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Abstract
Natural resource management (NRM) technologies, such as the system of rice intensification (SRI)
are recognized as a promising systemic approach to enhance rice production at affordable costs
without harming the environment. Yet there is no consensus in the literature with respect to the
factors influencing the adoption as well as the welfare outcomes of adoption. This paper identifies
the factors that affect farmers’ decisions to adopt SRI in major rice producing States of India and
its impact on rice yield and household income. The multinomial endogenous treatment effects
model adopted in the present study analyses the factors influencing the adoption and the impact of
adoption in a joint framework. Results suggest that household assets, irrigation, access to
information etc. increased the likelihood of household adopting SRI whereas the size of
landholding, the number of years household stayed in rice cultivation, fear of poor yield, etc.
decreased the likelihood of adopting SRI. The welfare impacts of SRI adoption revealed that all
combinations of SRI individually and as a group (plant management, water management and soil
management) had an impact on yield. However, the impact of SRI adoption on household income
was quite mixed.

JEL Classifications: Q10,Q16, Q18, O31, O33.
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1. Introduction
The System of Rice Intensification (SRI) is originated in Madagascar as a promising systemic
approach to enhance rice production at affordable costs by reducing input requirements as well as
causing less harm to the environment. It is expected to enhance yield and substantially reduce
water and other input requirements (Stoop et al., 2002; Uphoff, 2002, 2003) by altering plant, soil,
water and nutrient management practices (Satyanarayana et al., 2007). The method completely
deviates from the traditional way of cultivating paddy. Several innovations are taking place within
the conceptual and practical framework of SRI. For example, extension of methods devised for
irrigated areas and some crops to un-irrigated (rainfed) areas and other crops. These features
distinguish SRI from rest of the technological innovations. The technical components of SRI are
typically summarised as a list of five or six key practices that consist of crop establishment, water
management and weed control, combined with soil aeration and the use of organic fertiliser (Stoop
et al., 2002; Uphoff, 2007). This comprises of three major principles: soil management, plant
management and water management.1
In India, SRI is becoming popular with farmers and taking firm root with about 1 million hectares
of area under SRI cultivation making it 2.42% of the country’s total area under rice cultivation
(Gujja and Thiyagarajan, 2013). Field trials are being conducted in all the major rice-producing
States of India; there is also a widening involvement of farmers, government
institutions, research agencies, and funding agencies to work together for large-scale adoption of
SRI. Out of 564 rice-growing districts in India, SRI is being practiced by farmers in about 216
districts (ICRISAT, 2008). Moreover, SRI is regarded as a key means of boosting national rice
production under the Government of India’s National Food Security Mission (NFSM).2
Rice is the most important staple food crop in India and the country occupies a vital position as a
major producer and consumer. Rice provides 31 per cent of total calorie intake in India (GathorneHardy et al., 2016). Therefore, rice security—ensuring enough rice for everyone—is equivalent to
food security in India. However, rice cultivation in India in recent times suffers from several
interrelated problems such as stagnation in productivity and concomitant environmental problems
due to salinisation and waterlogging of fields. Since virtually all suitable land is already under
cultivation, raising productivity seems to be the only way of ensuring food security. Additionally,
rice has a large physical and environmental foot print and in India alone around 44 hectares of rice
is being cultivated (Gathorne-Hardy et al., 2016). This constitutes around 28 per cent of global
area under rice cultivation. In such a scenario, SRI has been widely promoted for its ability to offer

1

Soil management: The use of organic matter to improve soil quality and performing weeding using a
mechanical rotary weeder. Plant management: Planting single young seedlings (between 8–12 days old)
carefully, gently and horizontally into the soil with wider spacing. Water management: Keeping the soil
moist but not continuously flooded during the plants’ vegetative growth phase, until the stage of flowering
and grain production.
2

The National Food Security Mission (NFSM) was launched in 2007 as a centrally-sponsored scheme to
enhance food security through targeted production of rice, wheat, and pulses and coarse cereals. Various
interventions for commercial crops have also been proposed.
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substantial yield gains, reduce water use and greenhouse gas (GHG) emissions and increase
profitability of farmers.
Although SRI seems to offer a number of benefits, there is limited empirical evidence on the
determinants of its adoption and/or their impacts on Indian farmers’ welfare. Additionally, there
are hardly any studies analysing the factors that affect the decisions to adopt individual as well as
the combinations of SRI principles and their impact using a multinomial selection framework.
Therefore, this paper contributes to the literature on SRI by identifying various factors that affect
the decisions to adopt major principles of SRI—plant management, soil management and water
management—as well as the combination of these principles and their impact on yield and income.
The modelling technique adopted is a multinomial selection process where the expected benefits
of SRI induce the adoption decisions. The study makes use of the multinomial endogenous
treatment effects model proposed by Deb and Trivedi (2006b) and applied by Manda et al. (2015)
to account for selection bias due to both observed and unobserved heterogeneity and to assess the
differential impacts of the adoption of different combinations of SRI. The multinomial endogenous
treatment effects model permits the interdependency among the different combinations of practices
(Manda et al., 2015). Multinomial endogenous treatment effects model allows the distribution of
the endogenous treatment (adoption of SRI) and outcomes (income and yield) to be specified using
a latent factor structure, thereby allowing a distinction to be made between selection on
observables and selection on unobservables (Deb and Trivedi, 2006b).
The next section presents the conceptual and econometric framework of the study. Section 3
discusses the data, study area and socio-economic profile of the sample households. Section 4
deals with the variables and hypothesis, followed by section 5 which presents the empirical results.
The last section is the conclusion.
2. Conceptual and Econometric Framework
Adoption of agricultural technologies is not a simple yes or no decision. The technologies are
usually introduced in packages that include several components. Farmers often choose only parts
of a technology package or apply combination of practices only on small parts of their cultivated
area (Smale et al., 1995). Therefore, an adoption decision is inherently multivariate. Analysis
based on univariate modelling technique would omit useful economic information about
interdependency and simultaneity in technology adoption decisions (Dorfman, 1996). Farmers
tend to adopt a mix of components from an agricultural technology package to deal with a
multitude of agricultural production constraints. In most cases the different components may
complement each other (Feder et al, 1985). There have been attempts to model the interrelationship
in the adoption of multiple agricultural technologies with one of the pioneering attempts made by
Feder (1982). In recent times, there have been a few studies that analyse the adoption of
agricultural technologies in the joint estimation framework (Teklewold et al, 2013; Manda et al.,
2015). The study by Teklewold et al (2013) utilised the multivariate and ordered probit models for
modelling the adoption decisions by farm households. Based on a random utility framework,
Manda et al. (2015) applied the multinomial endogenous treatment effects model.
The present study makes use of the multinomial endogenous treatment effects model. We consider
the adoption of SRI as a choice over 5 combinations comprising three major principles of soil
W. P. No. 2017-02-03
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management, plant management and water management. In our sample, we observed that 38
farmers followed only the practices of plant management, 19 farmers followed both the practices
of plant and water management, 47 farmers followed both plant and soil management practices,
and 89 farmers followed plant, water and soil management practices. Accordingly, we classified
the farmers into 5 mutually-exclusive groups. They are non-adopters (group 1), plant management
(group 2), plant management plus water management (group 3), plant management plus soil
management (group 4), plant management plus soil management plus water management (group
5).
Farmers will adopt a practice or a combination of practices that can provide maximum utility to
them subject to various constraints. In order to maximise the utility Uij, a farmer will compare
alternative practices and combinations. Accordingly, an ith farmer will choose a practice j, over
any alternative practice k, if Uij>Uik, k≠j.
Since there is a possibility of endogeneity in farmers’ decision to adopt or otherwise, decisions are
likely to be influenced both by observed and unobservable characteristics that may be correlated
with the outcome variables (Kassie et al., 2014). In order to separate the impact of adoption and
to effectively analyse the factors influencing the adoption and the impact in a joint framework we
adopt a multinomial endogenous treatment effects model proposed by Deb and Trivedi (2006b).
This approach has the advantage of evaluating both an individual practice and combination of
practices, while capturing the interactions between adoptions of alternative practices (Wu and
Babcock, 1998; Mansur et al., 2008).
2.1 Model Specification
The multinomial endogenous treatment effects model consists of two stages. In the first stage of
the model, a farmer will choose one of the three practices mentioned above. Following Deb and
Trivedi (2006a,b), let Uij denote the indirect utility associated with the jth SRI practice, j = 0, 1, 2
..., J for farmer i:
𝑗

𝑈𝑖𝑗∗ = 𝑍𝑖′ 𝛼𝑗 + ∑𝑘=1 𝛿𝑗𝑘 𝑙𝑖𝑘 + 𝑛𝑖𝑗

(1)

Where Zi denotes the vector of household, social, economic and institutional factors associated
parameters αj; ηij are independently and identically distributed error terms. Also 𝑈𝑖𝑗∗ includes a
latent factor 𝑙𝑖𝑘 that incorporates unobserved characteristics common to farmer i’s treatment
choice and outcome variables. Outcome variables in our analysis are plant, soil and water
management practices whereas the unobserved characteristics that may have an impact on outcome
variables are management and technical abilities of farmers in understanding new practices and
other infrastructural and institutional constraints (Manda et al., 2015). The lik are assumed to be
independent of nij. Following Deb and Trivedi (2006b), let j = 0 denote the control group and
∗
𝑈𝐼0
= 0. The control group in our analysis are the non-adopters of SRI. Let dj be the observable
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binary variables representing the choice of various practices and as a vector of di = (di1, di2,...,diJ ).
Similarly, let li = (li1, li2,...,liJ ). Then the probability of treatment can be represented as:
pr(𝑑𝑖 │𝑧𝑖 𝑙𝑖 ) = 𝑔(𝑧𝑖′ 𝛼1 + 𝛿1 𝑙𝑖1, 𝑧𝑖′ 𝛼2 + 𝛿2 𝑙𝑖2 … … … 𝑧𝑖′ 𝛼𝑗 + 𝛿𝑗 𝑙𝑖𝑗
(2)
Where g is a multinomial probability distribution and g is expected to have a mixed multinomial
logit (MMNL) structure, defined as:
Pr(𝑑𝑖 |𝑧𝑖 𝑙𝑖 ) =

exp(𝑧𝑖′ 𝛼𝑗 +𝛿𝑗 𝑙𝑖𝑗 )
𝑗

1+∑𝑘=1 exp(𝑧𝑖′ 𝛼𝑘 +𝛿𝑘 𝑙𝑖𝑘 )

(3)

The analysis of the impact of adoption of SRI on household income and rice yield is undertaken
in the second stage. The expected outcome equation can be defined as:
𝑗
𝑗
𝐸(𝑦𝑖 |𝑑𝑖 𝑥𝑖 𝑙𝑖 ) = 𝑥𝑖′ 𝛽 + ∑𝑗=1 𝛶𝑗 𝑑𝑖𝑗 + ∑𝑗=1 𝜆𝑗 𝑙𝑖𝑗 (4)
Where yi represents the outcome variables—household income and rice yield for farmer i—
whereas xi is a set of exogenous variables with associated parameter vectors β, and γj denote the
treatment effects relative to the control group i.e., non-adopters of SRI. The possible endogeneity
in adoption decision of SRI would lead to inconsistent estimates 𝛶 as we treat dij to be exogenous.
The E(yi|di, xi, li) is a function of each of the latent factors lij. This shows the outcome is affected
by unobserved characteristics that also affect selection into treatment. When λj, the factor-loading
parameter, is positive (negative), treatment and outcome are positively (negatively) correlated
through unobserved characteristics. This implies that there is positive (negative) selection, with γ
and λ the associated parameter vectors, respectively. We assume a normal (Gaussian) distribution
function as in our case the outcome variables—household income and yield—are continuous
variables. The model was estimated using Maximum Simulated Likelihood (MSL) approach. 3

Next step is of including valid instruments in the model. As per Deb and Trivedi (2006a) the
parameters of the model are estimated even if the explanatory variables in the treatment equation
is the same as the ones used in the outcome equation; the use of exclusion restrictions or
instruments will provide more robust estimates. In our analysis, therefore, we include additional
variables in the treatment equation that are not correlated with outcome variables. Although
finding a valid instrument is empirically challenging, we use access to information regarding SRI
from formal sources as our instrument variable 4 . The information regarding SRI can have an
impact on the adoption decisions of SRI but is hardly expected to influence the outcomes such as
farmers’ income and rice yield. Several studies on adoption and impact of technology have utilised
information as an instrument variable (Di Falco and Bulte, 2011; Di Falco and Veronesi, 2013;
Manda et al., 2015). We also ran a test to see the validity of instrument and the results are presented
in appendix Table 1. The instrument variable—information—that we selected has an impact on
3

The model was estimated using the Stata command mtreatreg, which is an extension of the treatreg Stata
command to a multinomial approach by Deb (2009) and 200 simulation draws were used.
4

Here we define information regarding SRI as information about SRI from formal sources such as Government
departments and NGOs. We omit those farmers who had information about SRI through informal sources such as
neighbours and other farmers.
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the adoption decision by farmers in most cases but do not have any impact on the outcome
variables of the non-adopters.
3. Data Collection, Study Area and Socio-Economic Profile of the Households
3.1 Study Area
Three major rice producing states with SRI cultivation are identified for the purpose of analysis.
They are Karnataka, Orissa and Madhya Pradesh. From each State, 2 districts that belong to the
same agro-climatic zones are identified. From Karnataka, Hassan and Chikmagalur districts are
selected. Similarly from Orissa, Keonjhar and Mayurbhanj districts are selected. From Madhya
Pradesh, Sidhi and Sahdol districts are selected.
Although reliable data on the rate of adoption of SRI is not available for the States selected for the
purpose of analysis, the available information confirms that these states have considerable
adoption of SRI. For example, farmers in 23 out of 30 districts in Orissa, farmers in 23 out of 30
districts in Karnataka and farmers in 30 out of 40 districts in Madhya Pradesh were practicing SRI.
3.2 Data Collection
A multi-stage sampling technique is adopted for selecting farm households. The blocks/villages
that had the highest rate of SRI adoption are identified with the help of district agricultural offices
of the respective districts.5 Subsequently rice-farming households were identified in the selected
blocks/taluks of the districts and stratified into SRI farmers and non-SRI farmers. A random
sample of SRI adopters and non-adopters from each blocks/taluks is selected. The total number of
households interviewed is 386. The total sample consists of equal number of adopters and nonadopters. The primary data is collected through a comprehensive household survey conducted
between March and July 2015. The interview is conducted using a structured survey questionnaire
administered by well-trained and experienced enumerators who have knowledge of the farming
system and the local language.
3.3 Socio-Economic Profile
The total number of households interviewed is 386, consisting of equal number of adopters and
non-adopters. Agriculture is the main occupation and livelihood strategy for most of the farm
households in the study districts. Majority of the households interviewed are either marginal
farmers or small farmers. Marginal farmers are around 45%, small farmers around 36%, semimedium farmers around 16%, medium farmers around 3%, and large famers less than 1%.
The level of adoption of SRI is highest in 2 districts identified from Orissa and the lowest in two
districts identified from Karnataka. Paradoxically, even with wider adoption of SRI, the percentage
of non-adopters who didn’t have any information regarding SRI is the highest in Orissa (26%),
followed by Madhya Pradesh (16%) and Karnataka (10%). Around 49% of the households opine
that they are facing difficulty in terms of availability of labourers. The percentage of farmers who
expressed difficulty in getting labourers is more or less the same among adopters and non-adopters
5

Alur, Hassan and Sakleshpur blocks from Hassan; Chikmagalur block from Chikmagalur; Sadar, Patna, and
Harichandapur from Keonjhar; Karanjia and Jashipur from Mayurbhanj; Sidhi and Sihawal from Sidhi; Gohapru and
Sohajpur from Shahdol were selected.
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indicating that availability of labourers is a major concern. Perhaps this could be a reason for lesser
adoption of SRI in Karnataka even with relatively better information about SRI from formal
sources. The percentage of non-adopters who expressed difficulty in getting labourers is one of the
highest in Karnataka (56%) and the lowest in Madhya Pradesh (34%). In Orissa, among the nonadopters, around 56% of the farmers expressed difficulty in obtaining labourers.

4. Description of Variables and Hypothesis
The adoption models include several explanatory variables based on economic theory and
empirical literature on adoption. The definition of the variables used in the current econometric
analysis is presented in Table 1. The details of the explanatory variables are as follows.
The factors that are likely to affect adoption decisions include household and farm characteristics
(age of the household head, education, household size etc.); social capital (membership in farmer
association); availability of extension services; crop stresses (fear of poor yield); plot
characteristics (type of terrain); location characteristics (whether the district belongs to NFSM)
etc. Therefore, several studies have included household characteristics such as age of the head of
the household, the size of the household, education etc. as important factors influencing the
adoption decision by farmers (Feder et al., 1985; Uaiene, 2011; Teklewold et al., 2013; Ogada et
al, 2014). As far as the age is concerned one set of studies postulate a positive relationship
(Meshram et al, 2012; Kassie et al., 2013) while the other a negative relationship (Manda et al.,
2015). Those who postulate a positive relationship argue that older farmers are more experienced
and might have accumulated greater physical and social capital (Kassie et al., 2013). Nonetheless,
there is also belief that older farmers are less amenable to change and, therefore, unwilling to
change from old practices to new ones (Adesina and Zinnah, 1993). There are studies that have
found positive relationship between age and adoption decisions (Langyintuo and Mungoma, 2008;
Meshram et al., 2012) while negative relationship between the two have also been noted by
researchers (Teklewold et al., 2013). In order to capture the relationship between the experience
in agriculture and SRI adoption, we include a variable called no. of years in agriculture in our
analysis. The average years of experience in our sample ranged between twenty to twenty-four
years.
The household size is used as a proxy to capture labour endowment (Pender and Gebremedhin,
2008). The number of household members had a positive and significant impact in some studies
on adoption of sustainable agricultural practices in general (Teklewold et al., 2013) and in some
studies on SRI adoption in particular (Noltze et al., 2012). Education of the household is also
expected to have a positive impact on adoption decisions (Moser and Barrett, 2003; Pender and
Gebremedhin, 2008; Langyintuo and Mungoma, 2008; Meshram et al., 2012). The study done by
Haldar et al. (2012) for Bardhaman district in West Bengal showed that education level is
important in adopting SRI. Similarly, the study by Manda et al. (2015) observed a positive
relationship between education and the adoption of sustainable agricultural practices.
An important human capital which is relevant in influencing the adoption and the extent of
adoption is number of active family labourers (Langyintuo and Mungoma, 2008; Noltze et al.,
2012). Adoption of a new technology can be less attractive to those who do not have sufficient
W. P. No. 2017-02-03
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family labourers (Langyintuo and Mungoma, 2008). The study by Asfaw et al. (2011) showed a
positive and significant impact of number of active family labourers in the adoption of improved
agricultural technologies.
The total farm size is also important in the adoption decisions (Langyintuo and Mungoma, 2008;
Teklewold et al., 2013; Manda et al., 2015). Langyintuo and Mungoma (2008) found a negative
and significant relationship between farm size and the intensity of adoption of improved maize
varieties in Zambia. There are studies that show a positive relationship between the two (Asfaw et
al., 2011; Manda et al., 2015). This is due to the fact that farmers with larger farms will be more
willing to devote portions of the land to an untried variety compared with those with smaller ones
(Adesina and Zinnah, 1993). The relationship between total farm size and the adoption of new
practices also depends on factors such as fixed adoption costs, risk preferences, credit constraints
and labour requirements (Just and Zilberman, 1983; Feder et al., 1985). However, in the case of
SRI, although it is recognized as a promising systemic approach to increase rice production at
affordable costs for small-scale producers, studies postulate a positive relationship between farm
size and adoption (Notlze et al., 2012). Hence, the effect of farm size on the adoption of SRI is
indeterminate.

Apart from the size of the farm, assets owned by the farmer are also important in deciding the
adoption (Langyintuo and Mungoma, 2008; Teklewold et al., 2013). The households’ ability to
cope up with production and price risk increases with an increase in wealth or stock of productive
assets. Access to off-farm activities and income in general is expected to have a positive impact
on adoption decisions (Davis et al., 2009). The study by Langyintuo and Mungoma (2008) found
a positive relationship in the case of adoption of improved maize varieties and the study by Noltze
et al. (2012) found a positive relationship in the case of SRI adoption. However, the studies by
Mathenge et al. (2015) and Manda et al. (2015) found a negative relationship between the two.

Farmer’s awareness of the benefits of a new technology stems from the fact that they have access
to information and extension services. Since SRI is a knowledge-based innovation, extension
services play an even greater role in wider adoption (Noltze et al., 2012). In order to make the
information available to farmers in an effective manner regular visits to the field and guidance are
very important (Langyintuo and Mungoma, 2008). There are studies that point out the importance
of access to information in determining the adoption decision even for a farmer with positive
demand for adoption (Langyintuo and Mungoma, 2008; Mazvimavi & Twomlow, 2009; Shiferaw
et al., 2015). Additionally, the quality of information is also very important. In our study we
noticed that most farmers knew about SRI and only 38 farmers in our sample (hardly 10 per cent)
did not hear about SRI. Around 139 farmers received information regarding SRI directly from
Government departments and 155 farmers received information regarding SRI directly from
NGOs. Around 54 farmers knew about SRI from other sources mainly neighbours. In our study
we give dummy variable equal to one if the household received information regarding SRI from
Agricultural departments and NGOs and zero otherwise. The descriptive statistics also shows that
the information regarding SRI practices from Agricultural departments and NGOs were the lowest
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among the non-adopters and the average information received from adopters of all the practices
from Agricultural departments and NGOs was quite high.
There are studies that point out the importance of availability of seed in determining the adoption
decision (Langyintuo and Mungoma, 2008; Mazvimavi & Twomlow, 2009; Shiferaw et al, 2015).
We use the number of rice varieties known by the household as a proxy to capture the impact of
availability of seed on the adoption of SRI.

Aversion to risk by farmers is also highlighted by some studies as the reason for poor adoption
(Johnson and Vijayaraghavan, 2011). To capture this, we include a variable, fear of poor yield,
in our model. In addition, literature shows that soil type, source of irrigation etc. are important in
influencing the level of adoption (Palanisami et al., 2013). Proper soil and water management are
important not only in adoption but also in realising full potential of yield. Although SRI requires
less water, moisture saturated but not flooded conditions require proper water management (Noltze
et al., 2013). Therefore, studies have highlighted the importance of irrigation and irrigation
management as important factors in deciding adoption of SRI (Tsujimoto et al., 2009; Noltze et
al., 2012; Uphoff, 2012; Takahashi, 2013). Poor land terrain is cited as one of the most important
deterrents of adoption of SRI (Bhatt, 2015). Significant differences in adoption intensity between
regions were noticed by some studies (Langyintuo and Mungoma, 2008). So we include Terrain
type in our model.

Membership in farmer organisation is another important factor that has been highlighted in the
literature in affecting the adoption decisions (Barrett et al., 2004; Matuschke & Qaim, 2009;
Khonje et al., 2015). Market access also has a huge bearing on transaction cost in accessing
information and any new technology or improved practices (Kassie et al., 2015). In line with
Kassie et al. (2015), we consider the distance from main market as a proxy for market access.
The average distance for households to main market in our sample was ten to eighteen kilometres.
Interestingly, average distances to main market for adopters of some of the practices or
combinations of SRI practices (for e.g. plant management and plant management plus soil
management) were more than the non-adopters (see Table 2).

Finally, in order to capture the impact of NFSM in promoting the adoption of SRI, we incorporate
NFSM variable in the study. The NFSM that was launched in 2007 by the Government of India is
aimed at promoting rice production through the expansion of SRI in selected districts.
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Table 1: Variable Definitions
Variable
Definition
No. of family Number of the family members in the household including children.
members
Active
family Number of active family labourers.
labourers
Education
Number of family members who have education higher than 10th class
Size
of
the Total size of owned and rented land holdings cultivated by household in
landholding
hectares.
Assets owned
Total number of the type of farm assets (bullocks, tractors, machinery etc.)
owned by the household.
Membership
in Membership of any of the family member in farmer organisations, dummy
farmer
variable = 1 if any of the family member has membership in farmer
organisations
organisations, = 0 otherwise
Irrigation facility Dummy variable = 1 if the household had irrigation sources other than
rainfall, = 0 otherwise
Access to off- Dummy variable = 1 if the household had access to off-farm activity, = 0
farm activity
otherwise.
Improved
Number of improved rice varieties known to the household.
varieties known
Terrain type
Dummy variable = 1 if the terrain is levelled, = 0 otherwise.
Distance to main Distance to the nearest main market (in kilometres).
market
Fear of poor yield Fear of poor rice yield due to the adoption of SRI/any new method of rice
cultivation. Dummy variable = 1 if the household has fear of poor yield due
to SRI adoption, = 0 otherwise.
Experience
in Number of years the household has been cultivating rice.
Agriculture
Access
to Dummy variable=1 if the household had access to extension services from
extension services NGOs or Government departments regarding SRI practices including
training, guidance etc., =0 otherwise
Have information Dummy variable = 1 if the household had information regarding SRI from
about SRI
Agricultural departments and NGOs, = 0 otherwise.
NFSM dummy
Dummy variable = 1 for those districts were SRI is incorporated within
NFSM, = 0 otherwise.
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5. Estimation Results and Discussion

5.1 Descriptive Statistics

Descriptive statistics of the explanatory variables that are hypothesised to influence adoption as
well as outcome variables—yield and income—are presented in Table 2. As mentioned earlier,
here we focus on SRI adoption as a choice over five alternatives involving three major SRI
principles. The first group is non-adopters which had 193 households. The total number of adopters
of SRI is also 193. Among the adopters, around 89 households (46%) have adopted all three
components of SRI. Plant management and soil management are adopted by around 47 farmers
(24%). Similarly, 38 households (20%) have adopted plant management alone and 19 households
(10%) have adopted plant management and water management alone.
The descriptive statistics shows that the level of education (average number of family members
with education higher than 10th standard) was generally higher among the adopters of SRI than
among non-adopters. Similarly, the average number of farm assets owned by the non-adopters of
SRI was also less as compared to the adopters. Membership in farmer organisations was generally
lower for non-adopters and for those practicing only plant management. Fear of poor yield was
highest among the non-adopters than adopters. As expected, the access to extension services was
the lowest among the non-adopters. Access to off-farm activities was generally better among the
non-adopters of SRI. Similarly, the availability of irrigation facility was relatively less among the
non-adopters of SRI. Information regarding SRI was also one of the lowest among the nonadopters of SRI (see Table 2).
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Table 2: Descriptive Statistics for Variables used in the Model
Variable
Non-adopters Plant
Plant and water Plant and soil Plant, soil
of SRI
management management
management and water
manageme
nt
No. of family members
4.97(1.7)
5.61(1.59)
5.37(2.29)
4.77(1.42)
5.28(2.43)
Active family labourers
2.4(1.2)
2.63(1.26)
2.68(1.34)
2.28(1.02)
2.61(1.46)
Education
.68(1.13)
0.63(1.13)
1.05(1.22)
0.94(1.05)
0.96(1.19)
Size of the landholding
3.0(2.7)
2.31(1.64)
4.15(5.22)
3.31(1.87)
3.87(3.24)
Assets owned
.97(.71)
1.39(1.82)
2.11(2.60)
2.32(3.01)
2.09(2.59)
Irrigation facility
.40(.49)
0.47(0.51)
0.63(0.50)
0.30(0.46)
0.81(0.40)
Access
to
off-farm .38(.5)
0.26(0.45)
0.21(0.42)
0.36(0.49)
0.22(0.42)
activity
Membership in farmer .32(.47)
0.29(0.46)
0.53(0.51)
0.34(0.48)
0.63(0.49)
organisations
Improved
varieties .58(.79)
0.39(0.55)
0.68(1.00)
0.62(0.71)
1.04(0.93)
known
Terrain type
.26(.44)
0.21(0.47)
0.32(0.48)
0.40(0.50)
0.37(0.51)
Fear of poor yield
.73(.45)
0.68(0.47)
0.68(0.48)
0.62(0.49)
0.56(0.50)
Experience in agriculture 26.1(12.34)
22.42(9.43)
29.21(14.36)
20.49(9.61)
23.70(11.0
3)
Access to extension .36(.48)
.39(.50)
.52(.51)
.43(.50)
.73(.45)
service
Distance to main market 10(6.3)
14.29(10.73) 7.47(.40)
17.47(21.6)
11.07(8.6)
Have Information about .56(.50)
.92(.27)
.89(.31)
1(0)
.98(.15)
SRI
NFSM dummy
.52(.50)
0.29(0.46)
0.74(0.45)
0.45(0.50)
0.61(0.49)
Note: Standard deviation is given in parentheses.
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5.2 Factors Influencing the Adoption of SRI

Table 3 presents parameter estimates of the mixed multinomial logit model which is equivalent to
the first stage of our multinomial endogenous treatment effects model. The base category is nonadoption against which results are compared. The model fits the data very well with the Wald test,
chi2 = 28.77; P > chi2 = 0.02 implying that the null hypothesis that all the regression coefficients
are jointly equal to zero is rejected.
The results show that adoption of most packages increases with the number of farm assets owned
by households and it was significant and positive for all combinations. The relationship between
access to information and SRI adoption was positive and significant in the case of three out of four
SRI practices/combinations—plant plus water management, plant management plus soil
management and the plant management plus water management plus soil management. This is
consistent with some studies on technology adoption in general (Adegbola and Gardebroek, 2007;
Manda et al., 2015) as well as in the specific context of SRI (Noltze et al., 2012). However, farm
size generally had a negative impact and was significant in terms of the adoption of plant
management indicating greater adoption of SRI by smaller farms. This contradicts the findings by
Noltze et al. (2012) in his study on SRI in Timor Leste. Similarly, access to off-farm activity had
a negative relationship with all practices/combinations of SRI and was significant in the case of
the adoption of plant management. The negative relationship between access to off-farm activity
and adoption of plant management is consistent with Pender and Gebremedhin (2007), Mathennge
et al. (2014) and Manda et al. (2015). Better access to off-farm activities might divert the resources
away from agriculture to off-farm activities and, therefore, result in less resource allocation for
farm activities. The results show the adoption of SRI increases with household size but the
relationship between household size and the adoption turned out to be statistically significant only
in the case of the adoption of plant management. This is consistent with Noltze et al., (2012) and
Teklewold et al., (2013).
Fear of poor yield was negative but statistically significant in the case of the adoption of all
practices/combinations of SRI. Number of improved rice varieties known etc. had a positive and
significant impact on the full adoption (plant plus water plus soil management) of SRI.
Availability of better irrigation facility had a statistically significant impact on the adoption of
three practices/combinations of SRI-plant plus water management, plant plus soil management,
plant plus soil plus water management. However, in the case of the adoption of the combination
of plant plus soil management there was a negative and statistically significant relationship with
the availability of better irrigation facility. This is not counterintuitive. As obvious from the results,
the lack of proper irrigation facility would be the reason for the non-adoption of water management
while adopting SRI. These findings are consistent with Tsujimoto et al., (2009), Noltze et al.,
(2012), Uphoff, (2012) and Takahashi, (2013). Terrain type was statistically significant and
positive in affecting the adoption of plant and soil management. This finding is consistent with
Bhatt (2015) who highlights the poor land terrain as a deterrent of adoption of SRI.
Another interesting revelation from the analysis is that experienced farmers or those farmers who
had been in rice cultivation for many years were not enthusiastic about adopting SRI. This is quite
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evident from the negative and statistically significant relationship between the variable—
experience in agriculture—and the different combinations/practices of SRI. Although there are
studies that argue that older farmers are more experienced and might have accumulated greater
physical and social capital (Kassie et al., 2013), there is also an argument that older farmers are
less amenable to change and, therefore, unwilling to change from old practices to new ones
(Adesina and Zinnah, 1993). Therefore the findings from the current analysis are consistent with
Adesina and Zinnah (1993) and Teklewold et al., (2013).
As far as the NFSM dummy is concerned, the results were negative in most cases and significant
and negative in the case of the adoption of plant management. The results indicate that the
Government’s attempt to promote food security by encouraging rice production through SRI did
not yield the desired results.
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Table 3: Mixed Multinomial Logit Model Estimates of Adoption of SRI for Yield and Income
(Baseline Category is Non-Adoption of SRI)
Variable
Plant
Plant and
Plant and Soil Plant , soil and
Management
water
Management water
management
Management
No. of family members
0.26(0.14)*
0.10(0.16)
0.03(0.13)
0.09(0.11)
Active family labourers
-0.04(0.23)
-0.01(0.21)
-0.12(0.21)
0.10(0.15)
Education
-0.20(0.21)
0.20(0.22)
-0.04(0.19)
-0.05(0.17)
Size of the landholding
-0.32(0.17)**
0.03(0.10)
-0.02(0.08)
-0.05(0.06)
Assets owned
0.45(0.21)**
0.42(0.18)**
0.61(0.18)*** 0.51(0.17)***
Irrigation facility
0.19(0.47)
0.93(0.55)*
-1.12(0.48)** 1.74(0.40)***
Access to off-farm activity -0.87(0.47)*
-0.76(0.68)
-0.37(0.46)
-0.56(0.41)
Membership in farmer -0.15(0.66)
0.48(0.63)
-0.30(0.62)
0.42(0.46)
organisations
Improved varieties known -0.45(0.32)
-0.24(0.31)
-0.22(0.28)
0.41(0.22)*
Terrain type
0.78(0.61)
-0.42(0.60)
0.92(0.47)** -0.03(0.50)
Fear of poor yield
-0.20(0.50)
0.06(0.50)
-0.62(0.47)
-0.77(0.38)**
Experience in agriculture
-0.03(0.02)
0.00(0.03)
0.07(0.02)*** 0.04(0.01)***
Access to extension service 0.74(0.70)
-0.76(0.60)
-0.11(0.73)
0.73(0.56)
Ln distance to main market 0.62(0.29)**
-0.71(0.30)** 0.29(0.40)
-0.21(0.24)
NFSM dummy
-1.06(0.47)**
0.51(0.57)
-0.54(0.46)
-0.46(0.45)
Have information about -0.14(0.62)
1.23(0.69)*
1.38(0.61)** 1.07(0.51)**
SRI
Constant
-2.93(1.09)*** -3.30(1.46)** -0.72(1.20)
-2.32(0.10)**
Wald chi2=28.77, P>chi2=0.02
Notes: Sample size is 386 and 200 simulation draws were used. ***P < 0.01, **P < 0.05, *P < 0.1.
Robust standard errors are given in parentheses.
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5.3 Average Treatment Effects of Single as well as Different Combinations of SRI
Table 4 presents the estimates of the impact of SRI combinations on rice yields and household
incomes. We estimated the impact of adoption on income and yield considering these outcome
variables as both exogenous as well as endogenous. The results under the assumption of exogenous
adoption showed that adopters had higher yield than non-adopters and the results were statistically
significant for all combinations of SRI except for plant management. However, the adoption of
various practices/combinations of SRI did not have any impact on household income under the
exogenous assumption. The inferences based on the exogenous assumption may be misleading as
it ignores the effects of unobserved factors (Manda et al., 2015). 6 Therefore, a multinomial
endogenous treatment effects model is estimated to overcome this issue.
The average adoption effects after controlling for unobserved heterogeneity show similar results
in terms of yield but not so in terms of income. All combinations of SRI had a positive and
statistically significant impact on rice yield as compared to non-adopters whereas the positive and
significant impact of income was evident only in the adoption of two combinations/practices—
plant management plus water management and plant management plus soil management. The
adoption of plant management practice had a negative and statistically significant impact on
income. Similarly the full adoption of SRI also had a negative and statistically significant impact
on income. The results are indicating that the adoption of some practices/combinations is costlier
than others. In terms of other variables affecting the welfare outcomes, the exogenous model
showed that number of active family labourers, education of the household, irrigation facility,
access to off-farm activity, number of improved rice varieties known, terrain type, access to
extension services, experience in agriculture, NFSM etc. had a positive and statistically significant
impact on rice yield. However, the fear of poor rice yield and the size of the farm had a negative
impact on rice yield. In the case of household income, the exogenous model showed that number
of active family labourers, education of the household, size of the farm, number of improved rice
varieties known, type of terrain etc. had a positive and statistically significant impact on household
income. However, the number of family members (size of the household), farmer’s fear of poor
yield or aversion to risk etc. had a negative and statistically significant impact on household
income. As mentioned earlier, under the assumption of exogenous SRI adoption, the unobserved
factors may be correlated with the outcome variables.
The results for endogenous model showed that number of active family labourers, education of the
household, number of farm assets owned, irrigation facility, access to off farm activity.
membership in farmer organisations, number of improved rice varieties known, experience in
agriculture, type of terrain, experience in agriculture, access to extension services, NFSM etc. had
a positive and statistically significant impact on rice yield. However, size of landholding and
household size had a negative impact on rice yield. Similarly, number of active family members,
size of the land holding, education of the household, number of farm assets owned, access to off
farm activity, access to extension services, membership in farmer organisation, type of terrain,
irrigation facility, the number of improved rice varieties known, NFSM etc. had a positive and
6

The difference in welfare outcomes could be caused by unobservable characteristics of the farm households, such as
their management abilities (Abdulai and Huffman, 2014; Manda et al., 2015).
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statistically significant impact on household income. Distance from main market, fear of poor
yield, household size etc. had a statistically significant and negative impact on household income.
In addition, most of the factor loadings (k) show evidence of negative selection bias suggesting
that unobserved factors that increase the likelihood of adopting different combinations/practices
of SRI are associated with lower levels of welfare than those expected under random assignment
to the different combinations/practices of SRI adoption status. Positive selection bias is also
evident in the yield and income equation suggesting that unobserved variables increasing the
likelihood of adopting residue retention are associated with higher levels of income and rice yield.
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Table 4: Multinomial Endogenous Treatment Effects Model Estimates of SRI Impacts on
Household Income and Rice Yield
SRI practice
Rice yield
Household income
Exogenous
Plant Management
0.03(0.06)
-0.02(0.03)
Plant Management and Water Management
0.28(0.06)***
-0.05(0.06)
Plant Management and Soil Management
0.18(0.05)***
0.02(0.04)
Plant Management, Water Management and Soil Management
.0.24(0.04)***
-0.00(0.03)
No. of family members
-0.01(0.01)
-0.02(0.01)***
Active family labourers
0.02(0.01)**
0.02(0.01)**
Education
0.06(0.01)***
0.05(0.01)***
Size of the landholding
-0.02(0.01)***
0.04(0.01)***
Assets owned
-0.00(0.01)
0.00(0.01)
Irrigation facility
0.06(0.03)**
0.01(0.02)
Access to off-farm activity
0.06(0.03)*
0.03(0.02)
Membership in input supply cooperative
0.03(0.04)
0.02(0.03)
Improved varieties known
0.05(0.02)**
0.08(0.02)***
Terrain type
0.12(0.04)***
0.18(0.03)***
Fear of poor yield
-0.10(0.03)***
-0.09(0.02)***
Experience in agriculture
0.00(0.00)**
-0.00(0.00)
Access to Extension Service
0.08(0.04)*
0.00(0.03)
Ln distance to main market
0.03(0.02)*
0.00(0.02)
NFSM dummy
0.15(0.03)***
0.02(0.02)
Constant
0.66(0.09)***
-0.50(0.06)***
Endogenous
Plant Management
0.20(0.00)***
-0.15(0.00)***
Plant Management and Water Management
0.20(0.00)***
0.02(0.00)***
Plant Management and Soil Management
0.19(0.01)***
0.13(0.00)***
Plant Management, Water Management and Soil Management
0.28(0.00)***
-0.08(0.00)***
No. of family members
-0.02(0.00)***
-0.02(0.00)***
Active family labourers
0.03(0.00)***
0.03(0.00)***
Education
0.08(0.00)***
0.04(0.00)***
Size of the landholding
-0.02(0.00)***
0.04(0.00)***
Assets owned
0.00(0.00)***
0.00(0.00)***
Irrigation facility
0.02(0.00)***
0.06(0.00)***
Access to off-farm activity
0.01(0.00)***
0.07(0.00)***
Membership in farmer organisations
0.07(0.00)***
0.02(0.00)***
Improved varieties known
0.04(0.00)***
0.08(0.00)***
Terrain type
0.13(0.00)***
0.20(0.00)***
Fear of poor yield
-0.13(0.00)***
-0.11(0.00)***
Experience in agriculture
0.00(0.00)***
-0.00(0.00)***
Access to extension services
0.06(0.00)***
0.03(0.00)***
Ln distance to main market
0.03(0.00)***
-0.00(0.00)***
NFSM dummy
0.16(0.00)***
0.01(0.00)***
Constant
0.72(0.01)***
-0.49(0.01)***
Selection terms (𝜆)
Plant Management
-0.19(0.00)***
0.15((0.00)***
Plant Management and Water Management
0.15(0.00)***
-0.08(0.00)***
Plant Management and Soil Management
-0.15(0.00)***
-0.13(0.00)***
Plant Management, Water Management and Soil Management
-0.06 (0.00)***
0.12(0.00)***
Notes: The baseline is farm households that did not adopt any SRI. Sample size is 386 and 200 simulation draws were used. ***P
< 0.01, **P < 0.05, *P < 0.1. Robust standard errors are given in parentheses.
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6. Conclusion

Rice cultivation in India in recent times suffers from several interrelated problems. Increased
yields achieved during the green revolution period through input-intensive methods of high water
and fertiliser use in well-endowed regions are showing signs of stagnation and concomitant
environmental problems due to salinisation and water-logging of fields. Multiple constraints faced
by farmers are leading to low yields and farm income. SRI is recognized as a promising systemic
approach to rice production at affordable costs without harming the environment. Although there
are studies analysing the factors contributing to adoption of SRI as well as the welfare implications,
this paper contributes to the empirical literature in this area by examining the determinants and
impacts of the adoption of five mutually-exclusive combinations of SRI on yields and household
incomes using a multinomial endogenous treatment effects model. Farm household survey data is
collected from a sample of 386 households from selected districts of three States of India—
Karnataka, Madhya Pradesh and Orissa. As in most adoption studies, we find that the decision to
adopt is a function of farm assets, irrigation facility, information about SRI from formal sources,
experience in agriculture, number of improved rice varieties known, access to off farm activity etc.
The number of farm assets came out to be significant in the adoption of all SRI
practices/combinations. This was followed by the availability of information. The variable for
information was positive and statistically significant in the adoption of three out of four SRI
practices/combinations. The next important factor which came out to be significant in affecting
the adoption was irrigation facility. The variable for irrigation facility came out to be significant
in the adoption of three out of four SRI practices/combinations. In the case of plant and soil
management practices, the irrigation facility had a negative and statistically significant impact.
This is indicating that the higher adoption of plant and soil management practices by households
were due to the lack of proper irrigation facility.
Apart from the above factors the other variables that affected the adoption of some of the
practices/combinations of SRI were number of improved rice varieties known, household size,
access to off farm activity, fear of poor yield, distance to main market, type of terrain, size of the
landholding and experience in agriculture. Number of improved rice varieties known, household
size, type of terrain (terrain which is levelled) etc. increased the likelihood of household adopting
different practices/combinations of SRI whereas experience in agriculture or the number of years
the farmer stayed in rice cultivation, access to off farm activity, size of the landholding etc.
decreased the likelihood of adopting different practices/combinations of SRI. The dummy variable
for NFSM was insignificant in most cases. In the case of the adoption of plant management, the
NFSM was negative and statistically significant indicating that the adoption of plant management
was higher in those districts where the SRI was not incorporated under the NFSM scheme.
Additionally, unlike many previous studies on agricultural technology adoption, the education of
the household was not significant in affecting the adoption decisions. This is due to the fact that
unlike other innovations, SRI is a farmer centric innovation and the success of it depends largely
on farmers’ motivation and skills rather than the level of education. But surprisingly, the access to
extension services reported by farmers did not have any impact on the adoption decisions. Perhaps
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this is somewhat linked with the lack of impact of NFSM on SRI adoption. The ineffectiveness of
extension services would be the reason for the lack of impact of NFSM on the adoption of SRI.
On the impact of adoption of SRI on welfare outcomes, the results showed the sample selection
bias especially if the income equation is estimated without considering the adoption decision. The
results between exogenous and endogenous adoption decisions showed differences mainly in
estimates for household income whereas in the case of yield almost all combinations of SRI had a
positive and statistically significant impact on yield under the exogenous and endogenous
assumptions. However, in the case of household income, the positive and statistically significant
impact of income was evident in the adoption of two combinations/practices—plant management
plus soil management and plant management plus water management. However, the adoption of
plant management practice and the adoption of plant plus water plus soil management had a
negative and statistically significant impact on income.
The impact estimates also highlight the fact that the NFSM had a positive and statistically
significant impact on rice yield and income and this indicates that the rice yield and household
income was relatively higher in those districts where the SRI promotion had been incorporated
under the NFSM. But it is clear that the positive impact of NFSM on rice yield and household
income was not due to the increased adoption of SRI. As noted earlier, NFSM did not have a
positive impact in promoting the adoption.
As far as the policy implications are concerned, the results suggest that even the partial adoption
of SRI principles can have an impact on rice yield. The impact of SRI adoption on income was
mixed. However the results indicate that the SRI adoption can improve the household income
provided the government intervenes in reducing the cost involved in the adoption of some of
practices/components of SRI. For example, supply of mechanical weeders can ensure more
efficient weeding and thereby full realisation of the benefits. Similarly, skill oriented training to
agricultural labourers can also help in reducing the transaction costs involved in the adoption of
SRI practices. There is an urgent need for extension services to be scaled up by making these
services more effective. Small farmers were found to be more enthusiastic in adopting SRI than
large farmers. Given the limited amount of resources that the small and marginal farmers possess,
there is an urgent need for government to intervene to make extension services more effective and
thereby to make a positive impact of NFSM on the adoption of SRI. Briefly, adoption of different
practices/combinations of SRI can boost yield and household income with appropriate policy
interventions.
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Appendix Table 1: Parameter Estimates: Test on Validity of Selection Instruments
Variables
Ln Rice yields/ha Ln
Household
income
No. of family members
-0.01(0.02)
-0.03(0.01)***
Active family labourers (in no.)
0.03(0.02)
0.03(0.01)**
Education
0.06(0.02)***
0.06(0.01)***
Size of the landholding
-0.02(0.01)*
0.05(0.01)***
Assets owned
-0.03(0.02)
0.02(0.03)
Irrigation facility
0.05(0.05)
0.03(0.03)
Access to off-farm activity (Yes = 1)
0.14(0.05)***
0.07(0.03)**
Membership in input supply cooperative
-0.05(0.06)
0.06(0.05)
Improved varieties known
0.05(0.03)*
0.10(0.02)***
Terrain type
0.19(0.07)***
0.17(0.04)***
Fear of poor yield
-0.06(0.06)
-0.08(0.03)**
Experience in agriculture
0.00(0.00)***
-0.00(0.00)
Contact extension service
0.13(0.07)*
-0.02(0.05)
Distance to main market
0.09(0.03)***
0.01(0.02)
NFSM dummy
0.13(0.04)***
0.04(0.03)
Information from Agricultural Department
0.07(0.06)
-0.05(0.04)
Constant
0.42(0.14)***
-0.58(0.09)***
N
193
193
Note: *** p<0.01, ** p<0.05, * p<0.1. Robust standard errors are given in parentheses.
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