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Economic efficiency of rice (Oryza sativa) cultivation in northern urban India
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The use of sewage water for irrigation has increased due
to rapid urbanization and consequent generation of sewage
water. The use of sewage water for irrigation offers several
advantages such as reduction in the fertilizer requirement,
higher productivity and net income vis-à-vis irrigation with
fresh water (FAO 2010). Rattan et al. (2005) reported that
the irrigation with sewage water for more than 20 years
resulted in significant build-up of Zn (208%), Cu (170%),
Fe (170%), Ni (63%) and Pb (29%) over the adjacent tubewell
water irrigated soils. Deshmukh et al. (2010) reported that
groundwater under sewage-irrigated fields of the west Delhi
was found to be unfit for consumption for human and animals
due to contamination of dreaded micro-organisms.

The concept of economic efficiency consists of two
components: technical efficiency and allocative efficiency.
Technical efficiency is defined as the capacity of an economic
unit to produce the maximum possible output from a given
bundle of inputs and technology. The allocative efficiency is
defined as the ability of an economic unit to equate its specific
marginal product with the marginal cost.

Jeevandas et al. (2008) used data envelopment analysis
(DEA) to measure technical efficiency and reported that 57%
and 65% technical efficiency in tubewell irrigated and
tubewell + canal irrigated farm, respectively in rice
cultivation in Punjab. Wang (2010) estimated technical
efficiency for irrigation water by using DEA and found 62%
efficiency in wheat cultivation in China. Although there are
several studies relating to measurement of economic
efficiency of field crops, however, there is dearth of sewage
water-use efficiency in rice (Oryza sativa L.) crop. In the
present study, an attempt has been made to measure the
technical, allocative and economic efficiency of the field with
different distance from the sewage canal, cultivated rice by
using sewage water in west Delhi.

For estimating the efficiency, primary data collected from
sampled farmers for 2007–08, which were grouped into two

categories namely small (up to 2 ha) and medium farmers
(2–4 ha), belong to the Ranhola and Bakarwala villages. They
were using sewage water for irrigation purpose, supplied from
Keshopur sewage treatment plant. The inputs were taken on
per hectare basis and included seed, fertilizer, manure, human
labour, machine labour and irrigation.

The input-based model was used with the assumption that
the farmers have the control over inputs in a short run than
outputs. The constant returns to scale (CRS), input-oriented
of data envelopment analysis (DEA), methodology developed
by Coelli et al. (2005) was used to measure the technical
efficiency (TE) of the farms as follows:
Min θ, λ θ,
Subject to: –qi + Qλ ≥ 0,

θxi- Xλ ≥ 0,
λ ≥ 0,

where, θ is a scalar and λ is a I×1 vector of constants. The
estimated value of θ is the efficiency score for the ith farm.
It satisfies θ ≥ 1 with a value of 1 indicating a technically
efficient farm and if TE is < 1, the farm is technically
inefficient.

The allocative efficiency (AE) index was estimated by
using the input-oriented model for cost minimization as
follows:
Min λ,xi* wi´ xi*,
Subject to: -qi + Qλ ≥ 0,

xi*–Xλ ≥ 0,
λ ≥ 0,

where, wi is a N ×1 vector of input prices for the ith farm
and xi* is the cost minimizing vector of input quantities for
the ith farm, given the input prices wi and output levels qi.

The total cost efficiency (CE) or economic efficiency (EE)
of the ith farm was calculated as follows:
CE or EE = wi´ xi* / wi´ xi.

The EE is the ratio of minimum cost to observed cost for
the ith farm.

Hence, AE is then calculated as: AE=EE/TE or EE = AE
× TE

Thus, AE is the economic efficiency after taking out the
effect of technical inefficiency. Therefore, AE is the ratio of
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the cost from the hypothetical technical efficient farm to
minimum cost obtained by allocation of resources in the
right way.

The technical, allocative and economic efficiency of rice-
growing farms using sewage water for irrigation in Delhi is
presented in Table1. The DEA analysis showed the average
technical efficiency of the all category of rice farmers has
found 0.691. It implies that rice farmers could increase their
production by as much as 31% by using same amount of
inputs more efficiently.

The mean of allocative efficiency was found 0.658, which
implies that 34% of inputs cost could be saved by using
rational combination of the inputs. The economic efficiency
was showed 0.538 which implies that 46% rice farms were

inefficient in rice production in Delhi. It implies that though
the rice farmers were relatively technically efficient, but they
were allocatively and economically less efficient due to higher
input cost and use of irrational combination of inputs in rice
production. Results also showed that distant field from sewage
canal found relatively more efficient than near to sewage canal
across the category of farmers and villages. It might be due
to waterlogging and inefficient use of sewage water in parcels
nearer to sewage canal for rice cultivation.

SUMMARY

This study revealed that the mean of technical, allocative
and economic efficiency was 69%, 66% and 54% respectively.
Although Delhi farmers were observed to be relatively
technically efficient in rice production but their allocative
and economic efficiencies were comparatively lesser due to
higher inputs cost (except irrigation water) and use of
irrational combination of inputs. The study also showed
positive relationship between distance of the field from
sewage canal and economic efficiency in rice cultivation
across the category of farmers and villages. The study
indicates that efficient and optimum use of inputs has become
necessary to sustainable cultivation of rice in Delhi.
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Table 1 Technical, allocative and economic efficiency of rice
growing farms in Delhi

Village Farmer’s Distance of Techni- Alloca- Econo-
category the parcel cal tive mic

from sewage
canal (km)

Bakarwala Medium 0.000 0.860 0.854 0.734
Medium 0.500 0.896 0.850 0.762
Medium 0.500 1.000 1.000 1.000
Medium 1.000 1.000 0.925 0.925
Medium 1.000 1.000 0.940 0.940
Medium 1.000 1.000 1.000 1.000
Small 0.000 0.803 0.801 0.643
Small 0.000 0.914 0.905 0.827
Small 0.000 1.000 1.000 1.000
Small 0.000 0.961 0.954 0.917
Small 0.500 0.750 0.714 0.536
Small 0.500 0.879 0.821 0.722
Small 0.500 0.957 0.957 0.916
Small 1.000 0.993 0.977 0.970
Small 1.000 1.000 0.952 0.952

Ranhola Medium 0.000 0.206 0.202 0.042
Medium 0.000 0.258 0.253 0.065
Medium 0.500 0.459 0.453 0.208
Medium 1.000 0.561 0.388 0.218
Medium 1.000 0.680 0.576 0.392
Medium 1.000 0.664 0.656 0.436
Small 0.000 0.050 0.050 0.003
Small 0.000 0.100 0.100 0.010
Small 0.000 0.150 0.150 0.023
Small 0.500 0.305 0.302 0.092
Small 0.500 0.354 0.351 0.124
Small 0.500 0.403 0.401 0.162
Small 0.500 0.516 0.506 0.261
Small 1.000 0.740 0.493 0.365
Small 1.000 0.617 0.606 0.374

Average 0.691 0.658 0.538


