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Abstract

Irrespective of its influence on agricultural productivity, the System of Rice Intensification (SRI) has certainly increased discussion over

optimal rice cultivation practices, with many agricultural development practitioners at odds with a good deal of the established rice research

community. To date, much of the debate over the putative benefits of SRI has been theoretical or speculative and has not persuaded adherents

on either side. In aggregate, sufficient empirical data now exist to put SRI performance in a meaningful context by evaluating the productivity

of SRI with respect to conventional best management practices (BMP). For this retrospective analysis, 40 site-years of SRI versus BMP

comparisons were assembled into a common database. In addition to data from Madagascar where SRI was first conceived, findings from a

broad geographic region were compiled including studies from Nepal, China, Thailand, Laos, India, Sri Lanka, Indonesia, Bangladesh, and

the Philippines. Aside from one set of experiments in Madagascar where SRI more than doubled rice productivity with respect to BMP, we

found no evidence of a systematic or even occasional yield advantage of this magnitude elsewhere. Indeed, none of the 35 other experimental

records demonstrated yield increases that exceeded BMP by more than 22%. Excluding the Madagascar examples, the typical SRI outcome

was negative, with 24 of 35 site-years demonstrating inferior yields to best management and a mean performance of �11%. With recognition

that SRI yields in Madagascar are substantially beneath productivity levels predicted by bioclimatic factors, we find no evidence in the

empirical record that SRI fundamentally changes the physiological yield potential of rice. Exceptional yield advantages from SRI – or some

component(s) thereof – should not be projected beyond Madagascar.
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1. Introduction

Despite several controlled studies, farmer surveys, and

theoretical arguments by proponents and opponents alike,

disagreement over the merits of the System of Rice

Intensification (SRI), continues apace in the agricultural

research and development community (e.g. Sheehy et al.,

2005; Stoop and Kassam, 2005). The larger context for this

debate is the perception that rice (Oryza sativa L.) yields are
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stagnating and that new solutions are required to keep ahead

of the caloric demands of a growing world (Surridge, 2004).

SRI was first conceptualized as a complementary suite of

rice management techniques in Madagascar during the early

1980s by Henri de Laulanie, a French missionary priest.

Since the mid-1990s, SRI has been promoted as a

sustainable route towards superior rice yields both within

Madagascar, principally by the NGO Tefy Saina (http://

www.tefysaina.org/), and internationally, most notably

through the leadership of the International Institute for

Food, Agriculture, and Development at Cornell University

(http://ciifad.cornell.edu/). Together with a fair deal of

skepticism, interest in SRI has been driven by reports from

Madagascar of tremendous rice productivity increases in

http://www.tefysaina.org/
http://www.tefysaina.org/
http://ciifad.cornell.edu/
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controlled experimentation (ca. 200%; Uphoff and Ran-

driamiharisoa, 2002) along with bumper yields for

individual farmers (ca. 20 mt ha�1; Rafaralahy, 2002).

Moreover, good responses to SRI are commonly reported

in farmer fields well beyond the confines of Africa (e.g.

Husain et al., 2004; Anthofer, 2004).

The principles of SRI have been reviewed in detail

elsewhere (Stoop et al., 2002; Uphoff, 2002). The main

components include careful transplanting of young seed-

lings at wide spacings on a precise grid with only one

seedling per hill, water management that keeps the soil moist

but not continuously flooded, frequent (i.e. three to four

times) manual or mechanical weeding before canopy

closure, and reliance on high rates of organic compost for

fertilizer. SRI advocates suggest that synergies among these

unconventional management practices unlock the physio-

logical potential of rice, with results that challenge

prevailing notions of yield ceilings for this food staple

(Stoop et al., 2002). In many senses, the rhetorical promise

of SRI satisfies the often conflicting objectives of

agricultural development: tremendous grain yields with

few external inputs, placing benefits commensurate with

those achieved with green revolution technologies within the

reach of the poor while reducing environmental externalities

and improving sustainability. Irrespective of productivity

claims, there are practical reasons why the SRI combination

of techniques may have a limited application domain,

specifically the lack of water control in hydric landscape

settings and, for most agricultural systems, no clear source

of organic composts to supply large areas with the

macronutrients required to achieve high yields. Moreover,

the collective labor demands of SRI can be onerous, leading

to significant disadoption rates in some locations (Moser and

Barrett, 2003; Namara et al., 2003). Nevertheless, these

limitations are best addressed once the agronomic value of

the SRI approach to rice management has been more firmly

established.

The theoretical case for (Stoop et al., 2002; Uphoff, 2003)

and against (Dobermann, 2004; Sheehy et al., 2004; Sinclair,

2004) SRI has been presented in various levels of detail

elsewhere, but definitive judgment of its worth must be made

in the context of actual multi-site field data. SRI advocates

have argued that negative results in individual experiments

are confounded by the damaging influence of previous land

management practices or are artifacts of missing or

misapplied management components, while SRI detractors

maintain that positive results are errors emanating from

improperly replicated and controlled experimentation or

through flawed inferences drawn from individual plants.

While the robustness of several existing studies can certainly

be questioned with either set of criticisms, it is our view that

sufficient empirical evidence now exists to draw broad

conclusions about SRI that transcend the limitations of

individual experiments. The primary question we seek to

answer in this analysis is simple: is SRI productivity superior

to that achievable with conventional best management? We
hope that this analysis, based strictly on multi-location field

evidence, will clarify the agronomic potential of SRI.
2. Materials and methods

Results from field trials where SRI productivity was

concurrently compared to accepted best management

practices (BMP) were compiled in a common database

with average yield values reported for both management

systems (n = 40, Table 1). In some cases, this average

represents the mean value of several replicates, whereas for

others it is the response from a single field. Except for a

small subset of these studies (e.g. Sheehy et al., 2004; Latif

et al., in press), no data were available on the variability of

yield responses for each management system nor were

statistics commonly reported to assess the significance of

any productivity differences. These factors preclude a

formal meta-analysis of the aggregated database. BMP

practices varied from site-to-site, reflecting local conditions;

an overview of what commonly constitutes best manage-

ment for rice is available from IRRI (http://www.knowl-

edgebank.irri.org/troprice). Among the 40 site-year or site-

year-variety records, 5 are from Madagascar and the

remainder from nine different Asian countries. Sources

for these data ranged from the peer-reviewed literature to

informal reports from non-governmental organizations (i.e.

grey literature). Experiments with treatments that did not

closely approximate the principles of SRI (e.g. included only

one or two SRI elements) or of legitimate best management

(e.g. compared SRI to local farmer practices) were excluded

from the database. For each experimental record, relative

SRI productivity deviations from BMP (i.e. %

deviation = ((SRI t ha�1/BMP t ha�1) � 1) � 100) were

calculated to assess the advantage or disadvantage from

SRI adoption. Simple descriptive statistics (mean � 95%

confidence interval, median) are used to characterize the

typical performance of SRI relative to BMP.
3. Results

Productivity values from all experiments included in this

analysis are presented in Table 1. A scatter graph of BMP (x-

axis) versus SRI (y-axis) yield is given in Fig. 1 with each

point representing an individual record (n = 40). While all

five examples from Madagascar are above the 1:1 line,

outside of Madagascar (i.e. Asian sites) only 11 out of 35

records (31%) had higher rice yields with SRI than with

BMP. This trend is even more pronounced at sites with lower

yield potential (i.e. <6 t ha�1 BMP) with only 3 out of 14

site-years (21%) exhibiting positive responses to SRI.

Expressed as percentage deviation from BMP, relative SRI

performance for each experimental record is displayed in

Fig. 2, with the Asian sites segregated from those in

Madagascar. The yield advantage for SRI in Madagascar

http://ciifad.cornell.edu/sri/countries/laos/laoritrl02.pdf
http://ciifad.cornell.edu/sri/countries/laos/laoritrl02.pdf
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Aggregated database of experiments where SRI was concurrently evaluated against accepted best management practices (BMP)

Source Location Setting SRI

yield t ha�1

BMP

yield t ha�1

SRI yield

deviation (%)a

Comment

1 Uphoff and Randriamiharisoa (2002) Madagascar (Anjomakely) Farmer field 10.4 3.0 245 Good soil

2 Uphoff and Randriamiharisoa (2002) Madagascar (Anjomakely) Farmer field 6.4 2.0 213 Poor soil

3 Uphoff and Randriamiharisoa (2002) Madagascar (Morondava) Exp. station 6.0 2.1 182 Trad. cult.

4 Uphoff and Randriamiharisoa (2002) Madagascar (Morondava) Exp. station 6.8 2.8 140 HYV

5 Barison (2002) Madagascar (Beforona) Exp. station 6.3 4.9 27

6 BRRI (http://ciifad.cornell.edu/sri/countries/bangladesh/bangrisrifnl.pdf) Bangladesh (Comilla) Exp. station 5.3 4.4 22

7 Shengfu et al. (2002) China (Anqing) Exp. station 12.2 10.0 21

8 MSSRF (http://ciifad.cornell.edu/sri/countries/india/) India (Pondicherry) Exp. station 6.4 5.4 19

9 Welthungerhilfe (http://ciifad.cornell.edu/sri/countries/laos/laoritrl02.pdf) Laos Unreported 3.9 3.5 11

10 Nissanka and Bandara (2004) Sri Lanka (Hinguraggoda) Farmer field 7.6 6.9 10

11 Sheehy et al. (2004) China (Jiangsu) Exp. station 9.9 9.1 9

12 Markarim et al., 2002 Indonesia (S. Sulawesi) Farmer field 7.1 6.6 9

13 Qingquan (2002) China (Yunshun Co.) Unreported 12.0 11.7 2 Pei’ai cult.

14 Shao-hua et al. (2002)—Exp. #3 China (Jiangsu) Exp. station 9.3 9.1 2

15 Shao-hua et al. (2002)—Exp. #4(b) China (Nanjing) Exp. station 11.8 11.5 2 Hybrid

16 Duxbury (Personal communication) Bangladesh (Rajshahi) Exp. station 10.0 9.8 2 2002 Boro

17 Sheehy et al. (2004) China (Guangdong) Exp. station 7.2 7.2 �1

18 Evans et al. (2002) Nepal (Bhairawa) Exp. station 5.4 5.7 �5

19 Shao-hua et al. (2002)—Exp. #1 China (Nanjing) Exp. station 7.9 8.3 �5

20 Shao-hua et al. (2002)—Exp. #2 China (Jiangyin) Farmer field 8.4 8.9 �6

21 Latif et al. (in press) Bangladesh (Comilla) Exp. station 7.1 7.6 �7

22 Shao-hua et al. (2002)—Exp. #4(a) China (Nanjing) Exp. station 9.8 10.6 �7 Indica cult.

23 Duxbury (Personal communication) Bangladesh (Rajshahi) Exp. station 9.2 10.0 �8 2003 Boro

24 Sheehy et al. (2004) China (Hunan) Exp. station 6.7 7.4 �9

25 Gypmantasiri (2002) Thailand (Chiang Mai) Exp. station 4.4 4.8 �10 Dry season

26 Latif et al. (in press) Bangladesh (Vagurapara) Farmer field 6.0 6.8 �11

27 DED (http://ciifad.cornell.edu/sri/countries/laos/laoritrl02.pdf) Laos Unreported 2.5 2.9 �14

28 Latif et al. (in press) Bangladesh (Matiara) Farmer field 5.9 7.0 �16

29 Duxbury (Personal communication) Bangladesh (Joydebpur) Exp. station 7.4 8.9 �17 2003 Boro

30 Duxbury (Personal communication) Bangladesh (Joydebpur) Exp. station 6.4 7.8 �18 2002 Boro

31 Duxbury (Personal communication) Bangladesh (Rangpur) Exp. station 6.2 7.7 �20 2003 Boro

32 Duxbury (Personal communication) Nepal (Khumultar) Exp. station 4.7 6.3 �25

33 Rickman (2004) Philippines (Los Banos) Exp. station 3.0 4.1 �27 Wet season

34 Annapurna farm (http://ciifad.cornell.edu/sri/countries/india/) India (Auroville) Farmer field 0.8 1.1 �33 2 cult. ave.

35 Sooksa-nguan et al. (2004) Thailand (Chiang Mai) Exp. station 3.8 5.9 �36

36 GTZ (http://ciifad.cornell.edu/sri/countries/laos/laoritrl02.pdf) Laos Unreported 2.2 3.5 �37 2 site ave.

37 Gypmantasiri (2002) Thailand (Chiang Mai) Exp. station 2.6 4.2 �38 Rainy season

38 Gypmantasiri (2002) Thailand (Chiang Mai) Farmer field 3.2 5.4 �40 8 farmers

39 Rickman (2004) Philippines (Los Banos) Exp. station 1.4 3.1 �55 Dry season

40 NRRP (http://ciifad.cornell.edu/sri/countries/laos/laoritrl02.pdf) Laos Unreported 1.3 3.3 �61

Mean yields are reported for SRI and BMP, with SRI performance judged as relative deviation from BMP1. Records are listed in descending order o SRI performance with respect to best management.
a Relative SRI productivity deviations from BMP: deviation (%) = ((SRI t ha�1/BMP t ha�1) � 1) � 100).
f

http://www.tefysaina.org/
http://ciifad.cornell.edu/
http://ciifad.cornell.edu/sri/countries/laos/laoritrl02.pdf
http://www.cropscience.org.au/icsc2004/symposia/2/4/1869_horiet.htm
http://dx.doi.org/10.1016/j.fcr.2004.10.005
http://www.cropscience.org.au/icsc2004/poster/1/2/1177_nissankara.htm
http://ciifad.cornell.edu/sri/countries/philippines/irrieval.pdf
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Fig. 1. Actual SRI yields (t ha�1) displayed as a function of yields con-

currently achieved with conventional best management practices (BMP) for

Madagascar (&) and sites in nine different Asian countries (^). Each data

point represents one experimental record (i.e. site-year or variety-site-year).

Points above the 1:1 line have favorable productivity responses to SRI.

Fig. 2. Relative yield deviations (deviation (%) = ((SRI t ha�1/

BMP t ha�1) � 1) � 100) of SRI from conventional best management

(BMP), with results grouped by geographic region. Each data point repre-

sents one experimental record (i.e. site-year or variety-site-year).
(n = 5) is striking, with all but one record demonstrating an

increase of 140% or above. In vivid contrast, none of the

Asian sites (n = 35) experienced a relative yield advantage

with SRI that exceeded BMP by more than 22%. The mean

and median relative performance of SRI outside of

Madagascar was negative at �11 and �8%, respectively,

with the 95% confidence interval for the mean ranging from

�18 to �4%.
4. Discussion

Stoop and Kassam (2005) claim that neither SRI

advocates nor its critics have a complete understanding of

the biophysical basis of the relatively higher yields

associated with this technology. In this synopsis of empirical

results, we address the central question: relative to what?
Beyond Madagascar, we found no systematic or even

isolated evidence that SRI remarkably improves rice

productivity above levels achievable with accepted best

management practices. In fact, both the mean and median

performance of SRI outside of Madagascar was negative. As

a technology package, SRI appears to have little scope for

increasing global rice yields over other intensive manage-

ment approaches.

While we do not question the experimental validity of

results achieved within Madagascar, close examination of

these findings suggests why substantial yield advantages

with SRI were not repeatable in nine other Asian countries.

Sheehy et al. (2004) applied a dynamic rice model to

simulate theoretical yield potential for several regions in

Madagascar given site-specific climate characteristics. At

Morondava (see Table 1), BMP yields reported by Uphoff

and Randriamiharisoa (2002) are less than 25% of the

predicted yield potential (ca. 13 t ha�1). SRI does perform

remarkably better than BMP at Morondava, but still only

achieves 50% of the theoretical productivity. With sufficient

fertility, no drought stress, and abundant solar radiation, the

2–3 t ha�1 yields achieved with BMP in the Madagascar

experiments are exceptionally low and probably indicative

of an acute soil constraint. Persistent flooding, a typical

practice with conventional rice management methods, is

associated with toxic levels of ferrous iron in the strongly

acid oxisols of Madagascar (Vizier et al., 1990; Dobermann,

2004). Moreover, the high levels of organic amendments

utilized with SRI probably complex with a substantial

amount of exchangeable aluminum, hence moderating a

second damaging characteristic of acid soils (e.g. Moko-

lobate and Haynes, 2003). Rather than realizing an untapped

physiological potential of the rice plant, the water and

compost fertilizer elements of SRI appear to reduce a site-

specific edaphic limitation to growth. Most of the principal

rice growing areas in Asia are located on young alluvial soils

with moderate pH (Dobermann, 2004). Based on this

generalization and the lack of positive yield responses to SRI

in Asia, it seems likely that none of the other evaluation sites

share similar physio-chemical soil characteristics with those

in Madagascar.

SRI advocates often maintain that conventional research

approaches to SRI evaluation ignore what is happening in

farmer’s fields and that the rapid geographic spread of SRI is

prima facie evidence of its value (Stoop and Kassam, 2005).

In a narrow regard this argument is accurate: on-farm

surveys of SRI performance with reference to farmer

practices demonstrate consistent increases in productivity.

For instance, Husain et al. (2004) document a 30% yield

advantage for SRI in Bangladesh and Namara et al. (2003)

show an even larger benefit (44%) in Sri Lanka. Does this

evidence support the contention that SRI increases rice yield

potential? In the aforementioned Bangladesh study, farmer

practices include dense plantings (ca. 15 cm � 15 cm) with

very old seedlings (ca. 45 day), while the survey in Sri Lanka

shows that most farmers use seed broadcasting for crop
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establishment. The Food and Agriculture Organization

(FAO) examined the difference between attainable rice

yields (i.e. with best management) and those achieved with

local practices (Papademetriou et al., 2000), documenting a

sizable rice productivity gap in much of the developing

world. Suboptimal agronomic practices like those used by

the surveyed farmers in Sri Lanka and Bangladesh are prime

candidates for explaining this gap. The tangible impression

that SRI works in farmer fields would likely be the same for

any other intensive management system (e.g. conventional

best management) that ensures careful weeding and

sufficient fertility with timely and precise crop establish-

ment. Interestingly, SRI yields reported in these surveys are

similar to those achieved on nearby experiment stations with

conventional best management (e.g. Bangladesh: Latif et al.,

in press; Sri Lanka: Dhanapala, 2000), further supporting the

conclusion that SRI does not change the intrinsic yield

potential of rice.

The most charitable interpretation of the empirical record

is that few experimentalists outside Madagascar have

mastered the complexities of SRI management, thereby

explaining why tremendous productivity benefits are not

universally realized. The plausibility of this theory was

greater while the empirical evidence was limited. With 35

site-years across nine different Asian countries, it is

reasonable to expect that at least a handful would have

achieved an optimal combination of SRI elements to realize

its synergies. We found no evidence outside of Madagascar

that SRI produces remarkable yield increases when

compared to accepted best management. Advocates also

speculate that the full advantages of SRI only accrue in the

medium to long-term once the legacy of poor management

(e.g. low soil organic matter and biological activity) is

overcome (Surridge, 2004). To our knowledge, no time-

series data exist that substantiates this claim. A corollary

argument is the belief that favorable SRI responses are

typically constrained to farmer’s fields because biologically

impaired soils predominate on agricultural experiment

stations as a consequence of intensive agro-chemical use

(Stoop and Kassam, 2005). Outside of Madagascar (see

Table 1), experiment station (n = 23) and on-farm (n = 7)

responses to SRI were indistinguishable in our database at

�9.2 and �12.5%, respectively.

The apparent popularity of SRI is growing in some

regions, reflecting many factors including the attractiveness

of its rhetorical claims, passionate and sincere promotion

from its advocates, and perhaps most importantly the rather

dismal performance of typical farmer practices. To the

extent that the pervasive yield gap between attainable and

achieved yields in many rice growing areas is a product of a

knowledge limitation rather than economic or risk con-

siderations, the experience with SRI illuminates the

challenges of extending the principles and virtues of

modern agronomic practices to farmers. There may well

be lessons to be learned from the methods used to advance

SRI by its champions.
SRI has also contributed to an evolving debate on the

water requirements for rice (e.g. Water-wise Rice Produc-

tion, Bouman et al., 2002) and the benefits of cultural

practices such as planting single (e.g. San-oh et al., 2004)

and younger (e.g. Horie et al., 2004) seedlings. The analysis

presented in this paper does not seek to discredit the

possibility that some aspects of SRI may prove valuable,

only that the conversation must be simplified: there is no

empirical evidence that adopting all SRI components in

tandem unlocks a previously unexploited yield potential in

rice.
5. Conclusions

The law of parsimony advises that the simplest

explanation consistent with a set of facts most often proves

correct. The preponderance of empirical evidence supports

what accepted theory has always suggested: the system of

rice intensification does not fundamentally change the

physiological yield potential of rice. By basing much of their

case for SRI on experiments in a single country with

distinctive soils (Madagascar) and, outside Madagascar, to

comparisons with farmer practices or national yield

averages, SRI proponents have overextended inductive

logic to promote the system of rice intensification as a global

model for advancing the yield potential of rice. Beyond

Madagascar, experimentalists and agricultural development

practitioners must be appraised that there is no empirical or

theoretical basis for promoting SRI as a singular method for

maximizing rice productivity over other forms of intensive

management.
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