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ABSTRACT
The paper evaluates the growth experience of production and profitability in rice using secondary data for the period 1970-71 to 
2015-16. The decadal growth in an area, production and yield of rice in India and for different states were computed and compared 
for the above period. It was found that area growth in most of the states has either exhausted or declined. The production growth was 
mainly from the growth in productivity. Therefore, future growth in rice production has to come from yield growth through 
technological improvement. This requires more investment in rice research to increase the yield. The trends in costs and profits were 
computed for the period 1980-81 to 2014-15 and it was found that cost of cultivation increased over years, but profit has not 
increased commensurately. The irrigated states like Punjab and Haryana have maintained profits over years, but not the rainfed 
states. There were losses in rice farming in rainfed states when the total cost of cultivation (C ) was considered. The main reason for 2

the loss was the ineffectiveness of the minimum support price. This happened more frequently in the eastern states. Therefore, the 
government should review the state procurement operations in the eastern states on priority, invite private agencies for 
procurement, develop storage facilities, and development of market infrastructure in which eastern states were lagging behind. This 
will help farmers to adopt modern farming practices to raise productivity and profitability.
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INTRODUCTION
Foodgrain production is the most important activity 

in India, which provides income and employment to a 
larger section of the population. Analysis of data across 
the Indian states revealed a high degree of correlation 
between the extent of poverty and yield in food grain 
production. Poverty is acuter in Odisha, Bihar and 
Madhya Pradesh, where foodgrain yield remained low 
and growth was slower than in progressive states such as 
Punjab and Haryana (Hossain, 1995). Agricultural sector 
has the largest poverty-reducing effect than any other 
sector of the economy (Fan, Hazell, & Thorat, 1998; 
Hazell & Ramasamy, 1991; Ravallion & Dutt, 1996; 
World Bank, 2007). 

Among the foodgrain crops, rice is the most 
important in terms of area coverage, (35 percent) 
contribution to total foodgrains production (41 percent) 
and supplies of calories in the diet. It is the staple food of 

more than two-thirds of Indians. Rice provides about 30 
percent of total calories in the Indian diet (Maclean, 
Dawe, Hardy, & Hettel, 2002). Given that the country still 
has about 37 percent of its population below poverty line 
(The Government of India, 2009), the growth in rice 
production and productivity is critical to the well-being of 
millions of consumers as well producers. Further, the 
Indian rice production accounted for 21percent of global 
rice production, thus, contributing largely to global food 
security. Therefore, a further increase in productivity of 
rice is a major concern to the policymakers and other 
stakeholders in the development process.

Growth in population and economic prosperity are 
the two driving forces for increasing rice demand in India. 
According to the estimates of the national commission on 
population, India's population will be 1340 million in 
2021. It is estimated that the demand for rice will be 113.3 
million tonnes by the year 2021-22 (Kumar, Joshi, & 



Birthal, 2009). Further estimates revealed that the 
requirement of rice will be 137.3 million tonnes by the 
year 2050 (Mohapatra, Nayak, Raja, & Shahid, 2013). In 
addition to this, India is exporting more than four million 
tonnes of basmati and more than 6 million tonnes of non-
basmati rice per year, which earns valuable foreign 
exchange for the country.  In order to achieve this target, 
the productivity of rice has to be increased to the level of 
3.4 tonnes per ha, which is 2.4 tonnes presently. There are 
reports of yield plateauing in irrigated areas, which has to 
be broken to meet the growing demand and also to meet 
the need of export markets. Moreover, the profit margin in 
rice cultivation eroded making rice cultivation 
unattractive (Samal, 2013).

Against this backdrop, this study attempts to analyze 
the trends in rice production and productivity, the growth 
rate in cost and profit in rice cultivation across Indian 
states, which will help in targeting appropriate policies to 
boost rice production, productivity and profitability in 
poorly performing states.
METHODOLOGY

The secondary data on area, production and yield of 
rice for the study was collected from various issues of the 
publication 'Agricultural Statistics at a Glance' published 
by Directorate of Economics and Statistics, Ministry of 
Agriculture and Farmers' Welfare, Government of India 
(DES) for all the rice-growing states. The cost of 
cultivation data for the study was collected from the 
various issues of the publication 'Cost of Cultivation of 
Principal Crops of India' published by the DES. Cost of 
cultivation for the recent years (2004-05 to 2014-15) was 
collected for 18 states (Andhra Pradesh, Assam, Bihar, 
Chhatisgarh, Gujrat, Haryana, H.P, Jharkhand, 
Karnataka, Kerala, Madhya Pradesh, Maharashtra, 
Odisha, Punjab, Tamil Nadu, Uttar Pradesh, Uttarakhand 
and West Bengal) from the office of the DES and used for 
the study. The data (area, production, yield, cost of 
cultivation and returns) for the newly formed states like 
Telangana, Jharkhand, Chhatisgarh and Uttarakhand 
were merged with Andhra Pradesh, Bihar, Madhya 
Pradesh and Uttar Pradesh respectively for comparison 
over years. Interpolation was done to fill the gap for the 
years, where the cost of cultivation data was not available. 
Growth trends in the cost of cultivation for both total cost 
(C ) and operational cost (A +FL) were computed. 2 2

Similarly, growth trends in profits over total cost (C ) and 2

operational cost (A +FL) were also computed. Cost and 2

return data for Kerala state was available from the year 
1997-98 onwards and these data were used for the 
analysis. Time series data for the three states viz. 
Himachal Pradesh, Maharashtra and Gujarat was not 
available before 2005-06 and therefore, only the recently 
available data was taken for analysis.

The average decadal figures on an area, production 
and yield for the 1970s (1970-71 to 1979-80) 1980s 
(1980-81 to 1989-90), 1990s (1990-91 to 1999-2000), 
2000s (2000-01 to 2009-10), most recent period (2010-11 

to 2015-16) were calculated and compound growth rates 
were estimated. The year 1970-71 was selected as the 
base year because the high yielding varieties of rice were 
introduced into the country during the mid-1960s and it 
takes some lag period for their testing and spread. The 
triennium average figures were used for computing 
growth rates, which takes into account the year to year 
variability in rice production due to several biotic and 

tabiotic factors. The log-linear functional form (Y = ab ) 
was used to compute the growth rates. The disaggregated 
growth analysis for Kharif and Rabi/summer season was 
carried out in major states, where rabi/summer season 
production accounted for more than 10 percent of total 
production of the state. The trends in costs of cultivation 
and profit in rice cultivation across 15 erstwhile states 
were studied using the data collected for the period 1980-
81 to 2014-15. All the prices were converted into constant 
prices of 2014-15 using state-specific consumer pricing 
index numbers for agricultural labourers for comparison, 
computation and reporting. The term yield and 
productivity was used interchangeably in the manuscript. 
The production and yield reported in the paper are in 
terms of milled rice.
RESULTS AND DISCUSSION
Growth in the Area, Production and Yield of Rice

Rice is grown in two major seasons in India. It is 
grown in Kharif in all the states while in rabi/summer in 
some of the states. Presently, Kharif and Rabi/summer 
rice account for 90 and 10 percent of total rice area, and 87 
and 13 percent of total rice production respectively at all 
India level. The area, production and yield have grown at 
the rate of 0.40, 2.31 and 1.90 percent respectively during 
the entire period under study (1970-71 to 2014-15). 
Decade-wise, the growth experience over the last 46 years 
(1970-71 to 2015-16) at all India level showed that 
maximum production and yield growth was obtained 
during the 1980s (Table 1) followed by 1970s. The 
production growth rate per year during that period was 
3.43 percent mainly due to yield growth (3.14 percent). 
This observation corroborates the findings of Kannan, 
Paliwal and Sparks (2017). During subsequent periods, 
the yield growth reduced to 1.26 percent during the 1990s 
and 1.49 percent during 2000s, for which production 
growth was also decelerated. However, some signs of 
improvement were visible during the recent period, when 
production increased by 2.42 percent per year and mainly 
driven by productivity growth (2.09 percent). During the 
1980s and 1990s, the area growth was less and therefore, 
exhibited less influence on production growth. The 
growth rate in the area during the 1990s was more in 
comparison to 1980s because of increase in area, both in 
Kharif and Rabi/summer season. However, during the 
2000s, the area growth rate was negative and area 
decreased at the rate of 0.15 percent per year due to a 
decreased in the Kharif season area. The growth in 
production during the 2000s was 1.33 percent per year 
mainly due to yield growth (1.49 percent). 
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India 1970-71 to 
1979-80

1980-81 to 
1989-90

1990-91 to 1999-
2000

2000-01 to 
2009-10

2010-11 to 
2015-16

1970-71 to 
2015-16

Total

Area
***1.58

(38612)

***0.27
(40692)

NS0.51
(43191)

 NS-0.13
(43413)

***0.33
(43561)

***0.40
(41749)

Production
***3.29

(45261)

***3.43
(59743)

***1.78
(80004)

**1.34
(89191)

***2.42
(103845)

***2.31
(73154)

Yield *1.68
(1172)

***3.15
(1468)

***1.26
(1852)

***1.47
(2054)

**2.09
(2384)

***1.90
(1752)

Kharif

Area ***0.82
(36854)

-0.03
(38362)

**0.24
(39723)

 NS-0.30
(39379)

 NS0.51
(39337)

***0.20
(38678)

Production
***2.19

(41349)

***2.90
(54259)

***1.38
(70318)

**1.23
(76929)

**2.81
(90019)

***2.07
(64536)

Yield ***1.35
(1122)

***2.94
(1414)

***1.14
(1770)

***1.54
(1954)

**2.29
(2288)

***1.86
(1669)

Rabi/Summer

Area **1.29
(1794)

***5.53
(2295)

***3.84
(3491)

 NS1.33
(4034)

 NS-1.25
(4225)

***2.61
(3076)

Production
***4.00

(3411)

***8.63
(5515)

***4.58
(9678)

 NS1.95
(12262)

 NS0.08
(13826)

***4.18
(8514)

Yield ***2.67
(1902)

***2.93
(2402)

***0.71
(2772)

**0.61
(3039)

***1.35
(3273)

***1.53
(2768)

Table 1. Season wise growth rate of rice of India for different decades

*** and ** Significant at 1 and  5 percent level.
NS: Non-significant.
Figures in parentheses indicate the actual area in thousand ha, production in thousand tonnes and yield in kg/ha.

Disaggregated by season, the area in the kharif season 
declined during the last decade. However, during 
rabi/summer season, the area increased at the rate of 1.33 
percent per year. The production growth during the last 
decade (the 2000s) was mainly due to increase in Kharif 
season yield growth at the rate of 1.47 per cent per year. 
The Rabi/Summer yield growth was observed to be 0.61 
percent per year only. The yield growth for the last 7 years 
for which data was available (2010-11 to 2015-16) 
showed that the yield rate has increased to 2.09 percent 
per year from 1.47 percent observed earlier. This was due 
to faster deceleration in yield growth of Kharif rice than 
Rabi/summer rice.

The decadal growth experience in area, production 
and yield of states, union territories in different periods 
are different and presented in Tables 2 to 4. The overall 
growth rate in production was positive and significant in 
all the states under analysis except Kerala and Puducherry 
during the last 46 years (1970-71 to 2015-16). The yield 
growth was significant in all the states during 1970-2015 
but not the area growth. The area growth was negative in 
many states. There was continuous and significant 
decrease in area under rice in the state of Kerala, for which 
negative significant production growth was observed. 
However, yield growth in Kerala was positive and 
significant. The positive significant yield growth in 
Puducherry was neutralized by higher negative 
significant area growth, for which the production growth 

was not significant during the period under consideration.  
Higher growth rate in production was achieved in the 
states of Punjab, Haryana and Nagaland, when entire 
period was considered. The growth experience of 
different states was different in different time periods 
when decadal rice area and production was considered. 
During 1970s, the production growth was excellent for 
states like Andhra Pradesh, Haryana, Punjab, 
Maharashtra among major rice producing states due to 
either increase in yield or area or both (Table 3). 

The production growth also excelled for states like 
Punjab, Uttar Pradesh, West Bengal and Madhya Pradesh 
during 1980s due to significant growth in productivity 
and/or area. Moderate production growth was achieved 
by the states like Bihar, Odisha, Haryana, Assam, Tamil 
Nadu and Andhra Pradesh mainly due to increase in 
growth in productivity among major rice producing 
states. During 1990s, the overall production growth rate at 
all India level was 1.78 percent per year. This was due to 
significant growth rates (> 1 percent) in production in 
states like Haryana, Karnataka, Gujarat, Bihar, Uttar 
Pradesh, Punjab, West Bengal and Assam. The production 
increased due to increase in yield growth except the state 
of Haryana. Haryana did well due to expansion of rice 
area. States like Andhra Pradesh, Madhya Pradesh and 
Maharashtra registered low level of growth during the 
period. The production growth rate in Odisha was 
negative during 1990s due to negative growth rate in 
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States 1970-71 to 
1979-80

1980-81 to 
1989-90

1990-91 to 
1999-2000

2000-01 to 
2009-10

2010-11 to 
2015-16

1970-71 to 
2015-16

1Andhra Pradesh 2.04***
(3499)

-0.20
(3727)

-0.43
(3828)

0.44
(3672)

-1.87***
(3975)

0.31***
(3720)

Arunachal Pradesh 3.35***
(65)

5.04***
(103)

-0.36
(118)

0.40***
(122)

1.21***
(127)

1.79***
(105)

Assam 1.10*
(2129)

0.68***
(2330)

0.13
(2503)

-1.21***
(2454)

-0.47**
(2504)

0.41***
(2374)

2Bihar 0.33
(5264)

0.07
(5180)

-0.26
(4991)

-0.40
(4873)

2.15**
(4505)

-0.35***
(5002)

Goa 0.72***
(53)

-0.60
(52)

0.33**
(55)

-0.82**
(52)

-2.59***
(44)

-0.22***
(52)

Gujarat -0.38
(451)

0.05
(505)

1.73***
(608)

2.55***
(667)

0.50
(782)

1.37***
(587)

Haryana 5.62***
(339)

2.12***
(545)

5.56***
(830)

0.95
(1061)

0.89**
(1261)

3.77***
(768)

Himachal Pradesh -1.11***
(95)

-1.15***
(93)

-0.51**
(83)

-0.56***
(80)

-0.97***
(75)

-0.63***
(86)

Jammu & Kashmir 1.90***
(244)

-0.06
(269)

-0.06
(271)

0.51**
(253)

1.61**
(273)

0.17***
(261)

Karnataka -0.42
(1114)

0.09
(1149)

1.60***
(1328)

0.54
(1374)

-3.72***
(1335)

0.65***
(1253)

Kerala -0.61**
(855)

-3.59***
(696)

-4.90***
(463)

-4.52***
(280)

-2.80***
(202)

-3.75***
(525)

3Madhya Pradesh 0.91***
4610)

0.43***
(4945)

0.90***
(5298)

-0.37***
(5407)

2.33***
(5657)

0.53***
(5142)

Maharashtra 1.30***
(1402)

-0.14
(1505)

-0.64***
(1525)

0.20***
(1521)

0.90**
(1548)

0.24***
(1496)

Manipur 2.43***
(162)

-0.28
(167)

0.14
(159)

0.86***
(164)

2.67
(207)

0.32***
(169)

Meghalaya 8.76**
(102)

0.78**
(108)

-0.03
(104)

-0.14
(108)

0.37***
(109)

0.56***
(106)

Mizoram 23.83**
(59)

1.98
(47)

2.71***
(61)

-0.67
(54)

-5.85
(34)

0.34
(53)

Nagaland 2.61***
(69)

3.11***
(117)

1.63***
(138)

1.58***
(160)

2.25***
(189)

2.59***
(130)

Odisha -0.34
(4471)

0.31
(4259)

0.23**
(4495)

-0.08
(4438)

-1.02
(4090)

-0.07
(4373)

Punjab 11.01***
(670)

5.12***
(1632)

2.37***
(2234)

0.60***
(2630)

0.74***
(2869)

4.27***
(1932)

Rajasthan 5.38***
(155)

-4.10***
(138)

3.46***
(152)

-3.19
(122)

3.16
(148)

-0.24
(143)

Sikkim $ 2.06***
(16)

-1.86***
(16)

-1.10***
(15)

-3.37***
(12)

-0.87***
(15)

Tamil Nadu -0.33
(2646)

-2.82***
(2153)

1.45***
(2156)

-0.96
(1848)

-1.53
(1804)

-0.98***
(2149)

Tripura 1.26***
(289)

-0.87**
(276)

-0.41
(255)

-0.32***
(245)

0.39
(261)

-0.39***
(265)

4Uttar Pradesh 0.96**
(4700)

0.17
(5332)

0.60***
(5604)

-0.09
(5987)

1.03**
(6132)

0.71***
(5500)

West Bengal 0.53
(5138)

1.13***
(5299)

0.51***
(5861)

-0.24**
(5774)

0.19
(5373)

0.29***
(5499)

Table 2. State wise growth rate of total rice area for different decades

A & N Island 3.39***
(10)

1.18***
(12)

0.01
(12)

-3.55***
(10)

-3.33**
(7)

-0.41**
(11)

Dadra & Nagar Havali 0.86**
(10)

1.55***
(11)

1.40***
(13)

-0.32
(14)

4.32**
(13)

0.99***
(12)

Puducherry -0.49**
(31)

-2.57***
(28)

-0.09***
(26)

-2.20***
(24)

-4.89***
(17)

-1.2***
(26)1

India 1.58***
(38612)

0.27***
(40692)

0.51
(43191)

-0.13
(43413)

0.33***
(43561)

0.40***
(41749)

*** and ** Significant at 1 and  5 percent level; NS: Non-significant; Figures in parentheses indicate the actual area in thousand ha.
1 – includes Telangana, 2 - includes Jharkhand, 3 – includes  Chhatisgarh, 4 - includes Uttarakhand.
$ - data not available and the overall growth rate has been computed for the period 1980-81 to 2015-16.
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Table 3. State wise growth rate of total rice production for different decades

States 1970-71 to 
1979-80

1980-81 to 
1989-90

1990-91 to 
1999-2000

2000-01 to 
2009-10

2010-11 to 
2015-16

1970-71 to 
2015-16

1Andhra Pradesh 6.29***
(5499)

1.73
(8012)

0.58
(9711)

2.03
(11141)

-2.20***
(12293)

2.35***
(9074)

Arunachal Pradesh 4.56**
(63)

6.07***
(117)

-1.41**
(128)

2.67***
(154)

4.76**
(253)

3.18***
(133)

Assam 0.85**
(2094)

1.94***
(2548)

1.61***
(3365)

-1.08
(3707)

3.31***
(4943)

2.03***
(3191)

2Bihar 1.02
(4724)

3.50***
(5273)

3.20**
(6293)

0.06
(6710)

10.05******
(8820)

1.44***
(6150)

Goa 0.54
(84)

0.30
(119)

0.90**
(140)

-0.99
(137)

1.84
(120)

1.07***
(120)

Gujarat 3.60
(469)

-0.49
(624)

3.16***
(891)

8.04***
(1133)

4.28***
(1666)

3.28***
(895)

Haryana 11.93***
(695)

2.65***
(1383)

4.71***
(2168)

2.43***
(3182)

3.25***
(3893)

5.07***
(2123)

Himachal Pradesh -0.03
(107)

-1.14
(101)

2.05***
(111)

-0.31
(117)

0.96
(127)

0.41***
(111)

Jammu & Kashmir 1.83
(435)

-0.16
(556)

-1.03***
(518)

3.44***
(499)

3.94
(607)

0.51***
(516)

Karnataka 0.31
(2042)

-0.41
(2238)

3.64***
(3135)

2.13
(3597)

-3.18***
(3607)

1.78***
(2864)

Kerala -0.16
(1314)

-2.61***
(1181)

-4.12***
(926)

-3.04***
(636)

-1.37
(537)

-2.42***
(952)

3Madhya Pradesh -0.01
(3302)

4.16***
(4292)

0.60
(5644)

3.15***
(5794)

8.83***
(9069)

2.20***
(5320)

Maharashtra 6.43***
(1747)

-0.89
(2176)

0.82**
(2393)

1.68**
(2416)

4.37**
(2876)

1.29***
(2273)

Manipur 7.33***
(234)

1.34
(270)

3.82***
(351)

0.57
(381)

-5.36
(407)

1.77***
(322)

Meghalaya 10.04***
(117)

-1.99***
(120)

2.97***
(130)

1.66**
(192)

7.59***
(255)

2.25***
(155)

Mizoram 14.15
(41)

9.53***
(42)

7.12***
(94)

-14.78***
(75)

4.58
(52)

2.01***
(61)

Nagaland 1.91
(57)

3.27**
(104)

3.06***
(179)

3.47***
(260)

5.53**
(395)

5.05***
(182)

Odisha -0.62
(3878)

3.34***
(4555)

-0.78
(5774)

4.33***
(6319)

2.44
(6953)

1.58***
(5369)

Punjab 18.66***
(1672)

7.47***
(4925)

2.58***
(7430)

2.71***
(10000)

0.81**
(11158)

5.89***
(6678)

Rajasthan 9.22***
(160)

-2.16
(144)

3.42******
(169)

3.01
(177)

7.11**
(298)

1.39***
(180)

Sikkim $ 7.41***
(16)

-0.42
(22)

0.26
(22)

-3.81**
(19)

1.19***
(20)

Tamil Nadu 0.64
(5170)

1.86
(5106)

1.48
(6685)

-2.51
(5353)

-0.40
(5983)

0.39**
(5631)

Tripura 4.20***
(318)

2.20***
(401)

1.07
(485)

2.15***
(583)

2.42***
(731)

2.13***
(484)

4Uttar Pradesh 3.49***
(4121)

6.85***
(7211)

2.77***
(10855)

-0.14
(12044)

2.40
(13880)

3.37***
(9252)

West Bengal 3.59**
(5859)

5.76***
(8149)

2.42***
(12321)

0.99***
(14498)

1.93***
(14780)

2.79***
(10803)

A & N Island 2.58
(13)

5.50***
(24)

-0.01
(31)

-2.22**
(28)

-10.09***
(19)

1.60***
(23)

Dadra & Nagar
Havali

2.24
(12)

2.82***
(19)

-1.07
(22)

0.70
(23)

10.15***
(26)

1.81***
(20)

Puducherry 0.08
(70)

-3.04***
(63)

-1.12
(60)

-1.48
(60)

-0.71
(48)

-0.70***
(61)

India 3.29***
(45261)

3.43***
(59743)

1.78***
(80004)

1.34**
(89191)

2.42***
(103845)

2.31***
(73154)

Figures in parentheses indicate actual production in thousand tones.
*** and ** Significant at 1 and  5 percent level
NS: Non-significant.
1 – includes Telangana, 2 - includes Jharkhand, 3 - includes Chhatisgarh, 4 - includes Uttarakhand
$ - data not available and the overall growth rate has been computed for the period 1980-81 to 2015-16.
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States 1970-71 to 
1979-80

1980-81 to 
1989-90

1990-91 to 
1999-2000

2000-01 to 
2009-10

2010-11 to 
2015-16

1970-71 to 
2015-16

1Andhra Pradesh 4.16***
(1571)

1.94***
(2150)

1.02***
(2537)

1.58***
(3034)

-0.34
(3093)

1.39***
(2439)

Arunachal Pradesh 1.17
(957)

0.97**
(1140)

-1.06***
(1086)

2.26***
(1261)

3.51
(1998)

1.37***
(1267)

Assam -0.24
(984)

1.25***
(1094)

1.48***
(1344)

0.13
(1511)

3.80***
(1974)

1.61***
(1345)

2Bihar 0.69
(897)

3.43***
(1018)

3.47***
(1261)

0.47
(1377)

7.73**
(1958)

1.80***
(1229)

Goa -0.18
(1591)

0.91
(2258)

0.56**
(2558)

-0.17
(2664)

4.55***
(2718)

1.29***
(2318)

Gujarat 3.99
(1040)

-0.54
(1236)

1.41**
(1464)

5.36***
(1699)

3.76***
(2131)

1.88***
(1525)

Haryana 5.98***
(2051)

0.53
(2536)

-0.80**
(2614)

1.46**
(2998)

2.35**
(3088)

1.25***
(2765)

Himachal Pradesh 1.09
(1125)

0.02
(1089)

2.57***
(1336)

0.26
(1467)

1.95**
(1686)

1.05***
(1294)

Jammu & Kashmir -0.07
(1781)

-0.10
(2069)

-0.97**
(1909)

2.91***
(1969)

2.30
(2226)

0.34***
(1975)

Karnataka 0.73
(1833)

-0.50**
(1948)

2.01***
(2361)

1.58
(2619)

0.57
(2702)

1.13***
(2286)

Table 4. State wise growth rate of average rice yield for different decades

Kerala 0.45**
(1537)

1.02***
(1696)

0.82***
(1997)

1.55***
(2275)

1.46***
(2654)

1.39***
(1813)

3Madhya Pradesh -0.91
(716)

3.72***
(868)

-0.29
(1065)

3.53***
(1072)

6.35**
(1603)

1.66***
(1035)

Maharashtra 5.06***
(1246)

-0.75
(1446)

1.46***
(1570)

1.47**
(1589)

3.44**
(1858)

1.04***
(1520)

Manipur 4.78***
(1447)

1.63
(1619)

3.67***
(2207)

-0.28
(2333)

-7.82**
(1964)

1.45***
(1909)

Meghalaya 1.17**
(1144)

-2.74***
(1113)

3.00***
(1246)

1.81***
(1782)

7.20***
(2328)

1.68***
(1459)

Mizoram -7.82***
(694)

7.40***
(897)

4.29***
(1524)

-14.20***
(1374)

11.08***
(1519)

1.66***
(1168)

Nagaland -0.68
(834)

0.16
(887)

1.41**
(1299)

1.86***
(1626)

3.20
(2095)

2.40***
(1403)

Odisha -0.28
(867)

3.03***
(1070)

-1.01
(1285)

4.41***
(1424)

3.49**
(1700)

1.65***
(1228)

Punjab 6.89***
(2496)

2.23***
(3017)

0.21
(3325)

2.10***
(3802)

0.07
(3889)

1.55***
(3457)

Rajasthan 3.65
(1035)

2.02
(1041)

-0.04
(1114)

6.40***
(1450)

3.83***
(2018)

1.63***
(1265)

Sikkim $ 5.25***
(1007)

1.47***
(1345)

1.38***
(1479)

-0.46
(1681)

2.09***
(1333)

Tamil Nadu 0.98**
(1954)

4.82***
(2372)

0.03
(3101)

-1.57
(2897)

1.15
(3316)

1.38***
(2621)

Tripura 2.91***
(1101)

3.10***
(1452)

1.49***
(1906)

2.47***
(2384)

2.02***
(2800)

2.54***
(1823)

4Uttar Pradesh 2.51***
(877)

6.66***
(1352)

2.15***
(1937)

-0.05
(2012)

1.36
(2264)

2.64***
(1682)

West Bengal 3.04**
(1140)

4.58***
(1538)

1.90***
(2102)

1.23***
(2511)

1.74***
(2751)

2.49***
(1965)

A & N Island -0.78
(1286)

4.28***
(1953)

-0.02
(2510)

1.39***
(2850)

-6.99***
(2499)

2.02***
(2186)

Dadra & Nagar
Havali

1.37
(1242)

1.25**
(1711)

-2.43
(1653)

1.03
(1648)

5.59***
(1963)

0.81***
(1637)

Puducherry 0.57
(2290)

-0.48
(2230)

-1.03**
(2340)

0.74**
(2510)

4.40***
(2824)

0.51***
(2376)

India 1.68***
(1172)

3.15***
(1468)

1.26***
(1852)

1.47***
(2054)

2.09**
(2384)

1.90***
(1752)

Figures in parentheses indicate actual yield in kg per ha.
*** and ** Significant at 1 and  5 percent level
NS: Non-significant.
1 – includes Telangana, 2 - includes Jharkhand, 3 - includes Chhatisgarh, 4 - includes Uttarakhand
$ - data not available and the overall growth rate has been computed for the period 1980-81 to 2015-16.

404

Indian J Econ Dev 14(3): 2018 (July-September)



yield.  During 2000s, the production growth slowed down 
due to area reduction in many states. The states which 
registered significant increase in area were Gujarat, 
Punjab and Maharashtra due to significant yield growth. 
Gujarat registered highest production growth rate per year 
(8.04 percent) due to increase in both yield and area. The 
other states which fairly did well in increasing production 
were Odisha, Haryana, Madhya Pradesh, Punjab and 
Maharashtra due to significant yield growth. 

During the study (2010-11 to 2015-16) for which data 
were available, maximum growth (> 5 percent) was 
observed for the states of Bihar, M.P, Meghalaya and 
Nagaland driven mainly by yield growth. Moderate 
production growth (2-5 percent) was achieved in the 
states of Arunachal, Assam, Goa, Gujarat, Haryana, J&K, 
Maharashtra, Nagaland, Odisha, Tripura and Uttar 
Pradesh due to the contribution of yield growth 
prominently (Table 4) in spite of the declined area in some 
states. The area growth was negative in 12 states and 
prominent among them were Andhra Pradesh, Assam, 
Karnataka, Kerala, Odisha, and Tamil Nadu (Table 2).

The major Rabi/summer growing states were Andhra 
Pradesh, Assam, Karnataka, Kerala, Odisha, Tamil Nadu, 
Tripura and West Bengal. The growth trends for all the 
above states were analyzed for both the seasons (Table 5). 
During Kharif, the production growth was positively 
significant only in the states of Andhra Pradesh, Assam 
and Tripura during the 1970s. The Rabi/summer season 
production was significantly positive in the states of 
Andhra Pradesh, Karnataka, Tripura and West Bengal 
mainly due to increase in area and in some states due to 
increase in area and yield in the 1970s. 

The Kharif season production growth was found to be 
positive and significant during the 1980s in four Eastern 
States viz. Assam, Odisha, Tripura and West Bengal due to 
significant yield growth. During the 1990s, significant 
production growth was observed in Karnataka, Tamil 
Nadu and West Bengal only. In Karnataka, the significant 
production growth was due to increase area and yield, 
while in West Bengal it was due to increase in yield 
growth only. The increase in production growth in Tamil 
Nadu was due to area expansion. During the 2000s, four 
states viz. Assam, Kerala, Odisha, Tripura and West 
Bengal showed a positive and significant decrease in the 
area during Kharif season. However, due to significant 
yield growth, the production growth was significant and 
positive in Odisha, Tripura and West Bengal. The 
production growth was positive and significant in 
Rabi/summer season during the 1980s and 1990s in all the 
states due to both yield and area growth except Karnataka, 
Kerala and Tamil Nadu (Table 5). In Kerala, the 
production growth was negative in all the 3 decades due to 
a significant decrease in area. In Karnataka, the 
production growth during the 1980s was not significant 
due to significant negative growth in yield. In Tamil 
Nadu, the area growth was negative and significant during 
the 1990s, for which the production growth was also 

negative. During the 2000s, only three states viz. Andhra 
Pradesh, Odisha and Tripura recorded positive significant 
growth in production. The production growth was 
positive and significant in Andhra Pradesh due to 
significant yield growth, while in Odisha, the production 
growth was positive due to both area and yield growth. 
During the period (2010-15), the production growth was 
significant in two states viz. Assam and Odisha due to 
better yield growth.

The above discussion points to the general finding 
that the scope of area growth for rice production is 
exhausted in India. Production and yield growth were 
decelerated and future growth in rice production has to 
come from yield growth through technological 
improvement.
Trends in the Cost of Cultivation and Profit 

The growth rates in operational cost (A +Family 2

Labour) and total cost (C ) were computed for different 2

states and presented in Table 6. The cost of cultivation per 
ha increased in all the states and the growth rates in C cost 2 

varied from 0.90 to 4.60 percent and operational cost 
varied from 0.34 to 5.25 percent per year in different 
states, when data for the period 1980-81 to 2014-15 were 
considered. The growth rate in cost of cultivation was 
faster and more than 2 percent in states like Gujarat, 
Odisha, Assam, Bihar, Chattisgarh, Karnataka, Madhya 
Pradesh, Uttarakhand, W. B. and Haryana. The absolute 
cost of cultivation (C ) varied from `33303 to 78960 per 2

ha in different states in the recent past, when average data 
for the period 2012-14 was considered. Similarly, the 
absolute average operational cost varied from `23977 to 
59188 per ha in different states in the period mentioned 
above.

The absolute profit over operational cost varied from 
`2623 to 74083 per ha in different states. The return from 
rice cultivation covered the variable costs in all the states.  
The average profit over total cost (C ) varied from ̀ 10145 2

to 44063 in different states in the recent period (2012-13 to 
2014-15). The profit based on total cost became negative 
in some years in states like Assam, Bihar, Jharkhand, 
Maharashtra, Odisha, Tamil Nadu, West Bengal, Kerala 
and M.P., for which the growth rate could not be 
computed. The growth in profit over total cost was 
positive and significant in irrigated states like Andhra 
Pradesh, Punjab, and Haryana due to better quality rice 
production and better price realization. The growth in 
profit over operational cost was found to be negative in 
some of the states like Bihar, Jharkhand, Maharashtra, 
Odisha, Tamil Nadu and West Bengal. However, growth 
rates were positive in largely irrigated states except for 
Tamil Nadu. The growth in profit in an irrigated state like 
Tamil Nadu was negative due to negative growth in yield 
during the period 2000-01 to 2009-10. The above 
observations contradict the observation made by Dev and 
Rao (2010) that agricultural price policy was largely 
successful in playing a major role in regard to providing a 
reasonable level of margins of around 20 percent over total 
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States Kharif Rabi / Summer Production 
share of rabi/ 
summer riceArea Production Yield Area Production Yield

Andhra Pradesh

1970s 1.79** 2.73* 0.92 2.80* 7.26* 4.33* 41.3

1980s -0.56 1.18 *1.70 0.82 **3.11 *2.25

The 1990s **-1.78 **-1.42 0.31 *3.22 *4.87 *1.54

The 2000s -0.65 0.84 *1.51 2.40 ***3.85 *1.47

2010-15 -1.09 -1.43 -0.34 -3.21** -3.19** 0.01

Assam

1970s 1.38* 1.28* -0.10 -7.60 -9.67* -2.24 21.1

1980s **0.56 *1.77 *1.22 *6.70 *9.44 2.48

The 1990s **-0.39 0.75 *1.15 *9.23 *12.09 *2.63

The 2000s *-1.61 ***-1.66 -0.10 **1.16 1.55 0.39

2010-15 -0.87* 2.11* 3.00* 1.72* 8.20* 6.37*

Karnataka

1970s -0.56 -0.28 0.28 0.97 5.20** 4.19* 23.2

1980s -0.19 **-0.67 **-0.49 ***1.89 0.78 *-1.01

The 1990s *0.73 *2.89 *2.15 *5.07 *6.34 *1.20

2000s -0.05 1.41 1.46 2.64 3.89 1.21

2010-15 -2.34* -1.87 0.48 -8.22* -6.92* 1.42**

Kerala

1970s -0.91* -0.16 0.76* 0.23 -0.65 -0.88

The 1980s *-3.51 *-2.66 *0.88 *-4.15 *-2.26 *1.96

25.9

The 1990s *-5.31 *-4.63 **0.73 *-2.27 *-1.40 *0.92

The 2000s *-4.85 *-3.20 *1.73 -3.05 -2.71 0.41

2010-15 -3.10* -1.64 1.50* -1.76* -0.56 1.22*

Odisha

1970s -0.42 -0.62 -0.21 -0.27 -5.31** -5.06*

The 1980s 0.20 *3.03 *2.78 *2.71 *7.62 *4.84

12.7

The 1990s 0.07 -1.14 ***-1.22 *2.88 *2.87 -0.11

The 2000s *-0.27 *4.37 *4.67 ***2.81 **4.10 **1.37

2010-15 -1.09 2.16 3.28** -0.01 4.43* 4.44*

Tamil Nadu

1970s -0.28 0.63 0.92 -2.38 -0.44 1.98* 10.8

1980s
*-5.82 ***-1.38 *4.84 $ $ $

The 1990s *1.99 **2.03 0.01 **-2.17 -1.24 **1.05

The 2000s -0.57 -2.57 -1.89 **-3.89 -3.20 0.85

2010-15 -1.53 -0.40 1.15 -1.53 -0.40 1.14

Tripura

1970s 0.22 4.55* 4.32* 14.27* 15.60* 1.17 25.7

1980s -1.15* 2.07* 3.26* 1.06* 2.87** 1.79

The 1990s -1.61* -1.53 0.07 3.99* 2.76* -1.18

The 2000s -0.87** 1.53* 2.42* 2.45* 3.63* 1.15

2010-15 1.72 3.00* 1.26** -3.30 0.80 4.24**

West Bengal

1970s 0.22 0.35 0.13 7.02* 8.05* 0.96 28.5

Table 5. Growth trends in kharif and rabi/ summer area and production and yield of rice in seven major rice-growing states (1970-
71 to 2014-15)

(Percent)

1980s 0.11 *4.18 *4.07 *11.47 *13.56 *1.83

The 1990s *-0.61 *0.99 *1.60 *5.76 *6.40 **0.59

The 2000s *-0.41 **1.53 *1.96 0.32 0.03 -0.29

2010-15 0.97 2.42* 1.44* -2.14 0.75 2.95*

 ***, ** and * Significant at 1, 5 and   10 percent level.
NS: Non-significant.
$ The growth rates could not be computed due to the appearance of many negative values in the data set.
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State/Period CoC (C )2 CoC (A +FL)2 Profit (over C )2 Profit (over A +FL)2 IRR

Andhra Pradesh 1.66*
(78960)

1.55*
(50905)

6.00*
(9991)

2.58*
(38046)

97.3

Assam 2.54*
(44466)

3.27*
(31698)

$
(-10145)

0.41**
(2623)

11.0

Bihar 2.62*
(36152)

1.87*
(26441)

$
(-1422)

-2.37*
(8289)

63.0

Jharkhand 0.97
(33895)

0.88
(24139)

$
(-3197)

$
(6559)

5.3

Gujarat 4.60*
(53416)

5.25*
(40190)

-2.03
(17796)

0.19
(31023)

61.5

Haryana 2.16*
(73370)

1.52*
(43350)

7.76*
(44063)

4.20*
(74083)

100.0

Punjab 0.90*
(73097)

2.70*
(41283)

3.66*
(32322)

2.81*
(64136)

99.6

Himachal Pradesh 1.30**
(33303)

2.25
(23977)

1.30
(6954)

2.25
(16280)

NA

Karnataka 2.10*
(69864)

2.54*
(48705)

-0.92
(20329)

0.19
(41489)

75.3

Kerala 1.06*
(74708)

0.34**
(54511)

$
(24509)

0.33
(44706)

77.2

Madhya Pradesh 2.35*
(39902)

2.67*
(26926)

$
(4296)

0.39
(17271)

29.6

Chattisgarh 2.16**
(41072)

2.71**
(27954)

1.96
(3864)

1.27
(16982)

35.3

Maharastra -0.01
(62744)

-0.70
(49025)

$
(-3992)

$
(9727)

26.1

Odisha 3.07*
(53192)

3.28*
(39874)

$
(-8125)

-1.03***
(5192)

33.0

Tamil Nadu 1.06*
(77039)

1.24*
(59188)

$
(8730)

-0.51***
(26581)

93.4

Uttar Pradesh 1.60*
(51986)

1.62*
(35867)

$
(5248)

1.83*
(21367)

83.4

Uttarakhand 2.10*
(47412)

2.17
(36187)

2.10
(9944)

4.45
(21168)

NA

West Bengal 2.27*
(66460)

2.67*
(50800)

$ 
(-8261)

-2.03**
(7400)

46.9

Table 6. Growth trends in cost of cultivation and profit in rice cultivation in different states of India (1980-81 to 2014-
15) along with irrigation coverage

(Percentage)

CoC: Cost of Cultivation, IRR: Irrigated Rice area in percent and refers to the year 2013-14.
NA: Not available.
Figures in parentheses indicate the average cost of cultivation and profit for the period 2012-13 to 2014-15.
*, **, and *** Significant at 1, 5 and 10 percent, respectively.
$: Growth rate could not be computed due to negative profit in some years.

costs to the farmers. These observations are true only for 
irrigated states like Punjab, Haryana and Andhra Pradesh.

To investigate further, the reasons for the negative 
profits in different states, the realized price and MSP were 
compared. The price realization per quintal by farmers` 
for the last 10 years (2005-06 to 2014-15) is presented in 
Table 7 and compared with minimum support price 
(MSP) at constant 2014-15 prices. The realized price was 
less than the government announced support price in 12 

out of 16 states during the period under consideration 
(2005-06 to 2014-15).  Out of 10 years for which data 
were considered, the number of years in which realized 
price ruled below support price varied from 0 to 10 years 
in different states and accounts for 0 to 100 percent of the 
total numbers of years. In all the eastern states, there were 
serious problems in providing support price to the 
farmers. The average realized price was below the support 
price in the range of `21 to 279 at the aggregate level in 
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seven states. The price realization by many farmers must 
have been much more than these figures, and thus, acts as 
a disincentive to adopt modern technologies and increase 
productivity.   

The above discussion led to two observations. First, 
while irrigated states like Haryana and Punjab were able 
to maintain a profit with a high level of input use, a state 
like Tamil Nadu failed. This may be due to declining 
fertility of native soils and negative yield growth during 
the 1990s and 2000s. This observation needs detailed 
investigation second in the other eight states, due to less 
realized price by the farmers, the profits eroded and 
approached either zero or became negative. The less 
realized price was perhaps due to poor market 
infrastructure development in those states and more so in 
Eastern States.
CONCLUSIONS

Increasing rice production in India is not only 
important from the viewpoint of food security but also its 
poverty-alleviating effect. However, the growth in rice 
production slowed down in recent years and hastened to 
meet the demand for the future years. The scope of area 
expansion in rice was exhausted and future production 
growth in rice has to come from yield growth through 
technological improvement. But, the yield growth has 
plateaued in recent years in major irrigated rice producing 
states. This calls for more research and development 
funds for development of yield enhancing environment-
friendly technologies.  State-wise analysis of the cost of 
cultivation data revealed that the costs per ha increased in 

all the states and profits decreased in the majority of the 
states. In all Eastern states, there were serious problems in 
providing support price to the farmers. The realized price 
was below the support price for most of the years, when 
data for the latest 10 years was considered. Therefore, the 
government should review the state of procurement 
operations in these states on priority, for initiating 
improvement measures, by inviting private agencies for 
procurement, development of storage facilities and 
marked yards. This would help the government to develop 
backend infrastructure and provide farmers necessary 
incentives to adopt modern farming practices to raise 
productivity and profitability.
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ABSTRACT
The foodgrain production in India increased from 50.82 million tonnes in 1950-51 to around 251 million tonnes in 2014-15. 
However, the per capita consumption of foodgrains declined in all income classes and in all Indian states. Regardless of the fall in 
the per capita demand, it is evident that the total demand for foodgrains would increase on account of population growth and the 
increasing indirect demand for foodgrains (feed, seed, industrial use and waste). The changed food consumption may lead to 
changed food demand in the future which is a concern for food security. The empirical study on the dynamics of supply and demand 
of foodgrains is very crucial from the point of view of food security and often serves insights to policy planners regarding the existing 
state of affairs and future directions of food self-sufficiency. The study estimated the demand and supply of foodgrains and carried 
out the projections for foodgrains under four different scenarios of economic growth rates (6, 7, 8 and 9 percent) for years 2019-20 
to 2025-26. The results suggested that the demand for foodgrains would be met with a surplus in future under the scenario of 6, 7 and 
8 percent of economic growth and with a marginal surplus under a scenario of 9 percent of economic growth. However, it is likely 
that the pulses grains would be short in supply of demand in the coming years under third and fourth scenarios (8 and 9 percent 
economic growth rates) of the study. Therefore, the policies that could help in maintaining the growth in the long-run were needed 
that would be able to keep a balance between domestic production and demand for total foodgrains especially pulses.
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INTRODUCTION
The Green Revolution genes had transformational 

effects in the area of yield enhancement, particularly 
cereal crops. After 67 years, the government is launching 
the largest social protection measure against hunger ever 
attempted in human history (The Food Security Act) 
which confers a legal right to food to nearly 70 per cent of 
our population with homegrown food (Swaminathan & 
Bhavani, 2013). The foodgrain production in India 
increased from 50.82 million tonnes in 1950-51 to around 
251 million tonnes in 2014-15. However, the per capita 
consumption of foodgrains has been declining in all 
income classes and in all Indian states. Regardless of the 
fall in the per capita demand, it is evident that the total 
demand for foodgrains would increase on account of 
population growth and the increasing indirect demand for 
foodgrains (feed, seed, industrial use and waste). 

Consequently, India's predominance of foodgrains in the 
agricultural consumption and production pattern had 
changed (Amarasinghe Shah & Singh, 2007). With 
persistent economic growth, increasing urban population, 
occupational and lifestyle changes, there was a significant 
change in Indian food basket, away from staple 
foodgrains towards high value horticultural and animal 
products (Kumar, Joshi, & Birthal, 2009; Mittal, 2007). 
The changed food consumption may lead to changed food 
demand in the future and this is a concern for food 
security. Therefore, there is a need to provide credible 
estimates of future demand for foodgrains to plan medium 
and long-term food production. The paper attempts to 
provide demand and supply projections with supply-
demand gaps for foodgrains from 2019-20 to 2025-26. 
Such information would help in identifying suitable 
policy options to achieve national food security in India. It 



would also help in combatting demand-supply mismatch 
for foodgrains in India in the long-run.
METHODOLOGY

The secondary data from the National Sample Survey 
Organization (NSSO) were used. To study the demand for 

thfood, data were taken from the 66  round (2009-10) of the 
consumption expenditure survey (The Government of 
India, 2011). The total domestic demand projections for 
foodgrains were arrived at by adding up the direct demand 
(human demand) and the indirect demand (seed, feed 
industrial use and waste). The expenditure elasticities 
used in the projection model were taken primarily from 
past studies. Seed, feed, wastage and industrial uses were 
taken as 9.50 percent of rice, 13.48 percent of wheat, 41 
percent of coarse cereals and 16.85 percent of pulses 
production. Home away demand was assumed to be 5 
percent share in total household demand for rice, wheat, 
coarse cereals and pulses (Kumar, Mruthyunjaya, & Dey, 
2007; Kumar, Joshi, & Birthal, 2009).

The demand Projections for the foodgrains were 
obtained through;

 tD = d × N  (1 + y × e)t  0 t

Where D is the aggregate demand of a commodity in t 

year t; d is the per capita demand of the commodities in 0 

the base year; N is the projected population in year t; y is t 

growth in per capita income, and e is the expenditure 
elasticity of demand for the commodity. The household 
food demand is primarily driven by growth in population, 
income and change in income distribution (Kumar, 1997). 

The growth rate in per capita income was obtained 
by subtracting population growth rate from the income 
growth rate and used in projections. Based on recent 
trends, it was assumed that the Indian economy would 
grow at a much higher growth trajectory and population 
growth rate would also decline. Various structural and 
economic reforms likely to accelerate the growth 
process to even 8 or 9 percent. So, in the simulation, 
present demand projections were made using four 
scenarios with income growth rates in GDP, viz. 6, 7, 8 
and 9 percent. Population projections used were from 
Registrar - General of Census, Government of India 
(The Government of India, 2006). The supply 
projections for foodgrains were estimated by analyzing 
the trend equation (the linear regression form). 
Projections for demand and supply of foodgrains for the 
year 2019-20, 2020-21, 2021-22, 2022-23, 2023-24, 
2024-25 and 2025-26 were calculated. The supply-
demand gaps were scrutinized in concern for food 
security in India. 
RESULTS AND DISCUSSION     

In the past there was a significant decline in the 
consumption of foodgrains (as direct demand) in the past. 
During 1993-94 to 2009-10, monthly per capita 
consumption of cereals declined considerably from 13.40 
to 11.35 kg in rural India and from 10.63 to 9.39 kg in 
urban India From the literature, it was confirmed that such 
a decline was evident even before the 1990s. The per 

capita, cereal consumption was declining since the early 
1970s despite a significant increase in per capita cereal 
production. This decline was more than 15 and 11 percent 
in the rural and urban areas, respectively (Chopra, Toor & 
Vatta, 2014). As the decline, in the per capita consumption 
of coarse cereals was sharper than fine cereals (rice and 
wheat), still the total demand for foodgrains in future 
would increase due to increase in population. This 
increase in demand for foodgrains in the future would be 
accompanied by several other factors like increase in 
feeding ratio in India which would accelerate the indirect 
demand for foodgrains. Furthermore, the reason that 
cereals being a staple food plus a low-cost source of 
energy for masses and pulses being a major source of 
protein for a large vegetarian Indian population would 
also accelerate the demand for foodgrains. According to 
an estimate, the share of calorie supply of foodgrains, 
non-grain crops and animal products changed from 63, 
29, and 8 percent in 2000 to 48, 36 and 16 percent in 2050, 
respectively in India (Amarasinghe Shah & Singh, 2007). 
In India, the demand for grains for animals feeds 
increased by 9 per cent per annum in the 1990s against one 
per cent rise in demand for food (Rosegrant, Agcaoili-
Sombilla & Perez, 1995). As a result, the per capita 
monthly foodgrain demand in India is projected to 
increase from 16.7 kg in 2007 to 19.9 kg over the next 50 
years (Amarasinghe, Shah & Singh, 2007). India's current 
population is about 1.21 billion; it is expected to increase 
to 1.65 billion by 2050 (an increase of 40 percent). As per 
estimates, India would need to increase its foodgrain 
production from current 251 million tonnes to 276 million 
tonnes by 2021 and to more than 450 million tonnes by 
2050 (Kang, 2011).
Demand Projection of Foodgrains

Food is the basic necessity with inelastic demand. 
However, recent literature on demand studies indicated 
that within food groups, the expenditure elasticity of 
cereals was positive but lowest in both rural and urban 
India indicating that increase in income of households 
would lead to only a marginal increase in cereal 
consumption. Further, the expenditure elasticity of 
cereals was higher for rural households than their urban 
counterparts from the past few decades (Table 1). This 
indicated the fact that food demand would be 
comparatively higher in rural areas with per unit rise in 
income (Srivastava, Sivaramane, Kumar, Hasan, & 
Meena, 2013). 

According to Registrar-General of Census, the 
Government of India (2006), the total population of the 
country is likely to increase from 1176.7 million in 2010 
to 1326 million in 2020 and further to1399.84 million in 
2026 (Table 2). The estimated projections of food demand 
and supply were found to be comparable with other 
studies, though there exists wide variation in these 
estimations due to the difference in the database used. 
Although cereals exhibited inelastic demand, its total 
demand in future would be high due to increase in 
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population and high indirect demand (seed, animal feed, 
industrial use and waste, etc.). From the food security 
point of view, many studies concluded that requirements 
of cereals would be adequately met by domestic supplies 
at least up to the year 2020 (The Government of India, 
2001) and India would be a net exporter of major cereal 
crops (FAPRI, 2009). To validate this assertion the 
present study projected the demand for foodgrains in 
India under different growth scenarios. The total domestic 
demand under different scenarios was disintegrated into 
sub-demand (direct and indirect).

Rosegrant, Agcaoili-Sombilla and Perez (1995) 
provided food projections for IFPRI's (International Food 
Policy Research Institute) 2020 vision. Demand for total 
cereals in 2020 as projected by this study was 237.3 
million tonnes (million tonnes).  A study by Kumar 
(1998) projected the total cereals and foodgrains demand 
as 265.7 million tonnes and 296.6 million tonnes 
respectively for 2020. Bhalla (2001) computed demand 
for total cereals in 2020 as 374.7 million tonnes. Mittal 
(2006) estimated total cereal demand to be 215.7 million 
tonnes and foodgrains demand to be 242.9 million tonnes 
in 2020. Kumar, Joshi and Birthal (2009) projected total 
demand for foodgrains as 253.2 million tonnes for 2021-
22. Chand (2009) estimated total demand of foodgrains in 
2020-21 to be 280.6 million tonnes. Srivastava, 
Sivaramane, Kumar, Hasan, and Meena (2013) also 
projected household demand for cereals in 2020 as 226 
million tonnes. The results of the present study are in line 
with past studies but the present study estimated the 
demand of foodgrains for 2019-20 to 2025-26 and also 
estimated the demand-supply gaps.

The Direct Demand for Foodgrains as Food
The direct household demand for foodgrains was 

projected to increase to as 200.55 million tonnes in 2019-
20, 202.6 million tonnes in 2020-21, 204.56 million 
tonnes in 2021-22, 206.47 million tonnes in 2022-23, 
208.31 million tonnes in 2023-24, 210.05 million tonnes 
in 2024-25 and 211.69 million tonnes in 2025-26, if the 
economy grows at 6 per cent (Table 3). In the second 
scenario of study, if the economy grows at 7 per cent, 
projections for the same were as 206.10 million tonnes in 
2019-20, 208.21 million tonnes in 2020-21, 210.22 
million tonnes in 2021-22, 212.18 million tonnes in 2022-
23, 214.07 million tonnes in 2023-24, 215.87 million 
tonnes in 2024-25 and 217.55 million tonnes in 2025-26 
(Table 4). Similarly, in the third scenario of 8 per cent of 
economic growth, projections made for direct household 
demand were as 210.76 million tonnes in 2019-20, 212.92 
million tonnes in 2020-21, 214.98 million tonnes in 2021-
22, 216.98 million tonnes in 2022-23, 218.91 million 
tonnes in 2023-24, 220.75 million tonnes in 2024-25 and 
222.47 million tonnes in 2025-26 (Table 5). Likewise, in 
the fourth scenario of 9 per cent economic growth, 
projections made were as 215.53 million tonnes in 2019-
20, 217.74 million tonnes in 2020-21, 219.84 million 
tonnes in 2021-22, 221.89 million tonnes in 2022-23, 
223.86 million tonnes in 2023-24, 225.74 million tonnes 
in 2024-25 and 227.50 million tonnes in 2025-26 (Table 
6).
The Indirect Demand for Foodgrains

Conventionally, for the official estimates, the indirect 
demand was assumed to be 12.5 per cent of the total 
foodgrains production- an assumption been used since the 
1950's. Lately, Kumar, Mruthyunjaya and Dey (2007); 
Kumar, Joshi and Birthal (2009) computed the shares of 
seed, feed, waste and other uses as 9.5, 13.5, 41.0, and 
16.85 percent of total production of rice, wheat, coarse 
cereals, and pulses. These parameters were used in the 
present study, and the seed, feed, industrial use and waste 
allowances were projected as 43.77 million tonnes in 
2019, 44.26 million tonnes in 2020-21, 44.74 million 
tonnes in 2021-22, 45.23 million tonnes in 2022-23, 45.71 
million tonnes in 2023-24, 46.20 million tonnes in 2024-
25 and 46.68 million tonnes in 2025-26 if economy grows 
at 6 per cent. This demand constituted about 17 per cent of 
total domestic demand of foodgrains and about 16 per 
cent of foodgrains production in the country. 

With the stupendous rise in income (increase in 
employment opportunities specifically for women and 
per capita income), urbanization (fast-growing urban 
population) and sedentary lifestyles creeping even in rural 
India, which stimulates a significant upswing in 'home 
away demand' for food grains. Although there are 
authentic estimates available for a home away demand, 
based on some guess estimates, Kumar, Joshi, and Birthal 
(2009) assumed 5 per cent of total direct demand as 'home 
away demand'. Using the same parameters, the total 
'home away demand' for foodgrains was projected as 

Food group Rural Urban

Rice 0.064 0.016

Wheat -0.056 -0.080

Coarse cereals -0.151 -0.165
 aCereals 0.240 0.150

aPulses 0.560 0.460

Table 1. Expenditure elasticity of food commodities 

aSource: Kumar, Joshi & Birthal (2009);  Srivastava, Sivaramane, 
Kumar, Hasan, & Meena (2013).

Year Total population

2020 1326.16

2021 1339.74

2022 1352.70

2023 1365.30

2024 1377.44

2025 1388.99

2026 1399.84

Table 2. Projected population of India from 2020 to 2026
(Million)

.Source: The Government of India (2006).
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Commodity 2009-10 2019-20 2020-21 2021-22 2022-23 2023-24 2024-25 2025-26

Direct  household demand for foodgrains (at 6 per cent economic growth)

Total cereals 146.43 185.38 187.28 189.09 190.86 192.55 194.17 195.68

Pulses 9.96 15.17 15.32 15.47 15.61 15.75 15.88 16.01

Foodgrains 156.39 200.55 202.60 204.56 206.47 208.30 210.05 211.69

Indirect  demand for foodgrains (seed, feed, waste & other uses)

Total cereals 33.11 40.22 40.66 41.11 41.55 42.00 42.44 42.88

Pulses 2.47 3.55 3.59 3.63 3.67 3.71 3.75 3.79

Foodgrains 35.58 43.77 44.26 44.74 45.22 45.71 46.19 46.67

Home away demand for foodgrains

Total cereals 7.32 9.27 9.36 9.45 9.54 9.63 9.71 9.78

Pulses 0.50 0.76 0.77 0.77 0.78 0.79 0.79 0.80

Foodgrains 7.82 10.03 10.13 10.22 10.32 10.42 10.50 10.58

The total indirect demand for foodgrains

Total cereals 40.43 49.49 50.03 50.56 51.10 51.62 52.15 52.67

Pulses 2.97 4.31 4.36 4.41 4.45 4.50 4.55 4.60

Foodgrains 43.40 53.80 54.39 54.97 55.55 56.12 56.70 57.27

The total domestic demand for foodgrains

Total cereals 186.87 234.87 237.31 239.66 241.95 244.18 246.32 248.35

Pulses 12.92 19.48 19.68 19.88 20.07 20.25 20.43 20.60

Foodgrains 199.79 254.35 256.99 259.54 262.02 264.43 266.75 268.95

Table 3. Projected demand for foodgrains in India in the first scenario of 6 per cent economic growth (Base Year: 2009-
10)

(Million tonnes) 

Source: Author's calculations.

Commodity 2009-10 2019-20 2020-21 2021-22 2022-23 2023-24 2024-25 2025-26

Direct  household demand for foodgrains (at 7 per cent economic growth)

Total cereals 146.43 190.17 192.11 193.97 195.78 197.52 199.18 200.73

Pulses 9.96 15.93 16.10 16.25 16.40 16.55 16.69 16.82

Foodgrains 156.39 206.10 208.21 210.22 212.18 214.07 215.87 217.55

Indirect  demand for foodgrains (seed, feed, waste & other uses)

Total cereals 33.11 40.22 40.66 41.11 41.55 42.00 42.44 42.88

Pulses 2.47 3.55 3.59 3.63 3.67 3.71 3.75 3.79

Foodgrains 35.58 43.77 44.25 44.74 45.22 45.71 46.19 46.67

Home away demand for foodgrains

Total cereals 7.32 9.51 9.61 9.70 9.79 9.88 9.96 10.04

Pulses 0.50 0.80 0.80 0.81 0.82 0.83 0.83 0.84

Foodgrains 7.82 10.31 10.41 10.51 10.61 10.71 10.79 10.88

The total Indirect demand for foodgrains

Total cereals 40.43 49.73 50.27 50.81 51.34 51.87 52.40 52.92

Pulses 2.97 4.35 4.40 4.45 4.49 4.54 4.59 4.64

Foodgrains 43.40 54.08 54.67 55.26 55.83 56.41 56.99 57.56

The total domestic demand for foodgrains

Total cereals 186.87 239.90 242.38 244.78 247.12 249.39 251.58 253.65

Pulses 12.92 20.28 20.49 20.70 20.90 21.09 21.28 21.45

Foodgrains 199.79 260.18 262.87 265.48 268.02 270.48 272.86 275.10

Table 4. Projected demand for foodgrains in India in the second scenario of 7 per cent economic growth (2019-20 to 
2025-26) (Base Year: 2009-10)

(Million tonnes) 

Source: Author's calculations.
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Commodity 2009-10 2019-20 2020-21 2021-22 2022-23 2023-24 2024-25 2025-26

Direct  household demand for foodgrains (at 8 per cent economic growth)
Total cereals 146.43 194.03 196.01 197.91 199.75 201.53 203.22 204.81
Pulses 9.96 16.74 16.91 17.07 17.23 17.38 17.53 17.67
Foodgrains 156.39 210.77 212.92 214.98 216.98 218.91 220.75 222.48
Indirect  demand for foodgrains (seed, feed, waste & other uses)
Total cereals 33.11 40.22 40.66 41.11 41.55 42.00 42.44 42.88
Pulses 2.47 3.55 3.59 3.63 3.67 3.71 3.75 3.79
Foodgrains 35.58 43.77 44.25 44.74 45.22 45.71 46.19 46.67
Home away demand for foodgrains
Total cereals 7.32 9.70 9.80 9.90 9.99 10.08 10.16 10.24
Pulses 0.50 0.84 0.85 0.85 0.86 0.87 0.88 0.88
Foodgrains 7.82 10.54 10.65 10.75 10.85 10.95 11.04 11.12
The total indirect demand for foodgrains
Total cereals 40.43 49.92 50.47 51.00 51.54 52.07 52.60 53.13
Pulses 2.97 4.39 4.44 4.49 4.53 4.58 4.63 4.68
Foodgrains 43.40 54.31 54.91 55.49 56.07 56.65 57.23 57.81
The total domestic demand for foodgrains
Total cereals 186.87 243.95 246.48 248.91 251.29 253.60 255.82 257.93
Pulses 12.92 21.12 21.34 21.56 21.76 21.97 22.16 22.34
Foodgrains 199.79 265.07 267.82 270.47 273.05 275.57 277.98 280.27

Table 5. Projected demand for foodgrains in India in the third scenario of 8 per cent economic growth (2019-20 to 
2025-26) (Base Year: 2009-10)

(Million tonnes)

Source: Author's calculations.

Commodity 2009-10 2019-20 2020-21 2021-22 2022-23 2023-24 2024-25 2025-26

Direct  household demand for foodgrains ( at 9 per cent economic growth)
Total cereals 146.43 197.96 199.98 201.92 203.80 205.61 207.34 208.95
Pulses 9.96 17.57 17.75 17.93 18.09 18.25 18.41 18.55
Foodgrains 156.39 215.53 217.73 219.85 221.89 223.86 225.75 227.50
Indirect  demand for foodgrains (seed, feed, waste & other uses)
Total cereals 33.11 40.22 40.66 41.11 41.55 42.00 42.44 42.88
Pulses 2.47 3.55 3.59 3.63 3.67 3.71 3.75 3.79
Foodgrains 35.58 43.77 44.25 44.74 45.22 45.71 46.19 46.67
Home away demand for foodgrains
Total cereals 7.32 9.90 10.00 10.10 10.19 10.28 10.37 10.45
Pulses 0.50 0.88 0.89 0.90 0.90 0.91 0.92 0.93
Foodgrains 7.82 10.78 10.89 11.00 11.09 11.19 11.29 11.38
The total indirect demand for foodgrains
Total cereals 40.43 50.12 50.66 51.20 51.74 52.28 52.81 53.33
Pulses 2.97 4.43 4.48 4.53 4.58 4.63 4.67 4.72
Foodgrains 43.40 54.55 55.14 55.73 56.32 56.91 57.48 58.05
The total domestic demand for foodgrains
Total cereals 186.87 248.07 250.65 253.12 255.54 257.89 260.14 262.29
Pulses 12.92 22.00 22.23 22.45 22.67 22.88 23.08 23.27
Foodgrains 199.79 270.07 272.88 275.57 278.21 280.77 283.22 285.56

Table 6. Projected demand for foodgrains in India in the fourth scenario of 9 per cent economic growth (2019-20 to 
2025-26) (Base Year: 2009-10)

(Million tonnes) 

Source: Author's calculations.
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10.03 million tonnes in 2019-20, 10.13 million tonnes in 
2020-21, 10.23 million tonnes in 2021-22, 10.32 million 
tonnes in 2022-23, 10.42 million tonnes in 2023-24, 10.50 
million tonnes in 2024-25 and 10.58 million tonnes in 
2025-26, if economy grows at 6 per cent (Table 3). In the 
second scenario of study, if the economy grows at 7 
percent, projections for the same were as 10.30 million 
tonnes in 2019-20, 10.41 million tonnes in 2020-21, 10.51 
million tonnes in 2021-22, 10.61 million tonnes in 2022-
23, 10.70 million tonnes in 2023-24, 10.79 million tonnes 
in 2024-25 and 10.88 million tonnes in 2025-26 (Table 4). 
Similarly, in the third scenario of 8 per cent of economic 
growth projections made were as 10.54 million tonnes in 
2019-20, 10.65 million tonnes in 2020-21, 10.75 million 
tonnes in 2021-22, 10.85 million tonnes in 2022-23, 10.95 
million tonnes in 2023-24, 11.04 million tonnes in 2024-
25 and 11.12 million tonnes in 2025-26 (Table 5). 
Likewise in the fourth scenario of 9 per cent economic 
growth, projections made were as 10.78 million tonnes in 
2019-20, 10.89 million tonnes in 2020-21, 10.99 million 
tonnes in 2021-22, 11.09 million tonnes in 2022-23, 11.19 
million tonnes in 2023-24, 11.29 million tonnes in 2024-
25 and 11.38 million tonnes in 2025-26 (Table 6).
Total Domestic Demand for Foodgrains

The total domestic foodgrains demand projections 
for the first scenario, if the economy grows at 6 percent 
were projected as 254.35 million tonnes in 2019-20, 
256.99 million tonnes in 2020-21, 259.53 million tonnes 
in 2021-22, 262.02 million tonnes in 2022-23, 264.43 
million tonnes in 2023-24, 266.75 million tonnes in 2024-
25 and 268.75 million tonnes in 2025-26 (Table 3). In the 
second scenario, if the economy grows at 7 percent, 
projections for the same were as 260.18 million tonnes in 
2019-20, 262.88 million tonnes in 2020-21, 265.48 
million tonnes in 2021-22, 268.02 million tonnes in 2022-
23, 270.48 million tonnes in 2023-24, 272.85 million 
tonnes in 2024-25 and 275.11 million tonnes in 2025-26 
(Table 4).

Similarly, in the third scenario of 8 percent of 
economic growth, projections made were as 265.07 
million tonnes in 2019-20, 267.82 million tonnes in 2020-
21, 270.47 million tonnes in 2021-22, 273.06 million 
tonnes in 2022-23, 275.57 million tonnes in 2023-24, 
277.93 million tonnes in 2024-25 and 280.27 million 
tonnes in 2025-26 (Table 5). Likewise, in the fourth 
scenario of 9 per cent economic growth, projections made 

were as 270.08 million tonnes in 2019-20, 272.88 million 
tonnes in 2020-21, 275.58 million tonnes in 2021-22, 
278.21 million tonnes in 2022-23, 280.77 million tonnes 
in 2023-24, 283.77 million tonnes in 2024-25 and 285.56 
million tonnes in 2025-26 (Table 6). The total demand of 
foodgrains in India in 2025-26 estimated at different 
economic growth is given in Table 7.
Supply of Foodgrains

While rice and wheat crops witnessed a sharp increase 
in production, coarse cereals indicated a sluggish growth 
or even decline in output. The government policy in terms 
of production assured procurement, support price, market 
support and public distribution impacted substantially on 
supply 'of' and demand 'for' various cereals. India achieved 
an impressive growth in foodgrains production. The 
production of foodgrains increased to stupendous 264 
million tonnes (Table 8) in 2012-13. The growth rate of 
foodgrains (production) in India from 1950-1951 to 2013-
2014 was 2.44 per cent.  Per capita annual production of 
foodgrains increased from 183 kg during early-1970s to 
207 kg by mid-1990s, even though the country's 
population increased more than 50 per cent during this 
period (The Government of India, 2007). 

After the mid-1990s, per capita, foodgrains 
production started declining due to deceleration in the 
total factor productivity (TFP) growth, with a growth rate 
of 0.70 percent during 1994-95 to 2003-04 (Table 8). The 
foodgrain production in India observed varying growth 
rates with time and it is matter of concern for Indian food-
security. This changing scenario of consumption and 
production would have a significant influence on the 
demand and supply prospects for food (Kumar, Joshi & 
Birthal, 2009). Besides, the changes in consumption 
pattern, taste, choices and increase in demand for high-
value food, the population growth would result in an 
increase in demand for cereals in long run. The production 
(supply) projections of the study for foodgrains in India 
were as 270.31 million tonnes in 2019-20, million tonnes 
in 273.65 2020-21, 276.99 million tonnes in 2021-22, 
280.33million tonnes in 2022-23, 283.67 million tonnes 
in 2023-24, 287.01 million tonnes in 2024-25 and 290.35 
million tonnes in 2025-26 (Table 9).

There are many studies on supply-demand of 
foodgrains with extremely contrasting conclusions for 
food security outlook in India (Kumar, Rosegrant, & 
Hazell, 1995; Bhalla, Hazell, & Kerr, 1999; Chand, 2007; 

Commodity/
Scenarios

Scenario I
(6 percent)

Scenario II
(7 percent)

Scenario III
(8 percent)

Scenario IV
(9 percent)

Total cereals 248.35 253.65 257.93 262.29

Pulses 20.60 21.45 22.34 23.27

Total foodgrains 268.95 275.10 280.27 285.56

Table 7. Total demand of foodgrains in India in 2025-26 at different economic growth

(Million tonnes)

Source: Authors calculations (Table 3 to 6).
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Year Rice Wheat Coarse 
cereals

Total 
cereals

Pulses Total 
foodgrains

1950-51 20.58 6.46 15.38 42.42 8.41 50.83
1960-61 34.58 11.00 23.74 69.32 12.7 82.02
1970-71 42.22 23.83 30.55 96.6 11.82 108.42
1980-81 53.63 36.31 29.02 118.96 10.63 129.59
1990-91 74.29 55.14 32.7 162.13 14.26 176.39
2000-01 84.98 69.68 31.08 185.74 11.07 196.81
2010-11 95.98 86.87 43.4 226.25 18.24 244.49
2013-14 106.54 95.91 43.05 245.50 19.27 264.77
CGR (1950-51 to 2013-14) 2.49 4.53 1.04 2.64 0.72 2.44
CGR (1994-95 to 2003-04) 0.61 1.02 0.75  0.80 -0.75  0.70
CGR (2004-05 to 2013-14) 2.24 4.03 2.75 3.00 4.47 3.10

Table 8. Foodgrains Production in India, 1950-1951 to 2013-2014

(Million tonnes)

Source: Reserve Bank of India & Ministry of Consumer Affairs, Food & Public Distribution, Govt. of India. 

Commodity/Year 2019-20 2020-21 2021-22 2022-23 2023-24 2024-25 2025-26

Total cereals 249.23 252.33 255.43 258.53 261.63 264.73 267.83

Rice 110.93 112.28 113.63 114.98 116.33 117.68 119.03

Wheat 98.19 99.65 101.11 102.57 104.03 105.49 106.95

Coarse Cereals 40.12 40.41 40.70 40.99 41.28 41.57 41.86

Pulses 21.08 21.32 21.56 21.80 22.04 22.28 22.52

Total foodgrains 270.31 273.65 276.99 280.33 283.67 287.01 290.35

Table 9. Projections for Supply (Production) of foodgrains in India (2019-20 to 2025-26)

(Million tonnes)

Source: Authors calculations.

Mittal, 2006; Amarasinghe Shah & Singh, 2007). An 
empirical study on the kinetics of supply and demand of 
foodgrains is useful for our country from the point of 
view of food security, and also assisted policymakers 
regarding the present situation and served future 
directions of food self-sufficiency. The study estimated 
the demand and supply of foodgrains and carried out the 
projections for different scenarios of economic growth 
rates (6 to 9 percent). The results of food demand 
predictions corresponding to the four scenarios were 
assessed for the supply-demand balance for the 
foodgrains in India. The results suggested that the 
demand for foodgrains would be met with a surplus in 
future under the scenario of 6, 7 and 8 percent of 
economic growth and with a very marginal surplus under 
a scenario of 9 percent of economic growth (Table 10). 
However, it was highly likely that the pulse grains would 
be short in supply of demand in the coming years under 
third and fourth scenarios (8 and 9 percent economic 
growth rates) of the study. Therefore, the policies that can 
help in maintaining the growth in the long-run are needed 
that would be able to keep a balance between domestic 
production and demand for pulses and total foodgrains. A 
comparison of the supply-demand gap of foodgrains 

under different economic growth scenarios (6, 7, 8 and 9 
percent) in India from 2019-20 to 2025-26 (Figure 1) 
revealed that the surplus in supply and demand of 
foodgrains declined as economy advances at much 
higher growth rates.

The surplus in 2019-20 expected to decline from 
15.96 million tonnes in the first scenario to10.13, 5.24 and 
0.23 million tonnes in the second, third and fourth 
scenario respectively. Likewise in 2025-26 surpluses in 
foodgrains declined from 21.39 million tonnes in the first 
scenario to 15.24, 10.08 and 4.79 million tonnes in the 
second, third and fourth scenario respectively. Hence, the 
results of the study suggested a comfortable position to 
food security in India if growth rate experienced in the 
domestic production of foodgrains is higher than the 
increase in population and growth of indirect demand. If 
not, it could create serious imbalances between domestic 
production and demand, which for some time could be 
met by liquidating stock and cutting export. But if the 
growth rate in domestic production of foodgrain fails to 
rise to the required level, it would result in a decline in 
export of rice and eventually leads to increased 
dependence on import of wheat, rice and pulses for 
meeting domestic demand for foodgrains (Chand, 2009). 
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Commodity/Year Supply-demand gaps 

2019-20 2020-21 2021-22 2022-23 2023-24 2024-25 2025-26

Total cereals 14.36 15.02 15.77 16.58 17.45 18.41 19.48

Pulses 1.60 1.64 1.69 1.73 1.79 1.85 1.92

Foodgrain 15.96 16.66 17.46 18.31 19.24 20.26 21.40

Total cereals 9.33 9.95 10.65 11.41 12.24 13.15 14.18

Pulses 0.80 0.83 0.86 0.90 0.95 1.00 1.07

Foodgrain 10.13 10.78 11.51 12.31 13.19 14.15 15.25

Total cereals 5.28 5.85 6.52 7.24 8.03 8.91 9.90

Pulses -0.04 -0.02 0.00 0.04 0.08 0.12 0.18

Foodgrain 5.24 5.83 6.52 7.28 8.11 9.03 10.08

Scenario I (6 percent)

Scenario II  (7 percent)

Scenario III (8 percent)

Scenario IV (9 percent)

Total cereals 1.16 1.68 2.31 2.99 3.74 4.59 5.54

Pulses -0.92 -0.91 -0.89 -0.87 -0.84 -0.80 -0.75

Foodgrain 0.24 0.77 1.42 2.12 2.90 3.79 4.79

Table 10. Evaluation of supply-demand gap projections of foodgrains under different scenarios in India from 2019-20 
to 2025-26

(Million tonnes)

Source: Authors calculations.

CONCLUSIONS
Despite the fall in the per capita demand, it is evident 

that the total demand for foodgrains would increase on 
account of population growth, increasing per capita 
income, urbanization, changing tastes and consumption 
patterns. Considering the supply and demand steadiness 
for total foodgrains in future, it appeared that demand 
would be met in future with a surplus of cereals and a 
marginal deficit of pulses in the scenario of optimistic 
growth rates. These figures were quite comforting for the 
period up to 2019-20 for national food security. But this 
marginal deficit and the overall ever increasing 
foodgrains demand could be met in future by the 
advancement of rural India, which further depended upon 
the development of the market infrastructure in rural 
areas. Also, in view of increasing demand of pulses in 
future, there is also a need of initiatives like a 
technological breakthrough, better management 
practices; proactive government policies like price 
support programs and procurement policies to increase 
the supply of pulses in future. For the inclusive domestic 
agricultural growth, resources should be provided for 
research and development plus, emphasis should be 
rested upon productivity improvement, public investment 
in irrigation, infrastructure development, and efficient use 
of water and plant nutrition. 
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ABSTRACT
China experienced paradigm shifts in its development strategy through trade liberalisation initiated in the late 1970s and after 
accession to WTO in 2001 and emerged as a key player in the world trade. China registered impressive export growth vis-à-vis its 
imports resulting in a fabulous trade surplus especially since 1990. This paper analyses China's export performance for the period 
1984 to 2014. Analysis revealed that China recorded quite higher export growth as compared to the world as well as selected 
developing and developed nations in the reference period. The actual growth of Chinese export was found to be higher than that of 
the potential ones. Consistent high export growth led to increasing China's presence in the markets of its export partners. Further, 
export of China is increasingly getting concentrated towards manufactured exports. Analysis of technology composition of China's 
exports portrayed a rapid shift towards technology-intensive production which was not happened in case of world exports. Based on 
empirical results and discussion, the study draws some implications for emerging countries.
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INTRODUCTION
After the initiation of economic liberalization and 

increasing integration with the world economy, China 
experienced consistent high growth and development. 
China's entry into the global market had an important 
effect on the rules of the world trading system (Bown & 
Crowley, 2010; Crowley, Song & Meng, 2016).  China 
started witnessing export-led growth in the mid-1980s, 
much inspired by the success stories of its East Asian 
neighbours. In the 1980s, two theories viz., Gradient 
theory and Great International Circulation theory 
facilitated the adoption of the export-led growth model 
(Kokko, 2002). Gradient theory divides China into three 
regions viz., eastern, central and western and assigned 
different levels of priority over the development process. 
According to this theory, the development process will be 
initiated by eastern, central and western regions will play 
their roles subsequently. China utilized this 
understanding in her Seventh Five Year Plan (1986-90) 
(Yao, 2010). Great International Circulation theory sets 
processing trade as China's long-term strategy of 

economic development. Processing trade was started in 
China right after the initiation of trade liberalisation. This 
theory proclaimed gains from processing trade and placed 
it into the national development strategy of China (Wang, 
1988).

After three decades of inward-oriented trade and 
foreign investment policies, in 1979 China witnessed a 
paradigm shift in its development strategy by shifting 
from close door to open-door market-oriented policy 
regime (World Bank, 2018). During the last 15 years, the 
country persistently, albeit gradually, liberalized its trade 
and foreign investment regime. This was accompanied by 

1 a spectacular growth in GDP and foreign trade 
(Panagariya, 1993). This happened mainly because of 
economic integration as China introduced important 
policy changes related to an external sector (trade and 
foreign investment reforms) and internal reforms 
(Caporale, Sova & Sova, 2015). As part of export 
promotion measures, the Chinese government granted 
rebates to exporters in terms of export tax and VAT rebate 
(Gourdon, Monjon, & Poncet, 2015). On account of these 



developments, China recorded high economic growth 
(average 8.5 per cent during 2000s) and high export 
growth and thereafter it joined the World Trade 
Organization (WTO, 2000). According to Adams, 
Gangnes and Shachmurove (2006), among others, 
China's competitiveness was largely driven by the easy 
availability of low-cost labour compared to advanced 
countries as well as East Asian Countries. Due to this 
comparative advantage, the country emerged as the first 
choice of international investors. It was evident as FDI 
inflows in China increased from $3.49 billion in 1980 to 
$40.71 billion in 2000 then to the US $133.70 billion in 
2016 (World Bank, 2017). A large entry of foreign 
investors contributed the expansion of industrial sector of 
the country in many ways including technology 
spillovers, transfer to managerial knowledge, and 
backward linkages with local manufacturing units in 
order to meet local content requirement set-out by the 
government, etc. (Inada, 2013).

Amongst others', export sector, was a major part of 
external sectors of China attained a place of paramount 
importance and started playing a significant role in the 
development process. Accession to the WTO allowed 
China to fully integrate into the world trade system and to 
materialize the gains of its comparative advantage. 
China's export-led growth was rooted in China's double 
transition of structural change and demographic 
transition. China achieved spectacular growth in export 
volume in the past three decades. Equally impressive was 
China's rapid upgradation of its export structure (Xu, 
2010; Caporole, Sova & Sova, 2015). Thus, the main 
change in the global arena was the emergence of China as 
an economic powerhouse (IEA, 2016). Now, China is 
known as World's manufacturing factory and emerged as 
one of the major exporter and importer in the global 
market after USA and UK; and become the second largest 
economy of the world. Over the time Chinese trade is 
expanding with a double-digit growth rate. Chinese 
imports are also rising simultaneously but the growth in 
exports was much higher than that of its imports which 
gets reflected in its trade surplus (World Bank, 2018). 
China's phenomenal export expansion was underpinned 
by a shift in the commodity composition of exports away 
from primary products towards manufacturing. The share 
of manufacturing products in China's total merchandise 
exports increased from less than 40 per cent in the late 
1970s to nearly 80 per cent in the early 1990s and to 92 per 
cent in 2005-06 (Athukorala, 2009). Given the rapid 
expansion of China's export and subsequently high 
economic growth under the liberal economic regime, it 
was critical to understand the export performance of 
China from the different perspective. Hence, the specific 
objectives of the study were to analyze the growth and 
direction of China's export and to examine the changing 
composition of China's trade vis-à-vis world trade across 
technology groups.

This paper was organised into four sections including 

the introduction. Section II explains issues pertaining to 
data and methodology used for empirical analysis. 
Sections III presents results and discussions pertaining to 
China's export performance since 1984. Paper ends with 
major conclusions and draws some policy lessons from 
other countries which were trying hard to get a foothold in 
the world market.  
METHODOLOGY

This study was based on secondary data and covers 
the period of three decades (1984 to 2014). During this 
period, the Chinese economy experienced various 
internal and external changes which would contribute to 
China's export performance. Chinese export performance 
was analyzed on five-time points viz., 1984, 1994, 2001, 
2007 and 2014. Prior to the late 1970s, China's 
commodity trade was determined almost entirely by 
economic planning. The system of physical planning of 
foreign trade, responsible for a relatively irrational 
pattern of exports, was gradually dismantled in the 1980s 
and by the end of the 1990s largely abandoned (Lardy, 
2003). Therefore, 1984 was taken for highlighting the 
state of China's export in the early years of economic 
reforms. As WTO came into existence in 1994, so this 
year was to capture China's export performance at the 
time of WTO establishment. By the time China entered 
the World Trade Organization in 2001, the import regime 
was almost entirely transformed far-reaching on the 
export side (Lardy, 2003). For having the impact of these 
transformations on China's exports and for highlighting 
the status of export sector of China at the time of its 
accession to the WTO, third-time point 2001 was taken 
into account. It also helped to explain the country export 
performance during 1994-2001, that is, under a new 
economic order created with the establishment of WTO; 
however, China was not a part of new trade system till 
2001. Global Financial crisis, which outburst in July 
2007-08 exhibited a significant impact on China's 
external sector (Helleiner, 2011). Hence, the fourth-time 
point was taken to highlight the status of Chinese export 
performance in the context of global financial crisis; and 
lastly, 2014 was selected according to the latest 
availability of the data on exports and other economic 
indicators of China and other countries selected for 
comparison.     

This study was based on secondary data which were 
mainly obtained from the World Development Indicators 
(WDI) published by the World Bank (WB); International 
Financial Statistics (IFS) and Direction of Trade Statistics 
(DOTS) brought out by the International Monetary Fund 
(IMF) and UN-Comtrade Database provided by United 
Nations Organisations (UNO). 

The analysis was undertaken at the aggregate level (at 
digit I) of Standard International Trade Classification 
(SITC) Revision-1 (Appendix I). Both developed and 
developing countries accounting for more than 75 per 
cent share of China's exports were selected for 
highlighting the changing directions of China's exports. 
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Countries selected for comparison of export growth with 
China were the major growth players in the global export 
market covering more than 80 per cent of world exports 
during the reference period.
RESULTS AND DISCUSSION
China's Export Performance from 1984 to 2014

The emergence of China in the world economy was 
the key event in the recent phase of economic 
liberalisation and globalisation. It was evident as China's 
GDP remained fairly above the GDP growth of the world 
economy during the reference period (Table 1). During 
1984 to 2014, the average GDP growth of China was 9.92 
per cent whereas the world economy grew at the rate of 
2.87 per cent.  The highest growth was registered during 
the period 2002-07 i.e. after WTO accession and before 
the incidence of the global slowdown. In the following 
years, mild downfall in the growth of China was recorded 
which could be due to the global financial crisis of 2008. 
The high growth of China since the early 1980s led to an 
improvement of its share in world GDP as China was 
accounted for 1.77 per cent of world GDP during 1984 to 
1994 which increased to 11.04 per cent during 2008-2014. 
It was recorded as high as $ 23714 during 2008-2014.  

Highest growth of merchandise trade was noticed 
during 2002-07. In the period (2002-07), China's trade of 
merchandise grew at 28.05 per cent per annum whereas 
world trade of merchandise grew at 16.64 per cent in the 
same period. Interestingly, China's exports experienced 
phenomenal growth during the period under study. It was 
recorded at the highest of 30.16 per cent during 2002-
2007 and 17.33 per cent during 1984-2014. The rate of 
export growth was recorded much higher than that of its 
import growth throughout the reference period. 
Comparing the growth of China's GDP, exports, imports 
and trade with that of the world, it appeared that China 
outperformed the world economy both in GDP and trade 
growth. Moreover, the export growth rate of China was 

recorded quite higher than that of import growth resulting 
ever increasing trade balance during the study period 
(Table 1).

China's share in world GDP, exports, imports and 
total trade during the reference period is presented in 
Figure 1. China's share in world GDP reached 1 per cent in 
1984 to above10 per cent in 2014. Similarly, its share in 
world trade, exports and imports recorded a phenomenal 
increase since 1984. It was evident as Chinese accounted 
for less than 2 per cent of world exports in 1984 which 
increased to 12 per cent in 2014. Besides, China's also 
witnessed a remarkable increase in others indicators. 
Phenomenal export performance of China could be an 

ioutcome of twin changes: China's double transition  and 
its full integration into the world system world economy. 
It was argued that export-led growth of China may 
continue for another 10 to 15 years before it finishes the 
double transition in demography and industrialization 
(Yao, 2010). 

Depicting the export growth of China viz-a-viz 
selected developed and developing countries during 
1984-2014, the result presented in Table 2 and 3 revealed 
China's exceptional growth performance of exports. 
Export growth of China was found to be highest as 
compared to all the selected developing countries as well 
as developed countries. It remained considerably higher 
than the growth of world exports during the same period. 
Analysis of export growth affirmed that China 
outperformed the majority of its counterparts in 
developing and developed countries. Interesting point 
was that export growth of China remained highest in the 
sub-period (2002-2007) due to China's access to large 
world market which to some extent was restricted before 
its accession to WTO. Given its comparative advantage 
(or competitive edge), China efficiently catered the 
expanding world market, especially in the emerging 
countries. Further, it was a phase when a large number of 

Period/
Sub-periods 

GDP Exports Imports Total trade China's
balance of 
trade (+/-)

World China World China World China World China

1984-1994 324286 5864 37113 656.44 38713 688.32 75825 1345 -32
[3.01] [9.58] [9.14] [16.97] [8.78] [13.27] [8.96] [14.98]

1995-2001 225129 7067 38625 1378 39625 1188 78249 2566 190
[3.24] [8.42] [3.55] [10.56] [3.97] [11.12] [3.76] [10.82]

2002-2007 320335 14857 58285 4307 60243 3677 118528 7985 630
[3.76] [11.57] [16.72] [30.16] [16.76] [25.64] [16.74] [28.05]

2008-2014 379574 29543 115194 12713 118062 11001 233255 23714 1712
[2.28] [8.73] [5.37] [11.17] [5.12] [12.28] [5.24] [11.67]

1984-2014 1319393 58082 249216 19120 256642 16617 505858 35736 2503
[2.87] [9.92] [8.34] [17.33] [8.25] [15.97] [8.30] [16.64]

Table 1. Trends in national income and merchandise trade in China, 1984 to 2014
(US $ Billions)

Source: Authors' calculations based on WDI, WB; IFS-IMF and DOTS-IMF databases Figures in parentheses are Average Annual Growth Rates 
(AAGR) during the respective period/sub-periods.
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leading international firms shifted their production base 
in China on account of the high and rising manufacturing 
cost in advanced countries. Accordingly, the share of 
international firms in China's manufacturing exports 
reached above 55 per cent in the recent years 
(Chandrasekhar, 2013). Table 3 also revealed that with the 
onset of 2008 crisis, China witnessed deceleration in its 

export growth from double-digit during 1984 to 2007 to 
single 9.79 per cent in the following years (2008 to 2014). 
These findings were in consonance with Li, Dunford and 
Yeung (2012). Moreover, trends in changing the share of 
selected developing and developed countries in world 
exports highlighted far better performance of China's 
exports in the global export market.

Country name Export growth (in %) Share in world exports

1984-
2014

1984-
2001

2002-
2014

1984-
1994

1995-
2001

2002-
2007

2008-
2014

1984 1994 2001 2007 2014

China 15.46 14.54 12.84 13.67 15.09 21.78 9.79 1.38 2.91 4.44 8.92 12.76
Australia 6.84 5.87 9.19 5.41 6.07 10.09 5.99 1.32 1.14 1.05 1.04 1.31
Austria 6.54 7.77 2.06 8.13 8.05 7.19 0.62 0.87 1.08 1.18 1.20 0.97
Belgium 5.86 6.97 2.17 7.52 5.36 7.14 0.72 2.87 3.51 3.13 3.16 2.57
Canada 4.56 6.34 0.91 3.02 10.6 4.16 2.43 5.00 3.88 4.35 3.08 2.58
Denmark 4.78 6.03 1.21 6.8 5.5 5.47 -0.38 0.88 0.96 0.85 0.76 0.60
Germany 5.39 5.71 2.86 6.19 6.08 8.27 1.29 9.51 10.13 9.49 9.69 8.13
Ireland 7.49 12.66 -1.53 10.29 16.67 -0.51 -1.9 0.53 0.82 1.38 0.89 0.65
Japan 3.18 4.87 0.54 5.67 4.15 3.96 -0.97 9.41 9.51 6.71 5.23 3.76
Italy 6.35 7.27 5.21 10.1 0.21 13.47 1.78 4.06 4.56 4.00 3.66 2.88
Netherlands 6.74 6.51 4.39 5.56 10.03 9.71 1.92 3.64 3.51 3.84 4.04 3.66
New Zealand 4.9 4.66 5.04 4.89 2.55 5.61 6.23 0.30 0.29 0.22 0.20 0.23
Norway 6.44 6.02 3.62 4.4 9.00 11.17 -0.66 1.05 0.83 0.96 1.00 0.77
Poland 10.26 6.22 9.68 0.07 11.58 19.37 5 0.65 0.41 0.60 1.03 1.20
Portugal 6.09 8.43 3.11 11.02 4.38 7.06 3.03 0.29 0.43 0.40 0.38 0.35
Russian Fed. 8.51 4.27 9.55 -1.2 5.72 19.98 5.35 2.24 1.52 1.37 2.58 2.71
Spain 7.43 9.5 3.65 9.86 6.49 7.26 3.2 1.31 1.76 1.81 1.85 1.76
Sweden 4.72 6.23 1.25 4.16 4.28 7.1 -0.39 1.49 1.37 1.30 1.24 0.89
Switzerland 5.84 5.51 7.35 7.23 4.5 5.59 10.91 1.43 1.70 1.36 1.26 1.30
U K 3.87 5.95 0.82 5.29 5.94 4.01 2.93 5.20 4.91 4.47 3.25 2.75
United States 5.11 7.6 3.77 7.18 8.32 4.19 4.77 12.08 12.32 12.16 8.52 8.82
World 6.62 7.01 5.16 6.05 7.79 9.2 4.07 100 100 100 100 100

Table 2. Export growth and share in world export of China viz-a-viz selected developed countries, 1984-2014 
(Percent)

Source: Authors' calculations based UN-Comtrade data and Direction of Trade Statistics, IMF. 
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Figure 1. Growing importance of China in the world economy during 1984-2014  

Source: Authors' calculations based UN-Comtrade data.
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Country Export growth (Percent) Share in world exports

1984-
2014

1984-
2001

2002-
14

1984-
1994

1995-
2001

2002-
2007

2008-
2014

1984 1994 2001 2007 2014

Bangladesh 10.77 11.34 10.74 8.54 16.26 11.77 12.65 0.05 0.06 0.10 0.09 0.15
Brazil 7.05 4.76 7.93 2.49 8.06 13.84 4.25 1.50 1.05 0.98 1.15 1.23
Hong Kong 7.23 11.87 3.24 16.23 5.68 4.48 4.79 1.57 3.65 3.16 2.53 2.58
China 15.46 14.54 12.84 13.67 15.09 21.78 9.79 1.38 2.91 4.44 8.92 12.76
Egypt 8.65 3.67 12.85 1.55 10.32 20.39 0.56 0.17 0.08 0.07 0.12 0.15
India 11.79 10.01 13.37 9.02 10.37 17.15 11.21 0.46 0.58 0.72 1.13 1.73
Indonesia 7.08 7.69 7.43 6.02 7.83 8.36 5.47 1.21 0.96 0.94 0.84 0.96
Iran 7.03 3.44 7.42 3.26 9.15 24.01 -3.65 0.84 0.47 0.40 0.65 0.47
Iraq 10.44 -5.41 17.84 -33.52 96.45 26.19 10.83 0.52 0.01 0.18 0.26 0.43
Korea, DPR 3.34 0.8 9.04 -0.25 4.73 6.28 12.81 0.04 0.02 0.02 0.01 0.02
Korea, RP 8.63 10.14 6.84 10.09 7.32 10.45 5.85 1.62 2.44 2.50 2.72 3.12
Malaysia 8.41 12.4 3.87 12.02 8.12 6.58 3.69 0.92 1.41 1.47 1.29 1.28
Maldives 6.22 7.31 2.64 7.31 10.6 3.24 5.99 0.00 0.00 0.00 0.00 0.00
Mexico 10.02 14.68 4.12 9.25 17.46 4.89 6.66 1.35 1.46 2.64 1.99 2.16
Myanmar 13.55 14.84 11.49 11.64 18.98 6.29 18.96 0.02 0.02 0.05 0.04 0.12
Nepal 5.64 10.69 -1.45 11.52 21.36 1.05 0.75 0.00 0.01 0.01 0.01 0.00
Pakistan 5.9 6.8 4.35 8.61 5.26 6.1 4.68 0.14 0.18 0.15 0.14 0.15
Saudi Ar. 8.22 5.12 10.02 3.78 8.35 19.66 6.66 2.08 1.03 1.13 1.53 1.81
Singapore 8.67 11.49 5.82 12.84 4.83 11.34 4.47 1.34 2.33 2.03 2.19 2.23
Sri Lanka 6.38 9.55 3.89 7.32 8.76 4.43 3.59 0.08 0.08 0.08 0.06 0.06
Thailand 10.11 14.34 6.78 18.54 6.78 9.84 4.9 0.41 1.11 1.08 1.13 1.23
Turkey 9.92 8.42 7.97 6.48 9.79 15.51 4.63 0.40 0.44 0.52 0.78 0.86
UAE 9.91 5.81 12.87 3.72 12.42 21.71 9.52 0.79 0.52 0.66 1.00 1.41
World 6.62 7.01 5.16 6.05 7.79 9.2 4.07 100 100 100 100 100

Table 3. Export growth and share in world export of China viz-a-viz selected developing countries during 1981-2014
(Percentages)

Source: Authors' calculations based UN-Comtrade data and Direction of Trade Statistics, IMF. 

Commodity 
Code

1984 1994 2001 2007 2014

Amount Share Amount Share Amount Share Amount Share Amount Share

SITC-0 3.09 12.41 9.99 8.26 12.77 4.80 30.70 2.52 58.84 2.51

SITC-1 0.11 0.42 1.00 0.83 0.87 0.33 1.40 0.11 2.88 0.12

SITC-2 2.28 9.18 4.03 3.33 4.06 1.53 9.00 0.74 15.19 0.65

SITC-3 5.73 23.02 4.06 3.35 8.4 3.16 20.60 1.69 34.17 1.46

SITC-4 0.14 0.55 0.5 0.41 0.11 0.04 0.31 0.03 0.68 0.03

SITC-5 1.3 5.23 6.26 5.18 13.37 5.02 60.40 4.95 134.49 5.74

SITC-6 4.8 19.30 23.65 19.55 44.21 16.61 220.00 18.03 401.97 17.16

SITC-7 1.43 5.74 20.25 16.73 86.97 32.68 555.00 45.51 1054.64 45.03

SITC-8 4.48 18.00 50.91 42.07 94.74 35.60 320.00 26.25 637.14 27.20

SITC-9 1.53 6.14 0.36 0.30 0.6 0.22 2.23 0.18 2.34 0.10

Total 24.88 100 121.01 100 266.1 100 1220.00 100 2342.34 100

Table 4. Commodity composition of China's exports, 1984 to 2014
(Values in US $ billions, Share in per cent)

Source: Authors' calculations based UN-Comtrade data.
*See Appendix I for commodity codes

The perusal of Table 4 revealed the changing 
commodity composition of Chinese exports during the 
period 1984 to 2014. It was interesting to note that product 
groups including machinery and transport equipment 

(SITC-7) and miscellaneous manufactured articles 
(SITC-8) registered an increase in their export shares. The 
combined share of these two product categories in China's 
total exports increased from less than 24 per cent in 1984 

424

Indian J Econ Dev 14(3): 2018 (July-September)



to 72.23 in 2014. Alternatively, the combined share of 
machinery and transport equipment (SITC-7) and 
miscellaneous manufactured Articles (SITC-8) in total 
China's exports increased more almost 3.5 times during 
the reference period. 

The sharp increase in the export shares of product 
groups SITC-7 and 8 was mainly compensated by 
corresponding decline recorded in other products in 
China's export basket especially food and live animals 
(SITC-0), Crude materials, inedible, except fuels (SITC-
2), mineral fuels, lubricants and related materials (SITC-
3) and commodities and transactions not classified by 
kind (SITC-9) (Table 5). The share of product groups such 
as food and live animals (SITC-0), crude materials, 
inedible, except fuels (SITC-2), mineral fuels, lubricants 
and related materials (SITC-3) and commodities and 
transactions not classified by kind (SITC-9) were 12.41, 
9.18, 23.02, and 6.14 percent in 1984 which reduced to 
2.51, 0.21, 1.46, and 0.10 percent in 2014, respectively. 

Two important points emerged from these findings. 
Firstly, China was becoming specialized in some specific 
kind of products. Secondly, China's was not equally 
competitive in all kind of commodities exported in the 
world market. It was evident as the importance of some 
dominant products in China's export basket in the 1980s 
declined overtime whereas some new products increased 
in the reference period. It implied that commodity 
composition in an export basket under globalization 
changed a lot according to the relative competency of the 
exporting country vis-à-vis its counterparts.

The commodity wise export performance of China in 
world export market during 1984-2004 is presented in 
Table 5. Out of ten product groups, seven registered an 
increase in their share of world exports. The rise was not 
uniform across all the seven product groups as evident 

Commodity 
Code

1984 2014 AIE PIE AIE/PIE

World China Per cent World China Per cent

S1TC-0 150.60 3.09 2.05 1043.18 58.84 5.65 55.75 21.39 2.61
S1TC-1 16.58 0.11 0.63 136.00 2.88 2.12 2.77 0.86 3.24
S1TC-2 95.45 2.28 2.39 613.17 15.19 2.48 12.91 14.65 0.88
S1TC-3 237.32 5.73 2.42 1685.00 34.17 2.04 28.44 40.78 0.70
S1TC-4 13.44 0.14 1.02 68.18 0.68 0.99 0.54 0.70 0.77
S1TC-5 142.58 1.3 0.91 1784.94 134.49 7.53 133.19 16.24 8.20
S1TC-6 260.56 4.8 1.84 2026.75 401.97 19.8 397.17 37.29 10.65
S1TC-7 515.72 1.43 0.28 5574.58 1054.64 18.85 1053.21 15.61 67.48
S1TC-8 160.60 4.48 2.78 1979.80 637.14 32.17 632.66 55.04 11.49
S1TC-9 38.94 1.53 3.93 496.23 2.34 0.47 0.81 19.50 0.04
Total 1631.81 24.88 1.52 15407.83 2342.34 15.18 2317.46 234.20 9.90

Table 5. Commodity-wise export performance of China's Exports in the world export market, 1984 to 2014 

Source: Authors' calculations based UN-Comtrade data.
?AIE= Actual increase in exports. In simple words, it is an actual increase in the value of exports over the time It is obtained by subtracting focus 

country's export value in the current period (say 2014) from focus country's export value in the previous period (say 1984).
?PIE = Potential Increase in exports. In other words, it was an increase in the focus country's export value during a specified period, given a focus 

country's constant share in world exports. It was calculated by multiplying relative share of focus country (say China) in the previous period (say 
1984) with the value of an export value of world exports in the current period (say 2014).

from rapid increases in the case of product groups 
including chemicals (SITC-5), Manufactures goods 
classified chiefly by material (SITC-6), machinery and 
transport Equipment (SITC-7) and miscellaneous 
manufactured articles (SITC-8).

The moderate expansions were noticed in the case of 
three product groups such as food and live animals (SITC-
0), beverages and tobacco (SITC-1) and crude materials, 
inedible, except fuels (SITC-2). Conversely, a sharp 
decline was recorded in case of remaining three product 
groups namely mineral fuels, lubricants and related 
materials (SITC-3), animal and vegetable oils and fats 
(SITC-4) and commodities and transactions not classified 
by kind (SITC-9) during the period under reference. The 
analysis further highlights that the actual increase in 
China's exports was found higher than their potential 
growth in the case of all the commodity groups. Ratio of 
actual increase in exports to potential increase in exports 
was slightly higher in the case of commodity groups such 
as mineral fuels, lubricants and related materials (SITC-
3) and commodities and transactions not classified by 
kind (SITC-9) whereas it remained remarkably high in 
case of product groups such as manufactures goods 
classified chiefly by material (SITC-6), machinery and 
transport equipment (SITC-7) and miscellaneous 
manufactured articles (SITC-8). The outstanding export 
performance of China as well attributed to its actual 
increase in exports. 

The perusal of Table 6 showed trends in the market 
composition of Chinese exports and revealed that share of 
selected developing countries in China's export earnings 
slightly increased from 33.18 to 33.76 per cent in 1994, 
however it was declining since 1994. Export destination 
namely Hong Kong and Singapore experienced a 
dramatic decline in their relative contribution to China's 
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exports during the study period, however, it was quite 
moderate in the case of Brazil. There was a moderate rise 
in the relative share of countries namely India, Jordan, 
Korea, and Syria. Noticeably, Vietnam registered a sharp 
rise in its share in China's exports. On the other hand, 
developed countries recorded a rapid increase in the 
relative share in China's exports, but the increase 
witnessed after 2001 was higher as compared to an earlier 
period.  Except for Japan, all other developed countries 
recorded a rapid increase in their share in China's exports 
during the period under consideration. Noticeably, 
Chinese export recorded a rapid rise in the relative share 
of the USA in its export earnings from 1984 to 2001, 
however, it experienced a slight decline since then. Very 
interestingly, the share of other countries registered a 
tremendous rise in China's export earnings during the 
reference period especially after China's accession to 
WTO. Two important points emerged from this 
discussion were China's exports towards developed 
countries increased quite rapidly, whereas its exports to 
selected developing countries declined at moderate. The 
decline was compensated by the sharp rise in the share of 
new export destinations, and increasing share of other 
countries revealed diversification of their market 
distribution of Chinese exports during the study period.  

China's export destinations in the period under 
consideration are highlighted in Table 7. Imports from 
China of selected developing and developed countries 
registered manifold increase in their share over the period 

Export destinations 1984 1994 2001 2007 2014

Value Share Value Share Value Share Value Share Value Share

Brazil 0.38 1.54 0.36 0.30 1.35 0.51 11.40 0.93 34.88 1.49
Hong Kong 6.59 26.49 32.36 26.74 46.54 17.49 184.44 15.12 363.09 15.50
India 0.04 0.15 0.57 0.47 1.90 0.71 24.05 1.97 54.22 2.31
Jordan 0.00 0.00 0.09 0.07 0.23 0.08 1.11 0.09 3.36 0.14
Korea, PR 0.00 0.00 4.40 3.64 12.52 4.70 56.43 4.63 100.33 4.28
Singapore 1.24 5.00 2.56 2.11 5.79 2.18 29.95 2.45 48.91 2.09
Syria 0.00 0.00 0.17 0.14 0.22 0.08 1.89 0.16 0.98 0.04
Viet Nam 0.00 0.00 0.34 0.28 1.80 0.68 11.89 0.97 63.73 2.72
Sub Total 8.25 33.18 40.86 33.76 70.34 26.44 321.17 26.32 669.51 28.58
Germany 0.77 3.09 4.76 3.93 9.75 3.66 48.74 4.00 72.70 3.10
Italy 0.30 1.22 1.59 1.31 3.99 1.50 21.19 1.74 28.76 1.23
Japan 5.12 20.57 21.58 17.83 44.94 16.89 102.06 8.37 149.41 6.38
Netherlands 0.32 1.28 2.27 1.87 7.28 2.74 41.42 3.40 64.93 2.77
Russian Fed 0.59 2.38 1.58 1.31 2.71 1.02 28.53 2.34 53.68 2.29
UK 0.33 1.33 2.41 1.99 6.78 2.55 31.67 2.60 57.14 2.44
USA 2.30 9.26 21.47 17.75 54.36 20.43 233.17 19.11 397.10 16.95
Sub Total 9.73 39.12 55.67 46.00 129.81 48.78 506.78 41.54 823.72 35.17

Others 
Total 

6.89 27.70 24.49 20.24 65.95 24.78 392.11 32.14 849.11 36.25
24.87 100 121.01 100 266.10 100 1220.06 100 2342.34 100
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Table 6. Market distribution of China's exports during the period from 1984 to 2014 
(Values in US $ billions, Share in per cent)

Source: Authors' calculations based UN-Comtrade data.
Values in parentheses are the percentages from the total.

under study. Thus it was held that China's existence in the 
market of selected developing and developed countries 
increased rapidly during the reference period and it 
became a major exporter to the selected countries 
constituting the double-digit share of their import bill 
ranged from 7.09 per cent in the case Italy to 47.08 per 
cent in the case of Hong Kong. In 1984, China's share in 
the imports of selected markets was not more than 5 per 
cent except Hong Kong. The actual increase in imports 
was found to be much higher than that of the potential 
increase in imports from China of all the selected 
importers.

The changing composition of China's exports across 
different technology levels for the period 1994 to 2014 is 
presented in Table 8. It appeared that China's exports 
shifted towards technology-intensive products. It was 
evident as the share of the resource base and low 
technology exports declined from 10.78 and 58.28 per 
cent respectively in 1994 to 8.54 and 34.12 per cent in 
2014. The declining export share of these two technology 
groups was offset by the mounting share of medium and 
high technology exports in China's total exports during 
the reference period. The combined share of medium and 
high technology exports was just around 31 per cent in 
1994 which stood at 57.34 per cent in 2014. However, the 
share of world exports across different technology groups 
did not change much over the years as it happened in case 
of China. Unlike China, the combined share of medium 
and high technology exports declined during the 
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Countries 1984 2014 AIE PIE AIE/PIE

Imports 
from 
world

Imports 
from 

China

Share Imports 
from 
world

Imports 
from 

China

Share

D
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ie
s Brazil 15.21 0.43 2.85 229.06 37.34 16.3 36.91 6.53 5.65

India 14.41 0.06 0.42 428.33 58.2 13.59 58.14 1.80 32.32
Hong Kong 28.57 7.13 24.96 544.93 256.54 47.08 249.41 136.01 1.83
Jordan* 2.69 0.03 0.95 22.2 2.39 10.78 2.36 0.21 11.19
Korea 61.34 1.33 2.16 524.2 90.05 17.18 88.72 11.32 7.84
Syria 4.12 0.00 0.09 17.56 1.55 8.8 1.55 0.02 98.08
Singapore 28.66 1.35 4.72 364.23 44.37 12.18 43.02 17.19 2.50
Viet Nam* 11.57 0.4 3.5 147.72 43.65 29.55 43.25 5.17 8.37
Germany* 387.77 6.98 1.8 1209.67 107.49 8.89 100.51 21.77 4.62
Italy 81.97 0.43 0.53 469.17 33.26 7.09 32.83 2.49 13.20
Japan 134.26 5.96 4.44 811.41 181.29 22.34 175.33 36.03 4.87
Netherlands 62.14 0.16 0.26 507.23 46.71 9.21 46.55 1.32 35.30
Russian Fed* 61.15 1.00 1.64 286.51 50.85 17.75 49.85 4.70 10.61
USA 105.69 0.37 0.35 673.47 64.12 9.52 63.75 2.36 27.05
UK 338.19 3.38 1.00 2396.35 486.29 20.29 482.91 23.96 20.15
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Table 7. Export performance of China in some selective markets (in terms of imports from China ) during 1984 to 2014 
(Values in US $ billions, Share in percent)

Source: Authors' calculations based UN-Comtrade data.
AIE = Actual increase in exports; PIE= Potential Increase in exports. 
* Data of these markets were not available for 1984 or 2014. Thus, the data of latest available years were used for analysis. 

Technology group 1994 2001 2007 2014

The composition of China's exports 

Resource base 10.78 9.27 8.06 8.54

Low technology 58.28 43.38 33.59 34.12

Medium-technology 20.89 24.64 27.14 27.88

High technology 10.05 22.71 31.21 29.46

Total 100.00 100.00 100.00 100.00

The composition of World exports

Resource base 18.15 17.29 20.10 22.27

Low technology 20.81 18.91 18.3 18.22

Medium-technology 41.03 39.03 39.28 37.37

High technology 20.01 24.77 22.32 22.14

Total 100.00 100.00 100.00 100.00

China's share in World

Resource base 1.84 2.64 4.31 6.01

Low technology 8.67 11.3 19.71 29.36

Medium-technology 1.58 3.11 7.42 11.7

High technology 1.55 4.52 15.02 20.87

Per cent of total world 
exports

3.10 4.93 10.74 15.68

Table 8. Technology-wise trends in China's exports
(Percentage share)  

Source: UN Comtrade.
Technology classification is drawn from UNIDO (2015).

reference period whereas the share of resource base 
exports recorded marginal decline during 1994 to 2014. 
Alternatively, the combined share of the resource base 
and low technology in total world trade has gone up from 
38.96 to 40.49 per cent from 1994 to 2014. Across 
technology groups, the share of low and medium 
technology exports in the world exports declined by 3.66 
and 2.59 percentage points respectively from 1994 to 
2014. Whereas, the increase reported in the case of the 
resource base and high technology exports were 4.12 and 
2.13 percentage points respectively during the reference 
period. It appeared that the world's resource base exports 
were still accounting for more than one-fifth of the world 
whereas in the case of China it declined to one-tenth 
(Table 8). The changes in China's export composition 
were also get reflected in its share in the world exports. 
For instance, China accounted for around 21 and 12 per 
cent of the world's high and medium technology exports 
respectively in 2014 as against its share of 1.55 and 1.58 
per cent respectively in 1994. Not only this, the share of 
China in total world export went up from 3.10 to 10.74 per 
cent from 1994 to 2007 and then at 15.68 per cent in 2014.

Two important points emerged were the increase 
recorded in high technology exports, both within China's 
total exports as well as its share in the world exports, was 
sharper as compared to increase observed in medium 
technology exports during 1994 to 2014.  It suggested that 
China's success in the international market was not 
determined by the national resource endowment rather it 
was the technology edge which strengthened the 

competitiveness of the country and enabled it to 
manufacture and sell its products at competitive prices.  
Moreover, the rapid increase in China's high technology 
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iThe high economic growth and subsequent rise in income caused a sharp rise in China's imports in the early 1980s. To restrict imports, the government 
of China increased tariff and non-tariff barriers in the initial years of the 1980s. With the passage of time, the country removed these restricts and 
provided a business-friendly environment to foreign firms (Fung, Lizaka and Tong, 2004; Caporale, Sova and Sova, 2015). 
iiChina's double transition refers to double-digit growth rates experienced by China since the beginning of economic reforms in 1978. These reforms 
resulted in the transformation of the Chinese economy from a planned to mixed one where market plays the dominant role in resource allocation. 
iiiProduce the lacuna in the model used since the data compared over time.
iv In Table 7, export performance of China was analysed using data of imports from world and China of selected countries.

exports as compared to the world indicated that 
technological advancement in case of China not only 
happened at a faster pace but also remained above the 
average change witnessed by the world during 1994 to 
2014.  
CONCLUSIONS 

The resent study examined China's export 
performance and technology wise distribution of export 
during the period 1984-2014. The findings revealed that 
China export performance remained remarkably well 
throughout the reference period.  Export growth of China 
was found fairly higher than that of world exports as well 
as its counterparts in developing and developed 
countries. Its share in world exports increased to 12.72 
per cent in 2014 from 1.38 per cent in 1984. The exports 
growth of China remained considerably higher than the 
growth recorded in other indicators such as GDP, imports 
and total trade during the reference period. Compared to 
other sub-periods, exports growth of China were very 
high from 2002 to 2007. It implied that the country 
successfully materialized the benefits of its accession in 
WTO in 2001. 

The shift in commodity composition was observed in 
China's export basket. Seven out of ten broad product 
groups registered outstanding exports performance in 
world export market. However, all the product groups did 
not experience expansion at an equal rate as few products 
accounted for a large share of total China's exports. It 
implied that the exports of China were getting specialized 
over the years. Evidence suggested that the market 
distribution of China's exports were diversified. China's 
presence in developed and developing countries was 
increased as the share of Chinese products in each 
selected countries'/partners' total imports moved up in the 
reference period. The technology trends of Chinese 
exports portray marvellous performance as it experienced 
an increasing share of high and medium technology 
exports. The share of high technology exports showed a 
tremendous increase especially during 1997-2007. On the 
other hand, the share of resource-based and low 
technology exports was declined over the study period. A 
further decline in the share of low technology exports was 
substantial as compared to resource-based ones. This 
made China a Model case of shifting from traditional 
resource and low technology based export structure to 
high technology manufactured one. 

However, the present study did not decompose the 
growth of China's exports. Thus, the study makes a strong 
case for decomposing China's export growth so as to 

highlight the role of world demand, commodity structure, 
market distribution and competitiveness of exports. This 
will clearly guide the emerging economies to emphasize 
on specific aspects of export performance in recent time. 
Based on the findings, it may be argued that the high 
exports growth of China under globalization was an 
outcome of its competitiveness which the country 
developed over a longer period of time through 
systematic policy intervention. It was reflected in terms of 
growing share of technology-intensive products in total 
exports of China.  
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Commodity codes Commodity description 

SITC-0 Food and live animals
SITC-1 Beverages and tobacco 
SITC-2 Crude materials, inedible,  except fuels 
SITC-3 Mineral fuels, lubricants and related materials 
SITC-4 Animal and vegetable oils and fats 
SITC-5 Chemicals 
SITC-6 Manufactures goods classified chiefly by material 
SITC-7 Machinery and transport  equipment 
SITC-8 Miscellaneous manufactured articles 
SITC-9 Commodities and transactions not classified by kind 

Appendix I. Commodity description as per SITC Revision 1 at digit 1 level
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ABSTRACT
Estimation of cost of equity and expected return in financial decision-making are gaining momentum in recent days. This study 
analyses FAMA French Three Factor model and Capital asset pricing model in Indian stock market. To maximize share price, the 
financial manager must learn to assess two key determinants viz., risk and return. Each financial decision presents certain risk and 
return characteristics, and the unique combination of these characteristics has an impact on share price. The risk and return of 
single asset was discussed using CAPM and FAMA French Three factor model. The objectives of the study included, measuring and 
analysing the performance of the stock using FAMA French three factor model and capital asset pricing model. This study was done 
for the Indian Stock market by choosing the first leading stock market Bombay Stock Exchange as the sample. The index selected for 
the study was S&P BSE 200, and only 120 companies were selected as the sample for conducting the study. CAPM being single 
factor model gave only 7.5percent significant result to the single asset. This showed that market return alone cannot determine the 
risk and return of the company stock. The predictability of the variables of FAMA French Three Factor model namely market return, 
size (SMB) and value (HML) factors are also tested in this study. The result showed that about 58.3 percent of company stocks 
showed significant results towards SMB and 52.5 percent of company stocks are showing significant results towards HML.  Hence, 
the findings were generally supportive of the FAMA French model applied to Indian equities.

Keywords
Equity, financial decision, index, model, risk, stock market.
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INTRODUCTION
Indian economy was protected by measures like 

licensing system, high tariffs and rates, limited 
investment in core sectors before liberalization. The 
government of India introduced economic policy in 1991 
to implement structural reforms. The financial sector at 
that time was much unstructured and its scope was limited 
only to bonds, equity, insurance, commodity markets, 
mutual and pension funds. In order to structure the 
security market, a regulatory authority named as SEBI 
(Security Exchange Board of India) was introduced and 
first electronic exchange National Stock Exchange also 
set up. The purpose behind this was to regularize 
investments, mobilization of resources and provide 
credit. A stock market is a place where buyers and sellers 
of stocks come together, physically or virtually. The 

Indian stock market mainly functions on two major stock 
exchanges, the BSE (Bombay Stock Exchange) and NSE 
(National Stock Exchange). In terms of market 
capitalization, BSE and NSE have a place in top five stock 
exchanges of developing economies of the world. Study 
of stocks through various financial models was  a topic of 
interest to analysts. Several researchers immensely 
contributed in evaluating the performance of stocks from 
time to time. Investment in securities market requires the 
study of the relationship between risks and returns.  The 
price movement in the stock market was well studied by 
investors in the hopes of making profit and getting above 
average returns. Fundamental and technical analysis was 
w i d e l y  a p p l i e d  t o  d e t e r m i n e  a b o u t  t h e  
undervalued/overvalued stocks. But stock markets, being 
dynamic in nature, witnessed sea level changes over the 



time that we are able to quantify and understand to a 
degree. We often know what influences the stock market 
and the share prices but were usually unable to predict it. 
Many studies were carried out in the past for 
understanding the relationship of risk and excess return, 
share price behaviour and portfolio risk diversification.

Capital Asset Pricing Model (CAPM) as proposed by 
Sharpe and Lintner (1965) is most widely used single 
factor model to calculate the expected return for a long 
period of time. However, in recent times, the empirical 
records of the model were found to be unsatisfactory. The 
model failed to explain various stock market anomalies 
that were identified by academicians such as size effect, 
value effect, price-earning effect, cash-flow-to-price 
effect, overreaction effect and momentum effect. Such 
stock market anomalies suggested that the single market 
factor (or CAPM beta) was not found to be sufficient 
enough in explaining differences in stock returns. Hence 
the focus of academicians switched towards multifactor 
asset pricing models. Fama and French (1993) proposed a 
three-factor model that could explain various stock market 
anomalies. The rationale given by Fama and French in 
suggesting a multifactor model that was based on the 
market risk as well as the risk based on size and value for 
better estimates of returns. They proposed that the three-
factor model captures much of the variations in the stock 
returns as well as size, value, cash-flow- to-price effect and 
long-term reversal effect that were missed by traditional 
one-factor CAPM. The validity of the CAPM for the 
Bombay stock exchange was examined by Diwani (2010) 
using weekly stock returns from 28 companies listed on 
the Bombay stock exchange from November 2004 to 
October 2009 not supportive in favour of the CAPM. 
Cakici, Fabozzi and Tan (2013) replicated the work of 
Fama and French on emerging markets, stated that four 
factor models of Fama and French were better in analyzing 
portfolio return but it does not explain the momentum 
profits. The study conducted by Sehgal and Balakrishnan 
(2013) using BSE 500 companies, confirmed the size and 
value effect in India for the period 1996-2010. Rahim and 
Nor (2006) confirmed liquidity factor also constituted an 
important part of risk factor models and showed impact on 
the stock returns of the company. 

Harshita (2015) compared the performance of three 
asset pricing models, capital asset pricing Model, three 
factor models of Fama and French and five factor models 
of Fama and French on Indian stock market and 
concluded that the three factor model performs better than 
CAPM for portfolios formed on investment and the five 
factor model performs better than the other models. This 
study was undertaken to study the relation between 
average returns and firm characteristics with the 
objectives of measuring and analyzing the performance of 
Indian stocks listed on SENSEX using Capital Asset 
Pricing model and FAMA French Three factor model.
METHODOLOGY

BSE, one of the India's leading stock exchange 

groups, it serves as an effective capital-raising platform 
and S&P BSE 200 was taken as the benchmark index for 
this study. More than 5500 companies were listed in BSE. 
BSE launched various indices for providing a better 
representation of the increased equity stock and market 
capitalization for various industry groups. S&P BSE 200 
was one of the indexes which listed the equity shares of 
selected 200 companies.

S&P BSE 200, a free float market capitalization 
weighted stock market index of 200 well established and 
financially sound companies listed in BSE Limited. Out 
of the 200 listed companies, by excluding the banks and 
financial service companies a sample of 120 companies 
were selected for this study. Data from April 2011 to 
March 2016 was collected from various authenticated 
websites. Official BSE and yahoofinance websites were 
used to collect the daily returns for the stocks. 
Equitymaster.com was used to obtain the P/E ratio of the 
stocks. The implicit yields of 91-day treasury bills (T-
bills) used as risk free instrument were obtained from the 
website of Reserve Bank of India.  Brown and Warner 
(1985) suggested that the daily prices were better as 
quarterly, monthly and weekly data were not providing a 
meaningful relationship between risk and return and 
hence, daily price data were used for the study. 
Capital Asset Pricing Model

The general equation for calculating the expected 
return of stocks using CAPM is,

E(R ) = á + R  + â  (R  – R )i f 1 m f

Where,
E(R)  = Expected return of the company stocki

á = Constant
R = Risk free interest ratef 

â  = Respective stocki

R  = Market returns (S&P BSE 200 market return m

for this study)
Beta is the ratio of the expected excess return of an 

asset relative to the overall market excess return. It 
showed the extent to which the expected returns of the 
asset are sensitive to market movement. The CAPM was 
valid within a specific set of assumptions as all the 
investors are risk averter and they will maximize the 
expected utility at the end of period wealth; all the 
investors used the same information at the same time on 
expected return and covariance matrix of stock return to 
form the optimal risky portfolio; fixed risk free rate exists, 
and allowed the investor to borrow or lend unlimited 
amounts to the same interest rate; there were a definite 
number of stocks and their quantities were fixed within 
the one period world; all stocks are perfectly divisible and 
priced in a perfectly competitive market and there were no 
market imperfections (there are no taxes, regulations, or 
trading cost).
Fama French Three Factor Model

To calculate the expected return using Fama French 
Three factor model, three independent variables, market 
return, SMB and HML were used.
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The regression equation used to calculate Fama 
French model is,

E(R ) = á + R  + â  (R  – R ) + â  (SMB) + â  (HML)i f 1 m f 2 3

Where, 
E(R ) = Expected return of the company stocki

R = Risk free rate of return f 

R  = Market return (S&P BSE 200 market return m

for this study)
(SMB) = Small minus Big 
(HML) = High minus Low

Data Collection for FAMA French Model
Daily return of the selected 150 companies are 

collected from official BSE and yahoo finance websites; 
Collection of P/E ratio was carried out from the yearbook 
of Equitymaster.com and collection of T-bill rates as the 
risk free rate from RBI website.
Calculating SMB: For calculating the size factor 
measures of market capitalization, total asset or enterprise 
value was used. In this study the total asset of the selected 
companies were collected. They were listed in the 
increasing order. The companies above the median were 
considered as the small companies and below the median 
will be considered as big companies. The stock value of 
these companies was collected. From this, the daily stock 
return of the small company was subtracted from the daily 
stock return of the big company. 
Calculating HML: For calculating the value Price to 
Earning (P/E) ratios was used. The companies with low 
P/E ratio with persistently low earnings and therefore it 
provides higher return to the investors. The companies 
with high P/E ratio with persistently high earnings and 
provided lower return to the investor. Hence P/E ratio of 
the company stocks was taken as value measure for the 
model. The companies were arranged in the decreasing 
order of P/E ratio. First 30 percent of the company were 
categorized as high value companies and the last 30 
percent of the company was categorized as low value 
companies and the remaining 40 per cent of the 
companies are categorized as medium value companies. 
HML was calculated by subtracting the daily stock return 
of the High value company to the low value companies. 
Calculating Rm- Rf: The daily market return was 

subtracted from the daily risk free rate of interest namely 
91 day T Bill rate. 91 day T bill was referred as the risk free 
rates for this study. 
Calculating coefficient and expected return: After 
obtaining SMB and HML values, the coefficient of R -R , m f

SMB and HML was calculated by regressing each 
individual stock with the company stock. Multiple 
regressions was run by keeping R -R , SMB and HML as m f

independent variable or predictor variable and the daily 
stock return of the company as the dependent variable or 
response variable. By regressing the data, the coefficient 
for all the three factors were obtained which represents 
the systematic risks, which were uncontrollable by the 
firm. 
Correlation

Spearman's rho correlation was used to find the 
relation between the three factors viz., market, SMB and 
HML. The coefficient value ranged between -1 to +1. 
Positive sign indicated a positive relation between the 
variables and any one variable was enough for 
determination of the risk and return of company stock. 
Negative sign indicated that all the variables were needed 
to calculate the risk and return of a company.
RESULTS AND DISCUSSION
Performance of Stocks using CAPM Model

The model developed by Sharpe and Lintner was 
Capital Asset Pricing Model (CAPM), is a single factor 
model. It linked systematic risk and return for all assets. 
Systematic risk is attributed to market factors that 
affected all firms; the factor used by CAPM was market 
(Rm-Rf) for estimating the risk and return of the stocks. 
The response variable or dependent variable for CAPM 
was expected return and the predictor variable or 
independent variable for CAPM was market factor (Rm-
Rf). The value for each term tests the preductability of the 
factor market. When the p-value value was greater than 
0.05, it rejects the Null hypothesis that there is no effect of 
the predictor variable (market) in estimating the return of 
the company stock. Conversely lower p-value indicated 
that the predictor market alone is a better explanatory 
variable in estimating the risk and return of the company 
stock. The coefficient of beta and their p-values are 

Company name Alpha 
value

Coefficient of 
Rm-Rf

p-value of 
Rm-Rf

Sector

TVS Motor Co Limited -0.025 0.001 **0.022 Automobiles

Berger Paints India Limited 0.125 0.010 **0.043 Chemical

DLF LIMITED 0.204 0.001 **0.040 Construction

Shree Cement Limited -0.119 0.002 **0.031 Construction

Indian Oil Corp Limited 0.038 0.003 **0.045 Energy

Biocon Limited 0.122 0.002
**0.043 Healthcare

Infosys Limited -0.036 0.001 **0.040 Technology

Page Industries Limited 0.241 0.001 **0.050 Textiles

Table 1. Coefficient of beta and p-values of beta using CAPM

**Significant at 0.05 level.
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depicted in Table 1.  
The results revealed that 7.5 per cent market factor 

showed significant results for the stocks belonging to 
various sectors (Table 1). Hence, market return factor 
alone cannot perform as a better predictor variable for 
estimating the return of the company stocks and there was a 
need for addition of predictor variable for the better 
estimation of risk and return of the stock prices. The results 
were similar to the study conducted by Lazar and Yaseer 
(2009) who investigated the validity of CAPM using the 
data of 70 companies of BSE 100. The analysis gave mixed 
result and conclusive evidence was not found in support of 
CAPM in the selected study periods. Diwani (2010) also 
arrived a better result but still not supportive in favour of 
the CAPM when examined the validity of the CAPM for 
the Bombay stock exchange and indicated a need for 
additional predictor variable. The study used weekly stock 
returns from 28 companies listed on the Bombay stock 
exchange from November 2004 to October 2009.
Performance of Stocks using FAMA French Three 
Factor Model

Fama and French suggested addition of two more 
factors namely size (SMB) and value (HML) factor along 
with the market factor of CAPM. The significance of the 
predictor variable, market (Rm-Rf), size (SMB) and value 
(HML) can be judged from the value of p of regression 
analysis. In other words, a predictor that has a low p value 
was likely to be a meaningful addition to the model 
because change in the predictor's value was related to the 
change in the response variable. A larger p-value suggests 
that changes in the predictor are not associated with the 
change in the response. The impact of each factor is 
explained below. 

Market factor (Rm-Rf)
Market factor is one among the three factors 

proposed by Fama and French. The coefficient of market 
return was obtained by running multiple regression by 
keeping the daily return of company stock as response 
variable and the factors market (Rm-Rf), size (SMB) and 
value (HML) as predictor variables. Each of the factor's 
coefficient value and the p-value of the factor's coefficient 
were taken and tested for their significant addition to the 
model based on the method mentioned above.

In Table 2, six company stocks showing significant 
results towards the market factor are depicted. More than 
50 per cent of the stocks were not showing any significant 
result towards the addition of the factor market to the 
model. The response factor in FAMA French Three Factor 
Model was not explained by market factor.
Size portfolio SMB

The importance of estimating the return using FAMA 
French Three factor Model lies in estimating one of the 
variable namely, SMB which was size portfolio. 

The Tables 3 to 9 depicted the p value (significant) of 
various sectors showed that 70 out of 120 companies 
stock's SMB variables were significant with lower p-
value. It was found that 58.3 per cent of the company 
stocks were significant towards the SMB variable. It 
showed that the factor size is a better predictor variable in 
estimating the risk and return of the company stock. 
Value portfolio HML

Fama and French's relative distress factor also known 
as value factor (HML) was tested for their significant 
addition using multiple regressions.  The p-value of the 
coefficient of value factor was taken into consideration 
for testing their significant level. 

Company name Coefficient of market 
factor (Rm-Rf)

p-value Sector

TVS Motor Co Limited 0.007
**0.024 Automobiles

Berger Paints India Limited 0.011 **0.044 Chemical
DLF Limited 0.006 **0.049 Construction
IRB Infrastructure Developers Limited 0.003 **0.044 Construction
Indian Oil Corp Limited 0.006

**0.049 Energy
Page Industries Limited 0.004

**0.050 Textiles

Table 2. Coefficient and p-value of market factor using Fama French three factor Model

**Significant at 0.05 level.

Company name Coefficient of market return SMB p-value Sector

Apollo Tyres Limited 0.230 0.002** Automobile

Bosch Limited 0.129 0.001** Automobile

Hero Moto Corp Limited 0.201 0.003** Automobile

Maruti Suzuki India Limited 0.298 0.011** Automobile

Motherson Sumi Systems Limited 0.140 0.013** Automobile

MRF Limited 3.160 0.000** Automobiles

Table 3. Coefficient and p-value of SMB using FAMA french three factor model

**Significant at 0.05 level.
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Company name Coefficient of market return SMB p-value Sector

Bayer Crop Science Limited/India 0.180 0.000** Chemicals
Berger Paints India Limited 0.465 0.000** Chemicals
Jain Irrigation Systems Limited 0.398 0.000** Chemicals
Asian Paints Limited -6.897 0.000** Chemicals
Supreme Industries 0.158 0.000** Chemicals
Tata Chemicals Limited 0.146 0.001** Chemicals

Table 4. Coefficient and p-value of SMB using Fama french three factor model

**Significant at 0.05 level.

Company name Coefficient of market return SMB p-value Sector

Idea Cellular Limited 0.186 0.001** Communication
Reliance Communications Limited 0.456 0.000** Communications
Tata Communications Limited 0.263 0.000** Communications
Adani Enterprises Limited 0.492 0.000** Services
Blue Dart Express Limited 0.234 0.000** Services
Dish TV India Limited 0.224 0.001** Services
Gujarat State Petronet Limited -2.817 0.000** Services
Ajanta Pharma Limited 0.782 0.000** Healthcare
Alembic Pharmaceuticals Limited 0.353 0.000** Healthcare
Apollo Hospitals Enterprise Limited 0.169 0.002** Healthcare
Biocon Limited 0.228 0.000** Healthcare
Cadila Healthcare Limited 0.113 0.021** Healthcare
Divi's Laboratories Limited 0.315 0.000** Healthcare
Dr Reddy's Laboratories Limited 0.101 0.050** Healthcare
GlaxoSmithKline Pharmaceuticals Limited 0.283 0.001** Healthcare
Ipca Laboratories Limited 0.333 0.000** Healthcare
Jubilant Life Sciences Limited 6.362 0.000** Healthcare
Natco Pharma Limited 0.186 0.002** Healthcare
Sun Pharmaceutical Industries Limited -0.714 0.000** Healthcare
Wockhardt Limited 0.520 0.000** Healthcare
Jubilant Food Works Limited 0.466 0.000** Services
CRISIL Limited 13.971 0.000** Financial
Hexaware Technologies Limited 0.149 0.027* Technology
Infosys Limited 0.175 0.001** Technology
Mphasis Limited 0.166 0.001** Technology
Tata Elxsi Limited 0.362 0.000** Technology

Table 5. Coefficient and p-value of SMB using Fama French three factor model

**Significant at 0.05 level.

Company name Coefficient of market return SMB p-value Sector

Crompton Greaves Consumer Electricals Limited 0.265 0.001** Cons durables
GMR Infrastructure Limited 0.213 0.000** Construction
IRB Infrastructure Developers Limited -0.107 0.009** Construction
Aditya Birla NuvoLimited 0.152 0.003** Diversified
Century Textile  Industries Limited 0.279 0.000** Diversified
Arvind Limited 0.322 0.000** Textile
Welspun India Limited 6.089 0.000** Textiles

Table 6. Coefficient and p-value of SMB using Fama French three factor model

** Significant at 0.05 level.
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Company name Coefficient of market return SMB p-value Sector

Castrol India Limited 0.296 0.002** Energy
CESC Limited 0.270 0.000** Energy
Gail India Limited 0.121 0.007** Energy
Oil India Limited 0.201 0.000** Energy
Petronet LNG Limited 2.155 0.000** Energy
Reliance Infrastructure Limited 0.453 0.000** Energy
Reliance Power Limited 0.371 0.000** Energy

Table 7. Coefficient and p-value of SMB using Fama French three factor model

** Significant at 0.05 level.

Company name Coefficient of market return SMB p-value Sector

Adani Power Limited 0.502 0.000** Engineering
Amara Raja Batteries Limited 0.203 0.029** Engineering
Bharat Electronics Limited 0.110 0.047** Engineering
Bharat Heavy Electricals Limited -2.873 0.000** Engineering
JSW Energy Limited 0.216 0.001** Engineering
Siemens India Limited 0.122 0.026** Engineering
Suzlon Energy Limited 0.511 0.000** Engineering
Thermax Limited 0.188 0.000** Engineering
Jindal Steel & Power Limited 0.456 0.000** Metals
National Aluminium Co Limited 0.426 0.000** Metals
Steel Authority of India Limited 1.410 0.000** Metals

Table 8. Coefficient and p-value of SMB using Fama French three factor model

** Significant at 0.05 level.

Company name Coefficient of market return SMB p-value Sector

Britannia Industries Limited. 0.104 0.018** FMCG

Emami Limited 0.188 0.000** FMCG

Gillette India Limited 0.098 0.040** FMCG

GlaxoSmithKline Consumer Healthcare Limited 0.090 0.011** FMCG

ITC Limited 0.385 0.000** FMCG

Marico Limited 0.092 0.050** FMCG

Nestle India Limited 0.134 0.008** FMCG

Table 9. Coefficient and p-value of SMB using Fama French three factor model

** Significant at 0.05 level.

Company name Coefficient of market return HML p-value Sector

Apollo Tyres Limited -0.152 0.001** Automobile

Ashok Leyland Limited -0.199 0.002** Automobile

Bharat Forge Limited 0.213 0.039** Automobile

Hero Moto Corp Limited -0.124 0.004** Automobile

Eicher Motors Limited 0.101 0.019** Automobiles

MRF Limited 1.802 0.000** Automobiles

TVS Motor Co Limited -0.109 0.014** Automobiles

Table 10. Coefficient and p-value of HML

** Significant at 0.05 level.
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Company name Coefficient of market return HML p-value Sector

Jain Irrigation Systems Limited -0.244 0.000** Chemical

Asian Paints Limited 4.797 0.000** Chemicals

Kansai Nerolac Paints Limited. -0.117 0.005** Chemicals

Pidilite Industries Limited -0.134 0.000** Chemicals

Tata Chemicals Limited -0.082 0.003** Chemicals

Table 11. Coefficient and p-value of HML

** Significant at 0.05 level.

Company name Coefficient of market return HML p-value Sector

Idea Cellular Limited -0.113 0.001** Communication
Reliance Communications Limited -0.156 0.003** Communications
Tata Communications Limited -0.087 0.017** Communications
Biocon Limited -0.113 0.001** Healthcare
GlaxoSmithKline Pharmaceuticals Limited -0.308 0.000** Healthcare
Ipca Laboratories Limited -0.151 0.008** Healthcare
Jubilant Life Sciences Limited -4.693 0.000** Healthcare
Natco Pharma Limited -0.127 0.001** Healthcare
Sun Pharmaceutical Industries Limited 0.526 0.000** Healthcare
Wockhardt Limited 0.183 0.003** Healthcare
Adani Ports and Special Economic Zone -0.137 0.002** Services
Dish TV India Limited -0.121 0.004** Services
Gujarat State Petronet Limited -2.006 0.000** Services
Indian Hotels Co Limited -0.150 0.000** Services
CRISIL Limited 9.062 0.000** Financial
Rural Electrification Corp Limited -0.233 0.000** Financial
Hexaware Technologies Limited -0.150 0.001** Technology
Mphasis Limited -0.099 0.002** Technology

Table 12. Coefficient and p-value of HML

** Significant at 0.05 level.

Company name Coefficient of market return HML p-value Sector

Crompton Greaves Consumer Electricals Limited -0.111 0.027** Cons durables

DLF Limited -0.280 0.000** Construction

GMR Infrastructure Limited -0.081 0.031** Construction

IRB Infrastructure Developers Limited -0.050 0.050** Construction

Aditya Birla Nuvo Limited -0.123 0.000** Diversified

Century Textile & Industries Limited -0.169 0.000** Diversified

Grasim Industries Limited -0.108 0.003** Diversified

Larsen & Toubro Limited -0.068 0.030** Diversified

Welspun India Limited -4.621 0.000** Textiles

Table 13. Coefficient and p-value of HML

** Significant at 0.05 level.

The results presented in Table 10 to 16 depicting the 
p-value (significant) of various sectors shows that 63 out 
of 120 companies stock's HML variable are significant 
since p-value of 52.5 per cent of stocks was significant for 
HML variable. Hence, this showed that the addition of 
variable to the model was having a significant difference 
and impact in estimating the return. The investor can use 
this model as a forecasting tool to estimate the return of 
the stocks. The results were similar to the reported by 

Unlu (2013). Another supporting result of Fama French 
Model reported by Connor and Sehgal (2003) who has 
done the first study to test the Fama French model 
specifically for Indian stock market and reported that 1.2 
percent SMB (Size factor) and 0.03 per cent HML (Value 
Factor) per month influenced the return for the period 
1989-1999 using 264 stock data. The findings were also in 
line with Alves (2013) who concluded that Fama and 
French model was notoriously preferable in comparison 
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Company name Coefficient of market return HML p-value Sector

CESC Limited -0.160 0.000** Energy
Coal India Limited -0.154 0.000** Energy
Indian Oil Corp Limited -0.087 0.039** Energy
Indraprastha Gas Limited -0.130 0.035** Energy
NHPC Limited -0.166 0.000** Energy
NTPC Limited -0.316 0.000** Energy
Oil & Natural Gas Corp Limited -0.171 0.000** Energy
Oil India Limited 0.106 0.002** Energy
Petronet LNG Limited 0.488 0.012** Energy
Reliance Infrastructure Limited -0.147 0.002** Energy
Reliance Power Limited -0.161 0.000** Energy

Table 14. Coefficient and p-value of HML

** Significant at 0.05 level.

Company name Coefficient of market return HML p-value Sector

Bharat Electronics Limited -0.084 0.018** Engineering
Bharat Heavy Electricals Limited -2.128 0.000** Engineering
Cummins India Limited -0.084 0.022** Engineering
Exide Industries Limited -0.116 0.000** Engineering
Siemens India Limited -0.127 0.000** Engineering
Jindal Steel & Power Limited -0.218 0.000** Metals
National Aluminium Co Limited -0.154 0.019** Metals
NMDC Limited -0.186 0.000** Metals
Steel Authority of India Limited -1.197 0.000** Metals

Table 15. Coefficient and p-value of HML

** Significant at 0.05 level.

Company name Coefficient of market return HML p-value Sector

Britannia Industries Limited 0.055 0.050** FMCG

Godrej Industries Limited -0.102 0.000** FMCG

Hindustan Unilever Limited -0.186 0.000** FMCG

Nestle India Limited -0.113 0.001** FMCG

** Significant at 0.05 level.

Table 16. Coefficient and p-value of HML

Particulars Rm- Rf SMB HML

Rm-Rf 1 0.007 -0.012

SMB 0.007 1 -0.367

HML -0.012 -0.367 1

Table 17. Correlation between the factor portfolios

with CAPM for small and high-book to market firms.  The 
results of this study were in confirmation with Bahl 
(2006) who studied the Fama and French three-factor 
model for 79 stocks listed on the S&P BSE 100 stock 
market index and concluded that the Fama and French 
fairs better in explaining the cross-section of returns in the 
portfolios than its variants and the CAPM.
Relationship between the factors

The relation between three variables was tested using 
Spearman's rho correlation. It is observed that there is 

almost no correlation between market return factor and 
SMB (Table 17). It implied that both factors are important 
for estimating the return of a company stock. There was 
negative correlation between market return and HML, 
which implies that both market return and HML were 
important in estimating the return of a company stock.

There was a negative correlation between SMB and 
HML also and it showed that both size and value factor 
were important to explain the average return of the 
company stock. Hence, the factors market return (Rm-
Rf), SMB (Size) and HML (Value) were important and all 
of them were better explaining about risk and return of the 
company stock. 
CONCLUSIONS

The study found that the size and value factor of the 
company were having impact in estimating the return of 
the stock. The investors can invest in the company having 

437

Olive et al.: An econometric investigation of FAMA french three factor model 



lower P/E ratio that yields a higher return to the investors. 
Market return factor alone cannot perform as a better 
predictor variable and there is a need for addition of 
predictor variable for the better estimation of risk and 
return of the stock prices. Hence, SMB and HML were 
included for better prediction. The relationship between 
the predictor variables were tested using the Spearman's 
rho correlation. The results indicated that there was no 
significant relationship between the variables. Therefore, 
it was evident that all three predictor variables viz., 
market return, SMB and HML were required to estimate 
the risk and return of the stock. No variable can replace the 
other in their predictability nature. The results suggested 
that the investor has to look into all three factors for taking 
investment decisions. Fama French Three Factor Model 
was more suited for Indian Stock Market and the factors 
serve as better predictability variables for estimating the 
risk and return of the stocks. It can be concluded that Fama 
French Three Factor model was better than the CAPM 
model in estimating the risk and return of the stocks in the 
case of single asset. The study confirmed the reliability of 
size and value factor for the Indian equity market. The 
findings were generally supportive of the Fama French 
model applied to Indian equities. This study proves that 
the addition of predictor variable to the model was better 
explaining the determination of risk and return of an 
individual asset. 
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ABSTRACT
The present study examines the adoption and impact assessment of Direct Seeded Rice technology in terms of input use, cost-
effectiveness, and addressing the sustainability issues at the farm level in Sri Muktsar Sahib District of Punjab using primary data. 
Input use pattern revealed saving of 56.27 and 51.23 percent in human labour in basmati DSR and non-basmati DSR. The machine 
labour saving in basmati and non-basmati was 28.47 and 37.79 percent respectively with DSR. Results brought out that saving in 
the number of irrigations for basmati DSR and non-basmati DSR were 50 and 43 percent respectively. The per ha total variable cost 
in basmati DSR was lower (`22032) when compared with TM (`27682) and in non-basmati per ha total variable cost in non-
basmati DSR (`22246) was also lower when compared with TM (`29376). The returns per rupee spend on basmati TM was ̀ 3.32 
against ̀ 4.17 in DSR and in non-basmati returns per rupee spend on TM was ̀ 3.90 against ̀ 5.22 in DSR. In the case of DSR, there 
was no significant difference in yield between DSR and TM of basmati as well as non-basmati. The study suggested that for faster 
adoption of DSR, the subsidy should be made hassle-free, the role of extension services need to be strengthened. Custom hiring 
should be increased through co-operative societies and co-farmers keeping in view the high cost of seed drill. 
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INTRODUCTION
Rice-wheat is the dominant system of Indo-Gangetic 

plains wherein conventional method of land 
preparation/sowing, not only disturbs the soil 
environment but also leads to serious consequences in the 
form of over-exploitation of groundwater resources, high 
levels of pesticides used, causing a major health hazard, 
increased emissions of greenhouse gases (GHGs), 
followed by stagnant or declining grain yields, increasing 
cost of production/shrinking profit margins and 
degradation of environmental quality. Today's Punjab is 

the story of farmers? suicide and facing second generation 

problems comprising goals of enhanced productivity and 
profitability while more efficient at using natural 
resources with minimal adverse impacts on the 
environment. The new challenges demand efficient 
resource use and conservation to meet the emerging 
needs. Issues of conservation have assumed importance 

in view of widespread resource degradation problems and 
the need to reduce production costs, increase profitability 
and make agriculture more competitive. To attain the 
target of sustainable agriculture scientists are now more 
serious than ever before. In view of resource conservation 
especially scarce irrigation water, there has been the fast 
shift from non-basmati rice to basmati rice cultivation in 
the state during the recent years. The cultivation of both 
basmati and non-basmati rice is mainly practiced through 
transplanting, which is highly labour intensive and 
requires the puddling and ponding of water for the first 15 
days for a seedling of rice. Rice culture being the most 
intense-water-consuming practices, water saving 
technique for rice culture has long been documented. 
Conventional flood irrigation techniques in the unleveled 
fields lead to over irrigations (Corey & Clyma, 1973).

Therefore, need is felt to develop and promote 
conservation agriculture through various resource-



conserving technologies. The Punjab Agricultural 
University recommended resource conservation tillage 
technologies such as zero tillage, happy seeder, laser 
leveller and direct seeded rice (DSR) for efficient use of 
natural resources. Direct seeded rice is the technology to 
increase the water productivity in water scarce 
conditions. In this technology, seeds are sown in the field 
directly by seed drill rather than by transplanting. Water 
productivity in DSR was 0.35 and 0.76, and in 
transplanting rice was 0.31and 0.57 during 2002 and 
2003, respectively, showing better water-use efficiency 
(Gill, Kumar & Kumar, 2006). Previous research has 
reported that grain yield of direct-seeded rice was not 
significantly different from that of traditionally 
transplanted flooded rice. Dry seeding with subsequent 
saturated soil conditions reduced the amount of water 
requirement during puddling and thus reduced overall 
water demand (Singh & Singh 2010). DSR is now 
considered to be an alternative production system in 
Punjab and other parts of India and Asia (Chauhan, 2012). 
It helps to reduce water consumption as it eliminates the 
need for nursery raising, seedling uprooting, puddling, 
and manual transplanting. A farmer also saves the 
cultivation cost that is to be used during transplanting 
operations. DSR helps in making full use of family labour 
and having less dependence on hired labour.

In DSR, weeds are the major problems as compared 
to transplanted rice (Walia, Singh & Brar, 2006). The 
weeds in DSR are diverse and consist of grasses, broad-
leaves and sedges. Low productivity of direct seeded rice 
is mainly due to heavy crop-weed competition due to the 
early emergence of weeds along with crop seedling due to 
favourable soil conditions and their rapid growth result in 
severe competition for nutrients, space and light etc. 
Further, the weed flora emerges in several flushes during 
the crop growth period. Weeds may cause significant 
losses in yield of DSR (Sanjay, Shetty & Nanjappa, 2006).

In view of these resource conserving merits, DSR 
technology has been advocated by the scientists and 
serious efforts been put for its rapid adoption at the 
farmers' level in the state. In Sri Muktsar Sahib District, 
the underground water which is used for irrigating rice 
crop is not considered as good quality water that 
ultimately affects the soil fertility adversely. To 
maintain/improve the soil fertility there is an immediate 
need to reduce the use of ill-quality water use for rice 
cultivation. The total area under rice (basmati as well as 
non-basmati) in Sri Muktsar Sahib was 1.58 lakh ha 
during 2016-17 out of which 82500 ha (around 52 
percent) was under basmati rice cultivation. Basmati 
varieties of rice consume less water than non-basmati rice 
varieties. The district also leads in the adoption of DSR 
technology with the maximum area of about 35800 ha 
(22.65 percent of total rice cultivation in the district). 
Both basmati and non-basmati varieties are sown using 
DSR technology in the district to reduce the dependence 
on underground water (ill-quality) to improve the soil 

fertility and hence the crop productivity/profitability 
(Department of Agriculture, 2017). So, keeping in view  
the above advantages of direct seeding of rice technology, 
the present investigation entitled "Adoption and impact 
assessment of directly seeded rice technology in Sri 
Muktsar Sahib District of Punjab" was undertaken up 
with following objectives:

i. to study the adoption level of DSR technology in 
basmati as well as non-basmati rice cultivation in 
Sri Muktsar Sahib District, 

ii. to examine the impact of DSR technology for 
basmati and non-basmati rice on crop 
productivity, profitability and agricultural 
sustainability, and

iii. to put forward suggestion and policy measures 
for rapid adoption of DSR technology in the 
study area.

METHODOLOGY
The study was purposively conducted in Sri Muktsar 

Sahib district of Punjab- a region with rice-wheat system 
dominance. Keeping in view the concentration of DSR 
technology, two blocks namely Gidderbaha and Malout 
were selected at the first stage. From each block, two 
villages were selected at the second stage. From block 
Gidderbaha, Kauni and Gurisanghar villages were 
selected, from Malout, Rupana and Mehraj wala villages 
selected were due to widespread adoption of DSR. The 
farmers were selected using simple random sampling 
technique, a sample of 60 farmers (30 basmati + 30 non-
basmati) was selected from each block with half of them 
practicing DSR and half following transplanted rice 
practice.  The study was based on the total sample of 120 
farmers spreading over different farm size groups. A well-
designed, comprehensive and pre-tested schedule was 
used to collect the primary data from farmers through 
personal interview method. The data pertaining to the 
practices of traditional method and directly seeded rice 
technology for rice sowing were collected for the 
agricultural year 2014-15. The data on general 
information about the respondents, family size, age, 
education, occupation, sources of income, operational 
holding, cropping pattern and other details were obtained 
from them. Further, data on various input used in rice 
cultivation like chemical fertilizers, plant protection 
chemicals, seed rate and variety, human and machinery 
labour and cultivation practices such as land preparation, 
irrigation, harvesting, threshing, transportation along 
with labour required for these operations were collected 
from the sample farmers.

The costs, returns and profits in 'Traditional Method' 
and 'Direct Seeded Rice Technology' for rice production 
computed on per ha basis were compared. The cost of 
human labour was estimated in terms of standard man 
days. Further, the imputed value of family labour was 
calculated at the prevailing wage rate. For machine-
related farm operations, their rental value was used for 
calculating the total variable cost. The cost of seeds, 
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fertilizers and chemicals (weedicide, pesticide and 
insecticide) and diesel were calculated based on the actual 
expenditure incurred. The interest on working capital was 
computed at nine percent banking lending rates for the 
half period of the crop season. Since electricity and water 
charge were not charged from farmers of Punjab, hence, 
electricity cost was not included in the cost of production. 
The gross return was calculated by multiply the price of 
the main product (per q) into yield (q) per ha.

Gross return = Yield per ha × Price per q of the main 
product 

Total variable cost included the cost of fertilizers, 
land preparation, seed cost, sowing/transplanting cost, 
labour cost, plant protection cost, etc. but cost irrigation 
cost was not included. Return over variable cost was 
deliberated as the difference between gross returns and 
total variable cost.

Return over variable cost = Gross return – Total 
variable cost

To examine the changing pattern of important 
variables mainly yield, human labour hours, machine use, 
seed, urea and DAP for DSR and non-DSR in basmati and 
non-basmati respectively, the t-test was applied to test the 
significance of difference in average value between two 
sowing methods (DSR and Traditional) for basmati and 
non-basmati cultivation.
RESULTS AND DISCUSSION
Adoption of Direct Seeded Rice

We have discussed RCTs in the previous section and 
DSR is one of the resource conservation techniques. The 
adoption level of DSR in the study area is discussed.
Adoption level of DSR overtime 

The perusal of Table 1 showed that adoption level of 
DSR in 2013-14, 25 percent (29400 ha) and 2014-15, 
adoption level was 22.66 percent (30600 ha) and 2015-16, 
the 22.65 percent (35800 ha) area under DSR from the 
total rice area in Sri Muktsar Sahib.
DSR adoption level in 2014-15

The perusal of Table 2 showed that in the year 2014-
15, the 9 farmers adopted DSR with 14.69 percent area 
under DSR from the total rice area sown by farmers and 
the 23 farmers adopted DSR with 30.05 percent area 
under DSR from the total rice area sown by farmers. The 9 
farmers adopted DSR with 100 percent area under DSR.
Major Farm Inputs Use Pattern

The pattern of inputs used in both the methods of rice 
cultivation for sample farmers is presented in Table 3. 
Irrigation 

The results showed that complete DSR farmers 
applied 18 and 21.10 number of irrigation per ha in 
basmati and non-basmati respectively. Basmati and non-
basmati farmers irrigated their fields 18.40 and 23.40 in 
partial DSR, whereas with TM partial adopters 27.50 and 
32.40 number of irrigation in basmati and non-basmati 
respectively. Complete TM farmers irrigated rice crop 
27.40 and 31.80 times for basmati and non-basmati 
respectively. The number of irrigations in basmati (DSR + 

Non-DSR) was 22.75 per ha and in non-basmati (DSR + 
Non-DSR) was 27.27 per ha. There was a 33.33 percent 
change in basmati DSR and non-DSR. In non-basmati, 
30.09 percent change was found to be in DSR and non-
DSR.
Seed 

The information presented in the Table 3 revealed 
that seed rate used for rice crop was less under the 
traditional method of cultivation as compared to DSR 
Technology. Overall 118.09 and 131.10 kg per ha seed 
was used for TM and DSR respectively in basmati and for 
non-basmati 118.09 and 131.10 kg per ha, the seed was 
used for TM and DSR respectively. The seed rate in 
basmati (DSR + Non-DSR) was 15.55 kg per ha and in 
non-basmati (DSR + Non-DSR) was 14.93 kg per ha. The 
quantities of seed used in complete DSR were 19 and 
16.87 kg per ha for basmati and non-basmati and for 
partial DSR 20.74 and 18.77 kg per ha in basmati and non-
basmati. Seed rate for complete TM adopters were 11.43 
and 12.20 in basmati and non-basmati and seed rate for 
TM in partial category partial were 11.01and 11.87 in 
basmati and non-basmati.
Labour 

The results brought out that there was the saving of 
labour hours per ha with DSR (54.94 and 52.89 percent). 
Labour hours happened to be 94.83 and 58 hr per ha in 
basmati and non-basmati with DSR as compared to 101.50 
and 55 hr per ha in basmati and non-basmati with TM.
Machinery 

Comparative machinery per ha use revealed that in 
DSR fields the total machine-used was lower in basmati 
(12.27 hours) and non-basmati (14 hours) as compared to 
conventional fields  basmati (14.98 hours) and non-
basmati (15 hours). The time required for puddling 
contributor to high machine hours per ha in TM. 
Fertilizers 

 Total urea consumed per ha worked out to be 221, 

Year Area under DSR Total rice area
(Lakh ha)Hectares Percent

2013-14 29400 25.00 1.18
2014-15 30600 22.66 1.35
2015-16 35800 22.65 1.58

Table 1. Adoption level of DSR in Sri Muktsar Sahib, 
Punjab,  2013-14 to 2015-16

Adoption of DSR No. of farmers Area

≤ 20 9 14.69

21-40 23 30.05
41-60 12 47.13
61-80 7 66.69
81-100 9 100

Table 2. DSR adoption level of the sample farmers in Sri 
Muktsar Sahib, Punjab, 2014-15

(Percent)
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255.25 and 217.10, 260.80 kg per ha for complete and 
partial DSR in basmati and non-basmati and TM farmers 
231.76 and 226.40 kg per ha in basmati and 290.63 and 
292.43 kg per ha for non-basmati incomplete and partial 
TM adopters. The dose of urea in basmati (DSR+Non-
DSR) was 224.07 kg per ha and in non-basmati 
(DSR+Non-DSR) was 274.78 kg per ha and in Basmati 
DSR (219.4 kg per ha) was low as compare to non-DSR 
basmati (228.30 kg per ha). The savings of urea in DSR 
non-basmati was 12.94 percent as compared to non-
DSR. The results highlighted that DSR adopters were 
using comparatively lower doses of urea as compared to 
TM.

DAP consumption per ha under Traditional and DSR 
method was also studied. The results revealed that DAP 
use was a little bit higher in the case of TM. For complete 
DSR farmers, DAP used 63.5 and 64.37 kg per ha in 
basmati and non-basmati respectively, for partial DSR 
farmers DAP used 63.60 and 63.03 kg per ha in basmati 
and non-basmati respectively. For traditional method 
farmers used 73.44 and 71.44 kg per ha DAP in basmati 

and in non-basmati 76.52 and 77.55 kg per ha. The DAP 
use in basmati (DSR+Non-DSR) was 67.99 kg per ha and 
in non-basmati (DSR+Non-DSR) was 70.37 kg per ha.
Cost of Cultivation
Labour 

The various inputs used in physical as well as value 
terms per ha of rice crop on Traditional and DSR farms 
have been discussed in Table 4 Per ha cost of human 
labour showed a decline in the case of DSR which was 
mainly due to saving in transplanting labour cost. Human 
labour cost `4494 per ha in basmati and in non-basmati 
`4658 per ha with DSR and in Non-DSR `8149 and 
`8410 per ha in basmati and non-basmati. Human labour 
cost was in complete DSR worked out to be `4357 and 
4632 per ha in basmati as well as non-basmati, for partial 
DSR, ̀ 4548 and 4769 per ha for basmati and non-basmati 
respectively and comparatively with TM it was basmati 
farmers (`8184 and `8114 per ha), and non-basmati 
farmers (`8392 and 8427 per ha). The cost of labour in 
non-basmati (`6555 per ha) was higher as compared to 
basmati (`6301 per ha).  

Particulars No. of 
irrigations

Irrigation 
(Hr)

Seed rate 
(kg)

Labour Urea
 (kg)

DAP 
(kg)

Sulphur
 (kg)

Zinc
 (kg)Human Machinery

Complete DSR
Basmati 18 1.34 19 124.37 9.36 221 63.5 8.25 20
Non-basmati 21.5 1.77 16.87 130.49 9.05 255.25 64.37 10.83 12.5
Partial DSR
DSR
Basmati 18.4 1.04 20.74 128.13 9.92 217.1 63.6 11.44 13.88
Non-basmati 23.4 1.24 18.77 133.34 10.08 260.8 63.03 10.63 14.37
Non DSR
Basmati 27.5 2.39 11.01 194.81 12.33 231.76 73.44 12.18 13.14
Non-basmati 32.4 2.54 11.87 199.83 13.52 290.63 76.52 11.61 13.12
Traditional Method
Basmati 27.4 2.13 11.43 197.19 12.44 226.4 71.4 10.63 12.5
Non-basmati 31.8 2.48 12.2 200.65 12.84 292.43 77.55 10 11.97
Over All
DSR+Non-DSR
Basmati 22.75 1.73 15.55 161.13 11.01 224.07 67.99 10.63 14.88
Non-basmati 27.27 2.01 14.93 166.08 11.37 274.78 70.37 10.77 12.99
Percent change 16.5 16.38 -3.97 3.07 3.27 22.63 3.5 1.34 -12.7
Basmati
DSR 18.2 1.19 19.87 126.5 9.67 219.4 63.55 9.85 16.94
Non-DSR 27.3 2.26 11.21 196 12.41 228.3 72.32 11.41 12.82
Percent change 33.33 89.92 43.58 54.94 28.34 4.06 13.8 15.84 24.32
Non-Basmati
DSR 22.44 1.51 17.84 131.6 9.66 258.2 63.63 10.73 13.44
Non-DSR 32.1 2.51 12.03 201.2 13.13 291.6 76.95 10.81 12.55
Percent change 30.09 66.23 32.57 52.89 35.92 12.94 20.93 0.12 6.62

Table 3. Major farm inputs used in rice production under DSR and Non-DSR technology of the sample of the farmers 
in Sri Muktsar , 2014-15                                                                                                                                 

                                                                    (Per ha)
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Machinery 
There was a decrease in the average machine cost per 

ha in the case DSR. The machine cost in DSR basmati was 
`2396 and TM basmati was ̀ 2971 per ha. In non-basmati 
DSR, the machinery cost with DSR was `2627 and in 
non-DSR was `3182 per ha. Category wise analysis 
revealed that machinery cost `2315 and 2477 for 
complete DSR farmers in basmati and non-basmati, for 
partial DSR farmers this cost amounted to be `2480 and 
2775 in basmati and non-basmati respectively.  For 
traditional method farmers spent `3083 and 2860 in 
basmati and ̀ 3155 and 3210 per ha in non-basmati due to 
saving of land preparation hours.
Seed

 With regard to seed used in rice production, the study 
revealed that seed expenditure was less under the 
Traditional Method of cultivation as compared to DSR 
Technology. There was a glaring difference in average per 
ha cost of seed between the two methods was due to high 
quantities of seed used in DSR to ensure proper 
germination in the field. The expenditure spent on seed 
was in basmati ̀ 844 and 699 per ha in the case of DSR and 
TM, respectively, for non-basmati ̀ 930 and 638 per ha in 
the case of DSR and TM. 
Plant protection 

Plant protection chemicals (weedicides and 
insecticides) were available in large variety and applied 
by the farmers in different formulations, making it 
inappropriate to add their physical quantities. For this 
reason, the application of these inputs was examined in 
the value terms. The expenditure on plant protection 
chemicals (weedicides, herbicides and insecticides) for 
rice cultivation was observed more on DSR farms. Plant 
protection cost was per ha in complete DSR worked out to 
be ̀ 5221 and 5038 in basmati as well as non-basmati, for 
partial DSR, ̀ 5491 and 5351 per ha for basmati and non-
basmati respectively and comparatively with TM it was 
basmati farmers (`4270.41  per ha and 4010.48), and non-
basmati farmers (`4130.40 and 3950.13  per ha).
Irrigation cost

The average irrigation cost per ha cost was lower in 
the case of DSR. Category wise analysis revealed that 
irrigation cost ̀ 2315 and 2478 for complete DSR farmers 
in basmati and non-basmati, for partial DSR farmers this 
cost amounted to be `2480 and 2775 in basmati and non-
basmati respectively. For traditional method farmers 
spent `3083 and 2860 in basmati and in non-basmati 
`3155 and 3210 per ha. 
Fertilizers 

The results showed more quantity of urea was used on 
Traditional farms (228.30 and 291.60 kg per ha in basmati 
and non-basmati) with expenditure of `1232.82 and 
1574.64 per ha than DSR farms (219.4 and 258.20 kg  per 
ha in basmati and non-basmati) with expenditure of ̀ 1185 
and 1395 per ha in basmati and in non-basmati 
respectively. The DAP usage per ha was found more in 

case of DSR as against of Traditional Method valued at 
`1396 and 1616 in basmati respectively and in non-
basmati ̀ 1416 and 1683 for DSR and TM respectively.
Total variable cost 

The cost of cultivation in DSR (`22032 and 22247 
per ha) was lower when compared with that in TM 
(`27682 and 29376 per ha) in basmati and non-basmati. 
Category wise analysis revealed that cost of cultivation 
`22714 and 23309 for complete DSR farmers in basmati 
and non-basmati, for partial DSR farmers this cost 
amounted to be `23889 and 24551 in basmati and non-
basmati respectively.  For traditional method farmers cost 
of cultivation was `29155 and 28445 in basmati and in 
non-basmati `30477 and 30736 per ha. The variable cost 
in basmati was `26051 per ha and in non-basmati was 
`27268 per ha.
Economics of Rice Cultivation 

The profitability of DSR for DSR production in the 
study area was analyzed by computing per ha cost and 
returns and comparing them with those of the TM (Table 
5). The variable cost was less in the case of Direct Seeded 
Rice technology. The results further pointed out that yield 
was almost the same in DSR and non-DSR, resulting in 
higher gross return as compared to TM.  The yield was 1.5 
percent more in DSR basmati as compared to non-DSR 
basmati and 0.82 percent more in non-basmati DSR. 

The results further showed that average per ha gross 
return increased by 4.51 percent per ha with DSR over TM 
in basmati and 1.97 percent per ha with DSR over TM in 
non-basmati. Gross returns was per ha in complete DSR 
worked out to be `95480 and  108750 in basmati as well 
as non-basmati, for partial DSR, `90256 and 113129 per 
ha for basmati and non-basmati  respectively and 
comparatively with TM it was basmati farmers (`83224 
and 91711 per ha), and  non-basmati farmers (`91711 and 
110896 per ha). The gross return for basmati was ̀ 901618 
per ha and for non-basmati was `112034 per ha. The 
return over variable cost was more in DSR as compared to 
traditional method. The return over variable cost in 
basmati DSR was 8.08 percent more as compared to Non-
DSR respondents. In non-basmati, the return over 
variable cost in DSR was 9.2 percent.

The returns per rupee spent were ̀ 3.32 against ̀ 4.17 
in basmati with TM over DSR and in non-basmati `5.22 
and 3.90 with DSR and TM respectively. The result 
showed that return per rupee spent was ̀ 4.20 and 4.67 for 
complete DSR farmers in basmati and non-basmati, for 
partial DSR farmers this cost amounted to be `3.78 and 
4.61 in basmati and non-basmati respectively.  For 
traditional method farmers cost of cultivation was `2.85 
and 3.22 in basmati and in non-basmati ̀ 3.79 and 3.61 per 
ha. The returns per rupee spent on basmati was ̀ 3.46 and 
for non- basmati was ̀ 4.11. Table 6 exhibited statistics on 
farmers input employed and output obtained in both the 
methods. The two-sample the Welch test was performed 
to determine the difference in the mean yield per ha of the 
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Particulars Basmati Non-basmati

DSR Non-
DSR

Difference t-statistic DSR Non-
DSR

Difference t-statistic

Yield (q per ha) 44.69 44.01  NS0.68 1.25 80.15 79.5  NS0.65 0.64

Human labour (hours) 126.5 196
***-69.48 25.20 131.6 201.2

***-69.6 14.42

Machine labour (hours) 9.67 12.41
***-2.7 7.31 9.66 13.13

***-3.47 5.15

Urea (kg per ha) 219.4 228.3
 NS-8.88 0.57 258.2 291.6

***-33.45 3.45

DAP (kg per ha) 63.55 72.32 **-8.77 2..07 63.63 76.95 ***-13.32 5.19

Seed (kg per ha) 19.86 11.21 ***8.65 14.99 17.84 12.03 ***5.81 8.40

Table 6. Descriptive statistics and mean differences between the DSR and Non-DSR technology of the sample of the 
farmers in Sri Muktsar Sahib, 2014-15

Figures in parentheses indicate the percent change.
*** and**indicates significant at 1 and 5percent  level,  respectively.
NS: Non-significant.

Benefits Percent 

Save diesel cost 100

Save labour 100

Save machine hours 94.13

Timely sowing of rice 100

Less irrigations required as compare 
traditional method

100

Good germination 93.30

Less fertilizer 20

Table 7. Benefits availed by the respondents for sowing 
rice crop with DSR technology of the sample of 
the farmers in Sri Muktsar Sahib, 2014-15

Constraints
*Percent  

Seed remains uncovered 46.66

Rats attack 21.43

Slow germination/germination losses 6.70

Non-availability of the seed drill 83.33

Lack of awareness and technical knowledge 62.47

Weed problem 100

Table 8. Constraints/problems faced by the respondents 
sowing crop with DSR technology of the sample 
of the farmers in Sri Muktsar Sahib, 2014-15 

* The percent exceeds 100 due to Multiple Response.

two methods of rice sowing in Punjab was significant. It 
was observed that mean yield difference was statistically 
non-significant across the two methods and within the 
basmati and non-basmati.  

Further, mean labour hours per ha of the two methods 
were tested. The t-test highlighted the significant change 
in human labour use for rice crop at one percent level of 
significance between the TM and DSR. The machine used 
in traditional and DSR was also tested and results again 
signified (at1 percent) the difference between machinery 
hours per ha for two methods as well as across the classes.  

The t-test highlighted the significant change in seed 
use for rice crop at 1 percent level of significance between 
two methods and across different categories for the TM 
and DSR. Mean difference for urea consumption under 
Traditional and DSR method was found non-statistically 
significant for basmati while it is was significant 
statistically for the non-basmati. The difference in mean 
DAP per ha of the two methods of rice was also 
statistically verified, for basmati at 5 percent significant 
and non-basmati significant at 1 percent for TM and DSR.  
Benefits and Constraints/Problems of Direct Seeded 
Rice Technology

Benefits availed by farmers at the time of sowing rice 
crop with DSR are presented in Table 7. DSR technology 
entails generous time savings for the farmers because 
there was no need for puddling and labour required for the 
transplanting of rice, so all the farmers reported DSR was 
time and labour saving technology. All the respondents 
claimed that this technology saved diesel cost by 
eliminating puddling and reduce of water use in DSR 
moreover being environment-friendly. Further 94.13 
percent farmers stated that DSR saved machine hours by 
eliminating puddling. So it could be concluded that DSR 
farmers saved money, time in addition to saving 
beneficial for the environment. Further, 93.30 and 20 
percent farmer reported that good germination and less 
fertilizer in the case of DSR.

The perusal of Table 7 revealed problems faced by 
farmers after rice sowing operation with DSR. In DSR, 

seeds can be sown up to 1-2 inches due to that about 46.66 
percent of farmers reported that seed remains uncovered. 
Further, the farmers (21.43 percent) claimed that rats 
attack was a big problem. The 6.70 percent of respondents 
reported slow germination/germination loss.

The information presented in Table 8 brought out that 
about 83.33 percent of the farmers reported the cause of 
their partial adoption was the problem of non-availability 
of the seed drill in the co-operative societies, so private 
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farms provided seed drill on high rental value. About 
62.47 percent of respondents claimed that they were not 
fully aware of the technology and confidence in the 
technology respectively, but the main reason for the 
partial adoption of Direct Seeded Rice technology was a 
problem of weed. All the respondents reported that weed 
was the main problem due to which risk of crop failure 
was higher as compared to traditional method.
CONCLUSIONS 

Direct Seeded Rice entailed substantial time savings 
for the farmers because it could be sown into the field 
immediately after the land preparation without puddling 
and did not require for nursery preparation. With the 
adoption of direct seeding of rice technology, the cost of 
labour, machine use, irrigation was reduced both in 
basmati and non-basmati varieties. The major constraints 
in the adoption of technology included non-availability of 
seed drill, high amount of unwanted plants and lack of 
awareness. The incremental increase in returns over 
variable cost in DSR was 8.08 percent more as compared 
to non-DSR in basmati and 9.2 percent more in DSR as 
compared to non-DSR in non-basmati.

In spite of the economic and non-economic benefits 
of this technology, it was not adopted on a large scale in 
the state. During the survey, the respondents reported that 
the of lack of technical knowledge regarding DSR 
inhibited the adoption of this technology. Thus, to make 
the adoption of this technology faster there is a need to 
identify the constraints and solutions thereof. 

·The government should reduce the cost of seed 
drill by delivering it to farmers at more subsidized 
rates, so that implementation by all the farmers 
hence the area under DSR may be extended. 

·Further, there is a need to strengthen Agro 
Service Centers of the co-operative societies, for 
providing the Seed drill in time. 

·Capacity building of farmers for effective 
management of weeds and pests in DSR.

·Majority of farmer lack technical knowledge 
regarding DSR, so there is a need to provide a full 
package of the practice of recommendations and 
training. 
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ABSTRACT
The study was designed to investigate the economics of herbal industrial units in Punjab. Most of the herbal industries are 
organized as a sole proprietorship, a partnership, as a co-operative society, and a private limited company. Most of the 
entrepreneurs of herbal industrial units in Punjab were having experience between 21 to 30 years. As an entrepreneur of the herbal 
industry having education in Ayurvedic medicine system was high as compared to those not having education in Ayurvedic medicine 
system. Profitability analysis revealed that herbal processing industry is a profitable venture. Multiple regression analysis showed 
that explanatory variables positively affecting the gross return of the herbal industry were found to be; expenses on raw material. 
Certain issues related to the herbal industry like maintenance schedule of machines, raw material, human resources, marketing 
channels etc. were studied. 
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Cost, herbal industry, multiple regressions, net returns, socio-economic characters.
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INTRODUCTION
Indian ayurvedic health treatment is most likely the 

oldest medical care system in the world and has even been 
mentioned in the Vedas, an ancient religious work. 
Ayurvedic medicines/ products are derived from the 
processing of medicinal herbs. The herbal manufacturing 
industry is different from the generic pharmaceutical 
industry in terms of the source of knowledge, nature and 
process of drug discovery, scientific applications, 
fragmentation of markets, consumer categories and 
pricing.

The industrial scene in this sector has an oligopolistic 
structure with few big firms dominating the market share 
and thousands of other small firms contributing very little, 
but having a wider social base. In 2003, among 9000 
ayurvedic firms, a mere two percent constituted more than 
80 percent of the market share, while the rest of the firms 
(small/tiny/household) had a smaller percentage, though 
they have a strong niche market in some regions, 
especially in rural areas. The smaller firms cater to a large 
spectrum of the population by providing with low-cost 

ayurvedic medicine. Currently, ayurvedic and Unani 
health and beauty products could be broadly divided into 
three categories: Classical formulations, biomedical 
providers and consumer brands.

Only the production of raw materials cannot play a 
vital role in the development of the economy, there is 
another stage which not only continues the process of 
obtaining raw materials but also creates form utility. The 
phase of raw material production can be easily 
distinguished from the processing and transformation 
phase. The industrialization of the MAP sector and 
development of herbal processing industries is thus a joint 
process, leading to the generation of an entirely new type 
of industrial sector.  This sector not only generates value 
addition to the raw materials but also generates additional 
income and employment both in farming as well as at 
industry level.

Production of herbal healthcare formulations, herbal 
based cosmetic products and nutraceuticals have 
worldwide buoyancy and hence the industry demand for 
raw material from medicinal and aromatic plants in India 



is increasing. There are nearly 9,500 registered and many 
unregistered cottage levels- herbal industrial units in 
India. A large number of medicinal plant resources are 
also being consumed in the country under its traditional 
health care practices at the household level and through 
traditional healers and practitioners (Ved & Goraya, 
2007).

Punjab being an agriculture state, there is a lot of 
scope for cultivation of medicinal crops as well as their 
processing. State Medicinal Plants Boards (SMPB), 
Punjab Agricultural University, State Department of 
Agriculture, Other Government Research Bodies, NGOs, 
etc. are doing research for the purpose of promotional and 
commercial/ economic activity leading to cultivation and 
value addition of medicinal plants. Keeping in view the 
importance of herbal processing in Punjab, it becomes 
important to study the socio-economics, cost-revenue 
structure, and problems/issues related to this sector.
METHODOLOGY

There are 255 registered herbal industrial units 
operating in the State, which are manufacturing herbal 
medicines after getting the license from the Department 
of Indian Systems of Medicine and Homeopathy (ISMH), 
Punjab. It was noticed that 37 herbal units of the total 180 
working herbal units (Jerath, Singh, & Sehgal, 2012). The 
sample consisted of 17, 7, 7, 4, 1, and 1 herbal units were 
selected purposively from Amritsar, Ludhiana, Jalandhar, 
Sangrur, Tarn Taran and Hoshiarpur Districts, 
respectively. In accordance with the provision of Micro, 
Small and Medium Enterprises Development (MSMED) 
Act, 2006; five of these purposively sample industries fall 
under the category of the small-scale industrial category, 
whereas 32 falls under the category of micro industries.

The required primary data were collected through 
personal interview method with the help of a well-
structured and pre-tested schedule for the year 2012-13. 
The relevant basic information such as a number of years 
of experience in herbal processing, qualification, type of 
ownership was collected. The data pertaining to 
investment pattern of the different units on land, building, 
machinery and equipments and tools, etc. was also 
collected. Cost components were calculated for the 
different items viz., raw material, electricity and diesel, 
repair of a building, causal and permanent labour, taxes 
paid, etc. in 2012-13. 

Cost components for herbal processing units were 
divided into two categories fixed cost and variable cost. 
Fixed cost included depreciation of machinery and 
equipments, the rental value of building and land, 
permanent labour and interest on fixed capital. Variable 
cost included the cost on casual labour, raw materials 
used, chemicals, transportation charges, promotional 
charges, fuel, electricity, repair & maintenance, packing 
material, audit and account charges, postage and 
stationary charges, medical and other expenses, taxes and 
interest on working capital.
Functional Analysis of Herbal Industries: The Cobb-

Douglas (CD) production function was used to study the 
resource use efficiency and influence of inputs on gross 
returns of herbal industrial units:

b1 b2 b3 bn uY= a  X X   X …………..X + e1 2 3 n

The above function was converted into the linear 
form through the logarithmic transformation of all 
variables and is written as:

Log Y = log a + b log X  + b log X  + b log X  + 1 1 2 2 3 3

……………. +b log X  +un n

Descriptions, Measurement and Expected Signs of 
Variables
Dependent variable (Y)

A gross return of the herbal industrial unit - The 
dependent variable Y which represents the actual gross 
returns of the herbal industrial unit, is a continuous 
random variable measured in rupees.
Independent variables (X )i

X =Depreciation on tools (`), X = Electricity cost 1 2

(Rs.), X = Fuel cost (`), X =Labour cost (`), X = 3 4 5

Packaging cost (`), X = Cost of raw material inputs (`). 6

These variables were measured in terms of amount spent 
(in rupees) on depreciation of fixed items, electricity, fuel,  
labour used, packaging and raw material inputs 
respectively. 

X = Processing experience (years): The number of 7

years spent in herbal processing units. 
According to Omoti (2001), in the processing 

industry experience is the main determinant of a potential 
processor. By having experience, processors acquire the 
greater capability to predict as well as solve problems 
which result in more income. It is therefore expected that 
the experience in processing of herbals will have a 
positive relationship with returns.

X  = Education (years): The level of formal education 8

achieved by the producers. It is expected that the 
educational level of the producers positively affects the 
returns.
RESULTS AND DISCUSSION
Socio-Economic Characteristics of the Sampled 
Herbal Units

It is necessary to look into the various socio-
economic characteristics of sample herbal units before 
proceeding for analyzing a particular enterprise. Various 
socio-economic characteristics of sample respondents 
(herbal units) which include their organization and 
management, educational status of herbal entrepreneurs 
and experience of the enterprises in herbal processing 
were analysed and discussed in the following subsections:
Organization and management

The success of an industry depends on the 
entrepreneurs who manage it. It implies that the type of 
ownership and form of organization are important in an 
analysis of the industrial performance of herbal-
processing units. During the survey the herbal-processing 
industrial units in the study area were organized on basis 
of ownership viz., as a sole proprietorship, a partnership, 
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co-operative society, and a private limited company. 
Distribution of units on the basis of the form of 
organization is given in Table 1. It was found that 67.57 
per cent of the surveyed herbal industrial units in the state 
was organized as a sole proprietorship; 18.92 per cent as a 
partnership; 10.81 per cent as a private limited company; 
and 2.70 per cent co-operative. Most of the herbal 
industries are organized as a sole proprietorship followed 
by the partnership, co-operative and private.
Education of herbal entrepreneurs in Ayurvedic 
Medicine System

In order to analyze the educational levels of herbal-
processing entrepreneurs, they are categorized into two 
main categories having education in Ayurvedic medicine, 
and the others having no education in Ayurvedic medicine 
system (Table 2). As an entrepreneur of herbal industry in 
the state of Punjab, entrepreneurs having education in 
Ayurvedic medicine were more (51.35 percent) as 
compared to entrepreneurs having no education in 
Ayurvedic medicine system (48.65 percent). 
Experience of enterprises in processing herbs

Years of experience in herbal processing also play an 
important role in the success of an enterprise. Years of 
experience were categorized into five categories, that is, 1 
to 5, 6 to 10, 11 to 20, 21 to 30, and more than 30 years 
(Table 3). There were 5.41, 24.32, 29.73, 24.32 and 16.22 
percent herbal entrepreneur with experience of 1 to 5, 6 to 
10, 11 to 20, 21 to 30 and more than 30 years in the herbal 
processing. 

The perusal of Table 3 revealed that the majority of 
the entrepreneurs (70.27 per cent) had more than ten years 
of processing experience. Thus, it was expected that their 
earning would be positively affected by their experience 
in their field.
Investment pattern

The perusal of Table 4 exhibited the investment 
pattern in terms of percentage of total investment and per 
unit investment of herbal industries of Punjab for both 
small and micro herbal industrial units. In terms of 
percentage of total investment on land; and the building 
was higher (31.92 and 49.00 per cent) for micro herbal 
units as compared to small herbal processing units (20.31 
and 33.88 per cent). Investment on machinery and other 
equipments; and investment on others (tools, furniture, 
computers and other fittings etc.) was higher (41.21 and 
4.60 percent)for small herbal units as compared to micro 
herbal units (17.15 and 1.93 percent) respectively.

Investment per unit was also calculated and found 
that investment on land; building; plant & machinery; and 
others (tools, furniture, computers and other fittings) was 
higher (`2083667.00; 3474666.00; 4226431.00 and 
471551.00) as compared to micro herbal units 
(`807442.00; 1239121.00; 433773.00 and 48990.00).
Cost and Revenue Structure of Sampled Herbal 
Processing Units 

Different cost components (variable and fixed) and 
the revenue structure of herbal industrial units in the state 

of Punjab presented in Table 5. Permanent labour charges, 
the rental value of land, charges for interest on fixed cost, 
the rental value of building and depreciation of plant & 
machinery are major fixed cost components. Study found 
that of the different cost components of fixed cost, 
permanent labour charges, rental value of land, charges 
for interest on fixed cost, rental value of building, and 
depreciation of plant and machinery as percentage of total 
cost (12.46, 8.26, 3.36, 3.01 and 1.59 percent) was higher 
for micro herbal units as compared to the small herbal 
units (3.49, 1.21, 0.94, 1.05 and 1.02 percent) and hence 
total fixed cost as percentage to total cost was more 
(28.71percent) for micro herbal units as compared to 
small herbal units (8.03 percent).

Type of ownership Percent

Proprietary 67.57

Partnership 18.92

Co-operative 2.70

Private 10.81

Table 1. Type of ownership of herbal industries

Qualification Percent

Having education in Ayurvedic medicine system 51.35
Not having any education in Ayurvedic 
medicine system

48.65

Table 2. Education of herbal entrepreneurs

Experience (years) Percent

1 to 5 5.41
6 to 10 24.32
11 to 20 29.73
21 to 30 24.32
More than 30 16.22

Table 3. Experience of enterprises in the herbal 
processing in Punjab

Punjab

Small Micro

2083667
(20.31)

807442
(31.92)

3474666
(33.88)

1239121
(49.00)

4226431
(41.21)

433773
(17.15)

471551
(4.60)

48990
(1.93)

Particulars

Land

Building

Plant & Machinery

Others (Tools, furniture, computer 
and fittings, etc.)
Total investment 10256315 2529326

Table 4. Investment pattern of herbal processing units of 
Punjab

(`)

Figures in the parentheses indicate percentage to total investment.
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Similarly per unit cost for these different cost 
components of fixed cost were also evaluated and it was 
found that depreciation on plant & machinery, permanent 
labour, interest on fixed cost, rental value of land and 
rental value of building was higher (`161813.00, 
551772.00, 148578.00, 192000.00 and 165400.00) as 
compared to micro herbal units (`35725.00, 279354.00, 
75326.00, 185220.00, and 67414.00).

Raw material cost, labour wages, interest on variable 
cost and cost of packing material are major variable cost 
components. Variable costs, as well as the percentage of 
total cost for different variable cost components were 
evaluated. The results revealed that out of the different 
variable cost components, raw material cost; and interest 
on variable cost as percentage of total cost was higher 
(43.00 and 10.58 percent) for small herbal units as 
compared to the micro herbal units (15.80 and 8.20 
percent), whereas for other cost components like labour 
wages and cost of packing material were higher (21.96 
and 9.87 percent) for micro herbal units as compared to 
small herbal units (9.90 and 7.14 percent). Total variable 
cost as a percentage of the total cost was higher (91.97 per 
cent) for small herbal units as compared to micro herbal 
units (71.29 per cent).

Similarly per unit cost for these different cost 
components of variable cost were also evaluated and it 
was found that raw material cost, labour wages; interest 
on variable cost; and cost of packing material were higher 
(`6802833.00, 1565589.00, 1673900.00, and 
1129167.00) as compared to micro herbal processing 
units (`354208.00, 492393.00, 183900.00, and 
221359.00). The gross returns per small herbal unit 
(`23050000.00) were more than that of the micro herbal 
unit (`3308912.00) in the state of Punjab (Table 5).

The returns over variable costs of small herbal 
industrial units (`8628704.00) were more than micro 
herbal industries (`1724538.00).  Similarly, net returns of 
small herbal industries (`7230022.00) were more than 
micro herbal industries (`1066569.00) in the state of 
Punjab. Return per rupee from the herbal industry was 
more (47.56 percent) for micro herbal industrial units as 
compared to small herbal units (45.70 percent), implying 
that on every rupee invested, a profit of ̀ 0.48 and 0.46 for 
micro and small herbal units was realized.  Benefit-Cost 
Ratio (BCR) was more than one, that is, 1.48 and 1.46 for 
micro and small herbal units respectively, which 
indicated enterprises, were profitable. The gross ratio was 
calculated as 0.69 and 0.68 for small and micro herbal 
processing units respectively, which implied that from 
every rupee expended earned ̀ 0.69 and 0.68 for small and 
micro herbal units, respectively. 
Multiple Regression Results of Sampled Herbal 
Industrial Units

The results of Multiple Regression of gross returns of 
Herbal Industry in the state of Punjab are presented in 
Table 6. The F-ratio value was 10.945 and found to be 
statistically significant, which implied that the model was 

Particulars Small Micro

Fixed Cost (FC)

Insurance premium 27848
(0.18)

315
(0.01)

Rental value of land 192000
(1.21)

185220
(8.26)

Building rent 165400
(1.05)

67414
(3.01)

Depreciation on the plant, machinery 
and other equipments

161813
(1.02)

35725
(1.59)

License fee 22511
(0.14)

470
(0.02)

Permanent labour charges 551772
(3.49)

279354
(12.46)

Interest on fixed cost 148578
(0.94)

75326
(3.36)

TFC 1269921
(8.03)

643824
(28.71)

Variable Cost (VC)

Raw material 6802833
(43.00)

354208
(15.80)

Sugar 1122500
(7.10)

82956
(3.70)

Chemicals & preservatives 427833
(2.70)

11539
(0.51)

Others 450000
(2.84)

1468
(0.07)

Electricity 270489
(1.71)

74218
(3.31)

Fuel 267662
(1.69)

62055
(2.77)

Transportation charges 14104
(0.09)

32193
(1.44)

Repair &maintenance charges 101729
(0.64)

13127
(0.59)

Labour wages 1565589
(9.90)

492393
(21.96)

Promotion charges 546808
(3.46)

21505
(0.96)

Packing material 1129167
(7.14)

221359
(9.87)

Audit & account charges 63660
(0.40)

18493
(0.82)

Postage &stationary 34613
(0.22)

11009
(0.49)

Medical and other expenditure 35278
(0.22)

4667
(0.21)

Taxes 43891
(0.28)

13431
(0.60)

Interest on VC @ 13 percent 1673900
(10.58)

183900
(8.20)

Total Variable Cost (TVC)

T.C. (TFC+TVC) 15819978 2242343

Gross returns (Sale) 23050000 3308912

Returns over variable costs 8628704 1724538

Net returns 7230022 1066569

Return per rupee 0.46 0.48

Benefit-cost ratio 1.46 1.48

Gross ratio 0.69 0.68

14550057
(91.97)

1598519
(71.29)

Table 5. Costs and returns in herbal processing units of Punjab
(`)

Figures in parentheses indicate percentage to total cost.
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adequate for use in further analysis. The coefficient of 
2determination (R ) in case of herbal units was 0.758, 

which implied that the independent variables explained at 
least 75.80 percent of the variability in gross returns of 
herbal industry in the study area of Punjab.

The coefficient of expenditure on raw material inputs 
was found to be positive and significant at 5 percent level 
of significance showing thereby that with an increase in 
expenditure on raw material by one percent would 
increase the resultant gross return by 0.442 percent.  The 
coefficients of depreciation cost on plant machinery and 
tools were negatively related to gross returns was 
significant statistically. It showed that with an increase in 
depreciation on plant machinery and  tools by one per 
cent, the resultant gross return decreased by 0.332 per 
cent. Since the local processing units give lower and poor 
quality produce, it was imperative to install the improved 
quality processing units (Kumar, Suresh, Singh, & Singh, 
2011). The regression coefficients of other explanatory 
variables such as electricity cost, fuel cost, labour cost and 
qualification were found to be positive but non-
significant. The coefficient of experience was found to be 
negative but non-significant.

Therefore, the explanatory variables positively 
affecting the gross return of the herbal industry of Punjab 
was found to be expenses on raw material. Technical 
knowhow backed with the availability of raw materials 
can promote the establishment of medicinal and aromatic 
plants (MAPS) based processing units (Mittal & Singh, 
2007). There are certain specific wild herbal raw 
materials which are not easily available in the market. 
Hence, to produce good quality products the herbal 
industry needs good quality raw materials, hence the cost 
incurred to purchase raw material positively affects the 
gross returns. Quality affected the per-unit price that 
growers obtained for medicinal herbs (Falk et al., 1999). 
There is a need to promote cultivation of MAPs so that 
herbal raw material can be made easily available in the 
market. Cultivation of MAPS gives good returns and 
farmers can opt for these crops instead of growing other 
plants (Guleria, Vaidya, Sharma, & Dogra, 2014).
Problems/Issues Related to Herbal Industry of Punjab

During a survey of herbal industries, certain 
problems/ issues emerged. This chapter deals with the 
major problems/ issues related to herbal industrial units of 
Punjab. An in-depth study of these problems/ issues is 
discussed as follow:   
Maintenance schedule of machines

Having a proper maintenance schedule is very 
important to keep the machines in good conditions. Data 
obtained from both the states is depicted as below:

As shown in Table 7, about 68 percent of the 
companies expressed that they followed the maintenance 
schedule of machines. Also, it was observed that in case of 
breakdown, the repair was done by the service engineer 
(40 per cent), own workers (40 percent) and sometimes by 
both (20 per cent).

All industrial units were procuring indigenous types 
of machinery whereas a few (about 8 per cent) were 
importing the types of machinery. Since most of the 
machines were locally available in the country, 
procurement and its repair was not a major problem.  It 
may be considered that for establishing herbal industry, 
procurement of desired types of machinery and their 
repair were not a problem. Most of the herbal industries 
(84 percent) responded that charges of infrastructure 
maintenance were moderate, whereas 16 percent 

Explanatory variables Regression 
coefficient

Standard 
errors

Intercept 1.267 2.226
Depreciation ***-0.330 -2.226
Electricity NS0.112 0.192
Fuel

 NS0.114 0.098
Labour  NS0.250 0.169
Packaging  NS-0.0022 0.134
Raw material **0.442 0.155
Experience  NS-0.0621 0.189
Qualification 1.396 1.812

2R 0.758
2Adjusted R 0.688

F- ratio 10.945

Table 6. Determinants of gross returns of the herbal 
industry

***, and ** indicate significant at 1, and 5 percent level.
NS: Non-significant.

Issues/ problems Percentage

A. Having a maintenance schedule of machines

Yes 68

No 32

B. Repair of machinery

By own worker 40

By service engineer 40

Both 20

C. Availability of machinery

Imported 8

Indigenous 100

D. Cost of infrastructure maintenance

Low 16

Moderate 84

High 0

E. Facility upgradation

Upgraded 8

Not considered 43

Considered but expensive 49

F. Packaging facility

Available 51

Not available 49

Table 7. Issues/problems related to machinery
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responded for low charges. Regarding facility 
upgradation, 8 percent of the respondents upgraded the 
facility while 43 per cent did not upgrade the facility 
where as 49 considered to upgrade but found to be very 
expensive. About half of the industries were not having 
packaging facility (49 percent) whereas others (51 
percent) industrial units were having automatic as well 
semi-automatic packaging facility. 
Human resource (HR) 

Human resource is a very important component for 
the success story of any enterprise. Keeping in mind the 
importance of this component, human resource issues 
were studied for the herbal industry of both the states.

As shown in Table 8, it is indicated that most of the 
industrial units (84 percent) were getting easily 
availability of skilled labour whereas in case of unskilled 
labour only 43 percent were getting easily availability of 
unskilled labour. The results revealed that about 86 per 
cent of the staff members were trained "on the job" by the 
organization and about 14 per cent are trained through 
both, that is, special training as well as on job training. 
Hence there existed tremendous scope for motivating the 
management of the herbal industry to staff for training to 
have more expertise for more innovation. Qualified staff 
leaving the organization was not a major problem as only 
5percent respondents reported for staff to frequently 
leaving the organization. 
Raw material

Maintaining a sustained supply of good quality raw 
material is a challenge for the herbal industry. From Table 
9, it is evident that most of the industrial units (95 percent) 
are procuring raw materials from different markets 
mostly from Amritsar, Delhi, Saharanpur, Dehradun, etc.  
Also, the industries greatly depended on the agents (22 
percent) as well as on farmers and collectors (14 percent).  
Regarding facility for testing the quality of raw material, 
89 percent of the respondents had facility. They were 
testing raw material by some simple chemical tests as well 
as physical methods and most of them were not having an 
in-depth chemical profile testing facility such as GC, 
HPLC-MS, NMR, spectroscopy, etc.

The transport network is very important for the 
purchase of raw material and a supply of herbal products. 
About 84 percent industries responded that transport 
network was adequate for inward and outward transport 
whereas about 16 percent herbal units revealed that 
transport network was not adequate in certain areas of 
Punjab especially in Sangrur District for minimizing 
demand-supply gaps. Cost of packaging material was also 
an important issue as 68 percent industrial units revealed 
that the cost of packaging material was high. About 92 
percent industrial units revealed that they required 
product certification and 89 percent revealed that they 
face no constraints for product certification. About 22 per 
cent industrial units reported that agronomical package of 
practices for a large number of medicinal crops was still 
not readily available. From the survey, it was revealed that 

Issues/ problems Percentage

Training of Staff
On job 86
Special training and on job 14
Qualified staff leaving the organization/ industry
Frequently 5
Sometimes 73
None 22
 Availability of skilled manpower
Yes 84
No 16
Availability of unskilled manpower
Yes 43
No 57

Table 8. Issues/problems related to human resource

Issues/problems Percentage

Source of herbal raw material
Market Place 95
Agents 22
Growers & Collectors 14
All 0
Testing quality of raw material
Yes 92
No 8
Transport network
Adequate 84
Not adequate 16
The high cost of packaging material
Yes 68
No 32
The requirement of product certification
Yes 92
No 8
Constraints on product certification
Yes 11
No 89
The consistency of the quality raw material
Yes 57
No 43
Availability of planting material
Yes 68
No 32
Availability of package of practices
Yes 5
No 22
Fully utilization of processing capacity
Yes 59
No 41

Table 9. Issues/problems related to raw material in Punjab
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32 per cent industrial units reported that planting material 
for certain medicinal crops were not available for 
cultivation.  About 57 percent industrial units reported 
that they get consistently good quality of raw material. It 
was felt that since there was no organized market of raw 
material that could fulfil the need of the industry, it was 
not stringent on quality issues as they did not have many 
alternatives. Now-a-days a consortium with the help of 
Ayush was established at Amritsar for the supply of tested 
good quality raw material to the industry. The results 
indicated that raw material management was a grey area 
in the herbal industry. Due to a shortage of raw materials 
about 41 per cent industries failed to fully utilize the 
processing capacity. 
R&D and IPRs

Certain issues related to R&D and IPRs were studied 
as these sectors were very strategically important for the 
herbal industry. It showed that about 76 per cent of 
industries informed that they possessed in-house R&D 
facilities for their product developments as well as for 
new formulations (Table 10). Mostly about 73 percent 
industrial units were having IPRs for their products/ 
processes and mostly for trademarks or trade names. 
Major sources of updating issues related to processing 
technology were, meetings (76 percent), internet (76 
percent), hiring consultants (8 percent) and from all 
available sources (14 percent). However, certain process 
improvements were made from time to time but these 
were neither systematically recorded nor protected 
through IPRs. None of the sample herbal units had taken 
any technology from any R&D institutes. Regarding the 
sale of herbal products, different marketing channels were 
followed. 73 percent industrial were following 
distributors, 32 percent were following direct selling, 22 
percent through agents/ brokers, 14 percent through 
retailers, 8 percent were following own shop/ agency as 
marketing channel whereas 5 percent were manufacturing 
for the third party. When asked about the type of 
competition for herbal products; 43, 19, and 38 percent 
reported the price, quality and both price and quality 
competition, respectively.
Promotional activities

Promotional activities play an important role in the 
development of the herbal industry. The results presented 
in Table 11 revealed that most of the industrial units were 
promoting their products through posters (78 per cent), 
advertisements in newspapers & magazines (49 per cent), 
participating in exhibitions (24 per cent), through 
internet/ web (19 per cent), advertisements through 
Television (11 per cent) and providing incentives for 
product promotion (8 per cent).
Financial problems

The financial matters play an important role in the 
optimum capacity utilization of an industry. The 
problems/issues related to financial matters presented in 
Table 12 revealed that most of the industrial units (43 per 
cent) were getting difficulty in getting the loan due to the 

Issues/ problems Percentage

In-house R&D

Yes 76

No 24

Having IPR

Yes 73

No 27

Source of updating Issues related to processing

Through meeting 76

Through web 76

Hiring consultant 8

All 14

Not mentioned

Taken any technology from any R&D institute

Yes 0

No 100

Marketing Channels

For the third party 5

Own shop/ agency 8

Distributors 73

Agents/ brokers 22

Direct selling 32

Retailers 14

Competition for product sale

Price 43

Quality 19

Both 38

Table 10. Issues/problems related to R&D and IPR issues

Issues/ problems Percentage

Newspaper & Magazines 49

Poster 78

TV 11

Exhibitions 24

Provision of incentives 8

Internet/web 19

Any other 8

No activity 3

Table 11. Issues/problems related to promotional activities

Issues/ problems Percentage

Difficulty in getting a loan
Yes 43
No 57
Shortage of working capital
Yes 46
No 54

Table 12. Issues/problems related to the financial problem

454

Indian J Econ Dev 14(3): 2018 (July-September)



complicated and time-consuming procedure for applying 
as well as the release of the loan. Similarly, 46 per cent 
industrial units were facing shortage of working capital.
CONCLUSIONS

The results revealed that most of the herbal industries 
are organized as a sole proprietorship; a partnership; as a 
co-operative society; and a private limited company. 
Majority of the entrepreneurs (70.27 per cent) possessed 
more than ten years of processing experience. 
Entrepreneur having education in Ayurvedic medicine was 
more (51.35 percent) as compared to entrepreneurs not 
having any education in Ayurvedic medicine system 
(48.65 percent). Depreciation on plant & machinery, 
permanent labour charges, interest on fixed cost, rental 
value of land and rental value of building are major fixed 
cost components; whereas expenses for raw material, 
charges for labour wages, interest on variable cost and cost 
of packing material are major variable cost components of 
small and micro herbal units. Total variable cost constitutes 
a major share (more than 70 per cent) of the total cost for 
both small and micro herbal units. Returns over variable 
costs as well as net returns were higher for small as 
compared to micro herbal units. Explanatory variables 
positively affecting the gross return of the herbal industry 
of Punjab were found to be expenses on raw material.

Most of the industrial units expressed that they 
followed the maintenance schedule of machines and in 
case of breakdown, the repair was done by the service 
engineer as well as own workers. About half of the 
industries were not having automatic packaging facility.  
Most of the industrial units (95 percent) were procuring 
raw materials from different markets mostly from 
Amritsar, Delhi, Saharanpur, Dehradun which were not 
organized. Regarding facility for testing the quality of raw 
material, most of the industrial units were testing raw 
material by some simple chemical tests as well as physical 
methods and most of them were not having an in-depth 
chemical profile testing instrumentation facility such as 
GC, HPLC-MS, NMR, spectroscopy, etc. Due to a 
shortage of raw materials about most of the industries 
failed to fully utilize the processing capacity. The survey 
results indicate that raw material management is a grey 
area in the herbal industry. Major sources of updating 
issues related to processing technology were meetings 

and through the internet. However, certain process 
improvements were made from time to time but these are 
neither systematically recorded nor protected through 
IPRs. No industry procured any technology from any 
R&D institutes. Regarding the sale of herbal products, 
most of the herbal units were selling through distributors. 
Price competition was the most prevalent for herbal 
products. Most of the industrial units were promoting 
their products through posters and advertisements in 
newspapers, and magazines. Most of the industrial units 
were facing a shortage of working capital as well as 
difficulty in getting the loan due to the complicated and 
time-consuming procedure.
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ABSTRACT
The present study is an analysis of economic growth and convergence across 30 Indian states/union territories. For testing 
convergence two approaches were used viz. cross-sectional method and panel data method. These approaches are used to test â-
convergence across Indian states/union territories for 1993-94 to 2012-13 time period. The data were obtained from Central 
Statistical Organisation (CSO) on GSDP per capita on two different prices, i.e. 1993-94 and 2004-05 (constant prices). Adjustment 
factor was used to convert the data to same base year prices of 2004-05. The results from fixed effect panel data model revealed that 
the states of India  were converging to their steady states during the reference period 1993-94 to 2012-13 and hence proved the 
Solow's interpretation of growth of developing economies. But while dividing the reference period into two sub-periods, 1993-94 to 
2002-03 and 2003-04 to 2012-13, it was found that while during 1993-94 to 2002 period there was strong tendency of convergence 
and the period from 2003-04 to 2012-13 showed weak convergence across states from the steady state.
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INTRODUCTION
The neoclassical growth theories for closed 

economies, as given by Ramsey (1928); Solow (1956); 
Swan (1956); Cass (1965); Koopmans (1965), stated that 
the growth rate of per capita output or income tends to be 
inversely correlated with the initial level of income or 
output per head. If economies are analogous in context to 
technology and preferences, then it is believed that 
economies with low per capita income will progress 
rapidly than the economies with high per capita incomes. 
Thus, there is a coercion that supports convergence with 
respect to per capita output and income across countries 
(Barro & Sala-i-Martin, 1990). Solow's (1956) model is 
about 62 years old and is still a basic reference in present-
day literature concerned with the convergence. The 
crucial assumption in the Solow model is diminishing 
marginal returns to capital (DMRC). It is assumed that the 
growth process within an economy eventually reach to the 
steady state where per capita output, capital stock and 
consumption grow at a common constant rate equalling 
the exogenously given rate of technological progress. 

Solow's model led to the earliest notions of convergence, 
which thus can be explained in two different ways. Firstly, 
in terms of level per capita income. If the nations 
technology and preferences are identical, then they will 
converge in terms of steady state levels of income with 
time and tend to reach comparable levels of per capita 
output (income). Secondly, convergence with respect to 
growth rate is determined by exogenous rate of 
technological advancement, in case that technology is to 
be indifferently allocated as it is a common good. All the 
countries in the long run will reach to the identical steady 
state growth rate. In case of Cass-Koopmans model, the 
saving rate is dynamically optimized, also has these 
consequences (Islam, 1995).

Some other studies provide expansions of the model 
along with observational legitimacy through econometric 
estimation (Mankiw, Romer &  Weil, 1992; Barro, 1991; 
Crown & Wheat, 1995; Bernard & Jones 1996a, b; 
Vohra,1996; Carlino & Mills, 1996; Barro & Sala-i-
Martin, 2004; Amplatz, 2004; Lazarev & Gregory, 2007; 
Dobson & Ramlogan, 2010; Cimoli, Pereira, Porcile, & 



Scatolin, 2011; Stamova & Stamov, 2013;). A critical 
inquiry in such manner is what ought to be the appropriate 
methodology of testing convergence. Since the idea of 
convergence relates to the steady states of the economies, 
a test for convergence would require the supposition that 
the countries included into the sample are in their steady 
states. One of the solutions to this issue, therefore, is to 
work-out the correlation between initial levels of per 
capita income and subsequent rate of growth. Because of 
diminishing marginal earnings of capital, countries with 
scarcity of capital will have higher marginal productivity 
of capital and subsequently, for identical saving rates, 
progress faster than those with abundant stock of capital 
per head. Negative relationship between initial level of 
per capita income and subsequent rates of growth has 
emerged as the general standard for assessing whether 
convergence holds or not. It might be accounted that 
negative correlation has the possibility of being inferred 
as a sign of convergence both in terms of income per 
capita and growth rate (Sala-i-Martin, 1994; Islam, 1995). 
Poor nations “catch-up” (convergence  of per capita 
income) with the rich nations by initially growing faster, 
and after that their growth rates reduce down to the 
identical  rate of growth of technological advancement 
(Islam, 1995).

But there are some purposes other than the examining 
of growth theories for empirical investigation of 
convergence. Researchers, are enthusiastic to get 
acquainted whether the distribution of income varies over 
time. For instance, we are keen to know that whether, in a 
country, inter-regional disparities in income levels have a 
tendency to reduce or to rise over time. If these inter-
regional disparities decrease, then  then we may not be 
much worried about starting aid programmes (for 
example, the Regional and Cohesion Fund Policies 
carried out by the Government of the European 
Community) and then if these disparities tend to 
perpetuate themselves.   We are also keen to  investigate  
about the regions that are relatively poor today, are the 
same regions that used to be poor 100 years back.  If the 
result is yes (poverty tends to persist over time), then one 
may want to execute public expenditure programmes to 
enable the poverty ridden areas to come out from this 
quagmire of poverty. If the result is no (that is, the 
economies that are generally poor today are not prone to 
remain relatively poor tomorrow), then there may be no 
need to worry about income distribution within the 
country.  (Sala-i-Martin, 1994; 1994a).

In Indian context, there are certain evidences of 
attempts made to analyse, empirically, convergence or 
divergence of income levels across Indian states. 
Analysing the relationship between per capita income, 
lagged per capita income, and the convergence coefficient 
in a cross-section regression framework, studies by 
Cashin and Sahay (1996), Marjit and Mitra (1996), Bajpai 
and Sachs (1996), Rao, Shand and Kalirajan (1999), 
Nagaraj, Varoudakis and Veganzones (2000), Aiyar 

(2001), Trivedi (2002), Sachs, Bajpai and Ramiah, 
(2002), Baddeley, Mcnay and Cassen (2006), Das (2002), 
Ghosh, Ghoshray, & Malki (2013), Kalirajan (2004), 
Bakshi, Chawla, & Shah (2015), got mixed results on 
convergence hypothesis in India. On the other hand,  
number of the studies have found no sign of absolute 
convergence owing to the existence  of transitional 
dynamics in convergence process. The high-income 
states were yet to reach to their highest possible steady 
states level, as a result, they are in a transitional dynamic 
state, which does not allow a stable convergence across 
India. Hence, in this position it is hard to use standard 
methodologies to examine the convergence hypothesis;   
more specifically, there seems no scope to test this 
hypothesis using such methodologies. Some recent 
studies  by Bandyopadhyay (2012); Ghosh, Ghoshray 
and Malki (2013), on club convergence have found twin 
peaks of income and convergence across Indian states 
respectively. Concurrently, there are some studies which 
examined  the convergence hypothesis across India with 
reference to social choice. (Parhia, Diebolt, Mishra & 
Gupta, 2013) revealed that persistent social polarization 
has decelerating impact on economic growth and 
therefore, has no conditional convergence among Indian 
states. Recently Sofi and Durai (2015; 2016; 2017) used 
different methods like (parametric, non-parametric and 
club convergence) to study the distributional aspects of 
convergence across Indian states and also discussed 
various methodological issues regarding estimation of 
convergence hypothesis. The studies found divergence in 
absolute sense and convergence in conditional basis and 
also club convergence across Indian states. However, 
these studies also lack uniformity among their results 
probably due to adoption of different methodologies. 

The present study is different from previous studies in 
the sense that it focuses on the dynamics of growth rate of 
per capita income across Indian states over time and uses 
two types of methods to examine the convergence namely 
cross-sectional and panel data method for 30 states/union 
territories over a period of almost 20 years i.e. from 1993 
to 2012. The decadal analysis for 1993 to 2002 and 2003-
2012 has been carried out. The inter-state convergence 
analysis in  Indian context through the present study is a 
humble addition to existing literature on the subject. The 
present paper was divided in four sections. After 
presenting the background and brief review of the topic 
under discussion, the second section is about the 
methodology and sources of data. Third section is devoted 
to the analysis of growth and convergence across Indian 
states/union territories by using regression-based results. 
Fourth section concludes the paper.
METHODOLOGY 
Data

The study was predominantly based on secondary 
sources of data. The main data sources used include states 
time series data (GSDP per capita) obtained from the 
office and website of Central Statistical Organisation and 
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various issues of Economic Survey. The data on GSDP 
per capita was available on two different constant prices, 
that is, 1993-94 and 2004-05 prices and an adjustment 

1factor  has been used to convert the data on same base year 
prices of 2004-05. The GSDP per capita data of 30 
states/union territories was taken into account for testing 
the convergence across states/union territories and rest of 
states/union territories were dropped because of paucity 
of consistent time series data for them. The data has been 
analysed using STATA 14 and Eviews 9.
Research Tools 

In present study, an attempt was made to investigate  
the convergence across Indian states/union territories. 
The objective here was to examine whether there exist 
indicators of convergence or divergence across the 
states/union territories during the study period. In present 
study, only two methods were used for convergence test 
such as: Cross Sectional method  to Convergence and 
Panel Data method  to Convergence. Both of these 
methods  were used to investigate â-convergence (Islam, 
2003)
Cross-sectional regression

The unconditional cross-sectional convergence (â-
convergence) has been tested across Indian states/union 
territories by using GSDP per capita. 

is the dependent variable representing 
entire time period of growth rate, á is intercept 
coefficient, â is the convergence coefficient, if â is 
significantly negative then it is in favour of absolute 
convergence and if the parameter â is significantly 
positive then it favours of absolute divergence, y  is the 0,i

log of per capita GSDP of initial year and å  is error term i

with zero mean.
Panel Data Model

A panel or longitudinal data, consists of a sequential 
arrangement of observations, repeated over time, on an 
array of statistical units (individuals, firms, countries). 
Panel data models were drawn the interest of many 
economists in recent time. Baltagi in the introduction of 
his book on Panel Data lists the merits and demerits in 
using panel data (Hsiao, 1985, 1986; Klevmarken, 1989; 
Solon, 1989). Firstly, they allow investigator in 
controlling data heterogeneity. Moreover, they provide 
additional information as compared to time series or 
cross-sectional data, presenting more variability, more 
efficiency, less collinearity among variables and more 

degrees of freedom.  It should be noted that the panel data 
model differs from time series or cross-sectional model in 
the sense that it considered both the temporal and the 
individuals' dimension.  Panel data have two distinct 
merits  over time series or pure cross-section  data 
(Peracchi & Meliciani, 2001). First of all, the units have 
observed over time and this simplifies the analysis of 
many economic problems that cannot be investigated 
using purely cross-sectional data. Furthermore, panel data 
allowed the analysis of individual behaviour, controlling 
for individual heterogeneity.

On the other hand, few  problems arise by using panel 
data; particularly, the design and collection problems 
were more complicated than that of time series or cross-
sectional data. Moreover, measurement errors may arose 
producing distortions in the inferential procedures and in 
several cases, time dimension was very small. However, 
the main problem in employing panel data was selectivity, 
arising in various forms of self-selectivity, attraction, 
non-response and new entries.

While estimating the panel data model, the intercept 
coefficient was interpreted in two different ways and 
consequently, two different basic models may be 
distinguished. If the intercept coefficients were assumed 
to be fixed parameters to be estimated, the model was 
labelled as fixed effect panel data model. Conversely, if 
the intercept coefficients were assumed to be random, the 
so called random effect panel data model was generated. 
Generally speaking, fixed effect panel data model was 
used when regression analysis is restricted  to a precise set 
of individuals, industrial units or regions. 

Random effect panel model instead was an 
appropriate specification, if investigator is drawing a 
certain number of individuals randomly from a large 

2population under study (Arbia and Gianfranco, 2005).  In 
the present study the data set consisted of observations 
over 30 Indian states/ union territories estimated in fixed 
parameters, so, the fixed effect panel data model to check 
convergence was used.

The panel data model in the present section is 
expressed by the following equation:

Where the dependent variable was annual growth rate 
of per-capita GSDP, the independent variable is 
represented by the (ln) per capita GSDP for region‘i’ at 
time t, and á  is interpreted as parameter to be estimated as i

in the fixed effect model specification, â is convergence 
coefficient and å  was the disturbance term  with zero t,i

mean.
RESULTS AND DISCUSSION 

Lot of  literature is available to test whether growth in 
regions within India has converged or diverged over time. 

1Adj factor=
GSDP per capita of year 2004-05 at 2004-05 prices

GSDP per capita of year 2004-05 at 1993-94 prices

Then the value of Adj. factor is multiplied to all the series of GSDP per 
capita from 1993-94 to 2003-04 at 1993-94 prices.
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The hypothesis of convergence was examined by several 
studies from different periods with each applying 
different approaches of convergence. Bajpai and Sachs 
(1996) attempted to study  the tendency towards 
convergence of per capita income levels across  19 Indian 
states  over the time period of 1961-71, 1972-82 and 
1983-93. Rao, Shand and Kalirajan (1999) showed that 
the pattern of economic growth rate in India since mid-
1960s did not confirm to the predictions of neo-classical 
growth theory and per capita income across Indian states 
from  the last three and a half decades displayed 
divergence. 

3The average annual growth rates  in terms of GSDP 
per capita of 30 states/ union territories were calculated 
for the reference period 1993-94 to 2012-13 at 2004-05 
prices. For further precision, the study period was sub-
divided into two smaller periods, from 1993-94 to 2002-
03 and 2003-04 to 2012-13. The annual growth rates were 
based on GSDP per capita of all individual states. The 
perusal of Table 1 revealed that all states witness below 5 
percent growth during 1993-94 to 2002-03, except 
Chandigarh, Goa, Gujarat, Himachal Pradesh, Karnataka, 
Pondicherry, and West Bengal. Pondicherry recorded the 
highest average growth rate of  14 per cent per annum. In 
general, majority of states  comparative growth rate  was 
balanced over the period of 1993-94 to 2002-03, even 
though disparity in terms of GSDP per capita widened 
across the states (Bakshi, Chawla, & Shah, 2015).  
However, during the period of 2003-04 to 2012-13 states 
like Sikkim, Uttaranchal, Tamil Nadu, Bihar, 
Maharashtra and Gujarat, Andhra Pradesh, Haryana, 
Delhi, Goa, Himachal Pradesh, Kerala and Odisha 
showed a high growth as against the combined average 
growth rate of all 30 states. The value of coefficient of 
variation for  the period of 1993-94 to 2002-03 is 0.70 and  
for 2003-04 to 2012-13 was 0.43. Thus, the dispersion in 
growth rate among the states is higher in 1990s than in the 
2000s. 

From the insights provided by the coefficient of 
variation, the present study further attempted to test the 
unconditional convergence with imposition of certain 
restrictions. These restrictions were presently with 
respect to fixed effect specifications. The results are 
presented in Table 2.

The â-convergence was tested by using the cross-
sectional convergence method. The results did not 
support unconditional convergence (cross-sectional) in 
growth performance across all states as the coefficient of 
the natural log of initial per capita GSDP (estimated â 
equals 0.86) was positive (Table 2). This implied 
unconditional divergence across states meaning thereby 
that the states were not converging to identical steady 
states. The results were not in line with neo-classical 
convergence model, which was similar to earlier studies 
(Ghosh, Marjit, & Neogi, 1998; Marjit & Mitra 1996; 

States 1993-94 to 
2002-03 

2003-04 to 
2012-13

1993-94 to 
2012-13

A& N islands 0.63 7.00 4.67
Andhra P. 4.69 8.66 9.76
Arunachal P. 1.41 5.52 4.35
Assam 1.26 4.68 3.57
Bihar 2.67 10.59 6.66
Chandigarh 5.66 3.86 6.57
Chhattisgarh 1.33 6.17 5.44

Delhi 4.73 8.60 9.59
Goa 8.70 8.73 10.17
Gujarat 5.05 9.33 11.45
Haryana 3.45 8.17 8.04
H. Pradesh 5.24 7.98 9.57
J&K 1.99 4.45 3.90
Jharkhand 2.38 6.30 5.35

Karnataka 5.82 7.72 9.51
Kerala 4.82 8.82 10.28
M. Pradesh 0.92 6.82 5.45
Maharashtra 3.23 9.30 8.58
Manipur 2.56 4.76 4.33
Meghalaya 4.29 7.34 8.08
Nagaland 3.07 5.80 5.71
Odisha 2.02 7.99 7.31
Pondicherry 14.57 6.58 16.07
Punjab 2.39 6.22 5.49
Rajasthan 2.83 5.75 7.48
Sikkim 3.68 20.10 16.78
Tamil Nadu 4.56 10.95 10.64
Uttar Pradesh 1.79 5.14 4.15
Uttaranchal 3.25 16.04 13.95
West Bengal 6.15 4.44 7.23
Combined GSDP 
per capita 
of 30 states

3.84 7.79 8.00

CV 0.70 0.43 0.42

Table 1. State-wise growth rate of per capita gross state 
domestic product

(Percent per annum)

Source: Author's Calculations are based on data from Central Statistical 
Organisation.3 (1/T)-L  (Y /Y ) * 100n t i

Raman 1996; Shaban 2006). 
From these results it can be inferred that regional 

economies evolve in multiple ways. They can converge 
and diverge simultaneously at different regional scales. 
Due to this reason, the regional scale at which a study was 
undertaken becomes extremely important as it influenced 
the results and conclusions. So, it was evident that many 
of the studies found that the Indian states/union territories 
were diverging from each other with respect to  their 
growth performance from identical steady states. The 

2value of coefficient of determination (R  = 0.0211) was 
very low, which implied  that there were some other 
important factors which explained the behaviour of per 
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capita GSDP on growth rates across different Indian 
states.

The  growth rates of GSDP per capita of the states for 
the period 1993-94 to 2012-13 against the natural log of 
per capita GSDP in 1993-94 are shown in Figure 1. If 
there was convergence in terms of levels of per capita 
income, the fitted line would have been downward 
sloping. The relationship between rate of growth of GSDP 
per capita and initial level of GSDP per capita is upward 
sloping (Figure 1). This implied that the states with higher 
levels of initial  GSDP per capita on an average, grow 
faster, suggesting that the inequality across states has 
increased and it is also important to specify  that even if 
there is no sign of unconditional convergence, conditional 
convergence might still be there. Conditional 

Variable Coefficient Standard Error t-value

C 0.065489 1.106281 0.059197
L  (GSDP)0n

NS0.086587 0.111386 0.777363

p-value

0.9532

0.4435
2R 0.021126 Mean dependent variable 0.924725

2Adjusted R- -0.013834 S.D. dependent variable 0.250486

S.E. of regression 0.252213 Akaike info criterion 0.147254

Sum squared residue 1.781117 Schwarz criterion 0.240667

Log likelihood -0.208810 Hannan-Quinn criterion 0.177138

F-value 0.604293 Durbin-Watson Test 2.131714

F-value 0.443463

Table 2. Results cross-sectional â-convergence of 30 Indian states

Source: Author's computation based on data from CSO (Central Statistical Organisation) data.

Time periods Basic equations

Coefficient t-value p-value 2R

Log- GSDPpc 

(1993 to 2012)

**-0.745
(0.169)

-4.4 0.000 0.037

Log- GSDPpc 

(1993 to 2002)

**-4.210
(0.707)

-5.95 0.000 0.051

Log- GSDPpc 

(2003 to 2012)

NS-0.151
(0.233)

-0.65 0.518 0.0083

Table 3. Results of â-convergence from fixed effect panel 
data estimation

Source: Author's computation based on data from CSO (Central 
Statistical Organisation) data.
Figures in parentheses are Standard Errors.
** Significance at the 5 percent  level.
NS: Non-significant

Figure 1. Per capita income by States in 1993-94 (ln) & Growth rate of GSDP per capita over 1993-94 to 2012-13
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convergence may  be persistent  with divergence over a 
certain period of time with respect to  per capita incomes. 
There was the probability that Indian states/union 
territories were converging  increasingly to divergent 
steady states. The estimated results of fixed effect panel 
data model are presented in Table 3.

The fixed effects panel data model was employed to 
test the convergence/divergence in growth rates in terms 
of GSDP per capita across 30 Indian states/union 
territories for three different time periods, 1993-2002, 
2003-2012 and 1993-2012 respectively (Table 3). For 
entire period of 1993-2012, the empirical evidence 
supported the unconditional convergence (income 
convergence) in growth performance across all states as 
the coefficient of the log a of Gross State Domestic 
Products per capita (logGSDP ) was negative (-0.74) and pc

statistically significant. The results clearly showed that 
across the states there is sign of convergence (income 
convergence) over the time, hence, the Solow's model of 
growth convergence was proved in this case. For the first 
sub-period 1993-2002, the coefficient of growth rate (-
4.21) was statistically significant, conforming a higher 
magnitude of convergence while the convergence 
indicator during the second sub-period (-0.151) though 
negative, fell and statistically non-significant. From these 
results, it can be concluded that the reason for strong 
evidence of convergence among  Indian states/union 
territories was out-come of the high level  of control 
practiced  by the central government in many areas since 
independence till reforms and not leaving much scope for 
state level initiatives and private investment. We can 
surmise from the above that during the decade of 2000s, 
the disparity has widened as compared to 1990s in per 
capita GSDP. This situation could be credited  to reforms 
as the impact of reforms remained confined to already 
advanced states resulting in their further progress while 
other backward states lagged  behind. The disparity in 
growth of GSDP per capita  among  states in India 
increased in 2000s as compared to 1990s. The problem 
was intensified by the inverse relationship between the 
growth rate of population and income. Unfortunately, 
backward states with higher rate population growth were 
not capable  to attract investment, both public and private, 
because of various  reasons, like low income, poor 
infrastructure, poor governance, regional divide, political 
will, bureaucratic apathy, unskilled human resources, 
poor planning, political instability (Dasgupta, Maiti, 
Mukherjee, Sarkar & Chakrabarti, 2000; Bhattacharya & 
Sakthivel, 2004).   
CONCLUSIONS

The present study tests the convergence hypothesis in 
a panel of 30 Indian states/union territories over last two 
decades (1993-2002, 2003-2012) and for whole period of 
1993-2012.  The study employed a series of estimates of 
convergence involving growth rates, graphical analysis, 
cross-sectional regression and panel data model. From 
cross-sectional estimation of convergence revealed that 

there was divergence across India states which was 
supplemented by graphical analysis. While applying 
panel data regression model for three different periods, 
1993-2002, 2003-2012 and 1993 to 2012, it was found 
that the results support for unconditional convergence 
(income convergence) in growth performance across all 
states for the period of 1993-2012. While for two sub-
periods viz. 1993-2002 and 2003-2012, convergence 
hypothesis was proved in both the cases. But for first sub-
period 1993-2002 convergence was stronger while for 
second sub-period 2003-2012 convergence was weak.
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States Per capita income in 1993-94 
(ln GSDP)

Growth rate of per capita GSDP from 1993-
94 to 2012-13

A&N islands 10.61 0.65

Andhra Pradesh 9.74 1.08

Arunachal Pradesh 10.12 0.62

Assam 9.66 0.53

Bihar 8.86 0.84

Chandigarh 10.76 0.83

Chhattisgarh 9.72 0.73

Delhi 10.57 1.07

Goa 10.89 1.10

Gujarat 9.98 1.19

Haryana 10.23 0.95

Himachal Pradesh 10.01 1.06

Jammu & Kashmir 9.91 0.57

Jharkhand 9.67 0.72

Karnataka 9.74 1.06

Kerala 9.94 1.11

Madhya Pradesh 9.54 0.73

Maharashtra 10.21 0.99

Manipur 9.74 0.62

Meghalaya 9.75 0.96

Nagaland 9.97 0.76

Odisha 9.53 0.90

Puducherry 9.95 1.43

Punjab 10.23 0.74

Rajasthan 9.51 0.91

Sikkim 9.92 1.47

Tamil Nadu 9.96 1.14

Uttar Pradesh 9.38 0.60

Uttranchal 9.76 1.33

West Bengal 9.67 0.89

Appendix 1.  Per capita income of States in 1993-94 (GSDP) and growth rate of GSDP per capita over 1993-94 to 
2012-13

Source: Author's calculations are based on data of Central Statistical Organisation

463

Bhat and Yasmin: Economic growth and convergence across Indian states



ABSTRACT
With the help of institutional changes, technological interventions, social infrastructure development and policy support during the 
past one and half decade, the Madhya Pradesh made some noteworthy progress on agriculture front. The state achieved a 9.53 
percent growth rate during 2005-06 to 2014-15 in the agriculture sector. Nevertheless, inequality and regional disparities still 
remain a serious issue in the development process of the state.  On the base of combined composite score of development (CCS), 
districts have been classified in three categories, as highly developed, moderately developed and disadvantaged districts with CCS 
greater than 7.5, between 7.5 and 6.5 and less than 6.5, respectively.  The results showed that Indore, Jabalpur, Bhopal, Guna, 
Dewas and Mandsaur achieved top position in agriculture development and these districts were also on the path of better growth, 
whereas districts Panna, Satna, Shahdol, Katni, Rewa, Umaria and Dindori were on the bottom position in agriculture 
development. Furthermore, the study identified the factors of inter-regional disparities like comparative small land holding size, 
poor availability of institutional credit, low level of groundwater development, the high dependency of the population on 
agriculture, per worker less operational area and low use of NPK which made a significant difference in the level of agricultural 
development. Therefore, to sustain the growth rate of the economy as well as agriculture sector in Madhya Pradesh, it is necessary 
to pay special attention to backward districts. Due to the poor agricultural infrastructural development, these districts were unable 
to catch the current growth rate alike advanced districts. There is need to improve the lacking infrastructural facilities in the 
backward district of Madhya Pradesh which can further help sustain the high growth rate of Madhya Pradesh.
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INTRODUCTION
India is a large federal nation with the majority of the 

population dependent on agriculture. There is wide 
variation in the level of agricultural development and 
overall economic development between different parts of 
the country (Singh, Yadav, Singh, & Singh 2013; Singh, 
2007; Rao, Shand, & Kalirajan 1999; Ghosh, Marjit, & 
Neogi, 1998). Development of a region is depending on 
some initial conditions (Myrdal 1968) like availability of 
natural resource and ability to effectively use the available 
resource. Similar views were also expressed by 

Hirschman (1958) as Myrdal but with the stress on the 
active role of the state to reduce the imbalance. As 
investigated, the interregional disparities increase, at least 
in the initial level of development and after a certain stage, 
it decreased. Kuznets (1955) showed that the relationship 
between economic growth and income inequality 
('Inverted U shape). Williamson (1965) provided the 
empirical evidence for the theory on the base of time 
series data for 10 countries and cross-section data for 24 
countries. Studies, based on different type of data 
confirmed the inverted U-shape hypothesis there is a 



tendency to increase regional disparity initially which 
will decrease in the latter phase with the process of 
development. With the positive role of the state policy 
measures, decrease in inter-regional inequality was due to 
the region of inter-regional benefits linkage. The 
agriculture sector is the backbone of Indian economy 
which employed about 54.6 percent of the population. 
Although some studies have observed, inter-state 
disparities in agricultural development are decreasing 
over time (Birthal, Singh, & Kumar, 2009; Kumar, 
Kamble, & Chaudhary, 2014; Singh, Singh, & Singh, 
2013), but this could not improve the level of agricultural 
development much in some regions. The study done by 
Chand, Raju, Garg and Pandey (2011) reported 30 times 
difference in agricultural productivity between most 
productive and with very low productivity in some 
districts.

Institutional changes, technological interventions, 
social infrastructure development and policy support 
during the past one and half decade, the Madhya Pradesh 
made some noteworthy progress on agriculture front. The 
state achieved a 9.53 percent growth rate during 2005-06 
to 2014-15 in the agriculture sector. The progress 
achieved by the state was inadequate considering its 
potential and requirement poised by its increasing 
population. However, inequality and regional disparities 
still remained a serious issue in the development process 
of the state. Madhya Pradesh, a second largest and 
ecological highly diversified state, with highly varied 
ecological conditions also made a high variation in 
agricultural development. It was interesting to find out if 
agricultural growth in Madhya Pradesh was evenly spread 
across the state or not? So, in the present study, an effort 
was made to estimate the district wise status of 
agricultural development which in turn presented inter-
district disparities in agriculture development. The 
number of factors such as agro-ecological conditions, 
natural resource endowments, demographical features, 
irrigation development level, institutional and historical 
factors played a significant role in interregional variations 
(Somasekharan, Prasad, & Roy, 2011; Srivastava, Ghosh, 
Kumar, & Anand, 2014). Furthermore, the study also 
identifies the status of agricultural development factors 
which contribute to the interregional disparity in the state. 
The objectives of the study were to estimate the district-
wise status of agricultural development which in turn 
presents inter-district disparities in agriculture 
development and to identify the status of agricultural 
development factors which contribute to the interregional 
disparity in the state. 
METHODOLOGY

The present study covers 44 districts of Madhya 
Pradesh. Data for the three new districts, bifurcated in 
2008, were aggregated with their origin districts. The time 
series data of net state domestic product (NSDP) from 
different economic activities was collected for the period 
1980-81 to 2014-15 at 2004-05 prices from Central 

Statistics Organisation (CSO), Ministry of Statistics and 
Programme Implementation, Government of India. The 
GSDP series were first smoothened by taking the two-
year moving average and the trend growth rate estimated 
for 10 year period, by fitting a semi-log trend regression 
equation on the smoothened data. 

Agricultural productivity was estimated as

Where,
th thGDDP = Gross district product of 'i ' district in 't  it

time and
th thNSA = Net sown area of 'i ' district in 't ' time.t 

To compare and identify disadvantaged districts  in 
agricultural development level process constructed 
agriculture development index (combined composite 
score of agriculture development) based on selected 
development indicators names as Agricultural 
Productivity (`/ha NSA); Growth Rate of Agricultural 
Productivity; Per agricultural Worker productivity (`); 
Land Holding Size (ha); NPK Use (kg/per ha of GCA); 
Credit distributed (`/ha); Cropping intensity percent; 
Agriculture coverage percent; Rural literacy percent; 
percent of rural population under poverty ; Agricultural 
Worker in total workforce (percent); Number of 
agricultural Worker (per/ha); Crop Diversification index 
(SDI); Area under fruits & vegetables; Annual Rainfall 
(cm); percent of problematic soil and Level of 
groundwater development. Construction of index is a 
complex phenomenon but accounting to some of the 
scholars (De Muro, Mazziotta, & Pareto, 2010; Lun, 
Holzer, Tappeiner, & Tappeiner 2006; Mazziotta & 
Pareto, 2013) constriction of development index is a good 
methodology for presenting complex phenomenon in a 
simple way. In cases, where a higher index value indicates 
positive results, the following formula is used:

For example, higher the agriculture productivity and 
higher growth rate of agriculture productivity, higher was 
the level of agriculture development. In cases where a 
lower value indicated better and more positive results, the 
following formula was:

where,
th th X  = Observed value of the i  variable in j districtij

thMin  = Minimum value of the i  variable in all districti
thMan  = Maximum value of the i  variable in all i

district
To develop a combined composite score of 

agriculture development a principal component analysis 
for providing weight to each variable was used.  

Agricultural Productivity (`/ha)=
GDDPit

NSAit

Z  =ij

X  - Minij i

Max -Mini i

Higher the better

Z  =ij

Max  - Xi i

Max -Mini i

Lower the better
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where, 
CCS = Combined Composite Score of agriculture j

thdevelopment of the j  district,
th th Z  =  Standardize value of the i variable in j district ij

and 
thW = Weight of i  variable which got from PCA and i 

standardizes as 

V  = Proportion of variation explained by the first 1 

factor.
V = Proportion of variation explained by the 2 

second factor.
thV  = Proportion of variation explained by the n  n

factor.
RESULTS AND DISCUSSION
Comparative Growth and Productivity of Agriculture 
in Madhya Pradesh

Undoubtedly, agricultural sector in Madhya Pradesh 
achieved remarkable growth rate during the last decade. 
Madhya Pradesh was the topmost state in agricultural 
growth during 2004-05 to 2013-14 (Figure 1). At the same 
time, agricultural productivity in Madhya Pradesh was 
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Figure 1. State-wise agriculture growth and productivity 
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not very good. Even neighbouring states of Uttar Pradesh 
and Gujarat recorded higher agricultural productivity as 
compared to Madhya Pradesh. Agricultural development 
was very poor in Madhya Pradesh (Chand & Srivastava, 
2016). Consequently, the state grew at a surprising rate or 
growth performance of the agricultural sector in the state 
was due to the poor base. It is worth mentioning that 
Madhya Pradesh is a second highest state and growing at 
more than 15 percent. 

Comparative lower level of agricultural productivity 
also showed the future scope of improvement in the 
sector. Past growth path of the state agriculture sector 
development with a continued concentration on the 
sector, will be able to achieve the surprising position. The 
per hectare productivity improvement of agricultural 
would lead to more growth of Madhya Pradesh state 
which could be increased through good quality seed 
technology, irrigation facilities and research. There is still 
a scope to improve the seed technology in Madhya 
Pradesh to sustain the high growth. 
Performance of Agriculture, Non-agriculture and 
Overall Economy: Madhya Pradesh versus India

The comparative performance of agriculture sector, 
non-agriculture sector and the overall economy in 
Madhya Pradesh and in the country is presented in Table 

1. During 2000-01, the share of agriculture in the gross 
domestic product was 25.2 and 23.0 percent in Madhya 
Pradesh and India, respectively. During the subsequent 
period till the year 2014-15, agriculture in the state 
witnessed a significantly higher growth rate of 9.53 
percent as compared to 8.21 percent growth rate in non-
farm sectors. Consequently, the share of the agriculture 
output has increased by 11.5 percentage points between 
2000-01 and 2014-15. On the other hand, relatively slow 
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growth in agriculture compared to the non-farm sectors 
resulted in 5.5 percentage points decline in the share of 
agriculture in the gross domestic product in the country. In 
terms of employment, agriculture engaged a higher 
proportion of the workforce in the state than in the 
country. These results showed that agriculture is not only 
a predominant source of livelihood but also driving 
overall economic growth in the state. Nevertheless, the 
agriculture workforce witnessed a declining trend in 
Madhya Pradesh as well as in the country.  The overall 
economic growth of the state of Madhya Pradesh (8.6 % 
per annum) was higher than the country growth rate of 
6.34 percent per annum during the same period.

The factors behind the impressive growth in 
agriculture in the state were examined by analyzing the 
improvement in agricultural infrastructure and input use. 
The irrigation coverage in the state increased significantly 
from only 23.9 percent in 2000-01 to 43.3 percent in 
2014-15. The outcome of the improved irrigation 
coverage was observed from the 35 percent points 
increase in the cropping intensity during the same period. 
Such developments were accompanied by an 
improvement in the road density and crop diversification 
towards fruits and vegetable crops. Similarly, the 
fertilizer use and credit disbursement for the crop 
production witnessed 2.8 and 5.1 percent annual growth 
rate during 2000-01 to 2014-15, respectively. These 
above factors resulted in 8.4 percent growth in the per 
hectare agriculture output in the state.   

Madhya Pradesh achieved remarkable growth during 
the last decade (Figure 3) even more than non- 
agricultural growth in the recent decade ending 2014-15. 
Non-agriculture sector growth was three and half time 
more than agriculture growth during the decade ending 
1990-1991. This gap was narrowed down till the decade 
ending 1996-97.  The state was not able to sustain their 
agriculture growth, and the gap increased to reach at more 
than eight times. The decline in growth was not seen only 
in agriculture in Madhya Pradesh, but also observed in the 
non-agricultural sector. This decreasing trend continued 

Particulars Madhya Pradesh India

2000-01 2014-15 #CGR / 
Change*

2000-01 2014-15 #CGR / 
Change*

Agriculture share in GSDP 25.2 36.7 11.5* 23 17.5 -5.5*

Percent agricultural workers in the total workforce 71.5
@69.8 -1.7* 58.2

@54.6 -3.6*

Percent cropping intensity 121 156 35* 131.1 142.3 11.2*

Percent irrigation coverage (GIA/GSA) 23.9 43.3 19.4* 41.1 48.1 7.0*

Percent area under fruits and vegetables 1.0 1.6 0.5* 4.4 4.9 0.4*
2Road density (km/100 km  area) 52.7 93.7

#4.2 75.2 137
#4.4

NSDP per ha of NSA at 2004-05 prices  (`) 15076 46739 #8.4 35202 49828 #2.5

NPK use per ha (kg/ha) 54 79
#2.8 94 127

#2.2

Credit disbursed at 2004-05 prices (`/ha) 3025 6105 #5.1 54169 141637 #7.1

Table 1. Indicators of agricultural developments in Madhya Pradesh and India

'@'- 2011 census data, '#'- Compound annual growth rate and '*'-change over a period.

till the decade ending 2002-03 and reached at -1.2 percent 
per annum rate during 2002-03. The growth performance 
of agriculture sector of Madhya Pradesh offered a good 
lesson for other states like Maharashtra, Karnataka and 
Bihar with a similar type of land and ecological 
conditions. 

The growth of the agricultural sector in Madhya 
Pradesh was due to remarkable growth in developing 
indicators for example, percent area under irrigation, 
improvement in NPK use, increase in cropping intensity, 
improve in credit disbursement, etc. nevertheless, the 
level of these indicators still remained lower than the 
national level. Consequently, the agricultural 
productivity of the state was still lower than the national 
level (Table 1).
Inter-regional Level of Agriculture Development in 
Madhya Pradesh

Combined composite score (CCS) of agricultural 
development level presented in Table 2, showed high inter 
districts variation in agricultural development in the state 
during 2013-14. On the base of CCS, districts were 
classified in three categories, highly developed districts 
with CCS greater than 7.5, moderately developed districts 
with CCS between 6.5 and 7.5 and disadvantaged districts 
with CCS less than 6.5. Harda, Indore, Hoshangabad and 
Jabalpur districts lie in the highly developed districts 
whereas Mandla, Rewa, Umaria, Jhabua and Dindori 
districts constituted least agriculturally developed 
districts.

Sixteen districts which fell in the comparative high 
developed category recorded an average 8.52 score of 
agriculture development with the variation of 8.33 
percent. Sixteen districts which were in the comparatively 
moderate developed category recorded an average of 7.00 
score of agriculture development with very low variation 
(4.71 percent). The remaining districts (12) which fell in 
the disadvantaged category, recorded an average of 5.92 
combined composite score of agriculture development 
with 6.76 percent coefficient of variation.   

The perusal of Table 3 revealed that both the level of 
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agriculture development as well as the growth rate of 
agricultural productivity was very high in Indore, Jabalpur, 
Bhopal, Guna, Dewas and Mandsaur districts. The Harda 
and Indore districts witnessed comparative high 
agriculture development level (9.72 and 9.44) with 
unexpected agricultural growth rates of 20.1 and 8.6 
percent, respectively whereas Panna, Satna, Shahdol, 
Katni, Rewa, Umaria and Dindori districts were at the 
bottom position in a combined composite score of 
agricultural development (level of agriculture 
development) as well as in growth. Narsimhapur, Damoh, 
Balaghat and Chhatarpur districts were also lagging behind 
and growth performance lies in less than 4 percent per 
annum growth rate category. Betul and Mandla districts 
showed a low level of agriculture development (less than 
6.5), with moderate performance in growth. Barwani, 
Bhind and Jhabua revealed a low level of agriculture 
development (less 6.5), but high performance in growth.

Divergence in Agricultural Development across 
Districts

The convergence/divergence in agricultural 
development was examined regressing agricultural 
development level with the initial level of agricultural 
productivity. Agricultural development level and 
productivity were not uniform across all districts in the 
state. Development level, as well as productivity of some 
districts, was very high (Indore, Jabalpur, Bhopal, Guna, 
Dewas, Mandsaur, etc.) whereas some districts were not 
performing well (Panna, Satna, Shahdol, Katni, Rewa, 
Umaria, Dindori, etc.). The graph indicated divergence 
trends in agricultural productivity across districts. Results 
of unconditional (á convergence) in Figure 3 showed that 
the level of agricultural development was on a diverging 
trend. On the basis of positive and significant regression 
coefficient, inter-district level of agricultural 
development  showed diverged over a period of time.

High developed Moderate developed Disadvantaged

District CCS District CCS District CCS

Harda 9.72 Sidhi 7.48 Panna 6.43
Indore 9.44 Narsimhapur 7.39 Barwani 6.34
Hoshangabad 9.24 Rajgarh 7.36 Bhind 6.25
Jabalpur 9.06 Chhindwara 7.35 Satna 6.13
Bhopal 9.00 Ratlam 7.35 Betul 6.10
Guna 8.93 Damoh 7.24 Shahdol 6.07
Raisen 8.73 Sheopur 7.10 Katni 6.04
Ujjain 8.71 Shivpuri 6.97 Mandla 5.94
Dewas 8.70 Seoni 6.96 Rewa 5.62
Sehore 8.34 Tikamgarh 6.91 Umaria 5.59
East Nimar (Khandwa) 8.11 West Nimar (Khargone) 6.87 Jhabua 5.46
Mandsaur 7.81 Dhar 6.76 Dindori 5.09
Neemuch 7.67 Datia 6.66
Vidisha 7.62 Balaghat 6.65
Sagar 7.62 Morena 6.50
Gwalior 7.57 Chhatarpur 6.50
Mean 8.52 7.00 5.92
CV 8.33 4.71 6.76

Table 2.  Interregional level of agriculture development during 2013-14 

Source: Author's estimation.

Particulars Low growth (<4% ) Medium growth (>4% and <7%) High growth (>7%)

Disadvantaged 
(CCS Agril.< 6.5)

Panna, Satna, Shahdol, 
Katni, Rewa, Umaria and 
Dindori

Betul and Mandla Barwani, Bhind and Jhabua

Moderate developed 
(CCS Agril. 6.5 to 7.5)

Narsimhapur, Damoh, 
Balaghat and Chhatarpur

Rajgarh, Ratlam, Sheopur, Shivpuri, 
Seoni, Tikamgarh and  Morena

Sidhi, Chhindwara, West Nimar 
(Khargone), Dhar and Datia

High developed
(CCS Agril. > 7.5)

Hoshangabad, Raisen, Ujjain, 
Sehore, East Nimar (Khandwa), 
Neemuch, Vidisha,  Sagar and 
Gwalior

Indore, Jabalpur,  Bhopal, Guna, 
Dewas and Mandsaur

Table 3.  District wise combined composite score of agricultural development level 2013-14 and growth rate in GDP 
of agriculture during 2004-05 to 2013-14

Source: Author's estimation based on CSO data.
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Figure 3. The growth of GDP versus a combined composite score of agriculture development

Particulars Faster developed 
districts

Moderately developed 
district

Disadvantages
district

Agri. Productivity (`/ ha NSA) 91047 77577 71162
The growth rate of Agricultural productivity 8.19 5.56 4.75
Per agricultural worker productivity (`) 76269 51657 40456
Land holding Size (ha) 2.17 1.73 1.6
NPK use (kg/per ha) 99 87 63
Credit distributed (`/ha) 38580 14541 9605
Cropping intensity 167 146 135
Agriculture coverage 57 50 47
Rural literacy 67.16 63.48 62.21
Rural population in poverty 26 33 52
The agricultural worker in the total workforce 63.22 75.27 75.45

-1The number of agricultural workers (ha ) 1.21 1.55 1.75
Crop diversification index (SDI) 0.34 0.33 0.33
The area under fruits and vegetable 0.88 0.41 0.58
Annual rainfall (cm) 1214 1108 1015
Problematic soil 47 46 46
Level of groundwater development 67 60 40

Table 4. Region-wise mean value of agriculture development indicators
(Percent)

Source: Author's estimation .

Therefore, to sustain the growth rate of the economy 
as well as agriculture sector in Madhya Pradesh, it was 
necessary to pay special attention to backward districts. 
Due to the poor level of agriculture development level, 
these districts were unable to match the current growth 
rate of advanced districts. The districts like Panna, Satna, 
Shahdol, Katni, Rewa, Umaria, Dindori, Chhatarpur and 
Damoh required immediate attention. 
Drivers of Inter-regional Agricultural Disparity in 
Madhya Pradesh

 The results revealed that out of total 487 districts 
covered 206 districts were found to be disadvantaged 

based on relative values of clustering variables. About 40 
percent of the total disadvantaged area lies in Madhya 
Pradesh and Rajasthan. The low cropping intensity, poor 
irrigation coverage and groundwater use, low fertilizer 
use, and large area under problematic soils across the 
districts of this clustering result into low agricultural 
productivity (Chand & Srivastava, 2016). Present study 
result derived and it was noticed that the agricultural 
sector in Madhya Pradesh achieved a considerable growth 
during the last one and half decade. However, the inter-
regional level of agricultural development varied across 
the districts. Some of the districts achieved a remarkable 
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Figure 4. Delineation of homogeneous regions based on the agricultural development level

level of agriculture development, and future of these 
districts seemed bright, due to better growth rate of the 
sector. Districts named Indore, Jabalpur, Bhopal, Guna, 
Dewas and Mandsaur achieved top position in agriculture 
development, and these districts were also on the path of 
better growth. It was investigated that districts namely 
Panna, Satna, Shahdol, Katni, Rewa, Umaria and Dindori 
were on the bottom in agriculture development. 
Identification of indicators, which caused inter-regional 
variation, was important for policy implementation. 
Agricultural productivity, which was an important 
indicator of agricultural development, significantly low 
in a disadvantaged region in developed districts (`91,047 
per ha)  and in the disadvantaged district (`71,162) (Table 
4 and Figure 4).  

Demographical features of the disadvantaged region 
like rural literacy 62.21 percent was less than the rural 
literacy at 67.16 percent in the developed region. About 
half of the rural population of the disadvantaged region 
was under poverty. Poverty was an outcome variable, but 
actually, it played a cobweb role. The rural poverty was 
the result of many factors such low agricultural 
development level, low agricultural productivity and 
natural resource endowments. At the same time, high 
rural poverty rate also restricted farmers from allocating a 
share of their income for agricultural development and 
modern agricultural practices. Biological conditions of 
these regions also created a barrier in agricultural 

development. Due to high dependency on agriculture, 
about 75 percent in disadvantaged regions were allowed 
less per worker area. 
CONCLUSIONS 

The growth of Madhya Pradesh increased due to area 
coverage under irrigation as well as improvement in 
agricultural infrastructure and input use. Crop 
diversification towards fruits and vegetable crops pushed 
the growth rate of the sector in Madhya Pradesh. 
Agricultural sector growth was found to be more than the 
non-agriculture sector in the recent decade ending 2014-
15 which was three and half time more than agriculture 
growth during the decade ending 1990-1991. The score 
showed high inter-district variation in agricultural 
development in the state during 2013-14. 

On the base of combined composite score of 
development (CCS), districts have been classified in 
three categories, as highly developed, moderately 
developed and disadvantaged districts with CCS greater 
than 7.5, between 7.5 and 6.5 and less than 6.5, 
respectively.  The results showed that Indore, Jabalpur, 
Bhopal, Guna, Dewas and Mandsaur achieved top 
position in agriculture development and these districts 
were also on the path of better growth, whereas districts 
Panna, Satna, Shahdol, Katni, Rewa, Umaria and 
Dindori were on the bottom position in agriculture 
development. Sixteen districts fell in the comparative 
high developed category, sixteen districts which were in 
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the comparative moderate developed category, 
remaining districts (12) fell in disadvantaged category.  
It was investigated that growth rate of agricultural 
productivity was very high in Indore, Jabalpur, Bhopal, 
Guna, Dewas and Mandsaur districts. The Harda and 
Indore districts witnessed comparative high agriculture 
development level (9.72 and 9.44) with unexpected 
agricultural growth rates of 20.1 and 8.6 percent, 
respectively. On the other hand, Panna, Satna, Shahdol, 
Katni, Rewa, Umaria and Dindori districts were at the 
bottom  in a combined composite score of agricultural 
development (level of agriculture development) as well 
as in growth. It was pertinent to mention that high growth 
of agriculture productivity (8.19 percent per annum) of 
high developed districts was higher than the low 
developed districts growth. The average annual worker 
productivity varied from `76,269 in the highly 
developed region to `40,456 in a disadvantaged region 
of the state.  Landholding size in the developed district 
was higher than the disadvantaged district and 
disadvantaged district. Institutional policies also 
distorted the farmer's decision making, therefore some 
regions were lagging more than the others. Distribution 
of institutional credit in disadvantage region (`9,605 per 
ha) was about four times less than the developed region. 
Consequently, farmers of the disadvantaged region were 
unable to use modern agriculture practices. There is need 
to improve the lacking infrastructural facilities in the 
backward district of Madhya Pradesh which can further 
lead to sustaining the high growth rate of Madhya 
Pradesh.  
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ABSTRACT
India' agricultural trade with SAARC member countries was not very impressive as a percentage of its world agricultural trade. The 
agricultural exports from India to other SAARC countries increased from $1553.61 million in 2005-06 to $5475.26 million in 2014-
15. A similar increase occurred in agricultural imports of India from $634.74 million to $1266.88 million. India's agricultural 
exports to other SAARC countries were higher as compared to imports, thus the balance of trade was favourable to India except for 
Afghanistan (2006-15) and Bhutan (2007 and 2008). The compound growth rate of agricultural exports of India with SAARC as a 
whole came out to be 14.26 per cent per annum at current prices and 7.84 per cent at constant prices which indicated a tremendous 
increase in agricultural exports to these countries after SAFTA agreement. The agricultural growth in imports at constant prices 
was negative and non-significant for all SAARC member countries with India except for Afghanistan and Bangladesh which were 
the major importing countries with respect to agricultural trade. After SAFTA agreement in 2006, no doubt, trade increased in the 
SAARC region, but lack of proper implementation was observed among SAARC countries. The study suggested that as India's total 
agricultural trade multiplied more than three-times after the formation of SAFTA in the region, it should play a key role in the 
implementation of SAFTA.  
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INTRODUCTION
Trade is the transport of possession of items from an 

individual to another by getting something in exchange 
from the buyer. Trade between two dealers is called 
bilateral trade, while trade between three or more than 
three dealers is called multilateral trade and between two 
nations is called international or foreign agricultural 
trade. Foreign trade improves the welfare of a country by 
allowing higher levels of consumption and investment. It 
is universally agreed that foreign trade plays an important 
role in the development of an economy. Trade 
performance of a country can be measured from different 
approaches import, export, total trade and balance of trade 
etc. The increase in world trade is the effect of deepening 
economic integration. The trade within the region, that is, 
intra-regional trade and expansion in this trade are one of 
the most direct forms of regional economic cooperation. 
Regional integration thus results in the uniting of two or 
more economies. Regional integration has developed as 

an alternative to the policy of free trade. Free Trade Area 
or Association is a form of economic integration, wherein 
the member countries remove tariffs and other trade 
barriers among themselves, but each member retains its 
own tariffs, trade restrictions and commercial policies 
with non-member countries. For achieving these benefits 
of economic integration, SAARC came into being in 
1985, which then led to the establishment of an 
organization (SAARC) of seven countries of South Asia, 
namely Bangladesh, Bhutan, India, Maldives, Nepal, 
Pakistan and Sri Lanka. Later on, Afghanistan joined as a 
full member of SAARC on April 3, 2007, at the 
Association's fourteenth Summit. The Regional 
Integration and FTA are one of the most important blocks 
for economic growth of the region. South Asian Free 
Trade Area (SAFTA) agreement came into force from 
January 01, 2006 (Akram, Ciddiki & Khan, 2014).

The signing of SAFTA agreement was a landmark in 
the evolution of SAARC since its formation in 1985. 



SAARC would benefit from regionalism if its 
cooperation would extend beyond formal trade (Metha & 
Kumar, 2004). Regional cooperation and integration will 
allow the SAARC states to benefit from international 
investment, technology and trading opportunities (Kher, 
2012).

India's trade with the individual SAARC country is 
mostly governed by bilateral agreements made between 
India and individual SAARC country from time to time to 
promote mutual trade. India's trade with Nepal though 
exhibited moderate progress until 2002-03, it gained 
momentum thereafter. While exports registered a 
staggering growth of 27 per cent per annum, imports grew 
at no less significant level of about 17 percent per annum. 
Expect in one year, the share of India's trade with Nepal as 
a proportion of India's total exports and imports were less 
than one percent. The growth of both exports and imports 
were statistically significant (Maheswararao, 2015).

 However, SAFTA is an initial step in the evolution of 
the SAARC as a regional trade bloc and an economic 
union. There is much debate about its favourable effect on 
intra-regional trade. Keeping this in mind, this study 
highlights India's agricultural trade relationship with 
SAARC at large and with each member of the trade bloc 
in particular. 
METHODOLOGY 

Secondary data on India's exports and imports have 
been compiled from the websites of the Department of 
Commerce, GOI and Food Agricultural Organization for 
fulfilling the specific objective of the study. The data were 
analyzed using both tabular and functional analysis. To 
know the extent of trade, the agricultural trade of India 
with SAARC nations (in value terms) was analyzed for 
the time period 2006 to 2015 and the balance of trade was 
worked out. 
Estimation of Growth

The compound growth rates of agricultural exports 
and imports of India with other SAARC countries for a 
period of ten years (2006 to 2015). The analysis of growth 
is generally employed in economic studies to work out the 
trend of a specific variable over a period of time. It clearly 
showed the performance of the variable under study and 
therefore it can be well used for making interpretations 
and to evolve policy decisions. The growth in the export 
of agricultural items was calculated using the exponential 
model. 
RESULTS AND DISCUSSION
India' Agricultural Trade with SAARC Region and 
World

South Asia's total trade increased at a faster rate than 
the growth in world trade after 2005, however, trade 
within the South Asian bloc increased at a lower rate than 
trade with the rest of the world (Chand, 2012). During TE 
2013, South Asian countries together accounted for 2.6 
per cent of the total world trade and 3.01 per cent of the 
total agricultural trade. India accounted for the highest 
share in world total trade as well as world agricultural 

trade among the SAARC nations (Saxena, 2015).  During 
2006-15, India's agricultural export to SAARC increased 
from $1553.61 million in 2005-06 to $5475.26 million in 
2014-15.  A similar increase was observed in agricultural 
imports of India from $634.74 million to $1266.88 
million in the same period. India's exports to SAARC as a 
proportion of her total agricultural exports to the world 
were all along 12 per cent. This revealed that India 
contributed 12 per cent to the export of region and 90 per 
cent to the rest of the world.
India's Bilateral Agricultural Trade with Afghanistan

India and Afghanistan signed the Preferential Trade 
Agreement (PTA) on March 06, 2003 in New Delhi. The 
agreement granted preferential tariff on 38 items from 
Afghanistan to India and the preferential tariff on 8 items 
from India to Afghanistan. The operation of the Chabahar 
port in Iran could substantially increase Afghanistan's 
exports by providing a new transit for Afghan to trade 
with India and rest of the world (Department of 
Commerce, 2010) Table 2 incorporates the data on India's 
agricultural exports to and imports from Afghanistan 
along with share of India's agricultural exports and 
imports to Afghanistan in SAARC region. The results 
revealed that India's exports to Afghanistan in value terms 
surged from US$30.30 million to only US$48.91 million 
between 2005-06 and 2014-15, registering a rise of 61 
percent during the decade. India's agricultural exports to 

Year SAARC World

Export Import Export Import

2006 1553.61 634.74 11257.5 
(13.80)

7066.8 
(8.98)

2007 2098.51 649.50 16707.7 
(12.56)

8092.4 
(8.03) 

2008 3374.39 790.02 17306.9 
(19.50)

9140.5 
(8.64)

2009 2327.19 573.40 15660.7 
(14.86)

12819.6 
(4.47)

2010 2215.67 631.71 19974.6 
(11.09)

10663.8 
(5.92)

2011 3783.17 789.92 30291.3
 (12.49)

17258.6
 (4.58)

2012 3901.60 904.91 38165.8 
(10.22)

20184.8 
(4.48)

2013 4865.35 1003.71 42489.5
 (11.45)

19216.1 
(5.22)

2014 5543.64 1052.80 - -

2015 5475.26 1266.88 - -

Table 1. India' agricultural trade with SAARC region 
and world, 2006-2015 

(US $million)

Source: Estimated from commerce.nic.in/eidb/default.asp and 
http://www.fao.org/faostat/en/#home.
Blank cells with (-) indicates non-availability of data.
Figures in parentheses represent percentages of India's trade with 
SAARC to world trade.
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Afghanistan significantly increased to $101.54 million in 
2011-12 due to increased export of cereals and tobacco. In 
the case of agricultural imports except in the terminal year 
there was near fluctuation up to 2012-13, imports after 
2012-13, continuously increased. For instance, India's 
agricultural imports from Afghanistan doubled from 
$130.04 million in 2011-12 to $260.65 million in 2014-
15. India's exports to Afghanistan as a proportion of her 
total agricultural exports to SAARC region were less than 
3.8 percent. The share of India's agricultural imports from 
Afghanistan in total SAARC import increased from 9.0 to 
20.6 percent during the period under study. The trade 
balance with Afghanistan was unfavourable to India, as 
imports exceeded exports. 
India's Bilateral Agricultural Trade with Bangladesh

Being one of the world's poorest and most densely 
populated countries, Bangladesh has stepped up its efforts 
to meet the food needs of its increasing population, by 
augmenting domestic production. Bangladesh's industrial 
base was weak with limited reserves of coal and oil. The 

country's main endowments included its vast human 
resource base, rich agricultural land, relatively abundant 
water, and substantial reserves of natural gas, which were 
items of exchange among the SAARC countries. The 
share of Bangladesh's agricultural trade in its total trade 
with India increased from 11.8 per cent in 1989 to 30.8 per 
cent in 2010. Foodgrains accounted for the overwhelming 
share in the agricultural trade between these two 
countries. About one-third of total exports from India to 
Bangladesh were of agricultural, fishery and livestock 
products (WTO, 2006).  The perusal of Table 3 showed 
that over the period of ten years India's agricultural export 
to Bangladesh increased from $804.94 million in 2005-06 
to $2952.87 million in 2014-15. The results further 
revealed that among SAARC countries Bangladesh had 
the highest share in India's agricultural export to SAARC 
comprising of 51.8 and 53.9 per cent agricultural export 
of SAARC region respectively. India's import of 
agricultural commodities from Bangladesh was $54.6 
million in 2005-06, it increased to 314.44 US $million in 

Year Export Import Export
to

SAARC

Import
from

SAARC

Share of
export in 
SAARC

Share of 
import in 
SAARC

Total
trade

Balance
of

trade

2006 30.3 56.82 1553.61 634.74 2.0 9.0 87.12 -26.52
2007 30.4 34.26 2098.51 649.5 1.4 5.3 64.66 -3.86
2008 64.22 109.27 3374.39 790.02 1.9 13.8 173.49 -45.05
2009 64.8 125.53 2368.86 573.4 2.7 21.9 190.33 -60.73
2010 85.1 125.11 2215.67 590.75 3.8 21.2 210.21 -40.01
2011 68.67 143.57 3783.17 789.92 1.8 18.2 212.24 -74.9
2012 101.54 130.04 3901.6 904.91 2.6 14.4 231.58 -28.5
2013 69.07 152.28 4865.35 1003.71 1.4 15.2 221.35 -83.21
2014 83.58 207.84 5543.64 1052.8 1.3 19.7 291.42 -124.26
2015 48.91 260.65 5475.26 1266.88 0.9 20.6 309.56 -211.74

Table 2. India's bilateral agricultural trade with Afghanistan, 2006-2015 
(US $million)

Source: Estimated from commerce.nic.in/eidb/default.asp.

Year Export Import Share of
export in SAARC

Share of
import in SAARC

Total trade Balance
of trade

2006 804.94 54.6 51.8 8.6 859.54 750.34
2007 770.48 77.75 36.7 12.0 848.23 692.73
2008 1806.19 96.33 53.5 12.2 1902.52 1709.86
2009 1186.34 103.32 50.0 18.0 1289.66 1083.02
2010 1023.37 109.62 46.2 18.5 1132.98 913.75
2011 1654.7 233.27 43.7 29.5 1887.97 1421.43
2012 1918.27 314.44 49.2 34.7 2232.71 1603.83
2013 2681.62 313.42 55.1 31.2 2995.04 2368.2
2014 3161.43 224.37 50.5 21.3 3385.8 2937.06
2015 2952.87 279.59 53.9 22.1 3232.46 2673.28

Table 3. India's bilateral agricultural trade with Bangladesh, 2006-2015
 (US $million)

Source: Estimated from commerce.nic.in/eidb/default.asp.
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2011-12 and, it reached $279.59 million in 2014-15. The 
share of agricultural import from Bangladesh in the total 
agricultural import of SAARC region ranged from 8.6 to 
34.7 percent. On the whole, India's total agricultural trade 
with Bangladesh increased from $859.54 million in 2005-
06 to $3232.46 million in 2014-15, depicting a favourable 
balance of trade. Thus, exports exceeded imports as far as 
bilateral trade between India and Bangladesh is 
concerned during the years under study.
India's Bilateral Agricultural Trade with Bhutan

The mutually beneficial economic relationship 
between India and Bhutan are an important element in 
bilateral trade. India continues to be the largest trade and 
development partner of Bhutan. The first contract on trade 
and commerce between Bhutan and India was signed in 
1972. Since then, the contract was renewed four times. 
The final contract was renewed on July 28, 2006, and was 
valid till July 29, 2016. India, Pakistan, Sri Lanka and 
Bangladesh exported 9.3, 10.0, 8.1 and 12.5 per cent, 
respectively of their agricultural exports within SAARC, 
and the remaining (close to 90 percent) was exported to 
outside region by these countries. Afghanistan and 
Bhutan were the minor players, trade maximum within 
the region. The overall share of intra-SAARC trade in 
total trade is 4.29 per cent which ranged from as low as 
2.15 per cent in India too as high as 79.81 per cent in 
Bhutan. Intra-SAARC agricultural trade ranged from 7 
per cent in India to 95 per cent in Bhutan (Saxena, Paul, 
Rana, Chaurajia, Palk & Joshi, 2015). Table 4 
incorporated absolute values of India's agricultural 
exports to and imports from Bhutan along with the 
percentage of shares in relation to India's total agricultural 
exports and imports to the SAARC region. The perusal of 
Table 4 revealed that India's agricultural exports to 
Bhutan soared from $18.64 million to $51.73 million 
registering almost three-fold increase during the study 
period. India's agricultural imports from Bhutan 
decreased from $14.77 million to $9.84 million in the 

same period. The balance of trade was positive for the 
period under study except for 2006-07 and 2007-08; 
India's agricultural imports were higher than her exports 
to Bhutan which was unfavourable for India. During the 
study period, the proportion of India's agricultural exports 
to Bhutan viz-a-viz SAARC region varied between 0.3 to 
1.2 percent. The share of India's agricultural import from 
Bhutan in the total agricultural import of SAARC region 
ranged from 0.6 to 6.6 percent during the study period. In 
the year 2014-15, India's agricultural imports from 
Bhutan constituted only 0.8 percent of India's total 
imports from SAARC. India's total agricultural trade with 
Bhutan increased from $33.41 million in 2005-06 to 
$61.57 million in 2014-15. The export figure reaching at 
the peak to $51.73 million in 2014-15 and the highest 
import was recorded in 2006-07 and 2007-08. The animal 
and vegetable fats were the major import items for two 
consecutive years making the unfavourable balance of 
trade for India. Similarly, dairy products and bird's eggs, 
wood and wooden articles were the major export items in 
2014-15 leading to a huge jump in export.
India's Bilateral Agricultural Trade with the Maldives

India's significant trade partner is the Maldives, 
bilateral trade agreement signed on March 31, 1981. The 
perusal of Table 5 showed that agricultural trade 
performance between India-Maldives was favourable 
since exports exceeded imports. India's agricultural 
export to the Maldives was $14.91 million in 2005-06; the 
agricultural export marginally increased to $44.03 
million in 2011-12 and it further increased to $53.79 
million in 2014-15. The share of agricultural export to the 
Maldives in the total agricultural export of SAARC 
ranged from 0.8 to 1.4 per cent during the study period. 
India's agricultural import from the Maldives was 
insignificant. India's balance of trade with the Maldives 
was favourable throughout the study period. 
India's Bilateral Agricultural Trade with Nepal

The economic relationship between Nepal and India 

Year Export Import Share of
export in SAARC

Share of
import in SAARC

Total trade Balance
of trade

2006 18.64 14.77 1.2 2.3 33.41 3.87

2007 8.74 35.25 0.4 5.4 43.99 -26.51

2008 10.44 52.22 0.3 6.6 62.66 -41.78

2009 13.37 11.64 0.6 2.0 25.01 1.73

2010 11.66 7.96 0.5 1.3 19.62 3.7

2011 14.18 5.64 0.4 0.7 19.82 8.54

2012 20.26 5.26 0.5 0.6 25.52 15

2013 23.27 5.75 0.5 0.6 29.02 17.52

2014 39.25 7.28 0.6 0.7 46.53 31.97

2015 51.73 9.84 0.9 0.8 61.57 41.89

Table 4. India's bilateral agricultural trade with Bhutan, 2006-2015 
(US $million)

Source: Estimated from commerce.nic.in/eidb/default.asp.
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is unique. India is the largest trading partner of Nepal with 
rdwhom Nepal conducts almost 2/3  of its trade. In South 

Asia after Bhutan, Nepal has the second highest degree of 
trade intensity with India. Therefore, the trade and other 
related relationship between Nepal and India have its own 
significance. On the other hand, it is worth mentioning 
that the economic cooperation between Nepal and India is 
based on the mobility of goods and services across the 
Nepal-India border of about 1,600 km. A major contract 
agreement of trade and cooperation was signed between 
the two governments on October 27, 2009, at Kathmandu 
in Nepal. The agreement aimed at improving bilateral 
trade between the two countries by agreeing to the 
mutually agreed points of trade. More than 43 percent of 
the total agricultural import of Nepal came from India. 
The share of India in Nepal's total export of agricultural 
commodities increased from 21 percent in TE 1995 to 
about 56 percent in TE 2011 (Pandey, Punet, Santosh & 
Rakesh, 2014). The perusal of Table 6 revealed that 
during last ten years India's agricultural export to Nepal 

Year Export Import Share of
export in SAARC

Share of
import in SAARC

Total
trade

Balance
of trade

2006 14.91 0.05 1.0 0.008 14.96 14.86

2007 18.79 0 0.9 0.000 18.79 18.79

2008 25.8 0.04 0.8 0.005 25.84 25.76

2009 32.8 0.01 1.4 0.002 32.81 32.79

2010 30.43 0.01 1.4 0.002 30.44 30.42

2011 34.36 0.26 0.9 0.033 34.62 34.1

2012 44.03 0.01 1.1 0.001 44.04 44.02

2013 49.1 0.1 1.0 0.010 49.20 49

2014 52.06 0.17 0.8 0.016 52.23 51.89

2015 53.79 0 1.0 0.000 53.79 53.79

Table 5. India's bilateral agricultural trade with Maldives, 2006-2015 
(US $million)

Source: Estimated from commerce.nic.in/eidb/default.asp.

Year Export Import Share of
export in SAARC

Share of
import in SAARC

Total
trade

Balance
of trade

2006 187.36 127.19 12.0 20.0 314.55 60.17

2007 193.54 97.55 9.2 15.0 291.09 95.99

2008 282.86 159.1 8.4 20.1 441.96 123.76

2009 213.67 111.66 9.0 19.5 325.33 102.01

2010 221.29 96.39 10.0 16.3 317.68 124.9

2011 269.82 122.71 7.1 15.5 392.53 147.11

2012 379.41 130.07 9.7 14.4 509.48 249.34

2013 474.56 158.57 9.8 15.8 633.13 315.99

2014 569.11 197.99 9.1 18.8 767.1 371.12

2015 764.58 235.35 14.0 18.6 999.93 529.23

Table 6. India's bilateral agricultural trade with Nepal, 2006-2015 
(US $million)

Source: Estimated from commerce.nic.in/eidb/default.asp.

has increased more than four-fold, whereas agricultural 
imports ( in value terms) increased nearly twice from 
$127.19 million in 2006 to $235.55 million in 2015. The 
share of agricultural export to Nepal in the total 
agricultural export of SAARC ranged from 7.1 to 14 per 
cent; whereas the share of import from Nepal, viz-a-viz 
SAARC is 20 per cent. The trade balance with Nepal was 
favourable to India, as exports exceeded imports. 
India's Bilateral Agricultural Trade with Pakistan

The trade relations between India and Pakistan, the 
two neighbouring countries remained suspended for nine 
years and affected trade between both the countries. Trade 
between India and Pakistan slowed down over the past 50 
years due to three main reasons such as political tensions, 
the import-policies to encourage industrialization and in 
comparison to other regions of the world and relatively 
little commitment to regional integration (Naqvi, Schuler 
& Richter, 2007). India's agricultural exports to Pakistan 
showed a much better performance than agricultural 
exports from Pakistan to India (Das, 2016). Agricultural 
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export was the main source of growth for Indian 
agriculture in the 1990s, which was facilitated by trade 
liberalization policies and the devaluation of Indian 
Rupee (Misra & Rao, 2003). The perusal of Table 7 
revealed that India had favourable trade with Pakistan 
where exports were more than imports. Though India's 
agricultural export and import have increased in value 
terms with Pakistan over last ten years, the increase was 
not significant. It was only due to inflation or a rise in 
prices that there was an increase in current exports and 
imports. The share of agricultural export to Pakistan in the 
total agricultural export of SAARC ranged from 12.4 to 
34.4 per cent, whereas on import side it varied from 15.3 
to 23.4 per cent. Total India's agricultural trade with 
Pakistan increased from $350.96 million in 2005-06 to 
$880.88 million in 2014-15.
India's Bilateral Agricultural Trade with Sri Lanka

Bilateral relations between Sri Lanka and India were 
friendly but affected by the Sri Lankan civil war and failure 
of Indian intervention during the Sri Lankan civil war. 
India is Sri Lanka's only neighbour, separated by the Palk 
Strait; both nations occupy a strategic position in South 
Asia and have sought to build a common security umbrella 
in the Indian Ocean. India was the first country to respond 
to Sri Lanka's request for assistance after the tsunami in 
December 2004. India and Sri Lanka experienced welfare 
attained from the FTA. Moreover, it was evident that the 
India and Sri Lanka full trade liberalization scenario 
secured higher welfare for both the countries than the India 
and Sri Lanka FTA with negative lists (Perara, 2008). Sri 
Lanka was traditionally a major export market for India. 
India-Sri Lanka Free Trade Agreement (ISFTA) was 
signed on December 28, 1998. This agreement is in 
operation since March 01, 2000. Under this agreement, 
both nations agreed to phase out trade tariffs from each 
other within a fixed time frame except for those items in 
the negative list of each other. They agreed to take forward 
the process of signing a comprehensive agreement for 

economic cooperation. Over the last ten years, India's 
agricultural export to Sri Lanka increased from $284.25 
million in 2005-06 to $924.02 million in 2014-15. The 
share of agricultural export to Sri Lanka in the total 
agricultural export of SAARC ranged from 10.9 to 22.5 
per cent whereas the share of agricultural import varied 
between 18.1 and 38.9 per cent. Agricultural import from 
Sri Lanka was $243.56 million in 2005-06 and, it increased 
to $279.93 million in 2014-15. Since export and import of 
India increased during the period, therefore, India's total 
agricultural trade with Sri Lanka increased from $527.81 
million in 2005-06 to $1203.95 million in 2014-15. It was 
observed that the exports in respect of Sri Lanka surpassed 
the imports throughout the study period stretching from 
2005-06 to 2014-15, displaying a favourable balance of 
trade (Table 8). 
Analysis of Growth in Trade of Agricultural 
Commodities

The compound growth rate of agricultural exports and 
imports of India with other SAARC countries for a period 
of ten years (2006 to 2015) presented in Table 9. The 
results showed that growth rate of agricultural exports of 
India at current prices with Bhutan and Nepal came out to 
be around 16 per cent per annum; indicating a tremendous 
increase in agricultural exports to these countries after 
SAFTA agreement. Due to hostile relations with Pakistan, 
the growth rate of agricultural exports was not significant. 
The growth rate of agricultural import, was less than the 
growth rate of agricultural export; indicating more growth 
in export than import with SAARC nations. The growth 
rate was negative with Bhutan, Sri Lanka and Pakistan. If 
we deflate the current data of agricultural export with 
wholesale price index (all commodities, Base year 2004-
05=100) then even at constant prices, agricultural exports 
increased in the range of 2 to 9 percent per annum. The 
agricultural export at constant prices showed a significant 
trend with Bangladesh, Maldives and Nepal whereas 
import with Afghanistan and Bangladesh.   

Year Export Import Share of
export in SAARC

Share of
import in SAARC

Total
trade

Balance
of trade

2006 213.21 137.75 13.7 21.7 350.96 75.46
2007 722.24 152.17 34.4 23.4 874.41 570.07
2008 691.35 121.09 20.5 15.3 812.44 570.26
2009 374.57 96.31 15.8 16.8 470.88 278.26
2010 457.42 119.89 20.6 20.3 577.31 337.53
2011 1097.55 129.19 29.0 16.4 1226.74 968.36
2012 558.42 161.33 14.3 17.8 719.75 397.09
2013 984.36 190.25 20.2 19.0 1174.61 794.11
2014 955.48 208.3 15.3 19.8 1163.78 747.18
2015 679.36 201.52 12.4 15.9 880.88 477.84

Table 7.  India's bilateral agricultural trade with Pakistan, 2006-2015 
 (US $million)

Source: Estimated from commerce.nic.in/eidb/default.asp.
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Country CGR of export
(Current prices)

CGR of  export
(Constant prices)

CGR of import
(Current prices)

CGR of import
(Constant prices)

Afghanistan NS8.12 NS1.29 **18.66 **11.19

Bangladesh **16.70 ***9.32 **21.48 **13.77

Bhutan **16.47 NS9.11 NS-15.84 NS-21.92

Maldives **14.89 **7.63 NS8.32 -

Nepal **16.16 **8.82 ***7.01 NS0.27

Pakistan NS10.34 NS3.36 ***5.93 NS-0.74

Sri Lanka **11.76 NS4.70 NS-0.46 NS-6.72

SAARC **14.26 ***7.04 **7.84 NS1.05

Table 9. Compound growth rate of agricultural trade of India with SAARC countries, 2006 - 2015

***   and ** significant at 1  and 5 level, respectively.
 Ns: Non-significant.

Year Export Import Share of
export in SAARC

Share of
import in SAARC

Total
trade

Balance
of trade

2006 284.25 243.56 18.3 38.4 527.81 40.69

2007 354.32 252.52 16.9 38.9 606.84 101.8

2008 493.53 251.97 14.6 31.9 745.5 241.56

2009 483.31 124.93 20.4 21.8 608.24 358.38

2010 386.4 131.77 17.4 22.3 518.17 254.63

2011 643.89 155.28 17.0 19.7 799.17 488.61

2012 879.67 163.76 22.5 18.1 1043.43 715.91

2013 583.37 183.34 12.0 18.3 766.71 400.03

2014 682.73 206.85 10.9 19.6 889.58 475.88

2015 924.02 279.93 16.9 22.1 1203.95 644.09

Table 8. India's bilateral agricultural trade with Sri Lanka, 2006-2015 
(US $million)

Source: Estimated from commerce.nic.in/eidb/default.asp.

CONCLUSIONS
The agricultural exports from India to other SAARC 

countries multiplied more than seven-times after the 
formation of SAFTA in the region, the exports increased 
from $1553.61million in 2006  to $5475.26 million in 
2015. A similar increase was observed in agricultural 
imports of India from other SAARC countries, which has 
increased from $634.74 million in 2006 to $1266.88 
million in 2015, more than six-fold after the SAFTA 
agreement. Among SAARC countries, Bangladesh 
showed the highest share in India's agricultural export to 
SAARC comprising 51.8 and 53.9 per cent agricultural 
export of the SAARC region respectively. India's exports 
to other SAARC countries were higher as compared to 
imports, thus the balance of trade was favourable to India 
except for Afghanistan while with Bhutan animal and 
vegetable fats were the major import items for two 
consecutive years 2007 and 2008 making the 
unfavourable balance of trade. India's agricultural 
imports from Afghanistan doubled from  $130.04 million 
in 2011-12 to  $260.65 million in 2014-15. The growth 
rate of agricultural import was less than the growth rate of 
agricultural export indicating more growth in export than 

import with SAARC nations. After SAFTA agreement in 
2006, no doubt, trade increased in the SAARC region, but 
lack of proper implementation was observed among 
SAARC countries. The study suggested that as India's 
total agricultural trade multiplied more than three-times 
after the formation of SAFTA in the region, it should play 
a key role in SAFTA implementation.
REFERENCES
Akram, H.W., Ciddiki, D., & Khan, M.A. (2014). India's trade 

relationship with SAFTA Countries. Journal of Indian 
Research, 2(1), 46-58.

Chand, R. (2012). International trade, regional integration and 
food security in South Asia with special focus on LDCS. 
Geneva, Switzerland: UNCTAD and Common Wealth 
Secretariat.

Das, S. (2016). Indo-Pak trade relations under WTO regime–A 
study of agriculture sector. International Journal of 
Political Science, 2(4), 42-49

Department of Commerce. (2010). India-Afghanistan 
preferential trade agreement. New Delhi: Government of 
India, Department of Commerce.

Kher, P. (2012). Political economy of regional integration in 
South Asia. Geneva, Switzerland: UNCTAD. Retrieved 
f r o m  h t t p : / / u n c t e d .  O r g / p u b l i c a t i o n  

479

Naseri and Sidana: India's agricultural trade relationship with SAARC countries



Library/ecidc2013miscl 1_pb5.pdf.
Maheswararao, K. (2015). Growth of India's trade with 

individual SAARC countries. International Journal of 
Academic Research, 2(1), 102-110.

Metha, S.P., & Kumar, P. (2004). RTAs in South Asia: Option in 
the wake of Cancun Fiasco ASARC. Working Paper 2004-
11 Canberra: Australian National University.

Misra, V.N., & Rao, M.G. (2003). Trade policy agricultural 
growth and rural poor: Indian experience. Economic and 
Political Weekly, 38(43), 4588-4603.

Naqvi, Z.F., Schuler, P., & Richter, K. (2007). Pakistan-India 
trade: Overview and key issues in the challenges and 
potential of Pakistan–India trade. World Bank Report. 
Washington, DC : World Bank.

Pandey, D., Punet, K.A., Santosh, K., & Rakesh, S. (2014). 
Indo-Nepal trade relations in agricultural commodities. 
Economic Affairs, 59(185), 711-725.

Perara, M.S.S. (2008). Impact of the Indo-Sri Lanka free trade 
agreement on the Sri Lank economy. South Asia Economic 
Journal, 9(1), 1-50.

Saxena, R., Paul, R.K., Rana, S., Chaurajia, S., Palk, Z., & Joshi, 
D. (2015). Agricultural trade structure and linkage and 
SAARC: An empirical investigation. Agricultural 
Economics Research Review, 28(2), 311-328.

WTO. (2006). Trade policy review Bangladesh. WTO 
document WT/TPR/S/168/Rev.1. Geneva: WTO. 
Retrieved from https://www.wto.org/english/tratop_e/t 
pr_e/tp269_e.htm

480

Indian J Econ Dev 14(3): 2018 (July-September)



ABSTRACT
The objective of the paper was to analyze level and pattern of income of sampled farmer households and landless agricultural 
labourers in rural Punjab across the zones. The results revealed that an average household income and per capita income was 
directly related with the agricultural productivity and farm-size. It was noticed that the possession of land was directly proportional 
to the earnings of the sampled households. The land holdings have a huge impact on income. As land holding size increases, the 
income of sampled households also moved in the same direction. Also, in the case of landless agricultural labourers, it was found 
that their major source of income was providing services in the form of hiring out labour. An average sampled farmer households 
and landless agricultural labourers have the highest income in the Doaba zone followed by Majha and Malwa zones, respectively. 
An inter-zonal analysis shows that the sampled farmer households have a relatively less skewed distribution of income in the Doaba 
zone. The Gini-coefficient showed that concentration of per household income was greater than the per capita income in all the 
three zones. 
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INTRODUCTION
Agricultural development includes a set of measures 

aimed at technological up-gradation modes of production 
along with a set of compatible social and institutional 
changes. Punjab followed this model, resulting in the 
increase was witnessed in the use of capital inputs, 
productivity, production and income of the farmers 
(Singh, Kaur & Kingra, 2007). Since the advent of Green 
Revolution, the traditional agriculture has progressively 
given way to modern and commercial agriculture (Satish, 
2006). The impact of the Green Revolution was 
particularly visible in the states like Punjab, Haryana, and 
Western Uttar Pradesh (Jain & Subramanian, 1999).

The New Agricultural Technology includes the 
package of high-yielding varieties seeds, assured 
irrigation, use of chemical fertilizers, insecticides, 
pesticides, machinery and modern agricultural practices. 
It resulted in increasing total food grain production 
(Wilson, 2002). The process of transformation of Indian 
agriculture from a traditional to a modern has brought new 

opportunities for investment in agriculture due to a high 
rate of return on investment. Though the green revolution 
brought many advantages for farmers, it was not without 
disadvantages. One of its consequences could be seen in 
the form of growing disparities in farm incomes (Saini, 
1976).

In the initial phase of the green revolution, the 
significant increments could be seen in productivity and 
production leading to higher income benefits for the 
farming community (Aggarwal, 1971). With the advent of 
New Agricultural Technology, though the majority of the 
cultivators' recorded increase in farm productivity and 
income, it was largely in favour of bigger farmers and 
smaller farmers failed to reap many benefits (Johl, 1975). 
Due to many reasons like lack of finance, small land 
holdings, etc. the small farmers were unable to use the 
improved seeds, fertilizers and new techniques, and 
hence, lagged behind the medium and large farmers (Rao, 
1975).

The modern methods of production are highly capital 



intensive. The green revolution made impressive strides 
in Punjab agriculture and achieved many landmarks to 
enhance the income of the farmers except in the case of 
marginal and small farmers failed to reap optimal benefits 
(Sekhon, Kaur, Mahal & Sidhu, 2009). The potentials of 
New Agricultural Technology began to be exhausted in 
the 1980s generating the pressure of economic stress 
among the poor strata of the peasantry (Gill, 2005). The 
period since the introduction of New Economic Policies 
in 1991 has seen a dramatic increase in costs of cultivation 
as a result of the sharp increase in inputs prices, resulting 
from the withdrawal of subsidies and the privatization 
(Wilson, 2002).

The Punjab agriculture is passing through a difficult 
phase since 1997. First, the cotton crop failed putting the 
entire cotton belt under stress and then the Minimum 
Support Prices of Wheat and Paddy was almost stagnant 
(Sidhu, Singh & Bhullar, 2011). Due to uneven benefits 
and inefficient implementation of various schemes of the 
government, comprehensive development of the 
agricultural sector in Punjab is preposterous. In this 
situation, it is important to analyse the current scenario of 
Punjab. In the backdrop of this, the present paper was an 
attempt to analyze level and pattern of income of sampled 
farmer households and landless agricultural labourers in 
rural Punjab. More specifically objectives were:

i. to compute the level and pattern of rural farm 
households in Punjab, and

ii. to analyze the social and economic conditions of 
this group of farming community.

METHODOLOGY
Study pertains to three districts namely, Amritsar 

(Majha), Kapurthala (Doaba) and Mansa (Malwa) which 
were purposively selected from three different zones of 
Punjab. Keeping in view, various considerations and 
trying to strike a balance between the requirements of 
sampling theory and time, a three-stage stratified random 
sampling technique was used in this survey to select the 
farmers. Block selection was the first stage of the 
sampling unit, villages the second unit and farmers was 
the third stage of sampling unit. For each of these selected 
villages, 30 farmers and landless agricultural labourers 
were selected, taking each from six size groups viz., 
marginal (0-2.5 acres), small (2.5-5 acres), semi-medium 
(5-10 acres), medium (10-25 acres)and large farmers 
(above 25 acres) and landless agricultural labourers. 
Thus, in all 360 farmers were selected from 12 villages, 4 
villages from each district, with 25 belonging to each 
category of farmers and 5 landless agricultural labourers. 
The field level data from the sample households were 
collected by personal interview with the help of well-
structured pretested prepared schedule. The data 
pertained to the details of level and pattern of income were 
collected from the farmers and landless agricultural 
labourers of selected villages. A simple technique of 
average and percentage and value of Gini Coefficient for 
income distribution were made along with tabular 

analysis were applied to analyze the data for achieving 
desired objectives.
RESULTS AND DISCUSSION

An economic and social status of the households 
depends to large extent on their income levels. The 
incomes accrued to farmers from sources like crop 
production, animal husbandry and non-farm income, etc. 
The income pattern of farmers and landless agricultural 
labourers was estimated. In order to estimate the 
composition of income from different sources of the 
income has been examined. For this purpose, the present 
paper was divided into three sections. In Section-I, 
income from the sale of different crops and milk (during 
the full year) has been discussed. Section-II deals with 
details about other sources of income and composition of 
income. The whole discussion has been concluded in 
Section-III. 
The pattern of Income Accrued from Crops

Income of sampled farmer households from the sale of 
different crops has been presented in Table 1. On an 
average, each household earned a sum of ̀ 8,09,68,404. In 
Amritsar district, average earning per household found to 
be `7,21,531. The category-wise distribution revealed 
that total earnings of different sampled farming 

Particulars Total
 income 
from the 

sale 
of crops

Average 
income 

per 
household

Average 
income 
per acre

Amritsar
Marginal farmers 2263.4 113.17 49.20
Small farmers 47133.3 235.70 50.14
Semi-medium farmers 9741.3 487.06 53.82
Medium farmers 20176.2 1008.8 60.95
Large farmers 35258.9 1762.94 62.40
Total 72153.1 721.53 59.28
Kapurthala
Marginal farmers 2596.32 129.82 55.24
Small farmers 5795.80 289.79 59.14
Semi-medium farmers 13283.12 664.16 67.77
Medium farmers 27756.15 1387.81 70.99
Large farmers 46981.20 2349.06 73.52
Total 96412.61 964.13 70.32
Mansa
Marginal farmers 2146.63 107.33 45.70
Small farmers 4511.35 225.57 49.04
Semi-medium farmers 9496.40 474.82 52.76
Medium farmers 21427.40 1071.37 56.54
Large farmers 36757.70 1837.89 56.90
Total 74339.52 743.39 55.31

Table1. Income of sampled farmer households from the 
sale of different crops 

(`000 Per annum)

Source: Field Survey.
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households depend upon the size of land holdings. By 
selling different crops, average income per household was 
found to be `1,13,169 in the case of marginal farming 
households, which was lowest. An average income per 
household by selling different crops was highest in the 
case of large farming households (`17,62,944). In case of 
marginal farmers, average per acre was found to be 
`49,204, followed by small (`50,142), semi-medium 
(`53,819), medium (`60,955)and large farmers (`62,405) 
respectively. Similar results were reported by Kaur and 
Singh (2014).

 An average income stood at `9,64,126 per household 
in the case of Kapurthala district, which was the highest 
among all the sampled districts. The category-wise 
distribution shows that in the case of marginal farmer's 
category, average income per household was the lowest at 
`1298,16. The figure was the highest in the case of large 
farming households (`23,49,060). On an average, per 
acre earnings of marginal farmers (`55,241) followed by 
small (`59,141), semi-medium (`67,771), medium 
(`70,988) and large farmers (`73,523) respectively.

 On an average, earning per household was found to be 
`743,395 in Mansa district. The category-wise analysis 
shows that average income per households of marginal 
farmers (`1071,371), small (`225,568), semi-medium 
(`474,820), medium (`107,331) and large farmers 
(`1837,886) respectively. Average income per acre of 
marginal, small, semi-medium, medium and large 
farmers came out to be `45,673, 49,036, 52,758, 56,537 
and 56,900 respectively. These results were in 
consonance with the findings of the study conducted by 
(Singh, Sharma, Kingra, Bhogal, 2013; Singh, Anupama, 
Kaur, Kaur & Kaur, 2017), that there exists a positive 
relationship between farm-size and income levels. In 
other words, as the farm-size increases, the income of the 
sampled farm households also increases.

Dairying provides not only the most viable alternative 
for diversification of farming but also ensures more 
rational use of farm resources (Joshi, 2004). It was found 
that the sampled household sold milk roughly between 3-
8 months in a year (Table 2). The results revealed that the 
lactation period of cows was more than that of buffaloes. 
A total of milk were sold during the year by sampled 
households and earned `64,86,722 (`30.28/l). Income 
from buffalo's milk accounted for about 65.7 per cent of 
their total income. It was also found that buffaloes 
outnumbered cows. 

In Amritsar district, among the sampled districts, 
livestock population was found to be the highest in this 
district. So, there was a clear effect on the amount of milk 
sold and hence earnings. In the district, total milk sold 
came out to be the highest among the three districts. The 
average came out to be ̀ 25,539 for per household. Out of 
the total sold milk during the year, buffaloes share stood at 
59.87 per cent against 40.13 per cent share of cows. 

Households earned more handsome prices by selling 

buffaloes milk (`32.36/l) than cow's milk (`26.06/l). As 
far as average income per household was concerned, 
category-wise distribution revealed that it was highest in 
case of medium farming households (`35,695) followed 
by large farmers (`33,918), semi-medium farmer 
(`27,724). 

In the case of Kapurthala district, total milk sale during 
the year stood at 62445 litres. The average income came 
out to be `16,459 per household. Out of the total milk, 
buffaloes' milk share stood at 67.3 per cent, which 
happened to be the highest among all the districts. It was 
found that, buffaloes and cow's milk sold at `33.33 and 
`28.23 respectively, the highest rate among the three 
sampled districts. Category-wise distribution revealed 
that landless agricultural labourers earned only `5,823 
per household followed by marginal (`10,433), small 
(`14,737) and semi-medium farmers (`20,899). On the 
other hand, the respective figure stood at `23,452 in case 
of medium farming households, followed by large 
farming households (`23,414).

In Mansa district, in the 120 sampled households, 
livestock population was found to be lowest in this 
district. Hence, it resulted in low milk production and 
sale. Out of the total milk sold, the share of buffaloes 
stood at 54 per cent and cows at 46 per cent. Milk rate for 
buffaloes & cows stood at `32.85 and 25.50 per litre 
respectively. Average household earnings from milk sale 
during the year came out to be ̀ 12,057, the lowest among 
the sampled districts. Average household earnings were 
found to be maximum in case of large farming households 
(`19,940) followed by medium (`16,089), semi-medium 
(`13,543), small (`8,935), marginal (`8,825) and lowest 
in case of landless agricultural labourers households 
(`5,012). The results of the present study show similarity 
with the results of the study conducted by (Singh, 2016), 
that milk production and price realized were important 
parameters that determine the extent of income obtained 
from dairy farming.
Other Sources of Income 

Income of farmer households from other sources is 
presented in Table 3. Other sources include hiring out 
farm machinery, livestock sale, the sale of trees and 
equipment sale. It also includes income of sampled 
households from service, business ventures, and 
remittances from abroad. Average income per household 
came out to be `96,521.  In case of landless agricultural 
labourers category, it was found that major source of 
livelihood was labour. They worked either as permanent 
or casual workers on the farmlands. They were also found 
to be involved in various other kinds of unskilled or semi-
skilled works. The results further revealed that possession 
of land was the directly proportional relation with the 
earning of the sampled households.

In Amritsar district, it was found that total 8.33 per cent 
sampled households earned `4,06,200 by selling 
livestock, 3.33 per cent households sold one or another 
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Particulars Buffaloes Cows Total value Average income 
per household 

Value Value 

Amritsar
Landless agricultural labourers 84.63

 (78.18)
23.62

(21.82)
108.26
(100)

5.41

Marginal farmers 299.38
(75.35)

97.92
(24.65)

397.30
(100)

19.86

Small farmers 374.88
(67.61)

179.61
(32.39)

554.50
(100)

27.72

Semi-medium farmers 357.22
(58.33)

255.19
(41.67)

612.41
(100)

30.62

Medium farmers 419.96
(58.83)

293.93
(41.17)

713.89
(100)

35.69

Large farmers 454.27 
(66.97)

224.08
(33.03)

678.35
(100)

33.91

Total 1990.33
(64.94)

1074.36
(35.06)

3064.69
(100)

25.53

Kapurthala
Landless agricultural labourers 80.27

(68.93)
36.18

(31.07)
116.45
(100)

5.82

Marginal farmers 155.93
(74.73)

52.73
(25.27)

208.65
(100)

10.43

Small farmers 196.46
(66.65)

98.28
(33.35)

294.74
(100)

14.73

Semi-medium farmers 292.55 
(69.99)

125.44
(30.01)

417.98
(100)

20.89

Medium farmers 344.55
(73.46)

124.49
(26.54)

469.03
(100)

23.45

Large farmers 328.95
(70.25)

139.32
(29.75)

468.27
(100)

23.41

Total 1398.71
(70.82)

576.44
(29.18)

1975.15
(100)

16.47

Mansa
Landless agricultural labourers 73.44

(73.26)
26.80

(26.74)
100.24
(100)

5.01

Marginal farmers 96.10
(54.45)

80.40 
(45.55)

176.45
(100)

8.82

Small farmers 106.53
(59.62)

72.16
(40.38)

178.69
(100)

8.93

Semi-medium farmers 151.22
(55.83)

119.65
(44.17)

270.87
(100)

13.54

Medium farmers 203.63
(63.28)

118.14
(36.72)

321.77
(100)

16.08

Large farmers 239.83
(60.14)

158.98
(39.86)

398.81
(100)

19.94

Total 870.75
(60.18)

576.13
(39.82)

1446.88
(100)

12.05

Table 2. Income from milk sale (during the full year)
(`000)

Source: Field Survey.
Figures in parentheses are the percentages of the total.

farm-related equipment thereby earning ̀ 4,52,300. 36.67 
per cent of households earned `62,90,700 by providing 
one or another service, majority of them belonging to 
landless agricultural labourers. In the district, 11.7 per 
cent of households were found to be involved in certain 

business and earned (`13,40,635) during the year. By 
hiring out machinery, 8.33 per cent sampled households 
pocketed `6,08,540. In the case, 5.8 per cent households, 
an amount of `9,42,100 was received from abroad, in the 
form of remittances. Only 1.67 per cent of households 
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Particulars Hiring out
 of the 

machinery

Sale of 
livestock

Sale of 
trees

Sale of 
equipment

Services Business Remittances 
from abroad

Total 
value

Average per 
household

Value
Value Value Value

Value Value

Value

Amritsar

Landless agricultural 
labourers

- 37
(4.26)

- - 830
(95.74)

- - 867
(100)

43.35

Marginal farmers - 38.5
(2.73)

22
(1.56)

87
(6.18)

1260
(89.53)

- - 1407.5
(100)

70.375

Small farmers 58
(3.36)

- - 96.5
(5.58)

1140
(65.98)

318.28
(18.42)

115
(6.66)

1727.78
(100)

86.39

Semi-medium farmers 106
(5.93)

119.7
(6.70)

34
(1.90)

113.7
(6.36)

9840
(55.04)

190.24
(10.64)

240
(13.43)

1787.64
(100)

89.38

Medium farmers 246
(10.54)

124.5
(5.33)

- - 1320.7
(56.57)

493.25
(21.13)

150
(6.43)

2334.45
(100)

116.72

Large farmers 198.54
(10.07)

86.5
(4.39)

- 155.1
(7.86)

756
(38.34)

338.86
(17.18)

437.1
(22.16)

1972.11
(100)

98.61

Total 608.54
(6.03)
[8.33]

406.21
(4.02)
[8.33]

56
(0.56)
[1.67]

452.3
(4.48)
[3.33]

6290.7
(62.30)
[36.67]

1340.63
(13.28)
[11.70]

942.1
(9.33)
[5.80]

10096.48
(100)

84.14

Kapurthala

Landless agricultural 
labourers

- - - - 911
(100)

- - 9110.00
(100)

45.55

Marginal farmers 51
(2.29)

42.5
(1.91)

53
(2.38)

- 1458.2
(65.59)

438.9
(19.74)

180
(8.09)

22236.00
(100)

111.18

Small farmers 55.5
(2.30)

38.75
(1.61)

36
(1.49)

95.75
(3.97)

1385.7
(57.48)

334.17
(13.86)

465
(19.29)

24108.70
(100)

120.54

Semi-medium farmers 97.7
(3.02)

121.5
(3.75)

- - 2035.2
(62.83)

400.61
(12.37)

584
(18.03)

32390.00
(100)

161.95

Medium farmers 177
(6.45)

45
(1.64)

34
(1.24)

103.3
(3.76)

1418.4
(51.70)

116
(4.23)

850
(30.98)

27437.00
(100)

137.18

Large farmers 128.6
(4.17)

89
(2.88)

82.5
(2.67)

132.65
(4.30)

1314
(42.59)

228.56
(7.41)

1110
(35.98)

30853.10
(100)

154.26

Total 509.8
(3.49)
[7.50]

336.75
(2.30)
[6.67]

205.5
(1.41)
[5.80]

331.7
(2.27)
[2.50]

8522.5
(58.32)
[45.33]

1518.24
(10.39)
[14.17]

3189
(21.82)
[15.83]

146134.80
(100)

121.78

Mansa

Landless agricultural 
labourers

- 39
(4.77)

- - 779
(95.23)

- - 8180.00
(100)

40.90

Marginal farmers 121
(10.10)

- - 105.4
(8.81)

780
(65.13)

191.1
(15.96)

- 11975.00
(100)

59.87

Small farmers 246.5
(16.14)

40.25
(2.64)

- 174.1
(11.40)

854.4
(55.96)

76.55
(5.02)

135
(8.84)

15268.00
(100)

76.34

Semi-medium farmers 184.31
(8.62)

86.8
(4.06)

31
(1.45)

109.35
(5.11)

1422.2
(66.49)

89.15
(4.17)

216
(10.10)

21388.10
(100)

106.94

Medium farmers 332.5
(13.98)

43
(1.81)

29
(1.22)

- 938.4
(39.45)

485.75
(20.42)

550
(23.12)

23786.50
(100)

118.93

Large farmers 417.48
(21.10)

98
(4.96)

48
(2.43)

150.65
(7.62)

527.4
(26.66)

318.57
(16.10)

418
(21.13)

19781.05
(100)

98.91

Total 1301.79
(12.97)
[16.67]

307.05
(3.06)
[5.83]

108
(1.08)
[3.33]

539.5
(5.37)
[4.17]

5301.4
(52.81)
[34.17]

1161.13
(11.57)
[10.80]

1319
(13.14)
[8.33]

100378.65
(100)

83.65

Table 3. Detail about other sources of income of sampled households 
(`000 Per annum)

Source: Field Survey, ( ) shows the percentage of the total, [ ] shows the per cent of sampled households. 
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were involved in selling trees, & hence earning an amount 
of `56,000. On an average, each household earned 
`84,137 from various sources for one year. The category-
wise analysis revealed that by earning `116,722 per 
household during given time period, medium farming 
households top the income tally followed by large farmers 
`98,605. On the other hand, each landless agricultural 
labourers household earned `43,350, the lowest among 
all the categories.

In the case of Kapurthala district, each household 
earned an income of `121,779 from various sources. The 
study showed that 45.83 per cent of the households earned 
a sum of `85,22,500 by providing various kinds of agri-
related services. It is worth mentioning that entire 
earnings of landless agricultural labourers households 
came under this head. During the given period, 6.67 per 
cent households acquired `3,36,750 from the sale of 
livestock. By selling different types of equipment, a sum 
of `3,31,700 was earned by 2.5 per cent of households. 
Different kinds of business activities were another 
important source of income, whereby 14.17 per cent of 
households were successful in generating `15,18,240. In 
the district, it was found that hiring out of farm machinery 
was also a vital sector of income for 7.5 per cent of 
sampled families earned `5,09,790. Remittances from 
abroad helped 15.83 per cent sampled households. They 
got `31,89,000 from their relatives & friends settled 
abroad. Only 5.8 per cent of households earned ̀ 2,05,500 
from the sale of trees. Category-wise distribution 
depicted that landless agricultural labourers household, 
on an average earned `45,550 which was the lowest 
among all categories whereas the large farming 
households have highest remittance (`154,265)

The annual average income per household turned out 
to be `83,648 in Mansa district. Services emerged as a 
popular sector among the households. It was found that 
34.17 per cent sampled households earned a total of 
`53,01,400 by providing certain services. Landless 
agricultural labourers category was found to be totally 
dependent on providing various kinds of agricultural 
related services for their livelihood. 10.8 per cent sampled 
households were involved in various business ventures, 
thereby earning `11,61,125. Equipment sale helped 4.17 
per cent sampled households in earning ̀ 5,39,500 during 
the year. 8.33 per cent of households received`13,19,000 
in the form of remittances. During the given period, 5.83 
per cent families sold livestock to earn `3,07,050.  The 
outcome of the present study reached at the same 
conclusion as in case of the study conducted by (Singh, 
2016), that despite of crops and dairy as their main 
business, most of the marginal and small farmers were 
found to be engaged in non-farming activities in order to 
supplement their family income. Also, results seemed to 
be agreed with the study of (Kaur and Singh, 2014), that 
income generated from the agriculture sector alone, was 
not sufficient to sustain their livelihood of marginal and 

small farmers, therefore, most of the sampled farmers 
were found to be engaged in some non-farming activities 
to supplement their income.   

The composition of income has been presented in 
Table 4. Average income per household was `7892,824. 
Category-wise analysis depicted that land holdings have a 
huge impact on the composition of income. As land 
holding size increased, the income of sampled households 
also moved in the same direction. Also, in the case of 
landless agricultural labourers, it was found that their 
major source of income was providing services in the 
form of manual labourers. Average income per household 
came out to be ̀ 710.95 thousand in Amritsar district.

The major source of income came from the sale of 
different crops (`7,21,53,080) followed by income from 
other sources (`1,00,96,475) and sale of milk  
(`30,64,697). Category-wise analysis depicted that 
landless agricultural labourers households earned a sum 
of `9,75,255, the lowest among all categories of sampled 
households. Average income per household was ̀ 48,763. 
As far as farming households were concerned, marginal 
farmers on an average earned `2,03,409, the lowest, 
whereas, respective figure for large farmers stood at 
`18,95,467. This was found to be highest. 

In Kapurthala district, average income per household 
stood at `941,677. The major source of income 
generation for sampled households came from crop sale 
(`9,64,12,610) followed by various other sources of 
income (`1,46,13,480) and sale of milk (`19,75,152). 

The category-wise analysis depicted that average 
income per household was highest in case of large 
farming households (`25,26,739) followed by medium 
farming households (`15,48,445). On the opposite, 
landless agricultural labourers households, on an average 
earned `51,373 during the year. In Mansa district, 120 
sampled households earned a sum of ̀ 8,58,24,271 during 
the year, average income per household being `715,202. 
Various sources of income being milk sale (`14,46,884), 
crop sale (`7,43,39,522) and other sources 
(`1,00,37,865). Category-wise analysis depicted that 
landless agricultural labourers households', on an average 
earned `45,912, the lowest among all categories. On the 
other hand, the respective figure for large farming 
households stood at `19,56,732 which was highest. The 
results of the present study were consistent with the 
results of the study conducted by (Toor, Bhullar & Sidhu, 
2006; Singh, Sharma & Kingra, 2008), that the major 
share of income of sampled farm households came from 
the sale of various crops followed by milk sale, non-farm 
income and other miscellaneous sources.  Also, the study 
shows resemblance with the study by (Vatta, Garg & 
Sidhu, 2008), that the income from crops and dairying has 
been observed highly unequally distributed due to their 
strong association with the size of landholdings. 

Now let us look at the economic disparities present in 
the state through this sample. Gini ratios were calculated 
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Source of income & 
landholdings
(in acres)

Income 
from milk 

sale

Other 
sources

of  income

Sale of 
different 

crops

Total No. of 
sampled 

households

Average 
income per 
household

Amritsar

Landless agricultural 
labourers

108.25 
(11.10)

867
(88.90)

- 975.25
(100)

20 48.76

Marginal farmers 397.30
(9.77)

1407.5 
(34.59)

2263.37 
(55.64)

4068.17
(100)

20 203.41

Small farmers 554.49
(7.93)

1727.78 
(24.69)

4713.30 
(67.38)

6995.57
(100)

20 349.78

Semi-medium farmers 612.41
(5.05)

1787.64 
(14.72)

9741.32 
(80.23)

12141.38
(100)

20 607.10

Medium farmers 713.89
(3.07)

2334.45 
(10.06)

20176.2 
(86.87)

23224.54
(100)

20 1161.23

Large farmers 678.35
(1.79)

1972.11 
(5.20)

35258.87 
(93.01)

37909.33
(100)

20 1895.50

Total 3064.70
(3.59)

10096.47
(11.83)

72153.08 
(84.58)

85314.25
(100)

120 710.95

Kapurthala

Landless agri-
cultural labourers

116.45 
(11.33)

911
(88.67)

- 1027.45
(100)

20 51.37

Marginal farmers 208.66
(4.15)

2223.60 
(44.22)

2596.32 
(51.63)

5028.58
(100)

20 251.42

Small farmers 296.74
(3.49)

2410.87 
(28.35)

5795.80 
(68.16)

8503.42
(100)

20 425.20

Semi-medium farmers 417.98
(2.47)

3239
(19.12)

13283.12 
(78.41)

16940.11
(100)

20 847.00

Medium farmers 469.03
(1.51)

2743.70(8.8
6)

27756.15(89.
63)

30968.89
(100)

20 1548.44

Large farmers 468.27
(0.93)

3085.31 
(6.10)

46981.20 
(92.97)

50534.79
(100)

20 2526.73

Total 1977.15 
(1.75)

14613.48 
(12.93)

96412.61 
(85.32)

113003.24
(100)

120 941.67

Mansa

Landless agricultural 
labourers

100.24 
(10.92)

818
(89.08)

- 918.24
(100)

20 45.90

Marginal farmers 176.49
(5.01)

1197.50 
(34.02)

2146.62 
(60.97)

3520.62
(100)

20 176.00

Small farmers 178.70
(2.87)

1526.80 
(24.56)

4511.35 
(72.57)

6216.85
(100)

20 310.84

Semi-medium farmers 270.87
(2.28)

2138.81 
(17.96)

9496.39 
(79.76)

11906.08
(100)

20 595.30

Medium farmers 321.77
(1.33)

2378.65 
(9.86)

21427.42 
(88.81)

24127.84
(100)

20 1206.4

Large farmers 398.81
(1.02)

1978.10 
(5.05)

36757.73 
(93.93)

39134.64
(100)

20 1956.73

Total 1446.88 
(1.69)

10037.86 
(11.69)

74339.52 
(86.62)

85824.27
(100)

120 715.20

Table 4. The composition of income in Punjab
(`000 per annum)

Source: from Table 1, 2 & 3; ( ) shows the percentage of totals.
Other sources of income i.e., hiring out of machinery, the sale of trees and agricultural equipment, services, business, remittances from abroad, etc.
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Cumulative 
percentage of 
households

Cumulative percentage of household income of

Majha zone
(Amritsar)

Doaba zone
(Kapurthala)

Malwa zone
(Mansa)

All 
sampled 
farmers

Landless 
agricultural 

labourers

All 
sampled 
farmers

Landless 
agricultural 

labourers

All 
sampled 
farmers

Landless 
agricultural 

labourers

10 1.49 4.74 1.68 4.97 1.35 6.38

20 4.02 10.40 3.83 11.47 3.67 14.03

30 7.38 17.22 6.94 19.85 6.48 21.95

40 11.53 24.58 10.96 28.79 10.35 30.56

50 17.75 33.78 16.99 38.27 16.10 40.10

60 25.82 43.82 25.17 48.22 23.48 50.51

70 38.11 55.12 37.27 59.67 35.84 60.61

80 53.33 66.96 53.13 71.88 52.25 73.43

90 71.16 82.21 72.59 85.60 73.01 85.94

100 100.00 100 100.00 100 100.00 100

Gini Coefficient 0.438 0.222 0.442 0.162 0.456 0.131

Table 5. Distribution of household income of farmers and agricultural landless labourers: Zone-wise

Source: Primary Field Survey.

to justify the pattern of distribution. Gini ratio conveys 
better distribution if it is nearer to zero and worse 
distribution if it is nearer to unity. For the purpose, Gini's 
coefficient was calculated and presented in Table 5. It was 
found that income inequalities were more in the case of 
sampled farming households' vis-à-vis landless 
agricultural labourers households. As far as landless 
agricultural labourers were concerned, incomes were 
more evenly distributed in Mansa with Gini's coefficient 
0.131 followed Kapurthala (0.162) and Amritsar (0.222). 
In the case of sampled farming households, the least 
income inequalities were observed in Amritsar (0.438) 
followed by Kapurthala (0.442) and Mansa (0.456).
CONCLUSIONS

Analysis of income pattern of sampled households 
revealed that in order to meet the requirements of the 
families, these farmers were supplementing their farm 
income with income from other sources like hiring out of 
machinery, services, business, etc. No doubt, farm income 
constituted the major part of their total income but that 
alone was insufficient to meet the need of the big families 
being supported to them. The sampled households sold 
milk roughly between 3-8 months a year. It was also 
revealed that cows produced milk for the longer period as 
compared to buffaloes. The average annual income of 
sampled households from milk sale was ̀ 18024. The size 
of landholdings showed the direct bearing on livestock 
population and as a result, on milk. Average income per 
household during one year period was found to be highest 
in case of large farming households (`25757) followed by 
medium farming households (`25078). The study also 
contained information regarding different sources of 
income of farm households like services, income from 
various business ventures & remittances from abroad. It 

was found that sampled households earned a total of 
`1,91,39,620 from different sources. Average income per 
household came out to be `53166. In case of landless 
agricultural labourers category, it was found that major 
source of living was providing various kinds of manual 
services. In the majority of cases, they worked either as 
permanent or casual workers on the farmlands. They were 
also found to involved in various other kinds of unskilled 
and semi-skilled works. Possession of land showed a 
directly proportional relation with the earning of the 
sampled households. The study found that as farm size 
increased, average income from the sale of different crops 
also increased. The analysis also states that average 
income per household was higher in case of large farming 
households. The field survey revealed the fact that 
agricultural sector in Punjab suffers from many ailments 
and policy deficits-uneconomical, small and marginal 
farms; unemployment, underemployment and disguised 
employment; inadequate farm and family incomes; debt 
burden; inadequate health facilities; lack of quality 
education; drug menace and sustained policy deficit 
emerging out of vote bank policies. To arrest declining 
trends in agriculture, on the one hand and to increase farm 
income, a multi-pronged approach need to be followed, 
based on following elements that is, increasing crop 
productivity; livestock value addition; improvement in 
resource use; crop intensity; crop diversification; better 
price realization and shifting to non- farm occupation etc.
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ABSTRACT
Market integration plays an important role for all agricultural commodities in both developed and developing countries. Market 
Information such as price and other types of information are not properly transmitted, which will lead to a gap between demand and 
supply. The proper amalgamation, the strength of interdependence of one market with another market and the speed of changes are 
determining the degree of market integration and the global markets efficiency. This type of method and analysis helps to examine 
the long-run and short-run integration of major cotton markets with the framework of Vector Error Correction Mechanism 
(VECM). Major Cotton producing states of India were selected on the basis of their share in the total cotton production of the 
country such as Madhya Pradesh, Gujarat, Punjab, Andhra Pradesh, Telangana and Tamil Nadu were selected along with the 
major international cotton market such as the United States. Time series data regarding monthly cotton prices and arrivals in the 
major markets were also collected from various secondary sources for analysis from the year of January 2008 and December 2017. 
Findings revealed that the prices became stationary only upon first differencing. The existence of integration was confirmed among 
markets implying that there is price transmission. The error coefficients exposed that in Andhra Pradesh, Gujarat and Madhya 
Pradesh markets disequilibrium got corrected within a month by changes in its own prices with speed of convergence at 25, 14 and 
35 per cent in the long-run path. But for other markets, the speed of convergence ranged from 11 per cent to 79 per cent for short-run 
price movements to become stable along long-run equilibrium path in one or two-month lagged period.
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Co-integration, market integration, price transmission, short-run disequilibrium, stationarity. 
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INTRODUCTION
Cotton plays a predominant position amongst all cash 

crops in India and is also is known as 'white gold'. Its raw 
material is majorly used for the Indian textile industry, 
nearly 65 percent of its requirements (Ajjan, Selvan, 
Senthilnathan & Rohini, 2012). Cotton is an International 
crop grown by about 80 countries across the world. 
Speci?c areas of production include countries such as 
USA, India, China, the Middle East and Australia, where 
climatic conditions suit the natural growth requirements 
of cotton, including periods of hot and dry weather, and 
where adequate moisture is available, often obtained 
through irrigation. Among the ?ve major cotton growing 
countries, China holds the highest productivity level, 

followed by USA, Uzbekistan, Pakistan and India.
India was in the second position attained the first 

position during 2015-16 with 28 percent of total world 
production leading up China was about 23 percent of total 
cotton production. In India, cotton growing areas are 
divided into three major zones: the northern zone 
consisting of Punjab, Haryana and Rajasthan; the central 
zone including parts of Gujarat, Madhya Pradesh and 
Maharashtra; and the southern zone consisting of 
Telangana, Karnataka and Tamil Nadu. Five major zones 
of cotton cultivation in Tamil Nadu state and each zone 
represent different eco-climatic regions and cultivation 
practices. The winter irrigated zone involving the districts 
of Coimbatore, Tiruchirappalli, Salem, Dharmapuri, 



Perambalur, and parts of Madurai is categorized by the 
cultivation of long staple cotton, MCU 5. Tamil Nadu is 
the major consumer of raw cotton nearly account at 60-65 
per cent in India. In this state, the area under cotton is 
projected to remain the same (1.28 lakh hectares) and 
production is nearly around 5.34 lakh bales during 2015-
16.

 As markets become more integrated, it is expected 
that every market employs information from the others 
when forming its own price expectations. Geographically 
separated markets are integrated through information and 
goods flow freely among them and, as a result, prices are 
linked. In integrated markets, price changes in one region 
are transmitted to the other regions. The extent and the 
speed to which changes are passed through, and the 
strength of the interdependence among markets are 
indicators of the degree of integration and global 
efficiency of markets performance.

The present study focuses on market integration in 
different markets of cotton across India and to what extent 
the Tamil Nadu cotton market is influenced by the shocks 
of other cotton markets in India. In recent years several 
studies relating to market integration have been done with 
the help of different statistical tools. The usual definition 
in the literature is that integrated markets are those where 
prices are determined interdependently. This has been 
generally assumed to mean that the price changes in one 
market will be fully transmitted to other markets (Behura 
& Pradhan, 1998). By making inferences about market 
efficiency from data on prices the concept of integration 
has been central (Palaskas & Harriss-white, 1993). 
Spatial market integration refers to a situation in which 
prices of a commodity in spatially separated markets 
move together and price signals and information are 
transmitted smoothly across the markets (Ghosh, 2000). 
Previously, the measurement of pricing efficiency in the 
agricultural commodity market was done through pair-
wise comparison or bivariate correlation of price series 
data. However, it is not a convenient indicator of market 
integration and found to have methodological flaws. 
These fail to recognize the possibility of spurious 
integration in the process of the common exogenous trend 
(e.g., general inflation), common periodicity (e.g., 
agricultural seasonality) or autocorrelated and 
heteroscedastic residuals in the regression with non-
stationarity price data (Palaskas & Harriss-white, 1993).  
METHODOLOGY

Both domestic and international maize markets were 
considered for the study. The selected markets at the 
national level were Adoni (Andhra Pradesh), Adilabad 
(Andhra Pradesh), Rajkot (Gujarat), Sendhwa (Madhya 
Pradesh) and Tamil Nadu (Villupuram). To carry out the 
cotton markets were selected on the basis of annual 
market arrivals, Volume of Transaction and data 
availability and the major International market i.e. the 
United States was considered. The domestic cotton price 
series were collected from the portal of Agmarknet and 

the international market was collected from the portal of 
“The National Cotton Council”. Time-series data on 
monthly cotton prices were collected from the period of 
January 2008 to December 2017. The US$ deflator was 
used to deflate the international cotton market prices. 
Then the international prices were converted into 
domestic currency using foreign exchange rates. The 
entire study was carried out by using the E-Views 7.0 
software package.
Establishing Stationarity

Before analyzing any time series data testing for 
stationarity is necessary (Davidson & MacKinnon, 1993) 
since the data has the presence of trend components. If the 
series was found to be non-stationary, then the first 
differences of the series were to be tested for stationarity. 
The number of times (d) a series was differenced to make 
it stationary is referred to as the order of integration, I (d). 
The Augmented Dickey-Fuller (ADF) test was applied by 
running the regression of the following formula:

Where, Y  denoted price series of domestic and ti

international markets and i= 1, 2...7 (1-Abohar, 2-
Adilabad, 3-Adoni, 4-Rajkot, 5-Sendhwa, 6-Villupuram 
and the 7-United States). If the coefficient d was not 
statistically different from zero, it implied that the series 
have unit roots, and therefore, the series was non-
stationary. Once the variables were checked for 
stationarity and were of the same order, integration 
between them could be tested using the Johansen 
maximum likelihood test (Dickey & Fuller, 1979).
Johansen's multiple Co-integration Frameworks

It is possible that individual time series of the 
commodity prices may be non-stationary in levels, but a 
linear combination of them may be stationary indicating a 
long-run equilibrium relationship between them (Engle & 
Granger, 1987). If a linear combination of two non-
stationary series is stationary, then the two series are 
considered to be co-integrated. Co-integrated prices do 
not drift apart in the long-run and tend to move towards a 
shared equilibrium path (Zanias, 1993). To test whether or 
not the residual run of the regression between the two-
time series is stationary, co-integration tests start with the 
premise that for a long-run equilibrium relationship to 
exist between two variables it is necessary that they 
should have the same intertemporal characteristics. The 
ADF test was supplemented by the Johansen-Juselius 
Maximum Likelihood Method. This test addresses the 
issues of endogeneity and simultaneity problems in the 
data series. By this technique, the hypothesis of the 
presence of co-integration vector was formulated on a 
group of non-stationary series, as the hypothesis of the 
reduced rank of the long-run impact matrix. Likelihood 
ratio and maximum likelihood tests were applied to derive 
test statistics for the hypothesis of a given number of co-
integration vectors and their weights. Inference 
concerning linear restrictions on the co-integration 
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vectors and their weights was performed using usual chi-
square methods (Johansen & Juselius, 1990). Only 
variables of the same order of integration qualify for the 
pairwise co-integrating relationships. The specific linear 
combinations tested are the residuals from a static co-
integrating regression such as:

       
Where Y  and X  are (i =1, 2,.,7) price series in levels ti ti

and Z  is the residual term. Testing for co-integration ti

implies testing stationarity of the residual term Z . In the ti

current study, the dependent variable Y  are (i =1,2,.,7) ti

prices of different cotton auction markets (i =1,2,.,7) and 
the independent variables X  are (i = 1,2,.,6) prices of ti

other six cotton auction markets.
Vector Error Correction Mechanism (VECM)

 Even if market integration was demonstrated 
through cointegration, there could be disequilibrium in 
the short run i.e. price adjustment across markets may not 
happen instantaneously. It may take some time for the 
spatial price adjustments. Thereby, the last step in the co-
integration analysis involved the application of VECM. 
This  approach focuses  on the s t rength of  
interrelationships and the speed and magnitude of 
reactions in one price after a price in the system are 
shocked (Schroeder & Goodwin, 1990). The residuals 
obtained from the linear equation were introduced as an 
explanatory variable into the system of variables in levels. 
Thus the error correction run would capture the 
adjustment towards long-run equilibrium. The advantage 
of error correction methodology is that it incorporates 
variables both in their levels and first differences. This 
would, in turn, result in stronger integration accompanied 
by greater interdependence among prices in the short-run, 
such that every price would contribute to explain the 
evolution of the others. A generalized VECM formulation 
to understand both the short run and long-run behaviour 
of prices can be considered by first taking the 
autoregressive distributed lag (ADL) equation as follows:

By adding and deleting      ,              rearranging 
terms, and using the difference equator, the above 
equation can be written in the ECM format as follows:

The generalized form of this equation for k lags and 
an intercept term is as follows:

If all the variables are I (1), i.e., they are integrated of 
order 1, they are stationary in first difference. Therefore, 
all the summations in the above equations are also 
stationary. Moreover, if the variables are co-integrated, 
the ECM term, i.e., the linear combination of variables 
represented in parentheses is also stationary. The a  ij

coefficients capture the short-run effects and  m  j
coefficients represent the stationary long-run impacts of 
the right-hand side variables. The parameter m  measured 0

the rate of adjustment of the short run deviations towards 
the long run equilibrium. Theoretically, this parameter 
lies between 0 and 1. The value 0 denotes no adjustment 
and 1 indicates an instantaneous adjustment. A value 
between 0 and 1 indicates that any deviations will have a 
gradual adjustment to the long run equilibrium values.

So the Vector Error Correction Mechanism is used to 
distinguish the short term from the long-term association 
of the variables included in the model. When the variables 
are not integrated, then in the short term deviation from 
this long-term equilibrium would feedback to the changes 
in the dependent variable in order to force the movement 
according to the long run equilibrium relationship. The 
long-term causal relationship among the cotton auction 
markets is implied through the significance of the 't' tests 
of the lagged error correction term as it contains the long-
term information because it is derived from the long-term 
relationship . The coefficient of the lagged error 
correction term is a short-term adjustment coefficient and 
represented the proportion by which the cotton auction 
markets market adjusted in response to the long run 
disequilibrium.

Before computing, the error correction mechanism, 
the order of lag for the variables to be included in the 
models is to be ascertained. The orders of lag for the 
variables are chosen by the smallest Akaike Information 
Criterion (AIC) / Schwartz Bayesian Criterion (SBC) of 
the cotton auction markets price series. In the present 
study, all the variables are found to have minimum AIC/ 
SBC values at the first lag (Akaike, 1973). Hence 
throughout the analyses, the first lag of the variables are 
included wherever necessary.
RESULTS AND DISCUSSION

The null hypothesis of non-stationarity was 
established based on the critical values reported by . The 
estimated test statistics from the ADF test for the cotton 
market prices in levels and first-difference were stated in 
Table 1. All the price series were converted to natural 
logarithm. Akaike Information Criterion (AIC) was 
selected using the lag length. It can be shown in Table 1, 
that the null hypothesis of non- stationarity cannot be 
rejected for the prices in level but can be rejected in first-
differences. Therefore, the prices series were attained 
stationary in first- differences in all the cotton markets. 
Thus, the value of d was taken as 1 i.e. I (1) for all the 
markets.

Having confirmed that the time series data were 
stationary in their first differences, co-integration 
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between the markets was analysed using Johansen-
Juselius maximum likelihood procedure for the presence 
of short run and the long-run relationship between the 
domestic and international cotton markets. It consisted of 
two tests viz. trace statistic and a maximum Eigen-value 
statistic which are shown in Table 2 and 3, respectively. As 
it could be seen from Table 2, trace test procedure 
specified that the domestic cotton markets of Adoni, 
Rajkot, Abohar and Sendhwa were integrated with other 
markets each with four co-integrating equations. At the 
same time, co-integration between the markets was also 
confirmed with Maximum-Eigen value test. It was found 
that Adoni, Rajkot and Abohar cotton markets were 
integrated with other markets each with two co-
integrating equations are shown in Table 3. The existence 
of co-integration between markets confirms that there 

was a long run relationship between markets.
The final step in co-integration analysis involves the 

application of Vector Error-Correction Mechanism 
(VECM) for the domestic cotton markets which have a 
long-run association with the international market. The 
VECM results were shown in Table 4. The findings 
revealed the existence of short-run disequilibrium. It was 
also found that how much the short-run disequilibrium in 
a given market got corrected by changes in its own prices 
and with changes in prices of other markets. The 
coefficients of the error correction term indicated the 
speed of convergence to the long-run growth path as a 
result of shock in their own prices and shock in the prices 
of other domestic and international markets. But it is still 
to be seen whether such effects are uni-directional or bi-
directional.

As it could be seen from the Table 4, the estimated 
error term coefficients revealed that in the domestic 
Adoni, Rajkot, Sendhwa cotton markets 25, 14, 35 
percent disequilibrium got corrected within a month by 
changes in its own prices and the remaining was 
influenced by other internal and external market forces. 
The coefficients of the error correction term also indicated 
the speed of convergence to the long run growth path as a 
result of shock in its own prices. In case of Adoni market, 
Rajkot market about 36 percent of short-run 
disequilibrium in Adoni market got corrected with one 
month lag period. On the other hand, in relation to 
Sendhwa market about 49 percent of short-run 
disequilibrium in Adoni market got corrected with two 
months lag period.

Cotton 
market

Augmented Dickey-Fuller (ADF)

Level
st1  difference Critical value

Abohar -2.76818 -12.46254** -3.507394
Adilabad -2.79270 -11.21456**
Adoni -2.07894 -7.988636**
Rajkot -2.08172 -8.084916**
Sendhwa -2.10452 -19.35285**
Villupuram -2.29749 -11.73300**
United States -1.96118 -12.66840**

Table 1. Results of unit root test for cotton prices at 
different markets

*** Significant of 1 per cent level.

Cotton markets Eigen value Trace statistic Critical value p-value Hypothesized No. of 
CE(s)

ADN 0.462001 194.5700 125.6154 0.0000 None***

RAJ 0.311165 127.0011 95.75366 0.0001 At most 1***

SEN 0.252702 86.37091 69.81889 0.0014 At most 2***

ABH 0.238706 54.62019 47.85613 0.0102 At most 3**

ADL 0.169582 24.89195 29.79707 0.1653 At most 4

VM 0.039968 4.636923 15.49471 0.8461 At most 5

US 0.001750 0.190930 3.841466 0.6621 At most 6

Table 2. Unrestricted co-integration rank test (trace) between cotton markets

*** and ** Significant of 1 and 5 per cent level.

Cotton markets Eigen value Max-Eigen 
Statistic

Critical value p-value Hypothesized No. of 
CE(s)

ADN 0.462001 67.56897 46.23142 0.0001 None ***
RAJ 0.311165 40.63016 40.07757 0.0433 At most 1 **
SEN 0.252702 31.75072 33.87687 0.0878 At most 2
ABH 0.238706 29.72824 27.58434 0.0261 At most 3 **
ADL 0.169582 20.25502 21.13162 0.0660 At most 4
VM 0.039968 4.445994 14.26460 0.8095 At most 5
US 0.001750 0.190930 3.841466 0.6621 At most 6

Table 3. Unrestricted co-integration rank test (Maximum Eigen-value) between cotton markets

*** and ** Significant of 1 and 5 per cent  level.
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Error 
correction

D (ADN) D (RAJ) D (SEN) D (ABH) D (ADL) D (VM) D (US)

CointEq1 -0.24587* -0.13339*** -0.35316*** -0.05956 -0.06877 0.200742*** -0.2092

(0.04194) (0.04589) (0.07212) (0.05476) (0.04876) (0.06519) (0.13614)

[-5.86177] [-2.90680] [-4.89707] [-1.08782] [-1.41032] [ 3.07928] [-1.53665]

D (ADN (-1)) -0.01246 0.363856** -0.08875 -0.07471 0.406904 -0.08227 0.090903

(0.13431) (0.14694) (0.23092) (0.17533) (0.15614) (0.20875) (0.43592)

[-0.09276] [ 2.47629] [-0.38432] [-0.42612] [ 2.60607] [-0.39411] [ 0.20853]

D (ADN (-2)) -0.0134 0.205496 -0.49264** 0.056376 -0.25629 -0.0206 -0.21051

(0.13197) (0.14437) (0.22689) (0.17227) (0.15341) (0.20511) (0.42832)

[-0.10151] [ 1.42337] [-2.17125] [ 0.32725] [-1.67058] [-0.10045] [-0.49149]

D (RAJ(-1)) 0.658815* 0.122929 0.784170*** 0.231384 0.104617 0.394271 0.834765

(0.13272) (0.14520) (0.22819) (0.17326) (0.15429) (0.20628) (0.43077)

[ 4.96396] [ 0.84663] [ 4.31296] [ 1.33548] [ 0.67805] [ 1.91136] [ 1.93786]

D (RAJ(-2)) -0.06622 -0.37564** 0.785088* 0.029838 0.011643 -0.5273** 0.292106

(0.15412) (0.16861) (0.26499) (0.20120) (0.17917) (0.23954) (0.50023)

[-0.42965] [-2.22785] [ 3.71751] [ 0.14830] [ 0.06498] [-2.20130] [ 0.58394]

D (SEN(-1)) 0.117878** 0.026992 -0.76848* 0.039294 -0.00334 -0.05351 0.103146

(0.05446) (0.05958) (0.09363) (0.07109) (0.06331) (0.08464) (0.17676)

[ 2.16451] [ 0.45305] [-8.20736] [ 0.55270] [-0.05282] [-0.63220] [ 0.58355]

D (SEN(-2)) 0.097392 -0.00053 -0.26985* 0.038260 0.036869 -0.00599 0.103339

(0.05223) (0.05714) (0.08980) (0.06819) (0.06072) (0.08118) (0.16953)

[ 1.86464] [-0.00927] [-3.00494] [ 0.56112] [ 0.60720] [-0.07373] [ 0.60958]

D (ABH(-1)) -0.24634*** -0.09173 -0.26056 -0.33113*** -0.18667 -0.0421 0.079380

(0.09261) (0.10132) (0.15923) (0.12090) (0.10767) (0.14394) (0.30060)

[-2.65985] [-0.90535] [-1.63634] [-2.73877] [-1.73382] [-0.29249] [ 0.26408]

D (ABH (-2)) -0.07801 0.051341 0.029851 -0.21051 -0.13991 0.012441 -0.18335

(0.08458) (0.09253) (0.14542) (0.11041) (0.09832) (0.13145) (0.27451)

[-0.92232] [ 0.55486] [ 0.20528] [-1.90662] [-1.42301] [ 0.09464] [-0.66793]

D (ADL (-1)) 0.082556 0.114530 0.677306*** 0.439389*** -0.22431 -0.08966 0.056637

(0.11471) (0.12549) (0.19722) (0.14974) (0.13335) (0.17828) (0.37230)

[ 0.71972] [ 0.91265] [ 3.43428] [ 2.93428] [-1.68214] [-0.50292] [ 0.15213]

D (ADL (-2)) 0.091874 -0.02676 0.515616* 0.127423 0.084733 0.188664 0.436462

(0.11405) (0.12478) (0.19609) (0.14889) (0.13259) (0.17726) (0.37018)

[ 0.80554] [-0.21442] [ 2.62944] [ 0.85583] [ 0.63906] [ 1.06431] [ 1.17906]

D (VM (-1)) -0.25602*** -0.14859 -0.69831*** -0.11124 -0.21328** 0.128478 -0.52826

(0.08448) (0.09242) (0.14524) (0.11028) (0.09821) (0.13130) (0.27418)

[-3.03065] [-1.60779] [-4.80785] [-1.00869] [-2.17173] [ 0.97853] [-1.92664]

D (VM (-2)) -0.19719*** -0.16358** -0.36231*** -0.0853 -0.12256 0.150082 -0.24712

(0.07303) (0.07990) (0.12557) (0.09534) (0.08490) (0.11351) (0.23704)

[-2.70004] [-2.04728] [-2.88534] [-0.89465] [-1.44348] [ 1.32218] [-1.04252]

D (US(-1)) -0.01512 0.000496 -0.10569 0.130233*** 0.064161 0.01187** -0.32137*

(0.03512) (0.03842) (0.06038) (0.04585) (0.04083) (0.05459) (0.11399)

[-0.43042] [ 0.01290] [-1.75027] [ 2.84052] [ 1.57147] [ 0.21752] [-2.81924]

D (US(-2)) -0.02263 -0.02152 -0.06656 0.022638 0.009381 0.023296 -0.11076

(0.03508) (0.03838) (0.06031) (0.04579) (0.04078) (0.05452) (0.11386)

[-0.64514] [-0.56062] [-1.10361] [ 0.49433] [ 0.23004] [ 0.42728] [-0.97282]

C 16.12204 23.60087 -9.96627 15.94814 25.70309 15.60152 29.90823

(27.4348) (30.0141) (47.1694) (35.8146) (31.8936) (42.6400) (89.0444)

[ 0.58765] [ 0.78633] [-0.21129] [ 0.44530] [ 0.80590] [ 0.36589] [ 0.33588]

Table 4. Short-run disequilibrium of price movements in the domestic and international cotton markets

ABH-Abohar, ADL-Adilabad, ADN-Adoni, RAJ-Rajkot, SEN-Sendhwa, VM-Villupuram, US-United States market.
*** and **  Significant at 1 and 5 per cent  level.
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For the Rajkot cotton market, the short run 
disequilibrium at one month lag period was found to exist 
at one month lag period with the speed of convergence at 
66 and 78 percent with relation to Adoni and Sendhwa 
markets respectively. In the case of Rajkot market, the 
coefficient of its own lagged price was found significant 
at two months lag period. The speed of convergence for 
the short run disequilibrium to get corrected was at the 
marginal (38 percent). On the other hand, with relation to 
Sendhwa market about 79 percent of short-run 
disequilibrium and Villupuram market about 53 percent 
more of short-run disequilibrium in Rajkot market got 
corrected with two months lag period. 

For the Sendhwa market, the coefficient of its own 
lagged price was significant with the impact taking both 
one month and two months lag period. The speed of 
convergence to the short run price movements along the 
long run equilibrium path was found to be at 77 and 27 
percent. At the same time, it was also observed that 11 
percent of short-run disequilibrium got corrected with one 
month lag in the Sendhwa market in relation to Adoni 
market respectively. In the case of Abohar market, the 
coefficient of its own lagged price was found significant 
at one month lag period. The speed of convergence for the 
short run disequilibrium to get corrected was at the 
marginal (33 percent). On the other hand, in relation to 
Adoni market about 25 percent of short-run 
disequilibrium in Abohar market got corrected with two 
months lag period.

For the Adilabad market, Sendhwa and Abohar 
markets about 68 and 44 percent of short-run 
disequilibrium in Adilabad market got corrected with one 
month lag period. On the other hand, in relation to 
Sendhwa market about 52 percent of more short-run 
disequilibrium in Adilabad market got corrected with two 
months lag period.

Findings also show that the price movements of 
Villupuram market were influenced by the price changes 
in other domestic markets. The effect of all the domestic 
markets except that of Abohar and US markets were 
observed causing short run disequilibrium in the prices of 
Villupuram market. It was also observed that 26 and 70 
percent of short-run disequilibria got corrected with one 
month lag in the Villupuram market in relation to Adoni 
and Sendhwa markets respectively. On the other hand, in 
relation to the Adilabad market about 21 percent of short-
run disequilibrium in Villupuram market got corrected 
with one month lag period. At the same time, it was also 
observed that 20 and 36 percent of short-run 
disequilibrium got corrected with two months lag in the 
Villupuram market in relation to Adoni and Sendhwa 
markets respectively. On the other hand, in relation to 
Rajkot market about 16 percent of short-run 
disequilibrium in Villupuram market got corrected with 
two months lag period. 

In the case of the United States market, the coefficient 
of its own lagged price was found significant at one month 

lag period. The speed of convergence for the short run 
price disequilibrium to get corrected was at marginal (32 
percent). At the same time with relation to Abohar market, 
the speed of convergence of prices in the United States 
market was at 13 percent of the short run disequilibrium 
path getting stable after one month lag period. On the 
other hand, with relation to the Villupuram market about 1 
percent of short-run disequilibrium in United States 
market got corrected with one month lag period.
CONCLUSIONS 

To conclude, that the prices of domestic and 
international cotton markets were stationary only at their 
first differences. With the initiation of globalization as the 
trade barriers and import tariffs were extensively 
removed, this has resulted in price changes in one market 
getting passed on to another market. Integration of 
markets is a good indicator of efficiency in the marketing 
system. In this study, a higher degree of market 
integration in terms of price transmission has been 
observed. Co-integration tests were also applied to study 
such long-run relationships of price movements Whereas, 
Adoni, Rajkot, Abohar and Sendhwa markets were found 
to be integrated with other markets with maximum four 
co-integrating equations. Vector Error Correction Model 
(VECM) examines the dynamic adjustment of variables 
both in the long and short run to their equilibrium. 
Moreover, a VECM approach confirmed the existence of 
short-run disequilibria with the speed of convergence was 
occurring between the range of 11 per cent and 79 percent 
for short-run price movements to become stable along the 
long-run equilibrium path. Except for one market, (i.e.) 
US market, in relation to the Villupuram market about 1 
per cent of short-run disequilibrium in United States 
market got corrected with one month lag period.
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ABSTRACT
The production of pomegranate was increased by both area expansion and productivity improvement for the entire period. There is a 
contribution of technology and input in TFP growth even though the input indices decreased. The total economic worthiness of 
university released pomegranate production technology over other competing varieties of pomegranate in Maharashtra was 
`98616.07 per hectare. An additional investment of one rupee in pomegranate research generated additional income of `20.87 
indicating investment in pomegranate research generated substantial returns to the farmers. The pomegranate growers in 
Maharashtra state earned gross and net economic benefit of `2883 crores and `1465 crores, respectively from improved 
pomegranate varieties released by MPKV, Rahuri. Therefore, it is suggested that the Government should allocate substantial funds 
to public research in pomegranate for productivity improvement .
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INTRODUCTION
The research in agriculture, horticulture, veterinary, 

fishery, animal husbandry and allied fields is largely 
carried out by the researchers of State Agricultural 
Universities and the research institutes of the Indian 
Council of Agricultural Research. The SAUs have the 
mandates of teaching, research and extension, while the 
ICAR institutes are research oriented. The extension 
component is concentrated in the Krishi Vigyan Kendra's 
(KVK) and every district of the country has to have a 
KVK, where funding comes from 'plan' and 'non-plan' 
components. Resources for agricultural research for 
development are scarce.

Therefore, the efficient resource allocation and 
prioritizing investments requires the assessment of 
economic impacts of research. Without the economic 
analysis, it would be difficult to assess the social value of 
scientific knowledge and technologies and to make 
judgments about the trade-offs in the allocation of scarce 
resources in research (Alston, Norton & Pardey, 1995).

A significant volume of research comes out from the 
All India Coordinated Research Project on different fruit 

crops. Currently, there are 18 AICRP on Arid Fruits 
spread over 11 states of India. The 'non-plan' component 
of the ICAR is through the All India Coordinated 
Research Projects in different fruit crops and innovations. 
The research component budget for the SAUs is modest. 
AICRP on Arid Fruits is situated at Central campus, 
MPKV, Rahuri.  Research conducted by this centre 
related to pomegranate is the subject matter of this study, 
with the intention of measuring their economic 
contribution.

 Pomegranate (Punica granatum L) cultivation today 
is a highly lucrative and remunerative agriculture 
business in India. The alluring monetary return per unit 
area from this crop resulted in a steady increase in area, 
production and export of pomegranate during the last two 
decades. It is widely cultivated throughout India, Iran, 
China, Turkey, USA, Spain, Azerbaijan, Armenia, 
Afghanistan, Uzbekistan, the Middle East, Pakistan, 
Tunisia, Israel, dry regions of Southeast Asia, Peninsular 
Malaysia, the East Indies and tropical Africa. India is the 
world's leading countries in pomegranate production. The 
estimated global cultivated area under pomegranate is 



around 3 lakh ha and production 3.0 million tones. In 
India, pomegranate is extensively grown in Maharashtra, 
Karnataka, Andhra Pradesh, Gujarat, and is picking up 
fast in, Himachal Pradesh, Rajasthan and Madhya 
Pradesh. (Sharma, Chandra, Sharma, Dhinesh, 2014). 
India produces about 50 per cent of World's production of 
pomegranate. The area under pomegranate in India was 
1.97 lakh hectares and production was 23.06 lakh tonnes 
with the productivity of 11.7 MT/ha. In India, 
Maharashtra is the leading pomegranate growing state. In 
Maharashtra, the area under pomegranate was 1.28 lakh 
ha and production was 14.86 lakh tonnes with the 
productivity of 11.61 t/ha (National Horticultural Board, 
2015-16). Maharashtra contributes 65 per cent area and 
production of the country.

Mahatma Phule Krishi Vidyapeeth Rahuri released 
different varieties of Pomegranate viz., Muscat, Ganesh, 
G-137, Phule Arkta, Mridula, Bhagwa and Phule Bhagwa 
Super since the establishment of the pomegranate 
research unit. Farmers of Maharashtra are cultivating 
Bhagwa variety from 2004-05 on large scale. In 
Maharashtra area under Bhagwa variety of Pomegranate 
is about 65-70 percent. Keeping in view of these aspects 
the present study was a modest alternate to analyze the 
impact of University Released Variety Bhagwa in 
Maharashtra with the specific objectives to examine the 
varietal status of university released Bhagwa variety, 
extent of investment in agriculture research activities in 
pomegranate research unit and assess the economic 
impact of university released Bhagwa variety. 
METHODOLOGY
Selection of Pomegranate Research Unit

AICRP on Arid Fruits, Central Campus, MPKV 
Rahuri was selected for estimating the economic impact 
of Bhagwa variety of pomegranate in Maharashtra.
Data Collection 

The information on expenditure on research, 
extension, salary, contingency etc. was availed from the 
official record of AICRP on Arid Fruits, Central Campus, 
MPKV Rahuri. The information on the sale of University 
released Bhagwa variety were taken from the official 
record of Chief Seed office, MPKV, Rahuri, Seed Council 
Reports from 2000-2001.

The time series data on costs and returns of 
pomegranate crop for the year 2000-01 to 2016-17 were 
collected and compiled from the quick estimate reports of 
State cost of Cultivation Scheme, Department of Agril. 
Economics, MPKV, Rahuri. 
Analytical Tools
Returns to investment 

For the present study three approaches were used:
(i)   Log-linear production function, 
(ii) Total factor productivity, 
(iii) Partial budgeting technique.

Log-linear production function
The TFP in influenced by research, extension, human 

capital, the intensity of cultivation, application of plant 

nutrients, infrastructural development and climatic 
factors. As an input to public investment decisions, it is 
useful to understand the relative importance of these 
productivity-enhancing factors in determining 
productivity growth. In order to assess the determinants of 
TFP, the TFP index was regressed against the following 
variables. 

Where,
Y = Total factor productivity index (TFP)
 a = Constant term
x = Agricultural research investment (`/ha)1

x = Rural Literacy (%)2

x = N to P ratio 3

x = Rainfall(mm)4

x = Road density (km per 100 sq km)5

X  = Area under drip (%)6

T = Time variable (years 1, 2, 3….n)
u = Error term  
(b  to b ) are regression coefficients of respective 1 6

variables).
Total factor productivity 

TFP measures the extent of increas in the total output, 
which is not accounted for by increases in the total inputs. 
TFP is the ratio of an index of aggregate output to an index 
of aggregate input.TFP indices computed as follows: 

Total output index

Total input index

thTotal factor productivity index (TFPI) of t  year is 
100 times the ratio of TOI, to the TII, and is given by, 

Input price index (IPI) is given by, 

Where,
th R  = Share of j  output in total revenuejt

 Q  = Output 'j' jt

 S  = Share of ith  input in total input cost jt

 X  = input 'i'it
th P  = Price of i  in period tit

By specifying TOI t-1, TIIt-1 and IPIt-1 equal to 100 
in the initial year, the above equation provides the total 
output, total input, total factor productivity and input 
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price indices for the specified period't'.
Marginal returns

The time series data from 2000-2001 to 2015-2016 
was used. Using the elasticity of TFP with respect to 
research and development investment, one can estimate 
the value of marginal product of research and 
development investment. 

Where,    
R= Elasticity of research investment
B = TFP Elasticity of research investment
V = Value of production associated With TFP
EVMP = Estimated value of marginal product 
Pomegranate Research expenditure flexibility (REF) 

= The inverse of TFP elasticity with respect to research 
gives the flexibility to research expenditure    

                                  
Partial Budgeting

Partial budgeting is used to find the economic 
viability of partial change in the farm such as the use of a 
new variety or new technology or new innovation or new 
practice or new equipment or new service. The partial 
budget approach was used for estimating the impact of 
research outcome on income generation. Partial 
budgeting is a method of organizing experimental data 
and information about the cost and benefits from some 
change in the technologies being used on the farm. The 
aim is to estimate the change that will occur in farm profit 
or loss from some change in the farm plan (Boehlje & 
Eidman, 1984). 

In this study, the four components of partial 
budgeting added expenditure due to the cultivation of 
improved pomegranate variety, reduced returns due to the 
cultivation of improved pomegranate variety, reduced 
cost due to the cultivation of improved pomegranate 

variety and added returns due to the cultivation of 
improved pomegranate variety were considered. 
Upscaling of Economic Impact

For upscaling the economic impact the probability 
performance of the technology, the rate of adoption of 
technology and depreciation of the technology was 
considered. 

The ultimate economic impact of pomegranate per 
hectare = Probability performance × rate of adoption × 
depreciation × economic worthiness.
RESULT AND DISCUSSION  
Area, Production and Productivity of Pomegranate in 
Major States and India

The information on the area, production and 
productivity of pomegranate during the year 2013-14 to 
2015-16 in major producing states and India is presented 
in Table1. The results revealed that Maharashtra state 
ranks first in area and production of pomegranate in India 
contributing 65 to 70 per cent area and 64 to 70 percent 
production of the country. However, Maharashtra state 
ranks third in productivity of the country. In general 
Andhra Pradesh ranks first in productivity in India. The 
four major pomegranate producing states of India viz., 
Maharashtra, Karnataka, Gujarat and Andhra Pradesh 
contributed more than 90 per cent area and production of 
pomegranate of the country.
Pomegranate Varietal Status 

The pomegranate research units viz., RFRS, 
Ganeshkhind and AICRP on Arid Zone Fruits, MPKV, 
Rahuri released remarkable varieties of pomegranate 
since establishment. The important pomegranate varieties 
released by MPKV, Rahuri since establishment is 
presented in Table 2.

The varieties namely Muscat and Ganesh were very 
old varieties released in the year 1925 and 1952 
respectively. These varieties were very popular amongst 
the farmers in the earlier period. In 1994 another 
promising variety viz., Mridula was released which also 
occupied major area of pomegranate. In the year 2003, the 
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State 2013-14 2014-15 2015-16

Area Production Yield Area Production Yield Area Production Yield

Maharashtra 90.00
(68.81)

945.00
(70.22)

10.50
(102.06)

128.65
(71.22)

1197.71
(66.94

9.31
(93.99)

128.40
(65.18)

1480.10
(64.18)

11.53
(98.47)

Karnataka 16.60
(12.69

134.20
(9.97)

8.08
(78.58)

23.23
(12.86)

261.82
(14.63)

11.27
(113.79)

13.20
(6.70)

138.50
(6.01)

10.49
(89.63)

Gujarat 9.40
(7.19)

99.30
(7.38)

10.56
(102.68)

14.77
(8.18)

171.66
(9.59)

11.62
(117.34)

18.54
(9.41)

278.10
(12.06)

15.00
(128.14)

Andhra 
Pradesh

6.00
(4.59)

90.00
(6.69)

15.00
(145.80)

5.38
(2.98)

76.69
(4.29)

14.25
(143.91)

5.60
(2.84)

56.40
(2.45)

10.07
(86.04)

India 130.80
(100.00)

1345.70
(100.00)

10.29
(100.00)

180.64
(100.00)

1789.31
(100.00)

9.91
(100.00)

197.00
(100.00)

2306.00
(100.00)

11.71
(100.00)

Table1. Area, production and productivity of pomegranate in major states and India
(Area  '000 ha, Production '000 MT, and Productivity (t/ha)

Source: National Horticultural Board, 2015-16.
Figures in the parentheses are the percentages to the respective totals.
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university recommended a promising variety of 
pomegranate viz., Bhagwa. This Bhagwa variety was 
very famous in the farming community due to its higher 
market price. Hence, the seedlings were tremendously 
demanded by the farmers.

University alone was unable to supply the huge 
demand of Bhagwa variety seedlings. The Jain Tissue 
culture unit sells lacs of tissue culture seedling varieties of 
Bhagwa to farmers from 2008 onwards. The government, 
private nurseries and progressive farmers also sold 
seedlings of Bhagwa variety to the farmers. In the year 
2013-14, MPKV, Rahuri released new variety Phule 
Bhagwa Super through selection form Bhagwa. 

The information on the varietal spread of 
pomegranate on sample farm for the year 2015-16 is 
presented in Table 3. The results revealed that 90 percent 
area of pomegranate was under a Bhagwa variety on 
sample farms. Another important variety viz., Phule 
Arakta was also quite promising (12 percent) on sample 
Farms.

It was clearly noted that nearly all the area under 
pomegranate is diverting towards Bhagwa. None of the 
variety was under cultivation than the varieties released 
by MPKV, Rahuri in the entire state of Maharashtra. 
Total Factor Productivity Growth in Pomegranate

The results presented in Table 4 revealed that TFP for 
pomegranate increased from 1.36 in 2002-03 to 1.92 in 
2014-15. The highest TFP index was observed in 2008-09 
(3.71). The average TFP index for 14 years was 1.75. The 
output index of pomegranate increased from 1.20 in 2002-
03 to 1.38 in 2014-15. The output growth exhibited erratic 
variation after 2008-09. It was due to severe drought 
conditions and incidence of oily spot disease in 
Maharashtra. The highest output index was observed in 
2013-14 (1.76). The average output index for fourteen 
years was 1.28. In the case of an input index, there were 
heavy fluctuations, decreasing from 0.99 in 2003-04 to 
0.42 in 2008-09.

The total factor productivity measures the efficiency 

of all the inputs to a production process. Increase in TFP 
results usually from technological innovations or 
improvements. The farmers always paid attention 
towards the input use. The results presented in Table 4 
revealed that TFP was increasing indicating that 
technology plays a significant role in pomegranate. TFP 
was found to be increasing at the rate of 5.22 per cent per 
annum. The results were in consonance with the findings 
of Thorat, Tilekar, Dhekale and Patil (2006); Suresh and 

Variety Year of release

Muscat 1925
Ganesh 1952
G-137 1987
P-13 1987
P-16 1987
P-23 1987
P-26 1987
Mridula 1994
Phule Arkta 2003
Bhagwa 2003
Phule Bhagwa Super 2013
Phule Anardana 2014

Table 2. Year-wise pomegranate varieties released by 
MPKV, Rahuri

Variety Area (ha) Percent of the total

Bhagwa 10.62 88.72

Phule Arakta 1.35 11.28

Total 11.97 100.00

Table 3. Variety-wise area under pomegranate on sample 
farms, 2015-16

Year Input index Output index TFP

2001-02 1.00 1.00 1.00
2002-03 0.88 1.20 1.36
2003-04 0.99 0.98 1.00
2004-05 0.72 1.03 1.45
2005-06 0.91 1.23 1.35
2006-07 0.78 1.56 2.01
2007-08 0.95 1.38 1.45
2008-09 0.42 1.56 3.71
2009-10 0.69 0.97 1.40
2010-11 0.57 1.00 1.76
2011-12 0.86 1.65 1.92
2012-13 0.66 1.21 1.83
2013-14 0.74 1.76 2.37
2014-15 0.72 1.38 1.92
Mean 0.78 1.28 1.75
CGR (Per cent) -2.62 2.50** 5.22*

Table 4. Input, output and TFP index of pomegranate

*, ** and *** Significance at 10,5 and 1 percent level.
The average input index of pomegranate for fourteen years was 0.78.

Variables Coefficients Standard 
error

Intercept (a) 0.43 13.13
Research investment, x  (`/ha)1

**0.08 0.03
Rural literacy, x  (Percent)2

NS0.84 4.60
N to P ratio, x3

***0.66 0.20
Rainfall, x  (mm)4

 NS0.06 0.55
Road density, x  (km per 100 5

sq km)

 NS1.05 1.90

Area under drip, x  (Percent)6
*0.99 0.51

2R  NS0.64
F-value

**5.49
N (No. of observations) 15

Table 5. Estimated parameters of TFP for pomegranate, 
2000-01 to 2015-16

*, ** and *** Significance at 10,5 and 1 percent level.
NS: Non-significant.
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Chandrakant (2015).
Sources of Total Factor Productivity (TFP) Growth in 
Pomegranate

The growth rate in TFP was analyzed to quantify the 
contributions of various factors to TFP growth such as 
research expenditure, rural literacy, rainfall, road density, 
N to P ratio, net irrigated area, etc. (Table 5). 

The results indicated that research investment (0.08), 
N to P ratio (0.66) and area under drip (0.99) significantly 
contributed to TFP growth in pomegranate. The ratio of 
nitrogen to phosphorous nutrient (0.66) was taken as a 
proxy for the balanced use of fertilizers. This coefficient 
was highly significant indicating that if farmers used the 
correct N to P ratio, the output will be increased. Road 
density (1.05) was non-significant but positive. The 

2 estimated R value was 0.64 indicating that 64 percent of 
the variation in TFP explained by the factors included in 
the model. The F value was significant at 5 per cent level 
indicating a good fit of the model.
Returns to Investment on Pomegranate Research

To estimate the marginal value product the regression 
coefficients should be positive and statistically 
significant. Thus, in this study, the regression coefficient 
of research expenditure of pomegranate was found 
significant. In order to convert the regression coefficient 
into returns, the EVMP was estimated. An additional 

Year Output associated
 with TFP

Research 
cost

2000-01 29499.04 786.12
2001-02 27026.24 1001.85
2002-03 27889.77 1054.23
2003-04 29652.10 973.60
2004-05 29718.01 1045.39
2005-06 29289.67 514.41
2006-07 29074.19 318.23
2007-08 43165.85 182.47
2008-09 75563.85 111.61
2009-10 72173.85 98.85
2010-11 105333.60 78.83
2011-12 121857.90 60.41
2012-13 127140.00 48.51
2013-14 312495.50 32.53
2014-15 183505.80 26.58
2015-16 284639.50 19.72
Total 1528024 6353.08
Mean 95501.53 397.07
EVMP 20.87
REF 11.52

Table 6. The estimated value of the marginal product of 
pomegranate

(`/ha)

The economic impact of  university released pomegranate production technology over competing varieties of pomegranate in the region: 127846.4-
`29230.31 = ̀ 98616.07

`

Debit side Cost Credit side Cost

Particulars Particulars

A. Item of added expenditure due to the 
cultivation of improved pomegranate varieties

C. Reduced costs (or saving)due to the 
cultivation of university released variety)

i. Additional total human labour cost 4123.57 Savings on machine labour cost 3874.29

ii. Additional total chemical fertilizer cost 6345.53 Savings on manure cost 2464.29

iii. Additional  irrigation cost 741.15 Savings on micronutrient 12807.14

iv. Additional  plant protection cost 7885.71 Total saving due to the cultivation of 
university released variety

19145.72

v. Additional  biofertilizer cost 535.71 D. Added returns from  M.P of  
university released variety(13.15q@ 
8266.21/q including export)

108700.7

vi. Additional growth regulator cost 571.43

vii. Additional amortization cost 5614.29

vi. Total additional cost 25817.39

v.  The opportunity cost of capital @ 6  percent per 
annum 

774.52

vi.  Management cost @ 5 percent 1290.87

vii.  Risk premium @ 5 per cent 1290.87

viii. Research cost 54.23

ix. Extension Cost 2.43

Total additional cost due to cultivation of 
pomegranate

29230.31

B. Reduced returns due to the cultivation of 
improved pomegranate varieties

0.00

Total debit side 29230.31 Total credit side 127846.4

Table 7. The economic impact of university released pomegranate production technology
(`/ha)
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The economic impact of University released pomegranate varieties Cost (`)

Probability performance of pomegranate technology 0.8

The rate of adoption of  pomegranate  technologies 0.7

Depreciation of technology (if 1, No depreciation) 1

The economic worthiness of university released variety per ha 60036.76

The economic impact of  university released variety per ha 55224.99

Area adopted under university released pomegranate varieties 2015-16 88731.4

Total economic impact  (Million) 4900.19

Table 8. Upscaling the economic impact pomegranate covering the area of adoption

Year Gross gain Net gain Area (ha) Total gross economic 
impact

Total net economic 
impact

2004-05 0.5123 0.2603 579 296.60 150.69
2005-06 0.5323 0.2705 1763 938.52 476.80
2006-07 0.5563 0.2826 3300 1835.86 932.71
2007-08 0.5784 0.2938 5875 3397.87 1726.25
2008-09 0.6010 0.3053 8800 5288.80 2686.99
2009-10 0.6277 0.3189 12852 8087.07 4098.50
2010-11 0.6663 0.3385 17712 11800.97 5995.33
2011-12 0.7118 0.3616 25282 17994.46 9141.97
2012-13 0.7763 0.3944 36508 28342.62 14399.49
2013-14 0.8706 0.4423 51576 44903.61 22813.10
2014-15 0.9906 0.5033 69653 68997.57 35054.27
2015-16 1.0870 0.5523 88731 96451.48 49001.69
Total (`Crores) 2883.35 1464.77

Table 9. The economic impact of Bhagwa and Phule Bhagwa Super varieties of pomegranate in Maharashtra 
(Lakh `/ha)

investment of one rupee in pomegranate research 
generated additional income of `20.87. The estimated 
value of TFP was 11.52 which mean that to achieve one 
per cent increase in TFP, the investments in pomegranate 
research needs to be increased by 11.52 percent.
The Economic Impact of University Released 
Pomegranate Varieties

Table 7 includes a list of all increased expenses due to 
new technology over the counterfactual or control which 
was competing with university variety. In this study, the 
control or check variety of pomegranate is Phule Arkta in 
the study area. University released total 12 varieties 
during 1925 to 2014. However, the data on research and 
extension were available from 2000-01 onwards. Hence, 
it was decided to estimate the economic impact of 
Bhagwa and Phule Bhagwa Super varieties on farmer 
economy. 

The perusal of Table 7 showed that the total 
additional cost (direct + indirect) of university released 
varieties over other competing varieties was observed to 
be ̀ 29230.31 per hectare. However, the reduced costs (or 
saving) and added returns due to university released 
varieties over other competing varieties was `127846.4. 
Thus, the total economic worthiness of university 
released pomegranate production technology over other 
competing varieties of pomegranate in the region was 

`98616.07 per hectare. The results were comparable to 
the earlier studies (Kumar, Nandia & Prakash, 2011).
Upscaling the Economic Impact

The upscaling of the economic impact of pomegranate 
research is presented in Table 8. Accordingly, the ultimate 
economic impact of pomegranate per hectare works out to 
`55224.99. The area under university released 
pomegranate varieties for the year 2015-16 was 88731.4 
ha. So, the total economic impact to the farming 
community in Maharashtra state was ̀ 490,0.19 million for 
the year 2015-16. Similar results were reported by 
(Kumar, Nandia & Prakash, 2011).
The Economic Impact of Bhagwa and Phule Bhagwa 
Super Varieties of Pomegranate in    Maharashtra

The economic impact of pomegranate research unit 
for 12 years, from 2004-05 to 2015-16 was estimated and 
presented in Table 9. The net gain from university 
released varieties over check variety was deflated on the 
basis of Consumer Price Index (CPI).  It was noted that 
the gross and net economic impact of pomegranate 
research unit on the farming community in Maharashtra 
state for the 12 years was ̀ 2883 crores and ̀ 1465 crores, 
respectively.
CONCLUSIONS

The production of pomegranate in Maharashtra state 
was increased by both area expansion and productivity 
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improvement for the entire period study period. The Total 
factor productivity in pomegranate crop registered a 
substantial growth in Maharashtra. Public research is the 
key and significant source of TFP growth in pomegranate. 
An additional investment of one rupee in pomegranate 
research generated additional income of `20.87. The 
gross and net economic impact of pomegranate research 
unit on the farming community in Maharashtra state for 
the 12 years was `2883 crores and `1464 crores, 
respectively. Therefore, it is suggested that the 
Government should allocate substantial funds to public 
research in pomegranate for productivity improvement of 
pomegranate crop.
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Year Seedling sale of Bhagwa and Phule Bhagwa Super Area
@

740/ha

Area
(M.S.)

ha

% area 
under 

BhagwaMPKV, 
Rahuri

Jain
unit

Govt 
nurseries
(N=120)

Total Private 
nurseries
(@ 5%)

Farmer 
to 

farmer
(@ 

2%)

Grand 
total

Cumulative

2003-04 0 0 0 0 0 0 0 0 0 0 0.00

2004-05 20705 0 351680 372385 37239 18619 428243 428243 579 81370 0.71

2005-06 63130 0 698750 761880 76188 38094 876162 1304405 1763 91000 1.94

5006-07 113480 0 875640 989120 98912 49456 1137488 2441893 3300 93500 3.53

2007-08 229189 53000 1375000 1657189 165719 82859 1905767 4347660 5875 96500 6.09

2008-09 300990 123000 1458300 1882290 188229 94115 2164634 6512294 8800 82000 10.73

2009-10 485161 356420 1765400 2606981 260698 130349 2998028 9510322 12852 98900 12.99

2010-11 400020 745860 1981700 3127580 312758 156379 3596717 13107039 17712 82000 21.60

2011-12 527831 1987000 2356000 4870831 487083 243542 5601456 18708494 25282 82000 30.83

2012-13 468662 3865000 2889900 7223562 722356 361178 8307096 27015591 36508 78000 46.80

2013-14 688490 5687000 3321000 9696490 969649 484825 11150964 38166554 51576 90000 57.31

2014-15 370183 7698000 3564000 11632183 1163218 581609 13377010 51543565 69653 128650 54.14

2015-16 405533 8245000 3625200 12275733 1227573 613787 14117093 65660658 88731 128400 69.10

Appendix I. Number of seedlings and area under university released Bhagwa and Phule Bhagwa Super variety in 
Maharashtra

Source: i) AICRP on Arid Zone Fruits, MPKV, Rahuri ii) Chief Seed cell, MPKV, Rahuri iii) Jain Tissue Culture Report 2014-15 iii) Directorate of 
Horticulture, Pune (2015-16).
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ABSTRACT
The present study analyzed the dynamics of the share of different sectors of the economy, sector-wise growth rates and trends in per 
capita income and the income disparity at the national and state level for the period 1980-81 to 2014-15. The study is based on the 
secondary data collected from published sources and websites. The 14 agriculture dominating states were selected for the study. 
The findings of the study revealed that at the national level the percentage share of primary sector in GDP declined from 32.66 to 
13.24 percent, secondary and tertiary sector increased from 34.55 to 35.26 percent and from 32.79 to 51.49 percent respectively 
during TE 2014-15 over  at constant prices. The state-wise analysis followed the same trend but at different rates. 
Punjab state has the highest per capita income during the eighties and nineties but Haryana, Maharashtra, Tamil Nadu, Gujarat 
and Karnataka have higher per capita income than Punjab during TE 2014-15. Over time C.V. of per capita income increased from 
32.02 percent during the eighties  to 41.82 percent during the period 2000-01 to 2014-15 indicating an increasing disparity in per 
capita income across different states of India.
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INTRODUCTION
The Indian economy as measured by the nominal 

Gross Domestic Product (GDP) is the sixth largest 
economy in the world. According to the type of output 
produced, the Indian economy can be divided into a 
number of sectors. Three major sectors namely, primary 
(agriculture), secondary (manufacturing), and tertiary 
(transport and services) are differentiated. The structure 
of an economy may then be defined by shares of these 
sectors in total output, total employment, total trade, total 
inter-industry inputs used in the production etc. The 
Indian economy experienced structural changes during 
the plan period since 1950 and the economy now has put 
itself on the higher path of the growth. The change in the 
structure of the Indian economy becomes prominent in 
the field of agriculture, industries and services (Pal, 
1988). In 1950-51, the percentage share of primary, 
secondary and tertiary sector in GDP was 51.81, 14.16 
and 33.25 percent respectively. Further, the share of 
primary sector declined over time and reduced to 17.32 

percent in 2016-17, manufacturing and tertiary sector 
increased to 29.02 and 53.66 percent respectively during 
2016-17, demonstrating a change from the conventional 
agrarian economy to a service dominated economy. 
Thereby, the Indian economy shows a declining trend of 
growth in the primary sector and increasing growth trend 
in the secondary and tertiary sector. Tariyal (2016) 
revealed that the Indian economy experienced a shift in 
the structure from agriculture towards industry and 
tertiary sector during the growth year 1980-81 to 2011-12. 
The results revealed that one percent increase in growth 
rates of secondary sector raises the overall growth rate by 
0.54 percent while 1 percent in trade and transport sector 
increases the overall growth by 0.53 percent. The growth 
of agriculture in India appears almost to be decoupled 
from the rapid economic growth (Mkhize & D'Souza 
2015). 

The rate of growth of the economy is the most 
commonly used measure for the overall performance of 
the states and it is appropriate, to begin with, the gross 



domestic product (GDP), the indicator of growth. The 
GDP estimates could be used as a measure of the degree of 
development of the states and analyzed to determine the 
important indicators of structural shifts within the state 
economy (Kaur & Kaur 2000). But, after following gross 
domestic product (GDP) for many years, policymakers 
have now also started looking at gross value added (GVA) 
to analyze growth. It is the measure of total output and 
income in the economy. It provides the rupee value for the 
number of goods and services produced in an economy 
after deducting the cost of inputs and raw materials that 
have gone into the production of those goods and services. 
Due to the limitations on the availability of state-wise and 
sector-wise time series GVA estimates, the study was 
carried out using GDP parameters.

Unfortunately, it was also viewed that a country's 
economic growth is not that matters but the major concern 
is the financial stability of the people living in a country 
that they are getting wealthier or not. It is been reported 
that the world's GDP grew by 3 percent in 2017-18 but 
ignored the fact that the world's population increased by 
1.2 percent every year (Central Statistical Organization 
CSO 2017-18). In countries where the population is not 
increasing much, the difference between GDP per capita 
growth and total GDP growth is minimal. But, for 
countries with a rapidly growing population, like those in 
India, Africa and South Asia, reporting GDP growth can 
be highly misleading.

Therefore, the level of development of a country/state 
is indicated more reliably by the per capita amount of 
goods and services available to its people, i.e. over which 
people of a country/state commanded in terms of 
purchasing power. So per capita income is the handy 
proxy used in national and international comparisons. 
During 2011, the Indian economy in the world ranked 

th th th140  (139  as in 2018) by nominal GDP and 129  (122 as 
in 2018) by purchasing power parity (PPP) on the per 
capita income basis (Anand, 2014; World Bank database, 
2018). The study analyzed the sector wise and state wise 
growth pattern of the Indian economy over time and state 
wise ranking in per capita income. 
METHODOLOGY

The study is based on secondary data compiled from 
various published sources such as Statistical Abstract of 
India, Statistical Abstract of Punjab and various websites 
such as www.mospi.nic.in and www.indiastat.com. For 
the study at the state level data were collected for 14 
agriculture dominating states namely Andhra Pradesh, 
Assam, Bihar, Gujarat, Haryana, Karnataka, Madhya 
Pradesh, Maharashtra, Orissa, Punjab, Rajasthan, Tamil 
Nadu, Uttar Pradesh and West Bengal. At the national 
level, the data were collected since 1950-51 to 2014-15 
whereas state-wise analysis was carried out for the period 
1980-81 to 2014-15. For analysis purpose, the whole 
period was divided into sub-periods1980-81 to 1989-90 
(Period-I), 1990-91 to 1999-00 (Period-II), 2000-01 to 
2014-15 (Period-III) and 1980-81 to 2014-15 (Overall 

period).
Analysis of Data

Descriptive statistics such as averages, percentage, 
the coefficient of variation and ranking and annual 
compound growth rates were used to analyze the data. 
The annual compound growth rates were estimated using 
exponential trend model. To measure the magnitude of 
variability in per capita income among different states in 
India, the coefficient of variation was estimated.
RESULTS AND DISCUSSION
National Growth Pattern

The structure of the economy, gauged from the 
relative share of various sectors in its aggregate income, 
provides a wide view of the entire economy, as well as of 
the various groups in the population who participated as 
producers and income receivers in different sectors. Such 
an analysis over a long period revealed the basic trends in 
the changing structure of the economy which helped to 
stimulate the determinants and policy variables 
accelerating the economic growth and its structure.

 The information on the national gross domestic 
product and its growth pattern are provided in Table 1. 
The results revealed that GDP of the Indian economy 
showed the consistent increase with time. For the year TE 
1952-53, GDP at constant prices was measured at `2867 
billion and reached at a level of ̀ 58616 billion during TE 
2014-15. The Indian economy revealed an increasing 
trend in its growth pattern. It showed an annual compound 
growth rate measured at 3.68 percent during 1950s and 
accelerated to the level measured at 7.45 percent during 
2000s. 

The percentage share of the different sector in GDP of 
India at constant prices is represented in Table 2. The 
percentage share of three sectors was quite varied over the 
decades. The percentage share of the primary sector to 
GDP was 49.33 percent in the year TE 1952-53 and it 
continued to decline with time and estimated at 13.24 
percent during 2014-15. The share of secondary revealed 
an increasing trend till TE 1972-73 but it hovered around 
35 percent from TE 1982-83 to TE 2014-15. Similarly, the 
percentage share of tertiary sector showed at an 
increasing trend to GDP but the increase was more 

Year (TE) GDP 
(  billion)`

Period CGRs 
(Percent)

1952-53 2867 1950-51 to 1959-60 3.68

1962-63 4218 1960-61 to 1969-70 3.28

1972-73 5931 1970-71 to 1979-80 3.44

1982-83 8826 1980-81 to 1989-90 5.17

1992-93 13852 1990-91 to 1999-00 6.13

2002-03 26982 2000-01 to 2014-15 7.45

2014-15 58616 1950-51 to 2014-15 4.86

Table 1. National gross domestic product and its growth 
pattern

(2004-05 prices)

Source: Central Statistical Organization (CSO) and authors calculations.
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prominent as compared to the secondary sector. The 
similar trend in percentage share of GDP of Indian 
economy was reported by Anand, (2014). He observed 
that the growth dynamics altered the structure of the 
Indian economy with a decrease in the share of agriculture 
from 28.4 per cent in the 1990s to 15 per cent in 2009-11 
and increased in the share of service sector from 52 per 
cent to 65 per cent. The share of industry has remained 
unchanged at around 20 per cent of GDP. This showed that 
India's growth has been dominated by the services sector 
during the last two decades.  

However, the GDP of the Indian economy increases 
with time and the maximum growth was observed during 
2000-01 to 2014-15. The percentage share of the primary 
sector in GDP goes on decreasing while that of tertiary 

showed an increasing trend. The share of secondary trend 
also increased but at a slower rate.  
State wise trends in the growth pattern of GSDP

There are 29 states and 7 union territories in India. 
The contribution of 14 selected agricultural dominating 
states to national GDP was 68.51, 67.39, 64.53 and 65.00 
percent during TE 1982-83, TE 1992-93, TE 2002-03 and 
TE 2014-15 respectively. The results presented in Table 3 
revealed that across different states highest growth in 
GDP observed in Haryana measured at 6.20 percent 
followed by Rajasthan, Maharashtra, Punjab, Karnataka, 
Tamil Nadu and Gujarat with the growth rates measured at 
6.01, 5.64, 5.44 percent, 5.36 percent 5.18 percent and 
5.05 percent respectively per annum during 1980-81 to 
1989-90. During the third period (2000-01 to 2014-15), 
the growth of the Indian economy was highest at 7.42 
percent. Gujarat, Maharashtra, Haryana, Tamil Nadu and 
Bihar showed the growth rate between 8 and 10 percent. 
Rajasthan, Madhya Pradesh, Karnataka, Orissa, Andhra 
Pradesh, West Bengal and Punjab showed the growth 
between 6 and 8 percent. These results were in 
consonance with the findings reported by Mkhize and 
D'Souza (2015). They selected 14 states for their study 
and concluded that since 2005-06, the per capita income 
growth rates of Kerala, Tamil Nadu, Bihar, Gujarat are 
12.1 per cent, 9.0 per cent, 8.8 per cent, 8.8 per cent 
respectively while Uttar Pradesh and Punjab showed the 
lowest growth rates of 5 per cent and Rajasthan, Madhya 
Pradesh and West Bengal was at around 6 per cent. On the 
other hand, in the sectoral composition of agriculture, 
there are both common and divergent trends. The share of 
agriculture in the economy remains highest in Punjab 

Year (TE) Primary Secondary Tertiary

1952-53 49.33 23.39 27.27
1962-63 43.23 29.05 27.72
1972-73 37.28 32.71 30.02
1982-83 32.66 34.55 32.79
1992-93 27.55 35.50 36.94
2002-03 20.72 35.83 43.45
2014-15 13.24 35.26 51.49
Percent point change -36.09 +11.87 +24.22

Table 2. The percentage share of the different sector in 
GDP of India, TE 1952-53 to TE 2014-15 

(2004-05 prices)

Source: Central Statistical Organization (CSO) and authors calculations.
+ indicates improvement and - indicates a decline.

State 1980-81 to 1989-90 1990-91 to 1999-00 2000-01 to 2014-15 1980-81 to 2014-15

Andhra Pradesh 4.18 5.18 6.95 5.74

Assam 3.50 2.45 5.52 3.90

Bihar 4.60 2.53 8.02 4.72

Gujarat 5.05 8.30 9.13 7.13

Haryana 6.20 4.94 8.43 6.57

Karnataka 5.36 7.32 7.40 6.82

Madhya Pradesh 4.02 5.75 7.63 5.40

Maharashtra 5.64 7.12 8.73 7.08

Orissa 5.01 4.32 7.39 4.99

Punjab 5.44 4.72 6.36 5.14

Rajasthan 6.01 6.60 7.95 6.51

Tamil Nadu 5.18 6.64 8.32 6.50

Uttar Pradesh 4.80 4.21 5.87 5.07

West Bengal 4.70 6.82 6.75 6.36

All India 5.17 6.14 7.42 6.31

Maximum 6.20 (Haryana) 8.30 (Gujarat) 9.13 (Gujarat) 6.57 (Haryana)

Minimum 3.50 (Assam) 2.45 (Assam) 5.52 (Assam) 3.90 (Assam)

Table 3. State wise compound growth rates of GSDP, 1980-81 to 2014-15
(Percentage)

Source: Central Statistical Organization (CSO) and authors calculations.
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followed by West Bengal and Madhya Pradesh.
State-wise Growth Trends in Primary Sector

The state-wise percentage share of the primary sector 
in GSDP at constant prices is depicted in Table 4 and the 
compound annual growth rate in Table 5. The percentage 

share of the primary sector in GSDP and its annual 
compound growth rate undergone significant changes 
over time. The percentage share of the primary sector 
declined in GSDP over time in all the selected states and 
also at the national level. The highest decline in 

State TE1982-83 TE 1992-93 TE 2002-03 TE 2014-15 Percent point 
change

 in TE 2014-15 
over TE 1982-83

Andhra Pradesh 48.91 40.96 34.01 25.78 -23.12
Assam 54.72 47.89 39.79 25.65 -29.07
Bihar 46.26 40.42 33.75 20.47 -25.79
Gujarat 48.13 32.46 18.61 14.25 -33.87
Haryana 41.13 35.46 25.58 15.07 -26.06
Karnataka 46.38 36.21 26.64 14.38 -32.01
Madhya Pradesh 49.40 41.18 31.01 31.62 -17.78
Maharashtra 26.06 19.89 15.63 7.80 -18.26
Orissa 48.20 37.03 31.69 23.06 -25.14
Punjab 43.08 41.35 35.72 20.94 -22.14
Rajasthan 44.61 39.30 27.10 24.40 -20.21
Tamil Nadu 22.96 20.99 14.16 7.71 -15.26
Uttar Pradesh 46.82 39.21 31.31 22.70 -24.12
West Bengal 35.09 36.62 29.43 17.22 -17.86
All India 32.66 27.55 20.72 13.24 -19.42
Highest 54.72

(Assam)
47.89

(Assam)
39.79

(Assam)
25.78

(Andhra Pradesh)

Lowest 22.96
(Tamil Nadu)

19.89
(Maharashtra)

14.16
(Tamil Nadu)

7.71
(Tamil Nadu)

Table 4. The state-wise percentage share of primary sector in GSDP, TE 1982-83 to TE 2014-15
(2004-05 prices)

Source: Central Statistical Organization (CSO) and authors calculations.
Note: + indicates improvement and – indicates a decline.

Period/CGR CGR for India < 2 2-4 4-6 > 6

1980-81 to 
1989-90

3.38 Madhya 
Pradesh, 
Gujarat
(-ve)

Andhra Pradesh, Assam, Bihar, 
Haryana, Karnataka, Maharashtra, 
Orissa, Rajasthan, Tamil Nadu, 
Uttar Pradesh

Punjab, West 
Bengal

-

1990-91 to 
1999-00

3.46 Assam, 
Bihar, 
Haryana

Andhra Pradesh, Madhya Pradesh, 
Orissa, Punjab, Rajasthan, Tamil 
Nadu,  Uttar Pradesh

Gujarat, 
Karnataka, 
Maharashtra, 
West Bengal

-

2000-01 to 
2014-15

3.51 Assam, 
Punjab

Bihar,  Haryana,  Karnataka,  
Maharashtra, Tamil Nadu, Uttar 
Pradesh, West Bengal

Andhra Pradesh, 
Orissa

Gujarat, 
Madhya 
Pradesh, 

1980-81 to 
2014-15

3.27 Assam Bihar, Gujarat, Haryana, Karnataka, 
Madhya Pradesh, Maharashtra, 
Orissa, Punjab, Tamil Nadu, Uttar  
Pradesh, West Bengal

Rajasthan -

Table 5. Distribution of states according to growth rates in primary sector
(Percent)

Source: Central Statistical Organization (CSO) and authors calculations.
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percentage share in GSDP was observed in Gujarat 
followed by Karnataka (30 percent point change) and 
Gujarat state showed negative growth (less than 2 
percent) during 1980-81 to 1989-90 but later the state 
growth rate (CAGR) increased more than 6 percent 
during 2000-01 to 2014-15. Andhra Pradesh, Assam, 
Bihar, Madhya Pradesh, Orissa, Punjab, Rajasthan and 
Uttar Pradesh showed percentage share in GSDP higher 
than 20 percent during TE 2014-15. The growth rate of 
Punjab state declined over time from 4, - 6, to less than 2 
percent. Gujarat, Madhya Pradesh and Rajasthan showed 
the highest growth rate in the primary sector from 1980-
81 to 2014-15. During the pool period (1980-81 to 2014-
15), the Indian economy achieved the compound growth 
rate of primary sector measured at 3.27 percent per annum 
and the states of Andhra Pradesh, Haryana, Madhya 
Pradesh, Rajasthan and West Bengal revealed the higher 
growth of primary sector than the Indian economy. 
Thakur and Singla (2016) also analyzed the structural 
changes in Punjab economy during 1970-71 to 2014-15 
and reported that the contribution of primary sector to 
GSDP has decreased from 46.55 per cent in 1970-71 to 
29.49 per cent in 2012-13. The share of secondary sector 
increased from 16.01 per cent to 29.49 per cent and that of 
tertiary sector from 37.44 per cent to 48.69 per cent during 
the same period. The contribution of primary sector to 
NSDP for Punjab economy has fallen from 46.63 per cent 

during 1970-71 to 30.26 per cent in 2012-13 and the share 
of secondary sector rose from 15.57 per cent in 1970-71 to 
30.26 per cent in 2012-13.  The share of tertiary sector for 
Punjab economy has also increased from 37.80 per cent in 
1970-71 to 45.03 per cent in 2012-13.
State-wise growth trends in the secondary sector

The information on the state-wise percentage share of 
the secondary sector in GSDP and its growth pattern are 
presented in Table 6 and 7. The results revealed that the 
growth rate of Indian economy increased from 5.78 
percent from 1980-81 to 1989-00 to 7.58 percent during 
2000-01 to 2014-15. During the year TE 1982-83, Tamil 
Nadu was the most progressive state with a contribution 
of 37.14 percent to GSDP followed by Maharashtra, 
Haryana, West Bengal and Gujarat while Bihar and Uttar 
Pradesh have a minimum contribution to GSDP. Though 
the percentage share of the secondary sector in GSDP was 
more or less stagnant but in the year TE 2014-15, Gujarat 
showed highest percentage share in GSDP measured at 
37.72 percent followed by Maharashtra, Tamil Nadu, 
Punjab, Haryana and Rajasthan.  

Maharashtra showed a maximum decline in 
percentage share in GSDP from the secondary sector in 
2014-15 over 1982-83 measured at 5.21 and the 
maximum increase was observed in Gujarat state. The 
perusal of Table 7 clearly revealed that Andhra Pradesh 
consistently showed the growth rate between 4 and 6 

State Triennium ending Percent point change
 in 2014-15 over 1982-83

1982-83 1992-93 2002-03 2014-15

Andhra Pradesh 18.12 19.82 19.88 18.51 +0.38

Assam 16.57 16.72 16.76 18.09 +1.52

Bihar 10.35 11.41 11.85 18.35 +8.00

Gujarat 24.40 31.00 36.38 37.72 +13.32

Haryana 25.80 31.22 33.23 27.66 +1.86

Karnataka 23.99 27.61 28.23 26.38 +2.39

Madhya Pradesh 15.47 18.36 24.05 22.44 +6.97

Maharashtra 33.23 33.76 27.92 28.02 -5.21

Orissa 22.64 29.71 24.67 26.68 +4.04

Punjab 18.18 21.58 24.95 28.07 +9.89

Rajasthan 20.77 23.24 28.88 26.84 +6.07

Tamil Nadu 37.14 35.35 33.49 28.55 -8.59

Uttar Pradesh 10.13 12.55 18.45 20.88 +10.75

West Bengal 25.53 23.83 21.68 18.13 -7.39

All India 34.55 35.50 35.83 35.26 +0.71

Maximum 37.14
(Tamil Nadu)

35.35
(Tamil Nadu)

36.38
(Gujarat)

37.72
(Gujarat)

Minimum 10.13
(Uttar Pradesh)

11.41
(Bihar)

11.85
(Bihar)

18.09
(Assam)

Table 6. The state-wise percentage share of the secondary sector in GSDP
      (2004-05 prices)

Source: Central Statistical Organization (CSO) and authors calculations.
+ indicates improvement and – indicates decline.
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percent from 1980-81 to 1999-00 and growth rate 
increased between 6 and 8 percent during 2000-01 to 
2014-15. Haryana state showed a decline in growth from 
8 to 6 percent. Punjab, Maharashtra, Uttar Pradesh, 
Rajasthan, West Bengal and Tamil Nadu maintained the 
growth rate between 6 and 8 percent. During the pool 
period (1980-81 to 2014-15), the Indian economy 
achieved the compound annual growth rate of secondary 
sector measured at 6.52 percent and the states of Bihar, 
Gujarat, Haryana, Karnataka, Madhya Pradesh, Punjab, 
Rajasthan and Uttar Pradesh revealed the higher growth 
of primary sector than the Indian economy.  
State-wise growth trends in the tertiary sector

The percentage share of the tertiary sector in the 
GSDP increased over time in all the states as depicted in 
Table 8. Tamil Nadu, West Bengal, Maharashtra, Bihar 
and Andhra Pradesh showed the maximum share of the 
tertiary sector in GSDP in both decades viz. 1982-83 and 
1992-93. Punjab state showed minimum share in GSDP 
measured at 40.34 percent. During the year TE 2014-15, 
West Bengal revealed the highest share in GSDP followed 
by Maharashtra, Bihar, Karnataka, Haryana, Uttar 
Pradesh and Assam with their respective shares of 64.64, 
64.18, 63.74, 61.18, 58.33, 57.27, 56.42 and 56.26 
percent. In support to above results, Aggarwal and 
Moudgil (2015) observed the structural changes and 
growth of agriculture in Haryana for the period 1966-67 to 
2014-15. They analyzed that the technological changes, 
knowledge and institutional factors contributed for 
structural changes in the state. It followed a shift from 
agriculture towards industry and service sector. Haryana 
state has moved on the path of progress. The GSDP rose 
from 126170.76 crore rupees in 2007-08 to 215145.73 
crore rupee in the year 2014-15. During eleventh plan, 
GSDP grew at an average rate of 8.7 per cent and 6.9 per 

Period CGR for India < 4 4-6 6-8 >8

1980-81 to 
1989-90

5.78 West 
Bengal

Andhra Pradesh, 
Assam, Madhya 
Pradesh, Tamil 
Nadu

Bihar, Gujarat, Karnataka, 
Maharashtra, Orissa, 
Punjab, Rajasthan, Uttar 
Pradesh

Haryana

1990-91 to 
1999-00

6.49 Assam, 
Orissa

Andhra Pradesh, 
Bihar

Haryana, Maharashtra, 
Punjab, Tamil Nadu, West 
Bengal

Gujarat, 
Karnataka, 
Madhya Pradesh, 

2000-01 to 
2014-15

7.58 - Assam, West 
Bengal

Andhra Pradesh, Haryana, 
Karnataka, Madhya 
Pradesh, Punjab, 
Rajasthan, Tamil Nadu, 
Uttar Pradesh

Bihar, Gujarat, 
Maharashtra, 
Orissa

1980-81 to 
2014-15

6.52 - Andhra Pradesh, 
Assam, Orissa, 
Tamil Nadu, West 
Bengal

Bihar, Haryana, 
Karnataka, Madhya 
Pradesh, Maharashtra, 
Punjab, Rajasthan

Gujarat, Uttar 
Pradesh

Table 7. Distribution of states according to growth rates in secondary sector
(CGR Percent)

Source: Central Statistical Organization (CSO) and authors calculations.

cent in 2013-14.  
The compound annual growth rates of the tertiary 

sector in 14 selected states increased over time (Table 9). 
Assam state showed maximum growth over time. Among 
the selected 14 states, Rajasthan singly showed a growth 
rate of more than 6 percent from 1980-81 to 1989-90. 
During 1990-91 to 1999-00, Gujarat, Karnataka, 
Maharashtra, Tamil Nadu, Uttar Pradesh and West Bengal 
showed growth rate of more than 6 percent while during 
the third period, almost all the states revealed growth rate 
more of than 6 percent except Andhra Pradesh and Assam 
which showed growth rate between 4 and 6 percent. 
During the pool period (1980-81 to 2014-15), the Indian 
economy achieved the compound annual growth rate of 
primary sector measured at 7.84 percent and the states of 
Gujarat, Haryana, Karnataka, Maharashtra, Uttar Pradesh 
and West Bengal revealed the higher growth of primary 
sector than the Indian economy.
State-wise trends in per capita income

For the comparative analysis of economic status, 
every state with the varying area and population the 
relative measure of per capita income can be used for 
knowing the economic status and the growth attained by 
the particular state. Table 10 incorporates information on 

ststate-wise per capita income. Punjab state was ranked 1  
in per capita income during the eighties and it maintained 
the first position till TE 2002-03 but later the rank 

thdeclined to the 6  position during the year TE 2014-15 at 
current prices. Uttar Pradesh, Rajasthan, Assam and 
Madhya Pradesh showed the lowest per capita income 
during the nineties and 2000s. Bihar state continued to be 

thon 14  rank from TE 1982-83 to TE 2014-15.
Haryana state showed the highest per capita income 

during the year TE 2014-15 with an estimated income of 
`134680. On the other hand, Bihar had the minimum per 
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Period CGR for India < 2 2-4 4-6 > 6

1980-81 to 1989-90 6.81 - Andhra 
Pradesh, 
Assam, Bihar, 
Punjab, West 
Bengal

Gujarat, Haryana, 
Karnataka, Madhya 
Pradesh, Maharashtra, 
Orissa, Tamil Nadu, 
Uttar Pradesh

Rajasthan

1990-91 to 1999-00 7.80 Assam Bihar, Madhya 
Pradesh, 
Punjab

Andhra Pradesh, 
Haryana, Orissa, 
Rajasthan

Gujarat, Karnataka, 
Maharashtra, Tamil 
Nadu, Uttar Pradesh, 
West Bengal

2000-01 to 2014-15 9.11 - - Andhra Pradesh, Assam Bihar, Madhya Pradesh, 
Punjab,  Haryana, 
Orissa, Rajasthan, 
Gujarat, Karnataka, 
Maharashtra, Tamil 
Nadu, Uttar Pradesh, 
West Bengal

1980-81 to 2014-15 7.84 - - - All selected 14 states

Table 9. Distribution of states according to growth rates in tertiary sector
(CGR Percent)

Source: Central Statistical Organization (CSO) and authors calculations.

State Triennium ending Percent point change in 
2014-15 over 1982-83

1982-83 1992-93 2002-03 2014-15

Andhra Pradesh 35.42 40.85 46.56 55.71 +20.29

Assam 31.41 35.95 43.34 56.26 +24.85

Bihar 39.94 44.67 53.39 61.18 +21.24

Gujarat 33.56 38.51 45.01 48.03 +14.47

Haryana 27.72 30.63 40.82 57.27 +29.55

Karnataka 31.18 36.96 45.42 58.33 +27.15

Madhya Pradesh 34.64 40.91 44.64 45.94 +11.29

Maharashtra 39.91 45.85 56.33 64.18 +24.27

Orissa 27.43 33.51 43.01 50.26 +22.82

Punjab 37.87 35.56 40.34 50.99 +13.12

Rajasthan 31.73 35.94 44.39 48.75 +17.02

Tamil Nadu 43.92 48.07 59.52 63.74 +19.82

Uttar Pradesh 21.06 23.64 38.87 56.42 +35.36

West Bengal 40.19 40.91 49.46 64.64 +24.45

All India 32.79 36.94 43.45 51.49 +18.70

Maximum 43.92
(Tamil Nadu)

48.07
(Tamil Nadu)

59.52
(Tamil Nadu)

64.64
(West Bengal)

Minimum 21.06
(Uttar Pradesh)

23.64
(Uttar Pradesh)

38.87
(Uttar Pradesh)

45.94
(Madhya Pradesh)

Table 8. State-wise percentage share of the tertiary sector in GSDP, TE 1982-83 to TE 2014-15 
      (2004-05 prices)

Source: Central Statistical Organization (CSO) and authors calculations.
+ indicates improvement and – indicates decline.

capita income of `30451. The disparity in per capita 
income measured by coefficient of variation (CV) among 
the states in the year TE 1982-83 was 32.02 percent which 
increased to 36.32 percent in TE 2002-03 and further to 
41.82 percent in TE 2014-15; which indicates that the 

disparity in income distribution had increased over time 
across different states in India. As already pointed out by 
Birthal, Singh and Kumar (2011), the big change between 
the 1980's and 90's was the per capita income growth 
accelerated in the middle and most high-income states, 
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State TE 1982-83 TE 1992-93 TE 2002-03 TE 2014-15
*APPI Rank APPI Rank APPI Rank APPI Rank

Andhra Pradesh 1598 8 5350 7 18480 6 85348 7
Assam 1438 9 4639 9 13517 9 46452 12
Bihar 1051 14 2868 14 6507 14 30451 14
Gujarat 2275 4 6349 4 20299 5 109495 4
Haryana 2667 2 8471 2 26158 2 134680 1
Karnataka 1798 5 5628 6 18094 7 99911 5
Madhya Pradesh 1299 13 4389 11 12287 11 50990 11
Maharashtra 2636 3 8342 3 24713 3 119614 2
Orissa 1333 12 3694 13 11105 12 55556 10
Punjab 3033 1 9822 1 28710 1 95258 6
Rajasthan 1425 10 4579 10 13396 10 67317 9
Tamil Nadu 1684 7 5690 5 21221 4 113804 3
Uttar Pradesh 1394 11 3932 12 9919 13 37749 13
West Bengal 1742 6 5313 8 17698 8 67542 8
India 1825 5604 17782 78783
Maximum 3033

(Punjab)
9822

(Punjab)
28710

(Punjab)
134680

(Haryana)

Minimum 1051
(Bihar)

2868
(Bihar)

6507
(Bihar)

30451
(Bihar)

CV 32.02 34.01 36.32 41.82

Table 10. State-wise annual per capita income, TE 1982-83 to TE 2014-15
(` at Current prices)

Source: Statistical Abstract of Punjab.
CV: Coefficient of variation.
*Annual per capita income.

from West Bengal to Haryana but not in Punjab. Haryana, 
Punjab, Karnataka, Gujarat and Maharashtra revealed the 
higher per capita income due to the growth of the primary, 
secondary and tertiary sectors of their respective states. 
Unlikely, West Bengal, Madhya Pradesh, Andhra 
Pradesh, Uttar Pradesh, Rajasthan and Bihar showed the 
lower per capita in spite of the increase in the compound 
annual growth rate of all the three sectors because the per 
capita income of these states were earlier quite low. In 
addition to this, the drastic increase in the population of 
the states may be the other reason for lower per capita 
income of former states.
CONCLUSIONS

It can be concluded from the above analysis and 
discussions that the GDP of the Indian economy showed 
an increasing trend and achieved the highest growth in 
the recent years. The percentage share of the primary 
sector has declined in all the selected states while the 
share of the tertiary sector has increased substantially 
and that of the secondary sector somewhat remained 
stagnant. Rajasthan in the case of primary sector and 
Gujarat in secondary sector showed the maximum 
compound growth rate per annum. Haryana state 
showed the maximum growth of the tertiary sector and 
also revealed highest per capita income. Punjab state 
stood first in the ranking of per capita income during the 
period TE 1982-83 to TE 2002-03 and later it lost 5 ranks 

and reached on the sixth position during the year TE 
2014-15. Haryana, Maharashtra, Tamil Nadu, Gujarat 
and Karnataka showed per capita income higher than 
Punjab state as these states revealed the maximum 
growth of the tertiary sector. Haryana, Punjab, 
Karnataka, Gujarat and Maharashtra revealed the higher 
per capita income due to the growth of the primary, 
secondary and tertiary sectors of their respective states. 
Unlikely, West Bengal, Madhya Pradesh, Andhra 
Pradesh, Uttar Pradesh, Rajasthan and Bihar showed the 
lower per capita in spite of the increase in the compound 
annual growth rate of all the three sectors because the per 
capita income of these states were earlier quite low. In 
addition to this, the drastic increase in the population of 
the states may be the other reason for lower per capita 
income of former states.
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ABSTRACT
The present study was conducted to assess the response of economic analysis of wired and wireless-based automated drip irrigation 
system on the productivity of tomato crop. The study revealed that an automated drip irrigation system is the most efficient system, 
as it saves water, labour, energy, time and fertilizer use. The net income of wired and wireless-based automated drip irrigation was 
`140085.16 and 174078.24 per ha, respectively. However the breakeven point for wired based drip irrigation system was achieved 
after 15 years, without any subsidy and 10 years with 50 percent subsidy, whereas the breakeven point for wireless based drip 
irrigation system was achieved after 14 years without any subsidy and 6 years with 50 percent subsidy, system free for the user. In the 
case of wireless drip irrigation system, the benefit-cost ratio was 1.56 without any subsidy and 1.90 with 50 percent subsidy. For 
wired based drip irrigation system the benefit-cost ratio was 1.44 without any subsidy and 1.77 with 50 percent subsidy.
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INTRODUCTION
Irrigation water is an essential input for crop 

production and to achieve adequate yields. Water scarcity 
is becoming one of the major issues in the world. Different 
types of irrigation systems are used for better 
conservation and distribution of water in the agriculture 
sector. One of the most efficient methods of irrigation is 
drip irrigation system in which waterfalls drop by drop, 
right near the root zone of the plant. If the system is 
installed properly it can steadily reduce the loss of water 
due to evaporation and runoff. Presently the total area 
covered under drip irrigation in India is 3.37 million 
hectare out of which only 0.030 million hectares are in 
Punjab (Mission for Integrated Development of 
Horticulture, 2015). Drip irrigation increases yield by 20-
50 percent with water saving up to 60 and 20 percent 
fertilizer saving in vegetables (Jain, 2015).

The farmers have been using drip irrigation technique 
in India through the manual controls in which they irrigate 
the land at regular intervals (Giri, 2013). This process 
results in consumption of more water or delayed irrigation 

to some part of the field. Many scientists reported that 
automated irrigation system ensures a more precise 
application and conservation of water, high crop yield as 
well as no human errors (Boutraa, Akhkha, Alshuaibi, & 
Atta, 2011). Automation increases crop productivity and 
reduces water consumption, soil erosion and nutrient 
leaching (Mahendra & Bharathy, 2013). An automated 
irrigation system denotes to the operation of the system 
with no or just a minimum manual intervention alongside 
the investigation. With the help of a timer, sensors, 
microcontroller or mechanical applications, drip 
irrigation system can be automated. It makes the process 
more proficient and workers can concentrate on other 
important farming responsibilities. Further, it has been 
observed that it is not a viable option to use the automated 
drip irrigation system only once a year for taking a single 
crop. 

Irrigation costs of tomato crops have increased 
significantly during the past, primarily as a result of rising 
energy costs, higher interest rates, and increased cost of 
cultivation. In many areas water has become a limited 



resource due to increased competition among agricultural 
and non-agricultural users, thus resulting in restrictions 
on its use by regulatory agencies (Wang, Zhang & Wang, 
2006). As a result of recent increases in irrigation costs, 
limited water supplies, and new crop irrigation 
technology, many tomato growers are considering 
alternative irrigation systems for new installations and/or 
the replacement of old irrigation systems. Due to the 
significant contribution of irrigation for tomato 
production and farm income, any major adjustment in 
irrigation system design, management practices, or use 
could have a large impact on tomato crop profits (Prevatt, 
Clark, & Stanley, 1992).

The selection of tomato crop for automated drip 
irrigation system is influenced by economic 
considerations. Specifically, the present study evaluated 
the economic analysis of drip irrigation systems for the 
production of tomato crop on loamy soils with an open 
field and semi-arid region of Jalgaon Maharashtra in 
India. While changes in irrigation system design and 
management may affect crop yields, this analysis assumes 
that recommended management practices are followed 
for both system (wire and wireless) design. This 
assumption of economics analysis is supported by 
previous studies comparing yields of drip and sub-
irrigated tomatoes in India (Kaushal, Lodhi & Singh 
(2011); Sharda, Kaushal, Siag, & Biwalkar (2011). The 
wired and wireless-based drip irrigation system has 
shown higher water application efficiencies than the most 
common conventional irrigation system. In contrast, 
automated drip irrigation is a technologically advanced 
system that requires a commitment to intense 
management for achieving the higher level of water 
conservation (application efficiency).

Therefore, the present study was undertaken to know 
the yield responses and economic viability of automated 
drip irrigation system by taking two crops in a year so that 
this system could be used effectively and efficiently 
throughout the year.
METHODOLOGY

The field study was conducted at Jalgaon 
(Maharashtra). The study area lies between 75°32'55" E 
to 75°33'20" E longitude and 21°00'05" N to 21°00'20" N 
latitude. It is about 227 meters above mean sea level. Jain 
Valley lies between 21° 05' N latitude, 75° 40'E longitude 
and at an altitude of 209 meters above mean sea level. The 
climate of the area is semi-arid with 690 mm mean annual 
rainfall. The tomato cultivar, Abhinav (Syngenta) was 
grown for this study. The duration of the crop was 120 
days, and the crop was grown by transplanting with plant 
spacing 30 cm and row spacing of 60 cm.
Wired based Automated Drip Irrigation System

Wired based automated drip irrigation helps in 
optimum utilization of water for irrigation as the need of 
the crop results in better yield compared to common 
practices carried out by the farmers. In this system, the 
controller was connected with a wire to electrically 

operated valves in the field and programmed to run the 
system automatically. The microcontroller processes the 
data received through the data logger and manage the 
irrigation schedule of drip irrigation, based on the 
programmable logic controller. Goldstar controller 
controls two types of irrigation heads and comprises of all 
the programming features to control irrigation including 
fertigation according to EC/pH. PC Connections (RS232 
port) for connecting the controller to a PC remote control 
operation for data acquisition, graphics presentation for 
controller network operation. The main specifications 
and flow diagram of the weird based automated Drip 
Irrigation System is given in Table 1 and Figure 1.

The wired based system required regular 
maintenance for adequate operation. There were interim 
installations and must be expanded or adjusted to the drip 
line as plants evolved. This system has a limited life after 
installation due to the reason for the degradation of the 
plastic components in a hot, dry climate when open to 
ultraviolet light. Currently, numerous drip irrigation 
systems work with successive field bus automation 
mechanism, the wiring embarrassment and high price, 
longer time-consuming make it obstinate to promote in 
reiteration. 
Wireless Automated Drip Irrigation system

Wireless automated irrigation system operated 
successfully with minimum manual intervention. With 
the help of sensors, timer and RTU controller 
applications, the wireless drip irrigation system could 
operate as an automatic system.
The base station and valve unit

It comprised a microcontroller IC chip, peripheral 
components and control logic. In base station unit 
different component such as RTU, OTG Cable, contractor 
and the personal computer were used. The function of the 
base station unit was to communicate and send data to all 
the RTU. The valve unit consisted of a solenoid pilot valve 
and a manual control valve. In an irrigation system, the 
valve was used to regulate the flow of irrigation water.
Sensor and display unit

In the sensor unit, different types of sensors were 
used such as temperature sensor, wind sensor, humidity 
sensor, rain sensor, moisture sensor. All sensors were 
linked through RTU and signal transmitted to the cloud 

''server. The display unit was a simple 164  LCD module 
used for the purpose of displaying required information 
within sixteen columns and four rows. Each column 
represented only a single character.

Decision-making process analysed several I/O 
parameters at the real-time with included observing of 
physical and environmental parameters like soil 
temperature, soil moisture, soil pH, air temperature, 
humidity and rainfall through spatially distributed with 
the sensor network. The parameters treated and conveyed 
by wireless to a data storage system (centralised) through 
a remotely accessed gateway and examined by the 
operator. The system comprised 5 infield sensing sensors 

514

Indian J Econ Dev 14(3): 2018 (July-September)



which spread across the field, irrigation governor station, 
and the base station. All the field data were transmitted 
through the sensors to the base stations. Field sensory data 
sensed in the field goes to the base station, the self-
decision made by the base station with the help of control 
commands finally send the data to the control station. The 
accuracy of the base station depended upon the GPS and 
the irrigation system became a real-time monitoring 
system. 
Economic Analysis of the Automated Drip Irrigation 
System

The economic analysis was carried out to check the 
viability and technical feasibility of automated drip 
irrigation system for the production of tomato. 
Economics of the drip irrigation system was worked out 
to compute the net returns and the benefit-cost ratio for 
wireless and wired based automated drip irrigation 
system. The economic analysis included cost related with 
irrigation system controller, mainline, sub-main line, 
laterals of drip irrigation system, a sensor unit, valve unit, 
filtration unit with their accessories and cost of cultivation 

of tomato. Th eprevailing interest rates were taken into 
account along with the expected life of various 
components. The costs of various components were taken 
as from M/s Jain Irrigation Systems Limited, Jalgaon 
(Maharashtra). Different components have different 
expected life, therefore, to calculate depreciation on 
capital invested under various heads was calculated 
separately. An automated drip irrigation cost was 
calculated by considering without subsidy. Automated 
drip irrigation system was considered to serve for two 
seasons in a year. Automated drip irrigation system 
comprised of metallic, plastic and electronic components. 
The cost of each component was calculated separately 
and presented in the form of the percentage of fixed cost. 

For calculating the gross return, the selling rate of 
tomato was taken as Mandi rate during the tomato crop 
growing period. The cost of cultivation of tomato has 
different components including labour charges, seed cost, 
manure and fertilizer, plant protection, cost of irrigation 
(skilled operator, electricity charges, water charges, 
repair and maintenance), transportation, weeding and 

Description The wired base drip irrigation system The wireless drip irrigation system

Controller ?Make: Galcon (USA)
?Model: Galstar controller
?Capacity: 35 output and 64 irrigation program
?Power supply: 220Volts AC
?Model outputs: 24Volts AC
?Input-12Volts DC

?RTU Controller
?Capacity: 150-200 meter
?ID-220-50
?Connectivity: GPRS
?Band rate-56000
?Output: 2DO,4DO,16 DO

Tank capacity 5000 litre 5000 litre

Pump ?Make: Calpeda
?Power (hp): 2.5
?Speed(rpm): 2900

?Make: Calpeda
?Power (hp) : 2.5
?Speed(rpm): 2900

Filtration unit Sand filter, Disc filter, Screen filter Sand filter, Disc filter, Screen filter

Fertijet ? Model- 3050(AMEC0B01)
?Venturies: 3
?Discharge 360 lph

?Model: 3050 (AMEC0B01)
?Venturies: 3
?Discharge: 360 lph

Sensors ?Wind sensor: 50 m/s (180 km/h)
?Temperature sensor- DS18B20
?Range: 10°C to +85°C
?Humidity sensor: RHT03
?Moisture sensor
?Data logger

?Wind sensor: 50 m/s (180 km/h)
?Temperature sensor: DS18B20
?Range: 10°C to +85°C
?Humidity sensor: RHT03
?Moisture sensor
?Data logger

Internet (Server) Not required Cloud Server

Display ?Number of rows: 12
?Number of Characters:  30/row

?Sixteen columns
?Four rows.

Communication 
Protocol

RS232 (via RJ45 plug) RS232 and RS485, OTG Cable,

Battery type 3V Lithium Lithium battery (DC)

Waterproof 0 percent 100 percent waterproof 

Serial transmitter ?RTU adapter
?Data cable
?Radio transceiver
?An antenna

Table 1. Main specifications of the wired base and wireless automated drip irrigation system
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other miscellaneous costs. The life of different 
components of the irrigation system was divided into 
three time period of 20, 10, and 5 years with salvage value 
@ 10 percent.

The economic viability of automated drip irrigation 
was evaluated by computing benefit-cost ratio for each of 
the automated drip obtained by dividing gross returns by 
total seasonal cost. The benefit-cost ratio of wireless and 
wired based irrigation system was also computed. Break-
even point (BEP) year wise (Payback period) was also 
calculated as per standard cost estimation methods (BIS: 
9164-1979) which is shown in Table 2.
RESULTS AND DISCUSSION

The economics of automated drip irrigation system 
was estimated for both the wired and wireless system and 
discussed below:
The Wired based Automated Drip Irrigation System

The cost of operation of an automated drip irrigation 
system estimated for the wired system is shown in Table 3. 
The total fixed cost without subsidy and with 50 percent 
subsidy was calculated as `121084.14 and 60542.07, 
respectively.  The total variable cost of `200322.99 was 
calculated for the wired based automated drip irrigation 
system. Total cost (Fixed + Variable cost) without subsidy 
and with 50 percent subsidy was calculated to be 

Figure 1. Flow diagram of wired (A) and wireless (B) automated drip irrigation system

A B

Parameter Formula

Depreciation Where
D = Depriciation (`/year)
C = Capital cost (`)
S = Solvage value (`)
L = Useful system life (year)

Solvage value 

Interest r = rate of interest

Benefit-cost ratio

D= C-S
L

S = C x 10 percent

l=
(C+S)

2
x r percent

B:C=
Net profit
Total cost

Table 2. Mathematical formulas for cost calculation

`321407.15 and 260865.07, respectively. The wired 
based automated drip irrigation system with gave the 
tomato yield of 34.78 t/ha for the first season crop and 
36.11 t/ha for the second season crop. The rate of tomato 
varied in both the seasons, which was `6 and 7 per kg for 
the first season and second season, respectively. The net 
income from the system came out to be `40085.16 and 
200627.24 without subsidy and with 50 percent subsidy, 
respectively. 

The perusal of Figure 2  showed the break-even 
analysis of wired based irrigation system. It was revealed 
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Sr. 
No.

Description Wired based drip 
irrigation (`)

1. Fixed cost for (Mainline, sub mainline, pumping and filtration  unit along with their accessories for 
irrigation)

a. Initial system cost 667787.00
b. Salvage value @10 percent of initial system cost 66778.65
c. Life in Years 20
d. Depreciation annually [(a)-(b)]/[c] 30050.39
e. Average price [(a)+(b)]/2 367282.61
f. Interest @ 12.5 percent (I)  [(e)   (I)]/100 45910.32
g. Fixed cost (d)+(f) 75960.72
2. Fixed cost for (Laterals, PC, voltage stabilizer along with their accessories for irrigation)
a. Initial system cost 248690.00
b. Salvage valu @ 10 percent of initial system cost 24869.00
c. Life in Years 10
d. Depreciation  [(a)-(b)]/[c] 22382.10
e. Average price [(a)+(b)]/2 136779.50
f. Interest @ 12.5 percent (I)  [(e)  (I)]/100 17097.43
g. Fixed cost (d)+(f) 39479.53
3. Fixed cost for (Sensor along with their accessories for irrigation)
a. Initial system cost 22689.00
b. Salvage value @ 10 percent of initial system cost 2268.90
c. Life in years 5
d. Depreciation  [(a)-(b)]/[c] 4084.02
e. Average price [(a)+(b)]/2 12478.95
f. Interest @ 12.5 percent (I)  [(e) (I)]/100 1559.86
g. Fixed cost (d)+(f) 5643.88
4. Total fixed cost 4a Without subsidy (1g+2g+3g)

4b At 50 percent subsidy 50 percent of (4b)
5. Variable cost (Cultivation cost of 

tomato+labour+seedling+transplantation+weeding+spraying+fertilizer+rope+wire+s
tumps+mislenious etc. 

6. Total cost (Fixed + Variable cost)   6a Without subsidy (4a)+(5)
6b At 50 percent subsidy (4b)+(5)

7. Gross income (34782  6)+(36114.33 7)
8. Net income Without subsidy (7)-(6a)

At 50 percent subsidy  (7)-(6b)
9. Benefit-cost ratio Without subsidy  (7)/(6a)

At 50 percent subsidy  (7)/(6b)

121084.14
60542.07
200322.99

321407.15
260865.07
461492.31
140085.16
200627.24

1.44
1.77

Table 3. Economics analysis of wired based drip irrigation system

that as the year passed the total cost of the irrigation 
system decreased with respect to time and profit from the 
system increases. The breakeven point for wired based 
irrigation system was achieved after 15 years without 
subsidy and with 50 percent subsidy; it was 10 years of 
working of the system to be free for the user.
A Wireless Automated Drip Irrigation System

The total fixed cost without subsidy and with 50 
percent subsidy was calculated to be `110267.62 and 
55133.81, respectively.  The total variable cost came out 
to be `199025.44 for wireless-based automated drip 
irrigation system (Table 4). The total cost (Fixed + 
Variable cost) without subsidy and with 50 percent 
subsidy was calculated as `309293.07 and 254159.06, 

respectively.  The wireless automated drip irrigation 
system was the total yield of 36.46 and 37.79 t/ha for first 
season and second crop season, respectively. The rate of 
tomato was `6/kg for the first season and `7/kg for the 
second season. The net income from the system was 
`174078.24 and 229212.05 without subsidy and with 50 
percent subsidy, respectively. The break-even analysis of 
wireless based irrigation system (Figure 3) revealed that 
as the year passes the total cost of irrigation system 
decreased with respect time and profit increased. The 
break-even point for wireless based irrigation system was 
achieved after 14 years without subsidy and with 50 
percent subsidy, it was 6 years of working of the system to 
be free for the user. The cost of wireless automated drip 
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Sr. 
No.

Description Wireless based drip 
irrigation (`)

1. Fixed cost for (Mainline, sub mainline, pumping and filtration  unit along with their accessories for 
irrigation)

a. Initial system cost 508464.00
b. Salvage value @10 percent of initial system cost 50846.43
c. Life in years 20
d. Depreciation [(a)-(b)]/[c] 22880.89
e. Average price [(a)+(b)]/2 279655.40
f. Interest @ 12.5 percent (I)  [(e)   (I)]/100 34956.92
g. Fixed cost (d)+(f) 57837.82
2. Fixed cost for (Laterals, PC, voltage stabilizer along with their accessories for irrigation)
a. Initial system cost 248490.00
b. Salvage value @ 10 percent of initial system cost 24849.00
c. Life in Years 10
d. Depreciation [(a)-(b)]/[c] 22364.10
e. Average price [(a)+(b)]/2 136669.50
f. Interest @ 12.5 percent (I)  [(e)   (I)]/100 17083.68

g. Fixed cost (d)+(f) 39447.78

3. Fixed cost for (Sensor along with their accessories for irrigation)
a. Initial system cost 52189.00
b. Salvage value @ 10 percent of initial system cost 5218.90
c. Life in years 5
d. Depreciation [(a)-(b)]/[c] 9394.02
e. Average price [(a)+(b)]/2 28703.95
f. Interest @ 12.5 percent (I)  [(e)   (I)]/100 3587.99
g. Fixed cost (`) (d)+(f) 12982.01
4. Total fixed cost 4a Without subsidy (1g+2g+3g)

4b At 50 percent subsidy 50 percent of (4b)
110267.62
55133.81

5. Variable cost (Cultivation cost of 
tomato+labour+seedling+transplantation+weeding+spraying+fertilizer+ro
pe+wire+stumps+mislenious

199025.44

6. Total cost (Fixed + 6a Without subsidy (4a)+(5)
6b At 50 percent subsidy (4b)+(5)

309293.07
254159.06

7. Gross income 484371.31
8. Net income Without subsidy (7)-(6a)

At 50 percent subsidy (7)-(6b)
9. Benefit-cost ratio Without subsidy (7)/(6a)

At 50 percent subsidy (7)/(6b)

174078.24
229212.05

1.56
1.90

Table 4. Economics analysis of wireless-based drip irrigation system 

irrigation system is shown in Figure 3. In wired based 
irrigation system, the self investment of `212431.41 was 
obtained at 90 percent of subsidy followed by 80 percent 
subsidy (`224539.83), 70 percent subsidy (`236648.24), 
60 percent subsidy (`248756.66), 50 percent subsidy 
(`260865.07) and for zero subsidy (`321407.15). 

Similarly, in the wireless irrigation system, the total 
cost of `210052.21 has been obtained at 90 percent of 
subsidy followed by 80 percent subsidy (`221078.97), 
70 percent subsidy (`232105.74), 60 percent subsidy 
(`243132.50), 50 percent subsidy (`254159.26) and for 
zero subsidies (`309293.07). As the amount of subsidy 

increased the number of self-investment decreased and it 
became minimum at a 90 percent subsidy. The cost of the 
wired system was higher  as compared to the wireless 
system.  A similar results were observed by Casey, Byrne 
and Weldon (1997). The benefit-cost ratio for the wired 
based automated drip irrigation system without a subsidy 
was found to be 1.44 and with 50 percent subsidy was 
found to be 1.77, respectively. Benefit-cost ratio for the 
wireless-based automated drip irrigation system without 
subsidy and with 50 percent subsidy was calculated at 
1.56 and 1.90, respectively. So it can be concluded that 
wireless system is more economical and best suited 
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automated drip irrigation system to get higher net 
returns.  
CONCLUSIONS

Net profit obtained with a wireless irrigation system 
(`1.7 lakh/ha) was higher than the wired irrigation system 
(`1.4 lakh/ha). For wired based drip irrigation system the 
benefit-cost ratio was 1.44 (without subsidy) and 1.77 
(with 50 percent subsidy), whereas for the wireless-based 
drip irrigation system the benefit-cost ratio was obtained 
as 1.56 (without subsidy) and 1.90 (with 50 percent 
subsidy). The breakeven point for wired based drip 
irrigation system was achieved after 15 years (without 
subsidy) and 10 years (with 50 percent subsidy), whereas 
the breakeven point for wireless based drip irrigation 
system was achieved after 14 years (without subsidy) and 
6 years (with 50 percent subsidy).
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ABSTRACT
A perusal of Consumer Expenditure Survey data of National Sample Survey Organisation for the period 1993-94 to 2011-2012 
exhibited a noticeable north-south divide in the consumption pattern on Food, its diversity and calorie intake profile of India. This 
highlights the underlying reason for the recent controversy that crept up after the recent ban on cattle trade for slaughtering by the 
Union government which was vehemently opposed by certain Southern States and backed up by some Northern States. Northern 
States due to skewed expenditure pattern were in favour of milk products and its derivatives, cereals and vegetables. The intake of 
egg, meat and fish and allied animal protein in their diet was meagre. In contrast, the Southern States stand peak in their protein 
intake from animal and allied nutrients reducing their intake from milk and its products and cereals. It was not surprising that the 
Southern States showed stiff resistance for the ban on cattle slaughtering which turns out to be an issue of food security and for the 
north it was a matter of sustainability. In terms of food diversity, Southern States were far ahead of their northern counterparts. 
There was a trend of convergence in food diversity among the north and south and also rural and urban sectors of India.   
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INTRODUCTION 
This note is a limited foray into the food consumption 

pattern of a few selected states, from both north and south 
India.  Food security, a major concern for India over the 
past century and is a widely discussed topic in the public 
domain even today. This paper addresses the recent 
controversy on the ban of animal trade for slaughtering 
which was later nullified after the Southern States 
opposed it vehemently and accused the centre that the ban 
was at the behest of the interest of the Northern States. The 
government banned the sale of cattle for slaughter at 
marketplaces through the provision of Prevention of 
cruelty to animals (PCA) Act 1960 and through an 

rd extraordinary gazette notification dated 23 May 2017. 
The rule prohibited the sale of animals for slaughter 
through the cattle market and was permissible only 
between farmland owners. It has both positive and 
negative spillovers. It ensures increased availability of 
livestock at a cheaper rate for agriculturist but may affect 
the sale of unhealthy and aged livestock and those who 
employed in meat trade and allied industries. This study 

assumes significance in view of the cow protection laws 
on one side and cattle slaughtering amendments on the 
other on food intake and its availability.

A complex set of socio-economic, cultural, 
demographic, physiological, and environmental factors 
do shape the dietary pattern of a society. India has a 
diverse culture and food habits spread across the length 
and breadth of the nation. The both Northern and 
Southern States of India have a unique culture and dietary 
pattern. Dietary pattern of Eastern, Western and North- 
Eastern and Central States do vary. It was evident from the 
expenditure pattern on different broad categories of food 
items among States and also among the different regions 
of India (Chand, 2007). Albeit, to eat diverse type of 
foodstuffs is an internationally recommended protocol for 
a healthy diet (Jackson, 1984). Food Diversity (FD) is the 
average number of different food or food groups 
consumed by a household or a person over the given 
reference period. Empirical pieces of evidence showed 
that diverse diets are accompanied by positive health 
outcomes (Rashid, Lisa & Tauhidur, 2006). Studies on FD 



also revealed that diet and nutritional quality improved as 
food diversity increases since no single food contained all 
nutrients. Diversification of food is the highly essential 
strategy since cereals and other starchy carbohydrate food 
can provide us with the sustenance energy, while meat, 
fish and pulses enrich our food with proteins and 
bodybuilding molecules, essential for both our physical 
and cognitive health. Fruits and vegetables provide 
essential vitamins for the physiological functions of the 
body. Thus diet diversification makes our meal a balanced 
one which would provide the required impetus for our 
overall well-being. We can thus index dietary diversity as 
a proxy for food security (Ruel, 2002). 

India has registered a commendable growth in per 
capita income and other growth trajectories after 
liberalisation. In the post liberalized regime, the monthly 
per capita consumption expenditure (MPCE) on food and 
non-food items have been increasing both in absolute and 
real terms across different income strata in both the urban 
and rural India (Baiju, 2002; Bardhan, Tewari, & Dabas, 
2008). A perusal of the National Sample Survey Office 
(NSSO) data for consumption expenditure reveals that 
there exists wide disparity in the MPCE on food among 
rural and urban dwellers of India (Deaton & Dreze, 2009). 
Empirical pieces of evidence also show that nutritional 
quality improves with food diversity (Rashid, Lisa & 
Tauhidur, 2006).  Against this backdrop, this paper makes 
an attempt to examine whether there is any noticeable 
shift in the diet pattern, improvements in FD and calorie 
intake in the northern and Southern States of India in the 
post liberalized era. An account is made on the changes 
that have occurred in the expenditure pattern on food 
intake among northern and Southern States of India. The 
main objective of the paper is to analyse the north-south 
disparity in the allocation of expenditure on the broad 
group of food items, FD and calorie intake among rural 
and urban segments.
METHODOLOGY

The study was based on secondary data from the 
Consumer Expenditure Survey (CES) reports provided by 
the NSSO for the last three quinquennial rounds (NSS 

th st th50 , 61  and 68 ), which were “thick” samples. The study 
covered both rural and urban sectors and the period of 
study was from 1993-94 to 2011-12. To portray the 
contrasts and similarities in the level, the pattern of food 
consumption and FD among different rural and urban 
segments, the entire food items were grouped into 11 
broad groups.  Three major states of South India, Kerala, 
Tamil Nadu (TN) and Karnataka and also three major 
states of north, viz, Uttar Pradesh (UP), Rajasthan and 
Haryana were taken as sample states. To estimate FD the 
Simpson Diversity Index (SDI) was used. Simpson 

Diversity Index (SDI) =1- ∑ w2i, where ∑w2i is the sum 
of squares of the expenditure share of food group 'i'. The 
SDI value ranges from zero to one. Higher the value of 
SDI, higher would be the FD and vice versa (Nguyen & 
Winters, 2011). The paper was divided into three sections. 

To begin with, the expenditure profile and north-south 
divide in the allocation of expenditure on the broad group 
of food items. Thereafter, north-south divide in FD was 
analysed. In the next part, north-south divide in calorie 
intake was examined.   
RESULTS AND DISCUSSION
North-South Divide in the Allocation Expenditure on 
Broad Group of Food Items 

Estimates of NSS reports for various rounds exhibit a 
sharp decline in the allocation of expenditure in 
percentage terms on cereals both in urban and rural 
sectors in all the three major Northern States of India (The 
Government of India, 1997, 2006, 2014). Highest fall was 
reported in the states of Haryana and UP. Table 1 
demonstrated an overall trend which showed a shift from 
cereals to superior food items like gram and pulses. But 
the same was not found among Southern States; instead, 
there was a slight dip in the expenditure on the items both 
in rural and urban sectors during the study period.

In Haryana and Rajasthan, the largest item of 
expenditure was milk and allied products. Uttar Pradesh 
too allocated a sizable expenditure on milk and products. 
An interesting aspect being, the expenditure on egg, fish 
and meat showed an increasing trend from less than one 
per cent to almost 2 per cent in Rajasthan both in rural-
urban areas. In other northern States also the expenditure 
on egg, fish and meat hovers around the 1 to 3 percent 
range both in rural-urban areas, implying the fact that 
Northern States allocated only a negligible portion of 
their expenditure on egg, fish and meat and the lion’s 
share of expenditure was on cereals, milk products and 
vegetables. Due to vegetarian culture in North India, so 
the protests were lighter against the recent ban of animal 
trade. A ban on trade in cattle for slaughtering aroused the 
matter of sustainability that an increased availability of 
cattle population ensured a sufficient supply of milk and 
its products with positive spill overs in the agriculture 
sector. There was also a clear shift in favour of allocation 
of expenditure on the broad food group, beverages, 
processed and packed food among all the three major 
Northern States both in rural and urban sectors. Moreover, 
such a trend was more pronounced in the urban areas. This 
showed a next generation shift in urban India towards a 
more convenient, processed, ready-to-eat and packaged 
food items.   

The states in South India at the same time presented 
an entirely different picture. The diet pattern of the south 
was at par with the north in certain broad food groups 
whereas it varied in many other significant dimensions. In 
the south too there was a drastic decrease in the 
expenditure on cereals and it amounted to nearly 50 
percentage point. In the allocation of expenditure on milk 
and its products, the south was far below the north in its 
consumption. For instance, when the Northern States 
allocate nearly 20 to 40 per cent of their expenditure on 
milk and its products, the south spends only 10 to 14 per 
cent, which was less than half than its counterpart. 
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However, in the expenditure on egg, fish and meat, it 
grosses around 7 to 11 percent in Tamil Nadu, 5 to 11 
percent in Karnataka and coming to Kerala it was 15 to 20 

thper cent. In the 68  round survey report it was worth 
noting that in rural Kerala, the percentage of the total 
expenditure on cereals was 13.85 and 19.62 per cent on 
egg, fish and meat. While in the urban sector expenditure 
on cereals is 12.75 percent whereas on fish and meat it was 
18.67. Kerala portfolio of food items was well-
exemplified in Table 1 which depicted that expenditure 
was more than double on egg, fish and meat as compared 
to milk and milk products. A comparative analysis 
showed that Northern States spent an appreciable share on 
vegetables, milk and its products whereas the Southern 
States especially Kerala the weightage was for egg, fish 
and meat. For the Southern States, a ban on cattle trade 
was a grave issue of food security. These figures speak 
volumes as to why there was a wide protest in Kerala 
against the ban on animal trade.   

In the Southern States also there was a shift in 
expenditure from cereals to vegetables, fruits, egg, fish 
meat, etc., a trend that was visible in all countries that have 
professionally expanded their income. However, the 
largest item of expenditure was on the broad food groups, 
beverages, processed food and ready to eat foods. At the 
dawn of liberalisation, there was the concentration of 
expenditure on cereals whereas there was a skewed 
expenditure pattern for processed food, beverages and 
ready to eat foods in the present day scenario. The fast-
expanding urbanisation, an opening large number of new 
retail outlets of multinational food chain companies and 
supermarkets in both urban and rural areas responsible for 
the much visible change. A preference for convenient 
food was becoming more relevant with the increased 
participation of women in employment which was 
reflected in a skewed expenditure pattern in favour of 
processed food and convenient foods.  
North-South Divide in Food Diversity          

Food diversity is an index of diet quality as well as the 
variety of different food items consumed. Variety in food 
especially with reasoned choices ensures a balanced diet 

which is essential for both physical and cognitive health 
of human beings. A direct one-to-one relationship cannot 
be established between growth in expenditure on food and 
FD but can be noticed with the changes in the percentage 
allocation. The data revealed that both in rural and urban 
areas in a horizontal dimension in Southern States and 
Northern States in vertical dimension there was a 
remarkable change in the percentage allocation of 
expenditure on the different broad group of food items in 
the post-liberalised era. Such a flux showed marked 
bearing on the food diversity.

Interestingly, there was a sharp fall in the percentage 
allocation of expenditure on cereals both in urban and 
rural areas and also in Southern and Northern States and 
an abnormal increase in the allocation of expenditure on 
beverages and refreshment. Beverages and refreshments 
mostly included processed foods, ready to eat foods and 
takeaway meals which projected a further shift in the diet 
pattern of rural dwellers of India in tune with that of urban 
India corroborated with the Western diet system (Delisle, 
1990). A shift in concentration of expenditure from 
cereals to beverages and processed food too has its dent in 
food diversity (Santhosh, 2014).

The estimates based on NSS data showed that over 
the years, FD improved significantly for rural and urban 
people of both Northern and Southern States of India 
(Table 2). Improvement in FD was achieved due to 
shifting their expenditure from cereals to more and more 
diverse food items. Among the Northern States, UP was 
way ahead of other states in FD. Still there existed a 
significant disparity in FD among the rural and urban 
people and also among the Northern and Southern States 
of India (Figure 1 and 2). Among the Southern States, 
rural and urban Karnataka registered a remarkable 
improvement in FD during the period.  The rural Tamil 
Nadu registered remarkable changes as well. In the year 
2011-12, urban Tamil Nadu was ahead of Kerala and 
Karnataka states in FD. In general, Southern States were 
way ahead of northern counterparts and visibly above the 
national average in FD. It was also interesting to note that 
though there were a north-south divide in FD both north 

States th50  round (1993-1994) st61  round (2004-2005) th68  round (2011 -2012)

Rural Urban Rural Urban Rural Urban

(1) (2) (3) (4) (5) (6) (7)

Haryana 0.753 0.814 0.773 0.813 0.778 0.821

Rajasthan 0.734 0.826 0.786 0.824 0.821 0.841

Utter Pradesh 0.805 0.847 0.835 0.851 0.849 0.852

Kerala 0.841 0.856 0.859 0.866 0.869 0.866

Karnataka 0.817 0.845 0.852 0.848 0.880 0.859

Tamil Nadu 0.798 0.842 0.844 0.856 0.869 0.865

All India 0.797 0.842 0.831 0.858 0.860 0.863

Table 2. Food diversity by Simpson Index southern and northern India-rural and urban- various rounds 

Source: Estimated from NSS reports various rounds.
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and south regions registered a noticeable convergence in 
FD in the post-liberalised era. It was a matter of concern 
that there was a shift in the concentration of expenditure 
from cereals to beverages and processed food among 
Northern and Southern States. This was due to the hidden 
persuasions of advertisement and salesmanship that know 
no geographical boundaries. With this exception, the FD 
index would have been much higher. In the place of a 
positive health outcome, one can expect a negative slide 
due to a high concentration of expenditure on processed 
food and it will certainly have its impact on the per capita 
per day intake of calorie (Santhosh, 2013). 
North-South Divide in Calorie Intake

This section deals with the trend and impact of a shift 
from cereals to other food items and its impact on the 
calorie intake among rural-urban sectors of Northern and 
Southern States over the period 1993-94 to 2011-12.The 
per capita per consumer unit intake is a terminology used 

by NSSO where calorie intake requirement was estimated 
on the basis of the weight, age, sex, etc. of the consumer. A 
shift away from cereal to other food items may show 
impact the intake of calorie since cereals are the richest 
and cheapest source of energy. It was empathetic to note 
that, over the years a shift away from cereals to other food 
items, especially to processed, packed and ready to eat 
food, might have affected the calorie intake of both 
southern and Northern States (Table 3). The study was in 
agreement with the findings of Radhakrishna and Ravi 
(1992).

In the intake of calorie, Northern States were ahead of 
the Southern States which were even below the national 
average. It was because cereals and milk products are the 
richest sources of energy and Northern States were 
spending a sizable portion of their expenditure on it.  On 
the other hand, the South was fast shifting towards 
beverages and processed food. In the case of processed, 
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0.82
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0.86
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Haryana Rajasthan UP Kerala Karnataka Tamil Nadu All India 

1993 -94 2011 -12

Figure 1. The trend in the North-south divide in FD (Rural) 1993-94 & 2011-12  

Source: Prepared from NSS reports various rounds.
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Figure 2. The trend in the North-south divide in FD (Urban) 1993-94 & 2011-12

Source: Prepared from NSS reports various rounds.
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States th50  round (1993-1994) st61  round (2004-2005) th68  round (2011 -2012)

Per capita per consumer unit (PCUI)intake of calorie in Kilo calorie

Rural Urban Rural Urban Rural Urban

(1) (2) (3) (4) (5) (6) (7)

Haryana 3109 2616 2738 2487 2587 2562

Rajasthan 3090 2704 2714 2586 2368 2535

Utter Pradesh 2899 2615 2743 2598 2229 2362

Kerala 2451 2445 2549 2534 2245 2389

Karnataka 2575 2485 2276 2385 1909 2166

Tamil Nadu 2347 2366 2294 2394 2100 2300

All India 2683 2542 2540 2475 2589 2519

Table 3. Per capita per Consumer Unit (PCUI) intake of calorie -rural and urban-various rounds 

Source: NSS reports various rounds.

ready-to-eat food and beverages, a proportional 
relationship between expenditure and calorie intake was 
doubtful. That was the reason why though the Southern 
States were having higher FD but their intake of calorie 
was low as compared to their northern counterpart. There 
was decrease in the calorie intake both in the Southern and 
Northern States during the period. It was due to shift in 
diet pattern from cereals to other food items. For the 
richest income group, decrease in the intake calorie was 
positive health outcome since they were not supposed to 
pursue a job which required much physical activity. For 
the poor income strata, it was not wise to shift from cereals 
to other food groups without a baseline intake from 
cereals since they were supposed to pursue physical and 
manual work.
CONCLUSIONS

Consumer Expenditure Survey data of NSSO  for the 
period 1993-94 to 2011-12 revealed that there existed 
noticeable north-south divide in the expenditure pattern 
on food, food diversity and calorie intake in India. 
Northern States allocate a lion's share of their expenditure 
on milk and allied products, cereals and vegetables. The 
expenditure on egg, meat and fish was negligible among 
the Northern States. This may be the reason as to why the 
recent ban on cattle trade and cow slaughter (an ostensible 
annihilates of energy derivative) was a matter of 
sustainability for the north. Expenditure on milk and milk 
products were not a major item of expenditure for 
Southern States. These states allocated more of their 
expenditure to egg, fish and meat than on cereals, milk 
and its products. And more importantly for the southern 
state's ban on cattle slaughtering turned out to be an issue 
of food security. With regard to FD, there was a notable 
improvement in this direction during the study of the 
period for both southern and Northern States. However, 
Southern States were ahead of their northern counterpart 
in FD. There was a desirable trend of convergence in FD 
among the north and south and also rural and urban 
sectors of India. One important factor which obstructed 
both halves in achieving higher FD was the recent fashion 
of concentration of expenditure on beverages, processed 

food and refreshments. Such a concentration dented on 
the calorie intake of both northern and Southern States. 
Though Southern States were having high FD, their 
calorie in take was low as compared to the north.  
Economic growth was sustainable only with food security 
(Torero, 2014). FD was a proxy for food security since 
diversification ensured a balanced diet. Therefore, an 
inclusive reform agenda was required not only for 
improving FD in rural and urban sectors but also to 
reduced regional disparity in FD and a healthy diet pattern 
for the people of India. For the purpose, public 
distribution system should be strengthened through 
which quality staple food items at an affordable price 
should be ensured. Awareness should be created among 
the poor income strata that a diversification will fruitful 
only after taking a baseline intake of calorie from cereals.
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ABSTRACT
The study was carried out to identify various socio-economic factors influencing adoption of AI technology in the crossbreeding 
system at the farm household level. The Tobit regression for a data set of 245 sample farmers from three districts of Assam was used. 
The results showed that the education of the household head, accessing support from government dairy development programme, 
number of years since farmers first knew about AI and proportion of net dairy income positively and significantly affect extent of 
adoption of AI; while factors such as, distance to nearest market and risk perception of the farmers on AI negatively and statistically 
significantly influence extent of adoption of AI. The findings of the study suggested a package of interventions for increasing the use 
intensity of AI technology. These included, more specifically, the extension support to the farmers, market linkage, conducting 
awareness programme and direct support to the farmers to reduce the cost of farming.
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INTRODUCTION
Crossbreeding of Indigenous cattle with exotic 

germplasm is an important component of dairy 
development strategy in India (Bhowmik, Sirohi & 
Dhaka, 2006; Chandel & Malhotra, 2006; Udo et al., 
2011). Crossbreeding programme was implemented on a 
large scale in the country with the introduction of 
Intensive Cattle Development Project (ICDP) in 1963. 
The central and state governments started dairy 
development extensively through cross-breeding in the 
1970s (Udo et al., 2011), which resulted in the 
maintenance of country at the top amongst milk producers 
in the World during the recent decade. Artificial 
Insemination (AI) in the crossbreeding system is the most 

thsignificant and economically viable invention in the 20  
century for moving massive genetic payloads into 
populations and for rapidly re-engineering the desired 
changes in the genetic architecture of the bovine stock 
(Kurup, 2002). However, more than 70 per cent of 
animals are bred using AI in the developed world, the 
technology is practically not available or available in 

quite limited extent in the developing countries (Kaaya, 
Bashasha & Mutetikka, 2005). Furthermore, regional 
disparity is witnessed in the penetration level of AI 
technology in the developing countries like India. The 
northern states account for highest AI coverage of breed 
able cattle population (reflected in 40 percent 
concentration of the total AI born crossbred cattle 
population) followed by the states in the south (34 percent 
concentration). In the north-eastern state like Assam, the 
penetration level of AI is very low resulting to the 
abysmally low proportion of crossbred cattle population 
in the state. The Livestock Census 2012 reported that the 
proportion of crossbred cattle population in total cattle 
population in the state was only 3.84 percent against the 
national average of 20.81 percent even though the thrust 
on cattle crossbreeding using AI was laid way back 
in1970s. It was observed that the crossbred cattle 
population in the state increased only marginally from 
1.56 percent in 1982 to 3.84 percent in 2012. Given the 
fact that local cattle in Assam were low yielding in nature 
(0.91 kg/day in Assam vis-à-vis 1.91 kg/day in India) and 



the state also lacked recognized local breed to conserve, 
diffusion of this technology at field level was much of its 
significance. Empirical studies (Kaaya, Bashasha & 
Mutetikka, 2005) pointed out that there were various 
socio-economic factors relating to the farm and farmer 
influencing the adoption of AI technology at field level. 
Identification of these factors may be helpful for policy 
purpose of AI technology diffusion in the state like 
Assam, given the situation that no such study is carried 
out so far in the context of the dairy farmers in the state. 
MATERIAL AND METHODS
Data and Sampling

The study used both primary and secondary data to 
achieve the stipulated objectives of the present study. The 
secondary data on milk production and cattle population 
was collected from Integrated Sample Survey Reports 
(various issues), Government of Assam and Livestock 
Census. The primary data were collected from 245 
smallholder dairy farmers during December 2015 to 
March 2016 using structured and pre-tested schedule. A 
multistage sampling technique was employed in the 
selection of the sample respondents. In the first stage, 
districts were categorized as high, medium and low 
coverage of breedable cattle population using AI from the 
data available with Assam Livestock Development 
Agency (ALDA) for TE 2012-13. Following this, one 
district was selected randomly from each category. In the 
second stage, two development blocks, one with high AI 
coverage and one with low, from each district were 
selected purposively based on the information from some 
key informants from the district. In the third stage, three 
sample villages were randomly selected from each 
development block. Finally, a list of dairy farmers in each 
of the villages was created through discussion with the 
village headman and veterinary field assistant (VFA) 
working in the respective villages and then 25-30 percent 
farmers from the list were interviewed from each village.  
The Empirical Model

The farmers make technology adoption decision 
based on the objective of utility maximization (Rahm & 
Huffman, 1984). Let the technology index be denoted by 
k, where k = 1 for the old technology and k = 2 for the new 
technology. The preference for a technology (new or 
sticking to old) depends on a non-observable underlying 
utility function U (H , T ). Utility derivable from new ki ki

technology depends on H , which implies the vector of k

farm, farmer and physical environment characteristics at 
which the farmer operates and T  which is a vector of k

attributes embodied in the technology itself. The utility 
function, albeit unobserved, a linear relationship is 

th postulated between the utility derivable from the K
technology and a vector of socio-economic 
characteristics (age, education, experience in dairying, 
size and physical location of the farm, institutional access 
etc.) and perception about the technology (whether new 
technology is risky) and a disturbance term e  with zero k

mean.  

U  = X  + e , k = 1, 2; ³=1…..n                 (1)ki ik ki

The farmers are assumed to adopt a technology from 
th which they derive the maximum utility. The i farmer will 

choose new technology if U >U and the latent variable Z  2i 1i i

indexes the adoption decision. 

The probability that z is equal to one when the farmer i

adopts a new technology such as AI is a function of a set of 
socio-economic factors: 

Pi = P  (z  = 1) = P  (U  < U )r i r 1i 2i

= P  (X   + e  < X   + e ) (3)r i 1 1i i 2 2i

= P  (e   + e  < X  (  + )r 1i 2i 1i i 2 1

= P  (U  < â)r i

= F (X  â)i

P (.) is a probability function; X is the vector of r 

explanatory variables (n × k matrix) and â is a k×1 vector 
of parameters to be estimated. U  is a random disturbance i

term, and F (X  â) is a cumulative distribution function for i
th U  evaluated at X  â. Thus the probability that the ii i

farmers adopt the new technology is based upon the 
greater utility derived from the same vis-à-vis the utility 
derived from the old technology, and the probability that a 
farmer adopts AI technology is a function of the vector of 
observed independent variables and the unknown 
parameters and disturbance term. The exact distribution 
of F is determined by U . If Ui is normal, then F has a i

cumulative normal distribution (Rahm & Huffman, 1984; 
Mazvimavi & Twomlow, 2009). The functional form of F 
is specified with a Tobit model, where U is an independent i 

and normally distributed error term with zero mean and 
2constant variance ó .

Y = X  â if 1 = X  â + U  > T (Adoption)i i i i

= 0 if 1 = X  â +U  < T (Non-adoption)i  i

Where, Y is the probability of adoption (and use i 

intensity) of AI technology;
 I, the unobserved binary variable representing the 

combined impact of explanatory factors affecting AI 
technology adoption;

T, Unobserved threshold level.
Following the procedure of multivariate Probit 

analysis, the below-mentionedequations explain the 
factors affecting AI technology adoption. 

1 = á + â X  + â X  + ….. + â X  and Y = g(1)Where, 1 1 2 2 n n

Y = 1 if I ≥ T

Y = 0 if I ≤ T
Thus, the Tobit model in our study measures the 

probability of both adoption and extent of adoption of AI 
technology.
Factors Hypothesized to Influence AI Technology 
Adoption

The socio-economic factors influencing use intensity 
(synonymously extent of adoption) of AI technology 
included both farm and farmer characteristics. The 

Zi = 
1 if U  < U  (Adoption)1i 2i

0 if U  > U  (Non-adoption)1i 2i

(2){ {
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Variables Description Measurement H sign0 

x1 Age of the household head Years completed +

x2 Number of years in school Years completed +

x3 Family size Number +

x4 Size of landholding ha +

x5 Whether accessed formal credit 1=Yes; 0 otherwise +

x6 Distance to nearest market km -

x7 The beneficiary of any government dairy development programme 1=Yes; 0 otherwise +

x8 Number years since first started the farm Years completed +/-

x9 Distance to nearest AI centre km -

x10 Access to local breeding bull 1=Yes; 0 otherwise -

x11 The herd size of the farm Numbers +

x12 Number of years since first heard about AI Years +

x13 Farmer's perception of the riskiness of going for AI 1=Yes; 0 otherwise -

x14 The proportion of net dairy income in total household income Percentage +

Table 1. Hypothesized determinants of the extent of adoption of AI technology by the smallholder dairy farmers  

Author's own definition.

identification of these factors was guided by some of the 
theoretical literature on factors affecting agricultural 
technology adoption (Feder, Just & Zilberman, 1985; 
Feder & Umali, 1993; Doss, 2006). Table 1 lists the 
determinants of use intensity of AI technology in the 
context of the present study along with the hypotheses on 
how each of the determinants may affect the adoption of 
AI technology in the study sample. Age as an indicator of 
farming knowledge gained over time and education of the 
household head indicating the level of ability to 
comprehend the importance of new technology like AI is 
likely to positively influence its adoption. Similarly, 
higher household size points out higher family labour 
supply which may encourage adoption of an intensive 
farming system based on crossbred cattle. In a resource-
poor farm household accessing financial support such as 
credit (Adesina & Zinnah, 1993; Islam, Barman & 
Murshed-e-Jahan, 2015) and benefitting from 
government dairy development programme (Feder & 
Umali, 1993) may motivate farmers towards the adoption 
of crossbreeding technology like AI. Higher the size of 
land higher is the availability of input like green and dry 
fodder resources either from own cultivation or from 
unhindered access to grazing land, thus influencing 
positively the adoption of AI born high yielding crossbred 
cattle. The market is a source of information on new 
farming knowledge of farmers along with market distance 
having a positive relationship with transaction cost for 
perishable commodities like milk (Baltenweck & Staal, 
2000). Thus, distance to market is hypothesized to have a 
negative association with the adoption of AI technology 
(Table 4). Age of the farm may be either positively or 
negatively related with technology adoption because the 
older farm is a source of knowledge gained through 
experience for technology adoption (Mazvimavi & 
Twomlow, 2009) or new farm is a source of innovation 

through motivation for profit. The negative relationship 
between distance to the nearest AI centre and adoption of 
AI technology is obvious because increased distance 
affects heat period of the cattle (Reynolds, Metz & 
Kiptarus, 1996). Again, assuming that farmers are risk-
averse, easy access to local breeding bull may discourage 
farmers to adopt new dairy technology such as artificial 
insemination.

It may, further, be noted that as herd size increases, 
the intensity of AI technology adoption increases. In the 
present study, the number of years since first knew about 
AI is taken as a proxy for access to extension services. 
More the number of years since first knew about AI better 
is the diffusion of extension services in the locality, 
bearing a positive relationship with AI technology 
adoption. Brick and Visser (2015) observed that poorer 
households that are unable to avoid consumption risk 
avoid this risk by opting for a lower return lower risk 
agriculture. Thus, possible risk perception with the new 
technology may discourage the adoption of AI among the 
dairy farmers. Finally, if the proportion of dairy income in 
the total household income is more, those farmers are 
likely to intensify crossbreeding technology in their farm 
(Table 1). 
RESULTS AND DISCUSSION
Crossbreeding and Milk Production

The comparison in the yield between crossbred and 
indigenous cattle across districts in the state exhibited a 
marked difference between the two indicated that an 
average productivity of crossbred cattle of Assam was 
4.27 litres/day/cattle in the state whereas the productivity 
of indigenous cattle was 1.01 litre/day/cattle (Table 1). An 
average productivity of crossbred cattle is the highest in 
Dhubri district (4.45 litres/day/cattle), whereas it was the 
lowest in Karbi Anglong district (4.04 litres/day/cattle). 
Again, as far productivity of indigenous breed was 
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Districts Crossbred Indigenous Percent 
gain in yield

Goalpara 4.05 1.00 305

Dhubri 4.45 1.01 342

Kokrajhar 4.25 0.98 334

Bongaigaon 4.40 1.13 288

Barpeta 4.19 1.17 259

Nalbari 4.18 0.99 321

Baska 4.30 1.02 323

Kamrup 4.25 1.14 272

Darrang 4.31 0.93 363

Udalguri 4.21 0.96 339

Sonitpur 4.16 0.95 338

Lakhimpur 4.31 0.98 341

Dhemaji 4.32 1.03 318

Morigaon 4.32 1.01 329

Nagaon 4.25 1.03 313

Golaghat 4.33 0.98 340

Jorhat 4.32 0.98 339

Sibsagar 4.14 0.99 318

Dibrugarh 4.36 0.98 341

Tinsukia 4.22 1.00 322

KarbiAnglong 4.04 0.95 328

N.C. Hills 4.41 0.87 407

Karimganj 4.36 0.97 351

Hailakandi 4.34 1.03 320

Cachar 4.24 0.97 339

Assam 4.27 
(0.0243)

1.01 
(0.0647)

324 
(0.0877)

Table 2. The average productivity of crossbred and 
indigenous cattle across districts of Assam

(l/day/cattle)

Source: Integrated Sample Survey Report 2012-13, Govt. of Assam. 
Figures in parentheses indicate Coefficient of Variation (Percent).

Districts Milk production 

Estimated 
assuming 
zero cross
breeding 
(in lakh)

Actual 
(in 

lakh)

Net 
increase 

(in 
lakh)

Percent 
increase

Goalpara 146.55 177.83 31.28 21
Dhubri 250.40 313.31 62.91 25
Kokrajhar 214.73 244.25 29.51 13
Bongaigaon 241.93 317.11 75.17 31
Barpeta 289.15 414.91 125.76 43
Nalbari 174.29 250.23 75.93 44
Baska 111.71 137.65 25.94 23
Kamrup 379.12 621.70 242.58 64
Darrang 195.61 300.26 104.64 53
Udalguri 128.51 159.57 31.06 24
Sonitpur 297.34 389.65 92.30 31
Lakhimpur 186.22 233.08 46.85 25
Dhemaji 165.66 191.52 25.85 16
Morigaon 170.99 245.83 74.83 44
Nagaon 270.32 375.21 104.88 39
Golaghat 224.85 296.74 71.88 32
Jorhat 217.28 378.01 160.72 74
Sibsagar 206.19 270.31 64.11 31
Dibrugarh 241.40 330.06 88.66 37
Tinsukia 209.52 277.69 68.17 33
KarbiAnglong 258.70 338.88 80.18 31
N.C. Hills 58.37 88.48 30.10 52
Karimganj 152.11 205.68 53.56 35
Hailakandi 82.91 121.76 38.84 47
Cachar 221.17 295.09 73.92 33
Assam 5086.00 6974.9 1888.90 37

Table 3. Increase in cattle milk production due to 
crossbreeding in Assam

(l)

Source: Author's estimation from the Integrated Sample Survey Report, 
2012-13, Government of Assam, Guwahati.

concerned it was the highest in Barpeta district (1.17 
litres/day/cattle) and lowest in Karbi Anglong district 
(0.87 litres/day/cattle). The percentage gain in yield of 
crossbred cattle over indigenous breed was 324 percent in 
Assam with highest being in Karbi Anglong district (402 
per cent). Although, there were significant productivity 
differences across breeds in the state for both the cattle 
breeds there are not much productivity differences across 
districts. The increase in milk yield with the adoption of a 
new technology that is, rearing of crossbred cattle was 
significantly high and likely to give higher returns over 
the old technology (rearing of indigenous cattle). This 
was consistent with a study by Kumar (2001) conducted 
in Meerut district of Uttar Pradesh who found that the 
contribution of technological change (indigenous breed to 
crossbred) was 47.65 per cent.

Table 3 presented the role of crossbreeding of cattle in 
the increase of milk production in the state. The increase 

in milk production was yield driven based on cross-
breeding of cattle. Assuming that there was zero 
crossbreeding in the state the hypothesized total milk 
production comes out to be 5086 lakh litres and after 
considering the increase in milk production due to 
crossbreeding then the state will have actual milk 
production of 6975 lakh litres with an increase of 1889 
lakh litres (37 percent increase due to crossbreeding). The 
highest absolute increase in milk due to crossbreeding at 
district level was witnessed in Kamrup district (242.58 
lakh litres) followed by Jorahat (160.72 lakh litres) and 
Barpeta district (125.76 lakh litres). However, in terms of 
percentage gain due to crossbreeding Jorhat district 
showed the highest gain (74 per cent) followed by 
Kamrup (64 per cent) and Darrang district (53 per cent). 

The districts that reflected percentage gain due to 
crossbreeding above the state average of 37 percent were 
Barpeta, Nalbari, Kamrup, Darrang, Morigaon, Nagaon, 
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Year Increase in total milk production (Percent)

Cattle Buffalo Total

Indigenous Crossbred

1987-1998 43.94 41.92 14.15 100

1998-2007 46.60 44.99 8.41 100

2007-2012 -193.42 216.51 76.90 100

1987-2012 20.36 60.97 18.67 100

Table 4. The contribution of cattle and buffalo to the 
increased milk production in Assam during 
1987 to 2012

Source: Author's Estimation from Integrated Sample Survey Reports 
(various issues), Government of Assam, Guwahati. 

Variables Mean value Standard deviation

x1 50.28 12.5403
x2 6.24 4.7442
x3 5.88 2.5411
x4 0.16 0.1513
x5 16.73 37.4049
x6 2.98 1.6358
x7 19.59 39.7718
x8 27.34 14.7744
x9 2.45 1.3582
x10 85.71 35.0643
x11 6.38 6.9458
x12 10.98 8.1136
x13 40.00 49.0900
x14 22.14 28.6157

Table 5. Descriptive statistics of the variables 
determining the extent of adoption of AI 
technology

Source: Author's estimation based on field survey data. 

Jorhat, Dibrugarh, NC Hills and Hailakandi. 
The percentage contribution of indigenous, crossbred 

and buffalo milk to the increased in total milk production 
in the state is presented in Table 4. The contribution of 
indigenous cattle milk to the increase in bovine milk 
production was 20.36 per cent while the same estimate for 
crossbred cattle and buffalo showed 61 and 18.67 percent 
from 1987 to 2012. It was evident from the Table 4 that 
there was a marked structural transformation in the 
composition of bovine milk in the state during the period 
under consideration. During the decade of 1987-1998, the 
contribution of crossbred cattle in the increase in total 
milk production was less (42 per cent) than what it was for 
indigenous cattle (43.94 per cent). But during 2007-2012, 
the contribution of crossbred cattle increased to a 
remarkably higher proportion of 216.51 per cent and that 
for indigenous breed a significantly declining proportion 
of -193.42 per cent.

Although, the contribution of crossbred cattle in 
overall milk production increased the proportion of 
crossbred cattle in the state remained almost static.  From 
2006-07 to 2012-13 there was a steep rise in milk 
productivity of crossbred cattle from 1383 to 1559 litres 
(Appendix I). This implied that during this period the 
quality traits of exotic germplasm used in the local cattle 
introduced by Assam Livestock Development Agency 
(ALDA) was significantly of high yielding nature (due to 
induction of exotic pure-breed bull during this period 
from Central Cattle Breeding Farm, Sunabeda and 
Hessarghatta). Thus, it can be inferred that if sufficient 
importance was laid on increasing the proportion of high 
yielding CB cattle in the state of Assam, there was the 
higher potentiality of improving the milk production 
scenario in the state. This necessitated diffusion of AI as 
an economically viable technique of cattle crossbreeding. 
The subsequent sections tried to recognize the important 
socio-economic factors influencing the extent of AI 
technology adoption at the farm household level.

An overall summary of 245 smallholder dairy 
farmers on their various farm and farmer characteristics is 
given in Table 5. The mean age of the household head was 
50 years and mean years of schooling of 6 years across the 

sample households. The mean household size was almost 
6 members including children with a minimum of 1 and a 
maximum of 18 members across the sample households. 
A majority of the farmers are landless and marginal 
farmers on their landholding having a mean land size of 
0.16 ha with a maximum of 1.3 ha (Table 5). The perusal 
of Table 5also showed that almost 16 percent of farmers 
accessed formal credit in the study sample for 12 months 
preceding the survey. The maximum and minimum 
distance to the nearest market is 7 and 0.3 km respectively 
with a mean of almost 3 km across the study sample. 
Almost 19 percent of farmers were found to be 
beneficiary of Government Dairy Development 
Programme such as the distribution of fodder seed and 
subsidized concentrate feed under the RKVY scheme. It 
is evident from Table 5 that the average number of years 
since first started the dairy farm was more than 27 years 
which indicated that dairying is an established source of 
livelihood for a majority of the farmers. The results 
revealed that the nearest AI centre from the farm 
household had a mean distance of 2.45 km across the 
sample farmers. Furthermore, the constraint was easy to 
access to local breeding bull and farmers perceiving AI 
technology as risky towards its adoption. The perusal of 
Table 5 showed that most of the sample farmers had easy 
access to the local breeding bull, while 40 percent of 
farmers consider adoption of AI as risky. Across all 
category of farmers, net dairy income measured as total 
income received from milk sale minus the paid out cost on 
feed and fodder, veterinary expenses and cost on hired 
labour constituted 22 percent of the total household 
income across the sample farmers.    
The Estimated Tobit Model

The results showed that except distance to AI centre 
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(x ) and herd size (x ) results of all the remaining 9 11

variables correspond to the expected sign (Table 6).The 
education (x ) was a powerful factor (P<0.01) which 2

influenced the extent of adoption of AI technology among 
the sample farmers. The findings were consistent with the 
previous literature on agricultural technology adoption 
(Ghimire, Wen-chi & Shreshtra, 2014; Abdulai & 
Huffman, 2005). The results presented in Table 6 showed 
that the distance to the nearest market (x ) was the 6

statistically significant factor indicating that more was the 
distance to market from the farm household lower was the 
extent of adoption of AI technology. The results were in 
consonance with the findings of Abdulai and Huffman 
(2005).

It was found that farmers benefitting from the 
government dairy development programme were more 
likely to intensify AI technology adoption as the variable, 
x (Beneficiary of any government dairy development 7

programme) was positive and statistically significant 
(P<0.01). Furthermore, the marginal effect pointed out 
those farmers who benefited from the dairy development 
programme had 11.71 percent chance of increasing the 
extent of adoption of AI technology. The results further 
revealed that farmers who knew about AI with one 
additional year before were likely to intensify the 
technology in their farm by 0.84 percent pointing out that 

extension support and awareness programme were 
important for the diffusion of the AI technology. Again, 
convincing farmers that AI is less risky through 
awareness programme and extension support may also 
encourage farmers to adopt AI technology.

The perusal of Table 6 showed that farmer's 
perception of riskiness about AI technology may 
significantly (P<0.01) reduce the chance of adoption by 
23.52 percent. Finally, the proportion of higher net dairy 
income in the total household income (x ) may increase 14

significantly the adoption of AI technology. However, it 
was found that age of the household head (x ), family size 1

(x ), land owned by the household (x ), access to credit (x ), 3 4 5

number of years since first started the dairy farm (x ) were 8

not found as significant factors to influence the extent of 
adoption of AI technology. Similarly, factors such as 
distance to AI centre (x ), access to a local breeding bull 9

(x ) and herd size (x ) showed a non-significant relation 10 11

with the adoption of AI technology (Table 6). 
CONCLUSIONS

It was found that crossbreeding of cattle using high 
yielding exotic breed is an important source of increased 
milk production in Assam as it led to the increase in milk 
production by 37 per cent. The results showed that the 
contribution of crossbred cattle to the increase in milk 
production in the recent period has increased. This was 
largely due to the better quality traits of the exotic 
germplasm used in AI. The proportion of crossbred cattle 
population in the state is very low (only 3.84 percent) 
which may be attributed to low diffusion of AI in the state. 
This necessitates identifying factors influencing the rate 
of adoption of AI at farm household level as AI was an 
economically viable technique for cattle crossbreeding. 
The findings of the study showed that expanding rural 
education and extending help to the resource-poor 
farmers through dairy development programme may 
encourage adoption of AI. Overall, the findings of the 
study suggested that linking farmers with market, 
providing extension support and conducting awareness 
programme on the importance of AI showed significant 
bearing on raising the rate of adoption of AI technology at 
farm household level along with special emphasis given 
on farmers earning relatively higher dairy income on their 
farm for increased use intensity of the technology. 
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ABSTRACT
Quality standards have a great potential for enhancing trade, minimizing cost and technological improvements in the production 
process. An attempt was made to examine the effect of international quality standards on the technological capabilities of Indian 
firms. The panel data set covering the period 2001-2014 while selecting 125 firms. Econometrics model was developed to examine 
empirically the relationship between International Quality Standards (IQS) and technological capabilities. The empirical findings 
revealed that technological capabilities were positively influenced by size, R&D, age, exports, and power and fuel expenses of the 
certified firms. Therefore quality standards serve as a helping hand to Indian firms in increasing their technological capabilities. It 
further makes management system effective and helped in cost reduction. Thus, there is a need to adopt and follow international 
quality standards in order to improve technological capabilities and competitive position of firms in the market. An important policy 
implication that emerged from the analysis was that the small and medium firms if supported by the government in terms of 
providing subsidies to adopt quality standards would result in substantial technological capabilities building.
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INTRODUCTION
It is a widely recognized fact that a firm's competitive 

position does not depend on price factors alone rather 
non-price factors playing an important role.  However, in 
the global market, the firms have to compete on the basis 
of product quality, reliability, delivery and after sales 
services etc. As revealed by various studies, firms 
recognized that the quality of products and its effective 
signalling is a necessary requirement for long-term 
survival in the global market. Even domestic buyers also 
turned quality sensitive and increasingly becoming loyal 
to good quality brands. The government of India has to 
strive to enact suitable industrial policies to make Indian 
products more competitive in the globalizing world 
market. On the other hand, the firms face two types of 
barriers, that is, a tariff barrier and a non-tariff barrier. The 
governments, trade associations and industry groups have 
been making painstaking efforts to improve the 
competitiveness of the domestic firms for global market 
penetration. Much of efforts were made to reduce tariff 

barrier since the 1990s but as far as the trade is becoming 
more liberalized and globalised, the problem has moved 
from tariff barriers to non-tariff barriers. Now the major 
barrier of developing countries firms to export to 
advanced countries being faced is quality specifications, 
acceptance of norms and international quality standards. 
WTO has also made efforts to reduce the non-tariff 
barriers. WTO is expected to convince member countries 
to follow international quality standards for increasing 
trade with each other.

Secondly, we found in the literature that quality and 
technology up-gradation has emerged as the two 
important elements for enhancing the competitiveness of 
any manufacturing industry. Firms also recognized that 
adequate information about the global markets and access 
to funds, which enables them to implement strategies for a 
continuous technological and quality up-gradation. 
Furthermore, it is emphasized that quality standards can 
help to generate associated technologies due to 
compatibility features. Compatibility standards increase 



the network effects of existing technologies, which 
further generates the interface among technologies 
(Morell, 1994).

However, it was found out in economic literature that 
if a firm enhances quality standards of its products and 
provides better services to its customer, the question 
arises, is it sufficient for the firm? The answer is no 
because it's effective signalling is also necessary. 
Therefore, the quality and reputation turn out to be a 
necessary tool for entering into different markets. To 
overcome these challenges, the quality standards like ISO 
9001 series can help firms to signal quality and safety 
aspects of products especially the products from 
developing countries to reach markets far and wide.

Quality standards are rules and guidelines for the 
products and production processes that affect the quality 
of products. Standardization is also an important part of 
the economic system of an economy. It creates such a 
system, which is based on better quality and reliability 
features and reduces the cost of production (Blind, 2004). 
In order to incorporate standards into production, a firm 
has to make new investments which are based on standard 
requirements and guidelines. But when a firm follows the 
standard guidelines, it automatically affects the 
technological capabilities of the firm (Mani & 
Parameswaran, 2007). It needs to be pointed out here that 
before using the quality standards as a quality signal on its 
products, the firms need the involvement of the third party 
for verification.  But at the time of verification, the firms 
who do not follow the required procedure, their 
application can be rejected by the third party. Sudden 
inspections by the third party (Certification authority) 
keep the firms active in technological improvements and 
function according to required standards. In this way, the 
quality management standard directly improves the 
organizational performance of the firm and indirectly 
quality of the products. In support of the above view, there 
are studies in the economic literature that claims that there 
is a positive relation between standards and performance 
of firms.

A significant amount of standards development is 
being outsourced in India. Many Indian firms are seeking 
certification with quality management standards and 
product standards. The number of certified firms has 
steadily increased since the last decade. Despite its 
growing popularity among Indian firms, there is a little 
systematic research work done on the relation of quality 
standards to a firm's technological capability. In India, 
regulatory bodies such as Bureau of Indian Standards 
(BIS), Quality Council of India (QCI), Food Safety and 
Standards Authority of India (FSSAI) and Ministry of 
Agriculture (through AGMARK) are striving hard to 
drive the standardization activity in the country.
Quality Standards and Technological performance: 
Theoretical framework

This section presents the diverse views of different 
authors who have studied the effects of quality standards 

on the performance of the firms. Standards have multiple 
effects, for example, information contained in standards 
documents can help the firm to increase its productivity 
and production related problems. Its international nature 
enables the firms to enter into the new global markets and 
standards certification act as a good quality signal which 
makes the entry of firms from developing countries to 
advanced country markets possible and reasonable. Blind 
(2004) conducted analysis covering both microeconomic 
and macroeconomic level and reported that in micro-
economic analysis, quality standards positively influence 
the technological change in German firms, while 
macroeconomic analysis revealed that one-third of its 
economic growth was due to only quality standards 
development and concluded that the quality standards 
have a positive impact on technological innovations, 
foreign trade and macroeconomic growth. Mahmood, 
Din, Ghani & Iqbal (2010) conducted a study on export-
oriented manufacturers in Pakistan those who use 
certification with quality standards. The study revealed 
that the technology adoption behaviour of internationally 
certified suppliers was different from non-certified ones. 
Certified producers have better awareness regarding the 
development of new technologies. Cloughterty and 
Grajek (2008) explored the association between the 
popularity of international standards certification and 
international trade. By using regression analysis, the 
authors concluded that international standards such as 
ISO 9000 certification of the firms located in developing 
countries were helpful to attract buyers from the 
developed world. Further, it was also found that the 
developing country firms realize profits with certification 
with international quality standards. Standards are 
derived from innovative technology. It fosters innovation 
directly because a quality standard is itself a document 
and a guideline which includes the technological 
experience to produce a product or service and forming a 
baseline from which new technology emerges (Allen & 
Ram, 2000). Quality standards and trade performance of 
UK firms showed a positive relationship. Swann, Temple 
and Shumer (1996) conducted an econometric study to 
find the impact of standards on the U.K trade performance 
of the engineering industries. F-test and chi-square test 
were used to test the significance of estimated results for 
the period 1985 to 1991. The study concluded that for 
each of U.K standard variable the coefficient in export 
and import equations were positive and the net effects of 
U.K standards on trade balance were favourable. Terlaak 
and King (2006) attempted to study the effects of ISO 
9000 standards on the competitive advantage of U.S. 
manufacturing firms for the period 1988-90. The authors 
used General Estimation Equation (GEE) model and time 
series regression analysis in order to find empirical 
estimates. The authors argued that ISO 9000 standards 
help the buyers to identify the hidden quality-related 
attributes of products which enhanced the competitive 
performance of the firms. They concluded that 
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certification with international quality standard generated 
a signalling effect on firms more than operational 
performance. Goedhuys and Sleuwaegen (2013) also 
found that certification with international quality 
standards affects the productivity and competitiveness of 
the firms. The authors used a large data set comprising the 
manufacturing firms operating in 59 countries, which 
operated in different institutional setup. From the 
discussion, it is found that ISC increases the efficiency 
and sales performance of the firms and these firms 
belonged to such countries where the market and 
institutional systems are weak. In short, they argued that 
the less developed countries have gained productivity 
improvements more than countries that belonged to the 
better institutional system. From the analysis, the authors 
drawn the conclusions that certification with international 
standards lowers the gap between advanced countries and 
less developed countries. From the foregoing analysis, it 
is clear that quality standards have a positive impact on 
business performance of firms. A standard works as a 
conduit for information diffusion among firms. Sales 
performance of firms can also be improved by adopting 
quality standards. However, a very little research was 
done in economic literature that examines how the 
standards impact the technological capabilities of the 
firms. From the review of the literature, we can identify 
two major research gaps, that is, one, what is the 
relationship between quality standards and capability 
development of the firms. Two, how various 
technological efforts of a firm affect the quality standards. 
This paper is an attempt to fill the gaps in the economic 
literature.
METHODOLOGY

To examine the linkage between certification with 
ISO 9000 standards and technological capability 
building, firm-level panel data of 125 Indian 
manufacturing firms, covering the fourteen years period 
(2001-2014) was used. The data set used in the empirical 
analysis based on the Centre for Monitoring Indian 
Economy called Prowess database and Bureau of Indian 
Standards (2014). The BIS provides full information on 
the current and past status of the certified firms. 125 firms 
randomly from prowess database were selected. The 
sample firms were divided onto two groups one consist of 
50 firms that adopted and followed international 
standards managed and organized by BIS while  the 75 
non-certified firms. Only BIS certified firms were 
considered. The BIS follows the rules and regulation of 
standardization rigorously. So the longitudinal dataset 
contains 1750 observations were generated. It may be 
pointed out here that the sampled firms were spread over 
belong to different industries. The values included in the 
data set were converted into constant prices by taking 
2004-05 as the base year. It were deflated by industry-
specific wholesale price indices (WPI) which were 
obtained from the Office of Economic Adviser (OEA), the 
ministry of commerce and industry, Government of India. 

In this study, the technological capability building of 
firm with ISO 9000 standards were measured. 
Certification with quality standards makes our dependent 
variable binary because we consider that whether firms 
are certified with ISO 9001 standards or not. In this case, 
the OLS method becomes an inefficient one for 
estimation technique, therefore, used a binary choice 
model that is the probit model for empirical analysis. Thus 
for measuring the technological capability of certified 
firms with quantitative variables the 'Probit Model' was 
employed. Technological capability depends on many 
firm characteristics.  The important variables were the 
firm sizes which were captured by total sales, an age of the 
firm as an experience of firms in the production process. 
R&D expenditure and imports of technology which 
includes expenditure on imports of capital goods as 
suggested by the Chaudhuri (1995) that imports of capital 
goods in the form of equipment may embody certain types 
of technical know-how and royalty and technical know-
how (TI) fees as technological factors of firms which 
showed the technological efforts of the firm. Foreign 
equity participation (FE) which was captured by the share 
of foreign promoters and the power and fuel expenses are 
another variable included in the analysis.  This was 
viewed as reflecting firm's resource endowments.

Let the dependent variable showing the technological 
capability of certified and non-certified firms be 
described by 'Y' assumes only two values '1' if firms were 
certified with ISO standards and '0' if the firms are non-
certified. The implicit production function of the firm can 
be expressed as follows: 

Y=f (Size, Research and developmet, TI, FE, Power 
and fuel, Age)

The equation specified above defines the dependent 
variable 'Y' to be the firm's technological capability with 
certification and without certification depends on various 
firm characteristics. This issue can appropriately be 
addressed within the framework of the probit model.

The probit model assumes that while we only observe 
the values of '0' and '1' for the dependent variable 'Y'. 
There is a latent unobserved continuous variable Y* that 
determine the value of 'Y'. We assume that Y* can be 
specified as follow.

Y=1 if   Y*>0 technological capabilities of firms 
with certification 

Y=0 if    Y*<0 otherwise Where X , X , 1 2

X ………………X represents the vector of the random 3 k 

variables and ì represents a random disturbance term. 
The influence of variables on capability building of firms 
can be determined by estimating the probit model.
RESULTS AND DISCUSSION 

In India, standardization activity started in 1947 with 
the establishment of Indian Standards Institution (ISI) 
which was a first step towards the standardization in 

 mbbb ................* 210 ++++ XXY (1)
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India. This institute was incorporated under the Society's 
Registration Act 1860. In 1952, the institution started a 
certification marking scheme. In order to give a new path 
to standardization and quality control activities in India 
the Government of India decided to create a new statutory 
organization as a national standards body and was named 
as the Bureau of Indian Standards (2014). With the 
adequate autonomy as well as the harmonious 
development of activities of standardization the BIS Act 
was passed by the parliament in 1986 and BIS came into 

stexistence on 1  April 1987. The BIS quality management 
system certification scheme was launched in September 
1991 under the provision of Bureau of Indian Standards 
Act, 1986. In this study, we are using the ISO 9000 series 
of management standards.  The samples from the firms 
certified with ISO 9000 standards by the BIS were taken. 
The sampled firms were past and present clients of the 
BIS. India was ranked sixth among the top ten countries 
with 36,305 ISO 9001 standard certificates in the year 
2015 (ISO, 2015). 

Since the inception of ISO 9000 quality management 
standards, India has showed a great progress in 
standardization activity. The growth of ISO 9001 
standards was shown in Figure 1 which depicted that the 
Indian enterprises showed a great interest in the adoption 
of quality standards. Although the pace of standardization 
was slow when compared with the advanced countries, 
among Central and South Asia region India covered 91.2 
percent share. This showed that India is a leading actor in 
standardization activity among Asian countries.

The perusal of Table 1 showed that there was a 
significant difference between certified and non-certified 
firms on the basis of expenditure on R&D and technology 
imports. The mean value of R&D and imports of the 
technology of certified firms indicated that due to 
participation in standardization process these firms 
needless expenditure on both factors because 
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Source: ISO survey certification, 2015

Figure 1. Number of ISO 9001 standards certificates in India from 2001 to 2014

standardization organizations update the standards 
formulation process in five years.  After five years, the 
BIS update the existing standards for new additions.  New 
versions provide the clients to update the latest procedure 
of the production process. As compared to the non-
certified firms, they spent more on R&D and technology 
imports for new methods of production and for new 
designs. In terms of size and age, both the groups were 
almost similar but their expenses on power and fuels were 
different.

The correlation matrix of the variables used in the 
econometric analysis is presented in Table 2. The results 
revealed that age of the firm was positively correlated to 
all variables except exports which showed that as the firm 
becomes older, they use both R&D and import of 
technology strategies.  The older was the firm, higher the 
investment in technology. The correlation between R&D 
and imports of technology was positive and a very high. 
This indicated that sampled firms were actively backed up 
their imports with in-house technological efforts. On the 
other hand, the firm size has a positive correlation with all 
variables which showed that sampled firms used the 
strategies of R&D and imports of technology and these 
firms were exporting. Their factor endowment contained 
good utilization of resources and latest technology 
process and new methods of production.

The probability of various determinants that affected 
the technological capabilities of the firms that adhered to 
quality standards was estimated with the help of the Probit 
Model. The overall goodness of fit of the model enabled 
us to interpret the results meaningfully. The coefficient of 
firm size was positive and significant implying that it 
appeared to influence the technological capabilities of 
certified firms positively (Table 3). Larger the firm size, 
the higher resources were devoted to improve its 
capability. Mani and Parameswaran (2007) reported that 
before obtaining the certification a firm needs investment 
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Variables Certified 
firms

Non-certified 
firms

Size 3.84
(0.87)

3.57
(0.65)

Research and 
development

0.95
(0.97)

1.07
(0.81)

Technology imports 0.98
(0.95)

1.37
(0.81)

Exports 2.35
(1.17)

2.13
(1.2)

Power and fuel 2.57
(0.91)

1.98
(0.79)

Age 1.62
(0.23)

1.63
(0.21)

Table 1. Descriptive statistics of sampled firms: Mean 
and standard deviation

Source: Authors own estimates based on CMIE Database.
Figures in parentheses represent the standard deviation.

Variables Size Research and 
development

Technology 
imports

Exports Power 
and fuel

Age

Size 1 - - - - -

Research and development 0.5594 1 - - - -

Technology imports 0.5192 0.9594 1 - -

Exports 0.4078 0.3264 0.3060 1 - -

Power and fuel 0.7016 0.3078 0.2474 0.3820 1 -

Age 0.1547 0.1669 0.1552 -0.0742 0.1675 1

Table 2. Correlation matrix between the variables

Source: Authors own estimates based on CMIE Database.

Certification Coefficient Standard errors Z-value p>Z-value

Size 0.1496 0.0730 2.05 0.041
Research and development ***0.9613 0.0900 10.64 0.000
Technology imports ***-1.2740 0.0821 -15.52 0.000
Exports NS0.0386 0.3239 1.19 0.232
Power and fuel expenses ***0.5646 0.0585 9.64 0.000
Age ***0.2761 0.1678 1.64 0.000
Foreign equity participation

***-0.2587 0.0772 -3.35 0.001
Constant -1.6315 0.3315 -4.92 0.000

Table 3. Estimates of Probit Model for the sampled firms 

No. of observations =     1750
2 LR ÷  (7)      =     529.66

2 Prob> ÷       =     0.0000
 Log likelihood =    -912.9381

2 Prob> ÷      =     0.0000

Source: Authors own estimates based on CMIE Database.
*** Significant at one percent level.
NS: Non-significant.

to fulfil the requirements of standards so that the large-
sized firms due to economies of scale can afford the cost 
of certification. 

Due to resource constraint and lack of funds for 
improvement in the production process, and the lack of 
quality technical know-how, the smaller firms found it 
difficult to meet the requirements of the standard, as a 
result, they struggled hard to reach the level of world-
class standards. The coefficient of research and 
development expenditure was also positive and 
significant in our model. This implied that R&D 
expenditure improved the technological capabilities of 
certified firms as after the implementation of quality 
management practices in their daily routines; the firms go 
much beyond what standards required. Navesh and 
Marcus (2005) reported that the ISO 9000 standards were 
a trigger and springboard that launched developments to 
various types of firms after certification. It was worth 
mentioning that without certification the sampled firms 
would not have advanced so far as in building a system for 
quality. It was also also found that after the companies 
acquired certification, the sampled firms introduced 
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innovations built in ISO 9000's foundation. These firms 
introduced six new quality initiatives before certification 
and twenty-five after certification. The results of the 
present study were inconsonance with Pekovic (2010) 
who reported that quality standards created an 
environment and a culture which supported the 
innovations. The estimated coefficient of imports of 
technology was significant statistically with negative 
sign. This implied that in certified firms R&D and imports 
of technology were substitute rather compliment. This 
means that given the technological choice, the certified 
firms in Indian manufacturing preferred to use only one of 
the technological strategies. It showed that certified firms 
are less likely to import technology. By joining 
standardization, these firms need not to import 
technology because standards itself contains the best 
technical knowledge, which was verified by the expert 
committees of a standards organization. Therefore, the 
imports of technology provided a helping hand for 
certified firms but with a limited scope. Exports were a 
positive but not statistically significant coefficient in our 
analysis which showed that exports did not play any 
significant role in technological capability building in 
certified firms. Power and fuel expenses were another 
positive and significant variable in our probit model. This 
indicated that power and fuel expenses also significantly 
affected technological capabilities. Therefore, we can say 
that standardization increased the volume of production 
with better factor endowments and also increased the 
proper utilization of factors of production and generated 
fuel economies. The age of the firm was also positive and 
significant variable in technological capability building 
for certified firms. This confirmed that over time the firms 
acquire more and more capabilities and thus they were 
ready to find further new insights by investing in R&D as 
compared to new firms. The firms try to use new 
technologies, which are already matured in advanced 
countries. Therefore, the use imports of technology for 
increasing the scale of production rather than created new 
technologies by their own R&D efforts. The last variable 
in the Probit analysis was foreign equity participation 
which was significant with a negative sign. It showed that 
foreign affiliates do not make efforts to help partner firms 
in improving the technological capabilities.
CONCLUSIONS

In the nutshell, it can be concluded that quality 
standards will help firms to increase their technological 
capabilities and allow them to make an efficient 
management system and thus result in cost reduction. As a 
policy implication, the larger sized firms implemented 
management system easily and also economically as 

compared to smaller sized firms. It is can be suggested 
that the design of subsidies and concessions extended by 
the government should be made small firm friendly.
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ABSTRACT
This study was undertaken for finding out resource use efficiency and marketing of pointed gourd cultivation in South Gujarat based 
on data collected through multistage random sampling technique from 144 pointed gourd producers in Navsari and Surat districts 

2South Gujarat during the agricultural year 2015-16. The value of R  (Coefficient of Multiple Determination) showed that 98 percent 
of the variation in the yield of pointed gourd was explained by variables included in the model. However, only chemical fertilizer and 
machine labour was found to be statically significant. Seedling and irrigation was found to be negative but non-significant. An 
additional one rupee invested on FYM, human labour, machine labour, irrigations and plant protection chemicals earned 
additional returns to the tune of `3.68, 1.03, 4.06, 2.43, and 1.80, respectively. The producer's share in consumer's rupee in Surat 
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INTRODUCTION
India is the world's second largest producer of 

vegetables next to China. Vegetable cultivation occupies 
an important place in the agricultural backbone Indian 

theconomy. As per the 11  Indian agricultural census, about 
86 per cent of total farmers are of small and marginal, 
henceforth labour intensive vegetable cultivation is more 
suitable. Though, vegetable crops hold a great promise for 
fostering the economic growth in addition to improving 
the diet of the people. In the world, the important 
vegetable producing countries are China, India, USA, 
Turkey, Japan, Italy, Russia and South Korea. India is the 
second largest producer of vegetables in the world with a 
production of 168 million tonnes (14 per cent) from 9465 
thousand hectares (15.74 percent) (The Government of 
India, 2015)

Trichosanthes dioica is also known as the pointed 
gourd, parwal/parval (from Hindi), Kovakkai (Tamil) or 
thondekayi (Kannada), or potol (from Assamese, 
Sanskrit, Oriya Paror in Maithili, Parol in Magahi and 
Parora in Bhojpuri, Urdu and Awadhi. Colloquially, in 

India, it is often called green potato. It is widely cultivated 
in the eastern and some northern part of India, particularly 
in Odisha, Bengal, Assam, Bihar, and Uttar Pradesh. It is a 
good source of carbohydrates, vitamin A, and vitamin C. 
It also contains major nutrients and trace elements 
(magnesium, potassium, copper, sulfur, and chlorine) 
which are required in small quantities, for playing vital 
role in human physiology.

In Gujarat State total area and production of 
vegetable crops were 605 thousand hectares and 12049 
thousand tonnes. South Gujarat is the main vegetable 
producing hub in Gujarat. In South Gujarat area and 
production of vegetable crops were 115 thousand hectares 
and 1797 thousand tonnes (The Government of Gujarat, 
2015). South Gujarat contributed 19.12 per cent of total 
vegetable production in Gujarat. Major vegetables of 
South Gujarat are brinjal, okra, tomato, cucurbits; 
elephant foot yam, kankoda, leguminous vegetable, 
cabbage, pointed gourd and cauliflower. In South Gujarat, 
area and production of cucurbits crops were 28 thousand 
hectares and 462 thousand tonnes, respectively in the year 



of 2014-15 (The Government of Gujarat, 2015). In South 
Gujarat, cultivation of pointed gourd is getting popularity 
among farmers due to remunerative returns. Therefore, 
the study was taken with the objectives:

i. to study the resource use efficiency in the 
cultivation of pointed gourd, and

ii. to identify different marketing channels and 
estimate costs,   margins and price spread in 
pointed gourd

METHODOLOGY
The state comprises of 33 districts. Among these, 

Bharuch, Narmada, Dang, Surat, Tapi, Valsad, and 
Navsari were covered under South Gujarat. It was known 
for the production of a variety of vegetables in the state. 
Therefore, South Gujarat was selected purposively for the 
present study. The study was based on the input-output 
data obtained from sample farmers in Navsari and Surat 
districts. The multistage sampling technique was adopted 
for the selection of the study area and sample respondents 
for the collection of information required for the study. At 
the first stage, two districts namely, Navsari and Surat 
were selected randomly. At the second stage, two talukas 
were selected randomly from each selected district. At the 
third stage, 3 villages were selected randomly from each 
selected taluka. At the last stage, 12 sample respondents 
were selected randomly from the list of pointed gourd 
growers from each selected village. Total 36 respondents 
were selected from each taluka and 72 respondents from 
each district, thus total sample size consisted of 144 
sample respondents. The primary data were collected 
from the sample farmers with the help of pre-tested and 
structured schedules. The relevant information on other 
aspects like inputs used, yield, prices, marketing 
channels, costs, and margins in the cultivation of pointed 
gourd was collected from the sample farmers by personal 
interview method. 
Resource Use Efficiency

The production function approach was used to find 
out the productivity of resources used in pointed gourd 
cultivation. For this purpose, the Cobb-Douglas 
production function was employed. The single most 
advantage of this production function was that the input 
coefficients constituted the respective elasticities.

The form of Cobb-Douglas production function is as 
under.

b1 b2 b3 b4 b5 b6 b7 b8 Y=a X X   X  X  X   X  X   X  U1 2 3 4 5 6 7 8 i

Where,
Y = Total returns from pointed gourd cultivation 

(`/ha)
X  = Area under pointed gourd cultivation (ha)1

X  = Value of seed/seedling (`/ha)2

X  = Tractor charges (`/ha)3

X  = Cost on human labour used in pointed gourd 4

cultivation (`/ha)
X  = Cost on chemical fertilizers (`/ha)5

X  = Cost on farm yard manure (FYM) (`/ha)6

X  = Cost on plant protection chemicals (PPC) ( /ha)7

X  = No of irrigations (No.)8

b  to b  = Regression coefficient of respective 1 8

variable (1 to 8)
U  = Error term.i

Price-Spread
The producer's share, marketing costs and margins of 

different middle-men in the marketing of pointed gourd 
crop was worked out for the adopted channels using the 
formula: 

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

Marketing margin
The absolute and percentage margin of middlemen 

involved in the marketing of pointed gourd were be 
calculated as:

 A  = P  – (P  + C ) mi Ri Pi mi

Where;  
thP = Percentage margin of i  middleman mi

th A =The absolute margin of i middlemen mi
thP  = Sale price of the i  middlemen.Ri

thP  = Purchase price of the i  middlemen.pi
thC  = Marketing cost incurred by i  middlemenmi

RESULTS AND DISCUSSION
The Cobb-Douglas function was found to be the best 

2 fit because of high R value and the results of which are 
2presented in Table 1. The value of R  (coefficient of 

determination) shows that 98 per cent of the variation in 
the yield of pointed gourd was explained by variables 
included in the model. However, only chemical fertilizer 
and machine labour found statically significant at 10 per 
cent level of significance. Seedling and irrigation found to 
be negative but non-significant. The magnitude of the 
regression coefficient of chemical fertilizer, machine 
labour, and human labour were estimated to be 0.0556, 
0.2543 and 0.2606. It showed that one per cent increase in 
chemical fertilizer and machine labour increase 0.556 and 
0.2543 percent in productions. These results are 
inconsonance with the findings of Jagtap, Shingane and 
Kulkarni (2013)
Marginal Value Product in Relation to Input 
Expenditure

The basic criterion of an efficient resource use was 
that as long as MVP x > P x the farmer could increase i i 

input use till MVP x = P x . Hence, for evaluating the i i  

efficiency of resource use, the marginal value product of 
different factors and the factor price were compared. For 
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examining the resource use efficiency, the marginal value 
product of those inputs which were found to be 
statistically significant.
Marginal value product

The estimated marginal value product (MVP) and 
marginal physical product are presented in Table 2. 
Additional rupee invested on FYM, human labour, 
machine labour, irrigations and plant protection 
chemicals bring additional returns to `3.68, 1.03, 4.06, 
2.43, and 1.80, respectively. This indicated that these 
resources may be used further till their MVPxi become 
equals to Pxi.
Marketing Channels, Costs, Margins and Price 
Spread in Pointed Gourd

There were two same major channels found in the 
marketing of pointed gourd in the study area.

The data related to marketing costs and margins in 
Surat are presented in Table 3. The average marketing cost 

per quintal incurred by the producer was found to `205, 
which was 4.05 per cent of consumer's rupee. Among the 
different costs incurred by the producer, the 
transportation cost was found to be highest (1.88 percent). 
The marketing cost incurred by wholesaler was `258 per 
quintal accounted to 5.10 percent of consumer's rupee. 
The marketing cost incurred by retailer was `150 per 
quintal which was 2.97 percent of consumer's rupee. The 
net margin per quintal earned by wholesaler cum 
commission agent and retailer was found to ̀ 380 and 875 
which accounted for 7.51 and 17.29 per cent, respectively. 
Among the different cost incurred by the retailer, the 
transportation cost wasfound the highest (1.58 percent). 
The producer's share in consumer's rupee in Surat district 
was calculated to 63.08 percent. These results were in 
conformity with the results obtained by Kalyankar and 
Rajmane (1987). 

The data pertaining to marketing costs and margins in 
Navsari are presented in Table 4. The perusal of Table 4 
revealed that average marketing cost incurred by 
producer was estimated to be `210 per quintal which was 
3.92 percent of consumer's rupee. Among the different 
costs incurred by the producer, the transportation cost was 
found to be the highest (2.05 percent). Marketing cost per 
quintal incurred by wholesaler and retailer was found to 
`285 and 165 respectively which was 5.32 and 3.08 
percent of consumer's rupee. The producer's share in 

Channels Area

Producer → Wholesaler cum commission 

agent → Retailer → Consumer

Surat

Producer → Wholesaler cum commission 

agent → Retailer → Consumer

Navsari

Particulars GM MPPxi MVPxi (`) MV xi / Pxi

Yield 160

FYM 8.212 1.29 1762.6 3.68

Human labour 108.023 0.08 65.5 1.03

Machine labour 3.902 1.17 780 4.06

Irrigation 7.569 1.46 1120 2.43

P. P. Chemical 4.690 2.68 1235 1.80

Table 2. The geometric mean, marginal physical product and marginal value product of different inputs for pointed gourd 

G.M. = Geometric mean, MPP = Marginal physical product, MVP = Marginal value productivity.

Inputs variable Regression coefficient Standard error t-value 2R

Seed/seedling
 NS-0.0209 0.0386 -0.5402 0.98

FYM NS0.0038 0.0414 0.0907

Chemical fertilizer **0.0556 0.0303 0.8346

Human labours  NS0.2606 0.1635 1.5935

Machine labour **0.2543 0.1466 1.7345

P. P. Chemical
 NS0.0466 0.0409 1.1386

Irrigations (No.)
 NS-0.0638 0.1015 -0.6292

Table 1. The regression coefficient of different production variables in the cultivation of pointed gourd

**Significant at ten level.

NS: Non-significant.

543

Patel et al,: Resource use efficiency and marketing of pointed gourd cultivation in south Gujarat



Sr. No. Particulars ` per quintal Percent of consumer's 
purchase price

1 Producer's net price 3192 63.08

2 Cost incurred by producer

i Packing cost 35 0.69

ii Transport cost 95 1.88

iii Market charges 30 0.59

iv Labour charges 25 0.49

v Miscellaneous costs 20 0.39

Sub-total 205 4.05

3 Producer's selling price to the wholesaler 3397 67.13

4 The cost incurred by a wholesaler

i Labour cost 15 0.30

ii Weighing charges 15 0.30

iii Market charges 30 0.59

iv Miscellaneous costs 20 0.36

v Commission cost 178 3.51

Sub-total 258 5.10

5 Wholesaler's net margin 380 7.51

6 Wholesaler's selling price to the retailer 4035 79.74

7 The cost incurred by the retailer

i Labour cost 20 0.39

ii Market charges 30 0.59

iii Transport cost 80 1.58

iv Miscellaneous costs 20 0.39

Sub-total 150 2.97

8 Retailer's net margin 875 17.29

9 Retailer's selling price to consumer 5060 100.00

Table 3. Marketing cost and margin in the marketing of pointed gourd in Surat 

consumer's rupee in Navsari district was calculated to 
59.46 percent. The margin earned by wholesaler cum 
commission agent and retailer was found to `460 and 
1050 per quintal, respectively which accounted for 8.59 
and 19.61 percent of consumer's rupee. Among the 
different cost incurred by the retailer, the transportation 
cost was found to be highest (1.77 percent). Similar types 
of results were also observed by Jain (2000)

The data pertaining to price spread of pointed gourd 
for Surat and Navsari markets were presented in Table 5. 
The results indicated that total marketing cost was found 
to be highest in Navsari (`660) as compared to Surat 
(`613), which was 12.33 and 12.12 percent of consumer's 
rupees, respectively. The highest marketing cost was 
borne by the producer (4.05 percent) in Surat market, 
whereas, it was 3.92 per cent in Navsari market. The 
producer's share in consumer's rupee was found to 63.08 
and 59.46 percent in Surat and Navsari markets, 
respectively. The net margin earned by the wholesaler in 

Surat and Navsari market was found to 7.51 and 8.59 
percent, respectively whereas for retailers, it was, 17.19 
and 19.61 percent in Surat and Navsari markets, 
respectively. Thus, Surat market was found more efficient 
as compared to Navsari market. These findings were the 
inconsistency with the results reported by Mayura & Pal 
(2012). 
CONCLUSIONS

2In production function analysis the value of R  
(coefficient of determination) showed that 98 per cent of 
the variation in the yield of pointed gourd was explained 
by variables included in the model. However, only 
chemical fertilizer and machine labour found statically 
significant. There is a scope to increase the production by 
adding more unit of resources like FYM, human labour, 
machine labour, irrigations and plant protection 
chemicals. Transportation cost was found to be highest for 
producer and retailer in both Surat and Navsari markets. 
The price spread was found more in Navsari market as 
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Sr. No. Particulars ` per quintal Per cent of consumer's 
purchase price

1 Producer's net price 3183 59.46

2 Cost incurred by producer

i Packing cost 30 0.56

ii Transport cost 110 2.05

iii Market charges 25 0.47

iv Labour charges 25 0.47

v Miscellaneous costs 20 0.37

Sub-total 210 3.92

3 Producer's selling price to the wholesaler 3393 63.38

4 The cost incurred by the wholesaler

i Labour cost 20 0.37

ii Weighing charges 15 0.28

iii Market charges 30 0.56

iv Miscellaneous Costs 20 0.37

v Commission agent 200 3.74

Sub-total 285 5.32

5 Wholesaler's net margin 460 8.59

6 Wholesaler's selling price to a retailer 4138 77.30

7 The cost incurred by retailers

i Labour cost 20 0.37

ii Market charges 30 0.56

iii Transport cost 95 1.77

iv Miscellaneous costs 20 0.37

Sub-total 165 3.08

8 Retailer's net margin 1050 19.61

9 Retailer's selling price to consumer 5353 100.00

Table 4. Marketing cost and margin in Navsari 

Sr. No. Particulars Channel-I (Surat) Channel-II (Navsari)

`/q Per cent share in 
consumer's rupee

`/q Per cent share in 
consumer's rupee

1 Producer's net price 3192 63.08 3183 59.46

2 Cost incurred by

A Producer 205 4.05 210 3.92

B Wholesaler 258 5.10 285 5.32

C Retailer 150 2.97 165 3.08

Sub-total 613 12.12 660 12.33

3 Margin earned by

A Wholesaler 380 7.51 460 8.59

B Retailer 875 17.29 1050 19.61

Total margin 1255 24.80 1510 28.21

4 Price spread 1868 36.92 2170 40.54

5 Consumer's price 5060 100.00 5353 100.00

Table 5. Price spread in the marketing of pointed gourd in two marketing channels of Navsari and Surat market
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compare to Surat market. The producer's share in 
consumer's rupee was found better in Surat market. So it is 
concluded that pointed gourd farmers may fetch more 
prices in Surat market. 
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ABSTRACT
The study analyzed the cost structure, returns and efficiency of pear cultivation in Punjab. The results indicated that the expenditure 
on plant materials and planting costs have the largest share (20.40 per cent) during the establishment of pear orchards followed by 
digging and filling of pits (20.40 per cent). The annual operational/maintenance cost was low in the initial years, consistently 
increased during the subsequent years with the increase in the age of the orchard. Manures and fertilizers, intercultural operations, 
plant protection measures and training and pruning were the major components of operational cost. It emerged out that net annual 
returns received by the sample pear growers were quite high when they sold the produce themselves in the market than sale through 
a pre-harvest contractor. The benefit-cost ratio (BCR) greater than unity and Internal rate of return (IRR) greater than discount rate 
indicated that pear cultivation was economically viable in the study area. The BCR and IRR at 1.38 and 23.37 per cent, respectively 
in the case when output was sold by growers in the market directly were significantly higher as compared to 1.07 and 14.26 per cent 
for disposing-off output to the pre-harvest contractors.  
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INTRODUCTION
Agriculture sector plays a vital role in Indian society 

as well as in the Indian economy. About 58 per cent of the 
Indian population is engaged in agriculture. Along with 
other allied sectors like forestry and fisheries, agriculture 
contributes a large share of the Gross Domestic Product 
(GDP) (Indian Brand Equity Foundation, 2017). India has 
a large range of varieties of fruits in its basket and 
accounts for 10 percent of world's total fruit production. 
Mango, banana, citrus, pineapple, guava, sapota, 
jackfruit, litchi and grapes,  among the tropical and sub-
tropical fruits; apple, pear, peach, plum, apricot, almond 
and walnut among the temperate fruits and anola, ber, 
pomegranate, annona, fig, phalsa among the arid zone 
fruits are important. In horticultural production, India has 
witnessed a voluminous increase over last few years and 
became the second largest producer of fruits in the world 
after China. Fruits play an important role in the 
agricultural economy of India. A well-established orchard 
can give better returns than other agronomical crops 
(Shinde, Dorge & Mulla, 2016). The benefit-cost ratio 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 India, the area under total fruits during 2015-16 
was 6405 thousand hectare and production was 91443 
thousand tonnes (The Government of India, 2016). In 
India low chilling hours requiring pears are being 
cultivated in plains of North India. Cultivars requiring 
high chilling hours (900-1000) are cultivated at higher 
hills of Jammu and Kashmir, Himachal Pradesh and 
Uttarakhand states of India (Punjab Agricultural 
University, 2016).

In Punjab, an area under pear was 2879 hectares and 
production was 66047 tonnes during 2015-16. The main 
districts of Punjab where pear is cultivated are Amritsar, 
Tran Taran, Jalandhar, Ludhiana and Patiala. The area 
under pear in these districts was 828, 922, 289, 212 and 
113 hectares, respectively during 2015-16 while 
production was 18957, 21113, 6792, 4811, 2600 tonnes, 



respectively (The Government of Punjab, 2016).
Pear crop is input intensive in nature. It requires a 

higher level of expenditure on labour, fertilizer/manures, 
plant protection, etc. as compared to food grains. 
Manures/fertilizers occupied the major share in the total 
cost of investment as well as in the maintenance cost. The 
farmers went for the outright sale of pear orchards to the 
pre-harvest contractors due to lack of sufficient 
manpower and to avoid the production and price risks 
involved (Singh, Grover, Vatta & Kumar, 2001). When 
the pear grower sold their produce themselves in the 
market they fetch more profit as compared to selling 
through pre-harvest contractors. By selling crop 
themselves, farmers would maximize their returns 
(Sekhon, Bhullar & Sidhu, 2006).

To encourage diversification of agriculture in Punjab, 
it is necessary to enhance the returns from fruits. This can 
be done by bringing efficiency in production and 
marketing processes. Therefore, the present study is an 
attempt in this direction.
METHODOLOGY

The present study was conducted in the Punjab state. 
In order to achieve stipulated objectives of the study, 
multistage sampling technique was used for the selection 
of districts and blocks. At the first stage two districts viz. 
Amritsar and Tarn Taran with the highest area under pear 
cultivation were selected purposively. Block-wise data on 
the area under pear cultivation in the selected districts 
were obtained from the Department of Horticulture, 
Punjab. At second stage one block each from both of the 
selected districts with the highest area under pear was 
chosen. For the selection of respondents, a complete list 
of pear growers along with area under pear spread in 
villages of the selected blocks was obtained from the 
respective block offices of the Department of 
Horticulture, Punjab. These cultivators were arranged in 
ascending order with respect to area under pear. By using 
cumulative cube-root frequency method, pear growers 
were categorized into three farm size groups viz. small 
(up to 2.38 ha), medium (2.38- 6.07 ha) and large (6.07 ha 
and above). Using the proportional allocation method, the 
farmers were selected from each category in proportion to 
their number falling in the respective size group. 
Therefore 37 small farmers, 17 medium and 6 large 
farmers were selected. The study was based on primary 
data. The details of various components of establishment 
and operational cost, the value of pear orchard were 
recorded for orchards of different ages separately from 
selected pear growers. As most of the pear growers 
practised intercropping during the initial years of non-
bearing orchards, so the net returns from intercropping 
were also recorded.  
Statistical Analysis of Data

Apart from working out simple averages and 
percentages, benefit-cost ratio, net present value and 
internal rate of return along with undiscounted measures 
like annual average return, an average rate of return were 

calculated to examine the economic viability of pear 
cultivation.
Net present value

Net present value of an investment proposal is the 
present value of expected future returns/net cash flow, 
discounted at the cost of capital during the lifespan of 
project Net present value was estimated as below:

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 orchards in years

Benefit-cost ratio
The benefit-cost ratio was calculated by taking into 

account all the components of establishment costs and 
operational costs along with total returns at all the stages 
of the useful life of pear. Benefit-cost ratio was worked 
out by discounting the stream of total returns and costs 
during the useful life period of the orchard at 12 per cent.

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 orchards in years

The internal rate of return
The internal rate of return (IRR) is the discounted rate 

'r' that makes the net cash flow (both positive and 
negative) from an investment equal to zero.
RESULTS AND DISCUSSION
Costs Structure of Pear Cultivation

Pear cultivation involved two types of investments; 
firstly the initial investment incurred on the establishment 
of orchards and secondly the annual operational/ 
maintenance cost.
The initial investment on the establishment of the pear 
orchard

As pear cultivation is long-term capital-intensive 
enterprise, the pear growers have to devote a considerable 
amount of money while establishing pear orchards. The 
major cost components for establishing pear orchard 
include land preparation, digging and filling of pits, 
manuring and fertilizer application, plants and planting 
costs, irrigation, plant protection and transportation of 
inputs. Before planting pear plants, the land is well 
prepared by giving on an average two ploughing followed 
by planking. The land was levelled with help of tractor 
mounted leveller and laser leveller which improved 
irrigation efficiency.  The operation of digging and filling 
of pits was labour intensive in nature. Three feet deep pits 
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with 3 feet diameter were dug and filled with the mixture 
of silt and farmyard manure.  

During the establishment of pear orchards, the 
sample farmers were found applying FYM and fertilizers 
to meet the requirement of pear plants. Planting cost was 
one of the important components of initial investment. 
Planting cost basically included the cost of plant and 
planting charges. Planting of pear was done in winter 
from January to mid-February. Besides transportation of 
inputs, irrigation and plant protection measures also 
became the part of establishment cost.  

The item-wise details of initial cost are presented in 
Table 1. The initial investment on sampled orchards was 
`28307 per hectare. Plants and planting costs were ̀ 7305 
per ha and had largest share (25 per cent) in an initial 
establishment. The cost incurred on land preparation and 
digging and filling of pits was ̀ 5552 per ha and ̀ 5374 per 
ha constituting about 20 per cent and 19 per cent, 
respectively.

The expenditure incurred on other important 
components like manures and fertilizers, irrigation, 
transportation of inputs and plant protection was `3536, 
2853, 1636 and 1095 per ha, respectively. The percentage 
share of the respective components was about 13, 10, 5 
and 3 percent.
Operational/maintenance cost

In the case of orchards, investment was not only 
required for the establishment but operations were also 
carried out for the maintenance of the orchards every year 
till the last year. The maintenance and operational cost of 
pear orchard vary due to several factors like age of the 
tree, an outbreak of insect pests, distance from the market, 
etc. Operational cost comprises components like manures 
and fertilizers, insecticides/pesticides, irrigation, 
pruning/thinning, hoeing and replanting. Further, in pear 
cultivation, most of the operations were done by labour, 
which is hired, so labour cost was taken jointly along with 
the input or operation involved. 

The yearly operational cost incurred on the orchards 
of different age group is presented in Table 2. On account 
of a significant increase in costs during initial years, the 
item-wise operational costs of pear orchards for first six 
years were taken separately for each year. Annual 
operational costs for orchards of age seven and above 
were worked out by adding the expenses over age sets of 
the plantation for 7 to 9, 10 to 13 and 14 to 20 and 21 years 
and above.

It was observed that among different components of 
operational costs, manure and fertilizers were the 
components with the highest share in pear cultivation. 
The total amount spent by pear growers including the 
application charges was `3970 per ha in the second year, 
which amplified regularly over the life of the orchard and 
was the highest during the age group 14-20 years (`14527 
per ha) and afterward declined for old orchard of age 
group 20 and above (Table 2). The second important 
component that holds a large share in operational cost was 

intercultural operations, which included operations like 
weeding, hoeing, clearing etc. These operations were 
done mechanically and manually. Mechanically 
intercultural operations were done by the tractor-mounted 
plough, manually the hoeing; weeding was finished with 
hand hoes by human labourers. The cost spent on this 
operation was ̀ 3252 per ha in the first year and increased 
yearly with a slight change up to the age group of 21 years 
and above.

Another important component of operational cost 
was insecticides/pesticides. Suitable plant protection 
measures to control the insect/pests infestation and 
disease attack were used by the sampled farmers. The 
results showed that a large amount was spent for the 
application of insecticides/pesticides by the pear growers. 
Total expenses spent contained application charges in this 
regard on the average farm was ̀ 2384 per ha in the second 
year which increased slightly every year over the useful 
life of the orchard. Sampled farmers irrigated their 
orchards with tube wells. Expenses incurred by farmers 
on irrigating orchard were `2244per ha during the first 
year and this cost went on increasing over the life of the 

Particulars Overall

Land preparation

Ploughing and planking 4734
(16.72)

Levelling and layout 818
(2.89)

Sub-total 5552
(20.40)

Digging and filling of  Pits 5374
(18.98)

Manuring and Fertilizer

FYM 3000
(10.60)

Urea 536
(1.89)

Sub-total 3536
(12.99)

Plants and planting cost 7305
(25.81)

Irrigation 2853
(10.08)

Plant protection 1095
(3.87)

Transportation of inputs 1636
(5.78)

Interest @ 7 per cent 920
(3.38)

Total cost 28307
(100.00)

Table 1. The initial investment on sampled pear orchards 
in Punjab, 2016-17

(`/ha)

Figures in parentheses are the percentages of the total.
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orchard. The training and pruning was important part of 
the operational costs. Sampled farmers performed 
training up to five years. Sampled farmers performed 
pruning once a year as pear plant bear on spurs, so pear 
plant did not need much pruning like other orchards. In 
pruning, all the old, dead, diseased shoots were removed 
to encourage fruiting. Cost devoted to training and 
pruning during the first year on an average farm was ̀ 942 
per ha which increased to ̀ 1857 per ha during the second 
year and increased further with time.
Returns from Pear Cultivation

The sampled farmers either sold their produce 
through the pre-harvest contractor or disposed-off it 
directly to the market. The costs and returns were different 

considerably in these two market channels at 2015-16 
prices. In this regard, the age-wise costs and returns of 
pear orchard were assessed individually and discussed as 
follow:
Age-wise annual income from pear cultivation - when 
sold through pre-harvest contractors

In case the orchard was disposed-off to the pre-
harvest contractor, the Overall costs and returns, average 
estimates of operational costs, total returns, and net 
returns per hectare (Table 3). Pear starts fruit bearing at 
the age of the fifth year. The sampled pear growers were 
found to practice inter-cropping to generate extra income 
till the plants become productive. The overall net profits 
from intercropping were worked out to be ̀ 41849, 40446, 

Particulars Age in years

1 2 3 4 5 6 7-9
(average)

10-13
(average)

14-20
(average)

21 and above
(average)

Manuring and fertilizer
FYM - 2251 2937 3173 3179 3767 4337 5009 6735 6958
Urea - 440 512 543 644 707 832 1246 1641 2248
DAP - 654 789 865 1046 1099 1608 2270 3545 3264
MoP - 626 725 778 865 918 1251 1337 2607 2570
Sub-total - 3970 4962 5359 5734 6491 8028 9862 14527 15040
Insecticides 
and
fungicides

- 2384 3018 3153 3450 3618 3817 4331 4774 3781

Irrigation 2244 2389 2834 2990 3006 3255 3556 3845 4238 3578
Pruning - 942 1857 2041 2267 2304 2550 2900 3123 2748
Intercultural
operation and
hoeing

3252 3453 3548 3845 4070 4264 4593 4975 5190 4116

Replanting 568 468 623 - - - - 536 606 549
Interest 220 498 617 637 679 731 827 971 1195 1100
Total cost 6285 1410 1745 1802 1920 2066 23371 27420 33653 30912

Table 2. The operational cost of sampled pear orchards in Punjab, 2016-17
(`/ha)

Age of the orchard (Years) Land rent Initial cost Operational Cost Total cost Total returns* Net returns

1 98594 28307 6285 133186 41849 -91337
2 98594 - 14105 112699 40446 -72253
3 98594 - 17458 116053 31280 -84772
4 98594 - 18025 116620 25420 -91200
5 98594 - 19206 117800 102505 -15295
6 98594 - 20663 119257 113044 -6214
7-9 98594 - 23371 121966 188646 66681
10-13 98594 - 27420 126014 217525 91510
14-20 98594 - 33653 132247 244917 112670
21 and above 98594 - 30912 129506 224227 94721
Annual average - - 26378 126353 185045 58692

Table 3. Costs and returns from sampled pear orchards (when sold to pre-harvest contractors) in Punjab, 2016-17
   (`/ha)

*Returns from intercropping included.
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st nd rd th31280 and 25420 per ha during 1 , 2 , 3  and 4  year of 
orchard age, respectively (Table 3). The income created 
from intercropping helped in minimizing the net negative 
profits during the initial years of orchards. It can be 
observed from the Table 3 that the net returns from pear 
remained negative for first six years of plantations, 
because the total returns were less than the total cost 
which included land rent, initial establishment cost and 
the operational cost and starts giving positive returns from 
seventh year onwards and was the highest for 14-20 years 
of old plantation. On an overall basis the net returns from 
pear orchard were `91510 per ha and `112670per ha 
during 10-13 years and 14-20 years, respectively.

Considering the entire useful life of pear orchards up 
to 25 years, the per hectare average annual total cost, 
annual total returns and net returns on overall basis were 
`126353, 185045 and 58692 per ha, respectively.
Age-wise Annual Income from Pear Cultivation-when 
Directly Sold to Market by Growers

During the self-marketing of produce, gross 
expenditure increased due to harvesting cost as well as the 
marke t ing  cos t .  Harves t ing  cos t  i nc luded  
picking/plucking, grading, loading/unloading and 
packing material cost. The orchard's age wise operational 
cost, total cost, total returns and net returns from pear 
orchard are presented in Table 4.

It was observed that despite the higher total cost, the 
net returns were relatively higher when growers sold their 
produce themselves instead of giving it to pre-harvest 
contractors. The amount of net loss declined significantly 

th th during the 5  and 6 year's age of pear orchards. The 
results indicated that the total cost, total returns and net 
returns were the highest during the age group of 14-20 
years.

When the produce was directly sold in the market by 
the farmers themselves, the per hectare annual total cost, 
total returns and net returns were `182009, 328504 and 

`146495 per ha, respectively.
The Economic Viability of Pear Cultivation

Pear plantation is an economic activity which 
requires huge investments every year and yields returns 
each year during its useful life. Cost and returns data do 
not give clear guidance to take pear orchard vis-à-vis 
other annual crops. This was mainly because of the fact 
that costs incurred and return obtained from pear orchard 
over time were not comparable with annual crops grown 
in the area. So, in order to have a clear picture regarding 
the economic viability of pear orchard, the undiscounted 
indicator viz. average annual net returns and the annual 
rate of returns; the discounted indicators viz. Net Present 
Value (NPV), Benefit-Cost Ratio, Internal Rate of 
Returns (IRR) were used. The net present value and 
benefit-cost ratio were worked out at a 12 per cent 
discount rate. These parameters were worked out for both 
of the cases separately where farmers sold their produce 
to pre-harvest contractors and sold themselves directly in 
the market and are presented in Table 5.

It can be observed from the above discussion that the 
overall annual average returns (`146495/ha) were higher 
when the produce was sold by farmers themselves as 
compared to when sold through a pre-harvest contractor 
(`58692/ha). Similarly, the average rate of returns was also 
high for direct sale in the market and was 80.49 per cent 
and for the pre-harvest contractor, it was 46.45 per cent. It 
was observed that the net returns received by sampled 
farmers were relatively higher when they sold their output 
themselves in the market as compared to sale to the pre-
harvest contractor because the net margins of this 
intermediary got transferred to the farmers. NPV in the 
case, when sold through the pre-harvest contractor and 
directly by farmers, was recorded `65333 per ha and 
`461993 per ha, respectively. The B: C ratio and IRR for 
pear orchards were 1.07 and 14.26 per cent, respectively 
when produce was sold through a pre-harvest contractor 

Age of the 
orchard Years)

Land rent Initial cost Operational Cost Total cost Total 
returns*

Net returns

1 98594 28307 6285 133186 41849 -91337 98594

2 98594 - 14105 112699 40446 -72253 98594

3 98594 - 17458 116053 31280 -84772 98594

4 98594 - 18025 116620 25420 -91200 98594

5 98594 - 19206 140883 83915 -56968 98594

6 98594 - 20663 150960 131246 -19714 98594

7-9 98594 - 23371 178536 340672 162136 98594

10-13 98594 - 27420 184410 393125 208715 98594

14-20 98594 - 33653 214481 469540 255058 98594

21 and above 98594 - 30912 201039 395429 194390 98594

Annual average - - 26627 182009 328504 146495 -

Table 4. Costs and returns from sampled pear orchards (self-sale by farmers) in Punjab, 2016-17
(`/ha)

*Returns from intercropping included, # Total cost includes harvesting costs and post-harvesting costs.
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Particulars Produce sold through pre-
harvest contractors

Produce sold by growers directly 
in the market

Undiscounted measures

Average annual net income (`/ha) 58692 146495

The average rate of return (%) 46.45 80.49

Discounted measures
@Net present value  (`/ha) 65333 461993

@B:C ratio 1.07 1.38

The internal rate of return (per cent) 14.26 23.37

Table 5. The economic viability of sampled pear orchard in Punjab, 2016-17

@ 12 per cent discount rate.

and in the case of direct sale by farmers the corresponding 
values were 1.38 and 23.37 per cent, respectively. Since the 
benefit-cost ratio of pear cultivation was greater than unity, 
it showed that all the farms were economically viable. 
CONCLUSIONS

The results revealed that the viability of pear orchards 
increased significantly when produce was sold in the 
market themselves by the farmers instead of disposing-off 
through pre-harvest contractors. Due to long maturation 

thperiod, the orchards start bearing fruits at 5  year of 
plantation and onwards. In general, the net income was 
negative in the initial years which increased regularly in 
the succeeding years with the age of the plantation and 
became the highest at the age of 14 to 20 years. From 21 
years to onwards, corresponding to the declining 
productivity of plants the costs and returns declined each 
year up to the end of useful life of orchards. The benefit-
cost ratio was more than unity and IRR significantly 
higher than prevailing bank lending rate was indicative 
that investments in pear cultivation were attractive. Thus 
it justified the growers' investment decisions for pear 
cultivation. The results concluded that the orchards 
retained by farmers gave more profits as compared to the 
orchards leased out to pre-harvest contractors. Therefore, 
farmers may be encouraged to sell their produce 

themselves in the market to fetch more profit than selling 
through pre-harvest contractors.
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ABSTRACT
Online shopping has been widely accepted as a way of purchasing products and services. It has been shown to provide more 
satisfaction to modern consumers seeking convenience and speed. On the other hand, some consumers still feel uncomfortable to 
buy online because of various reasons. The present study was therefore planned to study the online shopping behaviour of students 
of Punjab Agricultural University (PAU) and their perceptions about this mode of shopping. Convenience and purposive sampling 
were done to draw a sample of 120 students (60 girls and 60 boys) of PAU. A self-structured questionnaire was used to collect 
relevant data from the respondents. The results revealed that about 83 percent of girls and 65 percent of boys shopped online once a 
month and the most common items purchased by most of the respondents were clothing. Flipkart was the most preferred and visited 
shopping website. Majority of the respondents agreed that internet shopping was easy, cheaper, time saving and convenient. Secure 
payment process was considered a very important aspect by 91.66 percent girls and 88.33 percent boys. Majority of the girls, as well 
as boys, have a good past experience with online shopping and they suggested improvements in delivery, security, packaging, 
product cancellation, and refund services.
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INTRODUCTION
Nowadays, the Internet is being widely used in daily 

life. The internet has played a significant role in our daily 
life in that people can talk using the internet to one who is 
actually on the other side of the Earth, can send an email 
around the clock, can search information, play games 
with others, and even can buy things online. Meanwhile, 
Internet shopping has been widely accepted as a way of 
purchasing products and services. It has become a more 
popular means in the Internet world (Bourlakis, 
Papagiannidis & Fox, 2008). The increasing consumer 
base of youth is playing a significant role in the online 
shopping. Through this means, the shopper can purchase 
the product from wherever he wants. Due to a wide 
communication network, e-commerce has become the 
new mediator between the companies/manufacturers and 
their customers. It also provides consumer more 
information and choices to compare products and prices, 
more choice make it convenient and easy to find items 

online (Butler & Peppard, 1998). Online shopping is 
known to provide more satisfaction to modern consumers 
seeking convenience and speed (Yu & Wu, 2007). On the 
other hand, some consumers still feel uncomfortable to 
buy online. Lack of trust, for instance, seems to be the 
major reason that impedes consumers to buy online. Also, 
consumers may have a need to see and feel the products 
and to meet friends and get some more comments about 
the products before purchasing. Such factors may have a 
negative influence on consumer decision to shop online. 
Therefore, the present study was undertaken with the 
objective to study the online shopping behaviour of 
students of Punjab Agricultural University (PAU) and 
their perceptions about this mode of shopping.
METHODOLOGY

Focusing the objective of the present study, a survey 
was conducted with the help of a structured questionnaire, 
in the year 2016, to collect data from the students of PAU 
about their internet shopping behaviour. The self-



structured questionnaire, used to gather relevant data, 
included questions related to duration and reasons of 
using internet, frequency of shopping online, common 
items purchased online, most visited shopping website, 
views about this mode of shopping, factors affecting 
buying behavior when shopping online, experience and 
expectations and their suggestions for making online 
shopping more popular. Convenience and purposive 
sampling methods were used to select 120 students (60 
girls and 60 boys) of PAU. Students who were known to 
the author and their friends were selected for the study for 
the convenience of data collection. Only those 
respondents were included in the study who had shopped 
online at least once.

The collected data were analyzed using percentages 
and mean scores. To analyze the respondent's online 
shopping behaviour, percentages were calculated. 
Consumer's view of online shopping was analyzed by 
taking their response on a 3-point scale (Disagree-1, 
Neutral-2, Agree-3) and then the mean scores were 
calculated. Scoring for the importance of different aspects 
of online shopping was also done using the 3-point scale 
(Not important-1, Somewhat important-2, Very 
important-3). Respondent's attitude towards online 
shopping was worked out by calculating the mean score 
of responses given on 5-point scale (Very bad-1, Bad-2, 
Neutral-3, Good-4, Very good-5). Suggestions to improve 
the process of online shopping were also analyzed on the 
basis of five scores (Score 1 is for strongly disagree, 
Disagree-2, Neutral-3, Agree-4, strongly agree-5). 
RESULTS AND DISCUSSION

The perusal of Table 1 revealed that most of the 
respondents used the internet daily for a minimum of 2-3 
hours. The main reason for using internet other than work 
was shopping followed by email/chatting or other 
communication, entertainment or music or games, 
product search/ information gathering and paying bills or 
online banking/bookings. Joines, Scherer and Scheufele 
(2003) in a study also mentioned that online shopping has 
become one of the primary reason to use the Internet, 
combined with searching for products and finding 
information about them. Majority of the respondents did 
online shopping only once per month and most common 
item that was purchased online by majority of 
respondents was clothing followed by shoes, books, 
mobiles and mobile accessories, cinema/sports/travel 
tickets, electronic/home appliances, accessories or 
cosmetics, computers or software, foods/drinks, travel 
packages, sporting goods, grocery items, CDs/DVDs and 
household goods or furniture items. Most of the 
respondents were using their monthly pocket money for 
online shopping and were using cash on delivery option to 
make the payments. Most visited or used websites for 
online shopping by the respondents was Flipkart followed 
by Amazon, Myntra, Snapdeal, Jabong, eBay, Paytm and 
Homeshop18.

Table 2 exhibited the mean score of views of 

 

 

consumers regarding different aspects of online 
shopping. Majority of the respondents agreed to most of 
the statements related to online shopping like willingness 
to provide personal information when shopping online 
(2.06), products online were cheaper (2.58), it was easy 
(2.82), saved time (2.67) and more convenient (2.73), 
promotions like sales attracted them (2.37), it was safe for 
credit card users (2.26), it was easy to lodge complaints 
about any problem faced and feedback was quick (2.43), 
they trusted the e-tailor private policies (2.17) but worried 
about their reliability when the internet retailers were not 
fully identified (2.43), they enjoy shopping online (2.62), 
there was no need to leave home for online shopping 
(2.63), online shopping provided a variety of products 
(2.63), it was easy to locate specific product (2.78) and no 
bargaining was required (2.80), easily  returnable (2.63), 
clearer pictures of products (2.62), faster delivery (2.63) 
and extensive description of items (2.48)  resulted in more 
frequent online shopping, consumers compared price of 
an item online on different sites before making final 
purchase (2.68), opinions and experiences of family 
(2.27), friends (2.48) and online forums (2.38) do affect 
the purchase decision and consumers hesitated to 
purchase online if no free return service (2.62) and no 
money back guarantee (2.75) were available. The results 
were consistent with the findings of Sorce, Perotti and 
Widrick (2005) who in a study reported that younger 
consumers searched for more products online and were 
more likely to agree that online shopping was more 
convenient.

Oppenheim and Ward (2006) in a study also 
mentioned that the current primary reason people shop 
over the Internet was the convenience. Characteristics 
such as the ability to view and purchase products at any 
time, visualize their needs with products, and discuss 
products with other consumers made shopping online 
more convenient for the consumer, compared to the 
traditional way of shopping, (Joines, Scherer & 
Scheufele, 2003). Rox (2007) in a study revealed that 
because online shopping customers were often offered a 
better deal, they could buy the same product as they buy at 
the store at a lower price. Lim and Dubinsky (2004) also in 
a study unveiled that online stores offered customers with 
a variety of products and services and so it gave customers 
more chances to compare price from different websites 
and find the products with lower prices than buying from 
local retailing stores. Consumers sometimes have a 
problem or concern about the product, or they might want 
to change or return the product that they purchased. Thus, 
return and exchange services become more important at 
this stage (Liang & Lai, 2002).

According to Laudon and Traver (2009) security is a 
big concern that prevented the customer from shopping 
online. Prasad and Aryasri (2009) in a study also reported 
that online trust was one of the most critical issues that 
affected the success or failure of online retailers. 
Customers worry was that the online store would be 
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Particulars Girls (n =60)1 Boys (n =60)2 Total (N=120)

The frequency of using the internet (other than for work)

Daily 96.66 93.33 95.00

Weekly 3.33 6.66 5.00

Hours spent per day using the internet (other than for work)

2-3 55.00 70.00 62.50

4-5 25.00 20.00 22.50

6-7 15.00 3.33 9.16

8-9 1.67 3.33 2.50

10-11 3.33 0.00 1.66

12-13 0.00 3.33 1.66

Reasons for using the internet (other than work)

E-mail/ Chatting/ Other communication 88.33 86.66 87.50

Shopping 100.00 100.00 100.00

Entertainment/ Music/ Game 73.33 70.00 71.66

Paying bills/ On-line banking/ Online bookings 60.00 41.66 50.83

Product search/Information gathering 70.00 53.33 61.66

How often do you do online shopping

Once per month 83.33 65.00 74.16

2-3 times a month 13.33 21.66 17.50

Once per week 0.00 5.00 2.50

Table 1. Online shopping behaviour of the sample respondents

More than once per week 1.67 0.00 0.83

Once in 6 months 1.67 5.00 3.33

Once a year 0.00 3.33 1.66

Most common item(s) that you shop online

Clothing 81.66 65.00 73.33

Shoes 31.66 65.00 48.33

Books 40.00 33.33 36.66

Mobiles 18.33 38.33 28.33

Mobile accessories 25.00 26.66 25.82

Cinema/ Sports/ Travel tickets 20.00 23.33 21.66

Electronics/ Home appliances 20.00 20.00 20.00

Accessory/Cosmetics 23.33 15.00 19.16

Computer/ Software 8.33 8.33 8.33

Food/ drinks 6.66 8.33 7.50

Travel packages 6.66 5.00 5.83

Sporting goods 8.33 3.33 5.83

Grocery items 8.33 1.67 5.00

CDs/DVDs 1.67 5.00 3.33

Household goods/furniture 5.00 1.67 3.33

Financial support

Part-time job 3.33 11.66 7.50

Fellowship 63.33 3.33 33.33

Monthly pocket money 46.66 85.00 65.83

Mode of payments

Using credit/debit cards 41.66 38.33 40.00

Cash on delivery 80.00 80.00 80.00

Cont...
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Net banking 18.33 20.00 19.16

Most visited/ used websites 

Flipkart 68.33 81.66 75.00

Amazon 46.66 51.66 49.16

Myntra 50.00 33.33 41.66

Snapdeal 31.66 31.66 31.66

Jabong 25.00 23.33 24.16

eBay 15.00 5.00 10.00

Paytm 5.00 5.00 5.00

Homeshop 18 1.67 0.00 0.83

Statements Mean score

Girls Boys Total

I am willing to give my personal information when shopping on the Internet. 2.05 2.07 2.06

Products on the Internet are cheaper than the store 2.57 2.62 2.58

Internet shopping is easy to do. 2.82 2.80 2.82

Internet shopping saves me time. 2.67 2.70 2.67

Internet shopping is convenient. 2.75 2.70 2.73

Internet promotions such as sales or free gifts are attractive to me. 2.32 2.42 2.37

Online shopping is safe for credit card use. 2.27 2.22 2.26

Easier to lodge complaints and quick feedback 2.47 2.37 2.43

I trust the e-tailor privacy policies specified on their Web sites. 2.25 2.12 2.17

I enjoy shopping on the Internet. 2.67 2.57 2.62

Online shopping is a way I like to spend my leisure time. 2.22 2.07 2.13

When the Internet retailers are not fully identified, I worry about whether they are reliable. 2.52 2.35 2.43

No need to leave home 2.72 2.52 2.63

Internet shopping provides more variety of products. 2.70 2.55 2.63

Easy to locate any specific product 2.85 2.70 2.78

No bargaining required 2.85 2.75 2.80

I would be more likely to shop online if product returns were easier. 2.60 2.67 2.63

I would be more likely to shop online if the pictures of the items were clearer. 2.67 2.57 2.62

I would be more likely to shop online if faster delivery was insured. 2.60 2.65 2.63

I would be more likely to shop online if more extensive descriptions of items were included. 2.45 2.50 2.48

I compare the price of an item on different sites before finally purchasing it 2.60 2.77 2.68

Opinions and experiences of my family affect my purchase decision 2.37 2.20 2.27

Opinions and experiences of my friends affect my purchase decision 2.50 2.47 2.48

Opinions and experiences discussed in online forums affect my purchase decision 2.37 2.37 2.38

I do not purchase online if there is no free return shipment service available. 2.60 2.67 2.62

I do not purchase online if there is no money back guarantee. 2.72 2.77 2.75

Table 2.  Mean score of consumer's views about online shopping

Scoring: Disagree-1, Neutral-2, Agree-3.

cheated or misused their personal information, especially 
their credit card. Delivery was another parameter that 
affected an online purchasing decision. Slow or late 
shipping, for instance, made customer walk away from 
online shopping (Comegys, Hannula & Vaisanen, 2009).

So, respondents were questioned about the 
importance of different aspects of online shopping asked 
to rate their responses on a 3-point scale (not important-1, 
somewhat important two, very important-3). The perusal 

of Table 3 revealed that majority of the respondents (91.66 
percent girls and 88.33 percent boys) considered secure 
payment process as a very important aspect of online 
shopping. Money saving through online shopping was 
another aspect of online shopping which was considered 
very important by 88.33 and 85.00 percent girls and boys, 
respectively. About 86 percent of the total respondents 
considered that easy return policy was a very important 
aspect of online shopping. The clear product color and 
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Aspects Girls (n =60)1 Boys (n =60)2 Total (N=120)

NI SI VI NI SI VI NI SI VI

Secure payment process 1.67 6.66 91.66 3.33 8.33 88.33 2.50 7.50 90.00

Money saving 0.00 11.66 88.33 1.67 13.33 85.00 1.67 12.50 86.66

Easy return policy 0.00 11.66 88.33 3.33 11.66 85.00 1.66 11.66 86.66

Clear product colour/ features 0.00 10.00 90.00 1.67 21.66 76.66 0.83 15.83 83.33

Privacy protection 3.33 6.66 90.00 5.00 21.66 73.33 4.16 14.16 81.66

Customer service 1.67 18.33 80.00 3.33 13.33 83.33 2.50 15.83 81.66

Product variety 0.00 20.00 480.00 0.00 20.00 80.00 0.00 20.00 80.00

Ease of use 5.00 18.33 76.66 3.33 20.00 76.66 4.16 19.16 76.66

Convenience 5.00 13.33 81.66 1.67 26.66 71.66 3.33 20.00 76.66

Time-saving 3.33 26.66 70.00 0.00 25.00 75.00 1.66 25.82 72.50

Personal internet access 1.67 15.00 83.33 1.67 38.33 60.00 1.66 26.66 71.66

Delivery time and fee 0.00 35.00 65.00 8.33 15.00 76.66 4.16 25.00 70.83

Brand/Company reputation 3.33 31.66 65.00 8.33 23.33 68.33 5.83 27.50 66.66

Download time 3.33 23.33 73.33 8.33 38.33 53.33 5.83 30.82 63.33

Previous experience 1.67 31.66 66.66 6.66 36.66 56.66 4.16 34.16 61.66

See and touch before buy 5.00 36.66 58.33 18.33 36.66 45.00 11.66 36.66 51.66

Enjoyment 1.67 50.00 48.33 13.33 40.00 46.66 7.50 45.00 47.50

Table 3. Importance of different aspects of online shopping to respondents

Scoring: NI (Not important)- 1, SI (Somewhat important)- 2, VI (Very important)- 3.

features when shopping online were very important 
according to 90 and 76.66 percent of girls and boys, 
respectively. Other aspects of online shopping which 
were considered very important by most of the 
respondents included privacy protection (81.66 percent), 
customer service facility (81.66 percent), product variety 
(80 percent), ease of use of website (76.66 percent), 
convenience (76.66 percent), time saving (72.50), 
personal internet access (71.66 percent), delivery time 
and fee (70.83 percent), brand/company reputation (66.66 
percent), download time (63.33 percent), previous 
experience (61.66 percent) and enjoyment while 
shopping (47.50 percent). The results presented in Table 4 
revealed that majority of the girls and boys had good 
experience with online shopping in the past as depicted by 
the mean score of 3.82 and 3.77 respectively. Also, mean 
scores of 4.07 and 4.52 revealed that the majority of the 
girls and boys had good future expectations about online 
shopping.

Statements Mean Score

Girls Boys Total

Past experience with shopping 
online

3.82 3.77 3.80

Future expectations with 
shopping online

4.07 4.52 4.30

Table 4. Attitude towards online shopping of the sample 
respondents

Scoring: Very bad-1, Bad- 2, Neutral- 3, Good- 4, Very good-5.

Improvement desired by respondents Girls Boys Total

Speed of delivery 4.25 4.23 4.24

Security of services 4.47 4.32 4.39

Packaging of products 4.10 4.13 4.12

Product cancellation process 4.25 4.02 4.13

Refund process 4.33 4.22 4.27

Table 5. Suggestions for the improvement in the online 
shopping process

Scoring: Strongly disagree-1, Disagree- 2, Neutral- 3, Agree-4, Strongly 
agree-5.

The perusal of Table 5 revealed that the suggestions 
given by respondents for improvement in the online 
shopping process. With a mean score of more than 4 for 
each of the services, the majority of the total respondents 
agreed that services like the speed of delivery, security of 
services, packaging of products, product cancellation 
process, and refund process needed improvement.
CONCLUSIONS

In the era of globalization, internet marketing is a 
great revolution. The increase in technology provides 
good opportunities to the seller to reach the customer in 
much faster, easier and in an economic way. The prospect 
of online marketing is growing in India with the 
increasing internet literacy. From the present study, it can 
be concluded that online shopping is becoming very 
popular among young generation. It was an easy, cheaper, 
time saving and convenient mode of shopping. 
Companies which are involved in online retailing should 
focus on strengthening the trust-worthy relationship with 
the customers. There is a scope of improvement in 
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services of delivery, security, packaging, product 
cancellation and refund as suggested by the respondents 
of this study.
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ABSTRACT
Bringing Green Revolution to Eastern India (BGREI), a flagship programme under Rashtriya Krishi Vikas Yojana (RKVY) is 
intended to address the constraints limiting the productivity of "rice-based cropping system" and launched in 2010-11 in Eastern 
India comprising Assam amongst others. The objectives of BGREI were to increase production, productivity, cropping intensity and 
income of farmers. Hence the study was undertaken in the Jorhat district of Assam to assess the impact of BGREI on the parameters 
mentioned as above. Multistage stratified random sampling technique was followed and data were collected from 120 respondents 
comprising 80 beneficiaries and 40 non-beneficiaries from two different agriculture circles. The study found that there was a 
marginal change in the cropping intensity of the beneficiaries of the programme. In the case of the non-beneficiaries, no steady 
trend was observed. The productivity and hence production, as well as income, was higher in case of beneficiaries compared to the 
non-beneficiaries and thus the BGREI programme has a positive impact on the cropping intensity, production, productivity and 
income of farmers in Assam.
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INTRODUCTION
The agriculture sector occupies centre-stage in our 

resolve to promote inclusive growth, enhance rural 
incomes and sustain food security (Shivay & Rahal, 
2013). It provides employment for more than 50 per cent 
of the total workforce and supports more than 75 per cent 
of the population of the state directly or indirectly. The 
average operational holding of Assam is 1.10 hectares 
only and more than 85 per cent of the farm family are 
small and marginal farmers, with an average land holding 
of only 0.63 ha (The Government of Assam, 2014-15). 
Schemes of national priorities or sub schemes were 
introduced in RKVY since 2010-11. Among various sub-
schemes of RKVY, Bringing Green Revolution to Eastern 
Region (BGREI) programme is one of the sub-scheme 
under RKVY initiated in 2010-11 targeting improvement 
in the rice-based cropping systems of Assam, West 
Bengal, Orissa, Bihar, Jharkhand, Eastern Uttar Pradesh 
and Chhattisgarh so that  agriculture productivity is 

reasonably enhanced and stabilized in these areas 
(Department of Agriculture and Cooperation, 2014). 
Under the programme: i) the demonstration plots are 
selected in a cluster of areas belonging to different size 
groups of farmers in order to see the visible impact. ii) The 
programme focused approach on the medium and long-
term strategies for asset building activities relating to 
water conservation and utilization along with short-term 
strategies pertaining to transfer of technology of major 
cereals and iii) Site-specific activities for facilitating petty 
works such as construction/renovation of irrigation 
channels/electricity for agricultural purposes in a cluster 
approach for convenience and cost-effectiveness. Also, 
adoption of new seed varieties, farm machines and 
implements, nutrients, pesticides and knowledge-based 
interventions are being promoted in different agro-
climatic zones of the Eastern States (Mukherjee, 2012). In 
Assam, the BGREI programme was implemented on a 
greater scale with highest fund allocation among other 



sub-schemes of RKVY but the effect of the programme 
was not seen on a greater scale. The programme 
completed five years of implementation in 2015-16. In 
view of this, an effort was made in this sphere to conduct 
an evaluation study to assess the actual performance of the 
BGREI during the period of its implementation both at the 
macro and micro level. More specifically, the present 
study was conducted to examine the changes in cropping 
pattern, production, productivity and income of rice 
production system in Assam.
METHODOLOGY

The Jorhat district of Assam is considered as the rice 
bowl of the state. Thus Jorhat district was selected 
purposively for the study. The sample for the present 
investigation was obtained following a multistage 
stratified random sampling technique. The subdivision 
was taken as the first unit, Agriculture Development 
Officer's (ADO) circle constituted the second unit of the 
sample, villages were taken as the third and farm 
households were taken as the ultimate unit of the sample. 
A total of 120 respondents were selected comprising of 80 
beneficiaries and 40 non-beneficiaries. Further, they were 

classified into marginal (0≤1 ha), small (1≤2ha), semi-

medium (2≤4ha) and medium farmers (4≤10ha) based on 
the size of holdings. Large farmers with land more than 10 
ha were not found in the study area; therefore, large 
farmers were not included in the ultimate sample of the 
study. The primary data were collected from the sample 
households with the help of a specially designed pre-
tested schedule. Different analytical techniques were 
employed to fulfil the various objectives of the study as 
given below.

The gross return was worked out as GR =TP  × Pi i i

Where, 
thGR  = Gross return from the i  crop in a particular i

year.
thTP  =   Total production of i  crop in a particular yeari

P  =    Average price received by the producer for the i
thi  crop in that year

Only the total variable cost was included for 
calculating the cost of production. 

Variable cost used in the study included the cost of 
labour, cost of materials inputs and interest on working 
capital @ 10 percent per annum. Gross income from an 
enterprise was computed by multiplying the output of the 
enterprise by its respective price.
RESULTS AND DISCUSSION

The cropping intensities of the beneficiaries and non-
beneficiaries of the BGREI programme over the periods 
from 2013-14 to 2015-16 are presented in Table1. In case 

of a beneficiary, the average area under Sali rice increased 
by 0.01 ha which may be due to a positive impact arising 
out of an increase in yield of rice (var. Swarna Sub 1) 
whereas, for non-beneficiary, it was found to decrease by 
15.04 per cent due to low productivity of local variety. In 
the case of potato and vegetables, there was an increase in 
area by 28 per cent and 20 per cent respectively for a 
beneficiary under all size groups. For non-beneficiary, the 
area under potato remained the same (0.01 ha) whereas, 
for vegetables, the area decreased by 10 per cent from 
2013-14 to 2014-15. Marginal change in cropping 
intensity of beneficiaries (118.44 per cent) in 2015-16 
from 115.36 per cent during 2013-14 was found which 
may be due to the supply of free inputs like seeds, 
fertilizers, etc, and availability of pump sets for irrigation 
under BGREI programme. This has also led to an increase 
in area under potato and vegetables. No noticeable change 
was found for the non-beneficiaries. The findings of the 
study were in consonance with Chouhan, Rathi, Niranjan, 
and Sharma (2015) in Chhattisgarh who found that 
programme gave a positive impact on the dissemination 
of modern technologies to farmer's field and increased 
cropping intensity. The findings of the study were 
agreement with the findings of Roy (2012) who stated that 
the BGREI programme in Eastern India led to an increase 
in cropping intensity of beneficiaries.

The details of the cost of cultivation per hectare of 
HYV paddy (var. Swarna Sub 1) and Sali rice (var. Ranjit) 
for beneficiaries and non-beneficiaries are given in Table 
2. It was observed from Table 2 that the cost of production 
of sali rice variety Swarna Sub 1 was higher in the case of 
the beneficiary as compared to non-beneficiary. The 
average total variable cost per hectare was ̀ 28411.02 and 
27881.94 respectively for beneficiary and non-
beneficiary. The reason for higher variable cost incurred 
in the case of beneficiaries under all size groups were due 
to higher tractor cost, more labour used and use of high 
seed rate resulted in the increase in total variable cost 
compared to non-beneficiaries.

The area, production and yield of sali rice var. Swarna 
Sub 1 and Ranjit for beneficiaries and non-beneficiaries is 
presented in Table 3. The results revealed that the area 
under sali rice (var. Swarna Sub 1) was higher in the case 
of beneficiaries as compared to non-beneficiaries in the 
study area. Ministry of Agriculture, Government of India 
reported increased area under Kharif crop after 
implementation of BGREI programme. There was 
variation in the production of sali rice between 
beneficiaries and non-beneficiaries due to yield 
variability. The production of sali rice was higher in the 
case of beneficiaries as compared to non-beneficiaries 
because of more area under rice var. Swarna Sub 1 in each 
size group of beneficiaries. The yield of beneficiaries 
varied from 46.10 q per ha in marginal size group 
compared to 49.84 q per ha in medium size farmers in the 
case of beneficiaries and 42.03 to 45.04 q per ha for non-
beneficiaries, respectively. The average yield per hectare 
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obtained was the highest in the case of beneficiaries 
(48.23 q per ha). The yield obtained was the highest in 
case of beneficiaries as compared to non-beneficiaries 
which may be due to free distribution of inputs and 
provision of necessary irrigation whenever required by 
using a pump set provided under BGREI programme. The 
study conducted by Dhandhayal, Tarpara, & Chavda 
(2018) reported that incorporation of technologies led to 
increased rice production in Gujarat. The reason for the 
low yield of non-beneficiaries was due to improper 
application of inputs, no irrigation facilities and not 
following any cultural practices. The findings were in 
consonance with the findings of Barah, Betne, and 
Bhowmick (2001) who found that introduction of new 
technology contributed towards the increase in rice yield. 
Similar findings were reported by Bordoloi (2012) who 
found that in the case of beneficiaries the area and yield 

under rice increased to a greater extent. Also, the 
development of irrigation facilities along with fertilizer 
network would further enhance the productivity.  

The perusal of Table 4 showed the Gross Income and 
return over variable cost from Sali rice of beneficiaries 
and non-beneficiaries, respectively. The Gross return was 
found higher in the case of beneficiaries as compared to 
non-beneficiary. The variable cost incurred was more for 
beneficiaries than non-beneficiaries as formerly used a 
higher amount of seed rate, fertilizers, chemicals, etc due 
to the following of the recommendations. The return over 
variable cost was found to be more than 1 which indicated 
profitability of the farm. Average return over variable cost 
for all size groups was 2.25 and 2.05 for beneficiaries and 
non-beneficiaries, respectively. 

A summary of comparison between beneficiary and 
non-beneficiary farmers (Table 5) revealed that there was 

Year Size of farm No. of 
household

Sali rice Potato Vegetables Net 
cropped 

area

Gross 
cropped area

Cropping 
intensity

(%)

Beneficiary
2013-14 Marginal 22 0.58 0 0.07 0.58 0.64 111.30

Small 10 1.06 0.01 0.14 1.06 1.21 113.68
Semi medium 6 1.99 0.08 0.24 1.99 2.31 115.83
Medium 2 3.29 0.16 0.36 3.29 3.80 115.53
Sub total 40 1.73 0.07 0.20 1.73 1.99 115.36

2014-15 Marginal 22 0.58 0.01 0.07 0.58 0.66 112.93
Small 10 1.07 0.02 0.14 1.07 1.23 114.49
Semi medium 6 1.95 0.10 0.26 1.95 2.31 118.46
Medium 2 3.29 0.16 0.42 3.29 3.86 117.35
Sub total 40 1.73 0.08 0.23 1.73 2.03 117.39

2015-16 Marginal 22 0.59 0.02 0.06 0.59 0.67 113.56
Small 10 1.07 0.03 0.16 1.07 1.26 117.29
Semi medium 6 1.98 0.10 0.30 1.98 2.37 120.00
Medium 2 3.29 0.18 0.44 3.29 3.90 118.72
Sub-total 40 1.74 0.09 0.24 1.74 2.06 118.44

Non beneficiary
2013-14 Marginal 12 0.23 0 0.02 0.23 0.24 106.67

Small 5 1.11 0 0.10 1.11 1.21 108.56
Semi medium 3 2.06 0.03 0.17 2.06 2.26 109.73
Medium 0 0.00 0 0.00 0.00 0.00 0.00
Sub total 20 1.13 0.01 0.10 1.13 1.24 109.29

2014-15 Marginal 12 0.22 0 0.02 0.22 0.24 106.82
Small 5 1.03 0 0.08 1.03 1.11 107.77
Semi medium 3 2.03 0.03 0.18 2.03 2.24 110.37
Medium 0 0.00 0 0.00 0.00 0.00 0.00
Sub total 20 1.10 0.01 0.09 1.10 1.20 109.13

2015-16 Marginal 12 0.22 0 0.02 0.22 0.24 106.82
Small 5 1.03 0 0.11 1.03 1.14 110.19
Semi medium 3 2.03 0.03 0.18 2.03 2.24 110.37
Medium 0 0.00 0 0.00 0.00 0.00 0.00
Sub-total 20 0.96 0.01 0.09 0.96 1.06 110.42

Table 1. Details about cropping intensity of beneficiaries and non-beneficiaries of BGREI by the size of farms                                 
(Area under crop in ha) 

561

Pathok et al.: Impact assessment of BGREI programme on cropping intensity, production, productivity and income of farmers in Assam 



Operation Beneficiary (var. Swarna Sub 1) Non-beneficiary (Var. Ranjit)

Marginal Small Semi 
medium

Medium Average Marginal Small Semi 
medium

Average

Land 
preparation

11116.18 11349.89 11487.45 11514.22 11366.94 11346.27 11458.63 11654.05 11486.32

Uprooting & 
transplanting

2831.61 2956.75 2885.09 2873.53 2886.94 2710.84 2678.64 2773.34 2720.94

Seed rate 553.53 568.24 576.54 582.05 570.90 524.02 535.44 546.94 535.47

Fertilizer 2498.21 2728.30 2845.89 2906.42 2744.71 2229.40 2471.20 2751.98 2484.19

Weeding 1151.96 1021.44 1100.90 1079.50 1088.45 1089.04 1104.75 1096.82 1096.87

Plant protection 855.79 921.92 999.94 1121.56 974.80 824.61 832.95 964.35 873.97
Land revenue 45.00 45.00 45.00 45.00 45.00 45.00 45.00 45.00 45.00

Harvesting 1777.21 1839.99 1931.16 1933.73 1870.52 1500.04 1783.84 2133.40 1805.76

Threshing 3001.26 3000.00 3007.56 3018.94 3006.94 3232.72 3117.56 3133.32 3161.20

Drying 650.66 659.33 643.77 699.39 663.29 592.17 599.74 590.32 594.08

Winnowing 572.88 584.42 631.59 654.06 610.74 539.18 546.96 544.18 543.44
Interest on 
variable cost 
@ 10 percent

2505.43 2567.52 2615.49 2642.84 2582.82 2463.33 2517.47 2623.37 2534.72

Total variable 
cost

27559.71 28242.80 28770.36 29071.22 28411.02 27096.61 27692.16 28857.04 27881.94

Table 2. Cost of production of rice (2015-16)                                             
(` per ha) 

Size of farm No. of households Area (ha) Production (q) Production/farm (q) Yield (q/ha)

Var. Swarna Sub 1 ( Beneficiary)

Marginal 22 12.64 583.36 26.51 46.10

Small 10 10.44 499.83 51.31 47.91

Semi medium 6 10.89 533.86 97.60 49.05

Medium 2 8.18 407.57 163.73 49.84

Average 40 10.52 506.16 84.79 48.23

Var. Ranjit (Non-beneficiary)

Marginal 12 2.55 107.16 9.46 42.03

Small 5 5.64 240.37 47.29 42.60

Semi medium 3 7.20 324.64 93.19 45.04

Medium - - - - -

Average 20 5.13 224.06 49.98 43.22

Table 3. Area, production and yield of rice (2015-16)           

Size group No. of households Gross income Total variable cost Return over variable cost

Marginal 22.0 61071.50 27559.71 2.22

Small 10.0 63505.50 28242.80 2.25

Semi medium 6 64970.00 28770.36 2.26

Medium 2 66117.00 29071.22 2.27

Average 40.0 63916.00 28411.03 2.25

Marginal 12 55607.11 27096.61 2.05

Small 5 56445.50 27692.16 2.04

Semi medium 3 59249.00 28857.04 2.05

Medium - - - -

Average 20 57100.54 27881.93 2.05

Table 4. Gross income and the B-C ratio of sample households (2015-16)
(Income and cost in ` per ha)
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Indicator 2013-2014 2015-16 Percent change in 2015-16 
over 2013-14

Beneficiary Non-
beneficiary

Beneficiary Non-
beneficiary Beneficiary Non-

beneficiary

Net cropped Area 1.73 1.13 1.74 0.96 0.58 -15.04

Gross cropped area 1.99 1.23 2.05 1.06 3.02 -13.82

Cropping intensity 114.45 108.82 118.58 109.94 3.61 1.25

Return over variable cost - - 2.25 2.05 - -

Table 5. Comparison between the beneficiary and non-beneficiary farmers   

positive change in the net cropped area, gross cropped area 
and cropping intensity in 2015-16 over 2013-14 by 0.58, 
3.02 and 3.61 percent respectively in case of beneficiary 
whereas for non-beneficiary the same was found to 
decrease as the beneficiary farmers increased rice area due 
to free distribution of HYV seeds, fertilizers, pesticides, 
etc. under the BGREI programme. The return over variable 
cost in the current year was much higher in the case of a 
beneficiary than that of non-beneficiary thus showing the 
direct impact of BGREI on the farmer's income. In a 
similar study conducted by Misra Dasgupta and Mishra 
(1965) reported that one of the main reasons for a 
considerable difference in income between the farmers 
was the difference in the adoption of new technology.
CONCLUSIONS

The net cropped area and gross cropped area under 
beneficiaries increased by 0.58 and 3.02 percent whereas 
for non-beneficiaries decreased by 15.04 percent and 
13.82 percent respectively during 2015-16 over 2013-14. 
The higher return over variable cost in the case of 
beneficiary farmers reflected the positive impact of the 
BGREI programme in the study area. The study 
recognized water asset building component and free 
distribution of inputs under the BGREI programme 
resulted in increased cropping intensity under 
beneficiaries. It may be concluded that with timely supply 
of seed and other inputs farmers might be able to increase 
the rice yield and thereby able to enhance their farm 
income. Thus it can be concluded that the BGREI 
programme showed direct impact on cropping intensity, 
productivity, production and income of the beneficiary 
farmers of Assam. 
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ABSTRACT
The present study examined the crop diversification in Ariyalur district of Tamil Nadu. The area under pulses, vegetables, fiber 
crops and flower crops showed higher growth rate (10-20 %) and cereals, spices, oilseeds and sugar crops showed negative growth 
(1-17 %) during 2007-08 to 2016-17. The sample farmers were post-stratified based on farm size. The results of Herfindahl, 
Simpson and Entropy indices of crop diversification showed that medium farms were more diversified followed by semi-medium, 
small and marginal farms. Net income per hectare increased with increase in crop diversification. The results of multiple regression 
analysis revealed that crop diversification was significantly influenced by farm size, gross irrigated area, education and experience 
of farmers, and machine hours used. The major constraints in crop diversification were scarcity of water and labour. 
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INTRODUCTION
In India 54.6 per cent of the population depends on 

agriculture. In the late 60's and early 70's, the introduction 
of the green revolution to meet the food shortage in the 
country had adversely affected the cropping pattern in the 
country. Introduction of fertilizer responsive and high 
yielding varieties in rice and wheat had converted many 
states as a mono-crop state. Mono cropping affects soil 
health and creates biotic and abiotic stress to the soil. 
Hence after attaining self-sufficiency in food grain 
production, central and state Government introduced 
many schemes to diversify cropping pattern to ensure 
food and nutrition security. 

The crop composition further changed by the changes 
in prices, rainfall and labour availability. Crop 
diversification is generally viewed as a shift from 
traditionally grown less remunerative crops to more 
remunerative crops (Hazra, 2003). In other words, Joshi, 
Birthal and Minot (2006) defined crop diversification as 

the movement of production-portfolio from a low-value 
commodity mix (crop and livestock) to high-value 
commodity mix (crops and livestock).

The crop diversification is helpful for the 
sustainability of agriculture. Crop diversification has 
gained momentum due to overall economic growth, rising 
middle-class people, better market institutions, credit 
availability, infrastructure, urbanization, contract farming 
and improving rural education level. Now doubling the 
farmers' income by the year 2022 is gaining more 
importance in India. One of the advantages of crop 
diversification is increased net income from farming due 
to lower production costs, fuller utilization of resources 
and by combating risks associated with farming.

In this context, it is pertinent to know the status of 
crop diversification and the factors influencing crop 
diversification. Hence, the present study was taken up 
with the objectives were: 

i) to estimate the growth performance of crop 

#This article forms a part of the M. Sc. (Ag.) thesis to be submitted by the first author under the guidance of the second author to the Tamil Nadu 
Agricultural University, Coimbatore.
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groups in Ariyalur district 
ii) to study the extent of crop diversification 
iii) to examine the factors influencing crop 

diversification, and 
iv) to identify the constraints in crop diversification.

REVIEW OF LITERATURE
Pingali & Rosegrant (1995) described diversification 

of agriculture in general and crop diversification in 
particular as a change in product choice and input use 
decision based on market forces and the principle of profit 
maximization.

Velavan & Balaji (2012) have studied crop 
diversification in Tamilnadu. It was reported that area 
under paddy, groundnut and jowar have declined while 
maize, sugarcane, coconut and green gram showed 
positive growth rate during 1980-2007. Decadal HI index 
showed that, HI value was 0.17 during 1960-69 which 
declined to 0.13 in 2000-2007. This showed that crop 
diversification was taking place in Tamil Nadu state.

Rahimi, Basavaraj, Kunnak, Mahajanashetty & 
Megeri (2014) examined the factors influencing cropping 
pattern by using a multiple linear regression model and 
reported that crop diversification increased with an 
increase in landholding.

Basavaraj, Gajanana and Satishkumar (2016) 
examined constraints in crop diversification in the study 
on crop diversification in Gadag district of Karnataka and 
concluded that price of the crop and scarcity of water were 
the major constraints in crop diversification.
METHODOLOGY
Design of the Study

Ariyalur district, Tamilnadu ,was selected 
purposively since crop diversification was taking place 
due to prolonged drought, industrialization and other 
environmental problems. Two blocks namely T.Palur and 
Andimadam were selected purposively based on crop 
diversification in consultation with the officials of State 
Department of Agriculture. From each block, four 
villages were selected and from each village 10 farmers 
were selected at randomly. Thus the total sample size was 
80. The land holding pattern of the sample farmers is 
presented in Table 1.

The Ariyalur district was formed (carving out of 
Perambalur) in 2007 and the secondary data required for 
the study were collected from the office of Joint Director 
of Agriculture. The primary data relating to the 
agriculture year 2016-17 were collected from sample 
farmers by personal interview method using the 
structured interview schedule. 
Tools of Analysis

The growth in area under different crops studied 
using exponential function and different indices such as 
Simpson index, Herfindahl index and Entropy index were 
used to analyse the extent of crop diversification. 
Growth rate analysis

To know the growth in area under different crops 
compound growth rate was calculated using an 

exponential function. The growth rate was calculated for 
Ariyalur district and for T. Palur and Andimadam blocks 
for a decade from 2007-08 to 2016-17 using exponential 
function.
Herfindahl Index (HI): Herfindahl index (HI) is the sum 
of the square of the acreage proportion of each crop in the 
total cropped area. The value of this Index is bounded by 0 
to 1. The value of HI approaches zero as 'N' (Number of 
crops) becomes larger and takes one when one crop is 
cultivated. If HI is one it indicates the perfect 
specialization and zero indicates the perfect 
diversification. The index is calculated using the 
following formula. 

Herfindahl Index (HI) = 

Where 

Where N is the total number of crops, P  is the acreage i
thproportion of the i  crop in the total cropped area, A is the i 

tharea under i  crop, ∑ A  is the total cropped area.i

Simpson Index (SI): It is the most suitable index for 
measuring diversification of crops in a particular 
geographical region. The formula is

Simpson Index (SI) = 1- 

th Where P  is the acreage proportion of the i crop i

activity. If the SI value approaches zero, it indicates 
specialization in the growing of a particular crop and if it 
approaches one, it indicates a full diversification of crops.
Entropy Index (El): Entropy measure was popularized 
in economics by Theil (1982). It is specified as follows

thWhere P  is the acreage proportion of the i  crop in the i

total cropped area. It is an inverse measure of 
concentration having logarithmic character. EI value 
increases with increasing crop diversification. The EI 
value approaches zero when the particular region is 
specialized and there is perfect specialization, i.e., Pi 

Size group Number 
of 

farmers

The 
average 
size of 

holding
 (Ha)

Marginal (less than 1 ha) 30 (33.75) 0.74

Small (between 1 to 2 ha) 33 (41.25) 1.72

Semi Medium (between 2 to 4 ha) 8 (10.00) 2.91

Medium (between 4 to 10 ha) 9 (11.25) 6.57

Large (more than 10 ha) - -

Total 80 (100) 2.02

Table 1. Landholding pattern of the sample farmers

Source: Primary survey, 2016-17.
Figures in parentheses indicate percent to total.
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equals one and EI value takes a maximum value when 
there is perfect diversification.  

The upper limit of the Entropy Index value was 
determined by the base chosen for taking logarithms and 
the number of crops. The upper value of the index can 
exceed one when the number of total crops was higher 
than the value of the logarithm's base, and it is less than 
one when the number of crops was lower than the base of 
the logarithm.
Multiple linear regression analysis

Multiple regression analysis was used to examine the 
factors influencing crop diversification in the study area.

Y = a + a X + a X + a X + a X + a X + a X + a X + u0 1 1 2 2 3 3 4 4 5 5 6 6 7 7 

Where Y is the Simpson index of crop diversification 
X is the farm size (in ha), X is the annual family income 1 2 

(in rupees) and X is the gross irrigated area (in ha), X  is 3 4

the educational status of the farmers (number of years of 
schooling), X  is the number of persons involved in 5

farming (in nos.), X  is the experience of farmers (in 6

years), X  is the total machine hours used per hectare (in 7

hours).
Garrett's ranking technique

The Garrett's ranking technique was used to analyze 
the constraints in crop diversification. The respondents 
were asked to rank (in the order of severity) the 
constraints of crop diversification. The order of merit was 
converted into ranks by using the following formula:

th thWhere R  is the rank given for i  factor by the j  ij
thindividual, N  is the number of factors ranked by the j  j

individual. The per cent position for each rank was 
converted into scores with the help of Garrett's table. 
Then, for each factor, the scores of individual respondents 
were added. The mean scores of all the factors were 
arranged in descending order and ranks were given. 
RESULTS AND DISCUSSION
General Characteristics of Sample Farmers

The average size holding of the sample farmers was 
2.02 ha, the average number of years of schooling of the 
sample farmers was 7.29, the average age of sample 
farmers was 50 years and the average experience of the 
sample farmers was 27 years.
Growth in the Area under Crop Groups

The growth in area under different crop groups for the 
period 2007-08 to 2016-17 was worked out using the 
exponential function and the results are presented in Table 
2. It is evident from the Table 3 that the growth rate of the 
area under flower crops was highest with 22.38 per cent in 
Ariyalur district which may be due to greater demand in 
the domestic market. Moving towards the cultivation of 
high-value crops is also termed as crop diversification 
(Dasgupta & Bhaumik, 2014). Hence it could be 
concluded that Ariyalur district moving towards crop 
diversification. 

The growth rate of the area under pulses was also 
higher at 21.66 per cent per annum which may be due to 
the provision of black gram seeds as subsidy by 
Agriculture department. The growth rate of fiber crop 
(cotton) was 20.93 per cent and the vegetable crop was 
10.47 per cent per annum. Due to water scarcity, farmers 
raised cotton as a rainfed crop. Even though Ariyalur 
district comes under the Cauvery delta zone, the area 
under cereals was decreasing at the rate of 1.32 per cent. 
This may be due to unavailability of irrigation water in 
time, rainfall and crop failures. In the case of spices, sugar 
crops, oilseed and medicinal and aromatic crops declining 
trend was observed with the values of 17.37, 3.82, 7.29 
and 24.68 per cent per annum, respectively. This showed 
the shift in traditionally grown crops to cash crops like 
flower crops and cotton.

The rate of growth in area under different crops in 
Andimadam and T. Palur blocks showed that the area 
under pulses was increasing in both the blocks at 49.27 
and 74.95 per cent, respectively. The rate of growth in 

Particulars Andimadam
block

T.Palur
block

Ariyalur
district

Cereals 2.19 0.20 -1.32

Pulses 49.27 74.95 21.66

Sugar crops -8.24 -20.64 -3.82

Spices 2.02 2.37 -17.37

Fruits 0.37 -2.11 -0.66

Vegetables -9.69 16.64 10.47

Oilseed -9.86 2.06 -7.29

Fibres - 35.96 20.93

Medicinal & aromatic -45.45 -59.97 -24.68

Flowers 67.62 8.14 22.38

Fodder crops -35.19 -7.39 -4.77

Tree crops 20.72 104.56 -21.33

Table 2. The growth rate in the area under crop groups in 
Ariyalur district (2007-08 to 2016-17)

Year Herfindahl
index

Simpson
index

Entropy
index

2007-08 0.25 0.75 0.70
2008-09 0.23 0.77 0.73
2009-10 0.23 0.77 0.70
2010-11 0.21 0.79 0.76
2011-12 0.20 0.80 0.69
2012-13 0.17 0.83 0.65
2013-14 0.24 0.76 0.70
2014-15 0.21 0.79 0.72
2015-16 0.22 0.78 0.69
2016-17 0.17 0.83 0.70
Average 0.21 0.79 0.70

Table 3. Crop diversification indices for Ariyalur district 
(2007-08 to 2016-17)

Percent position=
100(R -0.5)ij

Nj
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flower crops was positive with 67.2, 8.14, and 22.38 per 
cent in Andimadam, T. Palur and Ariyalur districts. 
Market access for the selected blocks favoured the 
cultivation of flower crops. Spice crops showed a positive 
growth rate in Andimadam and T.Palur block with 2.02 
and 2.37 per cent per annum, respectively.

The area under sugarcane, medicinal and aromatic 
crops and fodder crops decreased in both the blocks. 
Medicinal crops showed a higher negative growth rate 
with 45.45 percent in Andimadam, 59.97 percent in T. 
Palur and 24.68 percent in Ariyalur district. Decreased 
demand in the domestic market may be the reason for a 
negative growth rate of medicinal and aromatic crops. 
The growth rate of tree crops was higher in both the blocks 
but it showed negative growth for the district as a whole. It 
may concluded that the area under pulses, vegetables and 
flower crops had increased in the reference period which 
implied the change in cropping pattern and 
diversification.  
Crop Diversification Index

Average values of Simpson Index, Herfindahl Index 
and Entropy Index for different crop groups in Ariyalur 
district for 10 years from 2007-08 to 2016-17 worked out 
and presented in Table 3.

It could be observed from the Table 3 that the 
Simpson index value of crop diversification in all the 
years was more than 0.75 and the average value was 0.79. 
When the Herfindahl Index value approaches zero, it 
indicated the presence of crop diversification. It declined 
from 0.25 in 2007-08 to 0.17 in 2012-13 and 0.17 in 2016-
17. Velavan & Balaji (2012) reported that HI was 0.17 in 
1960-69 and it was reduced to 0.13 in 2000-07 which 
clearly indicated crop diversification in Tamil Nadu. The 
EI value showed fluctuation but it was around 0.70. All 
the indices clearly indicated a diversified cropping pattern 
in Ariyalur district. 
Farm-level Crop Diversification in 2016-17

Size of holding has an influence on crop 
diversification and hence crop diversification indices 
were calculated for different size groups and are presented 
in Table 4. The results revealed that the average value of 
the Herfindahl Index was decreasing with an increase in 
farm size. Simpson and Entropy Index of crop 
diversification were increasing with an increase in the 
size of holding. This indicated that crop diversification 
increased with an increase in farm size and the same 

results were reported by Kiru, Mapemba, Ng'ong'ola & 
Tembo (2014).

It was also observed from the Table 4 that all the 
indices indicated that marginal farms were more 
specialized than other size groups. As the size of holding 
increases, net income per hectare also increases. It my 
concluded that an increase in crop diversification led to 
increased net income per hectare.
Factors Determining Crop Diversification

Factors influencing crop diversification were 
analyzed using Ordinary Least Square method. The 
results of the OLS analysis are presented in Table 5. It 

2could be observed from the Table5 that the adjusted R  
value was 0.64 which indicated that 64 percent of the 
variations in Y value (C.D.I) were explained by the 
independent variables included in the model. The 
coefficients of all the variables were positive except 
family labour. The results revealed that the size of holding 
and gross irrigated area of the sample farmers showed the 
positive influence on crop diversification and the similar 
findings were reported by Basavaraj, Gajanana and 
Satishkumar (2016). The educational status exhibited the 
positive influence on crop diversification, (Kumar, 
Kumar & Sharma, 2012). 

The coefficient of family labour was negative but it is 
non-significant statistically. The coefficient for farm size 
was 0.667 which indicated that a hectare increase in farm 
size increased the crop diversification index by 0.667. 

Size group Average size 
holding (ha)

Net income 
per hectare

Crop diversification index value

Herfindahl Index Simpson Index Entropy Index

Marginal 0.74 84381.24 0.64 0.36 0.26

Small 1.72 91405.62 0.45 0.55 0.35

Semi medium 2.91 98797.25 0.30 0.70 0.53

Medium 6.57 119153.70 0.22 0.78 0.64

Table 4. Crop diversification indices for different farm size groups during 2016-17

Source: Primary survey, 2016-17.

Variables Coefficients t-stat

Intercept -0.112682 -1.262
Farm size

**0.0669165 2.273
Annual family income NS2.02860e-07 1.130
Gross irrigated area **0.122500 2.004
Education ***0.0201305 5.329
Number of persons involved in 
farming

NS-0.00516707 -0.2297

Experience **0.00621772 3.704
Machine hours **0.0143104 2.624
Adjusted R squared value 0.642892
F-value 21.31741

Table 5. Factors determining crop diversification in 
Ariyalur district during 2016-17

***and ** Significant at 1 and 5 per cent levels, respectively. 
NS: Non-significant.
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The coefficient for gross irrigated is 0.122 which 
indicated that as the gross irrigated area increased by one 
hectare the crop diversification increased by 0.122. The 
area under irrigation encouraged the farmers to grow the 
number of crops. The coefficient for education and 
experience of the farmers was 0.02 and 0.006 
respectively, which indicated that one year increase in 
schooling and experience will increase crop 
diversification by 0.02 and 0.006, respectively. The 
education and experience of farmers increased 
knowledge on new technologies and government 
schemes which helped the farmers to go for crop 
diversification. 
Constraints in Crop Diversification 

Constraints in crop diversification at the farm level 
were analysed using Garrett's ranking method and results 
are presented in Table 6. It is obvious from the Table 6 that 
the scarcity of water ranked as the major factor 
influencing crop diversification followed by labour 
scarcity in the study area. The situation of labour scarcity 
was mainly due to the introduction of Mahatma Gandhi 
National Rural Employment Guarantee Scheme 
(MGNREGS) during 2006.  Due to this agricultural 
labourers showed less interest to work in the farming 
sector and the farmers were forced to increase the wages 
to encourage them to work on their farm.  

CONCLUSIONS 
The results of compound growth rate analysis 

revealed that the area under pulses, vegetables, flower 
crops and cotton increased which indicated that the 
Ariyalur district moved towards crop diversification. The 
determinants of crop diversification were farm size, the 
area under irrigation, education and experience in 

Constraints Garrett's 
value

Ranking

Scarcity of water 51.85 I

Scarcity of labour 51.48 II

Non-availability of government 
subsidy

50.78 III

Less market facility 49.96 IV

Prolonged drought 48.79 V

High price for commercial crops 46.56 VI

Pest & disease attack 45.96 VII

Table 6. Constraints in crop diversification in Ariyalur 
district

Source: Primary survey, 2016-17.

farming and machine hours used. The major constraints 
for crop diversification were the scarcity of water and 
labour. The results of the study clearly indicated that as the 
farm size increased the crop diversification also 
increased. Hence group farming and collective farming 
may be encouraged by the small and marginal farmers. 
This would increase their income besides reducing risk in 
farming due to various reasons.

To cope with increasing population and issues 
relating to food and nutritional security, crop 
diversification towards pulses and vegetable crops should 
be promoted. Government schemes to renovate irrigation 
sources and structures and making available subsidized 
irrigation loan for farm level improvement in irrigation 
structures should be implemented. Further research on 
crop diversification in all the districts would help in 
devising suitable strategies for doubling the farmers' 
income by the year 2022.
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ABSTRACT
Entrepreneurship is a key factor for the survival of small scale farming in an ever-changing and increasingly complex global 
economy. Business incubation catalyzes the process of starting and growing startup companies. Hence, the study was undertaken to 
identify the impact of technology business incubators in the promotion of entrepreneurial development of agribusiness startups. The 
study focused on agro startups registered under technology business incubators in located under western zone of Tamil Nadu. The 
sample size consists of fifty50 agro startups. Both primary and secondary information were collected for the study. Percentage 
analysis and paired t-test was utilized for the analysis of the study. The results indicated that there was a significant difference 
between mean values of before and after joining technology business incubators which signifies the effective role of technology 
business incubators in entrepreneurial development of startups. This paper revealed that services offered by Technology Business 
Incubators (TBIs) would promote startups. 
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Business-incubator, entrepreneur, percentage analysis, start-ups.
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INTRODUCTION
The term 'incubator' came into begin in 1959 when 

Batavia Industrial Centre in Batavia, New York was setup. 
Most of the early incubator emerged on the scene in the 
belief among corporations and universities that 
promotion of hi-tech start-ups are the catalysts for 
commercialization of high and medium-technology 
developments. The University City Science Centre was 
founded in Philadelphia, Pennsylvania with these ideals 
in 1964 (McKee, Conant, Varadarajan, & Mokwa, 1992). 
Business incubators are one of the newest tools on the 
enterprise development scene; A business incubator is a 
facility that provides affordable space, shared office 
services, and business development assistance in an 
environment conducive to new venture creation, survival, 
and early-stage growth (Allen & McCluskey, 1991). 
Beginning in 1973, the National Science Foundation 
supported a series of experiments with innovation centres 
through its experimental Research and Development 

Program (National Science Foundation, 1985). 
Subsequently, a large number of incubators emerged 
across the globe   and it became a movement. 

Entrepreneurship is a key factor for the survival of 
small scale farming in an ever-changing and increasingly 
complex global economy. Entrepreneurial activities such 
as innovations, entrepreneurial behaviour and networking 
are identified as important for enterprise development in 
an economy. Entrepreneurial behaviour has been 
examined mainly from the psychological point of view 
that focuses on personal traits of an entrepreneur. The 
improvement of entrepreneurial skills in agriculture is an 
important condition to generate sustainable rural 
development. A startup is a young company which could 
be an entrepreneurial venture or a new business, a 
partnership or temporary business organization designed 
to search for a repeatable and scalable business model. 
India is amongst the top five countries in the world in 
terms of high number of startups. While US ranks number 



one on the list with 83,000 plus startups. Among the 
Indian business startups, there are 4300 plus technology 
based startups and 5700 plus non technology based 
startups (The Government of India, 2017). The Indian 
government has introduced over 50 plus startup schemes 
in past few years. Each startup scheme is missioned 
towards boosting the Indian startup ecosystem. In India, 
the number of startups is expected to reach over 12,000 by 
2020  (Thornton, 2017).

 According to Thornton (2017), the start-up funding 
in India has grown at a rapid pace in the last five years with 
investment values increasing to a CAGR of over 62 from 
57 percent of CAGR more than 57 percent from the year 
2012-2016. In India there are more than 60 percent of 
startups with corporate and independent accelerators 
focus on B2B customer segment (The Government of 
India, 2017). It shows the importance of startups 
entrepreneurs and their development. In order to incubate 
the startups Technology business incubators (TBI) have 
been initiated by government and several universities too. 
The technology business incubators help in providing 
services to those startups registered as a member. This 
study was made to examine the technology business and 
their impact in promoting startups.

Around the world, the need to promote Innovation 
and entrepreneurship awareness were increasing. The 
study of Scaramuzzi (2002) explained that Business 
Incubators increases the economic growth of the country 
by promoting startups. The need for technology business 
incubator (TBI's) has been recognized the world over for 
initiating technology-led and knowledge-driven 
enterprises. A study on effectiveness, efficiency and 
sustainability of incubators in India showed that such 
mechanism helped not only in the growth of technology 
based new enterprises but also in improving their survival 
rate sustainability (from 30 percent to over 70 percent) 
(Department of Science and Technology, 2017). Mian, 
Lamine and Fayolle (2016) indicated that Technology 
Business Incubation (TBI) as a field of study and practice. 
TBI also facilitates speedy commercialization of research 
outputs. TBI usually provide various services namely 
market survey/marketing assistance, business planning 
and training, organizing management/technical 
assistance, assistance, assistance in obtaining statutory 
approvals, information dissemination to product 
ideas/technologies, syndicating finances, arranging legal 
and IPR services, etc. Whereas Pauwels, Clarysse, Wright 
and Van Hove (2016) studied about new generation 
business incubators, known as accelerators which provide 
would also help in accelerating businesses of their 
members but not much established as Technology 
Business Incubators Thus, TBI besides providing a host 
of services to new as well as existing enterprises also 
facilitate an atmosphere congenial for their survival and 
growth. The main objective of the paper was to study the 
entrepreneurial development of start-ups registered in 
Technology Business Incubators in Tamil Nadu.

METHODOLOGY
The study was purposively focussed on agro startups 

situated at western zone of Tamil Nadu, Coimbatore and 
Erode district. The reason was that technology business 
incubators for agro startups were established by Tamil 
Nadu agricultural University, Bannari Amman Institute of 
Technology and PSG College of technology which were 
situated in western zone of Tamil Nadu. Simple random 
sampling method was adopted to select the respondents 
from the Technology Business Incubator situated in 
Western zone of Tamil Nadu. Out of total population 200, 
one-fourth of them were selected as sample respondents 
from each zone (Table 1). Totally 50 respondents were 
selected for the study. From these 50 agro startups were 
personally interviewed for the study. The data were 
collected from the selected samples and analysed to 
evaluate the entrepreneurial development of the start-ups 
registered in Technology Business Incubator. The data 
were collected using a well-structured and pre-tested 
interview schedule. 
Percentage Analysis

The percentages and averages will bewere worked 
out to evaluate and map the startups. Profile 
characteristics of startups like age, gender, education, 
previous work experience, ownership were analyzed with 
percent analysis.  The percentages were corrected to 
decimal. The profile characteristics were studied to 
document the start-ups registered in Technology Business 
Incubators which provided the basic information's of the 
agro startups. 
Paired t-test

A paired t-test is was used to compare samples before 
and after the adoption of the services. It was used to will 
help to compare the samples and to make the valid 
conclusion for the study. The paired t-test analysis was 
will be used to identify the entrepreneurial development 
of startups. Data on before and after joining technology 
business incubator was considered will be used to 
calculate the mean difference using paired t-test. Data on 
production return on investment, status of competition, 
access to credit, loan repayment capacity and business 
expansion in respect with before and after joining 
Technology Business Incubators. And if the mean 
difference was positive then it could be concluded that 
there was a positive effect and if there was a negative 
mean difference then it could be concluded as negative 
effect in entrepreneurial development.  
RESULTS AND DISCUSSION 
Personal Characteristics of the Respondents

The respondents were selected from various 
Technology Business Incubators as mentioned above and 
their profile characters viz age, gender, education, 
previous work experience, Source of fund and ownership 
was studied. Major share of the respondents (52 percent) 
were found to be more than 45 years, eighty-eight percent 
were found to be male.  Majority of the respondents (70 
percent) possessed graduation; forty percent of 
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respondents had revealed that their previous work 
experience is highly related to present business. About 54 
percent of the respondents used their own source of fund 
for starting their business. 
Impact of Business Incubators 

The perusal of Table 2 revealed that there was a 
difference between the mean values before joining the 
business incubator and after joining the incubator has 
strongly increased compared to the earlier periods. The 
mean difference was observed to be 5.54 and addition to 
this the p-value was less than 0.05 and hence it could be 
concluded that there was a significant difference between 
the start-ups before and after joining the Technology 
Business Incubators. The results further revealed that the 
there was an entrepreneurial development among the 
start-ups. There was a considerable difference was 
observed between two periods that is before and after 
joining Business Incubator (Table 2).   

It was mainly because the start-ups were provided 
with various services and supports by Technology 
Business Incubator. The start-ups were availed various 
services and training programs in networking, marketing, 
technology transfer, infrastructure facilities, and financial 
support. It could be concluded that the start-ups were 
effectively utilizing the technology business incubator 
services. These findings were in consonance with 
Ratinho, Harms and Groen (2010) which also 
demonstrated that the Business Incubators (BI) provided 
a variety of initiatives to stimulate economic growth by 
promoting and creating new companies. Lichtenstein and 
Lyons (2001) reported the business talents should be 
transformed in order to obtain entrepreneurial 
development. Here the business incubators help start-ups 
to transform their ideas for entrepreneurial development. 
In addition to this technology business incubator played a 
major impact providing timely needs, facilities and 
supportive services. This study was supported by the 

research findings of Khanka (2006) indicated that 
business incubator services played a vital role in start-ups 
development. From the above discussion it could be 
inferred that there was a positive effect of Business 
Incubators and hence entrepreneurial development of the 
start-ups are also positive. 

The perusal of Table 3 showed that perceived opinion 
of the before and after effect of business incubator 
services in start-ups registered in technology business 
incubator with respect to the variables production, return 
on investment, status of competition, access to credit, loan 
repayment capacity and business expansion. It could be 
observed that the mean value of all the variables after 
joining technology business incubator were high when 
compared to before joining. The results further revealed 
that there was a positive effect on start-ups by Technology 
Business Incubator. There was a significant difference 
was observed between startups before joining and after 
joining the Technology Business Incubator. Thus, it could 
be inferred there was an increasing entrepreneurial 
activities resulted in entrepreneurial development with 
the help of services and supports obtained from 
technology business incubator.  Incubators with higher 
levels of government ownership tended to provide a range 
of financial services to incubatees that were qualitatively 
different from the ones provided by incubators with lower 
levels of government ownership and funding (Chandra, 
He & Fealey, 2007). More the financial support, the 
startups can make easy business establishment. And 
regarding startup success Eisenmann, Ries and Dillard 
(2012) concluded that entrepreneurs based on test 
feedback of their product entrepreneurs must then decide 
whether to preserve with their business model which 
would reduce the failure of startups. Makhbul and Hasun 
(2010) confirmed that ability of entrepreneurs to access 
information was the major factors which significantly 
influenced the entrepreneur's success.

Technology business incubators Total 
respondents

Selected 
respondents

Tamil Nadu Agricultural University, TBI, Coimbatore 60 30

Bannari Amman Institute of Technology, TBI, Sathyamangalam 40 19

PSG college of technology, Coimbatore 1 1

Total 105 50

Table 1. Selection of sample size

Category Mean SD SE t-value p-value

Before joining business incubator 9.62 1.83 0.26
***-16.55 0.00

After joining business incubator 15.16 2.34 0.33

Mean difference 5.54 0.513 0.07

Table 2. Distribution of respondents according to the impact after joining business incubation
(n=50)

***Significant at the 0.01 level.

571

Reyani et al.: The impact of technology business incubators in entrepreneurial development of start-ups



The perusal of Table 4 revealed that most of the 
respondents were actively participated in all the capacity 
building programmes conducted by Technology Business 
Incubator. Bruneel, Ratinho Clarysse and Groen (2012) 
reported that the technology Business Incubator services 
were more concentrated in Technovation development of 
their start-up members through their various services. 
Grimaldi and Grandi (2005) reported the incubators 
should provide range of services to satisfy the needs of 
incubatees like start-ups. Similarly, capacity building 
programmes like business plan workshops, training on 
marketing, human resource management, finance and 
training on technology, venture capital financing, and 
guest lectures were also provided to start-up companies 
registered as member in Technology Business Incubators. 
Baum, Calabrese and Silverman (2000) reported that the 
start-ups could enhance their performance during early 
days with the help of the business incubators and by 
utilizing their services regularly. This study supports that 
more active participation in business events will causes 
improved performance in business. 
CONCLUSIONS AND POLICY 
RECOMMENDATIONS

Major share of the respondents (52 percent) were 
found to be more than 45 years, eighty-eight percent were 
found to be male.  The majority of the respondents (70 

Category Before After

Production 93 129

ROI 87 122

Status of competition 82 128

Access to credit 83 128

Loan repayment capacity 78 122

Business expansion 72 129

Table 3. Impact of business incubator services on start-
up before and after joining technology business 
incubator

Source: Primary Survey, 2018.

Particulars Active 
participants

Less 
participation

Business plan workshop 84 16

Training on marketing 86 14

Training on human resource 
management

66 34

Training on finance 76 24

Technology related training 78 22

VCF training 78 22

Infrastructure meet 78 22

Guest lectures 86 14

Table 4. Distribution capacity building programmes 
according to the respondent's participation

Source: Primary Survey, 2018.

percent) possessed graduation; forty percent of 
respondents had revealed that their previous work 
experience was related to present business. About 54 
percent of the respondents used their own source of fund 
for starting their business. The results revealed that there 
was an effective role of technology business incubators in 
entrepreneurial development of start-ups. It was found 
that increasing entrepreneurial activities resulted in 
entrepreneurial development with the help of services and 
supports obtained from technology business incubator. 
The Technology Business Incubators promotes startups 
towards entrepreneurial development and government 
should take proper implications to establish more number 
of incubators. The start-ups utilize the technology at right 
time for better improvement of business. Also, Phillips 
(2002) reported that the technology transfer promotes 
more startups towards success. Moreover, the training for 
students and young generation would motivate many 
persons to become entrepreneurs. Vanderstraeten and 
Matthyssens (2012) suggested that the change in internal 
and external alignment of business incubator and its 
services may cause positive change in its start-up 
member's development. More thrust should be given to 
develop young and women entrepreneurs by the way of 
providing flexibility in loan process, government 
schemes would help to promote more startup companies. 
Education is an important factor to promote startup 
entrepreneurs. So inclusion of entrepreneurial oriented 
courses would result more startups. 
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ABSTRACT
The present study was taken up to analyze the adoption behaviour of poplar cultivation in Punjab. The study is based on the primary 
data collected from a sample of 92 farmers consisting of 60 adopters and 32 non-adopters of agro-forestry from four clusters of 
villages from Ludhiana and Ropar districts of Punjab state. The data were collected for the year 2013-14. Logistic Regression 
Model was used to empirically quantify the relative influence of various socio-economic variables in the adoption of agroforestry 
system. The socio-economic variables considered were age, education, farm size, working members in agriculture, source of 
motivation, extension contacts and off-farm income of the farmers. The analysis brought out that the age, education and extension 
contacts of the sample farmers were positively correlated with adoption behaviour, whereas working members in agriculture, farm 
size, the source of motivation and the off farm income was negatively correlated with the adoption behaviour of poplar cultivation. 
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INTRODUCTION
Punjab occupies only 1.5 per cent of country's 

geographical area but contributes 51 and 33 per cent of 
rice and wheat respectively, to the central pool of food 
reserve. The excessive use of agrochemicals in rice and 
wheat rotation has depleted and deteriorated soil health 
and water resources in the state (Sidhu, 1998). 
Diversification in rice-wheat crop rotation has strongly 
been advocated in irrigated agro-ecosystem (Aulakh, 
2005a&b; Johl, 2005). Agroforestry is one of the land 
husbandry gaining importance as an approach for 
diversifying traditional agriculture. The unmatchable 
advantages and implications of this land use system have 
precipitated the recent concerned interest in agro-forestry 
all around including India. Agroforestry offers not only a 
sustained productivity but also its sustainability over the 
longer period. It buffers against the vagaries of climate 
through its unique way of amelioration of microclimate 
and reshapes the agro-ecosystem with enhanced stability 
and resilience. Global warming and associated problems 
of climate change have pressed the need for land use 
system that is more dependable in production and more 

sustainable in the terms of resource conservation to 
ensure food security (Nair, 1991; Sanchez, 1995; Singh, 
1999; Lal, 2004; Srinidhi, Chauhan & Sharma, 2007). 
The theme of agro-forestry centred on sustainability in 
terms of economics (productivity and profitability), 
ecology (environmental and resource conservation) and 
social issues (food security, health and safety) that make it 
an unparallel land use system (Pandey, 2007). The current 
interest in agroforestry in India has transformed the land 
use system in terms of economic sustainability. 

The adoption of any new system depends upon the 
user's awareness, attitude, perception, capacity to take 
risk and capacity to overcome the constraints. The choice 
of trees for agroforestry system depends upon the purpose 
of the farmer whether to grow them for personal or 
industrial use. Farmers concern is the ultimate 
profitability from the system and he will adopt an 
alternative to traditional crop rotations only if it assures 
higher returns. Sharma and Kumar (2000); Nouman, 
Khan, Farooq and Jamal (2008); Chauhan, Nanda and 
Brar (2009) have reported that in spite of good economic 
realization from poplar based agroforestry systems, 
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farmers fail to adopt the intervention due to low 
awareness, unfavourable attitude and lack of capacity to 
overcome constraints, such as landholding, technical 
know-how, financial support, extension contacts, etc. The 
present study was undertaken to analyze the influence of 
various socio-economic variables on adoption behaviour 
of poplar based agro-forestry system in Punjab.
METHODOLOGY

The present study is based on primary data collected 
from adopters and non-adopter farmers of agro-forestry 
of Punjab state. Ludhiana and Ropar districts had a higher 
concentration of poplar as compared to the other districts 
of the state, so these two districts were selected for the 
study. At the second stage of sampling, two clusters of 
villages each comprising of four/five villages were 
selected from the selected districts. In the third stage, 
fifteen adopters and eight non-adopters of agro-forestry 
were selected from each selected clusters. A total sample 
of 92 farmers (60 adopters and 32 non-adopters) covering 
twenty villages, four clusters and two districts of Punjab 
state was finally chosen randomly. The data on various 
socio-economic characteristics such as age, education, 
farm size, working members in agriculture, off-farm 
income, the source of motivation, extension contacts etc. 
were collected for the reference year 2013-14. Simple 
averages and percentages were used to depict the socio-
economic profile of sample households in the 
agroforestry system.

Logistic Regression Model was used to empirically 
quantifying the relative influence of various socio-
economic parameters in adoption of agro-forestry system. 
The study postulated that the probability of a farmer 
adopting agro-forestry system depends on socio-
economic variables such as age, education, farm size, 
number of members working in agriculture, income from 
subsidiary occupations, source of motivation, and 
extension contacts. The index variable L  indicating i

whether a farmer adopted new technology was expressed 
as a linear function of the independent variables. Thus, the 
logit regression model has been specified as follows:

L  = B + B X + B X + B X + B X + B X + B X + i 0 1 1 2 2 3 3 4 4 5 5 6 6 

B X  + U7 7 i

X  = Age of the head of the household (years)1

X = Education of the head of the household (above 2 

secondary level = 1; otherwise = 0)
X = Farm Size (Acres)3 

X = Working members in agriculture (No.)4 

X = Extension contacts (if Yes = 1; if No = 0)5 

X = Source of motivation (if Yes = 1; if No = 0)6 

X = Off-farm income (if Yes = 1; if No = 0)7 

B = Constant0 

B  to B  = Parameters to be estimatedi 7

U = Error termi 

RESULTS AND DISCUSSION
Socio-economic Characteristics of Sample Farmers

The socio-economic characteristics of farmers have 

great bearing on adoption of new technologies/techniques 
of production. Important socio-economic characteristics 
of both adopters and non-adopters of the agro-forestry 
system have been depicted in Table 1. Among the sample 
household's maximum concentration of farmers was in 
the age group of 41-50 years among both adopters and 
non-adopters of agro-forestry. Education-wise, the 
distribution of farmers showed that adopters of the agro-
forestry system were comparatively more educated; the 
household head with the qualification of +2 and above 
was 23.34 and 31.25 per cent in case of adopters and non-
adopters of agro-forestry respectively. The size of the 
family was an important factor to determine the family 
labour force; most of the sample respondents came in the 
family size of 4-6 members which came out to be 63.33 
and 56.25 per cent farmers in the case of adopters and non-
adopters of agroforestry system, respectively. 

It was observed from the data given in Table 1 that in 
case of adoption of poplar based agro-forestry system had 
equal proportion of number of farmers i.e. 33.33 per cent 
among small (upto 5 acres), medium (5.01-25 acres) and 
large (>5 acres) farm size categories, respectively. 
Compared to adopters, the highest proportion, 34.37 per 
cent of the non-adopters of agro-forestry had a large (>25 
acres) and medium (5.01-25 acres) operational land 
holdings and about 31.25 per cent of non-adopters of 
agroforestry system had small operational land holdings 
(upto 5 acres). It may be concluded that most of the 
farmers fell in the category of large land holdings (>25 
acres) in case of adoption and non-adoption of poplar 
based agroforestry system. The average number of 
members working in agriculture was higher in adopter 
category than non-adopters of the agroforestry system. 
The distribution of adopters of an agroforestry system 
according to different sources of access to extension 
services has been given in Table 1. The source of contacts 
namely, visits to PAU, visits to Kisan melas and visits to 
experts, etc. The higher percentage of adopters of agro-
forestry explored these sources to update their knowledge 
related to different new technologies in poplar cultivation 
and found a solution for different problems faced in 
poplar cultivation than their counterparts of non-adopters 
of agro-forestry.
Source of Motivation for Agro-forestry system

The perusal of Table 2 showed the poplar growers' 
source of motivation regarding agro-forestry. The sources 
of motivation for agro-forestry indicated by the farmers 
were both institutional and non-institutional such as 
relatives/friends, Fellow farmers, self-motivation and 
Agriculture Departments, etc. The perusal of Table 2 
showed that 35 per cent of the farmers got motivation for 
poplar plantation through fellow farmers. As much as 30 
per cent farmers started poplar plantation by self-
motivation, followed by 20 per cent of the farmers was 
motivated by relatives and friends for poplar plantation. 
Only 15 per cent of them started poplar plantation 
motivated by agriculture departments. Therefore, fellow 
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farmers emerged as the power source of motivation for 
poplar plantation. Thus, the demonstration effect in this 
regard was much stronger than the other factors.
Factors Affecting the Adoption Behaviour

A functional analysis using Logit Model was carried 
out to identify the probability of dependence of adoption of 
agroforestry system on various socio-economic 
parameters of the selected farmers (Table 3). The 
parameters included were age, education, farm size, 

Socio-economic parameters Adopters               Non-adopters

Number Per cent    Number                 Per cent

Age (Years)
<30 2 3.33 1 3.12
31-40 22 36.67 10 31.25
41-50 27 45.00 15 46.88
>50 9 15.00 6 18.75
Education (No. of years in school)
Illiterate 1 1.67 - -
Up to matric 45 75.00 22 68.75
10+2 and above 14 23.34 10 31.25
Family size (No. of members)
<4 6 10.00 2 6.25
4-6 38 63.33 18 56.25
>6 16 26.67 12 37.50
Category- wise size of operational land holding (Acres)
Small (upto 5 acres) 20 (3.25) 33.33 10 (3.35) 31.25
Medium (5.01-25 acres)   20 (15.40) 33.33   11 (15.00) 34.37
Large (>25 acres)   20 (43.60) 33.33   11 (30.82) 34.37
Working members in agriculture (No.)
1-2 34 56.67 23 71.87
3-4 26 43.34 9 28.12
Extension contacts of sample farmers
Visits to PAU 32 53.33 15 46.87
Visits to Kisan melas 14 23.33 8 25.00
Visits to experts 14 23.33 10 31.25

Table 1. Important Socio-economic profile of the sample farmers

Figures within the parentheses are average size of operational holding.

Particulars   No. of farmers   Per cent*

Relatives/Friends 12 20.00
Fellow farmers 21 35.00
Self-motivation 18 30.00
Agri. Departments 9 15.00
Total 60 100.00

Table 2. Source of motivation for agro-forestry among 
the adopter farmers

*Multiple responses.

Variables   Coefficients Antilog of coefficients 95 percent wald confidence limits

Age 0.0675* 1.0698 1.001 1.155

Education                             0.3973** 1.4878 1.095 2.102

Farm size
NS-0.0456 0.9554 0.901 1.008

Working members in agriculture   -0.4556** 0.6340 0.403 0.951

Extension contacts 1.4839** 4.4101 1.311     16.338

Source of motivation NS-0.3674 0.6925 0.193 2.330

Off-farm income -1.6724** 0.1877 0.031 0.899

Log-likelihood ratio test 2 2            ÷ = 34.0820                            Pr > ÷ <0.0001

Table 3. Parameter estimates for Logit model

** and * significant at 5 and 10 percent level.
NS: Non-significant.
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number of members working in agriculture, income from 
other sources than crop income, the source of motivation 
and extension contacts. All variables together have a 
highly significant effect on adoption of agroforestry as 
likelihood ratio statistic is 34.0820 with a p-value of about 
0.0001 which is very small. The variables such as age, 
education and farmers having extension contacts 
enhanced significantly adoption of the agroforestry 
system. The adoption of agroforestry system has improved 
by 4.41, 1.49 and 1.07 times with extension contacts, 
education and age of the farmers, respectivley. Similar 
trends were reported by Sharma and Kumar (2000). The 
variables working members in agriculture and off-farm 
income exhibited significantly negative impact on the 
adoption of agroforestry system. Source of motivation and 
farm size has a negative, but non-significant impact on the 
adoption of agroforestry.  Thus, age, education and 
extension contacts of the farmer showed a positive and 
significant impact on the adoption of agroforestry system. 
The extension contacts found to be influencing the 
adoption of agroforestry with highest probability followed 
by education and age factors. Same trends were also 
recorded by Kaur, Sekhon, Mahal and Arora (2016).
CONCLUSIONS

It can be concluded that the farmers who were more 
educated with extension contacts favoured the adoption 
of agroforestry system. While introducing new 
technique/method or practice in agriculture there is need 
to create awareness among the farmers. There are 
different ways to introduce new practices; the present 
study revealed that farmers' extension contacts can play a 
pivotal role in influencing the behaviour of farmers 
towards the adoption of agroforestry system. The 
adoption of new practices involved both production and 
market risks, was not preferred due to lack of financial 
support. To encourage the agro-forestry system, farmers 
should be supported by providing financial and 

institutional back-up.
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ABSTRACT
The paper attempts to summarise different works on vulnerability aspects (physical and social) of urban flooding carried out by 
earlier researchers. Like any hazard, flood vulnerability too is determined by the exposure, sensitivity and coping capacities by 
affected agents. The nexus between economic development and urban flooding is an essential component of vulnerability. The 
literature revealed that as economic development occurs, unplanned urbanization in absence of adequate institutional mechanism 
was detrimental to frequent occurrences of floods in urban centres. The causal factors, impacts, methodological aspects are 
integrated which will provide a basis for designing flood management.
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INTRODUCTION
Flooding is one of the most devastating natural 

hazards on earth. The frequency and impacts of flooding 
have increased over the past decades in many regions of 
the world (Dankers et al., 2014; Hall et al., 2014; Svetlana, 
Radovan & Jan, 2015). In 2010, flooding affected 178 
million people worldwide (Jha et al., 2011). According to 
the US National Hazard Statistics, flooding is the topmost 
weather-related killer over a 30-year average (National 
Weather Service, 2014; Hardy et al., 2016). One-third of 
economic losses from natural hazards in Europe is 
attributed to flooding (Moel & Aerts, 2011; Garrote, 
Alvarenga, & Herrero, 2016). It poses significant 
exposure to vulnerability for individuals and organisations 
across the UK; the 2007 floods led to the greatest loss of 
essential services since World War II (McGuinness & 
Johnson, 2014).  Urban flooding is usually much more 
damaging because of higher concentration of assets and 
population making management of the situation more 
costly and complex (Pereira, Diakakis, Deligiannakis, & 
Zezere, 2017; Diakakis, Deligiannakis, Katsetsiadou & 
Meleki, 2017). The vulnerability of urban flooding is 
enhanced by the increased unplanned growth of 
population. Due to small drainage basins in most of the 
urban centres, vulnerability impacts on the society are 

1substantial (Hardy et al., 2016). All types of flood  the 
event may occur in urban locations-regular seasonal 
riverine flood, flash flood, groundwater flooding and 
coastal floods (World Bank, 2011). In 2005, top five cities 
in terms of vulnerable population from flood hazard are 
Mumbai (India), Guangzhou (China), Shanghai (China), 
Miami (USA) and Ho Chi Minh City (Vietnam). In terms 
of exposed assets to flooding, the most vulnerable city was 
Miami followed by Greater New York (USA), New 
Orleans (USA), Osaka- Kobe (Japan) and Tokyo (Japan). 
The vulnerability of assets costs to the US $ 3000 billion 
worldwide which was 5 per cent of global GDP (Nicholls 
et al., 2007). Both living and non-living components are 
vulnerable to urban flooding. The study of vulnerability 
aspects of urban flooding is very much relevant in the 
context of its frequent occurrences and effects in urban 
centres (Spitalar et al. 2014; Karagiorgos, Thaler, Heiser, 
Hube & Fuchs, 2016). 

1Flood don't necessarily imply flooding. Flood is a temporary condition of 
surface water in which water level and/or discharge exceeds a certain 
value, thereby escaping from its natural confines (Munich Reinsurance 
Company, 1997) while flooding is overflowing of the normal confines of 
water bodies resulting in heavy precipitation through lack or exceeding of 
discharge capacity of drains which affect areas not normally submerged 
(Douben & Ratnayake, 2005).



The paper aims at summarizing and analyzing the 
research works on vulnerability aspects of urban flooding 
carried out by earlier researchers. The paper incorporates 
both physical and socio-economic aspects of urban 
flooding. An attempt has been made to study the nexus 
between economic development and frequent 
occurrences of flooding in urban centres which is rarely 
found in the literature on flood vulnerability studies. The 
linkage study is very much fruitful in designing 
institutional structures underpinning flood management.

 The paper is divided into eight sections. The first 
section deals with the background while the relationship 
between economic development and occurrences of 
floods has been discussed in the second section. The third 
section revolves around the types of the flood in urban 
centres. The definitional aspects of vulnerability are 
analysed in the fourth section followed by the analyses of 
vulnerability effects of urban flooding in the subsequent 
sections. The seventh section deals with data source and 
methods used in different studies of flood vulnerability 
followed by the conclusion in the last section.
Economic Development and Urban Flood 

As the process of urbanization took momentum, new 
residential expansions, commerce and industry grew to 
heterogeneous areas and there was a rapid change in rural 
to urban land use (Saxena, 2001). Loss of agricultural 
land was an inevitable outcome of this rural-urban land 
transformation process (Fazal, 2000). Land use changes 
as a consequence of rapid urbanization not only affected 
agricultural land but also it had a serious impact upon 
urban green spaces. With the expansion in economic 
activities, migration occurred on a large scale with 
increased demand for land for residential and commercial 
purposes. Negative relationship between rapid 
urbanization and urban greenery was observed (Bhaskar, 
2012). Moreover, some other issues like international 
trade, climate change, and wildlife habitat were also 
interlinked and drawing attention (Lubowski, Platinga & 
Stavins, 2008). Destruction of urban greenery always 
raised the question of managing urban sustainability. With 
the progression of urbanization and civilization process, 
natural hazards were frequent (Qi, & Zhang, 2010; 
Daramola & Ibem, 2010). Urban agglomeration in 
developing countries always resulted in regional 
imbalance but in the developed world, urbanization was 
the result of rapid development and modernization with 
less negative impacts (Idown, 2013). The study revealed 
that changes in land use pattern as a result of urbanization 
adversely affected the developed countries like the USA. 
Roads and buildings constructed in flood-prone areas 
were exposed to increased flood hazards and erosion. 
Since urban land was used for constructing road and 
buildings removing vegetation, it was not able to absorb 
sufficient rainfall and snowmelt causing floods (Konrad, 
2003). Urban land was subjected to very much prompt 
transformation due to intensive resource use and waste 
production. It caused significant damages to ecosystem 

 

services causing numerous environmental problems in 
urban hubs (Kumar, 2009). Although different new 
opportunities were brought forth by urbanization in terms 
of new ventures for employment and modernization yet 
increasing threat to the environment cannot be ignored. 
The third world countries were adversely affected by 
urbanization induced rapid land transformation 
consequence upon various social and environmental 
changes (Nyambod, 2010).
Types of Urban Floods

Based upon the sources of occurrence, the urban 
flood can be classified into different groups like rain 
based, snow based, mixed based and ice based floods. 
Most of the rain based floods were both normal flood and 
flash flood. Both can be differentiated by virtue of the 
differences in the timing of occurrences and impacts upon 
earth surface. Due to of the rapidity and suddenness of 
their onset and high intensity over a relatively small 
geographic area, flash floods posed a significant threat to 
human systems. Normal flood affected larger areas, 
resulted in lower casualties (Jonkman, 2005; Jonkman & 
Vrijing, 2008; Bodoque et al., 2016). Flash flood was a 
rapid flood caused by heavy rain and different from 
regular flood regarding short time scale, quick evolution 
and occurred due to a few hours of heavy rainfall (Naulin, 
Payrastre & Gaume, 2013). Flash flood in particular was 
due to its salient features as reflected in associated effects 
(Garrote, Alvarenga, & Herrero, 2016). The features 
included shorter reaction time as the flow of water comes 
within a minute even (timeless event), the frequent 
reaching of maximum depth exhibiting steep almost 
vertical hydrograph curves, entirely volatile changes in 
flow regime, higher possibility of erosion, transport and 
deposit of wastes and increased risk of blockage of drains 
and dam failure.

Growing urbanization is one of the major factors of 
occurrences of flash floods. But another significant 
question whether urban flood is normal or flash one. Can 
normal flood occur in urban locations or is there flash 
flood the only possibility there? The answers to these 
questions lie in the fact that floods were natural. The 
problem arose when human habitation coincides with 
occurrences of floods. There were much more instances 
that urbanization was linked up with rivers. There were a 
number of metropolis and cities located in and around the 
rivers. The river-based flooding was a part of the system 
in urban centres located on the banks of the rivers.  The 
duration and frequency in relation to natural characteristic 
determined the type of flooding in urban areas- a normal 
flood which is called 'flood' in common parlance or flash 
flood (Geis & Steeves, 1980). 

Different cities in the world experienced different 
types of floods as causes of occurrence (Svetlana, 
Radovan & Jan, 2015). Regular floods occurred due to the 
yearly monsoon in the countries like Bangladesh, China 
and Vietnam. The sudden flash floods were experienced 
in the countries Argentina, Bangladesh, China, Croatia, 
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Indonesia, Japan, USA, UK and Vietnam. The occurrence 
of rare floods was due to prolonged rainfall which resulted 
in frozen soil, poor drainage during typhoons or 
hurricanes. Croatia, Japan, and the USA were 
experiencing both this type of floods in their urban centres 
causing havoc during typhoons or hurricanes. 
Embankment failure caused by poor maintenance 
(Croatia) and river bank erosion (Bangladesh) were some 
other causes of occurrences of floods. The study also 
revealed that the most frequently flood-prone cities were 
Buenos Aires, Dhaka, Jakarta, Japanese cities, Croatian, 
and Chinese floodplains. 
Vulnerability: Concepts and Elements

Vulnerability refers to the negative consequences of 
natural hazards (Karagiorgos, Thaler, Heiser, Hube & 
Fuchs, 2016). The potential for loss or damage in any 
natural hazard was vulnerability. Different groups of 
people were affected differently by the occurrences of 
hazards. The poor and rich urban neighbourhoods were 
subjected to diverge with respect to the types of hazard 
they faced and the degrees of risk exposure to (Mitchell, 
1999). The decisive factor determining the degree to 
which a person, a society, a region was affected, termed as 
a vulnerability. Vulnerability has two components such as 
exposure and coping capacity. Exposure refers to all 
elements- living or non-living facing the impacts of a 
natural hazard, the living things like human beings, floras 
and faunas and non-living things like buildings, assets and 
other structures were included. The coping capacity was 
the ability of the individual or the society to deal with the 
impacts of natural hazards (Parker, 1995; Welz et al. 
2010). Different functional forms and formulae were used 
to define vulnerability in different works.

Vulnerability = f (D, T, S) (Parker, 1995)

 Vulnerability=       (Chardon, 1999)

Vulnerability= E+R+Re (Daungthima & Kazunori, 
2013)

Where,
D = Dependence E= Exposure
T= Transferability R= Resistance
S= Susceptibility Re= Resilience 
Vulnerability studies comprise two dimensions, 

Types Physical vulnerability Social 
vulnerability

Implications

I High Low High degree of coping capacity of the society, adverse impacts 
upon property and infrastructure.

II High High Less coping capacity, more off-putting shocks, multi-hazard 
environment.

III Low Low  High coping capacity, fast recovery, resilient society.

IV Low High  Deficiencies in a local network system, inadequate demographic 
composition, less coping.

Table 1. Types of flood vulnerability

Source: Karagiorgos, Thaler, Heiser, Hube & Fuchs, 2016.

Risk
Hazard

Physical and Social. Natural scientists regard 
vulnerability in terms of physical damages or material 
damages indicating risk exposed as a consequence of a 
natural hazard (Fell et al., 2008). Social scientists view 
vulnerability as a set of socio-economic factors 
determining the society's coping capacity after a hazard 
(Cutter, Boruff, & Shirley, 2003; Birkmann, 2007; 
Menoni, Molinari, Parker, Ballio & Tapsell, 2012). There 
was a need for an integrated approach to assessing 
vulnerability including both physical and social 
dimensions. Karagiorgos, Thaler, Heiser, Hube & Fuchs, 
(2016) identified four scenarios of flood vulnerability.
Physical Vulnerability of Urban Flooding: Causal 
Factors and Impacts

Physical vulnerability of urban flooding refers to 
material damages from flooding in terms of housing, cars, 
roads and other assets in urban locations. The degree of 
exposure of housing or building to urban flood mainly 
depends upon its ground floor altitude. The frequency and 
depth of flooding experience were largely influenced by a 
small change in altitude. As more and more settlements 
were spreading in low lying flood prone areas, they were 
becoming more exposed to physical vulnerability. As a 
result of increased living standard, more assets were 
acquired by people enhancing the risk of vulnerability 
(Parker, 1995). The reduction in exposure to physical 
vulnerability was possible only when the factors 
influencing a building's propensity to exposure can be 
identified (Diakakis, Deligiannakis, Katsetsiadou & 
Meleki, 2017). Attention must be paid to the factors such 
as the construction material, the position of the building in 
relation to the ground level, the adjacency to other 
buildings, the orientation to flow and other geometric 
properties, the number of storeys, basements and age of 
the buildings. Other influential attributes of physical 
vulnerability of buildings were windows underground 
level, ground conditions, the condition of the state of 
repair and presence of air-bricks vents and ducts.

The damage assessment of the 2010 flood in Pakistan 
showed that upper zone flood (93 percent of houses were 
damaged) was more severe than middle and lower zone. It 
caused serious damages to buildings and infrastructure 
and accrued large economic losses. Construction of 
houses and shops in river proximity made them more 
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vulnerable to floods (Mahmood, Khan, & Ullah, 2016). 
Road flooding was a very important issue. The road 
flooding depended upon precipitation, timing and 
intensity of flooding, drainage situation and topographic 
characteristics (Yin, Yu, Yin, Liu & He, 2016). When 
roads were disrupted due to flood, trapping or rise of open 
water in cars and other vehicles caused flood casualties 
(Dorbot & Parkar, 2007). Road mobility exposure during 
floods was much larger than residential exposure in urban 
locations (Debionne, Ruin, Shabou, Lutoff, & Creutin, 
2016). Not only residential houses and roads but also 
destruction of temples, mosques and educational 
institutions was caused by floods (Dewan, 2015).  
Social Vulnerability of Urban Flooding: Various 
aspects

Social vulnerability to hazards was higher in urban 
locations. The underlying reason was large concentrated 
population and a high degree of social stratification. 
Assessment of social vulnerability was very crucial in 
terms of analyzing social inequalities in post-hazard 
scenarios. The social network, post incident, security and 
other socio-economic and demographic indicators were 
very much keen for this purpose. The poor social network 
and security measures increased vulnerability towards 
post incident outcomes (Karagiorgos, Thaler, Heiser, 
Hube & Fuchs, 2016). In hazard studies, focussing upon 
social vulnerability added to efforts to mitigate natural 
hazards like floods. Community resilience and awareness 
was raised by developing a monitoring system based on 
social vulnerability (Armas & Gavris, 2016). Inclusion 
and quantification of human dimensions in hazard studies 
involved the construction of social vulnerability indices. 
It helped to identify the most vulnerable areas and key 
drivers of social vulnerability. Coping capacity, 
demographic characteristics, health, land tenure, 
neighbourhood characteristics, risk perception, socio-
economic status such as income, wealth, education, 
occupation were key indicators influencing the social 
vulnerability of flooding (Rufat, Tate, Burton & Maroof, 
2015). Besides, Antwi et al. (2015) added knowledge on 
climate, access to social services and migration rate to the 
list of major influencing factors. Migration was very 
much important in terms of changing socio-economic 
structures in flood-affected urban areas (Ebert, Welz, 
Heinrichs, Krellenberg, Hansurgens, 2010). Poverty 
exhibited significant implications on socio-economic 
vulnerability, a double risk factor. It compelled to live in 
flood-prone areas and on the other hand, fuelled to reduce 
capacity to face a post-disaster situation (Chardon, 1999).  
Health aspects of flood vulnerability were another subject 
of attention. Flood not only results in physical sickness 
but also created mental sickness. Sometimes such socio- 
tangible impacts were arising out some positive outcomes 
like stronger local association, remembrance of the 
previous situation resulting in the way to cope with, 
strong family bonding, etc. (Tapsell, Rowsell, Tunstall, & 
Wilson, 2002). 

Interactions between physical ,  poli t ical ,  
environmental, cultural and socio-economic factors 
influenced the magnitude of flood vulnerability in 
different regions with differential coping capacities. 
While discussing human impacts, Pakistan was the largest 
in terms of total people affected followed by India and 
Bangladesh respectively. Regarding mortality, India 
experienced the highest number of incidents followed by 
Pakistan, Nepal, Afghanistan and China respectively 
(Elalem & Pal, 2015). Different researchers made an 
attempt to analyze the social vulnerability of flooding 
including various aspects (Appendix 1).
Data Source and Methods

Hazard studies involved engineering, geographic, 
hydrological, social science approaches. The physical 
vulnerability of a hazard was assessed through 
engineering, geographic or hydrological approaches. But 
the inclusion of the human dimension to vulnerability 
studies involved social sciences approaches under 
consideration. Different researchers analyzed the 
vulnerability impacts of flooding using different 
approaches. Data sources and methods were basically 
determined by the approach chosen. Geographical 
approaches by different researchers (Daungthima & 
Kazunori, 2012; Elalem & Pal, 2015; Halounova & 
Holubee, 2014; Mahmood, Khan, & Ullah, 2016; Setyani 
& Saputra, 2016; Shields, 2016) involved the analysis of 
the effects of spatio-temporal changes to flood 
vulnerability using GIS and remote sensing. Inverse 
Distance Weighted Method (Arc GIS) was used in the 
studies (Jun et al., 2014; Mahmood, Khan, & Ullah, 2016) 
for plotting spatio-temporal maps for assessing flood 
vulnerability with regards to land cover changes. 
Halounova & Holubee (2014) used multitemporal 
radarsat data to assess flood vulnerability.  Both causes 
and damages of a flash flood in Pakistan were assessed by 
Mahmood, Khan and Ullah (2016) using both primary 
and secondary data. Primary data were collected from a 
field survey in flood-affected areas and secondary data 
were from Pakistan Meteorology Department and 
Population Census Survey of Pakistan. Simple additive 
weighting methods for flood mapping supporting GIS 
were used in the study (Setyani & Saputra, 2016). The 
vulnerability of coastal bridges due to occurrences of 
coastal floods was addressed using secondary data from 
the National Bridge Inventory (Shields, 2016).

Hydrological models proved to be useful for the 
assessment of the physical vulnerability of flooding. 
Birhanu, Kim, Jang and Park (2016) examined flood risk 
and vulnerability as a result of urbanization and climate 
changes using hydrological model.  Garrote, Alvarenga 
and Herrero (2016) used 2-D hydraulic model supported 
by econometric tools like maximum likelihood functions, 
a method of moments and probability weighted moments 
to quantify flash flood economic risks. The data sources 
used in the study were secondary collected from 
Directorate General of Land Registry, Spanish Ministry 
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of Finance and Public Administration. The impact of flash 
flood upon urban road network was evaluated through 
hydrological approach using 2-D inundation modelling, 
flood-depth dependent measure and hydrodynamic 
model (Yin, Yu, Yin, Liu & He, 2016). The data source 
was Shanghai Municipal Corporation, Shanghai Survey 
Bureau and GIS data, Ministry of education, East China 
Normal University. A combination of GIS and 
hydrological model was applied to primary data to 
examine the improvement of urban resilience to deal with 
flood risks (Bodoque et al., 2016). 

There are ample of studies using econometric 
approaches to study both the physical and social 
vulnerabilities of the flood. Panel estimation was used for 
secondary data to assess the economic drivers of land use 
changes in urban ecosystems (Kumar, 2009). Probability 
density functions used to analyse human impacts from the 
flash flood in the US from 2006 to 2012 (Spitalar et al., 
2014). The data were collected from the database 
available at http://blog.nssl.noaa.gov/flash/database. 
Analysis of variance (ANOVA) was used by many 
researchers (Mustafa, Marzuki, Ariffin, Salleh, & 
Rahaman, 2014; Lakhdar, Tayeb, & Boudersa, 2015) for 
the assessment of flood vulnerability. Some researchers 
used other econometric methods such as linear regression 
model (Jun et al. 2014), dynamic optimization model 
(Grames, Prskawetz, Grass, Viglione, & Blosch, 2016) 
and structural equations model for the assessment of flood 
vulnerability. A quantitative analysis based on primary 
data was done by Renald, Tjiptoherijanto and Suganda 
(2016) for establishment of the causal relationship 
between adaptation variables of city resilience and flood 
vulnerability.  Ajibade, McBean and Bezner-Korr (2013) 
used descriptive statistics, bivariate analysis and focus 
group discussions to study both patterns and resilience of 
women due to flooding using primary data. Vulnerability 
to flash flood due to road mobility was addressed by 
Debionne, Ruin, Shabou, Lutoff and Creutin (2016) 
through simple estimates and traffic attribution method.  

Many researchers (Saxena, Geethalakshmi, & 
Lakshmanan, 2013; Antwi et al., 2015; Karagiorgos, 
Thaler, Heiser, Hube & Fuchs, 2016; Pouya, Nouri, 
Monsouri & Lashaki, 2017) analysed social vulnerability 
through social sciences approach using indexing method. 
Indexing method helped to arrive at a vulnerability score 
for a specific indicator. Antwi et al. (2015) used a 
probability proportional to size (PPS) sampling to collect 
primary data. Focus group discussions, transact walks, 
mappings after the flood, key informant interviews were 
applied. Community Vulnerability Index (CVI) was 
developed by Saxena, Geethalakshmi, & Lakshmanan 
(2013) after using a weighted average of dimensional 
vulnerability indices. Pouya, Nouri, Monsouri and 
Lashaki (2017) developed Relative Vulnerability Score 
(RVS) aggregating three indices-Technical index (TI), 
socio-economic index (SEI) and population-environment 
index (PEI).  Karagiorgos, Thaler, Heiser, Hube and 

Fuchs, (2016) incorporated engineering approach to 
social sciences for integrated vulnerability assessment.  
The modified Weibull Model with the lowest root means 
squared error (RMSE) was selected for assessment of 
physical exposure of buildings. The integrated 
vulnerability index was calculated by taking a simple 
average of physical and social vulnerability scores. The 
data on physical damages were collected from Loss 
Assessment Reports, Earthquake Recovery Service of 
Greece, Ministry of Infrastructure, Transport & 
Networks, 2011 and data on socio-economic attributes 
were collected through the door to door survey in the 
flood affected area.

The qualitative studies based upon descriptive 
analysis were also done by some researchers (Ebert, Welz, 
Heinrichs, Krellenberg, Hansurgens, 2010; Okada, 
Haynes, Bird, Honert, & King, 2014; Dewan, 2015) for 
assessment of social vulnerability and associated effects 
of flooding. Using multitemporal remote sensing data and 
statistical data from the Chilean National Census of 
Population & Housing, Ebert, Welz, Heinrichs, 
Krellenberg, and Hansurgens (2010) related the 
anthropogenic factors and socio-environmental changes. 
Dewan (2015) dealt with secondary data for examining 
societal impacts of the flood in Bangladesh and Nepal. 
Again, the recovery and resettlement process after the 
flash flood was analysed (Okada, Haynes, Bird, Honert, 
& King, 2014) using both primary and secondary data. 
Descriptive analyses and focus group discussions were 
adopted. 

The vulnerability or negative consequences of urban 
flooding depended upon the intensity and magnitude in 
relation to space and time. But economic, psychological 
and social aspects of the affected population were other 
facets of flood vulnerability (Amaro, Gaya, Aran & 
Llasat, 2010; Creutin et al. 2013). Vulnerability to 
flooding events should be analyzed with respect to 
income class, ethnicity, gender, access to decision-makers 
and the availability of social assistance (Parker, 1995). 
Different researchers (Hardy et al., 2004; Satterthwaite, 
2003) were of the opinion that poor urban households 
were more vulnerable to natural hazard. The underlying 
reasons cited were poor people settling in hazard-prone 
locations and failure of local governments to include them 
in risk management programmes. However, Welz et al. 
(2014) found that it was not always true that poor 
individuals were more negatively affected by natural 
hazards such as floods. The poor mainly suffered material 
damages, the rich suffered immaterial damages. There 
was a close linkage between urban flood and creation of 
slums in cities. Due to economic losses after the flood, 
people move to more flood-prone and vulnerable areas 
like Riverside, low lying flood plains and hillsides to 
settle down there (Birhanu, Kim, Jang & Park, 2016).
CONCLUSIONS

While reviewing existing literature on vulnerability 
aspects of flooding the outcomes of earlier researches 
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were reported. Floods constituted an integral part of 
hazard studies. In recent years, economic development 
and increased urbanization contributed to frequent 
flooding (Geis & Steves, 1980; Lwasa et al., 2005).  
Rapid land use changes, improper drainage and city 
planning caused flash floods to occur in urban locations 
(Kumar, 2009; Nyambod, 2010; Surjya & Mudgal, 2012). 
The vulnerability of flooding involved exposure, 
resistance and resilience. The vulnerability of urban 
flooding was enhanced by the increased unplanned 
growth of population in cities (World Bank, 2011). The 
inclusion of human dimensions in terms of social 
vulnerability always paved way for resilience towards 
flood vulnerability (Armas & Gavris, 2016; Karagiorgos, 
Thaler, Heiser, Hube & Fuchs, 2016). Capabilities to 
recover from a disaster can be enhanced through the larger 
community's participation. The government initiatives 
are necessary but active public participation; increased 
preparedness and awareness lead to successful operation 
of city resilience planning (Madan & Routray, 2015; 
Renald, Tjiptoherijanto, & Suganda, 2016; Posner & 
Georgakakos, 2017). All these necessitate combined 
efforts from the state, NGOs and other social agencies for 
rehabilitation and resettlement of flood victims. Due to 
space scarcity, the process of resettlement in urban 
locations requires special attention in further studies. The 
relation between the impacts of flooding and social 
classes is very rarely addressed in the studies. Hence, 
future studies need to throw light upon the vulnerability 
impacts on social classes and social disparity in post 
hazard situation. Outcomes from such efforts will 
contribute to urban planning and flood mitigation in near 
future. Urban planning is becoming a challenge to the city 
planners for maintaining a proper balance between 
economic development and urban sustainability. 
Adequate drainage channels, regulation in built-up areas 
and proper sewerage treatment will contribute a lot to 
flood mitigation in cities. Besides such infrastructural 
improvements, it is very much essential to resettle the 
vulnerable groups settling in environmentally susceptible 
areas.
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Name of researcher 
and year

Study area Method Key findings

Antwi et al. (2015) Ghana Transect walk, key 
informant interview, 
GPS mapping

Migration rate is an influential factor affecting 
vulnerability. All communities are vulnerable towards 
access to social services. The vulnerability condition is a 
combined effect of interconnected ecological, socio-
economic, engineering and political indicators.

Bodoque et al. 
(2016)

Spain Hydrological 
modelling system, t-
test, cluster analysis

The social resilience level of population is low due to low 
awareness and risk perception. 

Dewan (2015) Nepal, 
Bangladesh

Descriptive method Adverse effects on human, crops, livestock, land, 
infrastructure deteriorating socio-economic condition of 
a country. Most of the flood losses are irreversible. 
Traditional/ indigenous knowledge plays a great role in 
the mitigation process.

Karagiorgos, Thaler, 
Heiser, Hube & 
Fuchs (2016)

Greece The econometric 
approach, an indexing 
method

Low physical and moderate socio-economic 
vulnerability are attributed to specific building 
regulations prevailed and relatively low economic losses. 
High-risk awareness, high use of local protection 
measures and coping capacity reduce the degree of 
vulnerability.

Pouya, Nouri, 
Monsouri & Lashaki 
(2017)

Iran Indexing method, 
Relative Vulnerability 
Score (RVS)

The urban zones surrounded by rivers are more 
susceptible to flood vulnerability. Assessing relative 
sense of vulnerability helps the inhabitants and 
governments aware of it.

Proag (2014) Descriptive method Inbuilt features should be made within the system facing 
hazard to enhance resilience. Introduction of either hard 
(strengthening measures) or soft (accessing inherent 
assets) resilience minimise the exposure. 

Rufat, Tate, Burton 
& Maroof  (2015)

Case studies (1997-
2013)

The degree of vulnerability varies with stages of a 
disaster. Demographic characteristics, socio-economic 
status, health are leading empirical drivers of social 
vulnerability to floods. Risk perception and coping 
capacity too influence social vulnerability.

Saxena, 
Geethalakshmi, & 
Lakshmanan (2013)

India GIS, Arc GIS, the 
Indexing method

The sensitivity and resilience of exposed population 
determine the magnitude and risk of coastal hazard. Local 
community participation is helpful in mitigation of 
vulnerability exposure.

Sherbinin & Bardy 
(2015)

New York, 
Mumbai

Principal component 
analysis, Social 
vulnerability index

There is differential exposure for different groups of the 
population. Economic losses are high for middle-income 
home owners but lower for renters in lower socio-
economic brackets. Self-help networks help to minimise 
the rate of mortality.

Spitalar et al. (2014) United States Probability 
distribution function, 
mapping

External factors such as population density, duration of 
flooding, area, time of occurrences affect the type and 
magnitude of flood damage.  

Tapsell Rowsell, 
Tunstall, & Wilson 
(2002)

England Focus group 
discussion, Social 
flood vulnerability 
index

Impacts of flooding are extensive and complex. Besides 
monetary losses, socio-psychological features (tangible 
and intangible) determine the success of flood defence 
measures.

Appendix 1.  Key studies on the socio-economic vulnerability of urban flooding
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CITATION EXAMPLES APA FORMAT
Single author

1. Use only the surname of the author followed by a comma and the year of publication:
(Matthews, 1999).

2. Include page, chapter or section numbers if you need to be specific. The abbreviation for page is p. and the 
abbreviation for pages is pp.: Matthews discusses the role of drawings in the psychological evaluation of 
children (1979, pp. 34-35).

3. OR… in the psychological evaluation of children has been studied elsewhere (Matthews, 1979, pp. 34-35).
Two authors

1. Cite both authors every time you cite within the text.
2. Separate the authors' names in the citation with an “&”:(Lawson & Green, 1997, pp. 34-35).
3. When the authors' names are incorporated into the text the “&” is replaced with “and”. Always cite both names 



every time the reference occurs in the text:Lawson and Green (1997, pp. 34-35) were unable …
Three or more authors

1. The first citation in the text of a work with three, four or five authors gives the surnames of all the 
authors:Wasserstein, Zappulla, Rosen, Gerstman and Rock (2004, p. 301) have found … OR
… as has been found in a previous study (Wasserstein, Zappulla, Rosen, Gerstman & Rock, 2004, p. 301).

2.  In subsequent citations in the text, only the surname of the first listed author is used, followed by the 
expression “et al.” which means “and others”:Wasserstein et al. (2004, p. 301) have found…

3. If there are six or more authors, only the surname of the first author is used, followed by et al.:
Littlewood et al. (1997) have found … OR… as has been previously demonstrated (Littlewood et al., 1997).

Volume numbers included
1. Include volume numbers within the citation between the year and the page numbers.
2.  If more than one volume is given separate with a “;”:This theory is dealt with in detail by Brysen (2003, vol. 2, 

p. 23; vol. 3, pp. 17-36).
Authors with the same surname

1. Make a distinction between authors with the same surname by including the author's initials.
2. If the author's surname is incorporated in the text place the initials before the surname; if it is a citation within 

brackets the initials follow the surname:The theory was propounded in 1970 (Larsen A.E., 2001) …M.K. 
Larsen (2003) is among those …

Multiple works by the same author in the same year
1. A distinction is made by adding lower case letters, a, b, c, etc. to the date.
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documents: Bursch (2005a) described how the yak made transport possible in the high mountains of Inner 
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Corporate author
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known: (CSIRO, 1999) …
5. As predicted by the Centre of Independent Studies (1997) ………………………………………………

More than one work cited
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the reference list entry (usually the title) and the year.

3. Use italics for the title:This was apparently not the case in seventeenth-century England (On Travelling to 
London, 1683) … OR
On Travelling to London (1683) reveals that this was not true.
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Newspapers
1. If the author of the article is named, cite in the normal way with the author and date. If there is no author 

given, cite the newspaper title in italics.
2. Include the specific date as well as year and page or section numbers if appropriate:

(Canberra Times, 24 Jan. 1997, p. B6) …
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referee within 20 days, beyond which the papers will be removed from the files of the Society.
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