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Abstract

The strategy for attaining the target of four per cent growth during the Eleventh
Plan seems to be hinging on the approach that lays its central thrust
on improving water use efficiency and attaining higher growth in agricultural
production. It is conventional wisdom in agricultural production that
to achieve productivity growth either technological innovation or more
efficient use of production technologies or a balance of both are required.
Given the scenario, where new technological frontiers both in genetically
modified technology and production of integrated nutrition and pest
management have not been adopted on wider scale, this paper is located in
the larger context of the debate about ways to approach limits of economically
optimum yield of paddy with available technologies. The objective of this
paper is to examine farm level performance of System of Rice Intensification
(SRI) method of paddy cultivation as against the traditional method.
Howsoever small it is in scale of adoption in the state of Gujarat. The paper
will examine the role of NGOs in raising awareness among farmers about the
SRI technique as also of agricultural extension services in general. The lessons
from the analysis are expected to contribute to the ability of the government
to support strategies which would go a long way in increasing returns to
farmers.
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Does the System of Rice Intensification Outperform
Conventional System? A Case Study of Gujarat

Jharna Pathak

1. Introduction

While there has been an increasing recognition of the need to achieve four
per cent growth in Indian agriculture, the performance during the Tenth
Five Year Plan does not provide an encouraging picture. Not only that the
growth during the Tenth Plan period was slower than what was targeted,
the agrarian scenario was particularly adverse to the poor and those operating
under not so conducive agro-climatic conditions. The strategy for attaining
the target of four per cent growth during the Eleventh Plan seems to be
hinging on the approach that lays its central thrust on improving water use
efficiency and attaining higher growth in agricultural production. It is
conventional wisdom in agricultural production that to achieve productivity
growth, either technological innovation or more efficient use of production
technologies, or a balance of both, are required. Schultz (1964) showed
that new agricultural technologies have only been partially successful in
developing countries due to lack of ability or desire on the part of farmers
to adjust input levels resulting from familiarity with traditional agricultural
system or presence of institutional constraints. There is considerable
agreement with the notion that adoption of farm technologies has positive
impacts on income and productivity (Hayami and Ruttan, 1985). However,
major technological gains stemming from the green revolution seem to
have been largely exhausted across the developing countries. This suggests
that attention to productivity gains arising from a more efficient use of
existing technology is justified. The presence of shortfall in efficiency means
that output can be increased without additional inputs and without need of
new technology. If this is the case, then empirical measures of efficiency
are necessary in order to determine the magnitude of gains that could be
obtained by improving performance in agricultural production with a given
technology.

Given the scenario, where new technological frontiers both in genetically
modified technology and production of integrated nutrition and pest
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management have not been adopted on a wider scale, this paper is located
in the wider context of the debate pertaining to the ways to approach
limits of economically optimum yield of paddy with available technologies.
The paper is based on the specific case of the western Indian state of
Gujarat.

Area under paddy occupies 14 per cent of the total area under food crop
in Gujarat and largely cultivated in central and southern Gujarat. Paddy is
a water intensive crop and nearly 30 per cent of the water from Ukai
Kakrapar reservoir project, which is the largest irrigation project in south
Guyjarat, is used for paddy production. However, water is not the only input
used in crop cultivation. Production of irrigation output is highly correlated
with other inputs used in the cultivation of crops. Moreover, increasing
demand for water in various sectors is putting pressure on water for irrigation.
Thus, any effort to increase productivity gains arising from efficient use of
available technology would have its positive implications for use of all
inputs. Findings from this study may be useful in other areas of India and
parts of Gujarat where paddy is the chief crop or where there is a situation
of water stress.

System of Rice Intensification (SRI) is a civil society innovation that was
first developed in Madagascar by Father Henri de Laulanié, a French Jesuit
priest who combined field observations of rice plant performance with a
series of experiments over a decade, preceded by an accidental early planting
(Stoop et al, 2002). In Gujarat, SRI was first conceptualised as a
complementary suite of rice management technique by Aga Khan Rural
Support Programme (AKRSP), a Non Governmental Organisation (NGO).
SRI was introduced in 2006 by AKRSP with extensive farmer participation
to address the issue of crop productivity and natural resource conservation
along with suitable packages of agronomic and crop management practices
(called resource conserving technologies or RCT).

The objective of this paper is to examine farm level performance of SRI
method of paddy cultivation as against the traditional method in a select
area in Gujarat. The paper assesses whether farmers in the paddy producing
belt of Gujarat are efficient producers of the crop, i.e., do they exhibit
technical inefficiency? If so, how do the estimated inefficiency scores vary
among farmers producing paddy under the two methods and what are the
sources of inefficiency across farmers? As adoption of SRI method is in
the nascent stage, farmers have adopted it in small patches of their land.
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We do not attempt to compare efficiency of SRI method of paddy
cultivation with that of the existing traditional practice. However,
understanding of various factors affecting productivity of paddy grown
using SRI methods would help us in examining whether there is any room
for improvement in the utilisation of existing inputs, given a constant state
of technology.

This paper is organised in the following manner: Section 2 briefly discusses
the concept of SRI method of paddy cultivation as against the conventional
- method as also reviews the experience of farmers’ who use SRI method in
different countries including India. Section 3 discusses analytical tools, data
sources and methodology used in the analysis. Results of the analysis are
discussed in Section 4. Some reflections about the preferences of farmers
are discussed in Section 5. Section 6 presents summary of the major findings
and policy recommendations.

2. SRI and Traditional Method of Paddy Farming: A Comparison

SRI is a method for increasing the productivity of irrigated paddy cultivation
by changing the management of plants, soil, water and nutrients. It is a system
of growing paddy that involves principles that are at times radically different
from the traditional ways of growing paddy. One has to look into the elements
of SRI separately, even though the ultimate success might lie in the
combination of different elements of SRI. The important aspects of SRI are
transplanting seedlings, number of seedlings transplanted per hill, spacing of
transplanted seeds, water management, soil and nutrient management and
weeding. The difference between each of these aspects in paddy cultivated
using SRI methods and conventional methods are given below:

Table 1 : SRI and Traditional Methods: A Comparison

Important aspects Methods of cultivation
SRI method Traditional method
Transplanting young seedlings 8-12 days 1 month
No. of seedlings transplanted per | One seed per hill No specifications
hill followed
Spacing of transplanted seeds 30*30 cms between seedlings No specifications
followed
‘Water management Alternatively kept wet and dry Flooded
Soil and nutrient management Fertilisers Organic fertiliser
'| Weeding 4 times and the first weeding starts | As per the need
10 days after transplantation

Source: Field research



2.1 Experiences across Countries

On the footsteps of success of SRI in Madagascar, SRI was promoted
vigdrously throughout Asia. Figures acquired till the year 2007 depict the
beneficial effects of SRI methods in 28 countries. Most recent examples
of SRI implementation can be found in countries like Bhutan, Iraq, India
and Indonesia (Maheshwari, 2005). Governments of the largest rice
producing countries like China, India and Indonesia are now actively
promoting this method of rice production.

Experiences from Tripura in India shows that after the implementation of
SRI, the cost of production went down by around 20 per cent compared
with that achieved by standard methods of cultivation (Uphoff, 2005). On
evaluating SRI in a Sichuan village, the China Agricultural University found
that SRI reduced water requirements by 45.8 per cent coupled with better
yield. In S Lanka, an evaluation was done by the International Water
Management Institute (IWMI) by comparing 60 each of randomly selected
SRI and non-SRI farmers found that on average net returns were higher by
103 per cent for the SRI farmers with an average yield increase of 44 per
cent (Rao and Satyanarayana, 2005). With SRI, irrigation water requirements
were reduced by about half compared to TF. Returns on crop budgets were
even higher, while cost of production per unit of paddy output considerably
lower. Average profits of SRI farms were found to be double that of
conventional farms. The evaluation of SRI in Cambodia in 2004, showed
that over 400 SRI farmers earned a 41 per cent higher grain yield from SRI
farms (Uphoff, 2004). In Indonesia, during the wet season of 1999-2000,
Central Research Institute for Food Crops (CRIFC) conducted SRI trials at
Sukamandi station, and managed a yield of 4.5 tonnes/ha. With
SRI methods, yield of other farmers in the locality were found to be
around 5.9-6.9 t/ha (Prasad, 2006). Thus, field experiences from the world
over have established that wider benefits are gained through SRI
management, which has led to its increasing popularity.

The capacity of producing more rice with less input use is crucial for
promoting sustainable agriculture and ensuring food security in a developing
country like India. Prasad (2006) noted that formal experiments in SRI had
started in India in 2002-2003. So far SRI has been adopted in Tamil Nadu,
Andhra Pradesh, West Bengal, Jharkhand, Chhattisgarh and Gujarat. It is
fast gaining popularity among paddy farmers in several other states in
recent times owing to its potential of improving productivity of land,
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capital, water and labour simultaneously. Prasad (2006) studied 291
respondents which included 67 SRI farmers, 71 neighboring farmers, 77
researchers and 76 extension workers and found that a seed rate of 5 Kg/
ha was sufficient to realize a saving of 95 per cent on seeds. They also
found that about 50 per cent of water was saved because of an average
yield advantage of 2 t/ha.

During experiments in 2003-2004 at the Agricultural College and
Research Institute and Tamil Nadu Agricultural University (TNAU),
Killkulam, Tamil Nadu, it was found that, on an average, 53 per cent
less irrigation water was used in SRI farms (Thiyagarajan, 2002). Similar
claims were made by Satyanarayana (2005). PRADAN studied 110 farmers
in Jhalda and Balrampur blocks in Purulia district of West Bengal
during the 2004 kharif season (Mishra et al.,, 2006). The study found
that SRI plots produced on an average, 32 per cent higher paddy yields,
67 per cent higher net returns and eight per cent reduction in labour
requirement even with the partial adoption of SRI. SRI practice saves

60-70 per cent of water used for irrigation during the paddy-growing season
(Prasad et al., 2005).

However, these experiments were not without hitches. The high labour
requirement has discouraged many to adopt the technology/practice (Ghosh,
2008). Critics pointed out three components of SRI that run against the
well-established principles for high crop growth: (a) SRI suffers from poor
light interception because of low plant densities; (b) the traditional school
is unwilling to accept the hypothesis that the relation between growth and
plant water-use can be changed; (c) SRI might face a serious challenge in
obtaining sufficient mineral nutrients from organic sources to achieve high
yields. Hence, there remains the serious question on whether SRI is really
beneficial to farmers. The results have so far been mixed (Table 2).



Table 2: Aggregated Database of Experiments where SRI was
Concurrently Evaluated against Accepted Best Management
Practices (BMP)

Source Location Setting SRI | BMP | SRI yield | Comme
yield | yield | deviation | nt
[t [
ha') [ ha)
Uphoff and Randriamiharisoa |Madagascar Farmer 10.4] 3.0 245 | Good
(2002) (Anjomakely) field soil
Uphoff and Randriamiharisoa |Madagascar Farmer 64| 2.0 213 | Poor
(2002) (Anjomakely) field soil
BRRI Bangladesh Exp. 5.31 44 22
(http://ciifad.cornall.edu/sri/ |(comilla) station
countries/bangladesh/bangrisr
ifnl.pdf
Shengfu et al. (2002) China (Anging) |Exp. 12.2| 10.0 21
station
Nissanka and Bandara (2004) |Sri Lanka Exp. 76| 6.9 10
(Hinguraggoda) |station
Qingquan (2002) China (Yunshun | Unreporte | 12.0| 11.7 2| Pei'ai
Co.) cult. d cultivati
on
Duxbury (Personal Bangladesh Exp. 10.0f 9.8 212002
communication) (Rajshahi) station Boro
Sheehy et al. (2004) China Exp. 72| 72 2
(Guangdong) station
Evans et al. (2002) Nepal (Bhairawa) | Exp. 541 57 _
station

Source: Field research

Evaluation of SRI is difficult as it is still evolving and remains more of a
set of ideas than a complete technology. SRI is spreading because of its
versatility and capacity to increase income of farmers. Though higher yield
and less water usage are the most evident features of SRI, many other
socio-political and agronomic considerations are also driving its spread around
the world. With the help of NGOs, farmers are encouraged to make their
own improvements in SRI methods and share their experiences within the
farming community. This paper attempts to estimate the technical effi-
ciency of paddy cultivated using the SRI and conventional methods and to
understand the factors affecting the yield in rice cultivation under these
two sets of practices. The analysis will throw light on their potential to
increase the yield of paddy cultivation.

' SRI yield deviation from BMP= ((SRI t ha' /,BMP t ha") —I)’TTIOO;
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3. Methodology
3.1. Analytical tools and limitations

The measurement of efficiency in paddy farming in developing countries is
extensively discussed in the literature. Generally, these studies estimate
efficiency using the single equation production frontier models utilizing cross
sectional or panel data. A stochastic frontier has been widely used in developing
~ countries to estimate technical efficiency (Battese 1992; and Coelli 1995).

Production function of the farmer sets the outer limit on the observed level
of output or yield produced using input in such a way that no observed value
of output is expected to lie above this function. If y = f(X) wherein X
_Fepreswans inputs and Y cutput or yield, then a firm is said to be technically
efficient if Y® = f(X). Bhende (2000) found that Farrel! and others have
estimated a deterministic parametric frontier by specifying homogenous Cobb
Douglas (C-D) production function. He stated that most of the studies assume
Cobb Douglas (C-D) or Translog specifications at farm level. Apart from the
production input related outcome, sources of efficiency differentials have
been frequently highlighted. Many of the studies examine factors explaining
differences in level of efficiency of farmers which are generally attributed to
managerial and socio-economic variables. Though analysis of technical
efficiency is a fairly conventional theme in agricultural productivity analysis,
it could still yield useful contextual evidence.

In Yi: u’u+ Bg In (Xl) +* LA i R e R e R (1)

where Y, = output or yield or dependent variable
X. = various inputs or independent variable

1

U = error term

This function in the log form can be written as
- Y=f(X) e+, pd” 0

where Y, represents the actual output for the i sample (production) unit;
Xi is a vector of inputs and B is a vector of parameters that describe the
transformation process; f (.) is the frontier production function and p is a
one-sided (non-negative) residual term. If the production unit is inefficient,
its actual output is less than the potential output.

Bhende (2000) in his paper described that at first, above equation .is
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estimated using OLS technique to yield best linear unbiased estimates of
B, coefficients. The intercept o, is then corrected by shifting the function
until no residual is positive and one becomes 0. This is done by adding
highest error term of the function to the intercept. The new production
function with shift in intercept is the frontier production function and it
gives the maximum potential output or yield that can be obtained by using
a given level of inputs. This can be written as

InY'=oa, +8,In(X)+ p; where Y" denotes frontier output, o," denotes
corrected intercept, B, denotes estimated parameters and X denotes
independent variables.

The Timmer's measure of technical efficiency of farmer 1 is the ratio of
actual output to the potential output on the production function i.e., ¢
Y. where Y, denotes actual output of farm i and Y, indicate potential
output on farm with given inputs.

TE=Y, /fX;B)=exp(p)-r-rormomocecnnnn 2

The deterministic model described above provides a common production
frontier for all farmers under study and the farmer’s efficiency is derived by
comparing their performance with that of common production frontier.
However, the limitation of this method is that it fails to take into account
exogenous factors which are beyond the control of the farmer. The stochastic
frontier model proposed by Aigner, Lovell and Schmidt (1977) and later
used by many scholars including Bhende (2000) is free from this criticism.
They have modeled composite error terms while estimating stochastic
frontier. The symmetric component permits random variation of the frontier
across farmers and captures the effects of measurement errors, other
statistical noise and random shocks which are beyond control of farmers.
A one sided component captures the effect of technical inefficiency. Number
of comprehensive review of literature on frontier production such as Greene
(1993), Battese and Corra (1977); Jondrow et al., (1982) are available.

This study makes an attempt to study technical inefficiency of farmers
using SRI and traditional method of paddy cultivation in lines with Bhende
(2000). Moreover, we used C-D form to study socio economic factors that
affect technical inefficiency of SRI and traditional method of paddy
cultivation by farmers. In this paper we use the functional form C-D
production function to determine the production possibility frontier. C-D
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