000 hectare of net sown area and average 
size of operational holdings. The next important factors 
influencing the credit growth in both the states were area 
under high yielding varieties and fertilizer consumption per 
1000 hectares of net sown area which had a substantial 
impact on the inter-state credit growth variability. Other 
factors like GSDP at constant prices, per capita income and 
number of tractors per 1000 hectare of net sown area also 
discriminate the credit growth. The main reason for the 
difference in credit growth between the two states is the 
variation in the climatic conditions, land distribution and 
cropping pattern.
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ABSTRACT
The present study pertains to a small but innovative farmer, having a land-holding of just 2.5 ha, who adopted integrated farming 

2including protected cultivation of vegetables in three net houses covering an area of 1500 m , open cultivation of cash crops in one 
hectare, processing of tomatoes, turmeric, mushroom (dhingri) cultivation, livestock, vermi-composting, and growing of general 
crops, like basmati, wheat and  fodder in one hectare. Budgeting Technique and other statistical tools have been applied to work out 
the economics of his adopted separate enterprises as well as the entire integrated system as a whole. For the purpose of marketing 
and disposal of his produce, the vehicle, being used to sell small packets of well graded fresh vegetables to well defined clientele at 
some fixed destinations within the district on a particular time during the days of weeks, has also been purchased after having 
availed the subsidy of the due kind from the National Horticultural Mission. He is earning a net income in the tune of more than ̀ 8 
lakh per annum. The economics of his farm speaks volume of his entrepreneurial ability and the hidden strength of new technologies 
and farm integration.
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INTRODUCTION 
Although, agriculture sector in the country has 

registered an exceptional growth during the last two 
decades and India ranks first in the production of milk and 
second in rice, wheat, cotton and fruits production 
(Anonymous, 2015), even then, Indian agriculture is 
essentially characterized by Small Farm Agriculture, due 
to the reason that majority of Indian farmers own less than 
one hectare of land and its small and marginal farmers 
constitute over eighty percent of farming households. 
Also, small & marginal holdings account for about three-
fourth of the total operational holdings. Majority of the 
farmers cultivate mainly low value, subsistence crops. 
Increasing the productivity of farms and income of these 
farmers can make a major contribution towards reduction 
in hunger and poverty. An access to the available 
technology and know-how is one of the key factors 
driving the progression. Intensification of the small farms 
and/or integrated farming with different farming 
components namely, crop husbandry, beekeeping, 

mushroom cultivation, dairy farming, protected 
cultivation, value addition along with the innovative 
approach towards marketing is the need of the hour and 
seems a viable option for increasing the farm productivity 
on one hand and fulfilling the ever rising demand for the 
quality food products on the other (Gescard, 2016). 
Earnest efforts for diversification of small farms through 
different programmes and activities need to be done to 
encourage these small farmers to adopt integrated 
farming including off-season vegetables, cash crops, 
fruits, flowers and other allied enterprises (Singh et al., 
2011). The State Agricultural Universities (SAUs) in 
association with the Department of Agriculture/ 
Horticulture and other agriculture related Institutes have 
tried their level best to popularize the Integrated 
Cultivation of different traditional and non-traditional 
crops through many extension programmes in order to 
maximize the productivity and profitability of small and 
marginal farms (Rajju et al., 2014). At the same time, 
some innovative farmers possessing such holdings have 



also taken such initiatives in the adoption of improved 
technologies and are making better use of the agricultural 
resources at their disposal. The present study has been 
conducted with an objective to popularize the success 
story of one such innovative farmer from among the 
farming fraternity who with a small holding of just five 
acres of land has shown exemplary entrepreneurial 
efficiency to run integrated farming comprising of 
protected cultivation of vegetables in three net houses 

2  covering 1500 m area; open cultivation of cash crops in 
2.5 acres, general farming in 2.23 acres, dairy with three 
cattle of improved breed,  mushroom/dhingri cultivation, 
processing of turmeric, tomato and vermi-compost for the 
use of his own farm. He has also specialized in the 
marketing and disposal of the products produced on his 
own farm. Through this study, an effort has been made to 
explore his inherent entrepreneurial capability and 
innovativeness that enabled him to support a family of 
seven members with quite ease. The present paper is also a 
case study of the successful vegetable grower of the state 
who himself took the challenges to market his produce.
METHODOLOGY

All the primary data and other requisite information 
in connection with this study have been collected from the 
farmer himself, his family members and from the 
members of Self Help Group with which he is associated. 
Partial and Complete Budgeting Technique and other 
statistical tools have been applied to analyze the collected 
data and for working out the economics of different 
enterprises as well as his total farm as a whole. A complete 
inventory of all the agricultural resources, net houses, 
machinery and implements and other things available 
with him has also been prepared. The reference year of the 
study was 2015.
RESULTS AND DISCUSSION

This section of the paper includes farmer’s profile, 
brief description about his crop and other enterprises, 
details of his adopted as well as generated Innovations 
along with their impact and the economics of his farm.
Farmer’s Profile

The study pertains to a small but innovative farmer, 
named, S. Manjit Singh  S/o S. Darshan Singh, Aged: 54 
years, r/o Village and Post office Nainekot Block 
Kahnuwan Teh and Distt Gurdaspur-143528, Contact No:  
9915941421. He is an under graduate (10+2 pass). He is 
having eleven years farming experience and has acquired 
number of trainings such as animal husbandry, 
preservation of fruits and vegetables at household level 
Warehouse (Development and Regulation) Act 2007,  
hybrid seed production of chilli and brinjal, net house 
(soil treatment), cultivation of vegetables in Net House, 
grain storage, water saving techniques in agriculture, one 
day training-cum-awareness programme about market 
intelligence and information centre, and nutrition garden. 
He is also an active member of the following Professional 
Societies and Clubs. He has received many Awards and 
Honors including S. Surjit Singh Dhillon Award for Self 

Cultivating Small Farmers from Directorate of Extension 
Education, Punjab Agricultural University, Ludhiana. 

And, he has adopted vermi-compost as a measure for 
the conservation of natural resources. He is having two 
tube well bores to meet the irrigation requirements of his 
fields and he is in possession of a tractor, a disk harrow 
and a seed drill towards his machinery and implements 
resources.

The perusal of Table 1 reveals that farmer under 
study used to adopt both types of protected as well as open 
cultivation. He is reported to have three net houses for 
protected cultivation that he used to grow the vegetables, 
like Capsicum, Cucumber, Brinjal and Cauliflower each 
in 500 sq m area, Tomato in 250 sq m area and Spinach and 
Coriander in 100 sq m area each. He is having a net sown 
area of 1500 sq m and that of total cropped area of 2450 sq 
m under the protected cultivation. The reported yield 
levels of these vegetables grown under protected 
cultivation were, Cucumber @ 593 q per ha followed by 
Capsicum @ 445 q per ha, Tomato @ 395 q per ha, Brinjal 
& Cauliflower @ 297 q per ha each and  the summer 
season vegetables including Spinach & Coriander @ 15 
and 7.5 q per ha, respectively. Similarly, he is reported to 
be growing the vegetables like, Turmeric, Radish, Bottle 
Gourd, Bitter Gourd and Okra,  in  2.5 acres, 2500 sq m, 
500 sq m, 500 sq m, and 250 sq m area, respectively along 
with the general crops like Wheat and Basmati each in 2.0 
acres of land under the open cultivation. And, the reported 
yield pattern of these crops grown under open cultivation 
has been like, Radish @ 618 q, followed by Bottle Gourd 
@ 395 q, Bitter Gourd @ 356 q, Turmeric @ 272 q, Okra 
@ 99 q, Wheat @ 54 q and that of Basmati @ 45 q per ha. 
Apart from this he also reported to have a plantation of 
Poplar trees in the 2.5 acres of land.

It can also be seen from Table 2 that, in order to make 
justice to his inherent entrepreneurial capability, he got 

Name of the crop Unit Are -1Yield (qha )

I. Protected cultivation in three net houses

Capsicum 2m 500 445
Cucumber 2m 500 593
Brinjal 2m 500 297
Cauliflower 2m 500 297
Coriander (summer season) 2m 100 7.5
Spinach (summer season) 2m 100 15
Tomato 2m 250 395
II. Open cultivation
Okra 2m 250 99
Bitter gourd kanal 1 356
Bottle gourd kanal 1 395
Radish kanal 5 618
Turmeric acre 2.5 272
Popular acre 2.5 -
Basmati acre 2 45
Wheat acre 2 54

Table 1: Details of adopted crop enterprises
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himself involved in the Monsoon Food Processing (FPO 
order No: A43) of some vegetables and fruits, with a 
production capacity of 1200 kg of Tomato Sauce, 700 kg 
of Tomato Puree, 300 kg of Mixed Fruit Jam, 1500 bottles 
of Mango Squash and 200 bottles of Litchi Squash per 
year and also produced four quintals of fresh Mushrooms 
(Dhingri) apart from his involvement in the protected and 
open cultivation, thereby, proving himself as a successful 
entrepreneur practicing  integrated farming in the area. 
And, furthermore, in order to save himself from the 
clutches of middlemen, he took the challenge of 
marketing of all his produce, whether it is in fresh or 
processed form, by himself and hence, increased his profit 
to manifolds.  

Impact of the Innovations Adopted/Developed
He’s been in the vegetable cultivation since 2005 

and growing vegetables, like tomato, brinjal, cauliflower, 
and okra under open field conditions.  After his 
participation in a training programme conducted by the 
Department of Horticulture, Punjab on Cultivation of 
vegetable crops under net house he introduced himself to 
the then new technology of protected cultivation to grab 
its advantages. He then decided to adopt this advanced 
technology on his own fields. Though, he is a small 
farmer, but, he has always been out for the adoption of 
new innovations. He is the first farmer in the whole of 
Gurdaspur district to construct a Net House on one kanal 
of land with the financial help from the National 
Horticulture Mission through the o/o Deputy Director, 
Horticulture, Gurdaspur.  Initially, he started with the 
cultivation of capsicum in the net house and fetched net 
returns of more than ̀ 35000 from that one kanal. He was 
so encouraged with this income that he, immediately, 
decided to install two more such net houses of the same 
dimension. The growing of cucumber in the net house was 
the most profitable one when he earned a net profit of 
around ̀ 50000 in a particular season of three months. The 
impact and popularity of net house cultivation has 
increased to such an extent that, presently, there are about 
41 net houses in the district and all are functioning very 
well. This clearly shows his innovative farming methods 
have demonstration effect on fellow farmers too.

The next challenge before him was the sale and 
marketing of his produce. Although, he didn’t find any 
difficulty to market these vegetables at a relatively higher 

price than those vegetables produced in the open because 
of their being produced in the net house with a low 
pesticide load and having a very good quality, however, 
he was yet not satisfied with the sale price he so received. 
Therefore, during 2010 he decided to take the initiative to 
self market these net house produced vegetables in the 
District Head Quarter itself at some pre-decided 
destinations including posh areas of the city, as per the 
fixed schedule of days of the week. The results of his this 
initiative have been very encouraging for him as his net 
returns increased almost five folds by the concept of self 
marketing of the produce in this way. Furthermore, in an 
effort to improve the prevailing marketing system and 
bringing efficiency as regards the time management, he 
went on to purchase a New Transport Van of one tonne 
capacity for this purpose through the Deputy Director, 
Horticulture, Gurdaspur on subsidy to be received from 
the National Horticultural Mission. Now, by using this 
Transport Van, he or his representative, daily brings, well 
graded and properly packed fresh vegetables into 
different sized packets to the city of Gurdaspur as per their 
fixed schedule for delivering these to his clients very 
anxiously waiting for him there. Some of them, even, 
make advance booking of their desired product on mobile 
phones and get it on the priority basis. The packing of the 
produce is done with the help of the cling film in order to 
keep it healthy, hygienic and to increase its shelf-life. He 
also used net bags for the packaging of his produce. For 
tackling the occasional glut in the production of some 
vegetables, he has also established a small processing unit 
where tomato and other vegetables are processed for 
making the products, like tomato-sauce, tomato-puree, 
jam, squash, etc. He took all the modern measures to 
maintain the quality of his fruit so as to fetch the 
maximum price in the market And, with his involvement 
in the processing viz-a-viz value addition of his own 
produce, the returns have been doubled.  Otherwise, he 
would have to dispose off these vegetables during the glut 
period at a throw away price. In Addition to that, he is also 
involved in the processing of turmeric under the 
registered name Green Gold in-partnership with a Self 
Help Group being run by the members of his adjoining 
village, named, Sallopur. He is processing about 4 tones 
of turmeric annually and self-marketing it through all its 
members on profit-sharing basis.

Economics of his entire integrated farming can be 
viewed from Table 3. The results revealed that by 
incurring a total input cost of `432211 per year on all 
types of enterprises, he realized gross returns of 
`1248000  and net returns of `815789 per year. Out of 
the total net returns of `815789 per year in absolute 
terms, he received a maximum contribution of `280000 
from the sale proceeds of processed turmeric, followed 
by around `two lacs from the disposal of processed 
products of vegetables and fruits, `150000 from the 
marketing of vegetables produced under protected 
cultivation, ̀ 75000 from the sale of cash crops produced 

Name of the enterprise Units Production per year

Monsoon food processing  (FPO order No: A43)

Tomato sauce kg 1200

Tomato puree kg 700

Mixed fruit jam kg 300

Mango squash bottles 1500

Litchi squash bottles 200

Mushroom (Dhingri) q 4

Table 2: Details of other enterprises
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under open cultivation, `57000 from the disposal of 
general crops including, wheat & basmati in the market, 
`35,000 from the sale of milk and `19264 from the sale 
proceeds of dhingri-mushroom per annum. Apart from 
this, he is in the practice of applying vermi-compost to 
the crops under both types of protected and open 
cultivation as a bio-fertilizer and thus, used to realize a 
saving of about `3000 from the lesser use of inorganic 
fertilizers, on one hand and improving the overall 
fertility of his farm land by the way of improvement in 
the organic matter, water retention capacity and sub soil 
micro flora, on the other hand. 
CONCLUSIONS

The results of his this initiative have been very 
encouraging for him as his net returns increased almost 
five folds by the concept of self marketing of the produce 
in this way. The vehicle, being used to sell small packets 
of well graded fresh vegetables to well defined clientele at 
some fixed destinations within the district on a particular 
time during the days of weeks, has also been purchased 
after having availed the subsidy of the due kind from the 
National Horticultural Mission. For tackling the 
occasional glut in the production of some vegetables, he 
has also established a small processing unit where tomato 
and other vegetables are processed for making the 
products, like tomato-sauce, tomato-puree, jam, squash, 
etc. He took all the modern measures to maintain the 
quality of his fruit so as to fetch the maximum price in the 
market And, with his involvement in the processing viz-a-
viz value addition of his own produce, the returns have 

Name of the Enterprise Acre Input cost Returns Net income

Protected cultivation of vegetables 0.27 45000 195000 150000
Open cultivation of cash crops 2.5 22000 97000 75000
General cropping of basmati, wheat and fodder 2.23 32000 89000 57000
Processing of vegetables and fruits - 192475 392000 199525
Mushroom cultivation (q) 4 12736 32000 19264
Processing of turmeric (tonne) 4 120000 400000 280000
Livestock (No.) 3 8000 43000 35000
Vermi-compost (tonne) 20*
Total 432211 1248000 815789

Table 3: Economics of the farm as a whole
(`/Year)

*Saving of inorganic fertilizers (Aprox. `3000, increase in organic matter, water retention and soil micro flora

been doubled.  Otherwise, he would have to dispose off 
these vegetables during the glut period at a throw away 
price. In Addition to that, he is also involved in the 
processing of turmeric under the registered name Green 
Gold in-partnership with a Self Help Group being run by 
the members of his adjoining village, named, Sallopur. He 
is processing about 4 tones of turmeric annually and self-
marketing it through all its members on profit-sharing 
basis. He is earning a net income in the tune of more than 
`8 lakhs per annum. The economics of his farm speaks 
volume of his entrepreneurial ability and the hidden 
strength of new technologies and farm integration.
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Accounting for Irrigation Water Savings and Returns in Carrot 
(Daucus carota L.) Grown under Different Drip Irrigation Levels

ABSTRACT
An experiment was conducted to assess the performance of carrot sown under different drip irrigation levels in order to quantify 
water savings and economic gains in 2014-15. Four irrigation treatments were used in Randomized Complete Block Design with 
four replications. The treatments were four drip irrigation levels T , T , T  and T  corresponding to 60, 80, 100 and 120 percent of 1 2 3 4

evapotranspiration and T  a surface irrigation was taken as a control. Irrigation water was quantified based on stages of growth of 5

3 -1the crop and at harvesting with T  registering a total usage of 2595, 3450 for T , 4304 for T  and 5159 for T  m ha  at harvesting. T  had 1 2 3 4 1

the highest (58.4 per cent) amount of water saved over T  and lowest (17.6 percent) by T . Economically, the best B: C ratio was found 4 3

in T  (5.0) and least in T  (3.6). The water saved over T  treatment resulted in highest incremental returns of   ̀ 395700 in T  and lowest 2 4 4 1

of ̀ 85620 in T  while comparing with T  (100 percent ET), the best returns were from T  and T  registered a loss. It can be concluded 3 3 1 4

that it is economical to produce carrot under drip irrigation at 60 percent irrigation level for maximum water saving and at 80 
percent irrigation level for maximum yield and returns.
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INTRODUCTION 
In the face of growing water scarcity, declining water 

quality and the uncertainties of climate change, improving 
the efficiency and productivity of crop water use, while 
simultaneously reducing negative environmental impacts 
is of utmost importance in responding to the increasing. 
food demand of the growing world population. The 
demand for the limited quantities of the water resources 
also comes about due to the industrialization and efforts 
for sustainable development. To this far, irrigated and 
rain-fed agriculture must adopt more knowledge intensive 
management solutions which are sustainable, ethical, 
technical, economical, and user friendly.

Currently most of the water used to grow crops is 
derived from rainfall soil moisture, with non-irrigated 
agriculture accounting for about 60 percent of production 
in developing countries. Though, irrigation provides only 
10 percent of agricultural water use and covers just around 
20 percent of the cropland, it can vastly increase crop 
yields, improve food security and contribute about 40 

percent of total food production. This is so because 
productivity of irrigated lands is almost three times 
higher than that of rainfed lands (Singh et al., 2010).

The Food and Agriculture Organization (FAO) has 
predicted a net expansion of irrigated land of about 45 
million hectares in 93 developing countries for a total of 
242 million ha in the year 2030 and projected that water 
withdrawals by the agriculture sector will increase by 
about 14 percent during the period 2000-2030 to meet 
food demand (FAO, 2006). This expansion in irrigated 
land and water withdrawals by the agricultural sector 
therefore call for efforts to put better usage of in a 
sustainable, effective and efficient manner in order to 
continuously get the optimum possible produce through 
irrigation and other modern concepts of crop production.

Keeping this in view an investigation was set up to 
explore the amount of water that could be saved by under 
irrigating carrot to check the impact on yield and 
consequently assess the techno economics resulting 
from such a move.



MATERIAL AND METHODS
Experimental Set Up

An experiment with Randomized Complete Block 
Design was set up in the Horticultural gardens of the Main 
Agricultural Research Station situated in Raichur district 
of Karnataka state of India and falls in the North Eastern 
Dry Zone viz., Zone-II of Region-I with corresponding to 

° ° 16 15' N latitude and 77 20' E longitudes; an elevation of 
389 m above mean sea level (msl) and an average annual 
rainfall of 621 mm.

The experiment had four irrigation levels as 
treatments named T , T , T , and T  corresponding to 60, 1 2 3 4

80, 100, and 120 per cent of Evapotranspiration (ET); T5 

taken as a control treatment with sunken bed replicated 
four times. Carrot seeds variety Carrot Welcome 9 was 

thsown on the 27  of October, 2014 in raised beds with 
sandy loam soils at a row spacing of 25 cm apart. The bed 
sizes for each treatment were 10 m in length and 1 m wide 
and carried four rows of crop. There were two drip lines of 
16 mm diameter spaced at 45 cm; having a two litre per 
hour discharge emitters spaced at 30 cm apart in each 
treatment.
Determination of Water Requirements

The Peak Water Requirement (PWR) of carrot crop 
per day under drip irrigation was computed using 
Equation-1 where the efficiency for the drip irrigation 
system was taken as 90 percent.

Where,
-1PWR = Peak water requirement (mm day )

-1A = Daily Evapotranspiration (mm day )
    = Pan evaporation % pan coefficient 
B =Amount of area covered with foliage (canopy 

factor) fraction
C = Crop co-efficient (fraction K )c

E = Efficiency of drip irrigation system, per cent
The quantity of water to be applied was computed 

every day as explained in Equation-1. For the known 
discharge rate of emitters, the duration of irrigation water 
applied was calculated using the following Equation- 2.

Where,
-1   WAR = Water application rate (mm hr )

-1Q = Emitter discharge (litres hr )
L = Lateral spacing (meters)s

Em = Emitter spacing (meters)s

The duration of irrigation was computed by dividing 
the peak water requirement (PWR) by the Water 
Application Rate (PWR ÷ WAR) in hours then converted 
into minutes by multiplying the quotient with 60 minutes. 
This figure was taken as an equivalent to a 100 percent 
water requirement T and formed the basis for 3 

computation of irrigation duration for the rest of the 
treatments by multiplying it with 60, 80, and 120 percent 
to represent T , T  and T respectively.1 2 4 

The crop was supplied with NPK at a recommended 
rate of 50:50:50 kg per hectare in three doses of 40 percent 
in 30 days after sowing, 40 percent in the next 30 days and 
20 per cent in the following 20 days. Irrigation water 
supplied was summed up at harvesting for each treatment. 
Observations were made on growth parameters such as 
number of leaves per plant, plant height and leaf area 
index. At harvesting, observations were made on root 
diameter, root core diameter, root length and root yield.
Techno Economics

Economics of drip irrigation method was worked out 
to compute the net returns and benefit-cost ratios for each 
treatment. For this purpose, the life period of polyvinyl 
chloride (PVC) pipes and accessories was considered as 
10 years according to Safanotas and Dipoala, (1985) and 
of the submersible pump set was taken as 15 years (Sahay, 
1986). One hectare area under each treatment was 
considered for comparison. The fixed cost, operational 
cost and total cost were worked out as a prerequisite to the 
computation of B: C ratios and related economic analyses.

The fixed cost consisted of interest on initial cost and 
depreciation on the system. The interest calculated on the 
capital was taken as 12 percent per annum as per the 
prevailing bank rates. The depreciation of the system was 
worked out using the straight line method (Equation-3) as 
follows:

Where,
D = Depreciation per annum (`).
I = Initial cost of system (`)
S =Salvage value (10 per cent of initial cost). 
L = Economic life (years)
Operating cost was computed based on the amount 

which was actually paid by the cultivator in cash 
throughout the crop period for carrying out various 
agricultural operations while total operational cost of the 
system is the operating cost plus interest charged on 
operational cost at the rate of 12 percent. The total cost 
was the summation of the fixed and the operational costs.
RESULTS AND DISCUSSION 

The total amount of water applied to each treatment 
was summed up at harvesting to form the basis of seasonal 
water requirement. It was found from Table 1. that the 
total amount of irrigation water provided was 259.5, 
345.0, 430.4, and 515.9 mm for T , T , T ,cand T  1 2 3 4

respectively in each treatment and on a hectare basis 
3 -1amounted to 2595, 3450, 4304 and 5159 m ha  

respectively. 
Analytically, irrigation level at 80 percent ET 

(Treatment T ) resulted in the significantly highest yield 2
-1of 52360 kg ha  followed by T  (42810 kg), T  (39970 kg) 3 1

and lastly by T  (37900 kg) however, water use efficiency 4
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(WUE) obtained by dividing yield by irrigation water 
-3used, was the highest in T with a value of 15.4 kg m  1 

-3followed by T  with 15.1 kg m  while T  produced a water 2 3
-3 -3use efficiency of 9.9 kg m  and finally T  with 7.3 kg m . A 4

comparison of water use efficiency in T  and T  shows that 1 2

T  is still a better treatment than T  because even though T  2 1 1

has a WUE of 1.9 percent higher than T , it falls short in 2

yield by a higher percentage of 23.7.
Running a comparison between each treatment 

against T  (100 per cent ET) treatment as shown in Table 3

2, there was water saving of 39.7, 19.8, and a loss of 19.8 
percent corresponding to T , T and T  respectively. The 1 2 4

saved water over the recommended irrigation level of 100 
percent ET (T ) had a potential to irrigate an extra 0.66 and 3

0.25 hectares, if 60 and 80 percent ET irrigation levels 
were to be adopted while a loss of irrigable land of 0.17 
hectares could have resulted, if irrigation was to be done 
at 120 percent ET. In yield terms, the additional hectares 
resulting from the saved water could have lead into an 
additional yield of 26380 kg for T , 13090 kg for T  and a 1 2

loss of 6443 kg for T .4

The amount of water that was used to produce carrot 
3 -1at the recommended rate of 100 percent ET (4304 m  ha ) 

-1has the potential of producing a total yield of 66350 kg ha  
of carrot if it were used to irrigate the crop at 60 percent 

-1ET (T ), 65450 kg ha  by irrigating at 80 percent ET and 1

-131457 kg ha  resulting in an additional revenue of 
`263800 for T , ̀ 130900 for T  and a loss of ̀ 64430 for T  1 2 4

treatment.
In west Gujarat, India; it was reported that drip 

irrigation improved yields and net revenue where farmers 
rely on groundwater to augment limited and erratic 
rainfall. The findings showed summer groundnuts, 
sugarcane, garlic, eggplant and castor bean crop yields 
and net revenues with drip irrigation generally being 
higher than with surface or sprinkler irrigation methods, 
however; the yields and water use efficiencies were 
obtained when drip laterals were placed in alternate rows 
(Malavia et al., 1995). In relation to the carrot experiment 
therefore, inference should be made that even match 
higher yields, economical returns and WUEs could be 
improved by manipulating the laterals geometry.

Considering the techno economics, the fixed costs 
were the same for all the treatments just as the variable/ 
operational costs and amounted to `15242 and `89800, 
respectively. From the results presented Table 3 revealed 
that T  was found to be the most profitable production 2

level as it produced a B: C ratio of 5.0 while T  produced 3

4.1, T  produced a B: C ratio of 3.8 and T  produced a 1 4

lowest B: C ratio of 3.6.The B: C ratio for T  was found to 5

be 3.5 and stood out as the lowest among all the 
treatments. This was found so because not all the fixed 
costs that were imposed on the drip treatments applied to 

Particulars Treatment SEm CD 
(5 percent)T1 T2 T3 T4 T5

-1Quantity of water used (m3 ha )  (A) 2595 3450 4304 5159 6260
-1Yield realized (kg ha ) (B) 39 970 52 360 42 810 37 900 33 060 1.65 5.08

3WUE (kg/m ) (C) 15.4 15.2 9.9 7.3 5.2
3 -1Quantity of water saved (m  ha ) (D) 3665 2810 1956 1101 -

Water saved (Percent) 58.5 44.9 31.2 17.6 -
Additional hectares for possible irrigation (F) = (D)÷(A) 1.4 0.8 0.5 0.2 -
Additional yield from saved water (kg) (G) = (B)%(F) 55 958 41 888 21 405 7580 -
Additional revenue (`) (H) = (G) % 10 559 580 418 880 214 050 75800 -
Total yield of using drip over surface (kg) (I)=(B)+ (G) 95928 94248 64215 45480 -

Table 1:  Incremental benefits of drip over sunken bed control treatment (T5)

Particulars Treatment

T1 T2 T3 T4

3Quantity of water used (m /ha) (A) 2595 3450 4304 5159

Yield realized (kg/ha) (B) 39 970 52360 42810 37900
3Quantity of water saved (m /ha) (C) 1709 854 - -855

Water saved (percent)  (D) 39.7 19.8 - -19.8

Additional hectares for possible irrigation  (E) = (C)÷(A) 0.66 0.25 - -0.17

Additional yield from saved water (kg) (F) = (B) % (E) 26380 13090 - -6443

Additional revenue (`) (G) = (F) % 10 263 800 130900 - -64430

Total yield of carrot using drip at below or above 100 percent ET (H) =(B)+ (F) 66350 65450 31457

Table 2: Incremental benefits of producing below and above 100 per cent ET using drip irrigation method
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the sunken bed treatment, T . The B: C ratio in this case 5

shows that the resources invested in the production of 
carrot yielded more returns by producing at 80 percent 
irrigation level and lowest returns using the surface 
irrigation method. Considering the drip treatments; 
producing at 80 percent ET brings higher returns to the 
venture followed by T , T , then T .3 1 4

T  not only resulted into a higher B: C ratio but also 2

produced highest net income of `418557 per hectare 
followed by T  with a profit of `323057; then T  with net 3 1

revenue of `294657 and finally T  with a net return of 4

`273957. The sunken bed irrigation method produced the 
lowest revenue per hectare amounting to ̀ 234527.

The highest B: C ratio of 5.0 observed in this 
investigation is much higher than the ones found in okra 
crop under drip irrigation where a value of 2.01 was 
recorded (Paul et al., 2013). In another experiment, B:C 
ratio of 1.09 under drip irrigation using rice straw mulch 
and 2.37 using grass straw mulch were obtained in onion 
as reported by Inusah et al. (2013). These findings are far 
much less than the lowest value of B: C ration (3.5) of T5 

observed in this study. The inference drawn from such 
results is that carrot under drip irrigation is highly 
remunerative.
CONCLUSIONS

It can be concluded that drip irrigation levels have an 
effect on the yield and that the carrot performs better 
under drip irrigation than surface irrigation in both yield 
and quality dimensions. Higher water use efficiency is 
achieved in drip irrigation method than in surface method. 
The lower the irrigation level, the higher the WUE as such 
60 percent ET resulted in the highest WUE values. 
Economically, carrot grown at 80 percent ET irrigation 
level gives the highest financial returns while surface 
irrigation method shows the lowest profit, with B: C ratio 
of 5.0 and 3.5, respectively. Accounting the amount of 
saved water through drip irrigation method over surface 
irrigation method, resulted in highest additional yield at 

Economic parameter Treatments

T1 T2 T3 T4 T5

Fixed cost 15242 15242 15242 15242 5927

Cost of cultivation 89800 89800 89800 89800 89800

Seasonal total cost  (1 + 2) 105042 105042 105042 105042 95727
-1Yield (kg ha ) 39970 52360 42810 37900 33060

-1Selling price (`kg ) 10 10 10 10 10

Gross income (4%5) (`) 399700 523600 428100 379000 330300

Net seasonal income (6-3) 294657 418557 323057 273957 234527

Gross Benefit Cost Ratio (6 ÷ 3) 3.8 5 4.1 3.6 3.5

Table 3: Computation of the B: C ratio 
-1(`ha )

60 percent ET level of production with additional revenue 
and lowest yield at 120 percent ET level of production 
with loss of revenue. It has been concluded that carrot is 
most productive under drip irrigation level of 80 percent. 
Overall carrot is a highly profitable vegetable crop under 
drip irrigation method based on the experimental 
conducted under Raichur condition, therefore, it may be 
promoted.
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Receivables Management Practices Followed in Coconut Oil 
Mills in Western Tamil Nadu

ABSTRACT
The list of coconut oil mill was collected from Coconut Oil Mill Association and District Industries Centre (DIC) for Western Zone 
(Tiruppur and Coimbatore) of Tamil Nadu. Five year period from 2009-10 to 2013-14 was considered for evaluating the financial 
management practices of coconut oil mills in Western Tamil Nadu. The entire study profoundly relied on the interview schedule 
(receivables management practices) and secondary data (balance sheet, income statement and cash flow statement) from the 
annual reports of the coconut oil mills. The study results concluded that selection of credit worthy customers would increase the 
credit sales, which in turn improved the profitability of oil mills.  The coefficient of variation of the receivables management 
practices indicated higher inconsistency in receivables management practices followed by coconut oil mills in Western Tamil Nadu. 
Hence, the study suggested that the oil mills in inefficient category should take efforts to set up proper credit guidelines to identify 
the credit worthy customers, which would gear up the financial performance.
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INTRODUCTION
Cash management is a broad term that refers to the 

collection, concentration, and disbursement of cash. The 
goal is to manage the cash balances of an enterprise in 
such a way as to maximize the availability of cash not 
invested in fixed assets or inventories and to do so in such 
a way as to avoid the risk of insolvency. Factors 
monitored as a part of cash management include a 
company's level of liquidity, its management of cash 
balances, and its short-term investment strategies.

Successfully managing cash is an essential skill for 
small business developers because they typically have 
less access to affordable credit and have a significant 
amount of upfront costs they need to manage while 
waiting for receivables. Wisely managing cash enables a 
company to meet unexpected expenses in addition to 
handling regularly-occurring events like payroll. 

Successful cash management involves not only 
avoiding insolvency, but also reducing days in account 
receivables (AR), increasing collection rates, selecting 
appropriate short-term investment vehicles, and 

increasing days cash on hand all in order to improve a 
company's overall financial profitability. Most small 
business managers claim that cash management is their 
leading concern. 
REVIEW OF LITERATURE

Asuquo et al. (2011) focused on five practices of 
financial management namely capital structure 
management,  receivables management,  cash 
management, financial reporting and analysis, fixed asset 
management and accounting information system. 
According to Luckyboy (2011), financial management 
practices are defined and demarcated as the practices 
performed by the accounting officer, the chief financial 
officer and other managers in the areas of budgeting, 
supply chain management, movable asset management 
and control. Kousalya (2009) concluded that the level of 
awareness and implementation of financial management 
practices in large firms seemed to be better than those of 
small and medium firms. She included the inventory, 
receivables, cash management, investment, working 
capital and profit management practices under the 



financial management practices. Implementation of 
inventory level and working capital management 
practices by the firms had significant positive impact on 
the profit of the firm. Credit, in commerce and finance, is a 
term used to denote transactions involving the transfer of 
money or other property on promise of repayment, 
usually at a fixed future date. The transferor thereby 
becomes a creditor, and the transferee, a debtor; hence 
credit and debt are simply terms describing the same 
operation viewed from opposite standpoints (Ahiable, 
2012).
MATERIALS AND METHODS

The sampling design, data collection and analytical 
frameworks are outlined in this section.
Sampling Design and Data Collection

The list of coconut oil mill was collected from 
Coconut Oil Mill Association and District Industries 
Centre (DIC) for Western Zone (Tiruppur and 
Coimbatore) of Tamil Nadu. The list comprised of 126 
coconut oil mills in Tiruppur and 15 oil mills in 
Coimbatore districts. From that list, 40 coconut oil mills 
were selected by simple random sampling method.

Five year period from 2009-10 to 2013-14 was 
considered for evaluating the financial performance and 
efficiency of coconut oil mills in Western Tamil Nadu. 
The entire study profoundly relied on the interview 
schedule (financial management practices) and 
secondary data (balance sheet, income statement and cash 
flow statement) from the annual reports of the coconut oil 
mills. 
RESULTS AND DISCUSSION
Classification of Coconut oil Mills

Based on the Overall Working Capital Management 
Efficiency Index (EI ), the coconut oil mills were WCM

classified as efficient and inefficient category (Afza and 
Nazir, 2011). Oil mills having EI  more than one (EI WCM

 > 1) were classified as efficient category and less than WCM

one (EI  < 1) were under inefficient category. The WCM

results are presented in Table 1.
Among the 40 coconut oil mills, majority (70 per 

cent) of them belonged to efficient category, while the 
remaining were in inefficient category (30 per cent). The 
results of t-test (two sample) unequal variance revealed 
that there was a significant difference in average 

efficiency index between efficient and inefficient 
category oil mills. Hence, the sample was segregated into 
efficient category and inefficient category for further 
analysis.

Receivables Management Practices of Coconut Oil 
Mills in Western Tamil Nadu

Regarding receivables management practices, 
respondents were asked, whether they made credit sales, 
had credit guidelines for the customers and frequency of 
review of the levels of receivables and bad debts. The data 
was analyzed and the mean score of receivables 
management practices, coefficient of variation (CV) and 
t-test results of efficient and inefficient category oil mills 
are presented in Table 2.  

It could be inferred from the Table 2 that there was a 
significant difference in mean score of selling products on 
credit and setting up credit guidelines for customers 
between the efficient and inefficient category oil mills. 
Review of level of receivables and review of level of bad 
debts were not significant. Setting up credit guidelines for 
customers in efficient category got the score of 3.57 
followed by selling products on credit (3.39). Hence, it is 
concluded that selection of credit worthy customers 
would increase the credit sales, which in turn improved 
the profitability of oil mills.  Review of level of 
receivables got the highest score of 4.0 in inefficient 
category. The other three practices got the lowest score of 
less than three. The coefficient of variation of all the 
receivables management practices except review of level 
of receivables in both the categories was high, which 
indicated higher inconsistency in receivables 
management practices followed by coconut oil mills in 
Western Tamil Nadu.

Marfo-Yiadom and Agyei (2012) reported that about 

Category Number of 
oil mills

Percentage Average 
EI WCM

Efficient category 28 70 2.51
Inefficient category 12 30 0.76
Overall 40 100 1.63

t-stat  = 7.627118;      p = 2.08E-08 < 0.01

Table 1. Classification of coconut oil mills                                                                                                                          
(N = 40)

Receivables management practices Efficient category
(n =28)1

Inefficient category
(n =12)2

t-test

Score CV Score CV

Selling products on credit 3.39** 41.94 2.25 65.99 2.258

Setting up credit guidelines for customers 3.57** 39.57 2.67 41.22 2.545

Review of level of receivables NS3.61 29.55 4.00 23.84 -1.152

Review of level of bad debts
NS2.61 46.79 2.50 42.64 0.307

Table 2. Receivables management practices of oil mills in Western Tamil Nadu

** Significant at the 0.05 level.
NS: Non-significant
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50 per cent of Small Scale Enterprises (SSEs) in Kisii 
South District, Kenya practiced selling products on credit, 
which attributed to the lack of sound credit policies. The 
findings suggested that practice of review of level of bad 
debts (2.61) was at lower level, which causes diminished 
financial performance for oil mills. It also concluded that 
practice on setting up credit guidelines for customers 
might reduce the level of bad debts, which in turns 
improved the credit sales and efficiency of oil mills. 

In inefficient category, setting credit guidelines for 
their customers were not practiced at the required level, 
which affected the receivables and ended with 
accumulation of bad debts. Consequently, practice of 
selling product on credit was at lower level, which 
ultimately affected the financial performance. 

The frequency of adoption of various receivables 
management practices by efficient and inefficient 
category oil mills are presented in Tables 3 and 4 
respectively. 

The findings from the Table 3 revealed that setting up 
credit guidelines for customers was practiced by about 61 

Receivables 
Management 
Practices

Never
(1)

Rarely
(2)

Sometimes
(3)

Often
(4)

Very Often
(5)

∑fi Mean Score

Selling products on 
credit

4
(14.29)

4
(14.29)

5
(17.86)

7
(25.00)

8
(28.57)

28
(100.0)

3.39

Setting up credit 
guidelines for 
customers

3
(10.71)

4
(14.29)

4
(14.29)

8
(28.57)

9
(32.14)

28
(100.0)

3.57

Review of level of 
receivables

0
(0.0)

5
(17.86)

8
(28.57)

8
(28.57)

7
(25.00)

28
(100.0)

3.61

Review of level of 
bad debts

8
(28.57)

5
(17.86)

11
(39.29)

3
(10.71)

1
(3.57)

28
(100.0)

2.43

Table 3. Receivables management ractices of efficient category oil mills
         (n =28)1

(Figures in parentheses indicates percentage to total)

Receivables 
Management 
Practices

Never
(1)

Rarely
(2)

Sometimes
(3)

Often
(4)

Very Often
(5)

∑fi Mean Score

Selling products on 
credit

5
(41.67)

3
(25.00)

2
(16.67)

0
(0.0)

2
(16.67)

12
(100.0)

2.25

Setting up credit 
guidelines for 
customers

2
(16.67)

3
(25.00)

5
(41.67)

1
(8.33)

1
(8.33)

12
(100.0)

2.67

Review of level of 
receivables

0
(0.0)

1
(8.33)

2
(16.67)

5
(41.67)

4
(33.33)

12
(100.0)

4.00

Review of level of 
bad debts

0
(0.0)

6
(50.00)

3
(25.0)

0
(0.0)

3
(25.00)

12
(100.0)

3.00

Table 4. Receivables management practices of inefficient category oil mills
         (n =12)2

(Figures in parentheses indicates percentage to total)

per cent (score 4 and 5) of the respondents. Nearly 54 per 
cent of them practiced selling products on credit and 
review of level of receivables. Kwame (2007) also 
reported that most small businesses reviewed their bad 
debts and level of receivables quarterly. It was also 
concluded that setting up credit guidelines for customers 
would reduce the level of bad debts in efficient category 
oil mills.  

It could be concluded from the Table 4 that practice of 
setting up credit guidelines for customers and selling 
products on credit were followed by only 17 per cent of 
inefficient category oil mills. It indicated that the oil mills 
in inefficient category were not having proper guidelines 
for their customers, which would increase the level of bad 
debts and would reduce the credit sales. Hence, it is 
suggested that the oil mills in inefficient category should 
take efforts to set up proper credit guidelines to identify 
the credit worthy customers, which would gear up the 
financial performance.
CONCLUSIONS

The study results concluded that selection of credit 
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worthy customers would increase the credit sales, which 
in turn improved the profitability of oil mills.  The 
coefficient of variation of the receivables management 
practices indicated higher inconsistency in receivables 
management practices followed by coconut oil mills in 
Western Tamil Nadu. In inefficient category, setting credit 
guidelines for their customers were not practiced at the 
required level, which affected the receivables and ended 
with accumulation of bad debts. Consequently, practice of 
selling product on credit was at lower level, which 
ultimately affected the financial performance. Hence, it is 
suggested that the oil mills in inefficient category should 
take efforts to set up proper credit guidelines to identify 
the credit worthy customers, which would gear up the 
financial performance.
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