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ABSTRACT

The sustainability issue of the crop production and productivity is fast emerging. The post-Green
Revolution era is characterized by high input-use technology and decelerating total factor
productivity growth (TFPG). The agricultural productivity attained during the 1980s has not
been sustained during the 1990s and the millennium this has posed a challenge for the
researchers and the government to shift the production function upward by improving the
technology index. It requires for an examination of issues related to the trends in the agricultural
productivity, particularly with reference to major food grain crops grown in the major states of
India. Temporal and spatial variations of TFPG for major crops of India have also been
examined.
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INTRODUCTION
India has made impressive marks on the
agricultural front during the past four decades.
Much of the credit for this success ultimately
goes to the several million small farming
families that form the backbone of Indian
agriculture and Indian economy for continuing
So many years. Policy support system,
production strategies, public investment in
infrastructure, research & development and
extension for crop, livestock and fisheries have
significantly  helped in increasing the
agricultural production & productivity, food
production and its availability. Now
withstanding these achievements, producing
additional food with limited land, resources

and providing economic access & food at the
household level for ensuring food security
would continue to be a major challenge for the
nation. India has experienced exceptional
changes in the crop mix, yield and production
since the inception of the Green Revolution.
The Green Revolution phase displayed a high
yield growth per unit of input. The first post-
Green Revolution phase (from late-1960s to
mid-1980s) was marked by the continued
growth in returns from land through the
intensification in use of chemical inputs and
machine labour. The second post-Green
Revolution phase (beginning the mid-1980s)
was characterized by high input-use and
decelerating productivity growth.
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The third decade beginning with the
millennium calls for an examination of the
issues related to the trends in agricultural
productivity, particularly with reference to
major food crops in recent years. In the present
paper, the temporal and spatial variations and
the productivity status of major food grain
crops in India have been analyzed using the
Total factor productivity growth (TFPG)
estimates. Some policy implications have also
been suggested for sustaining TFP of the
crops.
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The Decomposition Approach
Decomposition of growth in agricultural
output in India has always attracted the interest
of researchers and policymakers from a very
long. Various attempts have been made to
explain the growth in agricultural output in
terms of area and yield components, beginning
with the first systematic study of Minhas and
Vaidyanathan®’.  Later, work on the
decomposition of growth in agricultural output
became more refined and invoked the total
productivity concept.
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Contributions of Evenson and Jha*®, followed
by Dey and Evenson®, Sindhu and Byerlee®,
Kumar and Mruthyunjaya'®, Rosegrant and
Evenson®, Dholakia and Dholakia’, Kumar
and Rosegrant®, Evenson et al.**, Fan et al.’,
Ali and Byerlee?, Coelli and Rao’, Rozelle et
al.*, and few others have been the important
parts of this genre. A comparison of the yield-
area decomposition model and productivity

Copyright © October, 2018; IJPAB

growth accounting model has been depicted in
figure 1.

The sources of productivity growth of
agriculture can be spilt into two major
components:

(a)The efficiency gains ,i.e. the growth in the
factor of production, indicating the movement
along the best practice production frontier, and
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(b)The technological gains, i.e. shifting of the
production frontier outward (inward) in case of
technological progress (regress)

Based upon Farell’s original idea on
technical efficiency, later studies are extended
to focus on the methods of estimation of
production functions. The level between actual
production level of a firm and the frontier
measures its technical efficiency. The frontier
can be fixed or stochastic and the estimation
methodology can take a parametric or non-
parametric approach. Thus, both parametric
and non-parametric approaches differ in the
assumptions they make regarding the shape of
the efficient frontier and the existence of the
random error.

Review of Studies

A number of studies on the measurement of
productivity have been carried out for India
(Tablel). These studies can be classified into
two groups: (i) agriculture sector, and (ii) crop
specific analysis. Indian agriculture has made
substantial gains in productivity with the
introduction of highyielding varieties, as
measured by index of TFP*%'!°  These
studies have shown that the TFP growth in
agriculture has been the prime driving force
behind the acceleration of overall growth in
the Indian economy achieved during the
1980s.

The Data

The total input index was constructed by, ten
inputs (human labour, bullock labour, machine
labour, farm yard manure (FYM), nitrogen,
phosphorus, and potassium fertilizers,
irrigation, plant protection and land) were
included. Cost share of each input was
computed by dividing the individual input-cost
by the total production-cost for all principal
crops at the state level, based on the cost of
cultivation data  collected under the
“Comprehensive Scheme for the Study of Cost
of Cultivation of Principal Crops,”(CACP) of
the Directorate of Economics and Statistics
(DES), Ministry of Agriculture, Government
of India (Gol). These data were used for
computing the TFP for major food grain crops
of the state. The data on quantity and price of
important inputs and crop output were
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compiled for the available years, covering the
period 2000-2017.

Productivity Trends for Major food
grain crops Examining the TFP growth of
major food crops grown in different states of
India, given in Table 1, one could see a strong
perception that (a) technological gains have
not occurred in a humber of crops, notably in
paddy and wheat (b) crops and areas, where
these gains occurred during early years of
Green Revolution, have an increasing trend.
To validate these observations, we had
undertaken the analysis with  more
disaggregated perspective on changes in
output, input and TFP for major crops across
states of India. The results presented for 2000-
17 reveal that all crops have benefited from the
technological change in some parts of the
country, but there are some exceptions in
pulses, coarse cereals and oilseeds where only
a few states has performed well.

Several states have recorded positive
TFP growth. Paddy and wheat, the major
staple food crops, have performed well in
productivity gains. TFP growth of pulse in the
southern India is performing well whereas in
the same region the coarse cereals are trending
a negative way.

The Sustainability Issues

At the farmers’ level, sustainability concerns
are being expressed that the input levels have
to be continuously increased in order to
maintain the yield at the old level. This poses a
threat to the economic viability and
sustainability —of crop production. A
sustainable farming system is a system in
which natural resources are managed in such a
way that potential yield and the stock of
natural resources does not decline over the
time. However, each of the components of
sustainable agriculture is a little complex and
some quantifiable measures are required to
check whether a farming system is sustainable
or not. Due to the multidimensional nature of
the concept of sustainability and the
difficulties in determining specific threshold
values for these dimensions it may be even too
ambitious to seek the absolute level of
sustainability. We should probably be satisfied
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with the relative ranking. Lynam and Herdt®,
had proposed a non-positive trend in TFP as an
indicator of lack of sustainability of the
production system. This has been widely
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accepted and used as an indicator of non
sustainability of production***?. The farming
system is sustainable if it can maintain the TFP
growth over time.

Table 1. Annual growth rate in input, output, TFP of food grain crops grown in different regions of
India: 2000-2017

. . Share of TFP in
Crop Region Period Input Output TFP output
Paddy (Rice) East 2000-17 2.83 2.89 1.28 52.80
West 2000-17 2.74 4.70 1.95 49.70
North 2000-17 3.82 3.68 0.11 59.62
South 2000-17 2.68 3.59 1.16 62.87
India 2000-17 2.42 3.88 1.88 54.43
Wheat East 2000-17 3.68 2.94 2.72 36.80
West 2000-17 4.28 5.22 2.88 57.62
North 2000-17 3.22 4.93 2.96 41.02
India 2000-17 3.91 4.63 2.74 52.36
Coarse Cereals West 2000-17 1.41 1.95 1.45 57.34
North 2000-17 1.88 1.02 1.76 75.65
South 2000-17 -1.29 -4.55 -1.82 57.87
India 2000-17 1.02 1.32 1.68 54.58
Pulses East 2000-17 -20.91 -24.14 4.22 42.81
West 2000-17 4.31 4.31 -1.12 Negative
North 2000-17 -4.02 -4.02 1.36 37.46
South 2000-17 4.47 4.47 1.52 30.83
India 2000-17 2.65 2.25 1.45 45.63
Oilseed East 2000-17 -4.56 -5.62 2.63 20.86
West 2000-17 3.66 3.78 3.93 36.56
North 2000-17 3.56 2.45 2.65 27.89
South 2000-17 2.82 211 2.98 23.15
India 2000-17 1.97 2.01 1.25 36.54
*East: Includes states of Bihar, Orissa, Assam and West Bengal of India
West: Includes states of Rajasthan, Madhya Pradesh, Maharashtra and Gujarat
North: Includes states of Punjab, Haryana, Uttar Pradesh and Himachal Pradesh
South: Includes states of Andhra Pradesh, Tamil Nadu, Karnataka and Kerala
Table2. Distribution of crop area according to TFP growth in India: 2000-17
(per cent share of crop area)
Crop Period Stagnation less Less than 1% More than 1%
than 0% annual TFP annual TFP
growth growth
Paddy (Rice) 2000-17 25 42.8 32.2
Wheat 2000-17 12.8 64.7 22.5
Coarse cereals 2000-17 724 24.2 34
Pulses 2000-17 65.8 32.6 2.8
Oilseed 2000-17 42.8 28.6 28.6

As can be seen in Table 2, the area under rice
with more than 1 per cent TFP growth is 48
per cent. However, as per previous reports the
area under stagnant TFP for paddy declined
from 31 per cent in 1971-86 to 15 per cent in
1987-2000. Even for wheat, the stagnated TFP
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area declined from 10 per cent in 1971-86 to 3
per cent in 1987-2000but for the current
session it has been estimated to be about 12.8.
The coarse cereals in the past experienced
more than one per cent TFP growth on 71 per
cent of the total crop area during the 1980s,
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which increased rapidly to 72.4 percent. About
60 per cent of the area under coarse cereals is
facing stagnated TFP. Similarly, the
productivity gains which occurred for pulses
and s during the early years of Green
Revolution, have now exhausted their
potential. About 70 per cent area under pulse
sand 90 per cent area remain stag fled. The
sign of improvement in productivity gains has
been observed for oilseeds, in the recent years.
Thus, there is strong evidence that
technological change has generally pervaded
the entire crop sector. The crops and states
where technological stagnation or decline is
apparent need to be focused on research,
extension and natural resource management
strategies™?*.

CONCLUSIONS AND POLICY
IMPLICATIONS

The sustainability issue of the crop
productivity is fast emerging. The productivity
attained during the 1980s has not been
sustained during the 1990s and has posed a
challenge before the researchers to shift the
production function by improving the
technology index. It has to be done by
appropriate technology interventions, judicious
use of natural resources and harnessing
biodiversity. During the Green Revolution era,
large investments were made on research and
development for the irrigated agriculture. The
promotion of HYV seed - fertilizer - irrigation
technology had a high pay-off and rapid
strides of progress were made in food
production. However, in recent years,
agriculture has been experiencing diminishing
returns to input-use and a significant
proportion of the gross cropped area has been
facing stagnation or negative growth in TFP.
The studies suggest that investment in public
sector research is an important determinant for
total factor productivity. Thus India will be
benefited from its investments on research and
development. This calls for increasing research
and extension programs but such a
development should be supported by careful
review of existing projects and programs.

Copyright © October, 2018; IJPAB

Int. J. Pure App. Biosci. SPI: 6 (2): 383-389 (2018)

ISSN: 2320 — 7051

REFERENCES
1. Avila, AF.D. and Evenson, R.E., Total
Factor Productivity Growth in

Agriculture: The Role of Technological
Capital. Economic Growth Centre. (2004)

2. Ali, M. and Byerlee, D., (Eds)),
Technological change and productivity in
Pakistan’s Punjab: Econometric evidence.
In: Sustaining Rice-Wheat Production
Systems:  Socio-Economic and Policy
Issues: Rice-Wheat Consortium, Paper
Series 5. New Delhi, India: Rice-Wheat
Consortium for the Indo-Gangetic Plains,
p. 99 (1999).

3. Birthal, P.S., Kumar, A., Ravishankar, A.
and Pandey, U.K., Sources of Growth in
Livestock Sector. Policy Paper No. 9, New
Delhi: National Centre for Agricultural
Economics and Policy Research (NCAP).
(1999).

4, Cassman, K.G. and Pingali, P.L.,

Extrapolating trends from long-term
experiments to farmers’ fields : The case
of irrigated rice systems in Asia. In:
Agricultural Sustainability in Economic,
Environmental, and Statistical Terms. Eds:
V. Barnett, R. Payne and R. Steiner.
London: John W.iley and Sons, Ltd.
(1995).

5. Chavas, J.P. and Cox, T.L., A
nonparametric analysis of agricultural
technology.  American  Journal  of
Agricultural Economics, 70: 303-310
(1988).

6. Christensen, L.R., Concepts and
measurement of agricultural productivity,
American  Journal of  Agricultural
Economics, 57: 910-15 (1975).

7. Coelli, Tim, J. and Prasada Rao, D.S.,
Total Factor Productivity Growth in
Agriculture: A Malmquist Index Analysis
of 93 Countries, 1980-2000. International
Association of Agricultural Economics
Conference held in Durban, August
(2003).

8. Dey, M.M. and Evenson, R.E., The
Economic Impact of Rice Research in
Bangladesh. Economic Growth Center.

387



Gupta and Badal

10.

11.

12.

13.

14.

15.

16.

17.

18.

New Haven: Yale University, Mimeo.
(1991).

Dholakia, R.H. and Dholakia, B.H.,
Growth of total factor productivity in
Indian agriculture. Indian Economic
Review, 28(1): 25-40 (1993).

Diewert, W.E., Exact and superlative
index numbers. Journal of Econometrics,
4: 115-145 (1976).

Diewert, W.E., Superlative index numbers
and consistency  in  aggregation,
Econometrica, 46: 883-900 (1978).

Ethui, S.K. and Spencer, D.S.C,
Measuring the sustainability and economic
viability of tropical farming systems: A

model  from  Sub-Saharan  Africa.
Agriculture 9: 279-296 (1993).
Evenson, R.E. and Jha, D., The

contribution of the agricultural research
system to agricultural production in India.
Indian Journal of Agricultural Economics,
28(4): 212-230 (1973)

Evenson, R.E., Pray, C. and Rosegrant,
M.W., Agricultural Research and
Productivity Growth in India. Research
Report No. 109. Wdashington, D.C:
International Food Policy Research
Institute (1999).

Fan, S., Hazell, P.B.R. and Thorat, S.,
Linkages between Government Spending,
Growth, and Poverty in Rural India.
Research Report No. 110. Washington,
D.C: International Food Policy Research
Institute. (1999).

Griliches, Z., Research expenditures,
education and the aggregate agricultural
production function. American Economic
Review, 54: 961-974 (1964).

Jha, D. and Kumar,P., Rice production and
impact of rice research in India, In: Impact
of Rice Research. Eds: Prabhu L. Pingali
and Mahabub Hossain, TDRI and IRRI.
(1998).

Joshi, P.K., Joshi, L., Singh, R.K,
Thakur, J., Singh, K. and Giri, AK,,
Analysis of Productivity Changes and
Future Sources of Growth for Sustaining
Rice- Wheat Cropping System. National
Agricultural Technology Project ((PSR 15;

Copyright © October, 2018; IJPAB

Int. J. Pure App. Biosci. SPI: 6 (2): 383-389 (2018)

19.

20.

21.

22.

23.

24,

25.

26.

ISSN: 2320 — 7051
4.2), New Delhi: National Centre for

Agricultural  Economics and Policy
Research (NCAP) (2003).
Kumar, P. and Mruthyunjaya,

Measurement and analysis of total factor
productivity growth in wheat, Indian
Journal of Agricultural Economics, 47(7):
451-458 (1992).

Kumar, P., Agricultural performance and
productivity, In: Indian Agricultural
Policy at the Crossroads, Eds: S.S.
Acharya and D.P. Chaudhri, New Delhi:
Rawat Publications (2001).

Kumar, P. and Mark W. Rosegrant,
Productivity and sources of growth for rice
in India, Economic and Political Weekly,
29(52): A183-A188 (1994).

Kumar, P., Joshi, P.K., Johansen, C. and
Asokan, M., Sustainability of ricewheat-
based cropping system in India, Economic
and Political Weekly, XXXIII: A-152-A-
158 (1998).

Kumar, P., Jha, D., Kumar, A.,
Chaudhary, M.K., Grover, R.K., Singh,
R.K., Singh, R.K.P.,, Mitra, A., Joshi,
P.K., Singh, A., Badal, P.S., Mittal, S.,
Ali, J., Economic Analysis of Total Factor
Productivity of Crop Sector in the Indo-
Gangetic Plain of India by District and
Region-NATP Project under Irrigated
Agro- Ecosystem, Production System
Research, Indian Council of Agricultural
Research, New Delhi. (2002).

Kumar, P., Kumar, A. and Shiji, C.P. ,
Total factor productivity and economic
impacts of fisheries technology in India.
Agricultural Economics Research Review,
17(Conference number): 131-144 (2004a).
Kumar, P., Kumar, A. and Mittal, S., Total
factor productivity of crop sector in the

Indo-Gangetic Plain of India:
Sustainability issues revisited. Indian
Economic  Review, 39(1): 169-201
(2004b).

Lynam, J.K. and Herdt, R.W., Sense and
sutainability: Sustainability as an objective

in international agricultural research.
Agricultural  Economics, 3: 381-398
(1989).

388



Gupta and Badal
27.

28.

29.

30.

31.

32.

Minhas, B.S. and Vaidyanathan, A,
Growth of crop output in India, 1951-54 to
1958-61: An analysis by component
elements, Journal of the Indian Society of

Agricultural  Statistics, 17(2): 230-252
(1965).
Mittal, S. and Kumar, P., Literacy,

technology adoption, factor demand and
productivity: An econometric analysis.
Indian Journal of Agricultural Economics,
55(3): 490-499 (2000).

Mittal, S., and Lal, R.C., Productivity and
sources of growth for wheat in India.
Agricultural Economic Research Review,
14 (Conference No.): 109-120 (2001).
Paroda, R.S., Sustaining the Green
Revolution: New Paradigms. B.P. Pal
Commemoration Lecture. 2nd
International Crop Science Congress, 22
November, New Delhi. (1996).

Pinstrup, Andersen P., Jaramillo, M.,
Hazell, P.B.R. and Ramasamy (Eds), C.,
The Impact of Technological Change in
Rice Production on Food Consumption
and Nutrition. The Green Revolution
Reconsidered: The Impact of High
Yielding Rice Varieties in South India, 85-
104. Johns Hopkins University Press;
Maryland; USA. (1991).

Rosegrant, M.W. and Evenson, R.E.,
Agricultural productivity and sources of
growth in South Asia. American Journal
of Agricultural Economics, 74(3): 757-61
(1992).

Copyright © October, 2018; IJPAB

Int. J. Pure App. Biosci. SPI: 6 (2): 383-389 (2018)
33.

34.

35.

36.

37.

ISSN: 2320 — 7051
Rosegrant, Mark W. and Robert E.
Evenson, Total Factor Productivity and
Sources of Long-term Growth in Indian
Agriculture, International Food Policy
Research Institute, Washington, EPTD
discussion paper No. 7 (1995).

Rozelle, S. Jin, J. Huang and Hu, R., The
impact of investments in agricultural
research on total factor productivity in
China. Crop variety improvement and its
effect on productivity. In: The Impact of
International Agricultural Research, Eds:
R.E. Evenson and D. Gollin. UK: CABI
Publishing. (2003).

Schultz, T.W., Economic Organization of
Agriculture, New York: McGraw- Hill Co.
Sindhu, D.S. and Byerlee, D., Technical
Change and Wheat Productivity in the
Indian Punjab in Post-GR Period.
Working  Paper 92-02, Economics,
Mexico: CIMMYT. (1953). (1992).

Singh, R.K., Singh, G.N., Kumar, D.,
Babu, G., Kishor, R. and Kumar, P., A
Stateof- the-Art Report on Waterlogging
and Sodic Soil in Indo-Gangetic Plains of
UP. NATP Project (ICAR). Department of
Agricultural Economics & Statistics, C.S.
Azad University of Agriculture &
Technology, Kanpur. p. 15 (2000).

Solow, R.M., Technical change and
aggregate production function, Review of
Economics and Statistics, 39(3): 312-320
(1957).

389



