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Abstract

By using data from a randomized control trial (RTC)L,680 farmers in eastern India, this paper
investigates how a drought-tolerant rice variegiled Sahbhagi Dhan, helps farmers. In the RTC,
farmers in treatment villages received 5 kg seddSabbhagi Dhan before Kharif, which is the
main agricultural season in India, in 2012 or 20I8e paper finds that Sahbhagi Dhan enabled
farmers cultivate crops after Kharif partly becaa$ets short duration. The impact was larger
when farmers experienced severe drought in Kharthat farmers can compensate the crop loss
in the season. This helps farmers to become ldsenable against crops chocks. However, the
average yield of Sahbhagi Dhan was found lower thanof other rice varieties under both normal
and drought conditions. The findings in this papeommends that Sahbhagi Dhan to be promoted
in areas where the potential for double croppingnder-exploited.
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How does drought-tolerant rice help farmers?
Evidence from randomized control trialsin eastern I ndia

1. Introduction

The largest number of food insecure people livEauth Asia, where about 300 million
people are undernourished (FAO et al., 2012). Tiseaeconcern that climate change will worsen
the situation by negatively affecting agricultupmbduction in the region (Tubiello et al., 2007,
Lobell et al., 2011). Studies that use a rangeenharios show that higher temperature will lead to
lower rice yields as a result of shorter growingiqus (IPCC, 2014). Wassmann et al. (2010)
conclude that current temperatures are alreadyappmg critical levels during susceptible stages
of plant growth in some parts of Asia. Effectiveapthtion of cropping technologies and practices
that mitigate the negative impact of climate charsgenperative to enhance food security and

sustainable livelihoods in developing countrieg likdia.

Extremely high temperature during vegetative growfthrice reduces tiller number and
plant height (Yoshida, 1981). Exposure to high terapure during rice flowering can greatly
reduce pollen viability which leads to yield lod8atsui et al., 2000). To reduce yield loss due to
drought, drought-tolerant rice varieties have béeveloped, and Sahbhagi Dhan is one of them.
Sahbhagi Dhan is tolerant against drought parttabse it matures early, thus has a short growth
duration, and avoids high temperature (Dar e8ll4). The short growth duration of the variety
can allow farmers to cultivate another crop immexhaafter the harvest of the variety. In
Bangladesh, for instance, cultivation of early miaiyirice varieties in the main agricultural season
allowed farmers to obtain higher yields by plantirog early and receiving high income by selling

rice early while the rice price was high (Malabagsiet al., 2014). Diversified income source



makes farmer resilient against negative income kshoEew studies, however, evaluated the
performance of Shabhagi Dhan among farmers. Agracarstudies, for instance, only evaluate
the performance of crop growth but have not ingagéd how farmers change cropping practices

after adopting Sahbhagi Dhan.

Randomized control trials (RCTs) have been usedsgess economic impacts of new
agricultural technologies. A recent study by Daale{(2013) used a RTC to evaluate the impact
of cultivating a submergence tolerant rice variatgastern India. In this study, we use a RCT to
evaluate the performance of Sahbhagi Dhan by pimyi&ahbhagi Dhan seeds to randomly
farmers in treatment villages either in 2012 or 20Ihe treatment farmers were subsequently
interviewed by our enumerators along with the sameber of randomly selected control
households who lived in near-by villages. The 2BTX involved 420 farmers, and the study area
was significantly expanded in 2013 to cover diffgér@rought conditions and added 1,270 sample
farmers. In the following sections of the paper, estimate the impact of cultivating Sahbhagi

Dhan on rice yield and the probability of cultivegianother crop after harvesting Sahbhagi Dhan.

The paper is organized as follows. Section 2 pewidackground information about the
needs for drought-tolerant rice varieties and teetbpment and distribution of Sahbhagi Dhan
in India. Section 3 explains how we conducted Ra6d describes the data used in this paper.
Comparative statistics were shown in Section 4ctvis followed by the results from regression

analyses in Section 5. Conclusions are present8dgtion 6.

2. Drought-tolerant Rice Variety: Needs, Developtpnand Distribution



2.1 Climate Change

Under a plausible scenario, climate change isylikelimpact the food production around
the world and in India. Climate change is expetteaffect yields (Tubiello et al, 2007; Lobell et
al., 2011). Recent findings from IPCC shows thahwr without adaptation, negative impacts on
average Yields will occur from 2030s with mediaelgiimpacts of 0 to -2% per decade projected
for the rest of the century. Many models that ussnge of scenarios show that higher temperature
will lead to lower rice yields as a result of sleorgrowing period (IPCC, 2014). With rise in
temperature, the process of rice development aateteand reduces the duration of growth. As a
result, rural poverty in parts of Asia could be etdated due to impacts on the rice crop and
increase in food prices and the cost of living gellest al., 2010). Effective adaptation of cropping
technologies and practices that mitigate the negatipact of climate change would be critical in
enhancing food security and sustainable livelihpedpecially in developing countries like India.
Livelihood in developing countries depending on@gture are particularly vulnerable to changes
in the mean and variability of the climate, and tieed is highlighted in many studies (IPCC,
2014). Switching to more drought or submergencaraoit crop species or varieties is an important
adaptation strategy with a diverse portfolio ofelitood responses to climatic stress. In the
portfolio of common on farm and non-farm livelihoadaptation strategies, changing crop variety
that are resistant to climate stress is among & gited adaptation measure (Westengen et al.,

2014).

2.2 Current Use of Rice Varieties in Eastern India



Since the Asian Green Revolution, modern riceet@$ have helped farmers increase
rice yields (David and Otsuka, 1994; Estudillo &tduka, 2013) and reduced poverty (Otsuka,
Estudillo, and Sawada, 2008). However, the impddhe Asian Green Revolution has been
limited for rainfed areas, particularly those aféetby flash flooding and drought (Fan and Hazell,
2001; Evenson and Gollin, 2003). Indeed, desp#datge number of rice varieties released in the
past decades, farmers in eastern India use eanrgion high-yielding varieties, which were
developed more than 20 to 30 years ago. By ussug\ey of more than 5,800 rice farmers across
four states in eastern India, Yamano et al. (2@%4jnated areas under rice varieties in the region.
The most popular rice variety, called Swarna, isreged to occupy 4.6 million hectares or 31 %
of the total rice area in the study area (Appeniakle Al). Because the second most popular
variety, is estimated to cover only 3.7 % of théakaice area, the popularity of Swarna is
unmistakable. Swarna was released in 1979, anof ale top ten varieties, except two, were
released before 2000. The area-weighted age ofaiteties is about 25 years old, and this is very

high compared with that in other developing cowstrsuch as the Philippines (Launio et al., 2008).

Yamano et al. (2014) also found a submergenceataigice variety called, Swarna-
Subl, which was released in 2009 in India. Thd sota under Swarna-Subl is about 376,500 ha,
which accounts for 2.6% of the total rice areaplades Swarna-Sub1l as the seventh most popular
rice variety in terms of the area coverage. Regarttie number of users, Swarna-Subl is the fifth
popular rice variety: the estimated number of fasweho cultivated it in 2013 is 704,000 farmers.

Only a small number of farmers were found cultivgtSahbhagi Dhan in Kharif 2013.

3. Randomized Control Trial: Study design and balapntest



In May/June 2012, we conducted a randomized cotriedl(RTC) by randomly selecting
128 treatments and 128 control villages in oneidish Odisha and two districts in West Bengal.
In each treatment village, five farmers were raniyochosen to receive a mini-kit with 5 kg of
Sahbhagi Dhan seeds, accompanied by a brochurensituctions for cultivation. In order to
ensure compliance with the randomization, the ematoes had to create a list of 100 households,
with village officers, in a village and make a pkarall to an officer in New Delhi to obtain five
random numbers to select treatment farmers. Ircomérol villages, five farmers were selected
according to the same protocol. The 2012 sample ¢buasisted of 256 villages and five farmers

per village, who were all interviewed in multiplergeys.

In 2013, we expanded the study areas by (1) tal@gample villages out of the 256 sample
villages in the 2012 RTC and (2) adding 252 vilageross six more districts in Odisha and
Jharkhand (Figure 1). The study area was expammemagture a larger variation in drought
conditions across different ecological zones sdroeight conditions tend to have less variation in

near-by areas. For the additional samples in 20&3)sed the following sampling procedure:

1. Purposely selected nine districts that are dropghite.

2. Randomly selected blocks in each sample district.

3. In each block, a rainfall station was identifieddanearby villages were selecté@ut of
the listed villages, four villages were randomlpsén, and five households were randomly

chosen in each selected village. We followed tmeesprotocol used in 2012 to randomly

2From the rainfall stations, daily rainfall data wexollected to identify drought conditions. But
for the analysis of this paper, the rainfall infation was unavailable.
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select five households. Out of the four villageso willages were selected as treatment

villages, and the remaining villages were seleatedontrol villages.

After the household selection, we conducted a Hmldesurvey in March to May 2013.
To avoid any possible influence on survey resulispondents were not informed about their
treatment status at the time of the survey. Onilyersd weeks after the household survey did
treatment households receive Sahbhagi Dhan misikita five month period of April — August
2014, we conducted a follow-up survey of the saamame households. Table 1 describes the

distribution of sample households across threestat

The total number of villages is 336: 79 villagesnfrthe 2012 sample and an additional
257 villages chosen in 2013. The total number ofga households is 1,680: 420 farmers from
the 2012 survey and 1,260 farmers chosen in 20&8.dfl the sample villages and half of the
sample households are in the treatment group.duar€&il, the 2012 sample villages are marked
by blue, while the 2013 sample villages are matkgded. The markers of the treatment villages
are triangles, while the markers of the contrdageés are circles. Out of 1,680 households, 1,645
households were re-interviewed again in 2014. yufd 1, it is clear that there are four clusters of
sample villages. These clusters are located inglieprone areas and distanced from each other.
Thus, it is expected that sample villages will kpased to different drought conditions in a given
year, providing opportunities for us to identifyetimpacts of adopting Sahbhagi Dhan under

different levels of drought.

Balancing Test



To investigate whether the treatment and contraskbolds were randomly selected, we
compared the basic household characteristics dinbgroups (Table 2). After comparing means
and estimating a Probit model, we found no sigaificdifferences in the variables presented in
the table. For instance, the average age of thedhmmld heads is about 49 years old in the two
groups, and the difference is 1.3 years. The tdesfirms that the difference is not statistically
significant. We found no difference in householgesand farm size (in ha) also. In the control
group, the proportion of scheduled caste is shghibher than that of the treatment group.

However, we found that this is not statisticallgrsficant.

4. Descriptive Analyses

4.1 Rice Yield

Popular rice varieties cultivated by our sampletkens are listed in Table 3. Among control
households of the 2012 samples, Swarna is the popatlar rice variety, occupying more than
30 % of the areas under rice, followed by hybrithich combines all hybrid varieties) and Lalat.
Lalat is a modern rice variety released in 198&aied information of Lalat and other varieties
are presented in Appendix Table A-2. Before thenfolg season of Kharif 2012, the 2012
treatment households received Sahbhagi Dhan séeedsarea under Sahbhagi Dhan was 15.2 %
in 2012. By comparing the land allocation of thel2@ontrol group, it appears that the 2012
treatment farmers replaced Swarna and Lalat wittb&agi Dhan. In 2013, however, the areas of
Swarna and has increased to 31.5 % of the tota) et@ch is comparable to the area under Swarna

among the control group.



Because the 2013 treatment farmers received Sahbhag seeds in 2013, they did not
cultivate it in 2012. Thus, we can directly see h®ahbhagi Dhan changes the area allocation
across rice varieties before and after receivinighBagi Dhan. Before receiving Sahbhagi Dhan,
the most popular rice variety was Hybrid among20&3 treatment households, occupying 14.6 %
of the total rice area in Kharif 2012. Swarna was $econd most popular (12.1 %), followed by
Lalat (9.4 %) and IR64 (8.9 %). After receiving 8bhgi Shan, the areas under Hybrid, Lalat, and
other varieties have declined significantly, whilee area under Swarna did not change
significantly. As we will show later in this papetflybrid varieties and Lalat have short growth
duration. Thus, it seems that farmers replacedt shoation rice varieties with Sahbhagi Dhan,

which is also a short duration rice variety.

Next, we present the average rice yields of thettment and control farmers. Among the
2012 treatment farmers, the average rice yield ataait 2.6 tons per ha in 2012 but declined to
2.31 tons per ha in 2013, while the average yisidrag the control households remained around
2.2 to 2.3 tons per ha. Among the 2012 treatmeunsdlaolds, the average yield of Sahbhagi Dhan
was 2.8 tons per ha in 2012. This was about 10W8érdhan that of the other varieties among the
treatment farmers. In 2013, the rice yields dedifoe both Sahbhagi Dhan and other rice varieties,
although the decline was larger for Sahbhagi Dh@naverage yield of Sahbhagi Dhan declined
by 0.5 tons per ha, to 2.3 tons per ha, amongréanhent farmers between 2012 and 2013. The
average yield of the other variables also declimgdbout 0.3 tons per ha during the same period.

Among the 2012 control farmers, the yield remaiaexlind 2.9 tons per ha.

The 2013 sample farmers have lower yields thar2@i® sample farmers. For instance,

the average yield among the 2013 control farmeOik2 was about 2.2 tons per ha, while that of



the 2012 control farmers was about 3.0 tons peiThi. is as expected because drought-prone
areas were purposefully selected for area expasisidhat is important is that the comparison
between the control and treatment farmers bef@®T intervention. In 2012, the average yield
of the 2013 treatment farmers is 2.3 tons per Hactwis not statistically different of that of the

control farmers. This again confirms that the s@becof the treatment farmers was implemented

properly.

In 2013, the treatment farmers of this group resgi8®ahbhagi Dhan seeds. The average
yield of Sahbhagi Dhan was only 1.5 tons per haghvis lower by more than 0.9 tons per ha than
that of the other rice varieties grown by the séanmers in the same year. Even among the 2012
treatment farmers, the average yield of SahbhaginDdbout lower than that of the other rice

varieties by 0.3 and 0.6 tons per ha, respectivel®012 and 2013.

Constructing a Drought Indicator

To investigate if Sahbhagi Dhan performs bettereumlought conditions, we have asked
respondents to classified if they experienced nsiklere, and very severe drought along the rice
growth duration during the Kharif seasons in theveys. The growth duration was divided into
five: sowing to transplanting period, early todiihg period, panicle initiation period, heading to
flowering period, and harvesting period. Becauggosure to extremely high temperature during
flowering period has been found to reduce ricedyi®latsui et al., 2000), we have decided to
focus on the drought condition during the headmdlawering period. The drought conditions

during the harvest period also affect farmers’ siecis on cultivating crops in the following
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agricultural season, called Rabi in India. Becah®se two periods are important both on rice
yields and cultivation of Rabi crops, and becatlmedrought conditions of the two periods are

highly correlated, we have decided to combine Weegeriods.

The drought perceptions may very among farmeos@area, although they are exposed
to the same weather conditions. Thus, insteadinfjudrought perception at the individual level,
we have aggregated the individual perceptions éoliock level because four villages were
selected around a block level rainfall stationser€fore, at the block level, four villages (two
treatment and two control villages) should be erpa® the same drought conditions. However,
because Sahbhagi Dhan is an early maturing ricieties, their rice growth periods may be
different from those of the control farmers. Fastance, what the treatment farmers describe as a
harvesting period could still be a flowering perfod the control farmers. Thus, we only use the
drought perception of the control farmers and aggpexd up to the block level and apply it to both
control and treatment farmers. As a result, we ltagated a drought index which is the proportion

of (control) farmers who experienced severe drodghing the heading to harvesting period.

Rice Yield under Drought

To examine the relationship between the rice yéeld the drought condition, we have the
Karnel-weighted local polynomial smoothing techrdcand plotted the smoothed lines in Figure
2 for Sahbhagi Dhan and the other varietigs Figure 2, we find that the yield of Sahbhagiadh

is lower than that of the other varieties even wurditeught conditions, although the difference

3 The graph was created by using STATA.
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between the two groups shrinks as the proportiofarohers who experienced drought becomes
higher and close to 1. The yield of the other \tageremain flat above 2.5 tons per ha while the
proportion of farmers with severe drought is bel@w. As the proportion increases beyond 0.4
and reaches 1, the yield declines quickly to Ot teer ha. The yield of Sahbhagi Dhan is about
0.3 to 0.5 ton per ha lower than the yield of ttteeovarieties while the proportion of farmers with

severe drought is below 0.4. However, the yieldides to 0.5 tons per ha as the proportion of the
farmers reaches 1, and the difference gap betwemlyiélds of Sahbhagi Dhan and the other

varieties disappears.

4.2 Cultivation of Rabi Crop after Kharif season

One major advantage of Sahbhagi Dhan is its shovtth duration. In Table 5, we show
the average length of the growth duration in wedhks,typical planting week, and the typical
harvesting week during Kharif 2013 for major ricieties. The data are sorted by the length of
growth duration of popular rice varieties. SahbHaggan has the shortest duration of 17 weeks,
which corresponds to 107 to 119 ddyNext is Lalat with 17.7 weeks. The average growth
durations of Hybrid, IR64, Swarna, and other minoe varieties are longer than 20 weeks. The
average growth duration of Swarna, the most popidarvarieties in the study region, is about 21
weeks. Thus, the difference in the length of groduhation between Swarna and Sahbhagi Dhan
is about 4 weeks, about a month. In general, rargettes with a longer duration lengths has a

higher yield. The typical planting week for Sahbhfan was the third week of July, 2013, in

4 Because we asked respondents to identify the ptaatid harvesting week for each plot, the actual
duration length in days is less (by up to 14 ddyah the number of days of the duration in weeks, i
weeks times 7 days.

12



the survey areas in Eastern India. After 17 weékejas harvested during the first week of

November.

From Table 5, it is clear that during the second #ird weeks of July, most of the rice
varieties were planted. Then, Sahbhagi Dhan anat khadre harvested during the first and second
weeks of November, making the rice fields availdbtenext crops. In the last column of the table,
we show the proportion of plots with second cropkich was mostly Rabi crops but included
vegetables which were grown in between Kharif aathiReasons, and nhames of major second
crops. After the harvest of Sahbhagi Dhan, abod28 the plots were used for growing a second
crop. The list of second crops after Sahbhagi Dheludes wheat, pulses, and vegetables. Early
sowing of wheat is considered to increase its yimdause it can avoid the terminal heat of its
harvesting time in next spring. Vegetables weretippsanted in between Kharif and Rabi seasons
and provide additional income to rice farmers. Altgh Swarna is the most popular rice variety,

after Swarna, only 3.0 % of its plots were allodai® second crops.

To investigate more in detail, we have calculatext@ntage of plots with second crops for
treatment and control households for both 2012 201B in Table 6. In Table 6, among both
groups, the percentage of plots with second cropgased from 2012 to 2013. However, among
the 2012 samples, cultivation of second crops iig kmited. For instance, less than 5 percent of
the plots have any second crops among the treathwrgeholds in both 2012 and 2013. To
cultivate crops during Rabi season, farmers neddve some access to water through irrigation.
Our survey data indicate that less than 5 perdetfiteoplots of the 2012 sample households have
access to underground water irrigation through sy@hile about 10 percent of the plots of the

2013 sample households have access to undergraated iwigation.
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Among the 2013 sample households, we find thapéineentage of plots with second crops
increases by 8.5 percentage points, from 15.5 petoe24 percent, on plots that the treatment
farmers cultivated Sahbhagi Dhan in 2013. This efre-after indicator on the same plots. On
the other plots where other rice varieties werewgrof both the treatment and control farmers,
the percentage of plots with second crops als@asad by 5 5 to 5.6 percentage points. Thus, it
seems there is a upward trend in cultivating seamogs in the areas of the 2013 samples.

However, it seems that the impact is larger aftétivation of Sahbhagi Dhan.

To see which crops that they cultivate after SagbBdéan, we present list of crops that
farmers cultivated after Kharif season in Tabléfam 2012 to 2013, the total cultivation areas
expanded from 52 ha to 75 ha among the 2013 tredatf@aeners, while it increased only by 8.8
ha among the control farmers. Among the 2013 treatnfarmers, pulse has expanded areas
significantly. Area under vegetables also increasditiough the percentage of the area share

remains only about 2 %.

To examine how drought in Kharif affects cultivatiof second crops, we have plotted the
probability of cultivating second crops against ligel of drought in Figures 3 and 4. We created
the graphs for the 2012 and 2013 samples separhtslgiuse the results in Tables 6 and 7 clearly
show that few farmers cultivate second crops in20&2 sample areas. Figure 3 confirms the

expectation.

Figure 4 shows an interesting result. The prolgbdf cultivating second crops after a
Kharif season depends on the level of drought duthie Kharif season. As the drought in Kharif
season becomes severe, affecting more than higfraers, the probability of cultivating second

corps increases. This is probably farmers try tmmensate the crop losses due to drought by
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cultivating second crops immediately after the batwof rice. The probability quickly increases
on Sahbhagi Dhan plots. Because the harvest ofidghbBhan is early, farmers can quickly shift
to cultivation of second crops under drought. Urdfeught conditions, rice prices also increases.
This may help Sahbhagi Dhan farmers to fetch higtep by harvesting Sahbhagi Dhan early, as

was the case of early maturing rice varieties in@adesh (Malabayabas et al., 2014).

From the descriptive analyses in this sectioappears that Sahbhagi Dhan has lower
yields than other rice varieties but allow farmerscultivate second crops after Kharif season.
However, the analyses in this section do not cofdgrather factors that affect rice yield. Althdug
randomized control trials are designed to conwoférmer characteristics by selecting treatment
farmers randomly, treatment farmers can still aargroduction conditions for Sahbhagi Dhan. In
particular, farmers can chose plots for differeatisties, including Sahbhagi Dhan, and their
decisions might have affected the results both midy and cultivation of second crops.
Fortunately, with the panel data, we can controklie plot characteristics by estimating the plot

level fixed effects model. In the next section, wi# describe our estimation models.

5. Estimation Models

In the following section, we estimate two mod@lse first is the rice yield model, and the
second is the determinants of cultivating secongsrBoth models are estimated at the plot level.
With panel data, we estimate the both models wgtplot level fixed effects. This helps us remove

bias in the regression results caused by unobseietaharacteristics. Even randomly selected
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treatment farmers can select plots for SahbhagnDiighe treatment farmers choose better plots

for Sahbhagi Dhan, the estimation results will hapeard bias, and the opposite is also possible.

Ysije = a + B1Ssije + B2Dje + BaDjeSsije + -+ + eyt

whereYy;.is rice yield (kgs per ha) of plat of farmeri of block| at timet; Sg;j.is a
Sahbhagi Dhan dummy variable which takes one ibBagi Dhan is cultivated on plsbf farmer
i of blockj at timet; D;; is an indicator of drought in block j at time ticaD;. S; ;; is the interaction
term betweerf,;;, andD;,. The estimation model also include other varialwéshousehold
characteristics. On the second model, the dependeable is a dummy variable which takes one
if second crops are cultivated on the same plotaBse the dependent variable is a dummy
variable, the model becomes a liner probability eladith the plot level fixed effects. We will
compare the basic model with the results from Riibbie results in linear probability model are

robust.

Because Sahbhagi Dhan seeds were distributeddomady selected treatment households,
the Sahbhagi Dhan dummy variable may not be cdeethaith unobserved characteristics at the
household level. But as mentioned before, it cdndccorrelated with unobserved characteristics
of plots because the treatment farmers can deduighvplots they cultivate Sahbhagi Dhan. With
the panel data, we have two observations across.y@aring the second survey in 2014, asking
about 2013 Kharif production, special care wasrakethe time of surveys to clearly identify the
plots which were mentioned in the 2012 survey. Beeahe interviews were conducted by using

a computer assisted personal interview prograh® enumerators could see plot information

5 We use a software called Surveybe.
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collected in the previous survey on screen. By rilgisg the name, size, tenure status, and plot
type, enumerators could identify the plots with tegpondent making sure to collect information

of Kharif 2013 production information of the sanietp.

6. Results

6.1 Yield Model

The first model in Table 8 is OLS model with blodkmmies (Column 1). We included
block dummies because the first sampling levet thablock level, as we explained in Section 3.
The estimated coefficient remains significant ewdren estimated the plot level fixed effects
model (Columns 2), indicating that the yield of Blaagi Dhan is lower than that other varieties
by 0.3 to 0.4 tons per ha. Drought, measure byptioportion of farmers experienced severe
drought during the heading and harvesting period Kharif season, significantly reduces rice
yield. The magnitude of the estimated coefficiarggests that the yield declines by 1.3 tons per
ha if the drought is severe enough for all farmexperience severe drought. The estimated
coefficient of the interaction term between thel8&tgi Dhan dummy and the drought indicator,
is not significant suggesting that Sahbhagi Dhagsdwmt mitigate the negative impact of drought.

The estimation results are consistent with the lycagb analysis in Figure 2.

The estimated coefficients of the other variablesas expected. The plot size has a reverse
correlation with the yield: the yield declines by @ons per ha as the plot size increases by 1 ha.
When farmers use seed broadcasting, instead afpiearting of seedlings, the rice yield declines

by about half a ton per ha. This may not reducétptmwever, because farmers can reduce labor
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costs as they switch to broadcasting from transiolgnin drought prone areas where production
risks are high, farmers may want to avoid spendimgabor in the early stage of the agricultural
season. The access to irrigation, both undergramadsurface water, the rice yield is higher by
more than 0.2 tons per ha. Low-land plots, whighlacated near irrigation facility, have higher
yields on middle plots, while up-land plots havevéo yields. And finally, scheduled caste and

tribe farmers have a significantly lower yield tfanmers in general caste groups.

6.2 Cultivation of Rabi Crops

As we divided the samples for Figures 3 and 4gesteénated the second crop cultivation
model for the 2012 and 2013 samples separately fildtenodel is a Probit model with block
dummies, in Column 1, as in the first model in nevious table. The estimated coefficient of
Sahbhagi Dhan dummy indicates that the probakdlitgultivating a second crop after Kharif
season increases by 3.1 percentage points wheer@aoultivate Sahbhagi Dhan. The size of the
estimated coefficient remains close at 3.3 wherstignate the linear probability model with plot

level fixed effects model.

The drought indicator has a large impact on tlebalility of cultivating second crops.
The size of the estimated coefficient indicate tthegt probability of cultivating second crops
increases by 15 percentage points if all farmers lohock experienced severe drought. Because
such a severe drought will cause a significant tmep on rice, farmers may feel it is necessary to
compensate the crop loss by cultivating secondscafter the Kharif season. As we find in Figure

3, the impact of the severe drought on the proltplof cultivating second crops is higher on
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Sahbhagi Dhan plots. This is probably becausedhiety has a short growth duration and allows
farmers to cultivate second crops right after taevést of Sahbhagi Dhan under severe drought.
The estimated coefficient of the interaction teratvizen the drought indicator and the Sahbhagi
Dhan dummy suggests that the probability of culinga second crops increase by about 15

percentage points on Sahbhagi Dhan plots whearmldrs experienced severe drought.

Among the other variables included in the estiorathodel, irrigation dummies have large
coefficients. The probability of cultivating secoops increases by about 20 percentage points
if farmers have access to either underground daseimwater irrigation. The results are consistent
with our expectations because farmers will haviadities cultivating crops after Kharif season

if they do not have access to irrigation.

7. Conclusions

To reduce yield loss due to drought, droughtrtolerice varieties have been developed,
and Sahbhagi Dhan is one of them. Few studies, Vewevaluated the performance of Shabhagi
Dhan among farmers. Thus, we have used a RCT taaeahe performance of Sahbhagi Dhan
by providing Sahbhagi Dhan seeds to randomly fasnretreatment villages either in 2012 or
2013. To measure the impact of drought on ricegetdn, we have created a drought index which
is the proportion of farmers experienced severaghbduring the heading and harvesting period
in a Kharif season. The results in this paper tleslrows that the drought measure by the index
significantly reduces rice yield. The magnitudehs estimated coefficient suggests that the yield

declines by 1.3 tons per ha if the drought is seeaough for all farmers experience severe drought.
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Regarding the yield of Sahbhagi Dhan, we find thatyield of Sahbhagi Dhan is lower than that
other varieties by 0.3 to 0.4 tons per ha. We fiitld evidence that Sahbhagi Dhan is more tolerant

against drought than other rice varieties.

Exposure to high temperature during rice floweragagn greatly reduce pollen viability
which leads to yield loss. Because Sahbhagi Dhamigarly maturing rice variety, it starts
flowering earlier than other varieties and becomeserable to high temperature at different
timing than other rice varieties, especially latatuning varieties. This makes Sahbhagi Dhan
drought tolerant when high temperature occurs &albhagi Dhan completes its flowering period
but other varieties enter their flowering periotlsour study, the timing of high temperature in
2012 and 2013 Kharif seasons may not have beendialofor Sahbhagi Dhan. It might be
premature to draw conclusion on the variety andinneeontinue monitoring the performance of

the variety.

The short duration of Sahbhagi Dhan helps farnersultivate crops after the main
agricultural season, Kharif, in India. The resuftsthis paper indicate that the probability of
producing second crops after Kharif is higher byescentage points on Shahbhagi Dhan plots
than other plots. The results also show that tleatility of cultivating second crops is higher
when farmers experience drought in Kharif, andafudability becomes even higher on Sahbhagi
Dhan plots. After drought, farmers may feel ne@dsampensate the crop loss due to drought by
cultivating more crops after the season. But we @ind this benefit in areas where farmers can

cultivate crops after Kharif. In areas where ip@ssible to produce double crops.

The findings in this paper suggest targeting stiials of Sahbhagi Dhan. Based on findings

on this paper, the main benefit of Sahbhagi Dharears to be the short growth duration. This
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helps farmers where they can produce crops aftariKi hus, the variety should be promoted in
areas where the potential for producing crops dterif is high. This will help farmers become
less vulnerable against drought and other shockagliKharif by diversifying income sources.
Experiments in farmer fields are different from @gsmical experiments in research stations.
Although we do not observe its drought tolerandaig paper, it can become under certain drought

conditions. The drought tolerance of Sahbhagi Ddwanrinues to be monitored among farmers.
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Figure 1. Map of treatment and control villages
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Note: Blue markers indicate locations of 2012 sawjllages. Farmers in the 2012 treatment villages
received 5kg Sahbhagi Dhan mini-kits before therI2912 season started. Farmers in the 2013
treatment villages received the mini-kits before itharif 2013 season started.
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Figure 2. Rice Yield and Severe Drought during HiegeeHarvesting period in kharif 2013 at the
Plot Level

Note: The level of drought at the heading-harvgstwas measured by the proportion of control villfegeners
who claimed that they experienced severe drougimgithe rice crop heading and harvesting periothef
Kharif 2013 season.

25



1
1

.8
1

.6
1

A4
1

2
1

Shabhagi Dhan

Other Rice Varieties

/

Probability of cultivating Rabi crop

-

0
1

0

2 4 : :
Ratio of farmers with severe drought at Heading Period in Kharif 2013

6 8

Figure 3. Probability of cultivating a Rabi cropda8evere Drought during Heading—Harvesting
period in kharif 2013 at the Plot Level: Among 2(882mple Farmers

26



.8
1

.6
1

Sahbhagi Dhan

4
I

2
1

-

-_— Other Rice Varieties

Probability of cultivating Rabi crop

0
1

0 2 4 6 8 1
Severe drought at Heading-Harvesting Period in Kharif 2013

Figure 4. Probability of cultivating a Rabi cropdaBevere Drought during Heading—Harvesting
period in Kharif 2013 at the Plot Level: Among 2@&13 Sample Farmers

27



Table 1. Sample Farmersin 2013 and 2014 surveys

Households
State Blocks Villages 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

Notes: *Interviews with some households were delaymd their data were not available at the
time of writing this report.
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Table 2. Balancing Test for the Random Selection of Treatment Households

Means Probit with
- Control Treatment  block dummies
Variables Households Households
1) 2) 3)
mean mean Coef. (s.e)
Head age 48.2 48.5 0.0003
(0.23)
Head education 5.3 5.1 0.0003
(0.07)
Own land size (ha) 0.81 0.74 -0.046
(1.27)
Scheduled Caste/Tribe 0.53 0.54 0.084
(1.45)
Other backward caste (OBC) 0.31 0.33 0.095
(1.56)
Own mobile phones 0.79 0.79 0.019
(0.44)
Own Below Poverty Line card 0.63 0.65 0.015
(0.85)
Oown TV 0.83 0.77 -0.004
(0.09)
Number of cattle 1.83 1.93 0.017
(1.42)
Number of goats/sheep 1.36 1.43 0.002
(0.25)
Number of chicken 2.12 1.89 -0.004
(1.21)
Share of plots with irrigation 0.22 0.21 -0.027
(0.52)
Share of low-land plots 0.18 0.16 -0.057
(0.63)
Share of up-land plots 0.57 0.61 0.086
(1.21)
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Table 3. Areaunder RiceVarieties Grown in 2012 and 2013 Kharif: Treatment vs. Control

Treatment Households

Control Households

Rice Variety

2012 2013 Dif. 2012 2013 Dif.

% of (;L;(Ietglatlon Dif. in % % of (;l:gglatlon Dif. in %

2012 Sample
Sahbhagi Dhan 15.2 14.7 -0.5 0.1 0.1 0
Hybrid 0.1 0 -0.1 0 0.8 +0.8
Swarna 24.4 31.5 +7.1 36.3 32.8 -3.5
Lalat 13.2 10.9 -2.3 18.2 11.4 -6.8
IR64 0.1 0.3 0.2 0 0 0
Others 47.0 42.4 -4.6 45.4 55.0 +9.6
Total (%) 100 100 100 100

ha ha Dif. in ha ha Ha Dif. in ha
Total area (ha) 210.5 198.4 -12.1 82.4 83.9 +1.5
2013 Sample
Sahbhagi Dhan 0 32.9 +32.9 0.1 0.2 +0.1
Hybrid 14.6 8.0 -6.6 16.3 15.7 -0.6
Swarna 12.1 11.3 -0.8 11.7 13.4 +1.7
Lalat 9.4 6.3 -3.1 10.1 8.7 -1.4
IR64 8.9 2.9 -6.0 8.9 6.8 2.1
Others 54.9 38.5 -16.4 52.9 55.1 +2.2
Total (%) 100 100 100 100

ha ha Dif. in ha ha Ha Dif. in ha
Total area (ha) 373.0 362.7 -10.3 421.1 412.2 -8.9

Note:
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Table4. Rice Yields (tons/ha): Treatment vs. Control Households/Plots

Treatment Households Control Households
2012 2013 Dif. 2012 2013 Dif.
Tons/ha Tons/ha Dif. Tons/ha Tons/ha Dif.
(s.d) (s.d) [t-stat] (s.d) (s.d) [t-stat]
All samples 2.60 2.31 -0.29** 2.34 2.22 -0.12
(1.92) (1.96) [5.44] (1.89) (2.06) [1.76]
2012 Samples
Sahbhagi Dhan 2.78 2.28 -0.50** n.a. n.a.
(2.02) (1.72) [2.78]
Other varieties 3.10 2.83 -0.32* 2.96 2.89 0.07
(1.76) (1.82) [2.54] (2.73) (2.05) [0.49]
Difference  -0.32* -0.55**
[2.54] [3.73]
2013 Samples
Sahbhagi Dhan n.a. 1.46 n.a. n.a.
(2.78)
Other varieties 2.30 2.40 +0.10 2.18 2.04 -0.15*
(1.93) (2.05) [1.25] (2.90) (2.03) [1.99]
Difference -0.94**
[9.34]

Note: * 5 % significance, ** 1 % significance. (¥.d
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Table 5. Growth Duration, Planting and Harvesting M onth, and Second Crop Cultivation
in 2013

Growth Cultivated
duration Planting Harvesting Second Crop
. . ) month & week Month & week after Kharif
Rice varieties in weeks 2013
Weeks July Novembe Dec
2nc 3rd 4th 1st 2nc 3rd 4th 5th 1st
Sahbhagi Dhan 17.1 19.9
Lalat 17.7 2.5
Hybrid 20.4 16.2
IR64 20.7 134
Swarna 20.9 3.0
Others 20.6 12.0
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Table 6. Per centage of Households who Cultivated Rabi Crops

Treatment Households

Control Households

2012 2013 Dif. 2012 2013 Dif.
% (s.d) % (s.d) % (s.d) % (s.d)

All plots 8.9 13.8 +4.9** 134 16.7 +3.3**
(0.29) (0.34) [5.54] (0.34) (0.37) [2.78]

2012 Samples

SD Plots 34 3.2 -0.2 n.a. n.a.

(18.3) (17.6) [0.14]
Non-SD Plots 1.1 2.5 +1.4% 9.4 5.7 -3.7
(10.5) (15.7) [2.10] (0.29) (0.23) [1.87]
Difference +2.3* +0.7
[2.37] [0.54]
2013 Samples
SD Plots 15.5 24.0 +8.5** n.a. n.a.
(36.2) (42.8) [3.83]

Non-SD Plots 11.8 17.4 +5.6** 14.2 19.7 +5.5%*
(32.3) (38.0) [3.08] (35.0) (39.8) [3.72]
+3.7 +6.6**

[1.92] [3.28]
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Table7. Areaunder RiceVarieties Grown in 2012 and 2013 Kharif: Treatment vs. Control

Treatment Households

Control Households

Rice Variety
2012 2013 Dif. 2012 2013 Dif.
% of cultivation area Dif. in % % of cultivatiarea Dif. in %

2012 Sample

All crops 1.2 2.9 +1.7 115 8.2 -3.3
Fallow 98.8 97.1 -1.7 88.5 91.8 +3.3

ha ha Dif. in ha ha ha Dif. in ha

Total

cultivated area 2.4 57 +3.3 9.5 6.9 -2.6
(ha)

2013 Sample

Wheat 5.6 7.4 +1.8 7.9 7.6 -0.3
Mungbean 2.5 2.4 -0.1 2.2 2.2 0
Vegetables 0.5 2.1 +1.6 0.3 1.4 +1.1
Pulse 0.9 7.5 +6.6 1.5 7.7 +6.2
Other crops 4.5 3.1 -1.4 5.7 3.0 2.7
Fallow 85.9 77.5 -8.4 82.3 78.1 -4.2
Total (%) 100 100 100 100

ha ha Dif. in ha ha ha Dif. in ha

Total

cultivated area 52.4 74.5 +22.1 81.6 90.4 +8.8
(ha)
Note:
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Table 8. Deter minants of RiceYield (RCT with Fixed Effects)

Basclg:Lrgodel Plot Level FE model
Variables (1) (2) (3)
Coef. (s.e) Coef. (s.e) Coef. (s.e)
Sahbhagi Dhan (=1) -375.3% -418.1% -295.8*
(-6.139 (-5.628 (-2.528
Block level drought indicator
Heading/flowering period -1,343%** -1,260*** -1,205%**
(-14.04 (-12.08 (-10.75
Heading/flowering period SD -370.1
(-1.352
Plot Characteristics
Plot size in ha -662.6%**
(-12.49
Crop establishment: Broadcasting -579.4%+* -454.0%** -453.4%*
Base groups is transplanting (-10.25 (-5.493 (-5.486
Irrigation: Underground water (=1) 272.8**
(3.678
Irrigation: Surface water (=1) 233.0%**
(3.984
Low-land plot (=1) 273.8%**
(4.816
Up-land plot (=1) -253.0%**
(-5.551
Household Characteristics
Number of bulls 46.48*
(2.532
Household head: Age -1.94¢
(-1.212
Household head: Education 6.27(
(1.360
Number of adults 2.22¢
(0.209
Number of children 5.65¢
(0.433
Scheduled Caste/Tribe (=1) -410.5%**
(-6.812
Other Backward Class (=1) 15.8¢
(0.259
Year 2014 dummy -310.1%** -265.6*** -263.4%**
(-7.684 (-6.961 (-6.898
Constant 3,289*** 3,025*** 3,008***
(24.95 (68.26 (65.18
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R-squared 0.17¢ 0.061 0.06
Number of plots 4,487 4,487
Observations 8,54( 8,72¢ 8,72¢

Note: The standard errors of the OLS model areg&lad at the household level.
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Table 9. Deter minants of Cultivating Rabi Crops among 2013 Sample

Probit Modef Plot FE model
Variables (€Y) (2) (3)
Coef. (s.e) Coef. (s.e) Coef. (s.e)
Sahbhagi Dhan (=1) 0.0308° 0.0325 -0.035¢
(1.892 (1.719 (-1.294
Block level drought dummies
Heading/flowering period 0.152%** 0.257**
(7.291 (11.09
Interaction terms with SD
Heading/flowering perioa SD 0.146**
(2.464
Plot Characteristics
Plot size in ha 0.012:
(1.505
Crop establishment: Broadcasting 0.0754**=
Base groups is transplanting (5.136
Irrigation: Underground water (=1) 0.218***
(12.09
Irrigation: Surface water (=1) 0.206***
(12.03
Low-land plot (=1) 0.014(
(1.053
Up-land plot (=1) -0.0350***
(-3.289
Household Characteristics
Number of bulls -0.0124***
(-3.044
Number of buffalos -0.0054:
(-0.695
Household head: Age 0.00061.
(1.601
Household head: Education 0.00227*
(2.069
Number of adults 0.0019¢
(0.750
Number of children 0.00040!
(0.132
Scheduled Caste/Tribe -0.012¢
(-0.842
Other Backward Class 0.0533***
(3.457
Year 2014 dummy 0.0589*** 0.0610*** 0.0652***

6 The coefficients of the Probit model are marginal effects on the probability of cultivating second crops.

37



(5.793 (6.651 (7.301
Constant 0.140*** 0.0608***
(24.38 (6.685
R-squared 0.02: 0.07¢
Number of plots 4,50(
Observations 5,801 5,96( 5,96(
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Table 10. Deter minants of Cultivating Rabi Cropsamong 2012 Sample

Probit Model Plot FE model
Variables (1) (2) (3)
Coef. (s.e) Coef. (s.e) Coef. (s.e)
Sahbhagi Dhan (=1) -0.0091¢ -0.0071: -0.0098!
(-1.113 (-0.561 (-0.417
Block level drought dummies
Heading/flowering period -0.024¢ 0.0098:
(-0.851 (0.357
Interaction terms with SD
Heading/flowering perioa SD 0.0079:
(0.138
Plot Characteristics
Plot size in ha 0.0399**
(2.490
Crop establishment: Broadcasting -0.010¢
Base groups is transplanting (-0.841
Irrigation: Underground water (=1) 0.141%*=*
(6.696
Irrigation: Surface water (=1) 0.0474%**
(5.129
Low-land plot (=1) -0.0080:
(-1.041
Up-land plot (=1) 0.00028:
(0.0420
Household Characteristics
Household head: Age -0.00019:
(-0.802
Household head: Education 0.00069.
(0.959
Number of adults 9.48¢-0%
(0.0663
Number of children 0.00049
(0.261
Scheduled Caste/Tribe -0.0048:
(-0.558
Other Backward Class -0.0096:
(-1.212
Year 2014 dummy -0.0022¢ 0.00066: 0.0029¢
(-0.263 (0.105 (0.356
Constant 0.140*** 0.0608***
(24.38 (6.685
R-squared 0.01( 0.0€1
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Number of plots 1,41 1,41
Observations 2,83¢ 2,87¢ 2,87¢
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Appendix

Appendix Table 1. Area-weighted Average Age of Riegieties in Eastern India

Variety Name

% of estimated area

Variety age: years

since released

Varietal Turnover
average years since
replaced the previous

variety
% Year: year:
Swarn:i 31.2 34 3
Pooje 3.7 14 5
Lalat 2.9 25 4
Moti 2.6 25 2
MTU 1001 2.8 18 4
Mabhsuri 2.7 41 3
Swarna Subl 2.6 4 2
Sambh Mahso 2.8 27 4
Sarj-52 2.2 33 4
ARIZE 6444 2.1 6 4
Khandagiri 1.8 21 6
Kalachamp 1.t 14 9
Other Hybric 2.€ 11 2
Other Improved 11.2 19 5
Other Traditione 9.t - 5
Unknown/ Don't Knov 18.C - 8
Total 10C 25.¢4 4.6»

Source: Yamano et al. (2014).
Note:”* Area weighted average.
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Appendix Table A-2. Popular Rice Varieties cultivated in eastern India.

Rice variety Year of release Category Designation Number of
farmers

Swarna 1979 MV MTU 7029 1,789
Moti 1988 MV CR 260-136-321 485
Pooja 1999 MV CR 629-256 371
Sambh Mabhsori 1986 MV BPT 5204 347
ARIZE 6444 2007 Hybrid Hybid 6444 330
Sarju-52 1980 MV n.a. 317
Mahsuri 1972 Improved n.a. 301
Lalat 1988 MV ORS-26-2014-4 257
Swarna Subl 2009 MV n.a. 238
Vijetha 1995 MV MTU 1001 160
Sonam n.a. Improved n.a. 136
Khandagiri 1992 MV OR 811-2 125
Kalachampa 1999 Traditional n.a. 116
Sona n.a. Improved n.a. 73
1010 n.a. Improved n.a. 54
Naveen 2005 Improved CR-749-20-2 53
Niranjan n.a. Improved n.a. 51
1018 (CR 1018) n.a. Improved n.a. 50
Ranjit 1994 Improved TTB 101-17 45
Moti Gold n.a. Improved n.a. 44
Sarala 2001 Improved CR-260-77-100 42
Komal n.a. Improved n.a. 37
1009 n.a. Improved n.a. 33
PHB 71 1997 Hybrid n.a. 32
Pratikshya 2005 Improved OR S 201-5 32
Annapurna 1977 Improved n.a. 30
Sita 1975 Improved IR 931-67-2-2 29
IR64 Sub1l 2013 Improved n.a. 24
Rupali n.a. Improved n.a. 20
Pant4 1983 Improved IR 262/ Remadja 19
IR 36 1981 Improved n.a. 19
Super Shyamili n.a. Improved n.a. 17
Narendra 97 1992 Improved NDR97 14
Pant11 1992 Improved UPR 83-169 14
Kastori 1989 Improved 13
1017 (MTU 1017) n.a. Improved n.a. 11
Gorakhnath n.a. Improved n.a. 10
Other Hybrid - Hybrid - 393
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Other Improved - Improved - 124

Other Traditional - Traditional - 680
Unknown - 1626
Total 8561

Source: Yamano et al. (2014).
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