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ABSTRACT 

Agricultural innovation is essential to meet Africa’s increasing food requirements in a changing climate. One potential path 

for increasing yields is to invest in land cultivated by women. Although agricultural intensification has been the standard 

approach to increase yields, there is a recent push to emphasize sustainable land management (SLM). The traditional 

mode of technology diffusion is through the provision of agricultural extension services, which typically cater to male 

farmers. To better understand the role of gender in the dissemination of SLM techniques, we exploit a policy experiment 

conducted in 200 communities in the Zambezi valley of Mozambique. These communities were randomly selected in 2010 

to have a female messenger trained in sustainable land management and were given a specific mandate to teach women 

SLM techniques. The objective was to understand if placing women in extension positions helps other women through 

targeted social learning overcome barriers to technology adoption. Female messengers may not only improve 

communication to women, but also better meet their informational needs. Using data from panel surveys collected in the 

experimental areas, we find women’s awareness of the micro-catchment farming technique increases by 9 percentage 

points in 2012 and adoption of the technology by 5 percentage points in 2013 in communities with female messengers. 

Complementarities between trained male messengers and their female colleagues drive awareness and adoption 

improvements. Discovering which aspects of these complementarities between male and female messengers achieve 

greatest adoption rates for a variety of technologies will inform policies to enhance food security through targeting female 

farmers. 
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1. INTRODUCTION 

This study uses a policy experiment in Mozambique to examine the impact of training female messengers of Sustainable 

Land Management (SLM) techniques on the awareness, knowledge, and adoption of SLM practices by other female farmers. 

Agricultural innovation is essential to meet the food requirements of Africa’s growing population (Byerlee et al., 2009). 

Although agricultural intensification has been the standard approach to increase yields, there has been a recent push in 

some areas to emphasize SLM practices instead (Spielman, 2014). SLM potentially offers higher yields, more efficient water 

use, increased resilience to climate variability, and enhanced soil fertility (Liniger et al., 2011). There are, however, few 

examples of SLM practices being widely adopted by target populations or persisting over time  

(Stevenson et al., 2014). An overburdened agricultural extension system can cause low information dissemination rates and 

provision of irrelevant or outdated material on agricultural practices (Aker, 2011). Behavioral responses may also reduce 

agricultural investment (Rosenzweig and Binswanger, 1993, Ghadim et al., 2005, Dercon and Christiaensen, 2011, Duflo et 

al., 2011). 

SLM outreach, in particular, and agricultural extension services, in general, often overlook women, despite their major 

role in the agricultural work force (O’Sullivan et al., 2014). One pathway to increasing yields may be to enhance SLM 

investments made on land cultivated by women. In many settings, married women cultivate plots separate from those of 

other family members. They face different challenges to productivity, such as deficiencies in inputs (Udry et al., 1995, Udry, 

1996, Croppenstedt et al., 2013), weak property rights (Goldstein and Udry, 2008), and time constraints (O’Sullivan et al., 

2014). They also have low access to extension services (O’Sullivan et al., 2014), the traditional means of disseminating 

agricultural innovations (Sunding and Zilberman, 2001). Social stigma can decrease information supplied to women, while 

also decreasing their demand for information. In societies with strict norms on gender roles and male-female social 

interactions, women may be more effective interlocutors in disseminating information on agricultural innovations to other 

women. 

Placing women in extension positions may help other women overcome barriers to adoption posed by inequitable 

access to agricultural services or exposure to inapt information. Regarding the former, as in education and health (Evans et 

al., 1992, Angrist and Lang, 2004, Miguel and Kremer, 2007, Godlonton and Thornton, 2012), recent evidence suggests the 

source of communication affects the extent information is accessible to and absorbed by farmers (Munshi, 2004, Bandiera 

and Rasul, 2006, Conley and Udry, 2010). Female leaders may also promote policies prioritized by women and cause 

women to become more politically active (Chattopadhyay and Duflo, 2004). Taken together, this evidence suggests that 

female messengers may not only improve communication to women, but may also better meet their informational needs. 

The Government of Mozambique conducted a randomized agricultural extension intervention in 200 Zambezi Valley 

communities. Male messengers, also known as contact farmers, served as points-of-contacts between extension agents and 

community members prior to the intervention (Feder and Anderson, 2004, Anderson and Feder, 2007). In 2010 and 2012, 

the intervention randomly selected male messengers from 150 communities to receive a three-day centralized training in 

SLM practices (Treatment 1). Training was equivalent in content and breadth to SLM training administered to extension 

agents. Extension agents provided a toolkit to all male messengers and assistance to maintain a demonstration plot. 

Demonstration plots make it easier for community members to learn from male messengers’ own SLM experiences. 

Females head 30 percent of households in the region (TIA, 2008), and married women generally are responsible for 

farming their own plots. The Government of Mozambique was interested in developing a mechanism, within the broader 

randomized extension intervention (Treatment 1), to reduce social barriers that inhibit female farmers from receiving 

extension information. The training intervention as initially designed equipped male messengers to teach new techniques to 

their fellow farmers. However, even if it improves information dissemination, the information may not reach female farmers. 
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To better understand whether this is the case, a second experimental treatment randomly selected 75 communities 

within Treatment 1 to have a second, female messenger, trained with a specific mandate to teach women SLM (Treatment 

2). 

The data generated by this program allow us to test three sets of hypotheses regarding the role of gender in information 

dissemination. 

1. Training one male peer messenger does not increase the probability that (a) female or (b) male farmers 

receive information. 

2. Training a second female peer messenger does not increase the probability that (a) female or (b) male 

farmers receive information. 

3. Training a second female peer messenger does not cause the incumbent male peer messenger to reduce 

his outreach effort to (a) female or (b) male farmers 

The first set of hypotheses addresses whether simply training a male peer messenger improves access of any farmers 

to SLM information and whether any increase in information dissemination has a gender bias. The second set of hypotheses 

addresses the question of whether adding a female messenger further improves dissemination and whether this effect 

serves to counteract gender bias. Finally, the third set of hypotheses examines whether adding a second messenger acts as 

a substitute or complement for the effort of the incumbent male messenger. It may be the case, for example, that the second 

messenger acts as a substitute for the first. She may reduce the pool of farmers available to the incumbent, causing 

indicators of his outreach effort to decline. It may also be the case that the efforts of a second messenger complement those 

of the first, leading the incumbent to increase his effort. 

2. MATERIALS AND METHODS 

In 2007, the Government of Mozambique, with financial support from the World Bank, invested heavily in the agricultural 

extension network in five districts in the Zambezi Valley, an area with high agricultural potential (World Bank, 2007). The 

government increased the number of extension agents per district and provided them with housing and training. In 2010 and 

2012, agents received technical training on eight SLM practices (mulching, crop rotation, strip tillage, micro-catchments, 

contour farming, row planting, improved fallowing, and intercropping). Training lasted three days split evenly between in-

class lectures and field demonstrations. 

Figure 1—Multi-arm design of the experiment to examine the importance of gender in dissemination of sustainable 

land management techniques 

 

In collaboration with the government, our research team designed an experiment that similarly trained a random subset 

of existing male contact farmers, or messengers, from communities in the five districts. In 2010, the messenger baseline 

survey collected a census of all messenger characteristics in over 300 communities. The baseline survey was used to 

randomize the selection of communities into two treatment groups, stratified by district to ensure sufficient geographic 

representation. Figure 1 depicts the multi-arm treatment design of the experiment. All communities had incumbent male 

messengers of which 150 were randomly selected into Treatment 1 and 50 into the control (no training). Of the 150 

Treatment 1 communities, 75 were randomly selected into Treatment 2, in which the community selected a female farmer to 

All extension agents 
receive Sustainable 
Land Management 

(SLM) training
TREATMENT 1

150 male contact farmers (MCF) 
receive SLM training to establish 

demonstration plot in their 
communities TREATMENT 2

In 75 communities with SLM-
trained MCF, female contact 
farmer (FCF) also provided 

with SLM training

In 75 communities with SLM-
trained MCF, no female contact 

farmer (FCF) provided with 
SLM training

CONTROL
50 MCFs do not receive SLM 

training; no female contact farmer 
(FCF) trained in SLM in their 
community; no incentives
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receive the same training as the male messenger, maintain her own demonstration plot, and to teach women SLM 

practices.1 

Messenger training was conducted by extension agents in a centralized location in each district, where only 

messengers assigned to Treatments 1 and 2 were asked to participate in 2010 and 2012. Access to extension agents and 

infrastructure was otherwise the same between treatment and control communities. All messengers, whether trained in SLM 

techniques or untrained, received assistance and a toolkit to maintain a demonstration plot. In training the messengers, 

extension agents followed the same format as their own training, with half the course spent in the classroom and the 

remainder in the field. The second training in 2012 was a refresher course, where the field demonstrations concentrated on 

mulching and contour farming. 

Training attendance for messengers in the treatment communities dwindled at the same time as training attendance 

restrictions for those messengers in the control communities were relaxed over time. In 2010, only four messengers in the 

treatment communities, all in Mopeia district, missed the SLM technique training sessions. However, by 2012, participation at 

the training among treatment messengers diminished; only 63 percent of the treatment communities had at least one 

messenger attend the training. At the same time, 16 percent of messengers in the control communities attended training in 

2012, reflecting some contamination of the experimental design, since control messengers were to have received no training 

in SLM techniques. However, use of demonstration plots remained consistent over time with approximately 80 percent of the 

messengers using them and no statistical difference in this regard across treatment and control communities. 

The analysis draws on data collected from two household panel survey rounds conducted in 2012 and 2013, 

respectively, and three messenger panel survey rounds done in 2010, 2012, and 2013 in the experimental areas. The 

chronology of the survey collection relative to the training sessions and the agricultural cycle is provided in Figure 2. There 

were two interviews in 2012 and 2013 for each household surveyed. These were conducted pre and post-harvest. Most 

modules were administered pre-harvest with the exception of the household production module which was collected post-

harvest to improve the precision of responses. The contact farmer (CF) or messenger midline and endline surveys were 

collected at the same time as the household surveys during the post-harvest interviews. The research team conducted 

household panel surveys 15 and 27 months after the initial training in October 2010. In each enumeration area, a random 

sample of 18 households was surveyed. The sample consists of approximately 3,600 households (excluding messengers) in 

200 communities stratified by five districts of central Mozambique, Mutarara (Tete province), Maríngue and Chemba (Sofala 

province), Mopeia and Morrumbala (Zambézia province) (Figure 3). The final sample consists of 2,461 men and 3,423 

women in 3,685 households in 2012 and 2,122 men and 2,954 women in 3,440 households in 2013. 

Figure 2—Timeline of Trainings, Messenger (Contact Farmer, CF) Surveys, and Household Surveys 

 

Table 1 summarizes the characteristics of the farmers in the sample. The average farmer is 38 years old with 2 years of 

schooling and two hectares of land. Men tend to have a higher level of each of these characteristics. There appears to be a 

                                                           
1 150 communities were assigned into a third treatment providing messengers with two different performance-based incentives to encourage a 
certain threshold of farmers to adopt. However, Treatment 3 faced implementation challenges and, therefore, is controlled for in all regressions 
without further discussion. 
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division of labor along gender lines with women growing cooking ingredients (e.g., sorghum and cowpea) and men growing 

cash crops (e.g., cotton and sesame). Females suffer reduced access to land and inputs, as observed in similar settings 

elsewhere (Doss, 2002, Peterman et al., 2011). 

Figure 3—Geographic Distribution of Farming Households in the 2012 Household Survey 

 

There are fewer statistical differences between female and male messengers (Table 2)2 than between male and female 

farmers (Table 1). Female messengers, however, tend to have two years less schooling, a higher divorce rate, and a greater 

propensity to grow sorghum at the expense of maize than male messengers. These crop patterns are consistent with those 

of the average female farmer (Table 1). Female messengers thus appear to be well-positioned to communicate to female 

farmers due to their similar agricultural priorities and production practices. 

 

                                                           
2  In 2012, the 75 trained female messengers proved difficult to track in the field, only 22 were successfully interviewed. We successfully interviewed 
42 of the female messengers in 2013 and therefore in Table 2 compare the characteristics of messengers during this survey year. 
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Table 1—Differences in Characteristics and Farming Practices Among Farmers 

 2012 2013 

 Pooled Men Women Diff. Pooled Men Women Diff. 

  Mean SD Mean Mean of Mean Mean SD Mean Mean of Mean 

Household Characteristics           

Is the head of household (0/1) 0.586 0.493 0.944 0.329 0.615*** 0.594 0.491 0.919 0.360 0.559*** 

Age, years 37.784 14.507 40.312 35.967 4.345*** 38.775 14.322 41.193 37.038 4.155*** 

Years of schooling completed 2.003 2.802 3.351 1.033 2.319*** 2.114 2.793 3.608 1.041 2.567*** 

Single (0/1) 0.062 0.241 0.074 0.054 0.020 0.048 0.214 0.056 0.042 0.014* 

Married (0/1) 0.847 0.360 0.904 0.806 0.098*** 0.851 0.356 0.916 0.804 0.112*** 

Divorced, widow, or separated (0/1) 0.089 0.285 0.021 0.138 -0.117*** 0.101 0.301 0.028 0.153 -0.125*** 

Number of children (age < 15 years) 2.778 2.014 2.920 2.677 0.243*** 2.890 2.071 3.072 2.760 0.312*** 

Total landholdings (hectares) 1.972 1.772 2.110 1.873 0.236** 2.401 2.336 2.602 2.257 0.346*** 

Number of rooms in the house 1.432 0.730 1.491 1.389 0.102* 1.412 0.718 1.461 1.377 0.083 

Production           

Grew maize (0/1) 0.636 0.481 0.661 0.614 0.048 0.632 0.482 0.706 0.573 0.133*** 

Grew sorghum (0/1) 0.240 0.427 0.132 0.333 -0.201*** 0.274 0.446 0.182 0.346 -0.164*** 

Grew cotton (0/1) 0.097 0.296 0.186 0.020 0.166*** 0.054 0.226 0.101 0.018 0.083*** 

Grew sesame (0/1) 0.161 0.368 0.228 0.104 0.124*** 0.145 0.352 0.211 0.093 0.118*** 

Grew cassava (0/1) 0.171 0.377 0.197 0.149 0.047 0.144 0.351 0.171 0.122 0.049* 

Grew cowpea (0/1) 0.354 0.478 0.303 0.397 -0.094** 0.351 0.477 0.320 0.376 -0.055 

Grew pigeon pea (0/1) 0.189 0.392 0.225 0.159 0.067** 0.216 0.411 0.259 0.182 0.077** 

Farm Characteristics           

Plot size (hectares) 0.951 0.816 1.065 0.863 0.201*** 1.172 1.505 1.305 1.068 0.238*** 

Plot is flat (0/1) 0.639 0.480 0.630 0.647 -0.016 0.594 0.491 0.602 0.588 0.015 

Plot is burnt (0/1) 0.240 0.427 0.247 0.235 0.011 0.248 0.432 0.237 0.257 -0.020 

Uses herbicides/pesticides/fungicides on plot (0/1) 0.062 0.241 0.120 0.012 0.108*** 0.022 0.147 0.045 0.004 0.042*** 

Uses natural fertilizer on plot (0/1) 0.269 0.443 0.276 0.263 0.013 0.442 0.497 0.473 0.417 0.057 

Uses chemical fertilizer on plot (0/1) 0.008 0.088 0.013 0.003 0.010** 0.006 0.076 0.011 0.002 0.010*** 

Number of observations 5,884  2,461 3,423  5,076  2,122 2,954  
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Table 2—Differences in Characteristics and Farming Practices Among Messengers 

 Pooled Males Female Difference 

 Mean SD Mean Mean in Means 

Household Characteristics      

Is the head of household (0/1) 0.938 0.242 1.000 0.690 0.310*** 

Age, years 43.311 10.703 43.515 42.500 1.015 

Years of schooling completed 5.431 2.824 5.754 4.143 1.612*** 

Single (0/1) 0.005 0.069 0.006 0.000 0.006 

Married (0/1) 0.938 0.242 0.982 0.762 0.220*** 

Divorced, widow, or separated (0/1) 0.057 0.233 0.012 0.238 -0.226*** 

Number of children (age < 15 years) 3.646 2.177 3.772 3.143 0.630* 

Total landholdings (hectares) 3.680 2.296 3.772 3.314 0.459 

Number of rooms in the house 1.760 0.935 1.744 1.857 -0.113 

Production      

Grew maize (0/1) 0.718 0.451 0.754 0.564 0.190** 

Grew sorghum (0/1) 0.150 0.358 0.126 0.256 -0.131** 

Grew cotton (0/1) 0.053 0.225 0.060 0.026 0.034 

Grew sesame (0/1) 0.243 0.430 0.240 0.256 -0.017 

Grew cassava (0/1) 0.034 0.182 0.030 0.051 -0.021 

Grew cowpea (0/1) 0.325 0.470 0.317 0.359 -0.042 

Grew pigeon pea (0/1) 0.155 0.363 0.156 0.154 0.002 

Farm Characteristics      

Plot size (hectares) 1.300 1.084 1.356 1.065 0.291 

Plot is flat (0/1) 0.583 0.494 0.587 0.564 0.023 

Plot is burnt (0/1) 0.063 0.244 0.072 0.026 0.046 

Uses herbicides/pesticides/fungicides on plot (0/1) 0.068 0.252 0.072 0.051 0.021 

Uses natural fertilizer on plot (0/1) 0.617 0.487 0.611 0.641 -0.030 

Uses chemical fertilizer on plot (0/1) 0.063 0.244 0.066 0.051 0.015 

Number of observations 209  167 42  

2.1. Micro-catchment outcomes 

In each household, male and female respondents were asked questions about awareness, knowledge, and use of the SLM 

techniques that had been taught in the messenger training. When the head did not have a partner or spouse, information on 

SLM practices was collected for only one individual in the household. SLM awareness, knowledge, and adoption variables 

are based on data collected from three modules: 1) a module that asks whether the respondent has heard of any SLM 

practices taught in the intervention, 2) a knowledge exam module, with an average of 3 questions per technique, and 3) a 

module in which respondents report on each practice currently employed on their plots. Enumerators verified a subset of 

self-reported adoption measures in the fields of the respondents. 

We focus on how the intervention affected farmer awareness, knowledge, and adoption of micro-catchments, which was 

one of three techniques male messengers were more inclined to demonstrate post-training (Table A.1) and the only SLM 

technique farmers continued to adopt after the intervention.3 

Messengers were taught to create 15-cm permanent holes around the base of their crop plants to aid water and nutrient 

accumulation. These catchments are believed to assist water and nutrient accumulation on soils with low permeability. In the 

context of our study sites, qualitative evidence suggests micro-catchments were particularly attractive to farmers living in 

areas which experience heavy flooding. Such findings are consistent with earlier work which shows benefits to micro-

catchments use in both drought- and flood-prone areas (Liniger et al., 2011). 

                                                           
3  We exclude intercropping from the analysis since it was already widely in use at the time of the intervention. 98 percent of male messengers and 76 
and 81 percent of female and male farmers, respectively, in the 2012 control group reported practicing intercropping. 
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Awareness of micro-catchments is captured by an indicator variable set equal to one if the practice was recognized by 

the respondent in a list of SLM techniques. A second variable indicates knowledge of micro-catchments, taking a value of 

one if the respondent answers at least one of two questions correctly: “What are the benefits of micro-catchments?” and 

“Should the catchments be dug before or after the rains?”. The first question allowed for multiple responses (e.g., to be able 

to seed after the first rains, to accumulate moisture and nutrients), while the second was multiple choice. As with the first two 

measures, micro-catchment adoption is measured with an indicator, based on self-reported information. 

We collected retrospective awareness and adoption variables for male messengers and farmers prior to the intervention 

through recall on the 2012 household survey. Approximately 52 percent of male messengers had heard of micro-catchments 

compared to 11 percent of the other farmers in the control group (Table 3). However, fewer farmers adopted micro-

catchments: 17 percent of male messengers compared to 4 percent of other farmers in the control group (Table 3). These 

results highlight key differences in learning across farmer types and potential gains from the intervention. 

Table 3—SLM Awareness and Adoption before 2010 in Treated and Control Communities (Recall) 

Variables Mean (SD) Difference in Means 

  Control T1 T2 Ctrl - T1 Ctrl - T2 T1 - T2 

Male messengers       

Number of SLM techniques familiar with before intervention  3.286 2.697 2.942 -0.589 -0.344 0.245 

Familiar with micro-catchments before intervention, 
proportion 

0.524 0.424 0.565 -0.100 0.041 0.141 

Number of techniques adopted 1.167 1.364 1.348 0.197 0.181 -0.016 

Adopted micro-catchments, proportion 0.167 0.182 0.188 0.015 0.022 0.007 

Number of observations 42 66 69 108 111 135 

Other farmers†       

Number of SLM techniques familiar with before intervention  1.303 1.237 1.236 -0.066 -0.067 -0.001 

Familiar with micro-catchments before intervention, 
proportion 

0.113 0.141 0.149 0.028 0.036 0.008 

Number of techniques adopted 0.554 0.488 0.530 -0.066 -0.024 0.042 

Adopted micro-catchments, proportion 0.036 0.061 0.057 0.025 0.021 -0.004 

Number of observations 1,499 2,227 2,158 3,726 3,657 4,385 

2.2. Statistical model 

We compare awareness, knowledge, and adoption of micro-catchments among male and female farmers across intervention 

groups using multivariate linear regressions. Randomization of communities into treatment arms ensures that individuals 

across treatments have similar demographics, wealth, and awareness and use of SLM prior to the intervention (Tables 3-5). 

Comparisons of the average adoption rates of farmers pre-treatment indicate there were no statistically significant 

differences in practices across treatment groups (Table 3).  Messengers and other farmers are otherwise similar in 

observable characteristics at the 5 percent critical level with one exception (Tables 4 and 5). 

We estimate the intent-to-treat (ITT) effect of having a trained male messenger in 150 communities (M) and the 

effect of having a trained female messenger in 75 of the 150 treated communities (F) on outcome y for individual i using the 

following linear probability model 

yi,=β0+β1Mi+ β2Fi+β3xi+εi.  (1) 

To improve precision of estimated treatment coefficients, the vector x includes characteristics of individuals (age, 

completion of primary school, marital status), their households (number of children, total landholdings, number of rooms in 

the house), and indicators for their district and whether they were in the third treatment group. We cluster standard errors by 

community. 

All tables present ITT estimates of β1, and β1+β2 with standard errors. The ITT estimate of β1 represents the change in 

the probability of a positive response for the dependent variable resulting from a single trained male messenger (Treatment 

1), while β1+β2 represents the change in probability resulting from having both a trained male and trained female messenger 

(Treatment 2). All changes are relative to the control, a single untrained male messenger. 
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Table 4—Characteristics of Male Messengers Prior to the Intervention, by Treatment Assignment 

Variables Mean (SD) Difference of Mean 

  Control T1 T2 Ctrl - T1 Ctrl - T2 T1 - T2 

Age, years  40.100 38.760 39.000 -1.340 -1.100 0.240 

 (10.626) (9.216) (9.499)    

Ever been formally trained (0/1) 0.447 0.338 0.362 -0.109 -0.084 0.024 

 (0.503) (0.476) (0.484)    

Number of years since training, conditional on 
formal training 

3.409 2.077 2.240 -1.332* -1.169 0.163 

(3.202) (2.226) (2.296)    

Experience as contact farmer, in years 2.673 2.155 2.315 -0.519 -0.358 0.160 

 (2.553) (2.149) (2.645)    

Number of farmers assisted last 7 days 20.200 18.405 16.904 -1.795 -3.296 -1.501 

 (16.369) (13.702) (16.984)    

Number of male farmers among farmers assisted in 
last 7 days 

11.040 10.795 10.824 -0.245 -0.216 0.030 

(8.994) (8.276) (10.947)    

Number of farmers assisted last 30 days 38.435 36.574 37.523 -1.861 -0.912 0.950 

 (26.403) (22.368) (33.634)    

Number of male farmers among farmers assisted in 
last 30 days 

22.160 24.027 20.986 1.867 -1.174 -3.041 

(17.228) (14.975) (15.244)    

Hours worked as contact farmer in last 7 days 12.340 14.592 15.027 2.252 2.687 0.436 

 (11.573) (12.885) (12.656)    

Hours normally working as contact farmer per week 12.500 15.493 17.458 2.993 4.958** 1.965 

 (11.886) (12.227) (12.771)    

Area of cultivated land, ha 3.050 3.205 3.176 0.155 0.126 -0.029 

 (1.549) (1.613) (1.630)    

Number of households in community 242.405 282.641 287.710 40.236 45.305 5.069 

 (265.562) (259.834) (276.058)    

Number of plots in community 416.469 512.964 415.377 96.495 -1.091 -97.586 

 (421.319) (447.233) (412.112)    

Number of observations 50 75 73 125 123 148 

We estimate separate regressions for each survey year to ease interpretation of parameter estimates given the 

absence of a baseline household survey prior to intervention. Response rates for men and women in a given household 

changed across rounds. In particular, 25 percent (24 percent) of households lost or gained a male (female) interview in 2013. 

These statistics include losses in interviews attributable to household attrition in 2013 (9 percent). We verify that results from 

the 2013 survey are robust to potential changes in the composition of male and female samples over time using inverse 

probability weights (Fitzgerald et al., 1998, Thomas et al., 2012). We first construct the inverse probability weights from two 

unrestricted and restricted probit models. The two models measure household determinants of having female and male 

consistent response rates in 2012 and 2013. For example, a household is considered having a female consistent response 

rate (the dependent variable is equal to one) if the female response was the same (either interviewed or not) in both survey 

rounds. Alternatively, households who gain or lose a female interview in 2013 are classified as having a female inconsistent 

response rate (the dependent variable is equal to zero). The unrestricted probit model includes the village consistency rate, 

omitting household i, distance to the district headquarters, the March 2013 precipitation shock, and treatment dummy 

variables as instruments, and the head’s age, marital status, land holdings, and 2012 district location as control variables. 

Female and male consistent response rates are uncorrelated with both treatments (Table A.2). 
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Table 5—Characteristics of Farmers Across Treatment Assignment 

Variables Mean (SD) Difference in Means 

  Control T1 T2 Ctrl - T1 Ctrl - T2 T1 - T2 

Is the head of household (0/1) 0.588 0.579 0.591 -0.009 0.002 0.012 

Male (0/1) 0.414 0.419 0.420 0.005 0.006 0.000 

Age, years 37.843 37.277 38.266 -0.566 0.423 0.989 

Years of schooling completed 1.844 1.957 2.160 0.113 0.316* 0.203 

Single (0/1) 0.058 0.061 0.066 0.003 0.008 0.005 

Married (0/1) 0.855 0.852 0.836 -0.003 -0.019 -0.016 

Divorced, widow, or separated (0/1) 0.085 0.086 0.095 0.001 0.010 0.009 

Number of children (age < 15 years) 2.843 2.759 2.753 -0.084 -0.090 -0.005 

Total landholdings (hectares) 1.880 2.070 1.935 0.191 0.055 -0.136 

Number of rooms in the house 1.444 1.446 1.408 0.002 -0.036 -0.038 

Housing walls made of brick (0/1) 0.096 0.106 0.095 0.009 -0.001 -0.011 

Housing walls made of mud (0/1) 0.163 0.235 0.198 0.072* 0.035 -0.037 

Housing walls made of palm/bamboo (0/1) 0.168 0.161 0.133 -0.007 -0.035 -0.027 

Housing walls made of mud and sticks (0/1) 0.571 0.493 0.571 -0.078 0.000 0.079 

Housing roof made of tinplate (0/1) 0.079 0.081 0.077 0.003 -0.002 -0.004 

Housing roof made of palm/bamboo (0/1) 0.913 0.916 0.918 0.003 0.004 0.001 

Number of observations 1,499 2,227 2,158 3,726 3,657 4,385 

3. RESULTS 

Table 6 presents results for three indicators of information dissemination: awareness of the existence of micro-catchments 

as an SLM technique, knowledge of how micro-catchments work, and adoption of micro-catchments. For all three outcome 

variables, we cannot reject the hypothesis that the presence of a trained male messenger does not increase information 

dissemination to female farmers. In contrast, this hypothesis is rejected for the awareness and adoption indicators for male 

farmers, who experience 10.6 and 6.4 percent point increases, respectively (P=0.012; P=0.006). These results suggest that 

female farmers suffer from a gender bias in information dissemination by lone trained male messengers. 

Table 6—ITT effects of trained messengers on farmer outcomes 

  2012 2013 

  Control β1 β1+β2 N Adj. Control β1 β1+β2 N Adj. 

   Mean    R2 Mean    R2 

Awareness Female 0.139 0.052 0.089*** 3,423 0.015 0.172 -0.005 0.039 2,951 0.006 

   (0.034) (0.034)    (0.038) (0.034)   

 Male 0.163 0.106** 0.106*** 2,461 0.014 0.221 -0.009 0.013 2,120 0.003 

   (0.042) (0.039)    (0.049) (0.044)   

Knowledge Female 0.253 0.031 0.082** 3,423 0.008 0.377 -0.024 0.012 2,951 0.004 

   (0.040) (0.039)    (0.046) (0.042)   

 Male 0.275 0.063 0.102** 2,461 0.016 0.396 0.008 0.029 2,120 0.008 

   (0.043) (0.043)    (0.045) (0.046)   

Adoption Female 0.041 0.019 0.027 3,423 0.003 0.084 0.035 0.047* 2,951 0.005 

   (0.020) (0.020)    (0.029) (0.025)   

 Male 0.039 0.064*** 0.049** 2,461 0.010 0.139 -0.002 0.004 2,120 0.001 

    (0.023) (0.022)    (0.034) (0.031)   

The second set of hypotheses addresses the question of whether adding a female messenger further improves 

dissemination, and whether this effect serves to ameliorate gender bias. Results in Table 6 show that awareness of micro-

catchments increases for women in the presence of two messengers by 8.9 percentage points (P=0.010), allowing us to 

reject the hypothesis that having trained male and female messengers does not increase female farmer awareness. We can 
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only reject the hypothesis that two messengers do not increase female adoption rates in 2013. In that year, adoption rates 

increase by 4.7 percentage points in the presence of both messengers (P=0.059). This delayed effect is consistent with 

women being second movers, where their neighbors’ experiences are as influential to adoption as their own experiences 

(Foster and Rosenzweig, 1995, Conley and Udry, 2010). Findings are robust to accounting for changes in sample 

composition across rounds (Table A.3). Both awareness and adoption impacts on women are of similar magnitude as those 

experienced by men in the same treatment group. 

Table 7 presents results for two indicators of male messenger effort: whether he visited the farmer at least once per 

month and whether the farmer visited the messenger’s demonstration plot at least once per month. Based on these results, 

we can reject the effort substitution hypothesis: the presence of female messengers appears to increase outreach efforts of 

male messengers, especially towards female farmers. For both outcomes, we detect a statistically significant increase in 

male messenger effort towards female farmers only when a female messenger is present. The probability of a woman 

receiving a visit from the male messenger or visiting the male messenger’s plot increases by 2.4 and 2.7 percentage points 

respectively (P=0.091; P=0.083). There is also a significant 4.2 percentage point (P=0.078) increase in male messenger 

visits to male farmers if there is a female messenger in the community. We are unable to identify the channels through which 

a female messenger increases male messenger effort. It may be due to a sense of competition, for example, or collaborative 

efforts between the two messengers. 

Table 7—ITT effects of trained messengers on male messenger outreach 

  2012 2013 

  Control β1 β1+ β2 N Adj. Control β1 β1+ β2 N Adj. 

    Mean       R2 Mean       R2 

Male messenger visited 
farmer plot at least once 
per month 

Female 0.026 0.012 0.024* 3,423 0.004 0.067 0.008 0.012 2,951 0.001 

  (0.014) (0.014)    (0.018) (0.020)   

Male 0.053 0.017 0.042* 2,461 0.008 0.088 0.018 0.026 2,120 0.007 

   (0.020) (0.025)    (0.023) (0.028)   

Farmer visited male 
messenger demo plot at 
least once per month 

Female 0.019 0.025 0.027* 3,423 0.003 0.101 0.000 0.015 2,951 0.003 

  (0.016) (0.015)    (0.022) (0.023)   

Male 0.042 0.023 0.006 2,461 0.008 0.109 0.014 0.041 2,120 0.007 

   (0.018) (0.016)    (0.023) (0.025)   

4. CONCLUSION 

Investing in female-cultivated land has the potential to enhance food security in developing countries. Diffusing agricultural 

information through traditional, male-dominated extension networks perpetuates gender inequities in agriculture (World 

Bank, 2010). We observe that provision of training in SLM practices to male messengers improved the quality of information 

on new agricultural technologies to the community. However, only male farmers were receptive to the information. In 

contrast, female farmers were more likely to learn about micro-catchments in communities exposed to female messengers. 

This finding offers one of the first contributions to understanding the role of gender in the technological diffusion among 

female farmers (Munshi, 2004, Bandiera and Rasul, 2006, Conley and Udry, 2010) using a large scale policy experiment. 

Complementarities between male and female messengers likely foster the technology diffusion among female farmers. 

Male messengers appear to be motivated by the presence of female messengers to increase outreach. Women are more 

likely to visit male messenger demonstration plots monthly only in communities with female messengers. This result 

suggests female messengers increase female farmer awareness of the technology and hence their demand for information. 

Such findings are consistent with women becoming empowered in the presence of female leadership (Chattopadhyay and 

Duflo, 2004). Discovering which aspects of these complementarities between male and female messengers achieve greatest 

adoption rates for a variety of technologies (e.g., high-yield varietals, bio-fortified crops) will inform policies targeting women 

to enhance food security. 
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APPENDIX 

Table A.1—ITT Estimates of Techniques Adopted by Male Messengers on Demonstration Plots by Treatment Group 

 2012 2013 

 Control β1 β1+ β2 N Adj. Control β1 β1+ β2 N Adj. 

  Mean      R2 Mean      R2 

Mulching 0.905 0.018 0.079 177 -0.035 0.860 -0.047 -0.028 166 -0.003 

  (0.064) (0.064)    (0.087) (0.090)   

Strip Tillage 0.619 0.102 0.182* 177 -0.024 0.349 0.146 0.197* 166 -0.004 

  (0.104) (0.104)    (0.109) (0.113)   

Micro-catchments 0.619 0.119 0.200* 177 -0.030 0.279 0.091 0.166 166 -0.053 

  (0.110) (0.110)    (0.110) (0.114)   

Contour Farming 0.405 0.121 0.172 177 -0.026 0.047 0.077 0.075 166 -0.031 

  (0.111) (0.111)    (0.066) (0.068)   

Crop Rotation 0.833 0.027 0.065 177 -0.040 0.395 0.098 0.072 166 -0.043 

  (0.084) (0.084)    (0.116) (0.119)   

Row Planting 0.476 0.030 0.122 177 -0.035 0.302 0.044 0.007 166 -0.067 

  (0.103) (0.104)    (0.102) (0.105)   

Improved Fallowing 0.405 0.111 0.186* 177 0.039 0.093 -0.051 -0.018 166 -0.035 

   (0.106) (0.106)    (0.061) (0.063)   

Table A.2—Household Determinants of Gender Consistent Response Rates (Unrestricted Probit Regressions) 

 
Female-Consistent 

Response Rate 
Male-Consistent 
Response Rate 

Household head age 0.000 0.003* 

 (0.002) (0.002) 

Household head is single 0.135** 0.039 

 (0.063) (0.068) 

Log (total landholdings+1) -0.042 0.125* 

 (0.058) (0.064) 

Treatment 1 0.006 0.058 

 (0.058) (0.059) 

Treatment 2 -0.067 -0.064 

 (0.041) (0.044) 

Village change rate -1.326*** -0.946*** 

 (0.183) (0.226) 

Village distance to district -0.001*** 0.000 

 (0.000) (0.000) 

Village precipitation shock -0.180 -0.231 

 (0.186) (0.226) 

Constant 0.933*** 0.461 

 (0.277) (0.331) 

N 3,673 3,673 

F-test (PV): district 0.000 0.005 

Inverse probability weight   

Mean 1.014 1.005 

Min 0.815 0.847 

Median 0.996 0.994 

Max 1.726 1.334 
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Table A.3—Table 6 using inverse probability weights for the sample collected in 2013 

  2013, without weight 2013, control IPW 

  Control β1 β1+ β2 N Adj. Control β1 β1+ β2 N Adj. 

    Mean      R2 Mean      R2 

Awareness  Female 0.172 -0.005 0.039 2,951 0.006 0.177 -0.002 0.038 2,877 0.069 

   (0.038) (0.034)    (0.039) (0.034)   

 Male 0.221 -0.009 0.013 2,120 0.003 0.223 -0.007 0.010 2,070 0.072 

   (0.049) (0.044)    (0.049) (0.043)   

Knowledge  Female 0.377 -0.024 0.012 2,951 0.004 0.378 -0.016 0.019 2,877 0.106 

   (0.046) (0.042)    (0.047) (0.043)   

 Male 0.396 0.008 0.029 2,120 0.008 0.395 0.019 0.036 2,070 0.125 

   (0.045) (0.046)    (0.045) (0.047)   

Adoption Female 0.084 0.035 0.047* 2,951 0.005 0.084 0.038 0.047* 2,877 0.085 

   (0.029) (0.025)    (0.029) (0.025)   

 Male 0.139 -0.002 0.004 2,120 0.001 0.136 0.003 0.005 2,070 0.072 

     (0.034) (0.031)    (0.034) (0.031)   

.  
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