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EXECUTIVE SUMMARY


Background 


This study examines the impact of genetically modified (GM) eggplant in Bangladesh. 


Eggplant, called brinjal in Bangladesh, is a high-value crop that is widely grown and 
 consumed. Brinjal is highly vulnerable to fruit and shoot borer (FSB) pest. In response, 
 farmers spray the crop heavily and repeatedly with highly toxic pesticides but with 
 limited success. Over a 10-year period, public sector Bangladeshi agricultural 


researchers, with support from Maharashtra Hybrid Seeds Co. Pvt. Ltd. (Mahyco) and 
 researchers based in the United States, have developed a series of GM varieties of Bt 
 brinjal that are resistant to FSB. Extensive biosafety work has demonstrated that there 
 are no significant differences between Bt brinjal and its non-GM counterparts (APAARI 
 2018). Following regulatory review, Bangladesh approved Bt brinjal for human 


consumption (APAARI 2018). Other studies suggest that these varieties convey higher 
 yields with lower applications of pesticides.  


The introduction of GM crops remains controversial in Bangladesh and globally. 


Frequent criticisms include claims that they are harmful to the environment, damaging 
 to human health, and inaccessible to small farmers for cost or intellectual property 
 reasons. It is also claimed that GM crops (including Bt brinjal) convey no yield benefits, 
 with critics noting that much of the work on economic benefits was based on 


observational data rather than randomized controlled trials (RCTs). Furthermore, 
 research on GM crops is perceived to be industry-influenced or biased in some way. 


This study was designed to provide independent rigorous scientific information that 
 could address some of these key criticisms. Specifically: 


(1) The treatment crop studied, BARI Bt brinjal-4, is an open pollinated variety.


(2) Bt brinjal, like conventional brinjal varieties, can be grown on small plots, making its
 cultivation accessible to farmers with limited access to land.


(3) The study was implemented as a randomized controlled trial with a pre-intervention
baseline survey and a post-intervention endline survey. The comparison crop, ISD-006, is
genetically identical to Bt brinjal-4 except it lacks the genetic construct containing a crystal
protein gene (Cry 1 Ac), which produces an insecticidal protein that is toxic to FSB. Under
the study, 1,200 farmers living in 200 villages were randomly selected to receive either
seedlings of Bt brinjal-4 or non-Bt brinjal (ISD-006). The study does not suffer from
attrition bias or imbalance between treatment and control groups.
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(4) Implementation of the intervention was undertaken by the Bangladesh Agricultural
 Research Institute (BARI) and the Department of Agricultural Extension (DAE) under the
 Ministry of Agriculture. Both treatment and comparison groups received near-identical
 access to agricultural extension services. The only meaningful difference was that


treatment farmers were informed that pesticides are not needed to control for FSB as Bt
 brinjal is resistant to this pest. Both treatment and comparison farmers received


extensive training in the use of non-pesticide methods to control for pests.


(5) The intervention was evaluated by an independent, external group of researchers
 based both inside and outside Bangladesh. These researchers have no financial stake or
 other conflicts of interest associated with Bt brinjal.


Results 


Impacts of growing Bt brinjal are: 


(1) On pesticide use:


• 47 percent reduction in the cost of applying pesticides, equivalent to a reduction
 of Tk 7,196 (US$85.53) per hectare (ha).1


• 51 percent reduction in the number of pesticide applications.


• 39 percent reduction in the quantity of pesticides applied.


• 41 percent reduction in the toxicity of pesticides applied, as measured by the
 Pesticide Use Toxicity Score (PUTS).


• 56 percent reduction in environmental toxicity, as measured by the Field Use
 Environmental Impact Quotient (EIQ-FUR).


(2) On fruit and shoot borer (FSB) infestation:


• At baseline, 34.9 percent of all brinjal plants were infested by FSB for the
 treatment group, and 36.0 percent of all brinjal plants were infested by FSB for
 the control group.


• At endline, only 1.8 percent of all Bt brinjal plants grown by the treatment
 farmers were infested by FSB. In contrast, 33.9 percent of all ISD-006 brinjal
 plants grown by the control farmers were infested by FSB. This shows that Bt
 brinjal has been successful in repelling infestation by the FSB pest.


1 The official exchange rate for the taka (Tk), the currency of Bangladesh, was Tk 84.13 per US$1.00 on 
March 31, 2019. 
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 (3) On yields, revenues, costs, and profits:


• Net yields (kilograms (kg) produced per ha of brinjal cultivated) were 42 percent
 higher, equivalent to a 3,622 kg per ha increase. Distributional statistics show
 that these increases were widespread. This increase occurs both because
 production is higher and because fewer fruit are discarded after harvest.


• A 31 percent reduction (per kg) in the cost of growing Bt brinjal. On a per ha
 basis, the cost of growing Bt brinjal was reduced by Tk 9,620. Most of this cost
 reduction results from reduced use of pesticides.


• An increase of 27.3 percent in gross revenues per ha.


• An increase of Tk 33,827 (approximately US$400) per ha in net profits. This profit
 per hectare is 13.9 percent higher for Bt brinjal.


(4) On self-reported health impacts:


• Individuals in households growing Bt brinjal were 10 percentage points less likely
 to report symptoms consistent with pesticide exposure.


• Individuals in households growing Bt brinjal were 6.5 percentage points less
 likely to report that they needed to seek medical care for these symptoms.


• Both men and women from households growing Bt brinjal were less likely to
 report symptoms consistent with pesticide exposure.


• Reductions in reported symptoms were larger for individuals who, at baseline,
reported symptoms related to chronic respiratory illnesses or skin disease.
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1. INTRODUCTION


1.1  Background and Motivation 


Brinjal (eggplant) is among the crops most heavily treated with pesticides in Bangladesh, 
 largely due to its susceptibility to the fruit and shoot borer pest (FSB) and other 


secondary pests. Farmers spray their brinjal crop many times throughout a season to 
 keep pests at bay and reduce yield losses, which have been reported to affect up to 86 
 percent of conventional brinjal (Ali, Ali, and Rahman 1980). Various studies in 


Bangladesh have found that brinjal farmers apply pesticides excessively, from 23 times 
 to as many as 140 times per season (Rashid, Mohiuddin, and Mannan 2008; Dey 2010; 


Sabur and Molla 2001; Ahsanuzzaman and Zilberman 2018; Raza 2018). Further, 
 numerous studies have found that very few farmers use protective measures during 
 pesticide application, risking negative health effects (Sabur and Molla 2001; Rashid, 
 Mohiuddin, and Mannan 2008; Dey 2010).  


Bangladesh is the first South Asian country to approve commercial cultivation of a 
 genetically modified (GM) food crop: brinjal spliced with a gene from the soil bacterium 
 Bacillus thuringiensis (Bt). On October 28, 2013, Bangladesh’s National Committee on 
 Biosafety (NCB) approved cultivation of four indigenous varieties of Bt brinjal, which are 
 resistant to attacks by the FSB, a common pest in South and Southeast Asia. According to 
 scientists of the Bangladesh Agricultural Research Institute (BARI) who developed the four 
 varieties, the protein in Bt brinjal disrupts the digestive systems of certain pests, causing 
 them to die within three days of ingestion. The NCB approved Bt brinjal for use, stating 
 that the GM crop would significantly reduce the need to use pesticides. In 2014, 20 


farmers received seedlings of four varieties of Bt brinjal from the Ministry of Agriculture to 
 grow on a trial basis (Shelton et al. 2018). In the following years, Bt brinjal adoption 


increased tremendously—reaching over 27,000 farmers in 2018 (Shelton et al. 2018). 


Widespread adoption of productivity-enhancing technologies has shifted production, 
with economic and environmental effects. Agricultural technologies, such as the Bt 
brinjal technology, offer new opportunities that must be evaluated in an increasingly 
complex world. A number of factors influence the effect of new or improved agricultural 
technologies on production and consumption. These include the characteristics of the 
existing agricultural and market systems, the agroecological conditions, socioeconomic 
status, and sources of information about these technologies, as well as beliefs, norms, 
and cultural practices. Adoption of agricultural technologies has proven to be effective 
in improving food availability and food quality and responsive to environmental risks 
and uncertainties.  
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Upon request of the Ministry of Agriculture, the International Food Policy Research 
 Institute (IFPRI) evaluated the impacts of the Bt brinjal technology on production 
 systems, marketability, and health. In collaboration with BARI and the Department of 
 Agricultural Extension (DAE), IFPRI conducted a Bt brinjal impact evaluation in selected 
 districts of north-western Bangladesh. IFPRI has outstanding capacity to conduct 
 rigorous and state-of-the-art impact evaluations, and has conducted numerous impact 
 evaluations in Bangladesh and many countries in Asia, Africa, and Latin America. 


IFPRI conducted the study under the ongoing Bangladesh Policy Research and Strategy 
 Support Program (PRSSP) for Food Security and Agricultural Development, funded by 
 the United States Agency for International Development (USAID) and implemented by 
 IFPRI. PRSSP conducts applied research to fill knowledge gaps on critical food security 
 and agricultural development issues in Bangladesh, and thereby facilitates evidence-
 based policy formulation and policy reforms to achieve the goal of sustainably reducing 
 poverty and hunger. 


1.2 Research on Bt Brinjal in Bangladesh 


There is a growing body of evidence on the potential of Bt brinjal in Bangladesh. 


In an ex ante study, Islam and Norton (2007) found positive economic benefits of 
 cultivating Bt brinjal for 60 farmers in Narsingdi and Jamalpur Districts. The study 
 estimated a 44.8 percent increased gross margin for Bt brinjal nationwide. Moreover,
 the study indicates that Bt brinjal may reduce insecticide costs by US$36 per hectare 
 (ha) and insecticide labor cost by $34 per ha.2 The total incremental benefit was $1,930 
 per ha against an incremental cost of $62 per ha, yielding a net benefit of $1,868 per ha. 


The Islam and Norton (2007) findings are derived from a farmer survey. 


Another study in 14 districts compared 74 Bt brinjal farmers and 30 non-Bt brinjal 
 farmers during the 2014/15 winter season. The study documented various positive 
 impacts of Bt brinjal. For conventional brinjal, pesticide costs were approximately four
 times higher (Tk 34,2983 per ha for conventional brinjal versus Tk 9,046 for Bt brinjal), 
 total costs of production were significantly higher (Tk 219,090 per ha for Bt brinjal 
 versus Tk 297,526 per ha for conventional brinjal), and yields were lower. BARI Bt 
 brinjal-2 gave the highest yield (Tk 29.51 per ha), followed by BARI Bt brinjal-4 (Tk 23.37 
 per ha) and BARI 


2 All dollar figures in the text refer to US dollars. 


3 The official exchange rate for the taka (Tk), the currency of Bangladesh, was Tk 84.13 per US$1.00 on 
 March 31, 2019. 
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Bt brinjal-3 (Tk 20.48 per ha). Moreover, Bt brinjal net returns were Tk 166,980 per ha 
 compared to Tk 33,089 per ha for non-Bt brinjal (five times larger for Bt brinjal farmers).4 
 A subsequent study by Rashid, Hasan, and Matin (2018) assessed the impacts of four 
 varieties of Bt brinjal during the 2016/17 winter season in 105 villages in 35 districts 
 among 505 Bt brinjal farmers and 350 farmers growing conventional brinjal. The study 
 reinforced many of the positive impacts documented in Rashid’s prior study. Net returns 
 were Tk 179,602 per ha for Bt brinjal versus Tk 29,841 per ha for conventional brinjal 
 (six times larger for Bt brinjal farmers). Pesticide costs for conventional brinjal were 
 more than three times higher than Bt brinjal. Treatment farmers growing Bt brinjal 
 experienced minimal losses from FSB infestation and received higher net returns 
 compared to control farmers. Infestation by FSB averaged 2 percent in Bt brinjal 
 compared to 49.4 percent in conventional brinjal, and pesticide use dropped. All Bt 
 brinjal farmers and 86 percent of farmers growing conventional brinjal wanted to 
 cultivate Bt brinjal the next year. 


Prodhan et al. (2018) conducted a two-year study on a research farm, which compared the 
 impacts of four Bt brinjal varieties and conventional brinjal. The study found a 0–2 percent 
 fruit infestation of FSB among the Bt brinjal varieties versus a 36–45 percent infestation in 
 conventional brinjal varieties. The study also found that Bt brinjal had no impact on non-
 target beneficial insects. In both years, Bt brinjal varieties consistently had higher gross 
 margins than conventional varieties, regardless of whether they were sprayed or not. The 
 difference in gross return per ha varied between Bt brinjal lines and their non-Bt 


counterparts but was significant. For example, the return for non-sprayed Bt-2 was 


$4,534.50 as opposed to its non-sprayed counterpart of $951.39—a 4.8-fold difference. 


Collectively, these four studies in Bangladesh suggest that Bt brinjal provides excellent 
 control of FSB, provides a better return (about a 5- to 6-fold return), and dramatically 
 reduces farmers’ use of pesticides. Ongoing research continues to build strong evidence 
 on the potential benefits of Bt brinjal for rural Bangladeshi farmers. 


1.3  Development of the Study 


IFPRI-PRSSP developed an initial concept note for a Bt brinjal impact evaluation in the 
 Feed the Future (FTF) zone of influence in south-western Bangladesh, and submitted the 
 concept note to USAID in January 2015. Based on this initial design, USAID decided to 
 fund the evaluation research. In April 2015, IFPRI gave a presentation at BARI and 


4 These data come from an unpublished 2014 BARI report by Rashid et al. Tony Shelton (personal 
 communication) provided these details. 
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explained the Bt brinjal impact evaluation design to scientists involved in Bt brinjal 
 research and promotion. BARI, an autonomous organization under the Ministry of 
 Agriculture that is responsible for Bt brinjal research, and IFPRI agreed to conduct the Bt 
 brinjal study jointly. The Ministry of Agriculture agreed to provide funding through BARI 
 for Bt brinjal seed production, other inputs, and farmers’ training. 


IFPRI conducted field visits and interviewed key informants to validate assumptions 
 before study implementation. During a scoping visit to the FTF zone, the IFPRI team 
 learned that brinjal cultivation in the FTF zone primarily takes place in the summer 
 season. BARI scientists were concerned about growing Bt brinjal during the summer 
 because the available Bt brinjal varieties were developed for winter cultivation. 


Therefore, BARI advised IFPRI to relocate the study from the south-western to the 
 north-western region, where winter cultivation of brinjal is more prevalent. 


In April 2017, IFPRI went on a second scoping visit to assess the feasibility of conducting 
 the study in the north-western region. IFPRI learned that there is a higher concentration 
 of farmers growing brinjal during the winter in that region. So, IFPRI and its partners 
 decided to implement the study for winter cultivation of Bt brinjal in four north-western 
 districts—that is, Bogura, Gaibandha, Naogaon, and Rangpur Districts.


1.4 Objectives of the Study 


The Bt brinjal impact evaluation is designed to provide a thorough understanding of the 
 impact of uptake and adoption of the Bt brinjal technology among Bangladeshi farmers, 
 mimicking as much as possible the real-world context of a roll-out. To this end, this study 
 aimed to provide important insights regarding the efficacy of this new technology, based 
 on which the Ministry of Agriculture may guide its future implementation strategy. The 
 results of the study will also be useful for various other stakeholders such as scientists at 
 the National Agricultural Research System (NARS), policymakers, USAID, the media, and 
 civil society in Bangladesh. The study had the following specific objectives: 


1. Estimate, using a rigorous impact evaluation, the impact of farmers growing Bt
 brinjal on key outcomes:


a. Use of pesticide for brinjal cultivation
 b. Brinjal yields


c. Cost of production
 d. Net crop income


e. Human health outcomes
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2. Document and disseminate results and lessons learned from the study.


Appendix A provides the scope of work for this study. 


1.5  Research Questions 


IFPRI used quantitative and qualitative data to address the following research questions: 


Production 


1. Does the cultivation of Bt brinjal change the quantity of pesticides applied to
 brinjal? (Yes/No). How large is this change?


2. Does the cultivation of Bt brinjal change the frequency with which pesticides are
 applied to brinjal? (Yes/No). How large is this change?


3. Does the cultivation of Bt brinjal change the cost of applying pesticides to
 brinjal? (Yes/No). How large is this change?


4. Does the cultivation of Bt brinjal change the prevalence of secondary insect
 infestations? (Yes/No). How large is this change?


5. Does the cultivation of Bt brinjal change the amount of labor used to produce
 brinjal? (Yes/No). How large is this change? If this change occurs, does it reflect a
 change in the use of hired labor (Yes/No; how large is the change) or family labor
 (Yes/No; how large is the change)? If family labor changes, who in the family
 changes their labor supply and by how much?


6. Does the cultivation of Bt brinjal change other production practices? (Yes/No). If
 so, what are those changes?


7. Does the cultivation of Bt brinjal change other costs associated with brinjal
 production (not pesticides or labor)? (Yes/No). What costs change? How large is
 this change?


8. Does the cultivation of Bt brinjal change the amount of brinjal produced?


(Yes/No). How large is this change?


9. Does the cultivation of Bt brinjal change brinjal yields (that is, production/area
 cultivated)? (Yes/No). How large is this change?


10. Why do these changes occur? Are they observed uniformly across the sample or
 are they associated with specific farmer or locational characteristics?


Marketing 


11. Compared to conventional varieties, is Bt brinjal easier or more difficult to sell in
 local markets? Why?


12. Has the introduction of Bt brinjal brought new traders into local markets for
 brinjal? If so, who are these individuals? Have other traders left these markets?
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13. Is Bt brinjal sold at a different price compared to conventional brinjal? (Yes/No).


Is this a higher or lower price? How large is the price differential? Is this a
 constant price differential or does it vary? If it varies, by how much and why?


14.How do farmers’ experiences in marketing Bt brinjal compare to marketing
 conventional brinjal? What factors affect these experiences?


Income 


15. Does the cultivation of Bt brinjal cause gross revenues from brinjal production
 (total production x price received) to change? How large is this change?


16. Does the cultivation of Bt brinjal cause net revenues from brinjal production
 (gross revenues minus all costs) to change? How large is this change?


17. If changes in gross or net revenues occur, what accounts for these? Changes in
 revenues, in costs, or some combination of these?


Health 


18. Does the cultivation of Bt brinjal reduce household self-reports of symptoms
 consistent with pesticide exposure? (Yes/No). How large is this change? Who in
 the household (by age/sex/relationship to household head) is affected by this
 change?


19. Does the cultivation of Bt brinjal reduce the number of days that household
 members are too ill to work? (Yes/No). How large is this change? Who in the
 household (by age/sex/relationship to household head) is affected by this
 change?


20. Does the cultivation of Bt brinjal change healthcare and expenditures related to
 healthcare? (Yes/No). How large is this change? Who in the household (by
 age/sex/relationship to household head) is affected by this change?
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2. RESEARCH DESIGN


2.1  Designing an Impact Evaluation: An Overview 


The purpose of an impact evaluation is to compare outcomes for beneficiaries in a 
 particular program (observed outcomes) with the beneficiaries’ outcomes had they not
 participated in the program (counterfactual outcomes). The difference between the 
 observed outcomes for beneficiaries and the counterfactual outcomes represent the 
 causal impact of the program. The fundamental challenge of an impact evaluation is 
 that it is not possible to observe exactly the same beneficiaries both participating in the 
 program and not participating in the program at exactly the same time; therefore, the 
 counterfactual outcomes for beneficiaries are unknown. All evaluation strategies are 
 designed to find a method for constructing a proxy for these counterfactual outcomes. 


Most evaluations measure counterfactual outcomes for beneficiaries by constructing a 
 comparison group of similar households from among non-beneficiaries. Collecting data 
 on this comparison group makes it possible to observe changes in outcomes for people 
 not participating in the program and to control for other factors that affect outcomes, 
 which reduces bias in the impact estimates. 


Figure 2.1 shows how information on a comparison group can be used to measure 
 program impact by removing the counterfactual from the observed outcome for 
 beneficiaries. In the figure, the outcome variable is represented on the Y axis, and time
 is represented on the X axis. A household survey is conducted to measure the outcome
 in two periods: the baseline at t0 and the follow-up at t1. In the figure, at baseline the
 average outcome for both the households benefiting from the program and those in the 
 comparison group is at the level of Y0. After the program is completed, the follow-up
 survey (t1) demonstrates that the group participating in the program has an outcome
 level of Y1, while the comparison group has an outcome level of Y*1. The impact of the
 program is measured as Y1 ― Y*1. If a comparison group had not been included, the
 impact might have been misrepresented (and overstated) as the observed change in the 
 outcome for the beneficiary group: Y1 ― Y0.
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Figure 2.1 Measuring impact based on outcomes from beneficiary and comparison groups 


8 
 Source: Constructed by authors.


In constructing a comparison group for the evaluation, it is important to ensure that the 
 group is as similar as possible to the program group before the start of the program. To 
 understand why, consider estimating the impact of introducing a new agricultural 
 technology among smallholder farmers on rice yields as the difference in average rice 
 yields between beneficiaries and a random sample of non-beneficiary farmers. The 
 problem with this approach is that non-beneficiaries may be different from program 
 beneficiaries in ways that make them an ineffective comparison group. If the evaluation 
 does not control for these differences prior to initiating the program, impact estimates 
 will be biased. The most common sources of bias are targeting or program placement bias 
 and bias due to self-selection by beneficiaries concerning the decision to participate. 


2.2 Evaluation Methods 


A randomized controlled trial (RCT) was used to quantitatively measure the impact of 
 the introduction of Bt brinjal among a study population. Qualitative research methods 
 complemented the quantitative study. 


RCTs are widely considered to be the most rigorous approach to constructing a 


comparison group for an evaluation. The method involves designing a field experiment 
 by random assignment of the program among comparably eligible communities or 
 households. Those that are randomly selected out of the program form a control group, 
 while those selected for the program are the treatment group. When an RCT is properly 
 implemented, differences in outcomes between the treatment and control groups 
 should be free of bias and can reliably be interpreted as causal impacts of the program. 


The logic is that, because assignment of the program is randomly determined and not 
correlated with the outcome variables, differences in outcomes over time between 
randomly selected treatment and control groups must be a result of the program. 
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RCT estimates are further strengthened by measuring outcome variables for treatment 
 and comparison groups before and after the program begins. This makes it possible to 
 construct “difference-in-differences” (DID) estimates of program impact, defined as the 
 average change in the outcome in the treatment group, T, minus the average change in 
 the outcome in the comparison group, C. Mathematically, this is expressed as: 


The main strength of DID estimates of program impact is that they remove the effect of 
 any unobserved variables that represent persistent (time-invariant) differences between 
 the treatment and comparison group. This helps to control for the fixed component of 
 various contextual differences between treatment and comparison groups, including 
 depth of markets, agro-climatic conditions, and any persistent differences in 


infrastructure development. As a result, DID estimates can lead to a substantial 
 reduction in selection bias of estimated program impacts. 


2.3  Method Used for Estimating Impacts of the Bt Brinjal Technology 


IFPRI’s impact estimation strategy for the Bt brinjal impact evaluation relied on the 
 clustered RCT design of the evaluation. Random assignment of clusters (villages) assured 
 that, on average, farm households had similar baseline characteristics across treatment 
 and control groups. Such a design eliminates systematic differences between treatment 
 and control households and minimizes the risk of bias in the impact estimates due to 


“selection effects” (Hidrobo et al. 2014). 


Analysis of Covariance (ANCOVA) regression was used to estimate impacts of the Bt 
 brinjal technology using the longitudinal data on treatment and control households. 


The ANCOVA specification allows a household’s outcome at follow-up to depend on the 
 same household’s outcome at baseline, as well as on the household’s treatment status 
 and an error term (accounting for any omitted observable or unobservable factors). In 
 case of high variability and low autocorrelation of the data at baseline and follow-up, 
 ANCOVA estimates are preferred over DID estimates (McKenzie 2012). Intuitively, if 
 autocorrelation is low, then DID estimates will over-correct for baseline imbalances. 


ANCOVA estimates, on the other hand, will adjust for baseline imbalances according to 
 the degree of correlation between baseline and follow-up, as the specification allows 
 estimating autocorrelation rather than imposing it to be unity. The ANCOVA model that 
 was estimated is below: 


𝑌ℎ =∝ + 𝛽𝑇ℎ + 𝛾𝑌ℎ,𝑏𝑎𝑠𝑒 + 𝜀ℎ
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where ∝ is a scalar, 𝑌ℎ is the outcome of interest (for example, Bt brinjal yields) for farm 
 household ℎ at follow-up, and 𝑌ℎ,𝑏𝑎𝑠𝑒 is the outcome of interest at baseline. 𝑇 is an 
 indicator for whether household ℎ is in the treatment group (treatment = 1, control = 0), 
 𝛽 is the ANCOVA impact estimator, and 𝜀ℎ is an error term. In other words, 𝛽 represents 
 the amount of change in outcome, Y, which is due to household ℎ being assigned to the
 treatment group. To test whether the ANCOVA impact estimator is statistically different 
 for the treatment group, Wald tests of equality are conducted and p-values are reported. 


The randomization of treatment status, the selection of farmers based on their 


willingness to grow Bt brinjal and the use of the ANCOVA estimator collectively ensure 
 that changes in outcome variables can be ascribed to the application of Bt brinjal. 


Throughout the report, for outcomes where two rounds of data can be used, the “base”


ANCOVA specification above is estimated, with standard errors adjusted for clustering at 
 the village level, and an “extended” ANCOVA specification. The extended specification
 includes additional baseline covariates to improve precision and further address any 
 baseline imbalances between arms. A parsimonious list of baseline covariates for the 
 extended specification was selected, roughly following two criteria (Bruhn and McKenzie 
 2009): (1) we believe the covariates “matter” for our outcomes of interest, meaning
 they are likely to be significantly associated with key outcomes; and (2) differences in 
 the baseline covariates between intervention arms appear “large.” Also, baseline 
 covariates with non-missing values in the data were selected so that including them 
 does not drop household observations from the estimation. The final list of baseline 
 covariates included in the extended specifications is as follows: age, years of education 
 of household head, number of years worked as a farmer or person with primary 


responsibility for brinjal production, wealth index, and land operated (acres) at baseline. 


The robustness of the findings was assessed by comparing results from the basic model, 
 the extended model, winsorizing (this deals with outliers in the outcome variable by 
 setting the values of the bottom two percentiles equal to the second percentile and by 
 setting the values of the top two percentiles equal to the 98th percentile), and by taking 
 the log of the dependent variable (taking the log reduces the influence of outliers on the 
 impact estimates). 


All data were aggregated at the household-level. The statistical software STATA 15.1 
 was used for analyzing the survey data. 
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2.4  Selection of Study Area 


BARI’s Bt brinjal varieties are best suited for winter cultivation, with sowing of seeds
 beginning in September/October and transplanting seedlings in November; therefore, 
 the study aimed to concentrate on localities where farmers predominantly cultivate 
 brinjal in the winter (Rabi) season. Further, given the research interest in assessing Bt
 brinjal as a cash crop (rather than one simply for home consumption), these localities 
 had to be characterized by good physical infrastructure and well-functioning markets 
 for brinjal. 


DAE officials provided IFPRI with lists of villages, by upazilas (sub-districts), in the 
 selected districts where brinjal is cultivated predominantly in the winter season and 
 with the number of brinjal farmers in each village. Using these lists, 10 upazilas with a 
 high concentration of villages with a substantial number of brinjal farmers were 


purposively selected. Table 2.1 provides the list of the selected upazilas for the Bt brinjal 
 impact evaluation. 


Table 2.1 List of study districts and upazilas 


District  Upazila 


Bogura Shahjahanpur 


Gaibandha  Gaibandha Sadar 


Palashbari 
 Gobindaganj 


Naogaon  Dhamoirhat 


Manda


Rangpur  Pirgachha 


Pirganj 
 Mithapukur 
 Gangachara 
 Source: Constructed by authors. 
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 2.5  Sample Size Calculations 


2.5.1  Overview 


It is important to ensure that the sample size is sufficiently large for treatment impacts 
 to be feasibly detected in the outcomes of interest. While increasing sample size 
 requires devoting additional resources, having too small a sample can lead to data that 
 is insufficient to serve the purpose of the evaluation. If the sample is too small, even a 
 substantial treatment impact in a key outcome may be indistinguishable from inherent 
 variability in the outcome. 


The role of sample size calculations is to formally analyze what study designs will allow 
 sufficient power to detect a specified minimum change in a given outcome. These 
 calculations can also be used to consider implications of known limitations in study 
 design. For example, if there are specific constraints on sample size (for example, for 
 practical/logistical reasons), the minimum detectable effect in each outcome can be 
 calculated, given the constraints. If the minimum detectable effect in a particular 
 outcome is unreasonably large to expect as a treatment impact, this insight can then 
 guide the choice of outcomes considered to be the focus of the study, which can in turn 
 guide the research questions that are posed and shape the design of the survey 


questionnaire. To summarize—and to be clear on this point—sample size calculations 
 do not indicate what the sample size must be. Rather, they indicate what magnitude of 
 effects we can reasonably expect to observe, given the design of the intervention. 


2.6  Sample Size Calculations for the Bt Brinjal Impact Evaluation 


The sample size needed for the Bt brinjal impact evaluation depended on several 
 factors: (1) the outcomes that are of the greatest interest to researchers and program 
 managers; (2) the minimum size of change in those outcomes that researchers would 
 like to observe; (3) the degree of variability in those outcomes; (4) the extent to which 
 there is correlation in outcomes within localities; (5) the desired level of statistical 
 power; and (6) the level of desired statistical significance. Sample sizes increase with 
 reductions in the size of change that the evaluation is attempting to uncover, greater 
 variability in outcomes, increased correlation of outcomes, and higher statistical power. 


In the context of the Bt brinjal impact evaluation, the calculations also accounted for 
 treatment being cluster randomized at the village-level. In sample size calculations for 
 cluster-randomized studies, not only the number of households and the number of 
 clusters matter, but also the inherent similarity of households within a cluster. The 
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measure that captures this similarity for each outcome is referred to as its "intra-cluster 
 correlation"—that is, in the absence of any treatment, a measure of the extent to which 
 the outcome varies across households within a cluster relative to how much it varies 
 across clusters. 


The value of the intra-cluster correlation for any outcome is likely to depend on the 
 context of the data. Since it is necessary to conduct sample size calculations prior to 
 collecting the data, the accepted approach to estimating intra-cluster correlations for 
 sample size calculations is to use values calculated from existing comparable datasets. 


For the Bt brinjal impact evaluation, parameters were derived from IFPRI’s 2011–2012 
 nationally representative IFPRI survey, the Bangladesh Integrated Household Survey 
 (BIHS).5 Brinjal yields per ha and total cost of pesticide use per ha were used as the 
 outcome indicators. BARI officials stated that the cost of pesticides is a major cost of 
 brinjal production, and FSB infestation causes considerable loss in brinjal production, 
 resulting in a significant reduction in brinjal yields. 


The standard practice of calculating the sample size was followed that, given the 
 expected change in the selected outcome indicators, would provide an 80 percent 
 chance (the power of the test) of correctly rejecting the null hypothesis that no change 
 occurred, with a 0.05 level of significance. 


The estimated necessary minimum sample size is reported in Table 2.2. For example, to 
 detect a minimum, statistically significant increase in brinjal yields per ha of 30 percent 
 between treatment and control groups, a minimum total sample size of 180 clusters 
 (villages) and 1,046 farm households are required, with 523 farm households for the 
 treatment group and 523 households for the control group. For reduction of pesticide 
 cost per ha as an outcome indicator, 187 clusters and 1,120 farm households (560 
 treatment and 560 control households) are required to detect a minimum of 40 percent 
 reduction in pesticide costs. 


A sample size large enough to assess both impacts (that is, at least 1,120 farm households) 
 and allow for the possibility that some households may drop out between baseline and 
 endline is necessary. Therefore, for the Bt brinjal impact evaluation, 200 clusters/villages 
 (100 treatment and 100 control villages) and 1,200 farm households (600 treatment and 
 600 control households) were used. Each cluster included six farm households. 


5 Dataset: Ahmed, A.U. 2013. “Bangladesh Integrated Household Survey (BIHS) 2011-2012”, 
 http://hdl.handle.net/1902.1/21266 UNF:5:p7oXR2unpeVoD/8a48PcVA== International Food Policy 
 Research Institute [Distributor] V3 [Version] 
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Table 2.2 Minimum sample size required for detecting changes in selected outcome 
 indicators 


Indicators  Minimum impact 


Required 
 number of 


clusters 


Required number of farm households 


Treatment  Control  Total 


Brinjal yield per ha  An increase of 25%  281  701  701  1,402 


Brinjal yield per ha  An increase of 30%  180  523  523  1,046 


Pesticide cost per ha  A reduction of 35%  250  731  731  1,462 


Pesticide cost per ha  A reduction of 40%  187  560  560  1,120 


Source: Calculated using data from the IFPRI Bangladesh Integrated Household Survey, 2011–2012. 


2.6.1  Selecting Treatment and Control Groups 


The sampling process for the treatment and the control groups included the following steps: 


• As previously noted in Section 2.5, study areas were selected based on (1) winter
 (Rabi) brinjal cultivation, with planting of seeds beginning in September/October
 (Ashwin/Kartik month of the Bangla calendar), (2) localities characterized by good 
 physical infrastructure, and (3) well-functioning markets for brinjal. In consultation 
 with officials from BARI and DAE, four districts were identified that satisfy these 
 criteria: Bogura, Gaibandha, Naogaon, and Rangpur. Consideration was given to 
 balancing the value of surveying a diverse set of localities with the practicalities of 
 ensuring timely delivery of Bt brinjal seeds prior to the start of the planting season.


• DAE officials in the four selected districts provided IFPRI with lists of villages, by 
 upazila, where brinjal is cultivated predominantly in the winter season and with the 
 number of brinjal farmers in each village. Using these lists, upazilas with a high 
 concentration of “brinjal” villages were purposively selected, defined as having at 
 least 15 brinjal farmers per village.


• A list was compiled of villages within these upazilas where there were at least 15 
 brinjal farmers.


• From this list, 100 villages were randomly assigned to the treatment group and 100 
 villages to the control group (200 villages selected).


• A 100 percent census of the 100 selected treatment villages and the 100 selected 
 control villages was conducted, and all brinjal farmers from the village census were 
 listed.


• From the census list of brinjal farmers of the selected treatment and control villages, 
 farmers who were willing to grow Bt brinjal-4 and farmers willing to grow non-Bt 
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brinjal (ISD-006) on 10-decimal (0.10 acre or 0.04 ha) plots during the planting 
 season beginning in November 2017 were identified. This selection criteria ensured 
 that farmers selected for the study have similar attributes in terms of interest and 
 willingness to grow Bt brinjal. 


• Six farmers were randomly selected from each of the treatment and control villages
 and confirmed their participation in the study (1,200 male brinjal farmers selected).


2.7  Limitations of the Bt Brinjal Impact Evaluation Study 


All impact studies face challenges and have limitations. Here, salient examples of the 
 limitations faced during this study are described: 


• Some upazilas in the north experienced flash floods during the study period.


Study farmers in the flood-affected areas had to replant their brinjal seedlings.


As a result, the replanting took place after the optimal period of planting brinjal
 crops (September-October), which lowered brinjal yields. Note, however, that
 this will have affected both control and treatment brinjal farmers.


• The weather during the study period was colder than the usual winter season and
 was marked by sporadic spells of very low temperatures. This delayed the flowering
 of the brinjal plants, ultimately lowering crop yields. Bt brinjal yields observed in this
 study were lower than yields reported in other studies, such as Prodhan et al.


(2018). Again, this will have affected both control and treatment brinjal farmers.


• Brinjal prices plummeted in the market during the study period. Hence, the
 combination of lower yields and low prices resulted in lower revenue and profits
 compared to what was reported in other studies.


• The Bt brinjal impact evaluation study is an RCT; therefore, the study outcomes
 may deviate from the real-world setting—an issue of external validity. For
 example, under this study, the intensity and quality of training and attention
 received by the agricultural extension officials, referred to as sub-assistant
 agriculture officers (SAAOs), may not be maintained as Bt brinjal is scaled up.


SAAOs closely monitored both treatment and control farmers to see that they
 were following the instructions on better production practices meticulously,
 including maintaining a refuge border in the case of the treatment farmers. At
 scale, it is not clear whether such monitoring can be maintained. Potential
 strategies to address this issue for sustainability are briefly discussed in Section
 10 of this report.
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 3. DATA COLLECTION METHODOLOGY


The information collection approach used to evaluate the Bt brinjal impact evaluation 
 combined quantitative surveys and qualitative semi-structured key informant 


interviews and focus group discussions. This mixed methods approach provided a rich 
 pool of data and powerful analysis that would not have been available using any of 
 these methods on their own. Gender-disaggregated information was collected for 
 individual household members. 


The required quantitative data for the impact evaluation came from two household 
 surveys. A baseline survey was carried out from November 25 to December 13, 2017, 
 and an endline survey was conducted from July 4 to 17, 2018. The surveys included farm 
 households cultivating Bt brinjal (treatment) and conventional brinjal (control). 


The qualitative data came from nine focus group discussions with Bt brinjal farmers, 
 nine key informant interviews with concerned DAE officials, and nine key informant 
 interviews with market traders operating in these villages. 


3.1  Baseline and Endline Surveys 
 3.1.1  Survey Questionnaires 


The Bt brinjal survey questionnaires included modules that, together, provide an 
 integrated data platform to answer the research questions. The Bt brinjal baseline 
 survey questionnaire served as the basis for the endline survey questionnaire design. 


Although the survey questionnaires remained relatively consistent between the two 
 survey rounds, there were some modifications to the survey instruments between 
 baseline and endline. For instance, data on assets, personal history and sense of agency, 
 and savings were only collected at baseline. On the other hand, data on shocks affecting 
 brinjal production and program participation were only collected at endline. Table 3.1 
 summarizes the survey modules in the baseline and endline questionnaires. Appendix B 
 features the combined baseline and endline survey questionnaire. 
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Table 3.1 List of survey modules in baseline and endline surveys 


Name of the Module  Baseline Survey 


(Nov-Dec 2017) 


Endline Survey 
 (July-Aug 2018) 


Module A: Sample Household and Identification  INCLUDED  INCLUDED 


Module B: Household Composition and Education  INCLUDED  INCLUDED 


Module C: Health  -- --


C1: General health questions  INCLUDED  INCLUDED 


C2: Health status during crop growing season(s)  INCLUDED  INCLUDED 


Module D: Assets  -- --


D1: Current household assets  INCLUDED  NOT INCLUDED 


D2: Agricultural implements and other productive assets  INCLUDED  NOT INCLUDED 


D3: Housing, water and sanitation  INCLUDED  NOT INCLUDED 


Module E: Savings  INCLUDED  NOT INCLUDED 


Module F: Loans  INCLUDED  INCLUDED 


Module G: Roster of land and pond/water bodies owned or  INCLUDED  INCLUDED 
 under operation 


Module H: Brinjal Production  -- --


H1: Seedling/seedbed production and planting  INCLUDED  INCLUDED 


H2: Area planted and irrigation  INCLUDED  INCLUDED 


H3: Usage of fertilizers  INCLUDED  INCLUDED 


H4: Pesticide usage  INCLUDED  INCLUDED 


H5: Pest infestation  INCLUDED  INCLUDED 


H6: Use of tools, machinery and draft animals for brinjal  INCLUDED  INCLUDED 
 H7: Household labor usage for brinjal production  INCLUDED  INCLUDED 
 H8: Hired labor usage by gender for brinjal production  INCLUDED  INCLUDED 


H9: Harvesting and sales  INCLUDED  INCLUDED 


H10: Marketing of brinjal  INCLUDED  INCLUDED 


H11: Shocks affecting brinjal production  NOT INCLUDED  INCLUDED 


Module I: Knowledge, Use and Exposure to Pesticides  INCLUDED  INCLUDED 


Module J: Agriculture (for all crops except brinjal)  -- --


J1: Crop production  INCLUDED  INCLUDED 


J2: Access to agricultural extension for crops (including brinjal)  INCLUDED  INCLUDED 


Module K: Personal History, Sense of Agency  INCLUDED  NOT INCLUDED 


Module L: Program Participation  NOT INCLUDED  INCLUDED 


Source: Constructed by authors. 
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