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A B S T R A C T

The System of Rice Intensification (SRI) is being promoted worldwide, but relatively little is yet known
about its impacts at farm level. This article reviews available evidence on the impact of SRI practices in
terms of yield and productivity. Adoption of SRI practices necessarily changes the mix and allocation of
inputs, in particular of water, seeds, fertiliser and labour. However, SRI impact studies have generally failed
to distinguish between technological change – a more productive use of inputs, evidenced by a change
in total factor productivity – increases in input use, or selection effects and their respective effects on
yields. The studies reviewed point not only to modest increases in rice yields associated with SRI adop-
tion, but also to concurrent increases in labour and fertiliser use. Often SRI is selectively practised on
more fertile plots. As a result, no firm evidence on changes in total factor productivity can be discerned,
while partial productivities of land and labour show mixed results. Though yields tend to be higher under
SRI management, risk also seems to increase, which initially favours adoption by better-endowed farmers
and on better soils. Evidence on SRI impact is further complicated by the large diversity of SRI practices
associated with different biophysical, socio-economic and institutional circumstances. We conclude by
identifying knowledge gaps surrounding the SRI phenomenon, encompassing agro-technical aspects, socio-
economic issues and (dis)adoption behaviour.
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1. Introduction

The System of Rice Intensification (SRI) is a method of rice cul-
tivation which, according to a diverse community of its supporters,
promises to increase smallholder rice yields while using substan-
tially less water and seed. SRI comprises a suite of recommendations
for crop establishment, irrigation management, weed control and
fertilisation, which diverge from conventional methods. SRI tech-
niques are said to be based on close observation of the physiological
characteristics of rice plants, thus exploiting the plants’ innate genetic
potential without depending heavily on costly external inputs. Pro-
moters of SRI argue that the system is particularly appropriate,
accessible and beneficial to poor and marginal farmers because it
can produce higher grain yields without the need for costly im-
proved seeds or expensive chemical fertilisers (Stoop et al., 2002;
Uphoff, 2007).

These claims have provoked controversy among agronomists and
rice scientists, particularly the assertion that SRI methods can
produce dramatically higher and even record-breaking grain yields
(see Surridge, 2004). In spite of those misgivings and the hostility
of some rice scientists, smallholders in dozens of countries are re-
ported to have adopted SRI methods (Kassam et al., 2011). In this
article we address two major topics. First, we consider and evalu-
ate the available evidence on the impact of SRI worldwide: what
has been reported and what is the evidence base? Second, we iden-
tify remaining gaps in knowledge about the SRI phenomenon,
encompassing agro-technical aspects, socio-economic issues and
(dis)adoption dynamics.

1.1. History and background

SRI was first described in a technical journal in 1993 (de Laulanié,
1993). SRI is now typically understood to comprise five or six key
cultivation practices: (1) raising seedlings in a carefully managed,
garden-like nursery; (2) transplanting of very young seedlings (ideally
8–15 days old); (3) widely spaced, single seedlings, often planted
in grid patterns (typically 25 × 25 cm and possibly wider); (4) water
management to promote moist, aerated soil conditions, some-
times including dry periods of 3–6 days; (5) early and regular
weeding, typically four times at regular intervals, ideally using a me-
chanical rotary weeder which churns and aerates the soil, or by hand;
(6) fertilisation, preferably using organic sources (compost, farm-
yard manure and green manure) (Stoop et al., 2002, 252; Uphoff,
1999). These practices differ considerably from conventional
methods, whereby seedlings are typically transplanted in closely
spaced clumps of two to four or even more plants at a time, ran-
domly distributed or in narrowly spaced rows, 20 to 60 days after
sowing. Also, rice fields are often kept flooded continuously from
transplanting to maturity, which suppresses weeds and curbs the
need for regular weeding.

The compilation of the portfolio of SRI practices is attributed
to a French agronomist and Jesuit missionary, Fr. Henri de Laulanié,
who worked with rice farmers in the highlands of Madagascar from
1961 until his death in 1995. De Laulanié portrayed his methods
as ‘a system based on the physiology of rice’ (de Laulanié, 2003,
59), and this notion is widely accepted by contemporary promot-
ers of SRI. The idea is that SRI methods create conditions in which
rice plants can achieve their full, innate potential to grow and
flourish. The suite of SRI practices enumerated above is said to
express three underlying principles, as summarised by Uphoff (2003,
39): the use of healthy seedlings, which accounts for the nursery
management component as well as early, quick and gentle trans-
planting; optimal plant density, which explains the wide spacing
of seedlings planted singly; and the promotion of aerobic soil
conditions, which underpins the irrigation practices and soil
disturbance.

SRI came to the attention of development workers and academ-
ics working in Madagascar during the second half of the 1990s (e.g.
Association Tefy Saina and Uphoff, 2001; Stoop et al., 2002; Uphoff,
1999; Uphoff, 2002; Uphoff and Randriamiharisoa, 2002). An in-
ternational conference in 2002 generated further attention (Uphoff
and Randriamiharisoa, 2002; Uphoff et al., 2002) and SRI is now re-
ported to have spread from Madagascar to nearly 50 countries across
Asia, Africa and South America (CIIFAD, 2013).

1.2. Benefits and impact claimed for SRI

Many of the early reports about SRI were informal, anecdotal or
derived from grey literature. The first systematic effort to docu-
ment experiences with SRI agronomy was an international
conference held in Sanya, China in 2002, which generated a body
of papers from 14 different countries (Uphoff and Randriamiharisoa,
2002; Uphoff et al., 2002). Only in recent years has a larger volume
of peer-reviewed literature become available.

Scientific support for the agronomic principles underlying SRI
– namely, that substantial improvements in yield and productivi-
ty can be achieved through changes to crop management practices
rather than improved rice varieties – has come from an analysis pub-
lished by Horie et al. (2005). It is quite widely accepted that SRI
techniques promote visible changes in the growth patterns and mor-
phology of individual rice plants, specifically a vigorous production
of numerous tillers (shoots with the potential to produce grain-
bearing panicles). Some Chinese and Indian studies have confirmed
that SRI methods produce physiological and morphological changes
in rice plants that can lead to improved yields and higher factor pro-
ductivity (e.g. Chen et al., 2006; Lu et al., 2005; Thakur et al., 2010;
Vijayakumar et al., 2006). However, the relationship between tillering
and grain production is not linear and vigorous tillering may not
necessarily lead to high yields (Latif et al., 2005, 2009). It is also well
established that rice yields can be sustained at existing levels while
using significantly less water than in many conventionally managed,
irrigated production systems (Bouman et al., 2002).

SRI techniques are reported to give rise to three key benefits. First,
grain yields are reported to increase, delivering a direct benefit to
both subsistence and (semi-) commercial farming households.
Second, SRI methods are widely believed to increase the produc-
tivity of two key inputs, namely water and seed. Consequently the
system is thought to be more accessible and affordable to poor and
marginal communities and farmers facing water scarcity. A more
controversial claim holds that the productivity of the system as a
whole increases through positive synergetic interactions among the
SRI practices; in other words the positive impacts of individual com-
ponents of the system are multiplied when they are applied in
concert (Stoop et al., 2002; Uphoff, 1999). Third, SRI is said to rep-
resent a more ecologically sustainable method of rice cultivation,
primarily through water conservation but also (organic) soil hus-
bandry and lower methane emissions (Uphoff, 2007).

According to some scholars (e.g., Kassam et al., 2011) these ben-
eficial effects are encouraging many rice farmers to adopt SRI
methods but rigorous studies assessing diffusion and adoption are
scarce. A handful of published studies provide only localised snap-
shots (Anthofer, 2004; Moser and Barrett, 2003, 2006; Namara et al.,
2008; Noltze et al., 2012; Palanisami, 2010; Palanisami et al., 2013;
Sita Devi and Ponnarasi, 2009; Takahashi, 2013). Consequently it
is impossible to answer the question exactly how widely SRI or its
components have been adopted worldwide, nor to provide a con-
sistent picture of the factors shaping adoption patterns across time
and space. These studies do, however, reveal that patterns of adop-
tion of SRI components differ substantially between sites, which
suggests that some components fit better with particular
types of farmers, households, rice plots or other specific character-
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istics, and that productivity changes associated with SRI are
heterogeneous.

1.3. Research issues and method

In the light of the lack of robust information there is a clear need
to assess the current state of adoption and impact of SRI tech-
niques. In an effort to compile and synthesise the current state of
evidence, we undertook an extensive literature review, paying spe-
cific attention to the most recent insights. The main aim of this
review is to build an understanding of which production factors
become more productive after (partial) SRI adoption and to iden-
tify the gaps in knowledge surrounding SRI impact.

Since much of the available literature and documentation on SRI
was to be found in informal and grey sources, our search strategy
was open-ended and included searches in academic databases in-
cluding Scopus, Web of Knowledge and Google Scholar, as well as
searches of the world-wide web through Google. In addition, we
reviewed and downloaded materials from SRI-Rice, the web-
portal on SRI maintained by staff linked to the Cornell International
Institute for Food, Agriculture and Development (CIIFAD, 2013).

In view of their size and importance as rice producers and con-
sumers, and as countries where SRI activities had been reported on
a significant scale, we made a special effort to collect evidence from
India and China. In India, we commissioned research assistants from
Tamil Nadu Agricultural University to carry out a specific search of
the Indian scientific literature for papers on SRI and/or its compo-
nent practices. This search yielded a total of 28 additional papers.
An assistant at the China National Rice Research Institute carried
out a similar search of the Chinese scientific literature on SRI and,
where necessary, translated the abstracts from Chinese into English.
This search yielded a total of 60 documents published in 28 Chinese
journals between 2001 and 2010. In total, we collected 345 docu-
ments including peer reviewed journal articles, draft scientific papers,
consultants’ reports, working papers, project documents, unpub-
lished memos, and a few official documents. The full list of
documents collected is provided in an online annex.

The resulting database was used to record, where applicable, (1)
the definition or specification of SRI that was used in documents;
(2) the control treatment or reference practice to which SRI was being
compared, if any; (3) whether statistical methods were applied and
if so, how this had been done; and (4) whether the statistical
methods had been corrected for possible differences in inputs
between SRI and non-SRI treatments (e.g. labour use, nutrient ap-
plication or soil quality), and/or potential selection effects. Through
these steps we identified the subset of papers which we used in our
review in Section 3.

Our selection criteria placed strong emphasis on the sound use
of statistical methods. As we explain later on, deriving firm con-
clusions from the studies reviewed is seriously hampered by
methodological limitations, great diversity in SRI practices and ex-
tension and incompletely documented changes in relevant inputs.
These limitations made it impossible to carry out a more exten-
sive statistical analysis, such as a meta-analysis.

Given the importance of these methodological issues and the
many potential pitfalls, we first discuss some methodological con-
siderations in Section 2. Section 3, reviewing the on-farm impact
of SRI, forms the core of this paper and we focus particularly on the
productivities of seed, land, labour and water. Section 4 brings the
empirical evidence on SRI practices together and identifies knowl-
edge gaps.

2. Measuring impact: methodological considerations

If SRI methods have a positive impact on households adopting
them, this should be evidenced by an increase in the partial pro-

ductivity of one or more key inputs, i.e., land, labour, water, seeds,
or fertilisers. However, positive impacts can only be truly under-
stood when considering total factor productivity, i.e. an overall
decrease in the net cost or use of inputs for a given level of output,
rather than partial factor productivity. For example, farmers who
adopt SRI components might increase or decrease the use of various
inputs, directly or indirectly. This means that the change in tech-
nical practice and the change in inputs are connected, and this
complicates comparisons with non-adopters.

Next to endogenous input changes, various other sources of both
endogenous and exogenous variation need to be considered, in-
cluding diversity in biophysical conditions and agro-ecological
settings, macro- and micro-economic factors, and institutional con-
texts. Some relevant variables, such as farmer skills or motivation,
are intrinsically unobservable. Such complexities make it difficult
enough to assess the impact of simple changes in technology, for
instance, a new seed variety. They greatly complicate matters when
assessing a composite innovation like SRI, which involves a set of
simultaneous adjustments in crop, soil, water and weed manage-
ment methods, which are associated with changes in the allocation
of inputs and the organisation of labour.

One particularly tricky analytical challenge arises from the way
SRI has been conceptualised by many of its promoters as an intrin-
sically flexible and adaptable ‘suite of principles’ rather than a fixed
blueprint for rice cultivation (Stoop et al., 2002; Uphoff et al., 2011).
Analytical difficulty arises from the proposition that SRI is simul-
taneously an integrated system involving synergetic interactions,
which must be understood and evaluated holistically, and a de-
composable system whose individual elements may be adopted
independently, producing substantial effects which, according to
some advocates, should still be recognised as systemic effects of SRI
(Uphoff, 1999; Uphoff et al., 2011). As other researchers have found
(Noltze et al., 2012), even if SRI is considered a ‘system innova-
tion’, for analytical purposes the only plausible approach is to
disaggregate SRI into its component parts, which makes it possi-
ble to evaluate both the effects of individual SRI components as well
as any possible synergetic effects.

Thus, in order to assess the impact of a new technology, all ob-
servable and unobservable characteristics that may influence
production levels and the likelihood of adoption need to be in-
cluded and corrected for. One of the best approaches to achieve this
is to use randomised impact assessments (Gertler et al., 2011), but
these have not yet been used in assessing impact of SRI. Another
relatively straightforward methodology is to compare SRI manage-
ment and a reference treatment managed by farm households that
practised both methods at the same time on plots that are as similar
as possible. In such a controlled evaluation, all the potentially con-
founding variables that help determine yield cancel one another out,
and the outcome can be considered a robust measure of impact
within the adopting household. Nevertheless, adoption patterns are
usually not random, reflecting the fact that changes in input
productivities do not materialise uniformly across farm house-
holds, and the observed impact can therefore not be generalised to
non-adopters.

Taking all these considerations into account, we propose that the
processes that shape SRI adoption and impact can only be fully ap-
preciated if the various components that constitute the system are
investigated separately yet jointly. They need to be investigated sep-
arately because the factors driving adoption of individual system
components, as well as their impact, are distinct and context-
dependent. They need to be investigated jointly because total factor
productivity is the best test of whether the overall impact of a
complex set of technical changes is positive or negative. Finally, a
careful comparison of changes in total factor productivity for a diverse
range of combinations of SRI components adopted serves to iden-
tify the potential existence of synergetic effects among them.
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3. On-farm impact of SRI

To establish whether, and how, SRI impacts farm households, 26
studies were selected from our database. The following selection
criteria were used: (1) studies should present primary empirical ev-
idence and analysis; (2) the authors explicitly aim to compare
changes in productivity between SRI and a reference treatment, in
most cases ‘conventional practice’; (3) studies provide a sufficient
level of detail in the description of SRI and the reference treat-
ment, allowing for analysis by third parties; and (4) studies were
carried out in on-farm settings, providing insights based on actual
farmer behaviour. The studies selected are shown in Table 1, which
lists details on the methods used as well as the advantages and limi-
tations of each study.

3.1. Changes in partial input productivity

Very few of the studies we reviewed provide a detailed and com-
plete overview of changes in all relevant inputs while simultaneously
controlling for various unobserved farmer and farm characteristics or
differences in plot-level soil fertility. Only two very recent studies pro-
vided relatively more detail on changes in input costs while attempting
to control for selection biases (Noltze et al., 2013; Takahashi and Barrett,
2013). Most of the studies were unable to identify a change in total factor
productivity, uncover potential synergies between SRI components, or
both. Nevertheless, as discussed below, some provided useful in-
sights into changes in partial factor productivities.

Anthofer (2004) used pairwise observations of on-farm rice yields
under SRI and non-SRI management in the same households span-
ning several seasons. In this way he was able to control for
unobserved farmer characteristics such as skills and access to inputs.
He found that SRI yields were around 30% higher than yields under
conventional management. However, he also observed that SRI was
generally applied on fertile plots which were also closer to the home-
stead. As a result it is not clear how much of the yield increase should
be attributed to differences in inputs or soil fertility levels, changes
in crop management practices, lower net labour costs due to reduced
travel requirements, or a combination of these. In addition, Anthofer’s
study included only SRI adopters. This is an important qualifica-
tion because Resurreccion and Sajor (2008) and Ly et al. (2012)
observed that farmers practising SRI in Cambodia are typically better
endowed than farmers using only conventional practice, as re-
flected by farm size and production level.

Barrett et al. (2004) carried out one of the most detailed anal-
yses, which corrects for observed and unobserved farmer differences.
They found a yield increase for SRI management of almost 2500 kg/
ha. According to their estimations, about half of this increase could
be attributed to SRI practices, and the remainder reflected pre-
existing differences in farm characteristics and soil fertility. However,
Chen and Yen (2006) showed that Barrett et al. (2004) incorrectly
derived the equations they estimated, making it likely these find-
ings are biased and inconsistent. Other studies only partially
controlled for plot, farmer and household differences. While some
studies carefully accounted for farmer- and plot-level differences,
few reported or took account of changes in labour use, or in some
cases detailed information about differences in fertiliser use. In Styger
et al.’s (2011) study, all SRI adopting households increased the use
of manure, making it impossible to separate the effects caused by
increasing inputs from those caused by a change in management
practice, such as transplanting.

In the following sections we look more closely at the produc-
tivities of seed, soil fertility, land and labour.

3.1.1. Seed and soil fertility
One of the attractive selling points of SRI is the potential saving

in seed because of the significant decrease in planting density.

Single-seedling transplanting at a spacing distance of 25 × 25 cm re-
quires just 16 plants per square metre, as compared with 200
seedlings per square metre when planting two seedlings at a dis-
tance of 10 × 10 cm. If the yield per unit of area does not decrease,
the implication is a dramatic increase in seed productivity, which
could be particularly attractive in the case of expensive improved
varieties and hybrids. Most of the studies reviewed report in-
creases in seed productivity, which are sometimes substantial. For
example, seed costs reported under SRI cultivation are about 10%
to 33% of those in available alternatives (Adusumilli and Bhagya
Laxmi, 2011; Anthofer, 2004; Latif et al., 2005; Noltze et al., 2013).

Various authors have observed a relationship between soil fer-
tility differences and reported SRI yields. For example, Tsujimoto et al.
(2009) found that high SRI yields of plots they studied in Mada-
gascar were primarily related to soil fertility effects, in particular
a greater nutrient-supplying ability. Also in Madagascar, Serpantié
and Rakotondramanana (2013) found that SRI fields were typical-
ly more fertile and found closer to homesteads, probably due to the
need for more frequent monitoring. They also found that use of
manure is significantly higher on SRI plots, particularly on plots close
to market areas.

Similarly, Schiller (2004) stated that in Laos SRI is only suitable
under very fertile conditions, or when large quantities of nutri-
ents were applied. Findings reported by Turmel et al. (2011) suggest
that the marginal productivity of the stock of soil nutrients changes
when switching the production method to SRI, implying a change
in total and partial productivities in highly fertile plots only. When
comparing SRI and non-SRI plots pairwise across different fertility
strata, Serpantié and Rakotondramanana (2013) reached a similar
conclusion. In summary, SRI methods appear slightly more pro-
ductive on fertile and less drought-prone plots with higher organic
and inorganic inputs. Under less favourable conditions alternative
methods outperformed SRI.

3.1.2. Land
All but two of the studies reviewed showed higher land pro-

ductivity for SRI than the corresponding reference practice (see
Table 2). The magnitude of the differences varies from substantial,
around twenty per cent, to huge, such as the range of very high SRI
yields presented by Andrianaivo (2002). However, as noted above,
direct comparisons between SRI and non-SRI yields may not high-
light a causal effect of SRI, unless the effects of observed or
unobserved farmer and plot characteristics are properly sup-
pressed. When interpreting these results, it should be kept in mind
that some of these land productivity studies involved very small
sample sizes. Nine studies had sample sizes smaller than 100 ob-
servations, five even below 50, and sampling error could have had
relatively large distorting effects in these studies. In sixteen studies
detailed information on the sampling framework was lacking or
samples were not constructed randomly.

3.1.3. Labour
Changes in labour productivity play an important role in shaping

the dynamics and patterns of SRI adoption. Transplanting and
weeding are two labour-intensive operations in rice farming that
have attracted special attention in debates about the benefits and
disadvantages of SRI (e.g., Latif et al., 2005; Senthilkumar et al., 2008).
Two other SRI practices may lead to a higher demand for labour:
(1) the increased collection, processing and application of organic
manure or compost; and, somewhat trivially, (2) the time spent on
crop harvest and post-harvest processes if yields increase.

Moser and Barrett (2003) published the first study that looked
in detail at labour use in SRI, finding that labour use increased with
SRI methods, mostly as a result of increased weeding require-
ments. The authors hypothesised that for many of the poorest
farmers the opportunity cost of labour was higher than the
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Table 1
Studies reviewed on input productivities and technology effects.

Study and location Reference treatment Sampling framework and size Controlled for: Not-controlled for:

Andrianaivo
(2002),
Madagascar

Traditional practice - 50 farmers selected by agricultural development
organisation in one province in Madagascar.

- The cost–benefit analysis compares inputs of
conventional practice and SRI practice.

- Data on both systems are collected in
different years, locations and
circumstances for different farmers.

Yamah (2002),
Sierra Leone

Farmers’
techniques

- 8 farmer groups established for on-farm trials in Sierra
Leone, each having 20 members.

- Unobserved farmer characteristics by comparing yield
differences for farmers contemporaneously following
SRI and conventional practice.

- Changes in labour use not reported;
- Yields not corrected for plot level

characteristics.
Ceesay (2002), The

Gambia
Farmers’ practice - 10 participating farmers;

- No information on sampling framework.
- Unobserved farmer characteristics by comparing yield

differences for farmers contemporaneously following
SRI and conventional practice.

- Changes in inputs (fertiliser, manure,
labour) not reported;

- Yields not corrected for plot level
characteristics.

Anthofer (2004),
Cambodia

Conventional
practice

- Sample from five purposively selected provinces, from
which four villages were selected randomly. In each
village 20 SRI-farmers were selected and 10 non-SRI
farmers were randomly selected;

- This gives the overall sample of 400 SRI farmers and
100 non-SRI farmers.

- Unobserved farmer characteristics by comparing yield
differences for farmers contemporaneously following
SRI and conventional practice.

- Changes in labour use and some inputs
such as green manure not reported.

- It is reported that SRI is often cultivated on
more fertile plots, no attempt is made to
link this to yield differences.

Barrett et al.
(2004),
Madagascar

Conventional
practice

- A random selection of 111 farmers from four sites in
Madagascar, whereby the farmers contemporaneously
practise SRI and traditional rice cultivation.

- Unobserved farmer characteristics by comparing yield
differences for farmers contemporaneously following
SRI and conventional practice;

- Differences in plot level characteristics.
Namara et al.

(2008), Sri Lanka
Conventional
practice

- Sampling from two districts with high SRI prevalence,
yielding 60 SRI farmers and 60 non-SRI farmers;

- Stratification methods differed between districts and
adoption status, including factors (a.o.) as geographical
location, membership of farmer organisation.

- Unobserved farmer characteristics may explain large
difference in yield between adopters and non-
adopters.

- Yields are not corrected for plot level
characteristics;

- Labour use is reported to increase
substantially, but no attempt to link this to
yield differences.

Schiller (2004),
Laos

No clear
comparison
provided

- Not specified. - Study does not present details on
comparison.

Latif et al. (2005),
Bangladesh

BMP and farmers’
practice

- On-farm trials at 20 households;
- No information on sampling framework.

- Unobserved farmer characteristics by comparing yield
and input differences for farmers contemporaneously
following SRI and conventional practice;

- Cost–benefit analysis accounts for differences in all
used inputs.

- Yields are not corrected for plot level
characteristics.

Dhakal (2005),
Nepal

Traditional
methods

- Sampling framework and sample size not specified. - Not clear how SRI and traditional methods
are compared.

Kabir and Uphoff
(2007), Myanmar

Practices before
and after SRI
extension

- A random selection of 612 farmers participating in 30
farmer field schools;

- Selection of farmer field schools motivated by
accessibility of researchers.

- Unobserved farmer characteristics by comparing yield
and input differences for farmers contemporaneously
following SRI and conventional practice.

- Yields are not corrected for plot level
characteristics;

- Changes in labour use.

Sato and Uphoff
(2007), Indonesia

Conventional
practice

- 12,133 farmers familiarised with SRI methods;
- No clear description of sampling framework.

- SRI-yields compared with non-SRI yields
for potentially different farmers, with
different input and soil fertility levels;

- SRI is reportedly more often cultivated
with certified seeds, but no attempt to link
this to yield differences.

Sinha and Talati
(2007), West
Bengal, India

Conventional
practice

- Two districts (blocks) were selected in West Bengal
based on the prevalence of SRI practice. In these blocks
110 farmers were selected from a list of SRI farmers
provided by an NGO.

- Unobserved farmer characteristics by comparing yield
and labour use for farmers contemporaneously
following SRI and conventional practice, although in a
non-random sample.

- No control for soil fertility or other inputs
used.

Feuer (2008),
Cambodia

Rice yield is
explained in
regression from
various exogenous
variables

- 70 randomly sampled SRI-adopters, of which 22 had
disadopted;

- No clear description of sampling framework.

- Yields are related to cultivation practices and adoption
of SRI technology in regression analysis.

- Regression analysis does not include many
variables describing input use.
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Table 1 (continued)

Study and location Reference treatment Sampling framework and size Controlled for: Not-controlled for:

Sita Devi and
Ponnarasi (2009),
Tamil Nadu, India

Conventional
practice

- Purposive selection of district and sub-districts, from
which 50 SRI farmers and 50 conventional rice
cultivators were randomly selected.

- Cost-benefit analysis shows differences in use of seeds,
labour, machines and irrigation water.

- SRI-yields compared with non-SRI yields at
different farmers, with different soil
fertility levels.

Barah (2009), Tamil
Nadu, India

SRI compared to
non-SRI farmers

- A sample of 58 SRI farmers and 60 Non-SRI farmers
taken in four districts in Tamil Nadu;

- No details on sampling framework presented.

- Differences in input levels are reportedly included in
statistical analysis, but not described in detail.

- No control for unobserved farmer and plot
characteristics.

Thomas and Ramzi
(2011),
Afghanistan

Conventional
practice

- Assessment based on 24 SRI plots and 42 conventional
plots;

- No specific information on sampling or selection
framework provided.

- Unobserved farmer characteristics by comparing yield
differences between farmers at the same time
cultivating SRI and conventional practice.

- No control for soil fertility or input use.

Styger et al. (2011),
Mali

Control and
farmers practice

- Assessment in 12 villages in which NGO is active. In
each village 5 farmers were selected by community
members, giving a sample of 60 farmers implementing
both SRI and a control.

- Unobserved farmer characteristics by comparing yield
differences between farmers at the same time
cultivating SRI and conventional practice.

- (Opportunity) costs of manure collection
and application not included;

- Use of labour and nutrients double under
SRI as reported but no attempt to link this
yield differences.

Turmel et al.
(2011), Panama

Farmers’ practice - 10 collective farms, with a total of 46 farmers
involved;

- No information on sampling framework.

- Unobserved farmer characteristics by comparing yield
differences between farmers at the same time
cultivating SRI and conventional practice.

- No control for changes in labour use.

Adusumilli and
Bhagya Laxmi
(2011), Andhra
Pradesh, India

Conventional
practice

- An NGO provided a list of SRI-farmers within two
subdistricts (mandals) in Andhra Pradesh. From the
list, 55 SRI farmers were randomly selected. Another
55 farmers practising only a conventional system were
randomly selected.

- Total use of inputs listed for both SRI and non-SRI
farmers.

- No control for unobserved farmer and plot
characteristics.

Barison and Uphoff
(2011),
Madagascar

Conventional
practice

- Based on a list of SRI-farmers provided by an NGO, 109
farmers were selected who contemporaneously
practised SRI and a conventional system.

- Unobserved farmer characteristics by comparing yield
differences between farmers at the same time
cultivating SRI and conventional practice.

- No control for differences in use of labour
and fertiliser.

Ly et al. (2012),
Cambodia

Conventional
practice and direct
seeded rice

- Spatial random sampling provided a sample of 207
households in two districts.

- Cost–benefit analysis shows differences in use of
seeds, fertiliser and labour.

- No control for unobserved farmer and plot
characteristics.

Noltze et al. (2013),
East Timor

Conventional
practice

- Stratified sampling within two districts that received
SRI extension. Here, 1228 farmers received SRI training
and 3220 did not;

- 200 farmers were selected from each cohort. In the
end 397 households and 475 paddy fields were
surveyed.

- Observed farmer characteristics that influence the
decision to adopt SRI.

- No control for unobserved farmer and plot
characteristics.

Palanisami et al.
(2013), India

Non-SRI fields - 2234 farmers with SRI and non-SRI fields in 13 Indian
states;

- No information on sampling framework.

- Unobserved farmer characteristics by comparing yield
differences for farmers contemporaneously following
SRI and conventional practice.

- Differences in costs of production between
SRI and non-SRI plots are assessed. Which
production costs are included is not
explained.

Takahashi and
Barrett (2013),
Indonesia

Non-SRI fields - Random selection of 30 farmers from 24 randomly
selected Water User Associations in South Sulawesi
District;

- Final sample: 864 households, 1202 rice plots.

- Selection effects due to observed farmer characteristics
are contained by using Propensity Score Matching
(PSM);

- Application of tests to check whether
unobservable variables may influence
outcomes, through selection effects.

Serpantié and
Rakotondramanana
(2013)

Non-SRI fields - Random selection of 109 plots in Fianarantsoa district,
Madagascar, whereby 43 were used to practise SRI.

- Controlled for differences in soil characteristics,
fertility and fertiliser use.

- No control for unobserved farmer
characteristics

Yokoyama and
Zakari (no date),
Indonesia

Conventional
practice

- Not specified. - Yields controlled for various cultivation practices
increases in use of organic matter, and application of
micro-organisms.

- No control for unobserved farmer and plot
characteristics;

- No control for differences in labour use.

Notes: Studies are presented in chronological order. ‘Reference treatment’ refers to the farming system to which SRI is compared. In describing the reference treatment and sampling framework and size, we use the original
phrasing by the respective authors, adjusted to fit the table.
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potential gains, explaining why these farmers generally would not
adopt SRI. In a different sample of SRI adopters in Madagascar, Barrett
et al. (2004) noted that labour productivity under SRI increased for
some, but decreased for a substantial number of farmers in the
sample. More recently, Serpantié and Rakotondramanana (2013) ob-
served that the small increases in SRI crop yield are negated by
overall increases in labour use, with labour productivity remain-
ing constant.

A frequently cited study by Sinha and Talati (2007) analysed
labour use under SRI management in West Bengal, India. For a non-
random sample of SRI adopters, the study reported that labour use
on SRI plots was lower than on conventional plots. However, the
authors did not specify the procedure employed to calculate labour
use for their sample, in which not all farmers had adopted all the
SRI components. Some of their findings are counterintuitive, such
as the indication that labour use in harvesting operations de-
creased even while crop yield increased. Neither did they examine
the actual variation in labour use between farmers or test the dif-
ferences statistically.

Takahashi and Barrett (2013) investigated the impact of SRI on
productivity and income, using a statistical approach to correct for
much of the bias arising from selection effects. While SRI ap-
peared to change the marginal productivity of land, they did not
observe any discernible effect on labour productivity. Rather, overall
labour use increased under SRI adoption, and farmers re-allocated
labour away from off-farm activities. The net effect on income was
negligible, which in turn begs the question, as the authors point out,
why some farmers might take the trouble of adopting a new tech-
nology if it does not deliver a notable change in income.

Other studies also reported changes in labour use and produc-
tivity, but again with different magnitudes. These results should
not be surprising. For instance, taking into account relative
local input prices, it could make perfect sense for farmers in Mad-
agascar to increase labour use, while farmers in India substitute
relatively cheaper fertilisers for labour. Some studies also point to

issues surrounding temporal allocation of labour over the course
of a season or year, suggesting that the opportunity costs of labour
vary not only across households but also across the cropping
calendar.

Differences in opportunity costs as well as perceived compara-
tive advantages in the performance of farming operations also shape
the division of labour within households. In many regions, rice trans-
planting and weeding operations have typically been carried out
by women (IRRI, 1985), while men have usually performed more
physically demanding tasks such as land preparation. The adop-
tion of SRI methods, especially weeding with a mechanical rotary
hoe, often triggers a change in these task allocations between men
and women. In Tamil Nadu, for example, many men have report-
edly taken over weeding operations from women who used to weed
by hand, freeing time for women to engage in other activities. On
the whole, however, little evidence on SRI’s impact on gender re-
lations has been documented.

While SRI methods may increase labour requirements at first,
it has been argued that farmers can economise on labour inputs after
one or two seasons, when they become more skilful and confi-
dent in the use of the new methods, an argument put forward by
Adusumilli and Bhagya Laxmi (2011), for example. Such a trend was
indeed observed by Barrett et al. (2004), who reported that the
median of labour productivity increased over time after SRI adop-
tion. But the authors noted that this observation could also result
from attrition bias, caused by farmers with the lowest rates of labour
productivity disadopting SRI and dropping out of the sample. Ly et al.
(2012) reported that labour use in SRI plots, particularly for trans-
planting, remained high over time.

3.1.4. Water
Although claims on the adoption of SRI-practices, reduced water

use, and increasing water productivity, are frequent, there is a paucity
of studies quantifying the magnitude of these changes under farmer
conditions. We are aware of only one study doing so (Adusumilli

Table 2
Reported changes in land productivity.

Study and location Yield from
reference
practice

Variation in
yield of reference
practice

Yield
from SRI

Variation in
yield of SRI
practice

t/ha t/ha
Andrianaivo (2002), Madagascar 2.0 – 6.0–20.0 –
Yamah (2002), Sierra Leone 2.5 Range: (1.9–3.2) 5.3 Range: (4.9–7.4)
Ceesay (2002), The Gambia 2.5 – 7.4 –
Namara et al. (2008), Sri Lanka 3.8 SD: 1.9 5.5 SD: 2.8
Barrett et al. (2004), Madagascar 3.4 SD: 0.5 6.3 SD: 1.8
Anthofer (2004), Cambodia 1.6 – 2.3 –
Dhakal (2005), Nepal Various data – Various data –
Latif et al. (2005), Bangladesh 6.8 (BMP); 5.0

(Farmers’ practice)
– 5.9 –

Kabir and Uphoff (2007), Myanmar 2.1 SD: 0.5 6.5 SD: 2.6
Sinha and Talati (2007), West Bengal, India 4.0 – 5.3 –
Sato and Uphoff (2007), Indonesia 4.3 – 7.6 –
Feuer (2008), Cambodia 1.8 – 3.1 (Good SRI fields)

2.7 (Partial SRI fields)
–

Barah (2009), Tamil Nadu, India – Range: 4.0–6.2 – Range: 5.1–7.0
Adusumilli and Bhagya Laxmi (2011), Andhra Pradesh, India 4.6 SD: 0.6 5.4 SD: 1.1
Barison and Uphoff (2011), Madagascar 3.4 SD: 0.5 6.4 SD: 1.8
Styger et al. (2011), Mali 5.5 (Control)

4.9 (Farmers’ practice)
SD: 0.3 (Control)
SD: 0.2 (Farmers’ practice)

9.1 SD: 0.2

Thomas and Ramzi (2011), Afghanistan 5.6 SD: 1.5
Range: 2.0–9.0

9.3 SD: 3.4
Range: 4.0–20.0

Turmel et al. (2011), Panama – Range: 0.6–7.5 – Range: 1.2–9.0
Noltze et al. (2013), East Timor 3.2 SD: 2.7 2.9 SD: 2.2
Serpantié and Rakotondramanana (2013) 4.2 – 5.2 –
Yokoyama and Zakari (no date), Indonesia 6.3 SD: 1.3 8.1 SD: 1.7

Notes: Variations in yield are presented as standard deviations (SD) or the range of crop yields observed (Range). Figures are reported yields (tons per hectare) per rice crop
per cropping season.
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and Bhagya Laxmi, 2011), whereby the authors found that the
number of irrigations and pumping hours was reduced by 52%.

The studies reviewed here indicate that SRI improves several
partial input productivities, but there is no firm consensus on the
issue of labour productivity. The impact on the complete set of input
productivities has rarely been addressed. Synthesising these find-
ings is further complicated by the observed diversity in SRI adoption
and practice, small and non-random samples, and a lack of control
for various unobserved farm characteristics. These factors also make
it impossible to identify the presence of synergetic effects among
SRI components. Consequently, while the studies provide some val-
uable insights into local experiences with SRI methods, they cannot
be used to make robust predictions on the impact of SRI else-
where or in general.

3.2. Changes in marginal productivity and production variance

A few studies assessing the impact of SRI stand out because their
methods offer scope to uncover changes in marginal productivity
resulting either from the adoption of separate SRI components, or
combinations of components. The latter approach, in particular,
makes it possible to identify the presence of synergetic effects
between components. Kabir and Uphoff (2007) and Palanisami (2010)
both aimed to disentangle the various SRI components in order to
identify the respective marginal contributions of these individual
components to crop yields. The findings suggested that the com-
plete SRI package has a larger marginal effect on yield than adopting
improved seeds or varieties alone. In both studies, caveats apply re-
garding small sample sizes and a lack of control for observed and
unobserved farmer characteristics.

With a similar objective in mind, Noltze et al. (2013) set out to
identify whether the marginal effects of inputs on yield and income
levels differ across SRI and non-SRI adopters. Their findings suggest
significant yield and income gains, with small farmers benefiting
more than larger ones. As the authors pointed out, many on-farm
variables are likely to influence both the likelihood to adopt and the
contribution to yield and income, and an instrumental variable ap-
proach was used. Unfortunately, the authors did not provide detailed
information on the variable selected as an instrument, making it
difficult to assess whether their method truly suppressed the es-
timation bias. More problematically, some of the supposedly
exogenous variables, such as seed rate and labour use, are typical-
ly determined endogenously as a function of the technology selected.
Both points imply that the presented regression results are biased,
making it unlikely that the authors have really identified marginal
effects on yield and income.

Barah (2009) investigated whether cultivation of SRI leads to a
change in farmer efficiency levels, comparing adopters and non-
adopters. He observed that yield under SRI was higher than
conventional practice, a finding that also held across different wealth
groups, and more importantly that SRI adopters were more effi-
cient, both technically and economically. However, Barah’s (2009)
account of his method and variables makes it difficult to establish
whether SRI adoption has a causal effect on efficiency, or whether
SRI farmers were more efficient to begin with.

The data on yields presented in Table 2 suggests not only that
land productivities are higher under SRI, but that the variation in
land productivity is wider for SRI plots/farmers. Out of the 10 studies
reporting variation in yields for both SRI and the reference prac-
tice, seven reported increased variation in SRI crop yield. This implies
that adopting SRI practices could create a source of increased risk
for farmers, and many smallholder farmers are justifiably risk-
averse. A specific example of (perceived) heightened risk is the
practice of transplanting very young, single seedlings. The mortal-
ity of young seedlings may be higher than that of older seedlings,
necessitating a second transplanting to fill gaps in the field

(Senthilkumar et al., 2008). Only one study documented the impact
of risk aversion on adoption, which confirmed that a greater anxiety
about risk reduces the propensity to adopt SRI practices (Takahashi,
2013). However, it is possible that once the adopter has fully mas-
tered the new technology, the returns could become more stable
over time, reducing risk.

In conclusion, evidence from the existing literature does not
provide a definite test for the presence of technological change, i.e.
a decrease in overall input costs for a given output, associated with
increased partial productivities of one or more inputs. Neverthe-
less, several studies do provide a number of important leads for
additional research, which we take up in the concluding section.

4. Conclusions and knowledge gaps

4.1. Major findings

Despite an increase in the number of publications describing SRI
adoption and impact, the discussion makes clear that our under-
standing of what drives a farmer to adopt SRI components, and how
this affects his or her livelihood, remains limited. It is also evident
that there is substantial diversity in SRI extension and practice across
sites, making it very difficult to draw general conclusions about the
impact of “SRI” as a singular technological package. From our review
several specific conclusions emerge:

(1). The overall effect of SRI adoption on total factor productiv-
ity remains unclear. Although reported yields under SRI
cultivation methods are often higher than reference prac-
tices, the cause(s) of these increases remain obscure. Adoption
of SRI methods is associated with fairly substantial changes
in the allocation of inputs, especially labour, water and fer-
tiliser. No studies have assessed the changes in all relevant
inputs simultaneously, while sufficiently controlling for ob-
served and unobserved farmer characteristics. For the same
reason, possible synergetic effects among SRI components have
not been demonstrated.

(2). A majority of the studies we analysed pointed to increased
labour use on SRI plots, but there is no firm consensus on
whether overall labour productivity increases or decreases. It
is clear that the adoption of SRI transplanting and weeding
methods leads to significant changes in the organisation of
tasks, gender division of labour, and temporal distribution of
labour demand, including the possibility of an increased labour
requirement at harvest time. The available literature allows
few firm conclusions regarding the impact of these changes,
which theoretically may be positive or negative for differ-
ent households or groups. There is a widely held view that
SRI methods may increase labour demand in the short term,
but that labour requirements can be reduced once the new
methods have been mastered. Though this is plausible, we
found no studies that explored this dynamic in detail.

(3). The nature and exact cause of increases in land productivity
remain obscure, although differences in land productivity
between SRI plots and non-SRI plots (or farmers) are likely
to be a partial cause or an effect of improved results with SRI
methods. Various studies suggest that a considerable part of
higher yields under SRI management may be attributed to a
preferential allocation of SRI to more fertile plots, and/or
to a preferential allocation of fertiliser and labour to SRI
plots.

(4). Available evidence does indicate that SRI practices can sub-
stantially improve the partial productivity of seed and water.
Increases in seed and water productivity follow logically from
reductions in the seed rate and irrigation, which can be
achieved without adverse effects on output, and sometimes
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with an increase in yield. However, as noted in Section 1.2,
water savings and improvements in water productivity can
also be achieved by adopting water-saving management
methods, without necessarily adopting the whole set of SRI
practices.

(5). Yield variability under SRI management is often reported to
be larger in comparison with conventional practice. This dif-
ference may stem from either unobserved farm characteristics,
or truly represent a source of elevated risk associated with
SRI management, making SRI less attractive for the most vul-
nerable farmers. The literature does discuss some sources of
increased risk under SRI management, such as the hazard of
seedling loss when the seedlings are very small due to pests,
flooding or soil salinity. These factors, together with the phys-
ical difficulty involved in handling tiny seedlings, may explain
why some farmers and SRI-promoting organisations have
opted not to use extremely young seedlings.

4.2. Knowledge gaps

While SRI may potentially offer advantages, several socio-
economic issues remain unresolved and deserve further research:

(1). There is a vital need to generate more detailed and reliable
information about the spread and levels of adoption of SRI
methods. In particular, it is very important to study the pat-
terns of adoption and partial adoption, including the range
and degrees of variation in the ways SRI guidelines are speci-
fied and practised by farmers.

(2). (Partial) adoption of SRI methods by farmers will potential-
ly lead to changes in output and input productivity. As a result,
different types of farmers are likely to re-allocate scarce pro-
duction factors across on-farm, off-farm and non-farm
activities in different ways. In addition, labour demand changes
in rice production may have a profound impact on the income
and well-being of landless labourers. In all these cases SRI
methods may have a measurable impact on household income,
food security status and health of household members. The
magnitude and direction of this impact, and how it varies
across different regions and types of households, has not yet
been established, but can be addressed through the imple-
mentation of well-designed impact assessments, such as
randomised controlled trials or natural experiments at farm
household or village level.

(3). Studies investigating both partial and total factor productivities
should make it possible to investigate the presence of syn-
ergetic effects among the SRI components. Such studies should
focus on whether interaction effects can be detected between
some or all of the SRI components, how and when these occur,
and how they affect total factor productivity.

(4). An interesting question is whether the diversity in local
and regional specifications of SRI is a systemic property,
stemming from an inherent flexibility of the technical charac-
teristics of the cultivation system, or simply a consequence of
the natural diversity that characterises smallholder farming across
diverse landscapes, cultures and institutional settings. Investi-
gating this question would be an important step towards creating
training and extension systems that can support specific kinds
of farmers and communities to improve their rice cultivation
practices in appropriate and locally valued ways.
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