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TOTAL FACTOR PRODUCTIVITY GROWTH AND ITS DETERMINANTS IN
KARNATAKA AGRICULTURE

Elumalai Kannan*

Abstract

The present study has estimated TFP of ten major crops grown in the Indian state of Karnataka
and analysed its determinants. Growth accounting method of Tornqvist-Theil Index has been
used for estimating TFP. The study has relied on Cost of Cultivation data published by the
Ministry of Agriculture, Government of India. The study draws motivation from the lack of
research evidence to show whether productivity growth in the crop sector has improved post
2000s on account of its widespread slow down or negative growth witnessed during 1980s and
1990s. The analysis confirms that most crops have registered low productivity growth across
these periods. Interestingly, during 2000-01 to 2007-08 all crops have showed a positive growth
in TFP. Further, the analysis of determinants of TFP indicates that the government expenditure
on research, education and extension, canal irrigation, rainfall and balanced use of fertilisers are
the important drivers of crop productivity in Karnataka. It is necessary that both public and
private investment should be enhanced in agricultural research and technology, and rural
infrastructure for sustaining productivity growth in the long run.

Background

Karnataka is one of the developed Indian states placed above the median level of social and economic
development (Bhalla and Singh 2001; Deshpande 2004). The gowth and structure of Karnataka
economy have undergone dramatic changes since the introduction of the new economic policy in 1990s.
The economy has registered an impressive average annual growth rate of over 7.0 per cent during
1999-00 to 2007-08 with a major share of this high growth coming largely from the booming service
(tertiary) sector. With structural change, the share of agriculture and allied sector in the Gross State
Income (at 1999-00 prices) declined from 30.8 per cent in 1999-00 to 16.4 per cent in 2008-09, while
the share of the industry increased only marginally from 23.9 per cent to 27.7 per cent. However, the
contribution of the service sector increased significantly from 45.3 per cent to 55.9 per cent between
1999-00 and 2007-08. The structural changes observed in the state economy are largely in line with the
changes evident at the national level.

Considering the fact that the overall economy has been greatly influenced by the tertiary
sector with an anticipated decline in the contribution of the agricultural and allied sectors to state
income, the structural transformation should have substantially transferred people dependent on
agriculture to non-agricultural sector. However, this has not happened both at the state and national
levels. According to the 2001 Population Census, out of 23.5 million total workers, about 13.1 million
workers (55.7 per cent) depend on the agriculture and allied sector for employment in the state of
Karnataka. A decline in income share combined with a large dependent workforce on agriculture has
hindered productivity gains in this sector over time. Further, despite considerable efforts made by the
state government to augment the irrigation potential, area irrigated to gross cropped area has remained

low at 29 per cent.
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The green revolution technology introduced in the late 1960s in the form of new seeds cum
chemical fertilisers had greatly helped to increase crop production in the State. This was made possible
with a higher public investment in agricultural research, education and training, irrigation and other
infrastructures. However, the technological gains could not spread evenly across regions and crops in
the state due to diverse agro-climatic conditions and varying natural resource endowments. The growth
performance of the agricultural sector has also been varied with wide fluctuations. Meanwhile, there
were concerns on stagnation in production and productivity of crops during 1980-81 to 1989-90. An
Expert Committee constituted by the State Government in 1993 had concluded that investments made
in agriculture during 1980s were not optimally utilised to sustain the growth momentum witnessed
during the seventies. While analysing the impediments to agricultural growth, Deshpande (2004)
contended that both public and private investments have not adequately been made in the backward
regions particularly in the un-irrigated plateau zone of Northern Karnataka and that of Southern
Karnataka to spur the growth process. There is also empirical evidence to suggest that productivity
growth measured by Total Factor Productivity (TFP) declined during the eighties (Ananth et al, 2008).
But, there is lack of research evidence to show whether declining productivity growth in the crop sector
has reversed during the recent years. This is particularly important from the point of view of renewed
efforts made by the state government through various developmental programmes for accelerating
growth in the agricultural sector. This, in fact forms the motivation for the present study to estimate
and analyse trends in total factor productivity of important crops in the state of Karnataka. From the
policy perspective also, it is important to assess and understand the determinants of TFP so as to take
appropriate initiatives for accelerating agricultural output growth More specifically, the present study
estimates total factor productivity growth of major crops in Karnataka and analyses the factors affecting
TFP at the state level.

The rest of the paper is organised as follows. The second section discusses data and analytical
method. Changes in cropping pattern and growth in area, production and yield of crops are presented in
the third and fourth section, respectively. Fifth section analyses trends in public investment in Karnataka
agricultural sector. Cost structure of major crops is discussed in the sixth section. Seventh and eight
sections discuss growth in input, output and TFP index, and determinants of TFP, respectively followed

by concluding remarks in the final section.

Data and Methodology
1. Data

In the present study, TFP is estimated taking into account two outputs and nine inputs. Output index
includes main product and by-product. The input index comprises seed, fertiliser, manure, human
labour, animal labour, machine labour, pesticide, irrigation and land. Data on quantity and value of
output and inputs for ten major crops viz., paddy, jowar, maize, ragi, arhar, groundnut, sunflower,
safflower, cotton and sugarcane have been compiled from Cost of Cultivation of Principal Crops
published by the Ministry of Agriculture, Government of India and the Department of Agriculture,
Government of Karnataka. However, as for some inputs only value is available, the quantity of such

inputs is measured through indirect methods.



For instance, the quantity of by-product has been generated by using grain-straw ratios as
given by Nirman et al (1982) and Kolay (2007), while machine labour is measured as number of four-
wheeled tractors. Land has been measured as the total area under respective crops. The wholesale
price index of pesticides and electricity consumption in agriculture has been used to derive the quantity
of pesticides and irrigation, respectively. Further, for constructing aggregate (weighted) output, input
and TFP indices for Karnataka as whole, the share of area of respective crops in total gross cropped
area have been used as weights.

To analyse the determinants of total factor productivity, the data on government expenditure
on research and education, extension and farmers training, rural literacy, canal irrigation, rainfall and
fertiliser consumption have been compiled from published sources. The Combined Finance Accounts
published by Comptroller and Auditor General of India provides data on expenditure on research,
education and extension. Information on canal irrigation, fertiliser consumption, rainfall and rural
literacy has been compiled from Statistical Abstract of Karnataka published by the Directorate of

Economics and Statistics, Government of Karnataka.

2. Analytical Method

In simple terms, productivity is defined as the ratio of output to input. T he partial productivity measures
like labour productivity and land productivity are of limited use in the presence of multiple outputs and
multiple inputs as they do not indicate the overall productivity when considered in isolation. When the
productivity concept is extended beyond single output and single input case, an alternative approach for
aggregating outputs and inputs is used. The Total Factor Productivity (TFP) relates aggregate output
index to aggregate input index. Growth accounting (index number method) is commonly used for
measuring TFP in the agricultural sector as it is easier to implement without econometric estimation
(Evenson et al (1999); Kumar and Mruthynjaya (1992); Kumar and Rosegrant (1994); Desai and
Namboodiri (1997); Mukherjee and Kuroda (2003); Elumalai and Pandey (2004); Kumar et al (2004);
Murgai (2005)). Under growth accounting method, TFP measures growth in output which is not
accounted for growth in inputs. In other words, the residual productivity is considered as a measure of
technical change, which indicates a shift in the production function.

Among index number methods Tornqvist-Theil index, which is an approximation to Divisia
index, is widely used for constructing the aggregate output index and aggregate input index. The
properties and difficulties in using Divisia index in its original integral form are expounded in Hulten
(1973). The popularity of Tornqgvist-Theil index can be attributed to the fact that it is exact for linear
homogenous translog production function and such an index is called ‘superlative’ by Diewert (1976).
Further explanation on theoretical properties and issues in measurement can be found in Diewert (1978,

1980), Christensen (1975), Capalbo and Antle (1988) and Coelli et al (2005).



Tornqvist-Theil output, input and TFP index in logarithmic form can be expressed as follows.
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Where, S is the share of output j in total revenue, Q is output j, Q is the share of
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input i in total input cost, X it is input i and all specified in time t.

For constructing TFP index, chain index is preferred to fixed base index (Coelli et al, 2005).
Chain index combines annual changes in productivity to measure changes in productivity over a period
of time. Formally, let | (t+1, t) be an index for the period t+1 with the base period t. This index is
applied to time series t=0 to T. A comparison between period t and fixed base 0 is made by following

chain indexing of successive periods.

1(0,t) = 1(0,1) x I1(1,2) x 1(2, 3) Xevorverren x I(t-1, t)

Changes in Cropping Pattern

Food grain crops dominate the cropping pattern accounting for about two-thirds of the total gross
cropped area (GCA) in Karnataka (Table 1). Among food grains, coarse cereals occupy a prominent
place in the cropping pattern. Nevertheless, per cent area under food grains has declined from 71.9 per
cent in the triennium ending 1962-63 to 60.0 per cent in the triennium ending 2007-08. However, the
decline in area under food grains is offset by an increase in area under oilseeds and other crops (which
includes coconut, arecanut, chillies and coffee). Data on horticultural crops compiled by the Directorate
of Economics and Statistics, Government of India and National Horticultural Board (NHB) do not match
due to differences in the method of data collection. The coverage of crops by these two government
agencies also differs. Despite data limitations as per NHB data, the share of area under fruits and nuts
in the GCA has marginally declined during recent years. However, the share of area under vegetables
has increased to 3.1 per cent in 2007-08 from 1.0 per cent in 1992-93.

During 2007-08, jowar and rice have occupied predominant positions in the cropping pattern
followed by sunflower and maize. Despite accounting for relatively high share, area under jowar

declined drastically since the early sixties. A similar pattern could be noticed with respect to other



coarse cereals like bajra, ragi and small millets. In fact, jowar and small millets seem to have lost their
area by over 50 and 80 per cent, respectively between 1962-63 and 2007-08. However, crops like
maize, arhar (pigeon pea) and gram have gained in their relative area during the study period. Maize
constituted only 0.1 per cent of GCA in 1962-63, which has steadily increased to reach 1.4 per cent in
1982-83 and then to 7.8 per cent in 2007-08. Similarly, per cent area under arhar in total cropped area
has increased from 2.5 per cent in 1972-73 to 4.9 per cent in 2007-08. Although the dare of area

under gram decelerated during the seventies and early eighties, it started picking up since nineties.

Table 1: Changes in Cropping Pattern in Karnataka

(Percentage share of GCA)

Crop TE 1962-63 | TE1972-73 | TE 1982-83 | TE 1992-93 | TE 2000-01 | TE 2007-08
Rice 9.9 10.7 10.3 10.3 11.9 11.2
Jowar 28.0 21.8 19.2 18.0 15.4 11.3
Bajra 4.8 4.6 5.4 3.3 2.6 3.3
Maize 0.1 0.7 1.4 2.3 4.9 7.8
Ragi 9.6 9.8 9.8 8.8 8.1 6.2
Wheat 2.9 2.9 3.0 1.7 2.2 2.1
Small Millets 4.2 4.1 3.2 1.1 0.6 0.3
Cereals 59.7 55.4 52.4 45.5 46.6 42.2
Arhar 2.7 2.5 3.3 3.9 4.3 4.9
Gram 2.5 1.4 1.3 1.7 2.8 4.4
Pulses 11.9 11.0 13.2 13.8 15.8 17.6
Foodgrains 71.9 68.3 66.6 59.4 62.4 59.7
Groundnut 8.4 9.2 7.6 10.5 9.3 7.1
Sunflower - - 1.0 8.6 4.9 9.6
Total Oilseeds 9.7 11.0 12.2 22.7 17.3 19.5
Cotton 9.3 10.2 9.0 5.0 4.7 3.1
Sugarcane 0.7 1.0 1.6 2.2 3.1 2.2
Tobacco 0.4 0.3 0.5 0.4 0.6 0.8
E[ﬁ'sts and - - - 1.2 2.6 2.1
Vegetables - - - 1.0 2.8 3.1
Others* 0.7 1.3 4.6 4.8 6.7 7.2
GCA 100.0 100.0 100.0 100.0 100.0 100.0

Note: *include coconut, arecanut, chillies and coffee
Source: Statistical Abstracts of Karnataka (various issues), Government of Karnataka

Groundnut is one of the traditional crops grown in Karnataka both under irrigated and rain fed
conditions. The per cent area under this crop declined sharply since 2000 due to persistent drought like
conditions prevailing in the State. However, share of area under sunflower registered sharp increase
from 1.0 per cent in 1982-83 to 9.6 per cent in 2007-08. Among cash crops, the area under cotton

declined drastically over time. However, sugarcane area increased considerably from 1960s to 2000s,



but showed declining trend since 2001-02. It emerges from the analysis that there has been a marked

shift in area from cereals to pulses, oilseeds and high value crops like vegetables and plantation crops.

Growth in Area, Production and Yield

The compound annual growth in area, production and yield of major crops grown in Karnataka is given
in Table 2. Growth rates have been computed for four different periods viz., pre-green revolution
(1960-61 to 1966-67), green revolution (1967-68 to 1979-80), post-green revoluton (1980-81 to 1989-
90) and economic reforms (1990-91 to 2007-08). The compound annual growth in area under food
grains was 0.3 per cent during pre-green revolution period, but it declined to -0.1 per cent in during
green revolution period. However, growth in food grains production was high at of 3.5 per cent during
the green revolution period. This high growth rate has largely come from growth in yield (3.8 per cent)
when compared to pre-green revolution period during which growth in production was contributed by
growth in area. However, during post-green revolution period growth in area under food grains was
positive at 0.4 per cent, but growth in its production has declined due to fall in growth in yield. During
the period of economic reforms, food grains production grew at a respectable rate of 2 per cent per
annum, which was mainly contributed by growth in yield. These results broadly indicate thatthe growth
in yield of food grains has fallen during 1980s and consequently impacted production. Interestingly,
decline in growth in production and yield has got reversed during the recent period.

However, the crop-wise analysis of growth rates is more revealing. During the pre-green
revolution, growth in area for most of the food crops was negative except rice (2.5 per cent), maize
(12.0 per cent), ragi (3.5 per cent) and arhar (0.7 per cent), while growth in yield was negative for rice,
maize, ragi, small millets and wheat. However, the situation has changed from mid-1960s to 1970s
during which Karnataka agriculture has started benefiting from the new seed and fertiliser technology.
In fact, this period can be called the golden period of Karnataka agriculture with relatively high growth
in production of most crops. Although area growth under certain crops has dclined, remarkable
achievements have been made on the fronts of production and yield growth. Except gram, yield of all

other food grain crops have recorded positive growth during this period.



Table 2: Compound Annual Growth Rates of Area, Production and Yield of Major Crops

1960-61 to 1966-67

1967-68 to 1979-80

1980-81 to 1989-90

1990-91 to 2007-08

crop Area Production Yield Area Production Yield Area Production Yield Area Production Yield
Rice 2.5 1.7 -1.0 -0.4 1.9 2.2 0.2 0.0 -0.2 0.4 1.7 1.3
Bajra -0.3 1.7 1.9 3.0 5.6 2.6 -2.9 0.4 3.2 0.2 1.7 1.5
Jowar -1.0 3.0 3.8 -2.5 0.8 3.5 1.4 -0.1 -1.5 -2.5 -1.4 1.1
Maize 12.0 2.2 -8.1 12.0 15.0 3.0 6.1 7.0 0.8 8.6 7.9 -0.7
Ragi 3.5 -7.2 -10.3 0.9 8.4 6.7 0.9 0.6 -1.7 -1.7 -0.6 1.1
Small Millets -2.9 -5.3 -2.5 2.3 8.0 5.6 -6.9 -5.8 1.2 -7.0 -6.2 0.9
Wheat -3.4 -8.5 -6.3 2.3 7.1 4.7 -3.8 -6.4 -5.5 1.3 1.9 0.6
Cereals 0.3 0.3 0.0 -0.3 3.5 4.2 0.2 0.4 0.2 -0.7 1.9 2.1
Arhar 0.7 2.9 2.0 1.3 5.3 3.9 4.2 2.0 -2.1 5.7 6.3 3.5
Gram -12.9 -4.2 8.8 -1.7 -2.1 -0.3 6.1 3.0 -3.9 2.7 8.1 2.3
Pulses -2.1 1.5 0.0 2.2 3.4 2.5 1.7 0.1 -1.0 1.2 3.9 2.7
Foodgrains 0.3 0.4 0.1 -0.1 3.5 3.8 0.4 0.4 0.1 0.4 2.0 1.6
Groundnut 0.3 3.2 0.1 -1.0 -1.6 -0.6 5.0 7.1 2.0 -2.7 -4.6 -1.9
Sunflower - - - -9.0 -11.2 -2.4 32.1 26.8 -4.0 0.3 1.6 1.4
Total Oilseeds -1.4 1.2 1.5 3.4 3.3 -0.1 7.7 9.2 0.8 -1.2 -1.8 -0.5
Cotton 0.1 -7.3 -6.2 0.3 4.9 3.9 -7.3 1.7 9.7 -3.1 -2.8 0.3
Sugarcane 4.1 6.6 2.1 4.2 2.0 -2.1 4.7 5.4 0.6 -0.3 -0.5 -0.2
Tobacco -1.9 -9.5 -8.6 1.4 5.4 4.7 -0.6 1.4 1.9 4.3 1.0 -3.2
Fruits and nuts - - - - - - - - - 0.6 0.2 -0.4
Vegetables - - - - - - - - - 1.8 -0.2 -2.0

Source: Statistical Abstracts of Karnataka (various issues), Government of Karnataka




However, the momentum in yield growth in food grains did not appear to continue during the
1980s with most of the crops registering negative growth rates. Only bajra, maize and small millets
have witnessed positive growth in yield. Except gram, growth in production of food crops has declined.
But, during 1990-91 to 2007-08 there was a reversal in growth in yield of food grain crops. Only maize
has registered negative growth in yield, but its production growth was impressive at 7.9 per cent, which
was contributed by high growth in area. Despite positive growth in yield, production of jowar, ragi and
small millets was negative due to drastic decline in their area.

The performance of oilseeds appeared better during the 1980s with the introduction of
Technology Mission of Oilseeds. The growth in area under total oilseeds was negative at 1.4 per cent
during pre-green revolution period, but increased positively to 3.4 per cent in green-revolution period
and then to 7.7 per cent during post-green revolution period. Although growth in yield of oilseeds has
not changed in the same manner as the expansion of area, but it has registered positive growth of 0.8
per cent during 1980s. However, growth momentum did not continue during 1990-91 to 2007-08. The
growth in area, production and yield of all oilseeds was negative. Among individual oilseed crops,
growth in area, production and yield of sunflower was positive, while that of groundnut negative.

In case of cotton, growth in area has declined continuously since 1980s. However, it is
encouraging to note that growth in yield of cotton has increased from -6.2 per cent in the pre-green
revolution period to 3.9 per cent in the green-revolution and 9.7 per cent in post-green revolution
periods. Unfortunately, it has again declined during the recent period. Meanwhile, the growth in
production of sugarcane was found largely driven by increase in area during pre -green revolution, green
revolution and post-green revolution periods. But, negative growth in its area as well as yield has
resulted in decline in production during the reforms period. Area under tobacco has showed high growth
rate during the recent period, which has helped to register positive growth in its production. Overall, the
growth analysis indicates that the yield of most crops particularly food grains have declined during
1980-81 to 1989-90 leading to stagnation in production. Interestingly, during 1990-91 to 2007-08 there
is reversal in growth rate in production and yield for some food and non-food crops. Among various
growth promoting factors, the public investment in agriculture seemed to have played an important role

in accelerating growth and this merits some discussion here.

Public Investment in Agriculture

Table 3: Public Investment in Agriculture and Allied Sector

. . Capital Expenditure/000' ha of Net
Capital Expenditure (Rs. Lakhs) Sown Area (Rs.)
Year
Current Price Constant Prices current Price Constant Prices
u Ices (1999-00) u rices (1999-00)
TE 1976-77 1077 6737 10806 67490
TE 1982-83 1355 5689 13320 55985
TE 1992-93 1368 2405 12946 22780
TE 2002-03 2753 2571 27208 25400
TE 2008-09 8484 6122 81755 59007

Source: Finance Accounts (various issues), Comptroller and Auditor General of India



Public investment in agriculture takes place in the form of provisions of basic infrastructures

like irrigation, market, roads, storage facilities, and research and technology. Table 3 presents public
investment in agriculture and allied sectors in Karnataka. In absolute terms (at 1999-00 prices) average
public investment in agriculture amounted to Rs. 6,737 lakhs during triennium ending 1976-77 and it
had declined steadily to Rs. 2,405 lakhs in triennium ending 1992-93. Although there was a reversal in
trend during recent years, it had never reached the level registered during 1976-77. A similar trend can
be observed on per thousand hectare basis also. In fact, capital expenditure per thousand hectare of
net sown area was Rs. 67,490 in 1976-77 and thereafter it declined continuously till late nineties.
The decline in public investment seems to have adversely affected growth in the agriculture sector
during 1980s and early 1990s. According to the Report of the Expert Committee (1993) constituted by
the Government of Karnataka, decline in investment along with its non-optimal utilisation has resulted in
stagnation in agricultural productivity. Public investment in agricultural infrastructure has the potential
to attract private investment, which might help to make improvements in farming activities.
Understandably, increase in public investment in the agricultural sector during the early 2000s has
provided some hope for the revival of growth in the sector. It is also quite encouraging to note the
seriousness of the state government to invigorate agricultural research and education for developing
and disseminating better technology to farmers. This is evident from a high growth in public investment
in agricultural research and education by 10.1 per cent during 2000-01 to 2007-08, which otherwise has
been declining continuously from 15.8 per cent in 1970s to 6.8 per cent in 1980s and 4.7 per centin
1990s (Kannan and Shah, 2010).

Changing Cost Structure of Principal Crops

The cost structure of crops has changed with the advent of new technology, machinery and
management practices. The availability of modern inputs at affordable rates and their increased use
determine crop productivity. In this section, an attempt has been made to analyse the trends in cost
structure of major crops like paddy, jowar, arhar, groundnut and cotton. Traditional inputs like land and
human labour have accounted for over 50 per cent of the total cost of paddy cultivation in Karnataka
(Table 4a). The cost share of seed was 4.5 per cent during triennium ending 1982-83, while declining
to about 3.2 per cent in 1992-93 and further down to 2.8 per cent in 2007-08. The decline in cost of
seed might be due to supply of seeds at subsidised rate by the state government through
developmental programmes and schemes.

While the per cent cost share of animal labour has declined, the share of machine labour has
increased over time. The share of pesticides by and large, has increased between 1982-83 and 2000-01.
However, the share of fertilisers in the total cost of cultivation has showed declining trend. “Others”
included land revenue, cesses and taxes, interest on working and fixed capital, and depreciation on
farm implements and buildings. The cost share of “others” has by and large, showed declining trend

over time.



Table 4a: Trends in Cost Structure of Paddy

(Per Cent

ltems TE 1982-83 TE 1992-93 TE 2000-01 | TE 2007-08
Traditional Inputs
Land 28.4 311 27.5 27.5
Seed 4.5 3.2 3.1 2.8
Manure 6.8 3.9 4.7 2.0
Human Labour 25.8 30.1 31.7 29.0
Animal Labour 9.8 7.7 4.8 5.4
Modern Inputs
Pesticides 0.3 2.0 2.8 2.2
Irrigation 2.2 2.2 2.2 3.0
Fertilizers 10.8 9.3 11.8 13.3
Machine Labour 0.6 2.2 6.2 9.2
Others 10.9 8.4 5.3 5.7
Total Cost 100.0 100.0 100.0 100.0

Source: Cost of Cultivation of Principal Crops in India, Government of India

Jowar is one of the major coarse cereals cultivated in Karnataka. Of the total cost of
cultivation, land and human labour together accounted for about 50 per cent (Table 4b). As this crop
is cultivated largely under dry land conditions, the use of modern inputs like fertilisers, pesticides and
irrigation are very much limited. The respective share of pesticides and irrigation was less than one per
cent of the total cost. Animal labour accounted for relatively high cost share when compared to that of
machine labour. Further, the cost share of seed has come down marginally over time due to the
operation of State subsidy schemes for distribution of seeds to small and marginal farmers. Overall,

traditional inputs accounted for about three-fourth of the total cost.

Table 4b: Trends in Cost Structure of Jowar

(Per Cent

Items TE 1982-83 TE 1992-93 TE 2000-01 TE 2007-08
Traditional Inputs
Land 25.4 30.0 21.9 22.1
Seed 3.3 2.0 2.2 1.9
Manure 4.7 2.7 3.4 1.1
Human Labour 25.9 24.8 28.9 32.0
Animal Labour 16.8 9.9 15.9 19.2
Modern Inputs
Pesticides 0.3 0.8 0.4 0.0
Irrigation 0.9 1.1 0.7 0.3
Fertilizers 6.4 9.4 9.7 8.2
Machine Labour 1.0 2.2 5.6 5.7
Others 15.5 17.3 11.3 9.5
Total Cost 100.0 100.0 100.0 100.0

Source: Cost of Cultivation of Principal Crops in India, Government of India
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Table 4c: Trends in Cost Structure of Arhar

(Per Cent

ltems TE 1982-83 TE 1992-93 TE 2000-01 TE 2007-08
Traditional Inputs
Land 20.1 26.3 22.2 26.0
Seed 4.9 3.8 3.4 3.1
Manure 3.5 3.7 3.8 3.8
Human Labour 25.8 28.2 27.9 25.0
Animal Labour 12.6 10.8 11.3 135
Modern Inputs
Pesticides 11.7 115 7.0 9.0
Irrigation 0.0 0.0 0.6 0.0
Fertilizers 3.1 4.6 7.3 5.9
Machine Labour 0.0 0.7 4.6 4.6
Others 9.2 10.3 11.9 9.2
Total Cost 100.0 100.0 100.0 100.0

Source: Cost of Cultivation of Principal Crops in India, Government of India

Arhar is largely cultivated under dry land conditions. The availability of improved varieties and
favourable prices has induced farmers to expand the area under arhar in recent times. Traditional inputs
accounted for about twothirds of the total cost. Land and human labour together accounted for a
relatively high cost shares (Table 4c). The cost share of pesticides was little over 11 per cent until
1992-93, but has come down during the recent years. Further, the share of fertilisers has showed
increasing trend over time. Although use of machine labour has increased, animal labour continues to

dominate operations in the cultivation of arhar.

Table 4d: Trends in Cost Structure of Groundnut

(Per Cent)

Items TE 1982-83 TE 1992-93 TE 2000-01 TE 2007-08
Traditional Inputs
Land 23.0 27.8 19.4 22.7
Seed 215 22.9 19.4 20.2
Manure 5.7 4.8 4.0 1.7
Human Labour 21.7 20.8 29.2 23.9
Animal Labour 9.7 7.2 9.0 10.4
Modern Inputs
Pesticides 0.2 1.0 0.4 0.4
Irrigation 0.3 0.9 1.1 1.7
Fertilizers 6.4 4.9 6.3 6.0
Machine Labour 0.2 0.3 2.3 4.9
Others 11.4 9.5 8.9 8.1
Total Cost 100.0 100.0 100.0 100.0

Source: Cost of Cultivation of Principal Crops in India, Government of India
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Groundnut is an important oilseed crop cultivated in Karnataka. Among the cost components,
seed cost accounted for about one-fifth of the total cost of cultivation (Table 4d). Human labour and
animal labour have accounted for about 23.9 per cent and 10.4 per cent, respectively of the total cost in
2007-08. Since, this crop is cultivated largely under dry land conditions, the share of improved inputs
like pesticides, irrigation and machine labour is found to be low. However, the cost share of fertilisers

has, by and large, increased over time.

The cost structure of cotton is presented in Table 4e. Traditional inputs constituted about 70
per cent of the total cost. Among traditional inputs, land and human labour accounted for 50 per cent.
Interestingly, the cost share of animal labour, by and large has declined, while that of machine labour
increased. The share of pesticides has declined considerably during recent years with 3.3 per cent in
2007-08. This might be due to rapid spread of B.t. cotton technology in the state. Fertilisers and others

have constituted about 8.7 per cent and 6.6 per cent, respectively.

Table 4e: Trends in Cost Structure of Cotton

(Per Cent

Items TE 1982-83 TE 1992-93 TE 2000-01 TE 2007-08
Traditional Inputs
Land 25.6 30.6 20.6 27.4
Seed 3.6 5.8 6.3 10.0
Manure 2.2 4.1 4.1 2.9
Human Labour 27.1 20.5 30.4 26.9
Animal Labour 4.7 9.7 11.4 8.3
Modern Inputs
Pesticides 14.0 6.9 6.4 3.3
Irrigation 0.1 0.3 0.9 0.8
Fertilizers 16.6 9.5 8.7 8.7
Machine Labour 2.3 2.0 1.7 5.2
Others 3.6 10.5 9.6 6.6
Total Cost 100.0 100.0 100.0 100.0

Source: Cost of Cultivation of Principal Crops in India, Government of India

It is clear from the analysis of cost structure that traditional inputs have accounted for higher
cost shares than modern inputs. However, the share of modern inputs like machine labour and
fertilisers have by and large, increased over time. As expected, the cost share of irrigation is found to be

low for major crops grown in Karnataka.

Growth in Output, Input and TFP Index

Average annual growth in output, input and TFP index for ten major crops across different periods is
presented in Table 5. The period of analysis for different crops is guided by the availability of data on

inputs and output from the cost of cultivation study. It can be observed from the table that TFP of

paddy has registered positive growth during 1980-81 to 1989-90 (1980s), 1990-91 to 1999-00 (1990s)
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and 2000-01 to 2007-08 (2000s). Higher output growth triggered by technological change has resulted

in positive TFP growth. Annual growth in TFP was impressive at 1.48 per cent in the 1990s and 2.68 per

cent in the 2000s when compared to 0.42 per cent during the 1980s. For the entire period of analysis,

i.e. 1980-81 to 2007-08 TFP has risen at 1.49 per cent. Overall, the contribution of TFP to output

growth was found to be 60.02 per cent. The contribution of technological change to paddy output

growth was positive and respectable across sub-periods. This indicates that the productivity growth

rather than the input growth is the main driver of paddy production in Karnataka.

Table 5: Annual Growth in Input, Output and TFP Index of Various Crops in Karnataka (%0)

Share of TFP in

Crop Input Output TFP Output Growth
Paddy
1980-81 to 1989-90 0.42 0.84 0.42 50.20
1990-91 to 1999-00 2.99 4.47 1.48 33.19
2000-01 to 2007-08 -0.87 1.82 2.69 147.53
1980-81 to 2007-08 0.99 2.48 1.49 60.02
Jowar
1980-81 to 1989-90 1.71 2.70 0.99 36.56
1990-91 to 1999-00 0.45 -0.90 -1.35 150.55
2000-01 to 2007-08 -0.97 6.45 7.42 115.00
1980-81 to 2007-08 0.45 2.48 2.03 81.74
Maize
1980-81 to 1989-90 0.54 2.52 1.98 78.60
1990-91 to 1999-00 0.79 -0.56 -1.35 241.98
2000-01 to 2007-08 0.69 3.91 3.23 82.46
1980-81 to 2007-08 0.68 1.79 1.12 62.22
Ragi
1980-81 to 1989-90 0.95 -2.70 -3.65 135.22
1990-91 to 1999-00 1.84 2.66 0.82 30.83
2000-01 to 2007-08 -1.19 6.56 7.75 118.17
1980-81 to 2007-08 0.64 2.03 1.39 68.25
Arhar
1980-81 to 1989-90 1.63 7.10 5.47 77.06
1990-91 to 1999-00 2.12 -0.75 -2.87 382.89
2000-01 to 2007-08 0.15 7.29 7.14 97.89
1980-81 to 2007-08 1.37 4.25 2.88 67.65
Groundnut
1980-81 to 1989-90 3.27 3.83 0.56 14.70
1990-91 to 1999-00 -1.59 -3.27 -1.68 51.29
2000-01 to 2007-08 -1.01 10.97 11.98 109.18
1980-81 to 2007-08 0.20 3.32 3.12 93.93

Contd...
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Crop Input Output TFP gtatl[r)i?fGTrESVItﬂ
Sunflower
1980-81 to 1989-90 11.49 12.04 0.55 4.57
1990-91 to 1999-00 -1.16 -1.28 -0.12 9.48
2000-01 to 2007-08 3.02 6.38 3.35 52.59
1980-81 to 2007-08 4.30 5.43 1.13 20.85
Safflower
1980-81 to 1989-90 5.77 15.20 9.43 62.02
1990-91 to 1999-00 -1.52 1.45 2.97 205.06
2000-01 to 2007-08 0.41 1.74 1.32 76.19
1980-81 to 2007-08 1.48 6.12 4.64 75.77
Cotton
1980-81 to 1989-90 0.34 4.00 3.67 91.59
1990-91 to 1999-00 -0.56 -4.98 -4.42 88.77
2000-01 to 2007-08 -1.77 15.62 17.39 111.34
1980-81 to 2007-08 -0.62 4.12 4.74 115.04
Sugarcane
1980-81 to 1989-90 -7.03 -0.34 6.69 Negative
1990-91 to 1999-00 6.04 0.78 -5.27 Negative
2000-01 to 2007-08 -0.55 0.97 151 156.45
1980-81 to 2007-08 -0.27 0.46 0.73 157.93
All Crops
1980-81 to 1989-90 1.72 1.81 0.09 4.95
1990-91 to 1999-00 0.42 -0.56 -0.98 174.27
2000-01 to 2007-08 0.13 5.01 4.88 97.47
1980-81 to 2007-08 0.77 1.88 1.11 59.26

Jowar has registered aitput growth of 2.7 per cent in the 1980s. But, a higher growth of
inputs over output during nineties has resulted in negative TFP growth. However, TFP had risen
positively during 2000-01 to 2007-08. During 1980-81 to 2007-08 annual growth in TFP was 2.03 per
cent, which contributed over 80 per cent of jowar output growth. A similar growth pattern could also be
observed in case of maize. Growth in maize output index was impressive at 2.52 per cent in the 1980s,
but it had declined to 0.56 per cent in the 1990s. However, turnaround in higher output growth in
recent periods has been commendable. Overall, TFP of maize has grown at 1.12 per cent contributing
62.22 per cent of output growth.

In case of Ragi, except in 1980s both output and TFP have registered positive growth rates
across all other periods of analysis. During 1990s and 2000s, it showed impressive output growth of
2.66 and 6.56 per cent, respectively. Annual growth in TFP during the corresponding periods was 0.82
per cent and 7.75 per cent. For the entire period of analysis, TFP has recorded annual growth rate of

1.39 per cent contributing 68.25 per cent of total output growth.
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As for Arhar, except during 1990s output growth was mainly driven by technology. In fact,
output growth of arhar was impressive at 7.10 per cent and 7.29 per cent during 1980s and 2000s,
respectively. Growth in TFP during the corresponding periods was 5.47 per cent and 7.14 per cent.
Overall, growth in TFP of arhar was 2.88 per cent with a contribution of 67.65 per cent to output
growth.

Barring 1990-91 to 1999-2000, the growth in output and TFP of groundnut was positive in all
other periods under study. TFP has registered a positive growth rate of 0.56 per cent in the 1980s. But,
it has decelerated to -1.68 per cent in the 1990s. During entire period of analysis, the respective growth
in output and TFP was 3.32 per cent and 3.12 per cent. TFP has contributed about 93.93 per cent to
output growth indicating that technology has played a greater role in augmenting the production of
groundnut in Karnataka.

With respect to Sunflower production, use of inputs seems to be relatively high. The growth in
inputs was the main driver of output growth during 1980s and 1990s. Interestingly, during 2000s
growth in output and TFP of sunflower was positive at 6.38 per cent and 3.35 per cent, respectively.
Contrarily, the growth pattern of TFP appears to be different for safflower with both output and TFP
rising positively across all periods. However, growth in TFP has decelerated from 9.43 per cent in 1980s
to 2.97 per cent in 1990s and then to 1.32 per cent in 2000s.

For cotton, input, output and TFP have shown positive growth rates during 1980s. TFP has
registered healthy growth rate of 3.67 per centwith its contribution of 91.59 per centto output growth
However, during 1990s all the three indices have registered negative growth. But, output and TFP grew
impressively in 2000s which could be attributed to spread of B.t. cotton technology. For the entire
period of analysis growth in output and TFP was 4.12 and 4.74 per cent, respectively. Technical change
seems to have played an important role in increasing cotton output growth in Karnataka.

In case of sugarcane, input and output index have showed negative growth during 1980s.
However, high input growth as compared to output growth has resulted in negative TFP growth of 5.27
per cent in 1990-91 to 1999-00. During 2000s growth in output and TFP was 0.97 and 1.51 per cent,
respectively. Overall, TFP of sugarcane has registered positive growth of only 0.73 per cent indicating
that sugarcane production is input based with technology playing some role in it.

With regards to Karnataka state as whole, during the entire period of analysis, input and
output indices have registered growth rate of 0.77 and 1.85 per cent, respectively. TFP has risen at1.09
per cent per annum and it has contributed 58.67 per cent to total output growth. Low TFP growth
implies that there is huge scope for increasing agricultural production through new technological
breakthrough. Among sub-periods, growth in TFP was found negligible during the 1980s supporting the
contention that crop sector in Karnataka had witnessed stagnation in growth during that period. Even
though output and TFP have showed negative growth rates in the 1990s, they have improved
remarkably during the 2000s. In fact, the deceleration in TFP growth in Indian agriculture during 1990s

has been well documented in Kumar et al (2004 and 2008).
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Determinants of Total Factor Productivity

In this section, an attempt has been made to analyse the determinants of total factor productivity of the
crop sector in Karnataka. The analysis has been carried out at the state level by aggregating the crop-
wise TFP index using area share as weights. To examine the determinants of TFP, a multiple regression
technique in double log functional form was carried out.

The TFP index was regressed on the following variables.

TFP = f (RES_EXP, EXT, RURALLIT, CANALIRR, KHRAIN, PNR)

Where,

RES_EXP is Government expenditure on research and education (Rs per ha of gross cropped area)
EXT is Government expenditure on extension and farmers training (Rs per ha of gross cropped area)
RURALLIT is Rural literacy in percent

CANALIRR is Per cent canal irrigated area

KHRAIN is Kharif rainfall

PNR is Ratio of P,Osto N nutrients

The estimated regression results are presented in Table 6. Except rural literacy, coefficient of
other variables appeared with expected signs. Results indicate that government expenditure on
agricultural research and education has positive and significant impact on TFP. The coefficient
associated with extension was positive and significant. It implies that public expenditure on agricultural
research, education and extension assumes a greater role in accelerating productivity in agriculture. The
canal irrigation, relatively an assured source of irrigation has positive and significant effect on TFP. In
Karnataka, a substantial cropped area falls under rain-fed agriculture. The coefficient of Kharif rainfall

(April-September) was positive and significantly impacting productivity.

Table 6: Determinants of Total Factor Productivity in Karnataka Agriculture: 1980-81 to

2007-08
Dependent variable: TFP Index at state level
Seopesson | Stmd | cno | el

Research Expenditure 0.2304 0.0765 3.0100 0.0070
Extension 0.1280 0.0592 2.1600 0.0420
Rural literacy -0.0103 0.0031 -3.2900 0.0030
Canal irrigation 0.0159 0.0058 2.7400 0.0120
Kharif rainfall 0.2420 0.0442 5.4800 0.0000
P,0sto N ratio 0.2519 0.0518 4.8700 0.0000
Constant 1.9060 0.5112 3.7300 0.0010
Adjusted R-Squared 0.9911

D-W Statistics 1.7819
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The ratio of phosphoric to nitrogen nutrients was taken as proxy for the balanced use of
fertiliser. The coefficient of this variable appeared positive and significant implying thatthe balanced use
of plant nutrients enhance soil health and thus increase aop productivity. However, effect of rural
literacy was found to be negative and significant. The possible explanation for such a result is the
migration of rural literates to urban areas due to availability of increased non-farm employment
opportunities and distress like conditions in agriculture sector. Thus, they may not contribute directly to
increasing agricultural productivity.

On the whole, the analysis of TFP shows that most crops have registered a decline in
productivity growth during the nineties. Interestingly, during 2000-01 to 2007-08, all crops have showed
positive growth in TFP. Further, the analysis of determinants of TFP indicates that the government
expenditure on research, education and extension, canal irrigation, rainfall, and balanced use of

fertilisers are the important drivers of crop productivity in Karnataka.

Summary and Conclusion

The present study has estimated the total factor productivity growth of ten major crops in Karnataka
and analysed the factors affecting it atthe state level. A widely used Torngvist-Theil Index was utilised
for constructing aggregate output and aggregate input of individual crops. Two outputs and nine inputs
have been used to construct output and input index. The cropping pattern has undergone visible
changes since 1960s with a shift in area from cereals to pulses, oilseeds and high value crops like
vegetables and plantation crops. The growth analysis has revealed that yield of most crops in particular
food grains has declined during 1980-81 to 1989-90 leading to stagnation in production. However,
during 1990-91 to 2007-08 there is a reversal of growth in production and yield for some food and non-
food crops. Among various growth promoting factors, public investment in agriculture seemed to have
played an important role in accelerating growth.

Although TFP of most crops has registered decline in productivity growth during the 1990s,
there has been arevival in terms of positive TFP growth in the recent period. For Karnataka state as
whole, input and output hdices have registered growth rate of 0.77 and 1.85 per cent, respectively
during 1980-81 to 2007-08. TFP has risen at 1.09 per cent per annum contributing about 58.67 per cent
to the total output growth. Further, the analysis of determinants of TFP indicate that the government
expenditure on research, education and extension, canal irrigation, rainfall, and the balanced use of
fertilisers are the important drivers of crop productivity in Karnataka. A bw TFP growth implies that
there is huge scope for increasing agricultural production through new technological breakthrough by
enhancing investment in research and technology, and rural infrastructure. More public and private
investments should be encouraged in under developed regions of the state through providing incentives

and a favourable policy environment.
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