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The present study is aimed at assessing the impact of
watershed development on the energy efficiency in
groundnut cultivation. Overall technical, pure technical and scale efficiency increased by 11, 3 and 12%
over the pre-watershed scores due to watershed development. Estimated potential for saving input energy
was 3608, 3223 and 2907 MJ ha–1 for marginal, small
and large farmers respectively, in groundnut production while maintaining status quo for energy output.
Farm size, age of farmer, number of livestock owned
and implementation of watershed activities were identified as key determinants for higher overall energy
efficiency.
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E NERGY, economics and the environment are mutually
dependent1, and there is a close relationship between agriculture and energy2. Agriculture has become an
increasingly energy-intensive sector in the last half a century, with much of it attributable to necessary inputs. For
example, chemical fertilizers and pesticides require much
greater energy to manufacture than to apply on-farm3.
With rapid depletion of non-renewable energy sources,
rapid population growth and environmental degradation
energy use in agriculture has become an issue of
concern4, as evident by deteriorating water and land
resources and their contribution to global warming
through increased emission of greenhouse gases5,6. Therefore, energy-efficient crop production is vital for reducing environmental hazards, preventing destruction of
natural resources and ensuring agricultural sustainability7.
In India, various studies have been conducted to determine energy efficiency in crop production. Nassiri and
Singh8 observed that small farmers in Punjab realized
high energy ratio and low specific energy requirement
compared to large farmers growing paddy. Mandal et al.9
suggested that on the economic front, based on net return,
soybean–wheat system is marginally better than other
systems, but soybean–chickpea system is more suitable in
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central India due to its low requirement for non-renewable
resources and higher energy use efficiency. Similarly,
Singh et al. 10 showed that zero and minimum tillage
saved more energy than conventional tillage under rainfed soybean-based cropping systems. Based on output–
input ratio, Singh et al.11,12 suggested that cultivation of
green gram (6.8) is more remunerative compared to pearl
millet (4.8) and wheat (3.2). They also observed that
cotton consumed the highest energy, followed by wheat,
mustard, maize and cluster bean; however in all crops the
consumption of non-renewable energy (73.2%) was higher than renewable energy.
Existing literature mostly substantiates the scope for
improvement in energy efficiency in various crops, but
none of these deals with the impact of watershed implementation on energy efficiency of crops grown in watershed areas treated with soil and water conservation
measures. Watershed is a land-based programme, which
is mainly focused on water, with its main objective being
to enhance agricultural productivity through increased in
situ moisture conservation and protective irrigation for
socio-economic development of rural people13. Many
studies have reported the economical viability of
watershed programmes but, to the best of our knowledge,
no study has highlighted the impact of watershed programme on energy efficiency. Keeping this in view, we
examined the impact of watershed interventions on the
energy use efficiency in groundnut cultivation, which is
an important oilseed crop in India, primarily being grown
under rainfed conditions during kharif season. It is cultivated in about 6 m ha, which is about one-fifth of the
total area under oilseeds in the country. However, threefourths of cultivated area falls in the semi-arid tropics
characterized by low and erratic rainfall, and poor soil. In
Karnataka, groundnut is cultivated in about 0.85 m ha,
with around 71% under rainfed conditions14. In the
watershed taken for study, groundnut accounts for 65% of
the total gross cropped area. Therefore the crop was considered for the present study, wherein we estimated the
impact of watershed development on energy efficiency
using data envelopment analysis (DEA) in groundnut
production cultivated under rainfed conditions in a semiarid watershed of South India.
The study was carried out in Netranahalli watershed in
the drought-prone Chitradurga district of Karnataka. The
watershed was treated under Integrated Watershed
Development Programme scheme, sponsored by the
Ministry of Rural Development, Government of India.
Annual mean rainfall of the area is 526 mm, and during
the last 18 years (1994–2011) deficit rainfall occurred in
about 50% and severe drought in 30% of the period15. A
number of soil and water conservation measures
(SWCM), viz. field bund, ponds, check dams and drainage line treatment measures were taken up in the watershed for soil moisture conservation and controlling
run-off and soil loss.
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Table 1.

Energy equivalents for different inputs and outputs

Particulars

Unit

Equivalent energy (MJ)

Human labour
Man
Woman
Bullocks (body weight 352–450 kg)

Man-hour
Woman-hour
Pair-hour

1.96 (ref. 16)
1.57 (ref. 16)
10.10 (ref. 15)

Chemical fertilizer
Nitrogen
Phosphate (P2 O 5)
Potash (K2 O)
Farmyard manure (FYM)
Machinery
Seed

kg
kg
kg
kg
hours
kg (dry mass)

60.60 (ref. 16)
11.1 (ref. 15)
6.7 (ref. 16)
0.30 (ref. 16)
62.70 (ref. 15)
25.0 (ref. 17)

Output
Groundnut

kg (dry mass)

25.0 (ref. 17)

QQ) by consuming OX3 and OY3 amounts of inputs X
and Y respectively. However, the same level of output can
be produced by consuming OX1 and OY1 levels of input,
if the farmer produces efficiently and operates on any
point, say T, on the frontier.
Therefore, at point P, TEpre (technical efficiency before
watershed implementation) with a value Z1 is defined by
eq. (1):
TE pre 

Figure 1. Framework for assessing the impact of watershed on energy
efficiency.

Data were collected from groundnut cultivating farmers through face-to-face interviews. Identified outliers
and extreme observations were discarded, and finally 137
farm data were used for the study comprising 57 farmers
(22, 18 and 15 marginal (<1 ha), small (1–2 ha) and
large (>2 ha) farmers respectively) during 2008 (prewatershed), and 80 farmers (29, 22 and 29 marginal,
small and large farmers respectively) during 2013 (postwatershed). Data on inputs (labour, bullock-labour, farm
machinery use, seed, fertilizer and farmyard manure
(FYM)) and outputs were collected and converted into
energy equivalents using energy conversion coefficients16–18 (Table 1). Besides physical data, farmerspecific information on socio-economic and demographic
features was collected.
Figure 1 presents the conceptual framework for working out the technical efficiency. Suppose a farmer is
operating at P before watershed development, and producing q amount of output energy (defined by the frontier
1832

OP
 Z 1.
OT

(1)

In the post-watershed implementation scenario, the same
farmer starts operating at point R, producing the same
level of output (q) by consuming OX2 and OY2 quantities
of inputs X and Y, respectively. At this point R, TE post
(technical efficiency post-watershed implementation) can
be computed by eq. (2) with a value Z2.
TE post 

OR
 Z2.
OT

(2)

Therefore, watershed implementation enabled the farmers
to produce the same level of output with lesser amounts
of the inputs, consequently increasing efficiency or
decreasing inefficiency by Z = (Z2 – Z1).
However, even after implementation of watershed,
production inefficiency still exists (indicated by distance
between R and T), and the farmer can further reduce
inputs consumption to the tune of X1X2 (difference
between OX2 and OX1) and Y1 Y2 (difference between OY2
and OY1), which in turn could save the input energy for
producing the same output level q.
DEA is a non-parametric technique of frontier estimation that determines both the relative efficiency of a
number of decision-making units and targets for their
improvement19. It was introduced by Charnes et al.20
in 1978, developing on Farrell’s21 idea of estimating
technical efficiency relating to production frontier. Data
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envelopment analysis allows decision makers to simultaneously consider multiple inputs and outputs, where efficiency of each decision-making unit is compared to that
of an ideal operating unit rather than to the average performance. Decision makers can then differentiate between efficient and inefficient decision-making units and
address the sources and amount of inefficiency for each
of the inefficient ones22. In this study, input-oriented
DEA was used as it is more reasonable to assume that farmers minimize the use of inputs23.
Technical efficiency can be calculated by the ratio of
sum of weighted outputs to sum of weighted inputs24
s

Max hk 

 r 1 urk yrk ,
m
 i 1 vik xik

(3)

subjected to
s

 r 1 urk yrj
m
 i 1 vik xij

 1; j  1,..., n,

u rk , vik  0; r  1,..., s; i  1,..., m,
where k is the decision-making unit (groundnut cultivating farmer) being evaluated in the set of j = 1, 2, …, n. n
the total number of groundnut cultivating famers; hk the
measure of efficiency of the kth groundnut producing
farmer in the set of n farmers; yrk the amount of output r
produced by the farmer k during the period of observation; yrj the amount of output r produced by the groundnut cultivating farmer j during the observation period; xik
the amount of resource input i used by the groundnut
cultivating farmer k; xij the amount of resource i used by
farmer j during the period of observation; urk the weight
assigned to output r computed in the DEA model; vik the
weight assigned to resource input i computed DEA
model; m the number of inputs used by farmers, i.e. six in
our case, and s is the number of outputs produced by the
farmers, i.e. one in our case. The model represented by
eq. (4) is known as the CCR model (after Charnes, Cooper and Rhodes). It provides Farrell’s input-oriented
technical efficiency under the assumption of constant returns to scale. Technical efficiency measure corresponding to constant return to scale assumption represents
overall technical efficiency (OTE), which measures
inefficiencies due to the input/output configuration as
well as the size of operations.
Min , iCCR ,

subjected to
Y  Yi ,
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(4)

X    iCCR X i ,

  0,
where iCCR provides the overall technical efficiency
score for the ith groundnut cultivating farmer, Yi and Xi
are the output and input vectors of the ith farmer respectively; Y and X represent the amount of output and input
matrices for all the n groundnut cultivating farmers; N
represents the unit vector, and  is an N  1 vector of
constants. A groundnut cultivating farmer is considered
technically efficient and will lie on the efficiency frontier, if and only if the optimal value of iCCR is equal to
one. Any value less than one indicates a relatively inefficient farmer operating below the frontier. However, estimating technical efficiency using constant returns to scale
is only suitable when all decision-making units are operating at an optimal scale25, which in reality is not possible
due to factors like financial constraints, imperfect competition, etc. The above model with an additional convexity
constraint N = 1 is known as the BCC model (after
Banker, Charnes and Cooper; 1984), which works under
the assumption of variable returns to scale. The program
DEAP Version 2.1 was used to estimate the efficiency
scores. Further, overall technical efficiency scores can be
decomposed into pure technical efficiency and scale efficiency (SE). Scale efficiency is a ratio of overall technical efficiency to pure technical efficiency26. (If SE = 1,
then a farmer is scale-efficient and SE < 1 indicates the
presence of scale inefficiency.)
Consider that a farmer is operating at A after the
watershed implementation (Figure 1). If he wants to
operate at the projected point on the frontier (B), he has
to cut down the levels of inputs uses (X and Y) to the
point B (iso-quant, the maximum level of output energy
which can be produced with given technology). Thus,
reduced amount of inputs is called ‘radical adjustment’ or
a reduction in the inputs in proportion to overall inefficiency.
Amount of input ith reduced in the radical adjustment = (1   CCR ) X i .
Further, observed level of energy output can be produced if the farmer operates at point C. Since the movement of the farmer from point B to C is on the frontier
(iso-quant), the output energy (q) will remain the same;
only the quantity of one of the two inputs, i.e. Y input
will reduce. Therefore, there is an opportunity to reduce
amount of input Y to the tune of BC while maintaining
the same level of X. This type of reduction is known as
‘slack adjustment’. The summation of slack and radical
adjustment of energy inputs is called the ‘total adjustment’, representing the total amounts of ith input which
should be reduced by a farmer so as to reach his optimal
production efficiency. The practical minimum input level
is called the target input level for a farmer. Thus, total
adjustment needs to be adjusted so as to reach a ‘target’
1833
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Table 2.

Average energy input and output in groundnut production in the pre- and post-watershed scenario (MJ ha–1 )
Output
energy

Human
labour

Farm
machinery

Fertilizer

Seed

FYM

11,427
(8248)

852
(182)

542
(123)

287
(189)

897
(430)

2097
(289)

535
(295)

5210

Small

12,846
(6260)

972
(167)

874
(199)

285
(176)

951
(191)

2484
(421)

612
(173)

6178

Large

11,336
(5740)

1051
(157)

820
(144)

167
(67)

960
(137)

2243
(288)

541
(144)

5782

Overall

11,762
(6664)

967
(185)

747
(208)

236
(155)

938
(271)

2261
(355)

558
(209)

5707

18,454
(10,879)

1054
(158)

744
(179)

406
(244)

1392
(528)

2176
(237)

545
(241)

6317

Small

17,639
(8443)

984
(148)

855
(207)

308
(217)

1128
(326)

2270
(336)

670
(151)

6215

Large

15,225
(5191)

976
(194)

826
(201)

214
(92)

1065
(226)

2137
(414)

523
(184)

5741

Overall

16,988
(8257)

1000
(170)

814
(200)

301
(204)

1178
(385)

2196
(345)

582
(200)

6071

Category
Pre-watershed
Marginal

Post-watershed
Marginal

Bullock
labour

Total input
energy

Figures in parenthesis are the values of standard deviation.

energy input for the ith input while keeping the output
unchanged. For the ith energy input, the total adjustment
is nothing but a energy-reduction-target or potential
energy saving (Zi ), defined as radical adjustment for ith
input + slack adjustment for ith input.
The Tobit model was applied to predict the association
of energy efficiency with farmer-specific characteristics27. This method was used because of the censored
nature of the efficiency scores ranging between 0 and 1.
The present study used second-stage regression analysis
to model farmer-specific characteristics for explaining
efficiency in groundnut production. The Tobit model is
expressed as follows:
3

2

yk*   0    i xik    r Drk   k ,
i 1

(5)

r 1

where yk* is the latent independent variable for the Kth
groundnut-cultivating farmer; xik (x1kx2k and x3k) a vector
of independent continuous variables which are assumed
to influence efficiency; Drk (D1k and D2k) the binary variable which is also expected to have an impact on the efficiency,  (0, 1, 2 and 3 ) and  (1 and 2) are vectors
of unknown parameters associated with independent continuous and binary variables and k is an error term independently identically distributed with zero mean and
constant variance IID ~ N(0,  2).
The latent variable yk* can be linked with the observed
variable y k by
yk  yk* if y k*  0, and
1834

yk = 0, otherwise.

(6)

The vectors of independent variables x (x1, x2 and x3 are
age, family labour and livestock respectively) and D (D1
and D2 are own either bullock or tractor and watershed
respectively) were used in the model.
Table 2 provides the average values of input energy
consumption and output energy production during preand post-watershed scenarios. The average output and
input energy values in case of pre-watershed scenario
were 11762 and 5707 MJ ha–1 respectively, whereas after
watershed implementation, production of output as well
as utilization of input energy increased by 5226 and
364 MJ ha–1 respectively. Among different farm categories, maximum output energy (12,486 MJ ha–1 ) was produced by small farmers in pre-watershed condition and
by marginal farmers during post-watershed scenario
(18,454 MJ ha–1 ). Seeds constituted the major share of
energy inputs, contributing around 40% and 36% during
pre- and post-watershed scenarios respectively. Up to the
time of sowing, around 80% of total input energy is consumed in the form of seed, human labour, farm machinery, fertilizer and FYM. In rainfed areas, even one
standard deviation decline in mean annual rainfall often
leads to complete crop failure28, and resultant wastage of
input energy. Thus, around 80% of total input energy is
left to the peril of uncertain rainfall during the rest of the
crop growth period. High standard deviation values (Table 2) in both the scenarios indicate wide variations in the
quantum of energy inputs used and the output of groundnut. This also indicates disparities among the farmers in
input management, implying that energy efficiency can
be improved by optimum use of different inputs.
CURRENT SCIENCE, VOL. 109, NO. 10, 25 NOVEMBER 2015
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Table 3.

Overall, pure and scale efficiency during pre- and post-watershed scenario (%)
Pre-watershed

Marginal
Small
Large
Overall

Post-watershed

OTE

PTE

SE

OTE

PTE

SE

51*
51
55**
53**

72
74
78
75

71
68**
67***
69**

63*
61
68**
64**

78
76
81
78

81
80**
82***
81**

OTE, PTE and SE stand for overall technical efficiency, pure technical efficiency and scale efficiency respectively. ***, ** and * indicate that difference between the average values of efficiencies between pre- and post-watershed scenarios are significant at 2%, 5% and 10% level of
significance respectively.

Average values of overall technical efficiency (which
reflect the ability of using suitable configuration and
level of input uses on efficient scale of farm size), pure
technical efficiency (which indicate the ability of managerial skill of farmers) and scale efficiency (which indicates optimum size of a farm) were 53%, 75% and 69%,
respectively (Table 3). These low overall technical efficiency scores across the farm categories may be attributed to the adverse conditions (rainfed conditions,
varying soil depth, poor fertility and poor soil moisture
retention) during the crop period. The value of overall
technical efficiency (53%) implies that, on an average, up
to 47% of total input energy can be minimized while
maintaining status quo with respect to the existing output
energy level. This inefficiency (47%) is the combined
effect of inappropriate configuration, combination and
level of inputs used at scale-inefficient size of operations.
Pure technical efficiency reflects the managerial performance and skills of farmers to organize inputs for groundnut production devoid of scale effect. This was estimated
as 75%, indicating that 25% output energy can be increased while operating at the observed scale of operation
and with the same combination and level of inputs, by
merely adopting best management practices and improving the managerial skills of farmers. Overall scale efficiency was 69%, signifying that around 31% of output
energy level can be increased with the same level and
combination of inputs usage, just by applying them or
operating at an optimal scale (scale-efficient area) for
groundnut cultivation, thereby ensuring optimum utilization of energy inputs. Lower efficiency for smallholder
farmers may be due to higher risk associated with crop
failure or poor yield, low investments for enhancing soil
fertility, less use of improved crop varieties and other
yield enhancing inputs.
In the post-watershed period, overall technical efficiency, pure technical efficiency and scale efficiency
increased to the tune of 11%, 3% and 12% compared to
pre-watershed scores respectively, which is significant at
5% threshold for overall and scale efficiency (Table 5).
Mann–Whitney test results showed that there was a statistically significant difference between the overall technical efficiency and scale efficiency for large farmers at 5%
and 2% level of significance respectively, in pre- and
CURRENT SCIENCE, VOL. 109, NO. 10, 25 NOVEMBER 2015

post-watershed scenarios. For small and marginal farmers
the difference between the mean value of pre- and postwatershed scenarios for scale efficiency and overall technical efficiency was significant at 5% and 10% level of
significance respectively. These differences in efficiency
can be attributed to increased output, however, with
higher uses of inputs under conditions of sustained soil
moisture availability during the crop growing period. The
lower standard deviation values during post-watershed
period suggest a reduction in the output instability. The
maximum increment in pure technical efficiency occurred
in the case of marginal (6%), followed by large (3%) and
small (2%) farmers, whereas maximum increase in scale
efficiency was observed for large (15%) followed by
small (12) and marginal (10%) farmers.
Energy efficiency can be enhanced by three ways: first,
by simultaneously changing the ‘quantum and combination of input uses’ and ‘scale of operation’; second, by
merely optimizing the ‘quantum and combination of input
uses’ keeping scale of operation the same, and third, only
by operating on the ‘optimal scale of operation’ and
keeping the uses and combination of inputs as earlier. On
an average, energy efficiency can be enhanced by 36%,
following the first approach using appropriate package of
practices with their timely execution at optimum scale of
operation (area under groundnut cultivation). Interestingly, at same scale of operation and merely by improving the managerial skill of farmers, the energy efficiency
(input energy saving) can be increased up to 22%. Earlier
studies in different parts of the world have also pointed
out that there is ample scope for improving energy efficiency in different crops by following recommended
practices29,30–33.
Table 4 gives the total potential for saving input energies in post-watershed scenario. Overall, there is need to
cut down input use (as a part of radical adjustment) to the
tune of 400 (human labour), 326 (bullock labour), 120
(farm machinery), 471 (fertilizers), 878 (seeds) and 233
(FYM) MJ ha–1 ; which means that a total of 2843, 2610
and 1952 MJ ha–1 input energy can be saved by marginal,
small and large farmers, respectively. Even after reaching
the frontier, there still exists an opportunity to reduce
human labour, bullock labour, farm machinery use, fertilizers, seeds and FYM to the extent of 128, 110, 19, 221,
1835
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Table 4. Total potential for energy saving (MJ ha –1 )
Overall
technical
inefficiency
(%)

Human labour

Bullock labour

Farm machinery

Fertilizer

Seed

FYM

Total

Extent of radical adjustment
Marginal
Small
Large
Overall

45
42
34
40

474
413
332
400

335
359
281
326

183
129
73
120

626
474
362
471

979
953
727
878

245
281
178
233

2843
2610
1952
2428

Extent of slack adjustment
Marginal
Small
Large
Overall

–
–
–
–

164
72
161
128

48
102
159
110

37
26
1
19

232
178
257
221

250
206
358
274

34
29
19
27

765
613
955
779

Total potential energy saving
Marginal
Small
Large
Overall

–
–
–
–

638
485
493
528

383
461
440
436

220
155
743
139

858
652
619
692

1229
1159
1085
1152

279
310
197
260

3608
3223
2907
3207

Category

Table 5.
Parameter
Intercept
Age (X1 )
Own either bullock or tractor (D1 )
Family labour (X2)
Watershed (D 2 )
Livestock (X3)
Sigma
log likelihood (full model)
log likelihood (reduced model)

Estimates of parameters determining technical efficiency in the Tobit model
Description of variable

Number of years
D 1 = 1, if a farmer has either his own bullock or tractor; otherwise it is 0
Number of working person in a family
D 2 = 1 for post–watershed; otherwise it is 0
Total number of livestock

Estimate
1.420 a
–0.037 a
0.010
0.001
0.058 a
0.048 a
0.047 a
225.19
–3.47

t-value
0.158
0.005
0.014
0.002
0.016
0.002
0.003

LR statistics = 228.66; this is significant at 1% of significance level.
a
Indicates that coefficients are significant at 1% level of significance.

274 and 27 MJ ha–1 respectively, as slack adjustment.
Overall, a total of 2428 and 779 MJ ha–1 input energy can
be saved as radical and slack adjustments respectively,
resulting in a total saving of 3207 MJ ha–1 without compromising the output energy levels.
Age of farmer had a negative relationship with overall
technical efficiency, implying that young farmers were
more efficient than older ones; the same was observed by
Mondal et al.34, and Abdulai and Eberlin 35. Younger
farmers generally have formal education, and therefore
may understand and adopt new practices, which in turn
improves their efficiency (Table 5). Although it was
expected that ownership of bullock or tractor and higher
number of family labour may ensure timely completion of
different agronomic practices leading to relatively high
energy efficiency, the effect was not significant.
Variables like ‘implementation of watershed’ and ‘number
of livestock owned’ had statistically significant impact on
the energy efficiency. Implementation of watershed
activities ensured better retention of soil moisture which
1836

is critical in rainfed areas receiving low rainfall and
where crops experience long dry spells.
The DEA model has been used in the present study to
assess the impact of soil and water conservation measures
on energy efficiency. Among the different farm categories analysed, larger farmers are relatively more efficient
than small and marginal farmers. Watershed implementation enhances the value of overall technical efficiency,
pure technical efficiency and scale efficiency by 11%, 3%
and 12% respectively, over the pre-watershed scenario.
However, even after the watershed implementation,
there is room for saving input energy to the tune of
3207 MJ ha–1 in groundnut production without compromising on output energy levels. Results pertaining to determinants of efficiency show that ‘implementation of
watershed activities’, ‘age of the farmers’ and ‘ownership
of livestock’ have a positive bearing on the overall energy efficiency. In terms of policy implications, especially in the face of predicted climate change in rainfed
areas, the results suggest that there is a need to promote
CURRENT SCIENCE, VOL. 109, NO. 10, 25 NOVEMBER 2015
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watershed development activities for environmentally
sustainable agriculture.
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