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Energy Demand for Crop Production

in Rainfed Areas
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INTRODUCTION

Issues concerning energy-agriculture relationship are becoming more and more important with

the intensification of agriculture, which is considered to be the only means of raising agricultural

'output in land scarce economies. The intensification-led growth in agriculture would obviously

demand more of energy in the form of fertilisers, diesel, pesticides and electricity that are non-

renewable in nature. Prior to the introduction of green revolution technologies during the mid-

sixties energy requirements of Indian agriculture were largely met from traditional, renewable sources

such as human labour, bullock labour and manure. Since then, the use of non-renewable energy

inputs has increased substantially both in irrigated and in rainfed agriculture, and at present about

half of the energy used in agriculture comes from non-renewable sources ( Dhawan et al., 1993).

In view of scarcity of non-renewable energy resources, economic and environmental conse-

quences of increasing use of energy in agriculture and other economic activities are widely debated.

Giyen the current energy situation many observers feel that energy intensive agriculture may not be

sustainable in the long run not only because of fears of decline in energy supply but also due to

adverse impacts of many energy based inputs such as fertlisers and pesticides on agro-ecology.

Further, increasing use of tractors, power tillers, threshers, etc., would also adversely affect farm

employment and income distribution. The empirical evidence, however, is inconclusive. In the

context of developing countries, studies by Bisaliah (1978) and Kalirajan and Shand (1982) suggest

that labour-displacing effects of mechanisation are largely offset by labour-increasing effects of

high-yielding crop varieties, multiple cropping and usage of modern inputs. McInerney and

Donaldson (1975), Binswanger (1978), Parikh (1985) and Ali and Parikh (1992) provide evidence in

favour of labour-displacing effects of mechanisation.

Although technological interventions have led to an increase in the demand for commercial

energy based modern inputs, their use is biased towards irrigated crops mainly because of higher

degree of complementarity of modern inputs with irrigation (Singh and Mittal, 1992). This paper

examines the level and pattern of energy use and its efficiency in rainfed agriculture in relation to

cropping pattern, crop yields, output prices and prices of energy inputs using farm level primary

data. Besides, the paper also analyses the possibilities of substitution between renewable and non-

renewable energy based inputs in agriculture.
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DATA AND METHODOLOGY
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Observations made in this paper are based on primary data collected from 108 cultivator house-holds in the soybean belt of Madhya Pradesh. The study area covers 18 villages of three districts,viz., Indore, Bhopal and Rajgarh which, by and large, represent agricultural situation of this belt'.Apart from soybean, other important crops grown in this belt are sorghum, maize, groundnut, blackgramand pigeonpea in khalif and wheat, chickpea and lentil in rabi.
Introduction of soybean crop has changed the face of agricultural economy of this region.Soybean with its good yield and better market prospects enabled the farmers to generate enoughresources for investment in machinery and tubewell irrigation. This facilitated multiple croppingparticularly of crops like wheat that require higher amount of irrigation water.' Data on cropping pattern, inputs use, output and prices for the agricultural year 1996-97 werecollected from the randomly selected sample farm households. The quantities of different inputsused in crop production were translated into their energy equivalents (mega joules) by multiplyingwith their respective conversion ratios reported in Singh and Mittal (1992). The unit cost of energyderived from an input was computed by dividing the input cost by the energy supplied by the input.General translog cost function of second order approximation of the following form is used toexAmine the relationship between different sources of energy'.

log C = a„ + ccylogY + oclogP, + 1/2f3yy(1ogY)2+

1/2 I3.logP,logP + PyilogY log Pi .... (1)

where C is per acre cost of cultivation, Y is value of output per acre and Pi is price of energy derivedfrom ith input. The conditional demand functions for the inputs can be derived using Shephard'slemma.

S = fiyilogY + i = 1, 2, ....n
J= I

Equations (1) and (2) are jointly estimated using Zellner's seemingly unrelated regression(SUR) procedure (Zellner, 1962), where Si is the share of i-th ,energy input in cost of cultivation.Since S S = 1, only (n-1) share equations are estimated .and the parameters of the n-th equation canthus be determined imposing the following restrictions implied in duality approach.

(i) Eai = 1, (ii) Epi; = 0, Epo = o, (iv) Epti = o,
(v) Pi; =
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The coefficients thus estimated are used to compute elasticities of substitution and price elas-

ticities of demand for inputs. The Allen elasticities of substitution are computed as:

....(3)

The own and cross price elasticities of demand are given by:

= Siau for i j ; = Siaii for i =j .... (4)

The standard errors of the elasticities are estimated as:

= Var(Oki)/gA2,Var(a11) = Var(1 11)/S:s

Var(fld = Vardid/S,Var(iiii) = Vadii)/S

The elasticities and their standard errors are calculated at mean values of the shares.

III

LEVEL AND PATTERN OF ENERGY USE

In this section we present the level and pattern of energy use in crop production and its t
echnical

and economic efficiency. The estimates of price elasticities of demand and substitution 
elasticities

of important energy sources are also supplied.

Cropping Pattern and Energy Use

The percentage of gross cultivated area under different crops and sourcewise energy u
se on

sample farms are given in Table 1. Soybean is the dominant crop occupying 40.3 per cent o
f the gross

cultivated area. Wheat with a share of 25 per cent ranks next and is followed by chickpea,
 maize and

sorghum. There are Wide disparities in energy use across the crops. Wheat is found to be the
 most

energy intensive crop consuming 5,592 mega joules (MJ) per acre and is followed by so
ybean

(2,857 MJ/acre) and chickpea (2,735 MJ/acre). Compared to these crops, energy use in product
ion of

crops like maize and sorghum and blackgram is very low.

The differences in energy use intensity across the crops can be explained by the difference
s in

irrigation status of the crops under consideration, nature of crop operations and sources of e
nergy

supply.' Wheat is an irrigated crop and for higher yields it requires higher doses of fertili
ser, raising

the share of fertilisers in total energy use to 34 per cent. Since wheat is mainly irrigate
d by electricity

run tubewells, electricity constitutes about 23 per cent of the total energy use. Anoth
er important

reason for higher use of energy in wheat cultivation is that many of the energy intensiv
e Operations

like land preparation, sowing and threshing are largely mechanised. As a result, th
e contribution of

bullock labour to total energy use in wheat cultivation is very low, while machine
s (tractors, thresh-

ers, etc., run on diesel) account for 26 per cent of the total energy use. Sim
ilarly in the case of

chickpea (which is grown both under irrigated and rainfed conditions), machine
s/diesel, fertilisers

and electricity together account for 70 per cent of the total energy use.
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TABLE 1. LEVEL AND PATTERN OF ENERGY USE IN CROP PRODUCTION

(mega joules/acre)
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Crop

Sources of energy Soybean Maize Sorghum Blackgram Wheat Chickpea
(1) (2) (3) (4) (5) (6) (7)
Seed 518.4 69.2 62.9 137.9 610.5 520.1

(18.14) (9.85) (6.90) (18.89) (10.92) (19.02)
Farmyard manure 446.6 240.3 303.1 85.1 161.9 53.4

(15.63) (34.21) (33.26) (11.66) (2.90) (1.95)
Fertilisers 651.2 97.8 2.2 0.0 1888.5 742.7

(22.79) (13.93) (0.24) (0.00) (33.77) (27.15)
Pesticides 91.8 3.4 0.0 0.0 11.1 75.8

(3.21) (0.49) (0.00) (0.00) (0.20) (2.77)
Electricity 46.4 0.0 130.1 78.7 1270.3 403.4

(1.62) (0.00) (14.28) (10.78) (22.71) (14.75)
Machines/diesel 903.3 50.8 74.9 206.3 1449.3 770.4

(31.62) (7.24) (8.22) (28.26) (25.92) (28.17)
Human labour 170.1 157.0 202.7 105.9 191.7 159.7

(5.95) (22.36) (22.25) (14.50) (3.43) (5.84)
Bullock labour 29.3 83.7 135.3 116.2 9.1 9.6

(1.03) (11.92) (14.85) (15.92) (0.16) (0.35)

Total energy use 2,857.1 702.2 911.2 730.1 5,592.4 2,735.1
(100) (100) (100) (100) (100) (100).

Contribution of commercial 77.39 31.51 29.64 57.92 93.51 91.86
sources to total energy use (per cent)

Contribution of non-commercial 22.61 68.49 70.36 42.08 6.49 8.14
sources to total energy use (per cent)

Contribution of renewable sources, 40.75 78.34 • 77.26 60.96 17.40 27.16
to total energy use (per cent)

Contribution of non-renewable 59.25 21.66 22.74 39.04 82.60 72.84
sources (per cent)

Per cent of gross cropped area 40.25 - 3.43 1.94 1.00 24.93 6.10
under crop

Figures in parentheses indicate percentage contribution to total energy usc
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Soybean, with an average use of 2,857 MJ/acre of energy, 
is the most energy intensive kharif

crop. Its energy requirement is three to four times h
igher than that for other kharif crops. This is

mainly because of higher use of farmyard manure, ferti
lisers and machines, which contribute 16, 23

and 32 per cent to total energy use respectively. Li
ke wheat, some of the operations in soybean

particularly sowing and threshing, to a large extent, are m
echanised. Sowing of soybean is largely

dependent on rainfall and most of the farmers use tractors f
or timely sowing.

Table 1 also presents the contribution of different sources o
f energy when classified on the basis

of their renewability and economic value. Based on ec
onomic value, the energy sources are classi-

fied into commercial and non-commercial sources. Soybe
an production derives about 77 per cent of

its energy requirements from commercial sources, i.e., 
fertilisers, pesticides, electricity, machines/

diesel and seeds, while other kharifcrops particularly s
orghum and maize comparatively use less of

commercial energy. Both wheat and chickpea derive m
ore than 90 per cent of the energy require-

ments from the commercial sources. Use of energy fro
m non-renewable sources (fertilisers, pesti-

cides, electricity, and machinery/diesel) is found to be 
maximum in the case of wheat, followed by

chickpea and soybean. In contrast, most of the energy us
ed in the production of maize, sorghum and

blackgram comes mainly from renewable energy sourc
es.

Relative prices of energy inputs determine the composi
tion of energy use. For instance, an

increase in the price of chemical fertilisers would le
ad to a shift away from chemical fertilisers

towards less costly alternative sources of nutrients, or an
 increase in the wage rate would induce the

farmers to use more of tractors, power tillers and thres
hers. The use of non-renewable energy on

sample farms is higher because it is cheaper than the 
renewable energy. Per mega joule cost of

mechanical energy (tractors and threshers) is estimated to be
 Re. 0.44 as compared to Rs. 2.44 for

human labour energy and Rs. 1.23 for bullock labour en
ergy'. Similarly, the cost of energy derived

from chemical fertilisers is worked out to be Re. 0.3
5 per mega joule while that of energy from

manure is costlier by Re. 0.17. The per unit cost of electri
cal energy on the farms works out to be very

low, i.e., Re. 0.05 per mega joule because of subsidise
d electric supply to the agricultural sector.

Efficiency of Energy Use

Agriculture is not only a consumer of energy but it also pro
duces energy in the form of food,

feed, fuel, etc. To compare how efficiently different cr
ops Convert input energy into output energy,

energy ratios (input energy used to produce 100 MJ
 of output energy) were calculated and are

presented in Table 2 along with other technical and econ
omic indicators of efficiency. To produce

100 MJ of edible energy from soybean, wheat and chick
pea, it takes about 30, 33 and 32 MJ of input

energy respectively, while the input energy required to pro
duce the same amount of edible energy

from maize, sorghum and black gram is estimated at 8, 1
1 and 13 MJ respectively. In addition, the

by-products of these crops generate considerable amount of n
on-edible energy that is used in live-

stock production, cooking, etc. The energy ratios clearl
y indicate that energy use efficiency is

substantially higher in the production of coarse cereals and k
harif pulses. Energy use efficiency

would further improve if energy from the by-products is also t
aken into consideration.
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TABLE 2. ECONOMICS OF ENERGY USE IN DIFFERENT CROPS

Particulars Soybean Maize Sorghum Blackgram Wheat Chickpea
(1) (2) (3) (4) (5) (6) (7)
Grain yield (qtl/acre) 6.44 5.91 5.71 3.74 11.37 5.78
Input Energy (MJ/qtl) 443.6 118.8 159.6 195.2 491.9 473.2
Edible output energy (MJ/acre) 9,469.0 8,697.8 8,389.4 5,493.6 1,6713.1 8,496.6
Input energy needed to produce 30.17 8.07 10.86 13.29 33.46 32.19
100 MJ of edible output energy

Gross returns (Rs./acre) 6,318.0 2,969.8 2,839.9 3,931.2 6,473.2 7,619.2
Cost of energy inputs (Rs./acre) .2,076.7 523.2 686.3 674.6 2,098.7 1,839.2
Net returns (Rs./acre) 4,241.3 2,446.6 2,153.6 3,256.6 4,374.5 5,780.0

Energy conversion ratio though is an important indicator of energy conservation, it may not be
attractive for an entrepreneur interested in profit maximisation. Farmers in pursuit of profit
maximisation are observed to respond to changes in technology, prices of energy inputs and out-
puts. This can be seen when the data on area shares of different crops and energy used in their
production are juxtaposed. Coarse cereals that require less of energy are cultivated on a very limited
scale, while soybean and wheat despite their high energy requirements are grown widely. On the
sample farms net returns per acre from soybean are estimated to be Rs. 4,241 that are 1.5 to 2.0 times
more than its competing crops, viz., maize and sorghum. These differences in net returns are mainly
because of differences in output prices as per acre production of these crops is not much different
(Table 2). In the case of blackgram, output price is as good as that of soybean but its productivity is
much lower than soybean. Similar arguments hold for rabi crops with certain qualifications. Wheat
is a less risky crop and is grown both for family consumption and market though its returns are low
compared to chickpea mainly due to differences in output prices. But high production risk in
chickpea discourages farmers to grow it on a large scale.

Relationship between Energy Inputs

Given the state of the art, relationship between different energy inputs may be complementary
or competitive. These relationships between the different energy sources are examined for soybean
cultivation with the help of elasticity of substitution and price elasticity (own and cross). Computed
elasticities of substitution (Table 3) have the expected sign but these. are significant only for few
energy inputs. The elasticity of substitution between fertilisers and manure ig positive and signifi-
cant, indicating that these two sources are substitutes. This is a noteworthy result in view of the
emerging concerns for sustainability of agricultural production systems and limited availability of
non-renewable energy used in the production of chemical fertilisers. The relationship of human
labour with manure and fertilisers is competitive which is rather unexpected. This could be ex-
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TABLE 3 . ALLEN ELASTICITIES OF SUBSTITUTION BETWEEN ENERGY INPUTS USED IN SOYBEAN PRODUCTION

Energy inputs

(1)

Manure Fertilisers Human Bullock
labour labour

(2) (3) (4) (5)

Machines

(6)

Manure

Fertilisers

Human labour

Bullock labour

Machines

-6,818* 1.939* 1.054*

(30.980) (7.261) (7.555)

-6.913* 2.798*
(5.182) (4.650)

-1.827
(1.918)

-2.204
(0.679)

18.063
(0.573)

-23.051
(0.875)

-108.000
(0.032)

0.573
(0.079)

-3.471
(0.897)

2.759
(1.483)

13.012
(0.321)

-22.321

(0.517) .

Figures in parentheses are t-ratios. * Significant at 5 per cent.

plained by the fact that the increase in human labour is not proportionate to the increase in produc-

tivity due to higher use of fertilisers and manure. The elasticities of other sources notably of ma-

chines with human and bullock labour are positive but non-significant. This indicates that these

sources of energy are substitutes to a certain extent, which seem to have been achieved. Much of the

replacement of human and-bullock labour has taken place through mechanisation of critical farm

operations like land preparation, sowing and threshing, and any further substitution would be

possible only through improvement in technology.

A negative non-significant elasticity of substitution is found between bullock labour and ma-

nure and between machine and fertiliser. The complementarity between bullock labour and manure

is natural as farmers using bullocks have manure to use, whereas complementarity between ma-

chines and fertilisers may arise from higher use of threshers necessitated by fertiliser-induced in-

crease in crop productivity.

The estimates of cross price elasticities presented in Table 4 also confirm the relationships

established by substitution elasticities. All own price elasticities of demand have negative sign and

except for bullock labour, are statistically significant at 5 per cent or less level of significance (Table

4). Energy demand from all sources, with the exception of human labour, is price elastic. The

highest own price elasticity of demand is observed for tractors, followed by bullocks, fertilisers

and farmyard manure. Higher own price elasticity of demand for mechanical as well as animal power

is possible as there is sufficient time for pre-sowing operations for soybean and farmers may respond

to changes in the cost of manual or mechanised farm operations. The own price elasticity of demand

for human energy is less than unity, indicating the necessity of human labour in all farm operations.

Further, farmers use mostly family labour and hired labour is used only in critical operations in peak
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TABLE 4. PRICE ELASTICITIES OF DEMAND FOR ENERGY INPUTS
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Energy inputs

(1)

Manure Fertilisers Human Bullock Machines
labour labour

(2) (3) (4) (5) (6)

Manure -1.227* 0.388* 0.348* -0.066* 0.149
(172.100) (36.316) (23.494) (23.246) (0.305)

Fertilisers 0.349* -1.383* 0.925* 0.311 -0.903*
(40.235) (25.908) (14.091) (1.910) (3.449)

Human labour 1.897* 0.559* -0.603* -0.692* 0.7-17*
(43.074) (23.251) (5.812) (29.191) (5.706)

Bullock labour -0.397* 2.070* -7.606* -3.240 3.383
(3.874) (2.865) (2.653) (1.099) (1.233)

Machines 0.103 -0.694* 0.910* 0.390* -5.803*
(0.440) (4.484) (4.496) (10.684) (1.991)

Figufes in parentheses are t-ratios. * Significant at 5 per cent.

period. In both the cases labour use would not be much affected by changes in wage rates.
It emerges from the above discussion that given the input-output price structure and state of

technology, the demand for non-renewable commercial energy would increase with the commercial-
isation of agriculture. The increased use of commercial energy has implication for sustainable
development. At present technological options do no permit increased use of renewable energy,
while maintaining profitability.

CONCLUSIONS

The results of this study show that the demand for commercial energy based inputs like fertilis-
ers and diesel would increase with the shift in cropping pattern from coarse cereals to fine cereals or
commercial crops. Farmers in pursuit of profit maximisation take decisions considering productiv-
ity levels and input-output prices. Current input prices favour the use of commercial energy based
inputs. Since commercial energy has become a crucial input in crop production in India, any reduc-
tion in commercial energy use in agriculture may adversely affect crop productivity and production
(Brown and Eckholm, 1974).

Technological intervention appears to be the only option to minimise the use of commercial
energy. Some technologies like integrated nutrient management, integrated pest management, etc.,
need to be scaled-up. Energy use efficiency can also be improved by practising good husbandry as
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there is scope for increasing yield through higher inputs use efficiency (Singh etal., 1998). In future

it would be appropriate if the energy conservation is explicitly considered as one of the research

objectives.

NOTES

1. The da.ta used in this study were collected under the ICAR/World Bank project "Sustainable Rainfed Agricul-

tural Research and Development".

2. For more details on translog cost function see, Binswanger (1974) and Ali and Parikh (1992).

3. Irrigation besides direct use of electricity/diesel to pump water also promotes the use of other energy inputs.

Because of limited area under cultivation of some of the crops, energy use is not estimated separately for irrigated and

unirrigated crops. On sample farms irrigated area by crops is estimated to be 12 percent for soybean, 40 per cent for

sorghum, 21 per cent for black gram, and 100 per cent for wheat and 75 per cent for chickpea.

4. Based on comparative economic value the energy sources are classified into commercial and non-commercial

sources. Commercial energy sources are generally capital intensive and cannot be produced on the farm. Commercial

sources of energy include purchased seeds, fertilisers, pesticides, electricity, diesel, machinery, etc., while non-

commercial energy sources are readily available and include home produced seed, human, animals, farmyard

manure, etc. In this study seeds have been classified under commercial sources because of lack of information on

source of procurement of seed. The energy derived from sources that can be replenished is called as renewable

energy and includes seeds, human, animals, farmyard manure, etc. Energy derived from machines (diesel), electric-

ity, fertilisers, pesticides, etc., are classified as non-renewable energy. For further details, see Singh and Mittal (1992).

5. Unit cost of energy from different sources was calculated by taking into consideration the energy used in the

specified crops grown during the year.
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