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Summary
Extremely high temperatures during vegetative growth of rice reduces tiller number and
plant height. Some experts argue that, in some parts of Asia, current temperatures are
already approaching critical levels during the susceptible stages of plant growth. To
reduce yield loss caused by drought, drought-tolerant crops have been developed.
Sahbhagi Dhan is a rice variety that is tolerant against drought, partly because it matures
early and therefore avoids the high temperatures that affect long-duration rice varieties.
In addition, short growth duration can allow farmers to cultivate another crop immediately
after the rice harvest. A diversified income source makes farmers resilient against
negative income shocks.
We used a randomized controlled trial to evaluate Sahbhagi Dhan by providing Sahbhagi
Dhan seeds to randomly selected farmers in treatment villages in either 2012 or 2013.
The treatment farmers were subsequently interviewed by enumerators along with the
same number of randomly selected control households in nearby villages. The 2012
randomized controlled trial involved 420 farmers; the study area was significantly
expanded in 2013 to cover different drought conditions, and 1,270 farmers were added
to the sample.
The results clearly show that the drought measured by the index significantly reduces
rice yield. The magnitude of the estimated coefficient suggests that yield declines by
1.3 tons per hectare if farmers experience severe drought. Regarding the yield of
Sahbhagi Dhan, we find that its yield is lower than that of other varieties by 0.3 to 0.4
tons per hectare. Contrary to earlier agronomic studies on Sahbhagi Dhan, we find little
evidence that Sahbhagi Dhan is more tolerant of drought than other rice varieties. The
drought conditions in the fields in 2012 and 2013 might have been unfavorable for
Sahbhagi Dhan. Continuous monitoring and evaluation of Sahbhagi Dhan in farmers’
fields should be conducted.
We found evidence that the short duration of Sahbhagi Dhan helps farmers to cultivate
crops after kharif (the main agricultural season). The results in this report indicate that
the probability of producing second crops after kharif is higher by 3 percentage points in
Sahbhagi Dhan plots than in other plots. The results also show that the probability of
cultivating second crops is higher when farmers experience drought in kharif, and the
probability becomes even higher in Sahbhagi Dhan plots. After drought, farmers may feel
a need to compensate for crop loss due to drought by cultivating more crops after the
season.
The findings in this project suggest targeting strategies for Sahbhagi Dhan. The main
benefit of Sahbhagi Dhan appears to be its short growth duration. This helps farmers
where they can produce crops after kharif. Thus, the variety should be promoted in areas
where the potential for producing crops after kharif is high. This will help farmers become
less vulnerable to drought and other shocks during kharif by diversifying income sources.
Experiments in farmers’ fields are different from agronomic experiments on research
stations. Although we do not observe its drought tolerance in this report, it can become
tolerant under certain drought conditions. The drought tolerance of Sahbhagi Dhan
continues to be monitored among farmers.
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1. Introduction
The largest number of food-insecure people live in South Asia, where about 300 million
people are undernourished (FAO 2012). Concern exists that climate change will worsen
the situation by negatively affecting agricultural production in the region (Tubiello et al.
2007; Lobell et al. 2011). Studies that use a range of scenarios show that higher
temperatures will lead to lower rice yield as a result of shorter growing periods (IPCC
2014). Wassmann and others (2010) conclude that, in some parts of Asia, current
temperatures are already approaching critical levels during the susceptible stages of
plant growth. Effective adaptation of cropping technologies and practices that mitigate
the negative impact of climate change are imperative to enhancing food security and
sustainable livelihoods in developing countries such as India.
Extremely high temperatures during vegetative growth of rice reduces tiller number and
plant height (Yoshida 1981). Exposure to high temperatures during rice flowering can
greatly decrease pollen viability, which leads to yield loss (Matsui et al. 2000). Droughttolerant rice varieties such as Sahbhagi Dhan have been developed to reduce yield loss.
Sahbhagi Dhan is tolerant of drought partly because it matures early; thus, it has a short
growth duration and avoids high temperatures (Dar et al. 2014). The short growth
duration of the variety can allow farmers to cultivate another crop immediately after the
harvest. In Bangladesh, for instance, cultivation of early maturing rice varieties in the
main agricultural season allowed farmers to obtain higher yields and earn higher income
by planting rice early and then selling it early, while the rice price was high (Malabayabas
et al. 2014). A diversified income source makes farmers resilient against negative
income shocks. Few studies, however, have evaluated the performance of Sahbhagi
Dhan among farmers. Agronomic studies, for instance, evaluate only the performance of
crop growth, but have not investigated how farmers change cropping practices after
adopting Sahbhagi Dhan.
Randomized controlled trials (RCTs) have been used to assess the economic impacts of
new agricultural technologies. A recent study by Dar and others (2013) used an RCT to
evaluate the impact of cultivating a submergence-tolerant rice variety in eastern India. In
this study, we use an RCT to evaluate the performance of Sahbhagi Dhan by providing
Sahbhagi Dhan seeds to randomly selected farmers in treatment villages in either 2012
or 2013. The treatment farmers were subsequently interviewed by our enumerators,
along with the same number of randomly selected control households in nearby villages.
The 2012 RCT involved 420 farmers. In 2013, the study area was significantly expanded
to cover different drought conditions, and 1,270 farmers were added to the sample.
In this report, we estimate the impact of cultivating Sahbhagi Dhan on rice yield and the
probability of cultivating another crop after harvesting Sahbhagi Dhan.
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2. Intervention, theory of change and research hypotheses
2.1 Intervention
The study looked at the impact of Sahbhagi Dhan rice in the eastern Indian states of
West Bengal and Odisha, where rice is a major staple food and the risk of drought is
high. It builds on an RCT experiment already initiated in collaboration with the
International Rice Research Institute (IRRI). Focusing on two geographically separated
states increased the likelihood of observing drought events during the project period.
The impact question of first-order importance was to measure the effective yield of this
new seed. Although test plots have demonstrated the advantage that Sahbhagi Dhan
provides in drought conditions, we wanted to establish whether this holds true under the
circumstances of smallholder farming, particularly in its behavior in response to
constraints and context specificities. We proposed to measure both the average
treatment effect on the randomly selected group of farmers who received minikits and
the treatment effect on a group of farmers that would have endogenously chosen to
adopt Sahbhagi Dhan seeds (Treatment on the Treated) once made available through
seed multiplication by minikit recipients. This was done as follows.
IRRI had started to diffuse the seed in 2010 and 2011 to about 300 farmers in selected
areas. In early 2012, IRRI agreed to extend its pilot diffusion in Odisha and West Bengal
following an experimental design that would permit the impact analysis that we are
describing in this report. The standard process by which the government of India and
IRRI promote new seeds is through the distribution of minikits to a small number of
farmers in each village. We thus built on this practice and adapted it to an RCT design.
In preparation for the RCT, a list of all drought-prone villages was constructed and
stratified into four weather risk categories. Some 512 villages were randomly selected in
equal numbers from the four risk categories to become the study sample. The 128
villages in treatment group 1 (32 randomly selected from each of the four risk categories)
each received five minikits of Sahbhagi Dhan rice seeds in May/June 2012. The 128
villages of treatment group 2 received the same treatment in May/June 2013, and
treatment group 3 followed in May/June 2014. The 128 control villages received no
treatment.
The selection of farmers within each treatment village was done as follows. First, a
survey was carried out to collect village-level information. As part of this survey, a list of
25 eligible farmers was obtained in each village, defined as rice farmers who would
benefit from Sahbhagi Dhan rice because of having at least one plot in upland droughtprone areas and 5 acres or less in total land. Five farmers were randomly chosen from
this list to receive a free 5-kilogram minikit of Sahbhagi Dhan seeds, accompanied by a
brochure with instructions for cultivation. Five other farmers were randomly selected to
be part of the study, but did not receive minikits. In order to ensure compliance with the
randomization, the enumerators had to make a phone call to obtain the five random
numbers indicating to whom to give the minikits.

2

2.2 Theory of change for policy influence and research hypotheses
We describe how we communicate with policymakers and achieve final outcomes
through the steps in Figure 1.
•

•

•

•

•

•

Step 1: In our study, we address the following policy questions: How does a
newly developed, drought-tolerant rice variety, Sahbhagi Dhan, benefit rice
farmers practicing rainfed agriculture in eastern India? How much does Sahbhagi
Dhan mitigate yield losses due to drought? Is there any trade-off from switching
to Sahbhagi Dhan from other rice varieties?
Step 2: Our immediate and primary policy target is the National Food Security
Mission (NFSM), which promotes agricultural technologies for farmers in eastern
India, under a mega-scheme called Bringing Green Revolution to Eastern India
(BGREI). NFSM/BGREI conducts large-scale block demonstrations on about
270,000 hectares across eastern Indian states and has already promoted a
submergence-tolerant rice variety, Swarna-Sub1, which was developed and
disseminated by the IRRI.
Step 3: We hope that the results from our RCTs will provide evidence of the
benefits of Sahbhagi Dhan and provide scientific legitimacy to the adoption of
Sahbhagi Dhan in NFSM block demonstrations. A large-scale demonstration of
Sahbhagi Dhan is expected to disseminate this rice variety quickly in droughtprone areas of eastern India.
Step 4: Because Sahbhagi Dhan is a drought-tolerant rice variety, its benefits are
realized only under drought conditions. Thus, if drought occurs during our threeyear study period, the demand for our research results increases dramatically.
Indeed, eastern India experienced a modest drought at the beginning of the 2012
kharif (the main agricultural season), which was the first year of our randomized
controlled trial of Sahbhagi Dhan.
Step 5: We maintain close contact with the director of NFSM, Mukesh Khullar,
who was identified as one of the key influencers. The results from our RCT can
reach Mr Khullar and other key members of the Ministry of Agriculture.
Step 6: We assume that the Indian government will maintain its keen interest in
increasing agricultural productivity in rainfed rice production in eastern India
because this is the area where poverty is concentrated and frequent natural
disasters, such as large-scale droughts and floods, devastate smallholders. We
also assume that policymakers in India and other countries will have an interest
in our study because climate change is expected to increase the frequency of
natural disasters.

The potential benefits of drought-tolerant rice go beyond South Asia. Some 90 per cent
of rice production in African countries is unirrigated. The Stress-Tolerant Rice for Africa
and South Asia (STRASA) project is a joint effort between IRRI and the Africa Rice
Center, supported by a US$20 million grant from the Bill & Melinda Gates Foundation.
The project targets 22 countries, 19 of which are in Africa. Drought-tolerant rice varieties
are expected to spread rapidly throughout Africa over the next 10 years. The existing
collaborative arrangement between IRRI and the Africa Rice Center under STRASA is
the channel through which the findings will be disseminated and applied.
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IRRI has already demonstrated capacity to reach large numbers of smallholders, as
more than 100 million hectares of rice planted each year contain germplasm from its
varietal improvement efforts. The research will be carried out under STRASA, which has
a goal of providing stress-tolerant varieties and improved management to 20 million
farmers in South Asia and across Africa by 2018. The project is conducted in Nigeria,
Benin, Senegal, Burkina Faso, Ghana, Guinea, the Gambia, Mali, Côte d’Ivoire, Guinea
and Sierra Leone in West Africa; Mozambique, Tanzania, Uganda, Ethiopia,
Madagascar, Rwanda, Burundi and Kenya in eastern and southern Africa; and India,
Bangladesh and Nepal in South Asia.

2.3 Theory of change of the intervention
We expected the intervention to have a strong impact on the adoption of Sahbhagi Dhan.
The intervention theory of change is described in Figure 2.
Activity 1: Under our RCT, treatment farmers receive 5-kilogram bags of Sahbhagi Dhan.
Assumptions: For our RCT to have measurable impacts among farmers, two
assumptions have to be held. First, no major events should occur that disrupt rice
production, other than drought. Otherwise, it would be difficult to identify the impact of
the use of Sahbhagi Dhan in the RCT. Second, across treatment and control villages,
various levels of drought should occur for us to identify the (stress-mitigating) impacts of
the use of Sahbhagi Dhan. If the drought conditions were uniform across sample
villages, it would be difficult to identify the impacts. To ensure a sufficient variation in
drought conditions, we expanded survey areas in 2014.
Outcome 1: By producing Sahbhagi Dhan, the treatment farmers mitigate the production
loss due to drought and realize a higher rice yield under drought, compared with control
farmers in nearby control villages.
Outcome 2: In the following rice season, the treatment farmers expand their areas under
Sahbhagi Dhan by using Sahbhagi Dhan seeds from their own production.
Outcome 3: Treatment farmers exchange Sahbhagi Dhan seeds with neighboring
farmers, including control farmers.
Final Outcome: The total area under Sahbhagi Dhan significantly expands and rice
production loss in target areas is significantly reduced.
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Figure 1: Theory of change of policy influence

Input 1
Budget for
Policy
Influence Plan

Assumption
- Continuous interest in poverty
reduction in eastern India and other
rainfed areas
- Continuous interest in stresstolerance rice among stakeholders

Input 2
- Communication to stakeholders about the project
- Partnerships with key stakeholders in India
- Partnerships with key international stakeholders

Activity 1 (meetings)
- Meeting with Central and State Ministry
of Agriculture, Indian Council of
Agricultural Research (ICAR), Central
Road Research Institute (CRRI)
- Meeting with state seed corporations
- Male and female farmers

Activity 2 (documents)
- International seminars
- Research and project reports
- Policy briefs
- Websites and social networks

Outcome 1: Awareness raised in
India
- Key stakeholders participate in
annual STRASA meetings,
workshops and training
- New partners are identified in India
and elsewhere

Final Outcome 1: Policy influenced
(India)
- Inclusion of Sahbhagi Dhan in NFSM
block demonstrations
- Sahbhagi Dhan seeds being
subsidized by state seed corporations

Outcome 2: Awareness raised
internationally
- Key stakeholders outside of India
are informed about Sahbhagi Dhan
- New partners are identified
internationally

Final Outcome 2: Policy influenced
(international)
- Increased funds for development and
dissemination of stress-tolerant rice

Assumption
- Climate change continues to be considered a threat that increases drought incidences
- Continuous interests in poverty reduction among rice farmers practicing rainfed
agriculture in South Asia and Sub-Saharan Africa

5

Sahbhagi Dhan and other stress-tolerant rice varieties are
promoted in India and other rainfed rice areas in South
Asian and Sub-Saharan African countries

Figure 2: Theory of change of intervention
Input
- 3ie funds for the RCT

Activity 1 (Distribution of
drought-tolerant rice
varieties)
- to treatment farmers

Assumption
- Various levels of drought occur across
treatment and control villages
- Except for drought, no major events occur
to damage rice production

Outcome 1: Increased rice
productivity under drought among
treatment farmers
- Sahbhagi Dhan is expected to
reduce production loss due to
drought

Outcome 2: Expanded use of
drought-tolerant rice among
treatment farmers
- After observing the impacts of
Sahbhagi Dhan, the treatment
farmers are expected to expand
their area under Sahbhagi Dhan

Outcome 3: Farmer-to-farmer
seed exchange
- Sahbhagi Dhan rice seeds are
disseminated from farmers to
farmers

Final Outcome: Increased use of
drought-tolerant rice
- The area under Sahbhagi Dhan is
increased significantly
- The loss in rice production due to
drought is mitigated

Sahbhagi Dhan gains popularity not only in India but in other countries
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3. Context
3.1 Climate change
Under a plausible scenario, climate change is likely to have an impact on food production
in India and around the world. Climate change is expected to affect yield (Tubiello et al.
2007; Lobell et al. 2011). Recent findings from the Intergovernmental Panel on Climate
Change (IPCC) show that, with or without adaptation, negative impacts on average
yields will occur from the 2030s, with median yield impacts of 0% to −2% per decade
projected for the rest of the century. Many models that use a range of scenarios show
that higher temperatures will lead to lower rice yields as a result of the shorter growing
period (IPCC 2014). With the rise in temperature, the rice development process
accelerates and reduces the duration of growth. Thus, rural poverty in parts of Asia could
be exacerbated because of the impact of temperature rises on the rice crop and the
increase in food prices and the cost of living (Hertel et al. 2010). Effective adaptation of
cropping technologies and practices that mitigate the negative impacts of climate change
will be critical in enhancing food security and sustainable livelihoods, especially in
developing countries such as India.
Livelihoods in developing countries depending on agriculture are particularly vulnerable
to changes in the mean and variability of the climate and the need is highlighted in many
studies (IPCC 2014). Switching to more drought- or submergence-tolerant crop species
or varieties is an important adaptation strategy with a diverse portfolio of livelihood
responses to climatic stress. In the portfolio of common on-farm and non-farm livelihood
adaptation strategies, changing to crop varieties that are resistant to climate stress is
among the most cited adaptation measures (Westengen et al. 2014).

3.2 Current use of rice varieties in eastern India
Since the Asian Green Revolution, modern rice varieties have helped farmers increase
rice yield (David and Otsuka 1994; Estudillo and Otsuka 2013) and reduce poverty
(Otsuka et al. 2008). However, the impact of the Asian Green Revolution has been
limited for rainfed areas, particularly those affected by flash flooding and drought (Fan
and Hazell 2001; Evenson and Gollin 2003). Indeed, despite the large number of rice
varieties released in the past decades, farmers in eastern India continue to use early
generation, high-yielding varieties, which were developed more than 20 to 30 years ago.
By using a survey of more than 5,800 rice farmers across four states in eastern India,
Yamano and others (2014) estimated the area under rice varieties in the region. The
most popular rice variety, Swarna, is estimated to occupy 4.6 million hectares, or 31 per
cent of the total rice area in the study area (Yamano et al. 2014). Because the second
most popular variety is estimated to cover only 3.7 per cent of the total rice area, the
popularity of Swarna is unmistakable. All but two of the top ten varieties were released
before 2000; Swarna was released in 1979. The area-weighted age of rice varieties is
about 25 years – very high, compared with that in other developing countries, such as
the Philippines (Launio et al. 2008).
Yamano and others (2014) also found a submergence-tolerant rice variety, SwarnaSub1, which was released in India in 2009. The total area under Swarna-Sub1 is about
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376,500 hectares, which accounts for 2.6 per cent of the total rice area and places
Swarna-Sub1 as the seventh most popular rice variety in terms of area coverage. Based
on the number of users, Swarna-Sub1 is the fifth most popular rice variety; an estimated
704,000 farmers cultivated it in 2013. Only a small number of farmers were found
cultivating Sahbhagi Dhan in kharif 2013.

3.3 Study sites
For this project, in 2011 we selected two areas – one near the border of West Bengal
and Jharkhand and the other near the border of West Bengal and Odisha (Figure 3). In
2012, we added three areas: the far west side of Jharkhand, the western side of Odisha
and the near-west side of the 2011 site near the border of West Bengal and Odisha. All
these areas are drought-prone and poor. We expanded the study areas to capture
variation in drought conditions.
Figure 3: Map of treatment and control

Note: Blue markers indicate locations of 2012 sample villages. Farmers in the 2012 treatment
villages received 5-kilogram Sahbhagi Dhan minikits before the 2012 kharif season started.
Farmers in the 2013 treatment villages received the minikits before the 2013 kharif season
started.

In Table 1, we present daily rainfall data from 83 weather stations in our study area. We
used the data to construct several rainfall measures in line with the existing literature.
The top panel of the table shows that average monthly rainfall was lowest in 2010, a year
that is known as a drought year in our study area. To understand the rainfall deviation
from its mean, z-scores are constructed in the second panel. They confirm that 2010 was
a drought year. A common definition of drought is shown in the third panel, as a year
during which average monthly rainfall is at least one standard deviation below its mean.
8

According to this definition, drought occurred at 51 per cent of the weather stations in
2010 and at 11 per cent in 2013. The maximum number of consecutive days, which is
important for plant growth but less directly related to average monthly rainfall, is shown in
the bottom panel. Various other rainfall measures have been constructed, but the next
section will show that the variables defined in the table are the most predictive of rice
yield.
Table 1: Seasonal rainfall patterns, 2009–2013
Seasonal rainfall variables of the 83 stations
Average monthly rainfall in mm

Year
2009

N
68

Mean
233.2

Std. dev.
83.3

Daily rainfall data are averaged across the main
rice-growing season from June until September.
This variable shows the average monthly rainfall
across this period in millimeters. If more than 20
daily rainfall observations are missing, this
variable is set to missing.
Average monthly rainfall z-score
For each station separately, the mean and
standard deviation of average monthly rainfall (the
variable above) are calculated from 2009 until
2013. The z-score equals the average monthly
rainfall minus the mean of the weather station,
divided by its standard deviation.
Drought
A year is defined as a drought year if the average
monthly rainfall is at least one standard deviation
below the weather station mean. In the summary
statistics, this number is multiplied by 100 to show
the percentage of stations that experienced
drought in each year.
Maximum number of days without rain
This is the largest number of consecutive days
between June and September during which no
daily rainfall was recorded. If more than four daily
rainfall observations are missing, this variable is
set to missing.

2010

73

177.2

62.4

2011

71

294.1

86.4

2012

79

242.3

63.1

2013

54

236.9

73.5

2009
2010

68
74

−0.05
−0.86

0.77
0.55

2011

73

0.78

0.73

2012

77

0.19

0.65

2013

54

−0.08

0.76

2009
2010

68
74

5.9
51.4

23.7
50.3

2011

73

2.7

16.4

2012

77

1.3

11.4

2013

54

11.1

31.7

2009
2010

67
71

15.7
10.8

4.9
3.1

2011

70

9.2

3.4

2012

78

10.1

2.9

2013

47

14.3

6.6

Note that all variables are defined over the rice-growing season, from June to
September. Although other definitions have been used, these months most strongly
coincide with the rice-growing season in the area as well as the main rainfall season.
Given the importance of drought for our study, Table 2 gives the absolute frequencies of
drought from 2009 to 2013, as defined above. A subset of farmers first planted Sahbhagi
Dhan in 2012, during which only one block experienced drought. Drought was more
common in 2013, the second year of our study, but the number of observations was
smaller because of the delay in weather data collection.
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Table 2: Drought occurrence
Year
2009
2010
2011
2012
2013

N
68
74
73
77
54

Drought frequency
4
38
2
1
6

Non-drought frequency
64
36
71
76
48

To explore drought in a larger geographic area, Table 3 repeats the summary statistics
of average monthly rainfall shown in Table 1, but no longer sets observations to missing
if too many daily observations are missing. This means the estimates become noisier,
because average monthly rainfall is calculated by averaging across all daily
observations. This measure, shown in the second panel of Table 3, is referred to as
‘average monthly rainfall extrapolated’. To demonstrate the difference between the usual
and extrapolated version of average monthly rainfall, the bottom panel shows the
number of days that are missing during the June to September period. As expected, this
is highest for 2013. The extrapolated rainfall measure shows lower average rainfall in
2013.
Table 3: Seasonal rainfall patterns, 2009–2013 extrapolated
Seasonal weather measured
Average monthly rainfall in mm

Average monthly rainfall extrapolated
This variable is similar to average monthly rainfall in mm,
with the only difference that observations are not set to
missing if any daily rainfall observations are missing.
Number of missing days
The number of daily rainfall observations that are missing
in the data.

Year
2009
2010
2011
2012
2013
2009
2010
2011
2012
2013
2009
2010
2011
2012
2013

N
68
73
71
79
54
79
79
82
83
81
83
83
83
83
83

Mean
233.2
177.2
294.1
242.3
236.9
225.5
173.4
292.7
242.0
206.5
13.6
8.3
6.5
1.9
20.9

Std. dev.
83.3
62.4
86.4
63.1
73.5
82.5
62.4
86.5
63.6
82.7
31.8
27.0
18.6
6.8
31.5

Table 4 shows drought occurrence based on the extrapolated rainfall measure and
confirms that a larger number of stations experienced drought in 2013. Although these
numbers should be interpreted with caution, they indicate that, unlike in 2012, drought
occurred in a few geographic areas in 2013.
Table 4: Drought occurrence extrapolated
Year
2009
2010
2011
2012
2013

N
79
79
82
83
81

Drought frequency
4
35
2
1
16
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Non-drought frequency
75
44
80
82
65

Several subjective weather measures were collected in the farmer and village surveys,
but these should be interpreted with caution because of recall error and because it is
often challenging for farmers to distinguish between drought and its effect on their crops.
In the village survey, the village head was asked, ‘When was the worst drought in the
last five years?’ Results are shown in Table 5. The responses are not fully consistent
with the annual weather data shown in Table 3, but they have in common that 2012 was
not considered a drought year.
Table 5: Farmers’ responses on drought severity in last four years
Year
Number of observations
Number of observations (%)
2012
13
6.2
2011
60
28.6
2010
58
27.6
2009
79
37.6
Note: This table shows the village head’s answer to the question, ‘When was the worst drought in
the last four years?’

In the household survey in 2014, respondents were asked about their perception of
drought in kharif 2013. They ranked severity of the drought on a scale of zero to four –
no drought, mild drought, severe drought and very severe drought – for five rice growth
periods (sowing, tillering, panicle initiation, flowering and harvesting). According to
respondents’ perception of drought, drought occurred less frequently in the sowing
period: more than 66 per cent of respondents indicated that they did not experience
drought in this period. On the other hand, drought occurred more frequently in the
harvesting period as indicated by 29 per cent of the respondents.
Regarding the degree of severity, the drought was severe during panicle initiation and
flowering: more than 10 per cent of the respondents indicated that they experienced very
severe drought during these periods. Rice is vulnerable to drought during these periods;
this could be why respondents felt that the drought was very severe during these
periods.
Table 6: Subjective drought perceptions over five growing periods in the 2013
kharif season
Period 1
Period 2
Sowing
Tillering
Drought level
66.6
53.8
No drought (%)
22.9
24.5
Mild (%)
7.8
15.2
Severe (%)
2.7
6.5
Very severe (%)
Note: The number of observations is 1,575.

Period 3
Panicle initiation
49.2
21.1
18.3
11.4

Period 4
Flowering
45.4
23.7
20.2
10.7

Period 5
Harvesting
29.3
38.9
25.2
6.7

The information presented above shows that the study sites are representative of
drought-prone conditions of eastern India, and the results from our study indicate the
following:
• The randomized control sites for this project are large enough to pass external
validity; we should be able to draw policy implications that are relevant to farmers
who live outside of the study sites.

11

•
•

The study sites should be considered as representative of drought-prone areas of
eastern India where agriculture is mostly rainfed.
They are also representative in terms of the socioeconomic conditions of rice
farmers in the region because they were selected randomly and consisted of a
large number of farmers. Respondents include male and female farmers from all
caste and economic classes.

4. Timeline
In 2012, this randomization procedure was carefully implemented in the 128 villages of
the first treatment group and, since the minikits were free of charge, compliance with the
treatment was above 99 per cent. Selection of 10 additional farmers to be included in
each of the 128 treatment villages in successive rounds of the experiment was made as
part of the first intensive survey that took place in March 2013.
Surveys were carried out in March of 2013, 2014 and 2015, after the harvest and
threshing had been completed and rice yields were known (Figure 4). Data were
collected on farming practices (crop and variety choices, yield, agrochemical inputs and
labor activities), household characteristics (income, education, household composition
and caste), attitude toward uncertainty (risk aversion, ambiguity aversion, loss aversion
and drought risk perceptions) and diffusion of seeds (gifts, selling and buying). Most of
the basic information was collected in the first survey, allowing follow-up surveys to be
shorter. The first survey collected two-year recall information on farming practices. All
surveys included all households that served as treatments or controls in each wave of
the three-year rollout. This data collection thus resulted in a three- to five-year panel of
5,120 farmers, with the number of years depending on whether the variable was part of
the recall or not. Detailed household characteristics were collected, allowing us to study
heterogeneous effects along the dimensions of assets, gender and caste.
Variation in drought occurrence in space and time and gradual rollout of the Sahbhagi
Dhan minikits allowed us to estimate the yield impact of using Sahbhagi Dhan seeds
under different rainfall and temperature circumstances for the first generation of
randomly selected users. Observation of these same households in subsequent years
helped us understand how learning affects yield outcomes. Observation of endogenous
adopters among the original control households similarly allowed measuring both
Sahbhagi Dhan effects and how this varies with years of experience. These endogenous
adopters also revealed characteristics of adopters in the different years of the diffusion
process and the channels through which diffusion occurs.
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Figure 4: Timeline of interventions and surveys
2011

2012

2013

2014

2012 sample
2013 sample
Legend
Kharif season
Rabi season

Intervention (free Sahbhagi Dhan seeds)
Household survey

5. Evaluation: design, methods and implementation
5.1 Randomized controlled trial: study design and balancing test
In May and June 2012, we conducted an RCT by selecting 128 treatments and 128
control villages in one district in Odisha and two districts in West Bengal. In each
treatment village, 5 farmers were randomly chosen to receive a minikit with 5 kilograms
of Sahbhagi Dhan seeds, accompanied by a brochure with instructions for cultivation. To
ensure compliance with the randomization in selecting treatment farmers, the
enumerators created a list of 100 households, with village officers, in the village and
telephoned an officer in New Delhi to obtain 5 random numbers. In the control villages,
five farmers were selected according to the same protocol. The 2012 sample thus
consisted of 256 villages and 5 farmers per village, who were all interviewed in multiple
surveys.
In 2013, we expanded the study area by: (1) taking 79 sample villages out of the 256
sample villages in the 2012 RCT; and (2) adding 252 villages across 6 more districts in
Odisha and Jharkhand. The study area was expanded to capture a larger variation in
drought conditions across different ecological zones, since drought conditions tend to
have less variation in nearby areas. For the additional samples in 2013, we used the
following sampling procedure:
1. Purposely selected nine districts that are drought-prone;
2. Randomly selected blocks in each sample district; and
3. In each block, identified a rainfall station and randomly selected nearby villages. 1
Of the listed villages, four villages were randomly chosen and five households were
randomly chosen in each selected village. We followed the same protocol used in 2012
to randomly select five households. Of the 4 villages, 2 were selected as treatment
villages and the other 2 were selected as control villages.
After the household selection, we conducted a household survey from March to May
2013. To avoid any possible influence on survey results, respondents were not informed
about their treatment status at the time of the survey. Only several weeks after the
1

Daily rainfall data were collected from the rainfall stations to identify drought conditions.
However, for the analysis for this report, rainfall information was unavailable.
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household survey did treatment households receive Sahbhagi Dhan minikits. In the fivemonth period of April to August 2014, we conducted a follow-up survey of the same
sample households. Table 7 describes the distribution of sample households across the
three states.
Table 7: Sample farmers in 2013 and 2014 sample
Households
2012
2013
2014*
Number
Number
Number
Number
Number
Jharkhand
31
124
0
620
602
Odisha
28
154
210
770
759
West Bengal
7
58
210
290
284
Total
66
336
420
1,680
1,645
Note: *Interviews with some households were delayed in 2014 and their data were not available
at the time of writing this report.
State

Blocks

Villages

Of the 336 total villages, 79 were from the 2012 sample, with an additional 257 chosen in
2013. The survey sample included 420 farmers in 2012 and 1,260 farmers in 2013, for a
total of 1,680. Half of the sample villages and half of the sample households were in the
treatment group. In Figure 3, the 2012 sample villages are marked by blue, while the
2013 sample villages are marked by red. The treatment village markers are triangles,
while the markers of the control villages are circles. Out of 1,680 households, 1,645 were
re-interviewed in 2014. In Figure 3, it is clear that there are four clusters of sample
villages. These clusters are in drought-prone areas and distanced from each other. Thus,
it is expected that the sample villages would be exposed to different drought conditions
in a given year, providing opportunities to identify the impacts of adopting Sahbhagi
Dhan under different levels of drought.

5.2 Balancing test
To investigate whether the treatment and control households were randomly selected,
we compared the basic household characteristics of the two groups (Table 8). After
comparing means and estimating a probit model, we found no significant differences in
the variables presented in the table. For instance, the average age of the household
heads is about 49 years in both groups; the t-test confirms that the difference (1.3 years)
is not statistically significant. We also found no difference in household size and farm
size (in hectares). In the control group, the proportion of scheduled caste is slightly
higher than that of the treatment group. However, we found that this is not statistically
significant.
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Table 8: Balancing test for the random selection of treatment households

Head age

Means
Control
households
(1)
Mean
48.2

Treatment
households
(2)
Mean
48.5

Head education

5.3

5.1

Own land size (ha)

0.81

0.74

Scheduled caste/tribe

0.53

0.54

Other backward caste

0.31

0.33

Own mobile phones

0.79

0.79

Own Below Poverty Line card

0.63

0.65

Own TV

0.83

0.77

Number of cattle

1.83

1.93

Number of goats/sheep

1.36

1.43

Number of chickens

2.12

1.89

Share of plots with irrigation

0.22

0.21

Share of lowland plots

0.18

0.16

Share of upland plots

0.57

0.61

Variables

Probit with
block dummies
(3)
Coef. (S.E.)
0.0003
(0.23)
0.0003
(0.07)
−0.046
(1.27)
0.084
(1.45)
0.095
(1.56)
0.019
(0.44)
0.015
(0.85)
−0.004
(0.09)
0.017
(1.42)
0.002
(0.25)
−0.004
(1.21)
−0.027
(0.52)
−0.057
(0.63)
0.086
(1.21)

6. Program or policy: design, methods and implementation
We set our primary policy objective to be to inform policymakers from the Ministry of
Agriculture about the benefits of Sahbhagi Dhan among rice farmers practicing rainfed
agriculture in drought-prone areas of eastern India. The aim was that the ministry, with
the help of its mega-schemes such as NFSM and BGREI, would include Sahbhagi Dhan
for promotion in eastern Indian states.
Our objective will be partly fulfilled when NFSM includes Sahbhagi Dhan in its block
demonstrations and the seed corporations carry out large-scale production of the seeds.
This is a realistic objective, because NFSM already includes a submergence-tolerant rice
variety, Swarna-Sub1, in its demonstrations in submergence-prone areas. NFSM staff
members are keen to learn about Sahbhagi Dhan, because their mandate also includes
assisting rice farmers practicing rainfed agriculture in drought-prone areas, where this
variety has wide scope.
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Our assessment of Sahbhagi Dhan from an RCT will provide rigorous scientific evidence
for policymakers and provide guidance for inclusion of Sahbhagi Dhan in their
promotional programs. If the results from our study show significant benefits of adopting
Sahbhagi Dhan among rice farmers practicing rainfed agriculture in drought-prone areas,
the ministry will make larger efforts to scale up use of the variety through extensive
promotional activities, such as cluster demonstrations, that will create awareness of and
demand for the seed. The ministry can also urge the state seed corporations to take up
large-scale seed production of Sahbhagi Dhan so that certified seed is available to
farmers in a short period.
The broader objective of the present study includes informing policymakers in other
South Asian countries, such as Bangladesh, and in Sub-Saharan African countries about
the benefits of drought-tolerant rice varieties. Through the STRASA project, IRRI has a
large and effective research and policy network throughout South Asia and Sub-Saharan
Africa. We plan to disseminate the results from the present evaluation through the
STRASA network to encourage policymakers to invest in development and
dissemination of stress-tolerant rice varieties in their countries. We also believe that this
RCT study will set a standard for future evaluation studies in the target areas.

7. Impact analysis and results of the key evaluation questions
7.1 Rice yield
Popular rice varieties cultivated by our sample farmers are listed in Table 9. Among
control households of the 2012 samples, Swarna was the most popular variety,
occupying more than 30 per cent of the area under rice, followed by hybrid (which
combines all hybrid varieties) and Lalat. Lalat is a modern rice variety released in 1988.
(Detailed information about Lalat and other varieties is presented in Appendix G, Table
G1.) Before the kharif planting season of 2012, the 2012 treatment households received
Sahbhagi Dhan seeds. The area under Sahbhagi Dhan was 15.2 per cent in 2012. By
comparing the land allocation of the 2012 control group, it appears that the 2012
treatment farmers replaced Swarna and Lalat with Sahbhagi Dhan. In 2013, however,
the area of Swarna had increased to 31.5 per cent of the total area, which was
comparable with the area under Swarna among the control group.
Because the 2013 treatment farmers received Sahbhagi Dhan seeds in 2013, they did
not cultivate it in 2012. Thus, we can directly see how Sahbhagi Dhan changes the area
allocation across rice varieties before and after receiving it. Before receiving Sahbhagi
Dhan, the most popular rice variety among the 2013 treatment households was hybrid,
occupying 14.6 per cent of the total rice area in kharif 2012. Swarna was the second
most popular (12.1%), followed by Lalat (9.4%) and IR64 (8.9%). After receiving
Sahbhagi Dhan, the areas under hybrid, Lalat and other varieties declined significantly,
while the area under Swarna did not change significantly. As we will show later in this
report, hybrid varieties and Lalat have short growth durations. Thus, it seems that
farmers replaced short-duration rice varieties with Sahbhagi Dhan, another shortduration variety.
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Table 9: Area under rice varieties grown in 2012 and 2013: treatment versus
control
Rice variety

Treatment households
2012
2013
% of cultivation area

2012 sample
Sahbhagi Dhan
Hybrid
Swarna
Lalat
IR64
Others
Total (%)
Total area (ha)
2013 sample
Sahbhagi Dhan
Hybrid
Swarna
Lalat
IR64
Others
Total (%)
Total area (ha)

Diff.

Control households
2012
2013

Diff.

Diff. in %

% of cultivation area

Diff. in %

15.2
0.1
24.4
13.2
0.1
47.0
100
ha
210.5

14.7
0
31.5
10.9
0.3
42.4
100
ha
198.4

−0.5
−0.1
+7.1
−2.3
0.2
−4.6

0
14.6
12.1
9.4
8.9
54.9
100
ha
373.0

32.9
8.0
11.3
6.3
2.9
38.5
100
ha
362.7

+32.9
−6.6
−0.8
−3.1
−6.0
−16.4

Diff. in ha
−12.1

Diff. in ha
−10.3

0.1
0
36.3
18.2
0
45.4
100
ha
82.4

0.1
0.8
32.8
11.4
0
55.0
100
ha
83.9

0
+0.8
−3.5
−6.8
0
+9.6

0.1
16.3
11.7
10.1
8.9
52.9
100
ha
421.1

0.2
15.7
13.4
8.7
6.8
55.1
100
ha
412.2

+0.1
−0.6
+1.7
−1.4
−2.1
+2.2

Diff. in ha
+1.5

Diff. in ha
−8.9

Next, we present the average rice yields of the treatment and control farmers (Table 10).
Among the 2012 treatment farmers, the average rice yield was about 2.6 tons per
hectare in 2012 but declined to 2.31 tons per hectare in 2013, while the average yield
among the control households remained approximately 2.2 to 2.3 tons per hectare.
Among the 2012 treatment households, the average yield of Sahbhagi Dhan was 2.8
tons per hectare in 2012, about 10 per cent lower than that of the other varieties among
the treatment farmers. In 2013, rice yield declined for Sahbhagi Dhan and the other rice
varieties, although the decline was larger for Sahbhagi Dhan: the average yield of
Sahbhagi Dhan declined by 0.5 tons per hectare between 2012 and 2013, to 2.3 tons per
hectare among the treatment farmers. The average yield of the other varieties also
declined by about 0.3 tons per hectare during the same period. Among the 2012 control
farmers, yield remained approximately 2.9 tons per hectare.
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Table 10: Rice yield (tons per hectare): treatment versus control households/plots

All samples

Treatment households
2012
2013
t/ha
t/ha
(S.D.)
(S.D.)
2.60
2.31

Diff.
Diff.
[t-stat]
−0.29**

Control households
2012
2013
t/ha
t/ha
(S.D.)
(S.D.)
2.34
2.22

Diff.
Diff.
[t-stat]
−0.12

(1.92)

(1.96)

[5.44]

(1.89)

(2.06)

[1.76]

2.78
(2.02)
3.10
(1.76)
−0.32*
[2.54]

2.28
(1.71)
2.83
(1.82)
−0.55**
[3.73]

−0.50**
[2.78]
−0.32*
[2.54]

n.a.

n.a.

2.96
(1.73)

2.89
(2.05)

n.a.

n.a.

2.18
(1.90)

2.04
(2.03)

2012 sample
Sahbhagi Dhan
Other varieties
Difference

2013 sample
Sahbhagi Dhan

n.a.

1.46
(1.78)
Other varieties
2.30
2.40
+0.10
(1.93)
(2.05)
[1.25]
−0.94**
Difference
[9.34]
Note: * = 5% significance, ** = 1% significance (S.D.).

0.07
[0.49]

−0.15*
[1.99]

The 2013 sample farmers had lower yields than the 2012 sample farmers. For instance,
the average yield among the 2013 control farmers in 2012 was about 2.2 tons per
hectare, while that of the 2012 control farmers was about 3.0 tons per hectare. This is as
expected, because drought-prone areas were purposefully selected for area expansion.
What is important is the comparison between the control and treatment farmers before
the RCT intervention. In 2012, the average yield of the 2013 treatment farmers was
2.3 tons per hectare, which was not statistically different from that of the control farmers.
This again confirms that the selection of the treatment farmers was implemented
properly.
In 2013, the treatment farmers received Sahbhagi Dhan seeds. The average yield of
Sahbhagi Dhan was only 1.5 tons per hectare, lower by more than 0.9 tons per hectare
than that of the other rice varieties grown by the same farmers in the same year. Even
among the 2012 treatment farmers, the average yield of Sahbhagi Dhan was lower than
that of the other rice varieties by 0.3 tons per hectare in 2012 and 0.6 tons per hectare in
2013.

7.2 Constructing a drought indicator
To investigate whether Sahbhagi Dhan performs better under drought conditions, we
asked survey respondents to classify whether they experienced mild, severe or very
severe drought conditions during the period of rice growth duration in the kharif season.
Growth duration was divided into five periods – sowing to transplanting, early to tillering,
panicle initiation, heading to flowering, and harvesting. Because exposure to high
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temperatures during the flowering period has been found to reduce rice yield (Matsui et
al. 2000), we decided to focus on the drought condition during the heading to flowering
period. Drought conditions during the harvest period also affect farmers’ decisions on
cultivating crops in rabi (the following agricultural season). Because these two periods
are important in both rice yield and cultivation of rabi crops, and because the drought
conditions of the two periods are highly correlated, we decided to combine the two
periods.
Drought perceptions may vary among farmers in a given area, even though they are
exposed to the same weather conditions. Thus, we aggregated the individual drought
perceptions to the block level (four villages were selected around block-level rainfall
stations). Therefore, 4 villages at the block level (2 treatment and 2 control villages)
should be exposed to the same drought conditions. However, because Sahbhagi Dhan is
an early maturing rice variety, their rice growth periods may be different from those of the
control farmers. For instance, what the treatment farmers describe as a harvesting
period could still be a flowering period for the control farmers. Thus, we used only the
drought perceptions of the control farmers and aggregated up to the block level and
applied this to both control and treatment farmers. As a result, we have created a
drought index that is the proportion of (control) farmers who perceived severe drought
during the heading to harvesting period.

7.3 Rice yield under drought
To examine the relationship between rice yield and drought conditions, we used the
Karnel-weighted local polynomial smoothing technique and plotted the smoothed lines in
Figure 5 for Sahbhagi Dhan and the other varieties. 2 As Figure 5 shows, we found that
the yield of Sahbhagi Dhan is lower than that of the other varieties, even under drought
conditions, although the difference between the two groups shrinks as the proportion of
farmers who experienced drought increases and becomes close to 1. The yield of the
other varieties remains flat above 2.5 tons per hectare while the proportion of farmers
with severe drought is below 0.4. As the proportion increases beyond 0.4 and reaches 1,
yield declines quickly to 0.5 tons per hectare. The yield of Sahbhagi Dhan is about 0.3 to
0.5 tons per hectare lower than the yield of the other varieties when the proportion of
farmers with severe drought is below 0.4. However, yield declines to 0.5 tons per hectare
as the proportion of farmers reaches 1, and the difference gap between the yield of
Sahbhagi Dhan and the other varieties disappears.

2

The graph was created using STATA.
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Figure 5: Rice yield and severe drought during heading to harvesting period in
kharif 2013
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Note: The level of drought from heading to harvesting was measured by the proportion of control
village farmers who claimed that they experienced severe drought during the rice crop heading
and harvesting period of the 2013 kharif season.

7.4 Cultivation of a rabi crop after kharif season
One major advantage of Sahbhagi Dhan is its short growth duration. In Table 11, we
show the average length of the growth duration in weeks, the typical planting week and
the typical harvesting week during kharif 2013 for major rice varieties. The data are
sorted by the length of growth duration of popular rice varieties. Sahbhagi Dhan has the
shortest duration, 17 weeks, which corresponds to 107 to 119 days. 3 Next is Lalat, at
17.7 weeks. The average growth durations of hybrid, IR64, Swarna and other minor rice
varieties surpass 20 weeks. The average growth duration of Swarna, the most popular
rice variety in the study region, is about 22 weeks. Thus, the difference in the length of
growth duration between Swarna and Sahbhagi Dhan is about five weeks. In general,
rice varieties with longer growth durations have higher yields. The typical planting week
for Sahbhagi Dhan was the third week of July 2013 in the survey areas in eastern India.
It was harvested after 17 weeks, during the first week of November.
From Table 11, it is clear that most of the rice varieties were planted during the second
and third weeks of July. Then, Sahbhagi Dhan and Lalat were harvested during the first
and second weeks of November, making the rice fields available for next crops. In the
last column of the table, we show the proportion of plots with second crops – mostly rabi
3

Because we asked respondents to identify the planting and harvesting week for each plot, the
actual duration in days is shorter (by up to 14 days) than the number of days in weeks, that is,
weeks times 7 days.
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crops, but including vegetables that were grown between kharif and rabi seasons – and
the names of major second crops. After the harvest of Sahbhagi Dhan, about 20 per cent
of the plots were used for growing a second crop (wheat, pulses and vegetables). Early
sowing of wheat is considered to increase its yield because it can avoid the terminal heat
of its harvesting time the following spring. Vegetables were mostly planted between
kharif and rabi seasons; they provide additional income to rice farmers. Although Swarna
is the most popular rice variety, only 3 per cent of its plots were allocated to second
crops.
Table 11: Growth duration, planting and harvesting month and second crop
cultivation in 2013
Rice
varieties

Growth
duration
in
weeks
Weeks

Planting
month & week

July
2nd

3rd

4th

Harvesting
month & week

1st

November
2nd 3rd 4th

Cultivated
second
crop after
kharif 2013
5th

Dec.
1st

Sahbhagi
Dhan
Lalat
Hybrid
IR64
Swarna

17.1

19.9

17.7
20.4
20.7
20.9

2.5
16.2
13.4
3.0

Others

20.6

12.0

To investigate in greater detail, we calculated the percentage of plots with second crops
for treatment and control households for 2012 and 2013 (Table 12). Among both groups,
the percentage of plots with second crops increased from 2012 to 2013. Among the 2012
samples, however, cultivation of second crops is limited. For instance, less than 5 per
cent of the plots had any second crops among the treatment households in 2012 and
2013. To cultivate crops during rabi season, farmers need to have some access to water
for irrigation. Our survey data indicate that less than 5 per cent of the plots of the 2012
sample households had access to underground water irrigation through wells, compared
with about 10 per cent of the 2013 sample.
Among the 2013 sample households, we find that the percentage of plots with second
crops increases by 8.5 percentage points, from 15.5 per cent to 24 per cent, in plots in
which the treatment farmers cultivated Sahbhagi Dhan in 2013. This is a before–after
indicator in the same plots. In the other plots where other rice varieties were grown by
both the treatment and control farmers, the percentage of plots with second crops also
increased by about 5.5 percentage points. Thus, there seems to be an upward trend in
cultivating second crops in the areas of the 2013 samples. However, it seems that the
impact is larger after the cultivation of Sahbhagi Dhan.
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Table 12: Percentage of households that cultivated rabi crops

All plots

2012 sample
Sahbhagi Dhan
plots

Treatment households
2012
2013
% (S.D.)
% (S.D.)
8.9
13.8
(0.29)
(0.34)

+4.9**
[5.54]

Control households
2012
2013
% (S.D.)
% (S.D.)
13.4
16.7
(0.34)
(0.37)

n.a.

n.a.

Diff.

3.4

3.2

−0.2

Diff.
+3.3**
[2.78]

(18.3)

(17.6)

[0.14]

Non-Sahbhagi Dhan
plots

1.1

2.5

+1.4*

9.4

5.7

−3.7

(10.5)
+2.3*
[2.37]

(15.7)
+0.7
[0.54]

[2.10]

(0.29)

(0.23)

[1.87]

Difference

15.5

24.0

+8.5**

n.a.

n.a.

(36.2)

(42.8)

[3.83]

11.8

17.4

+5.6**

14.2

19.7

+5.5**

(32.3)
+3.7
[1.92]

(38.0)
+6.6**
[3.28]

[3.08]

(35.0)

(39.8)

[3.72]

2013 sample
Sahbhagi Dhan
plots
Non-Sahbhagi Dhan
plots

To see which crops were cultivated after Sahbhagi Dhan, we present the list of crops
that farmers cultivated after the kharif season in Table 13. From 2012 to 2013, the total
cultivation area expanded from 52 hectares to 75 hectares among the treatment farmers,
while it increased by only 8.8 hectares among the control farmers. Among the 2013
treatment farmers, the area for pulses expanded significantly. The area under vegetables
also increased, although the area share remains only at approximately 2 per cent.
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Table 13: Area under crops grown in 2012 and 2013 kharif: treatment versus
control
Treatment households
2012
2013
Diff.
% of cultivation area Diff. in %

Control households
2012
2013
% of cultivation area

Diff.
Diff. in %

1.2
98.8
ha

2.9
97.1
ha

+1.7
−1.7
Diff. in ha

11.5
88.5
ha

8.2
91.8
ha

−3.3
+3.3
Diff. in ha

Total cultivated area (ha)

2.4

5.7

+3.3

9.5

6.9

−2.6

2013 sample
Wheat
Mung beans
Vegetables
Pulses
Other crops
Fallow
Total (%)

5.6
2.5
0.5
0.9
4.5
85.9
100

7.4
2.4
2.1
7.5
3.1
77.5
100

+1.8
−0.1
+1.6
+6.6
−1.4
−8.4

7.9
2.2
0.3
1.5
5.7
82.3
100

7.6
2.2
1.4
7.7
3.0
78.1
100

−0.3
0
+1.1
+6.2
−2.7
−4.2

Total cultivated area (ha)

ha
52.4

ha
74.5

Diff. in ha
+22.1

ha
81.6

ha
90.4

Diff. in ha
+8.8

Rice variety
2012 sample
All crops
Fallow

To examine how drought in kharif affects the cultivation of second crops, we plotted the
probability of cultivating second crops against the level of drought in Figure 6. We
created graphs for the 2012 and 2013 samples separately because the results in Tables
12 and 13 clearly show that few farmers cultivated second crops in the 2012 sample
areas. Figure 6 confirms this expectation.
It shows an interesting result. The probability of cultivating second crops after a kharif
season depends on the level of drought during kharif. As the drought in the kharif season
becomes severe, affecting more than half of the farmers, the probability of cultivating
second crops increases. This is probably because farmers try to compensate for crop
losses by cultivating second crops immediately after the rice harvest. This probability
quickly increases in Sahbhagi Dhan plots. Because Sahbhagi Dhan is harvested early,
farmers can quickly shift to cultivating second crops. Under drought conditions, rice
prices also increase. This may help Sahbhagi Dhan farmers fetch higher prices by
harvesting Sahbhagi Dhan early, as was the case for early maturing rice varieties in
Bangladesh (Malabayabas et al. 2014).
From the descriptive analyses in this section, it appears that Sahbhagi Dhan has lower
yield than other rice varieties but allows farmers to cultivate second crops after the kharif
season. However, the analyses in this section do not control for other factors that affect
rice yield. Although RCTs are designed to control for farmer characteristics by selecting
treatment farmers randomly, treatment farmers can still control production conditions for
Sahbhagi Dhan. In particular, farmers can choose plots for different varieties, including
Sahbhagi Dhan, and their decisions might have affected the results on both yield and the
cultivation of second crops. Fortunately, with the panel data we can control for the plot
characteristics by estimating the plot-level fixed effects model. In the next section, we
describe our estimation models.
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Figure 6: Probability of cultivating a rabi crop and severe drought during heading
to harvesting period during kharif 2013 at plot level among the 2013 sample
farmers
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Severe drought at Heading-Harvesting Period in Kharif 2013

7.5 Yield model
The first model in Table 14 is an ordinary least square model with the Sahbhagi Dhan
intervention dummy only. Then, we add a drought dummy, measured at the block level
(column 2) and the interaction term between the Sahbhagi Dhan dummy and the drought
dummy (column 3). Finally, we present the plot-level fixed effects model (column 4). The
estimated standard errors are clustered at the village level. In the estimation models, the
Sahbhagi Dhan intervention dummies takes a value of 1 if farmers were selected in the
treatment villages, regardless of their use of Sahbhagi Dhan. Thus, the estimated effects
in the following tables represent the impact of the intention to treat. Nonetheless,
because almost all treatment households had planted Sahbhagi Dhan, we expect to find
little difference between the intention-to-treat impacts and the impacts among the
treated.
The estimated coefficients of the Sahbhagi Dhan dummy is negative in all models,
indicating that the yield of Sahbhagi Dhan is lower than that of other varieties by 0.3 to
0.4 tons per hectare. Drought, measured by the proportion of farmers who experienced
severe drought during the heading and harvesting period in a kharif season, significantly
reduces the rice yield. The magnitude of the estimated coefficient suggests that yield
declines by 1.3 to 1.6 tons per hectare if the drought is severe enough for all farmers
experiencing severe drought. The estimated coefficient of the interaction term between
the Sahbhagi Dhan dummy and the drought indicator is not significant, suggesting that
Sahbhagi Dhan does not mitigate the negative impact of drought. The estimation results
are consistent with the graphical analysis.
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Table 14: Determinants of rice yield (RCT with fixed effects)
Ordinary least square
Variables
Sahbhagi Dhan (= 1)

(1)
Coef. (S.E.)
−493.2***
(91.8)

Block-level drought indicator
Heading/flowering period

(2)
Coef. (S.E.)
−424.0***
(85.8)
−1,640.6***
(176.9)

Heading/flowering period x
Sahbhagi Dhan

Constant

2,442.7
(59.7)

2,915.1
(79.6)

Plot-level fixed effects
model
(3)
(4)
Coef. (S.E.) Coef. (S.E.)
−321.7**
−270.9**
(132.5)
(−117.3)
−1,589.8***
(186.1)
−316.3

−1,303.0***
(111.0)
−378.5

(269.8)

(−274.6)

2,900.5
(79.3)

2,928.6***
(44.0)

R-squared
0.007
0.043
0.043
0.050
Number of plots
4,487
Observations
8,434
8,434
8,434
8,434
Note: The standard errors of the ordinary least square model are clustered at the village level.

7.6 Cultivation of rabi crops
As we divided the samples we estimated the second crop cultivation model for the 2012
and 2013 samples separately. The first model is a probit model with block dummies, in
column 1, as in the first model in the previous table. The estimated coefficient of the
Sahbhagi Dhan dummy indicates that the probability of cultivating a second crop after
the kharif season increases by 3.1 percentage points when farmers cultivate Sahbhagi
Dhan. The size of the estimated coefficient remains close, at 3.3, when we estimate the
linear probability model with a plot-level fixed effects model.
The drought indicator has a large impact on the probability of cultivating second crops.
The size of the estimated coefficient indicates that the probability of cultivating second
crops increases by 15 percentage points if all farmers in a block experience severe
drought. Because such a severe drought will cause a significant crop loss in rice, farmers
may believe it is necessary to compensate for crop loss by cultivating second crops after
the kharif season. As we find in Figure 6 the impact of a severe drought on the
probability of cultivating second crops is higher in Sahbhagi Dhan plots. This is probably
because the variety has a short growth duration, which allows farmers to cultivate
second crops immediately after the harvest of Sahbhagi Dhan during severe drought.
The estimated coefficient of the interaction term between the drought indicator and the
Sahbhagi Dhan dummy suggests that the probability of cultivating second crops
increases by about 15 percentage points in Sahbhagi Dhan plots when all farmers
experienced severe drought.
Among the other variables included in the estimation model, irrigation dummies have
large coefficients (Table 15). The probability of cultivating second crops increases by
about 20 percentage points if farmers have access to either underground or surfacewater irrigation. The results are consistent with our expectations, because farmers have
difficulties cultivating crops after the kharif season if they do not have access to irrigation.
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Table 15: Determinants of cultivating rabi crops among the 2013 sample

Variables
Sahbhagi Dhan (= 1)
Block-level drought dummies
Heading/flowering period

Probit model 4
(1)
Coef. (S.E.)
0.0308*
(1.892)

Plot fixed effects model
(2)
(3)
Coef. (S.E.)
Coef. (S.E.)
0.0325*
−0.0355
(1.719)
(−1.294)

0.152***
(7.291)

0.257***
(11.09)

Interaction terms with Sahbhagi Dhan
Heading/flowering period x Sahbhagi Dhan

Plot characteristics
Plot size in ha
Crop establishment: broadcasting
Base group is transplanting
Irrigation: underground water (= 1)
Irrigation: surface water (= 1)
Lowland plot (= 1)
Upland plot (= 1)
Household characteristics
Number of bulls
Number of buffaloes
Household head: age
Household head: education
Scheduled caste/tribe
Other backward class
Year 2014 dummy

0.146**
(2.464)

0.0121
(1.505)
0.0754***
(5.136)
0.218***
(12.09)
0.206***
(12.03)
0.0140
(1.053)
−0.0350***
(−3.289)
−0.0124***
(−3.044)
−0.00543
(−0.695)
0.000612
(1.601)
0.00227**
(2.069)
−0.0125
(−0.842)
0.0533***
(3.457)
0.0589***
(5.793)

Constant

0.0610***
(6.651)
0.140***
(24.38)

0.0652***
(7.301)
0.0608***
(6.685)

R-squared
0.022
0.078
Number of plots
4,500
Observations
5,801
5,960
5,960
Note: The numbers of children and adults were included in the model, but the results are not
reported here.

4

The probit model coefficients are marginal effects on the probability of cultivating second crops.
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8. Discussion
Drought-tolerant rice varieties such as Sahbhagi Dhan have been developed to reduce
yield losses caused by drought; however, few studies have evaluated the performance of
Sahbhagi Dhan among farmers. We used an RCT to evaluate the performance of this
variety by providing Sahbhagi Dhan seeds to randomly selected farmers in treatment
villages in either 2012 or 2013. To measure the impact of drought on rice production, we
created a drought index of the proportion of farmers experiencing severe drought during
the heading and harvesting period in a kharif season.
There are at least three major limitations in this study. First, in addition to the drought
index based on farmers’ perceptions, we collected rainfall data from 83 block-level
rainfall stations. The rainfall data from the 83 stations was were recorded poorly and
were missing data points. After comparing these data with secondary rainfall data and
examining them against farmers’ perceptions on drought conditions, we decided not to
use the data in this analysis. It is also difficult to measure drought conditions, since
moisture levels across plots were different even within a single village. Therefore, we
chose to rely on the drought index based on farmer perceptions. Second, during the
kharif season in 2013, the main agricultural season for our RCT, severe cyclones
occurred in our study areas, damaging rice production, including Sahbhagi Dhan plots. It
seems that the damages caused by the 2013 cyclones have made it difficult for us to
identify the impact of Sahbhagi Dhan under drought. Third, without clearly identified the
impacts of Sahbhagi Dhan on rice yield under drought, we could not analyze
consequential impacts from the mitigated production losses on household welfare
indicators. Despite these limitations, the findings summarized below suggest some
important policy implications.
The findings in this report clearly show that the drought measured by the index
significantly reduces rice yield. The magnitude of the estimated coefficient suggests that
yield declines by 1.3 tons per hectare if the drought is severe enough for all farmers. We
found that the yield of Sahbhagi Dhan is lower than that of other varieties, by 0.3 to 0.4
tons per hectare. We found little evidence that Sahbhagi Dhan is more tolerant of
drought than other rice varieties.
Exposure to high temperatures during rice flowering can greatly reduce pollen viability,
which leads to yield loss. Because Sahbhagi Dhan is an early maturing rice variety, it
flowers earlier and becomes vulnerable to high temperatures at different times than other
rice varieties, especially late-maturing ones. This makes Sahbhagi Dhan drought-tolerant
when high temperatures occur after Sahbhagi Dhan completes its flowering period and
as other varieties enter their flowering period. For our study, the timing of high
temperatures in 2012 and 2013 kharif seasons may not have been favorable for
Sahbhagi Dhan. Therefore, it might be premature to draw conclusions on the variety, and
we need to continue monitoring its performance.
The short duration of Sahbhagi Dhan helps farmers to cultivate crops after the kharif
season in India. The findings in this report indicate that the probability of producing
second crops after kharif is higher by 3 percentage points in Sahbhagi Dhan plots than in
other plots. The results also show that the probability of cultivating second crops is
higher when farmers experience drought during kharif, and that the probability becomes
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even higher in Sahbhagi Dhan plots. After drought, farmers may feel the need to
compensate for crop losses due to drought by cultivating more crops after the season.
We found this benefit only in areas where farmers could cultivate crops after kharif
(where it is possible to produce double crops).
The findings in this report suggest targeting strategies for Sahbhagi Dhan. The main
benefit of Sahbhagi Dhan appears to be its short growth duration, which helps farmers in
areas where they can produce crops after kharif. Thus, the variety should be promoted in
areas where the potential for producing crops after kharif is high. This will help farmers to
become less vulnerable to drought and other shocks during kharif by diversifying income
sources.
Experiments in farmers’ fields are different from agronomic experiments on research
stations. Although we do not observe Sahbhagi Dhan drought tolerance in this report, it
can become tolerant under certain drought conditions. Its drought tolerance therefore
continues to be monitored among farmers.

9. Specific findings for policy and practice
Based on the findings in this report, we draw the following policy implications and
practices:
1. Targeting strategies for Sahbhagi Dhan: Based on our findings, the main benefit
of Sahbhagi Dhan appears to be its short growth duration. This helps farmers
where they can produce crops after kharif. Thus, the variety should be promoted
in areas where the potential for producing crops after kharif is high. This will help
farmers to become less vulnerable to drought and other shocks during kharif by
diversifying income sources.
2. In this project, we could not confirm that Sahbhagi Dhan is drought tolerant.
There are several reasons for this finding. Unlike experimental fields, where
many factors are controlled, unexpected shocks occur in farmers’ fields. The
large cyclone in one of the survey years (2013) destroyed the rice production of
respondents. It is therefore recommended to continue monitoring the
performance of Sahbhagi Dhan.
3. In this report, we found a large negative impact of drought on rice production. To
mitigate losses due to drought, new drought-tolerant rice varieties need to be
developed, especially varieties with high yields. Although farmers are aware of
the danger of drought, they face a dilemma in choosing between a high-yielding
variety and a drought-tolerant one with a yield penalty. Advanced breeding
technology is expected to solve this dilemma. There should be a continuous
investment in rice breeding research for drought-tolerant and other stress-tolerant
rice varieties.
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Appendix A: Findings from qualitative survey
Before we conducted the quantitative survey, we conducted site visits to the target areas
and a qualitative survey, interviewing farmers who had grown Sahbhagi Dhan. We
learned the following:
1. Farmers appreciate the short growth duration of Sahbhagi Dhan, which ranges
from 90 to 110 days, compared with 100 to 120 days for other rice varieties that
are popular in the target areas. The short duration of Sahbhagi Dhan allows
farmers to prepare for rabi crops, which are cultivated after kharif rice. Previous
studies have found that the early sowing of rabi crops, such as maize and wheat,
increases their productivity. Some farmers even produced vegetables between
the kharif and rabi seasons.
2. Although farmers identified advantages of Sahbhagi Dhan, such as its drought
tolerance and short duration, compared with other rice varieties, they are
concerned about the possible yield penalty under normal weather conditions.
Under normal weather conditions, the average yield of other rice varieties is often
higher than the average yield of Sahbhagi Dhan. Thus, farmers face a trade-off
between the advantages of Sahbhagi Dhan and the possible yield penalty.
3. Central to our earlier expectation, farmers rarely exchange rice seeds among
themselves. The main method of acquiring new rice seeds is to buy from seed
dealers or wait to receive new rice seeds from a non-governmental organization
or from extension workers. Only some progressive farmers exchange their
knowledge about new rice seeds and other agricultural technologies among
themselves.
Based on the findings from qualitative interviews with farmers, we designed a
quantitative questionnaire to capture: (1) the benefits of short duration; (2) the trade-off
between the advantages and yield penalty; and (3) the possible constraints to farmer-tofarmer seed exchange.
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Appendix B: Sample design
In May and June 2012, IRRI conducted an RTC by randomly selecting 128 treatment
villages and 128 control villages in one district in Odisha and two districts in West
Bengal. In each treatment village, 5 farmers were randomly chosen to receive a minikit
with 5 kilograms of Sahbhagi Dhan seeds, accompanied by a brochure with instructions
for cultivation. To ensure compliance with the randomization in selecting treatment
farmers, the enumerators, with village officers, created a list of 100 households in the
village and telephoned the IRRI New Delhi office to obtain 5 random numbers to select
treatment farmers. In the control villages, five farmers were selected according to the
same protocol. The 2012 sample thus consisted of 256 villages and 5 farmers per
village, who were all interviewed in multiple surveys.
In 2013, partly with research funds from the International Initiative for Impact Evaluation
(3ie), we expanded the study area by: (1) taking 79 sample villages out of the 256
sample villages in the 2012 RTC; and (2) adding 252 villages across 6 more districts in
Odisha and Jharkhand (Table B1). The expansion of the study area was decided to
capture a larger variation in drought conditions across different ecological zones.
For the additional samples in 2013, we used the following sampling procedure:
1. Purposely select nine drought-prone districts;
2. Randomly select blocks in each sample district; and
3. In each block, identify a rainfall station and listed nearby villages. Of the listed
villages, four were randomly chosen. At the same time, daily rainfall data were
collected from the nearby rainfall station. Daily rainfall data was updated
periodically. Of the 4 villages per rainfall station, we randomly selected 2
treatment villages and 2control villages.
From each sample village, we randomly selected five households. We followed the same
protocol used in 2012 to randomly select five farmers per village. After the household
selection, we conducted a household survey from March to May 2013. At the time of the
survey, respondents were not informed about their treatment status. Only several weeks
after the household survey did treatment households receive Sahbhagi Dhan minikits.
In the five-month period of April to August 2014, we conducted a follow-up survey of the
same sample households. In some areas, especially Jharkhand, the survey activities
were delayed because of India’s national election, which took place in April and May
2014. The survey was completed in August 2014. In Table B1, we present the sample
distribution across research areas.
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Table B1: Sample farmers in 2012, 2013 and 2014 surveys
State

Jharkhand

Odisha

West
Bengal

District

Gharwa
Palamu
Latehar
Chatra
Balangir
Keonjhar
Mayurbhanj
Purulia
Bankura

Blocks

Villages

Number
(2012
sample)
10

Number
(2012
sample)
40

8
5
8
14
6
8 (6)
4 (3)
3 (3)

32
20
32
56
24
74 (42)
37 (16)
21 (21)

Farmers
2012
Number

210
105
105

2013
Number
(2012
sample)
200

2014*
Number
(2012
sample)
158

160
100
160
280
120
370 (210)
185 (105)
105 (105)

177
118
75
269
120
370 (210)
183 (101)
101 (102)

66 (12)
336 (79)
420
1,680
1,571
Total
Note: * Interviews with some households was delayed and their data were not available at the
time of writing this report.

Table B1 shows the distribution of the samples across nine districts in three states. Of
the 331 total villages, 79 were from the 2012 sample, with an additional 252 chosen in
2013. The survey sample included 420 farmers from the 2012 survey and 1,260 farmers
chosen in 2013, for a total of 1,680 households. Half of the sample villages and half of
the sample households were in the treatment group. Of 1,680 households, 1,571
households were re-interviewed in 2014. However, interviews with some households in
Jharkhand were delayed and their data were not available at the time of writing this
report. Their data will be added to the database later.
In Figure B1, it is clear that there are four clusters of sample villages. These clusters are
located in drought-prone areas and distanced from each other. Thus, it is expected that
sample villages would be exposed to different drought conditions in a given year,
providing opportunities for us to identify the impacts of adopting Sahbhagi Dhan under
different levels of drought. Figure B1 also shows the locations of rainfall stations (blue
circles), the 2013 sample villages and the 2012 sample villages. It clearly shows that four
villages are selected for each rainfall station.
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Figure B1: Total samples with weather stations (blue), 2013 sample villages (red)
and 2012 sample villages (green)
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Appendix C: Pre-analysis plan
By using the data from the RCT of Sahbhagi Dhan, we plan to analyze the impact of
adopting Sahbhagi Dhan on various outputs. Because Sahbhagi Dhan is a droughttolerant rice variety, under normal weather conditions we do not expect to find a
significant impact from adopting it. Thus, to identify differential impacts of adopting
Sahbhagi Dhan under drought conditions, we need to first identify drought conditions and
then isolate and estimate the impacts under various degrees of drought conditions.
However, identifying drought conditions is not an easy task, because it is difficult to
define drought.
In our analysis, we use several definitions of drought through daily rainfall data and
farmers’ subjective perceptions of drought. If we define drought and create an indicator
for drought, a general regression model should take the form of the following regression
model:
Outcomept = β0 + β1Treatmentpt + β2 Droughtbt + β3Treatmentpt * Droughtbt + γt + µp + εpt
plot p, block b, year t
Treatmentbt is a dummy variable for treatment households.
Drought is a dummy variable that takes 1 if block b experienced drought in year t.
Clustering is done at the block level (preferred) or village level.
We will try different ways of identifying drought and may use a continuous variable to
specify a degree of drought.
By using regression models, we will try to test the following research questions:
• What is the yield advantage of drought-tolerant rice on average and as a function
of drought? How does its yield compare with the yield of other (short- and longduration) varieties?
• Does drought-tolerant rice enable farmers to increase their cropping intensity?
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Appendix D: Power calculation
The power calculations are based on survey data collected by IRRI in 2011. Yield data
are available for 570 farmers living in six villages. Average yield is 4,269 kilograms per
hectare and has a standard deviation of 1,641 kilograms. We vary the intra-cluster
correlation from 0.3 to 0.5 and calculate the required number of villages necessary to
detect a 10 per cent increase in yield, which is equivalent to a 0.26 standard deviation.
Using 5 farmers per village, the required number of villages is 272 if the intra-cluster
correlation is 0.3, and 371 if the intra-cluster correlation is 0.5. This is lower than the 512
villages proposed for the experimental design. Conversely, using an intra-cluster
correlation of 0.5, 5 farmers per village and 512 villages as inputs, the power calculation
shows that any standard effect size that exceeds 0.19 can be detected.
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Appendix E: Econometric methods and regression
specifications
In this appendix, we estimate two models: (1) the rice yield model; and (2) the
determinants of cultivating second crops. Both models are estimated at the plot level.
With panel data, we estimate both models with plot-level fixed effects. This helps us to
remove bias in the regression results caused by unobserved plot characteristics. Even
randomly selected treatment farmers can select plots for Sahbhagi Dhan. If the treatment
farmers choose better plots for Sahbhagi Dhan, then the estimation results will have
upward bias, and the opposite is also possible.
𝑌𝑌𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = 𝛼𝛼 + 𝛽𝛽1 𝑆𝑆𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 + 𝛽𝛽2 𝐷𝐷𝑗𝑗𝑗𝑗 + 𝛽𝛽3 𝐷𝐷𝑗𝑗𝑗𝑗 𝑆𝑆𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 + ⋯ + 𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖

where 𝑌𝑌𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 is rice yield (kilograms per hectare) of plot s of farmer i of block j at time t;
𝑆𝑆𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 is a Sahbhagi Dhan dummy variable that takes a value of 1 if Sahbhagi Dhan is
cultivated in plot s of farmer i of block j at time t; 𝐷𝐷𝑗𝑗𝑗𝑗 is an indicator of drought in block j at
time t; and 𝐷𝐷𝑗𝑗𝑗𝑗 𝑆𝑆𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 is the interaction term between 𝑆𝑆𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 and 𝐷𝐷𝑗𝑗𝑗𝑗 . The estimation model
also includes other variables of household characteristics.
In the second model, the dependent variable is a dummy variable that takes a value of 1
if second crops are cultivated in the same plot. Because the dependent variable is a
dummy variable, the model becomes a linear probability model with plot-level fixed
effects. We will compare the basic model with the results from probit if the results in the
linear probability model are robust.
Because Sahbhagi Dhan seeds were distributed to randomly selected treatment
households, the Sahbhagi Dhan dummy variable may not be correlated with unobserved
characteristics at the household level. However, it could be correlated with unobserved
characteristics of plots, because the treatment farmers can decide in which plots they
cultivate Sahbhagi Dhan. With the panel data, we have two observations across years.
During the second survey in 2014, asking about 2013 kharif production, special care was
taken at the time of the surveys to clearly identify the plots that were mentioned in the
2012 survey. Because the interviews were conducted by using a computer-assisted
personal interview software package, Surveybe, the enumerators could see plot
information collected in the previous survey on-screen. By describing the name, size,
tenure status and plot type, enumerators could identify the plots with the respondent,
making sure to collect information on kharif 2013 production of the same plots.
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Appendix F: Monitoring plan
The RCT protocols were implemented by our counterparts in the fields. Because of longterm collaborations, our local NGOs counterparts like IRRI understand our protocols and
have regular communication with us on this and other projects, which makes it easy to
monitor their activities. Our counterparts contacted us when they were faced with any
questions in the field. To monitor RCT protocols, we monitored computer-based
interview files as interviews were conducted, along with the implementation of the RCT –
i.e. distributions of Sahbhagi Dhan seeds.
The randomization of the treatment villages was examined immediately after the data
were collected from treatment and control farmers. Immediately after collecting
household data, we found no difference in the average values of all indicators of the
treatment and control villages.
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Appendix G: Descriptive statistics
Popular rice varieties are listed according to the number of plots under these varieties in
Table G1. Among control households, Swarna is the most popular rice variety, occupying
about 20% of all rice plots cultivated by the control households, followed by hybrid (which
combines all hybrid varieties) at 12.9%, Lalat (10.6%), IR64 (5.7%) and so on.
Among treatment households, Sahbhagi Dhan was the most popular rice variety
because it was given to the treatment households in either 2012 or 2013. Sahbhagi
Dhan occupies more than 30% of the plots that the treatment households cultivated in
kharif 2013, followed by Swarna (19.4%), Lalat (9.0%), hybrid (4.9%) and so on.
The same information is depicted in Figure G1, in which it is clear that fewer plots were
allocated to hybrid rice among the treatment households (5%) than among the control
households (12.9%). Also, fewer plots were allocated to ‘others’, which includes minor
rice varieties, among the treatment households (28.8%) than among the control
households (38.1%). Therefore, it seems that the treatment households have replaced
Sahbhagi Dhan with hybrid and minor rice varieties, while keeping plots for other major
rice varieties, such as Swarna, Lalat and Pooja.
Table G1: Popular rice varieties among treatment and control households
Control households
Rice variety

Number of
plots (%)

Treatment households
Average
plot size in
ha

Rice variety

Number of
plots (%)

Average
plot size in
ha

Sahbhagi
783 (30.4)
0.19
Dhan
Hybrid
220 (12.9)
0.28
Swarna
514 (19.4)
0.23
Lalat
181 (10.6)
0.25
Lalat
233 (9.0)
0.19
IR64
98 (5.7)
0.29
Hybrid
125 (4.9)
0.24
Pooja
68 (4.0)
0.37
Pooja
86 (3.3)
0.32
Khandagiri
46 (2.7)
0.27
IR64
45 (1.8)
0.23
MTU 1001
40 (2.3)
0.30
MTU 1001
42 (1.6)
0.23
IR36
37 (2.2)
0.35
Khandagiri
33 (1.3)
0.25
Pratikhye
21 (1.2)
0.25
Pratikhye
29 (1.1)
0.25
Others
651 (38.1)
Others
742 (28.8)
Total
1,706 (100)
0.23
Total
2,632 (100)
0.17
Note: This table shows mean values with standard deviations in parentheses. Varieties that are
grown by at least 30 farmers are included.
Swarna

344 (20.0)

0.27
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Figure G1: Percentage of plots allocated for different rice varieties during kharif
2013
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Next, we present the average yields of rice varieties. The average yield of Sahbhagi
Dhan is 1,573 kilograms per hectare, lower than that of other varieties. Notably,
however, many households, including Sahbhagi Dhan growers, experienced crop
damage caused by different stresses. Respondents indicated that more than 82 per cent
of the Sahbhagi Dhan plots were damaged by various stresses during kharif 2013. When
we divided the sample based on farmers’ perceptions about damage, we found that the
average yield of Sahbhagi Dhan was 3,030 kilograms per hectare without any damage,
whereas it is only 1,266 kilograms per hectare with damage.
Table G2: Popular rice varieties, yield with and without damage
Rice variety

Number
of plots
Number

Yield
Yield (kg/ha) with damage
Percentage of
(kg/ha)
damaged plots
No
Yes
Mean
Mean (S.D.)
Mean (S.D.)
(S.D.)
Sahbhagi Dhan
787
1,573
3,030
1,266
82.6
(1,544)
(1,810)
(1,287)
Swarna
858
2,844
3,779
2,422
73.8
(1,677)
(1,364)
(1,652)
Lalat
414
2,487
3,429
2,011
66.4
(1,524)
(1,216)
(1,442)
Hybrid (specify)
345
2,029
3,228
1,797
83.8
(1,881)
(1,569)
(1,849)
Pooja
154
2,739
3,498
2,445
72.1
(1,694)
(1,667)
(1,618)
IR64
143
1,541
3,969
1,027
82.5
(2,006)
(2,125)
(1,560)
MTU 1001
82
3,133
3,938
2,563
40.0
(1,667)
(1,507)
(1,548)
Khandagiri
79
1,656
2,374
1,474
79.7
(1,304)
(1,443)
(1,212)
IR36
56
845
845
100
(1,367)
(1,367)
Other (specify)
1,190
1,953
3,495
1,653
83.7
(1,667)
(1,635)
(1,499)
Note: This table shows mean values with standard deviations in parentheses. Varieties that are
grown by at least 30 farmers are included.

The average yield of the most popular rice variety, Swarna, was 2,844 kilograms per
hectare in 2013. The average yield of Swarna is 3,779 kilograms per hectare without any
damage and 2,422 kilograms per hectare with damage. In all three conditions, therefore,
the average yield of Swarna is about 700 kilograms per hectare higher than that of
Sahbhagi Dhan. The average yields of other varieties are also presented in Table G2.

Growth duration and yield
One major advantage of Sahbhagi Dhan is its short growth duration. In Table G3, we
show the average length of the growth duration in weeks, the typical planting week and
the typical harvesting week during kharif 2013 for major rice varieties. The data are
sorted by the length of growth duration. Sahbhagi Dhan has the shortest duration
(17 weeks). Next is Lalat (17.7 weeks), followed by Khandagiri (18 weeks) and
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MTU 1001 (19.3 weeks). Swarna has a long duration, at about 22 weeks. Thus, the
difference in the length of growth duration between Swarna and Sahbhagi Dhan is about
five weeks, more than a month. In general, rice varieties with a longer duration have a
higher yield.
Table G3: Rice growth duration, planting month and harvesting month in 2013
Rice
variety

Sahbhagi
Dhan
Lalat
Khandagiri
MTU 1001
IR36
Hybrid
IR64
Swarna
Pooja

Other
(specify)

Weeks
(days)
Weeks (days)

Planting
month & week
July
2nd 3rd 4th

5th

Harvesting
month & week
November
1st 2nd 3rd

4th

5th

Dec.
1st

17.1
(107−119)
17.7
(114−126)
18.0
(114−126)
19.3
(121−133)
19.6
(128−140)
20.4
(128−140)
20.7
(135−147)
20.9
(135−147)
22.3
(142−154)
20.6
(135−147)

The typical planting week for Sahbhagi Dhan was the third week of July 2013 in the
survey areas in eastern India. It was harvested after 17 weeks, during the first week of
November. Because we asked respondents to identify the planting week and the
harvesting week for each plot, the actual duration in days should be less than the
number of days in the duration in weeks. For example, a farmer might have planted a
variety on Saturday of week 2 in July and harvested on Sunday of week 1 of November.
In this case, the actual growth length in days is 107 days (15 weeks times 7 days, plus 2
days). This would be the minimum number of days within 17 weeks. The maximum
number of days is 119 days. Thus, the length of the growth duration of Sahbhagi Dhan is
somewhere around 107 days to 119 days. For other lengths in weeks, we also calculated
possible days and indicated this in the table.
Because of different durations, it is more meaningful to compare yield while controlling
for the growth duration of different rice varieties (Figure G2). In this figure, it is clear that
Sahbhagi Dhan has a low yield, even after controlling for growth duration. With less than
a week’s difference, Lalat has an advantage of about 1 ton per hectare over Sahbhagi
Dhan.
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Figure G2: Average rice yield by growth duration
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Description of damage
During kharif 2013, many respondents experienced damage to their crops. Table G4
presents the percentages of rice plots that suffered damage from different causes.
Cyclone damaged about 40 per cent of the plots. The severity of the damage was high at
about 70 per cent (note that 100 % indicates a complete loss), leaving the average rice
yield at 1,886 kilograms per hectare.
The percentage of plots suffering from drought is lower, at about 19 per cent. However,
the severity of the damage was highest (76.5%) among all damage types. The average
rice yield was 1,358 kilograms per hectare. Submergence and crop disease follow.
Table G4: Types of damage in kharif 2013
Type of damage

Percentage of plots

Degree of damage

Rice yield (kg/ha)

Cyclone
Drought
Submergence
Crop disease
Any damage
No damage

%
39.9
29.2
27.1
26.2
77.5
22.5

%
67.9
76.5
50.1
44.4
51.1
0

Mean (S.D.)
1,886 (1,539)
1,358 (1,550)
2,013 (1,539)
2,128 (1,542)
1,768 (1,573)
3,508 (1,535)

Some of the stresses listed in Table G4 occur at the same time. For instance, a cyclone
can cause flooding in the same area. Often, crop diseases occur when rice is weakened
by one stress, such as drought or flooding. Thus, Figure G3, the proportion of rice plots
is listed according to multiple stresses (also described in Table G5). The most frequent
case is cyclone alone (15.2%), followed by cyclone and submergence (14.7%). Because
a cyclone can cause flooding, we can safely assume that submergence was caused by
cyclone. Thus, combined, 29.9 per cent of the rice plots in 2013 were damaged by
cyclones. The next most frequent stress was drought. Drought alone affected about 15
per cent of the rice plots. This was followed by drought and crop disease (8.6%).
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Figure G3: Multiple damage in rice plots in 2013 kharif
25
Cyclone & coincided submergence
% of rice plots

20
Drought & coincided crop disease
15
10
5
0

Table G5: Combination of stresses in kharif 2013 and average yield
Percentage
of plots

Degree of
damage

Rice yield
(kg/ha)

%
22.5

%
0

Mean
3,508

14.7
8.6
0.7
1.5
0.2
1.7
1.5
0.3

49.2
39.7
39.5
52.7
49.0
44.3
40.4
29.5

777
1,961
2,075
1.637
1,715
1,770
2,221
2,612

Cyclone and related damage
Cyclone only
Submergence + cyclone
Sub. + cyclone + disease
Cyclone + crop disease

15.2
14.7
3.4
3.0

43.4
58.1
44.2
51.9

1,966
1,780
2,170
1,817

Other damage
Crop disease only
Submergence only
Submergence + crop disease

5.3
3.7
2.5

43.8
72.8
38.5

2,455
2,374
2,456

Type of damage

No damage
Drought and related damage
Drought only
Drought + crop disease
Drought + submergence
Drought + cyclone
Drought + sub. + cyclone
Drought + cyclone + disease
Drought + sub. + disease
D. + sub. + cy. + disease
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Cultivation of second (rabi) crop after kharif season
From Table G6, it is clear that most of the rice varieties were planted during the second
and third weeks of July. Sahbhagi Dhan, Lalat and Khandagiri were then harvested
during the first and second weeks of November, making the rice fields available for next
crops. To investigate this advantage, we list the typical week of harvesting, the
proportion of plots with a second crop (which was mostly rabi crops but included
vegetables that were grown in between kharif and rabi seasons) and the names of major
second crops.
The list of varieties in Table G6 is sorted by the timing of the harvest. After the harvest of
Sahbhagi Dhan, about 20 per cent of its plots were used to grow a second crop. The list
of second crops after Sahbhagi Dhan includes wheat (53 cases), pulses (43) and
vegetables (31). Early sowing of wheat is considered to increase its yield because it can
avoid the terminal heat of its harvesting time in the next spring. Vegetables were mostly
planted between the kharif and rabi seasons; they provide additional income to rice
farmers. Some of the other varieties listed in Table G6 also have a high proportion of
their plots allocated to a second (rabi) crop.
Although Swarna is the most popular rice variety, only 9.4 per cent of its plots were
allocated to second crops. In many areas, notably in Odisha, farmers produce one crop
per year. This reduces their annual crop income. Thus, Sahbhagi Dhan has an
advantage over Swarna in this regard.
Table G6: Typical harvesting week and cultivation of second (rabi) crop in 2013
Rice varieties

Harvest
month and
week

Sahbhagi Dhan
Khandagiri
Lalat
IR36
Hybrid
Pooja
MTU 1001
MTU 7029
IR64
Swarna

Nov./1st week
Nov./1st week
Nov./2nd week
Nov./3rd week
Nov./3rd week
Nov./3rd week
Nov./4th week
Nov./5th week
Dec./1st week
Dec./1st week

Cultivated
second crop
after kharif
2013
%
19.9
2.5
4.2
41.1
29.6
16.2
13.4
3.0
39.4
9.4

Other (specify)

Nov./4th week

12.0

Major second crops

Crop name (number of plots)
Wheat (53), pulses (43), veg. (31)
Too few
Too few
Pulses (11), wheat (6)
Wheat (62), pulses (13), veg. (13)
Pulses (16)
Too few
Too few
Wheat (26), pulses (17)
Pulses (34), mung bean (15)

Experience growing Sahbhagi Dhan
Not all treatment households produce Sahbhagi Dhan continuously. After testing it in the
first year, some treatment households decided not to plant it the next year. Table G7
describes the continuous use of Sahbhagi Dhan over years among treatment
households. Among 299 treatment households that received Sahbhagi Dhan seeds in
2012, only 48 per cent cultivated it again in 2013. When asked about their plan to
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cultivate it in 2014, about 42 per cent of the 2012 treatment households indicated that
they were planning to cultivate Sahbhagi Dhan in kharif 2014. Among 573 treatment
households that received Sahbhagi Dhan seeds in 2013, 21 did not cultivate it in 2013.
When asked about their plan to plant Sahbhagi Dhan in 2014, about 62 per cent of the
2013 treatment households indicated that they planned to use it in kharif 2014.
Therefore, the dropout rate among both 2012 and 2013 treatment households is quite
high.
Table G7: Use of Sahbhagi Dhan among treatment households over time

Treatment
households

Cultivated
Sahbhagi Dhan
in 2012

Cultivated
Sahbhagi Dhan
in 2013

Number (%)

Number (%)

Number (%)

Plan to
cultivate
Sahbhagi Dhan
in 2014
Number (%)

2012 treatment
households

299 (100)

299 (100)

143 (47.8)

125 (41.8)

2013 treatment
households

573 (100)

n.a.

552 (96.3)

356 (62.1)

Treatment
status

To investigate the reasons for the continuous or discontinuous use of Sahbhagi Dhan,
we asked treatment households for their top three reasons for the continuous (or
discontinuous) use of Sahbhagi Dhan. We find that, among the 2012 treatment
households, high yield of Sahbhagi Dhan was the top reason for their continuous use of
it (Table G8). Of 143 treatment households that received Sahbhagi Dhan seeds in 2012
and cultivated it again in 2013, 122 indicated high yield as one of the top three reasons
for their continuous use in 2013. Short duration is the second reason for its continuous
use, followed by good taste/cooking quality. Drought tolerance was cited by 68
households.
Among the treatment households that received Sahbhagi Dhan seeds in 2012 but did not
cultivate it in 2013, we find that the top reason for discontinuous use was ‘No seeds left
due to crop damage’, followed by a similar reason (‘No seeds were left due to
consumption’). This suggests that after losing the seeds to damage or consumption, they
did not have access to Sahbhagi Dhan seeds.
The same questions were asked of the 2013 treatment households. The results in Table
G9 show similar patterns.
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Table G8: Among 2012 treatment households: reasons for cultivating or not
cultivating Sahbhagi Dhan again in 2013
Yes: cultivated it again in 2013
143 households
47.8%
Why? Choose up to three reasons
High yield
Short duration
Good taste/cooking quality
Drought tolerance
Profitable
Seeds are free
Low input costs

No: did not cultivate it in 2013
156 households
52.2%
122
115
74
68
38

No seeds left due to crop damage
No seeds left due to consumption
Low yield
Unprofitable
Costly inputs needed
Poor taste/cooking quality

104
65
46
44
19
13

Table G9: Among 2014 treatment households: reasons for cultivating or not
cultivating Sahbhagi Dhan again in 2014
Yes: plan to cultivate it again in 2014
356 households
62.1%
Why? Choose up to three reasons
High yield
Short duration
Good taste/cooking quality
Drought tolerance
Profitable
Seeds are free
Low input costs

No: do not plan to cultivate it in 2014
217 households
37.9%
207
177
177
154
118
53
40

No seeds left due to crop damage
No seeds left due to consumption
Low yield
Unprofitable
Costly inputs needed
Poor taste/cooking quality
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104
65
46
44
19
13
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This evaluation examines the impact of
cultivating a new variety of rice, Sahbhagi
Dhan, to reduce yield losses during
droughts for farmers in eastern states of
India. This rice variety matures early,
avoiding high temperatures that affect yield
in traditional rice varieties. However,
contrary to findings from agronomic studies,
this impact evaluation finds limited evidence
that Sahbhagi Dhan is drought resistant.
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