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Heterogeneous Effects of Sustainable Agriculture Practices: Micro-

evidence from Malawi 

Abstract 

Are the effects of sustainable agricultural practices heterogeneous across agro-ecology and wealth in 

Malawi? Would a wealth-enhancing policy be associated with increased effectiveness of these practices? 

Focusing on a nationally representative set of Malawian agricultural households, the article answers the 

above questions by employing plot-level panel data matched with a set of geo-referenced rainfall and 

temperature records. The findings suggest a positive correlation between aggregate yield and the 

adoption of organic fertilizer. A similar result holds for legume intercropping and for hybrid seeds, 

which are associated to reductions in yield volatility between the two waves. Nevertheless, these effects 

appear heterogeneous across the agro-ecological zone of adoption, since a reduced number of farmers 

in selected locations can improve yields through the adoption of these practices. Further exploration 

suggests that less wealthy households show higher returns when adopting hybrid seeds or legume 

intercropping. Wealthier households, in contrast, report high yield only when treated with technology-

enhancing practices, such as organic fertilizers and soil erosion control measures.  

 
Keywords: Productivity, Sustainable agriculture, Malawi, Agro-ecology, Constraints, Safety nets. 
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1. Introduction 

More than half of the rural economically active population in sub-Saharan Africa (SSA) is composed 

of smallholder farmers who own 80 percent of the farms and contribute to about 90 percent of the 

total food production (Wiggins and Keats, 2013). Smallholder farmers obtain their income and 

consumption from their annual production, which is exposed to multiple sources of risk (Eakin, 2000; 

Markelova et al., 2009; McIntosh et al., 2013). In this article, we empirically investigate whether a set 

of sustainable farming practices can be associated with higher returns and increased yield stability for 

smallholders in Malawi. The set of practices includes hybrid seeds, soil erosion control systems, legume 

intercropping, two categories of alternative land preparation systems, and organic fertilizer. The study 

takes advantage of a panel of plots owned by a national representative sample of households. This 

characteristic allows accounting for time-invariant unobserved heterogeneity at the plot level, 

incorporated in the Mundlak-corrected Random Effect model.  

 We first estimate the model using the full set of households and find correlation patterns 

between aggregate yield and the adoption of sustainable agricultural practices, contributing to the 

growing literature on agricultural adaptation measures including, among others, Asfaw et al. (2014), 

Pender and Gebremedhin (2007), Tekleword et al. (2013) and Deressa, and Hassan (2010). Results 

from this test provide the first baseline evidence that plots treated with some of these sustainable 

farming practices correlate positively with an aggregate yield at national level. In a second step, the 

analysis investigates the presence of heterogeneity across agro-ecological zones and wealth levels. 

Findings from this exercise suggest that returns form the adoption of sustainable agricultural practices 

are heterogeneous along these two dimensions. Agro-ecological heterogeneity provides support to the 

argument that the effectiveness of sustainable agriculture may depend on the location of 

implementation (Lipper et al., 2014; Branca et al. 2011; Hoffmann, 2011; Mbow et al., 2014). Results 
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from wealth heterogeneity show that less wealthy households are associated with higher returns in 

yield when adopting improved crops (hybrid seeds) or diversifying their cropping system (legume 

intercropping). In contrast, yield negatively correlates with the adoption of technology-related 

practices, such as soil erosion control bunds and organic fertilizer. The opposite result emerges for 

wealthier households. Finally, we investigate whether the heterogeneous returns on wealth maybe 

because these technology-related practices involve higher costs in terms of labour/resources. We test 

this hypothesis by including to the baseline specification the interaction effect between the above 

practices and the amount of safety net assistance1 received. While this test remains explorative, the 

results suggest that safety nets do not correlate with increased returns from these practices. We argue, 

therefore, that this heterogeneity in returns is linked to other dimensions correlated with wealth, such 

as skills, which do not vary with safety nets inclusion. We conclude that improving the effectiveness 

of sustainable agricultural practices would require skill-enhancing policies, such as field training about 

the correct implementation of these technologies. In this perspective, our paper contributes to the 

literature addressing the effectiveness of sustainable agricultural practices (among others Ellis et al., 

2009; Alderman and Haque, 2007; Goudge et al. 2009). 

 The remainder of the paper is organized as follows. Section 2 provides an overview of 

agriculture and climate variability in Malawi. Section 3 introduces the conceptual framework. Section 

4 presents data sources, sample composition, and descriptive results. Section 5 describes the analytical 

methods focusing on empirical models and hypothesized relationships. Section 6 discusses the main 

analytical results and Section 7 concludes by presenting the key findings and policy implications. 

 

 

 
1 To enhance food security, Malawi government has implemented a set of social safety-net policies, involving a cash/in-kind transfer to 
the poorest part of population, that often corresponds to the smallholder households adopting sustainable agricultural approaches. 
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2. Agricultural production and climate variability in Malawi   

Agricultural activity remains a crucial component in the Malawian economy as it accounts for more 

than 39 percent of Gross Domestic Products (GDP), provides 83 percent of foreign exchange 

earnings and involves more than 85 percent of the labour force (Chirwa and Quinion, 2005; Chinsinga 

2008). The agricultural sector is divided into two subsectors, namely the estate and the smallholder 

sectors (Mwanakatwe and Kevedew, 2015). Smallholders hold over 90 percent of total farms and 

manage 78 percent of total cultivated land (Chirwa and Quinion, 2005). These two figures explain that 

the performance of the whole Malawian economy depends largely on how the smallholder sub-sector 

performs. For these households, the average farm size is about 1.12 hectares (ha), although more than 

72 percent of smallholders own less than 1 ha. Malawi is also the third most densely populated country 

in SSA, characterized by 2.3 rural people per ha of agricultural land, following Rwanda and Burundi, 

with 3.8 and 2.7 people per ha, respectively (Benin et al., 2008). The country observes only one rainy 

season spanning between November and May, whereas the rest of the year is prevalently dry. During 

the dry season, only a few farmers have the possibility of extending their cultivation period across the 

calendar year, by exploiting the residual moisture in valley floors (dambos).   

Recent evidence suggests that each Agro-Ecological Zone (AEZ) will be impacted differently by 

climate change (Boko et al., 2007; Seo et al., 2009). AEZs are geographical regions characterized by 

similar patterns in their climatic conditions, and therefore are likely to support similar practices in 

rainfed agriculture (HarvestChoice, 2010). Malawi’s territory consists of four AEZs: tropic-

warm/semi-arid, tropic-warm/sub-humid, tropic-cool/semi-arid, tropic-cool/sub-humid. Each one 

is identified by three subcomponents: sub-humid. ‘tropic’ indicates that the average monthly 

temperature in a given zone is larger than 18°C all over the year. Warm/cool subcomponent refers to 

the area’s elevation, which affects crops’ growth capacity. In the tropic AEZs, an area is classified as 
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cold(warm) when the elevation is higher (lower) than 1,200 meters from sea level.  The third 

component refers to the moisture, defined through the average length of crops’ growing period (LGP) 

in a particular location. The growing period is calculated as the total number of days with an average 

temperature higher than 5ºC, and precipitation and soil’s moisture larger than half the potential 

evapotranspiration (HarvestChoice, 2010). Following this definition, Malawi observes two different 

types of moisture classes: the semi-arid zone, associated with an LGP of about 70-180 days, and the 

sub-humid zone, linked to an LGP between 180-270 days. 

Figures 1A-1B-1C show the geographical distribution of a) the long-term mean of rainfall; b) the 

coefficient of variation (CoV) of rainfall, and c) the AEZs. The Northern provinces experience 

relatively higher levels of rainfall and smaller rainfall variability, compared to the Southern and Central 

provinces. Farmers in the southern region observe, on average, low amounts of rainfall combined 

with high rainfall variability. Rainfall levels in the central region are higher compared to rainfall level 

in the South but lower than the ones in the north2. Figure 1C suggests a diverse distribution of AEZs 

in the country.  Much of the territory is classified under the tropic-warm/semi-arid AEZ, spanning 

between the south and central regions, but also covering a small portion of the north region. The 

second widest AEZ is the tropic-warm/sub-humid, which is found prevalently in the northern and 

southern regions. Finally, tropic-cool/sub-humid and tropic-cool/semi-arid characterize respectively 

the northern and the north-eastern parts of Malawi, less widespread in the rest of the country 

Therefore, studying the impact by AEZ will likely pool together individuals from different social and 

economic extraction, residing in different regions, districts, and counties, and located in several 

geographical areas.  

<INSERT FIGURE 1A-1B-1C HERE> 

 
2 The socio-economic impacts of such climatic determinants on smallholder farmers are a function of their adaptive capacity and their 
coping strategies (Morton, 2007). 
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3. Sustainable agricultural practices: benefits and heterogeneity  

As supported by a wide extant literature, the starting hypothesis of this study is that increases in yield 

may be correlated with the adoption of sustainable agricultural practices in average terms. For example, 

it is well established how hybrid seeds may improve food security of smallholder farmers because of 

their short maturing periods compatible to late onsets of the rain seasons in rainfed agriculture 

(Waldman et al., 2017), by increasing the resilience of the harvesting to external stresses (McGuire and 

Sperling, 2013), or by fostering yield (Qaim and Zilberman, 2003). The adoption of a soil erosion 

control bund benefits the yields by reducing water erosion and promoting the presence of nutrients 

that enhance biodiversity, balancing the level of soil moisture in the land and improving the overall 

performance of the cropping system (McCarthy et al. 2011, Reij et al. 2013). Legume intercropping 

relaxes the constraints in the soil nutrients by increasing the use of organic matter inputs, such as 

nitrogen and soil organic carbon, and thus determining higher yields compared to mono-cropped 

cultivations (see, among others, Rusinamhodzi et al., 2014). Tied, box ridging and planting pits are a 

set of practices that may avoid water runoff and enhance the quantity of water in the zone of the roots 

(Araya and Stroosnijder, 2010). Ripping, which consists in breaking up compacted soil, is usually 

suitable for deep sandy textured terrains where the level of moisture is insufficient for the plants’ roots. 

Using a meso-panel for Zambia, Ngoma et al. (2015) illustrate that frequent ripping confers average 

maize yield gains over conventional plough tillage. Farmers adopting zero tillage and minimum tillage 

limit their intervention on the soil before sowing the seeds. Using a predictive model on Syrian data, 

Sommer et al. (2012) show that the combination of zero tillage with residue management can 

significantly improve the productivity of the field compared to the adoption of a conventional tillage 

system. The adoption of organic fertilizer may enhance soil permeability and water holding capacity 

of the field. In addition, farmers adopting organic fertilizer often reduce the amount of inorganic 



 
 
 
  
 
   

7 
 

fertilizer applied to their parcels, reducing the process of eutrophication and land degradation 

associated to the adoption of this input (Marenya and Barret, 2007).  

 Despite the potential benefits that these practices can bring in terms of productivity, their level 

of adoption among farmers in developing countries remains limited. A small but growing body of 

literature has started questioning whether the reluctance in the adoption of such practices may be 

linked to the heterogeneity and uncertainty on their returns (McCarthy et al., 2011; Nkala et al., 2011). 

For example, Subedi and Ma (2005) find that hybrid seeds have a non-significant effect on maize yield 

when planted in humid environments. In a more recent study, Arslan et al. (2015) show that 

smallholders growing improved maize in Zambia are subject to higher volatility in their maize yield 

compared to non-adopters. In a similar context, Kerr et al. (2016) argue for the necessity of building 

resilience among African smallholders through a process of development of new agroecological 

methods, involving the testing of these practices against the environment and the agro-ecology of 

adoption. Similarly, Reij et al. (2013) illustrate how the suitability of the SWC system varies depending 

on the agro-ecological zone. For example, a dry zone with high level of nutrients may require an SWC 

system able to harvest and spread water on the soil, while a parcel in a wet zone with high nutrients 

would require an SWC system adapt to soil and water maintenance. According to their results, an 

increase in population density leads to a decrease in the agricultural land per capita owned by farmers. 

 A similar argument holds for the level of wealth of the farmers, as wealthier farmers may have 

more resources to buy and apply the inputs or to hire the workforce necessary for the implementation 

of labour-intensive agricultural practices. Asfaw et al. (2019), for example, suggest that increased crop 

diversification is more beneficial for poorer farmers, while wealthier farmers may achieve yield and 

crop income through intensification. In certain contexts, farmers do not hold enough resources to 

acquire animal feed for their livestock, and therefore face a trade-off between using their crop residue 
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for animals feeding or spreading it on their fields (Arslan et al., 2015). Basing our hypothesis on the 

above studies, we expect agro-ecological and wealth to behave as local covariate determinants, 

influencing the outcome from the adoption of sustainable agricultural practices under analysis.  

4. Data and summary statistics 

4.1 Data sources and description of variables 

The database consists of three data sources: 1) socio-economic panel data from the Malawi Integrated 

Household Panel Survey (IHPS); 2) community-level data on institutions; and 3) historical data on 

rainfall and temperature from the National Oceanic and Atmospheric Administration (NOAA) and 

the European Centre for Medium-Range Weather Forecasts (ECMWF). 

 Socio-economic data come from the household- and the plot-level panel of the Integrated 

Household Panel Survey (IHPS), which is part of a series of the Integrated Household Survey (IHS) 

conducted by the National Statistical Office of Malawi with assistance from the World Bank. The final 

panel of plots and households results from the third edition of the IHS (IHS3). The panel comprises 

3,104 households interviewed during the rainy season 2009/2010 and tracked for a second wave 

during 2012/20133. The panel of plots counts 4,055 fields observed twice and linked to 2,281 rural 

households, with an average of 1.78 plots per household. About 1,217 households own two or more 

plots. However, adoption of agricultural practices is not homogeneous across the plots owned by the 

same household. For example, only 50.6 percent of households apply hybrid seeds on all the plots 

owned, whereas 49.4 of these households treats only one of their plots with hybrid seeds (non-fully 

adopters). Similar evidence holds for non-fully adopters of soil erosion control bunds (17.4%), legume 

 
3 The first wave of the panel-subsample was implemented between March and November 2010; the second one was conducted between 
April and December 2013. The panel subsample, originally, was expected to include 3,246 households. Nevertheless, the interviewers 
were able to track only 3,104 households. The level of attrition for the household sample is low and its quality has been validated by 
other studies (see, for example, Asfaw and Maggio, 2018). Table A1 suggests that the non-tracked households show a significant lower 
agricultural wealth than the tracked ones, but we do not observe any difference in the agricultural land endowment. Note that these 
statistics need to be taken with caution as the standard deviation of the variables for the non-tracked households is high due to the fact 
that the sample is composed by only 58 agricultural households. 
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intercropping (59.1%) and labour-intensive (16.3%) and non-labour-intensive (45.8%) soil 

management systems. 

The plot-level data provide information on several aspects of the agricultural production 

process such as input use, type of crop cultivated, total production by crop and land tenure. The 

dataset includes information on the area of the plots computed using a Global Positioning System 

(GPS). From the plot-level data, we derive information on crop production and the cultivated area to 

compute the total aggregate yield, following the methodology described in the next section. Using this 

part of the survey we also build six dummies denoting the adoption of six practices with potential 

climate-smart agricultural (CSA) properties: legume intercropping, soil erosion control bunds4, hybrid 

seeds, use of organic fertilizer and two categories of alternative land preparation systems (labour 

intensive and non-labour-intensive). The labour-intensive land preparation system includes tied, box 

ridging, planting pits and ripping; the non-labour-intensive land preparation system involves zero and 

minimum tillage. These dummies vary at plot level and the same household can implement the 

adopted practice on a small share of its plots. The set of plot-level determinants comprises a dummy 

taking value one when the farmer declares that the quality of the plot is poor, and a set of continuous 

variables indicating the size of plot’s area, the amount of inorganic fertilizer,  herbicide and pesticide 

applied, and the distance of the plot from the household. 

The household survey gathers information on several aspects of the households’ characteristics 

such as its demographic composition, the health status of the members, their wage and employment 

condition, their income sources and consumption, food security, non-farm enterprises, and durable 

and agricultural asset ownership. In addition, the household module investigates whether the 

 
4 The questionnaire reports other soil and water conservation systems, but the number of their observations is negligible; therefore, we 
will focus exclusively on the soil erosion control bunds. 
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household is part of a safety net and asks for assistance received by the household, expressed in cash 

(MWK)5. The other household-level controls include two count variables on the age, years of 

education of the head of the household, and the size of the household; a dummy taking value one 

when it is a female-headed household and two indexes on agricultural wealth and infrastructural 

endowment6. Figure 2 displays the geographical location of the households by the wave. 

<INSERT FIGURE 2 HERE> 

 The Community survey collects information on policy actions, farmer-relevant institutions, 

and infrastructures at Enumeration Area (EA) level, which corresponds to the village or urban location 

of the household’s residence. Using this source, we build three dummies taking value one when a 

MASAF programme, an irrigation scheme or an agricultural collective action has been implemented 

in the EA. Other community-level controls involve a dummy taking value one for plots located in 

EAs hosting a microfinance institution and a count variable capturing the number of months that the 

main road has been used by lorries7.  

 The IHPS survey provides the latitude and longitude of the 197 EAs. Using this information, 

it was possible to merge the socio-economic data with weather records. Rainfall data are extracted 

from the Africa Rainfall Climatology version 2 (ARC2), a project developed by the National Oceanic 

and Atmospheric Administration’s Climate Prediction Centre (NOAA-CPP). The platform delivers 

re-elaborated data over a 10-day interval for the period January 1983-July 2013, with a spatial 

 
5 Some safety net programmes consist of in-kind transfers, as free maize (expressed in kg). To include its value in the final amount of 
cash received by the household, we calculated its monetary value using maize prices at the Enumerator Area level, available from the 
Community Questionnaire. 
6 The agricultural wealth index is constructed using the principal component analysis on a range of dummy variables describing the 
ownership of hand hoe, slasher, axe, sprayer, panga knife, sickle, treadle pump, watering can, ox cart, ox plough, tractor, tractor plough, 
ridger, cultivator, generator, motorized pump, grain mail, chicken house, livestock kraal, poultry kraal, storage house, granary, barn and 
pig sty. The construction of the infrastructural index follows the same logic and uses principal component analysis on a set of dummies 
indicating if the walls of the house are brick, if the floor of the house is in cement, and whether the household has a private toilet, 
private running water, access to electricity, owns a cell-phone and resides in a community with a primary and a secondary school. 
7 To include the zero observations and be consistent with the log-log specification, we add 1 to all the continuous variables before 
taking the natural log. Results remain consistent when we use the inverse hyperbolic sine transformation developed by Bellemare and 
Wichman (2018). These are available upon request. 
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resolution of 0.1 degrees. The maximum, minimum, and average temperature data are drawn from the 

European Centre for Medium-Range Weather Forecast (ECMWF) which provides temperature 

records with a time resolution of 10 days and a spatial resolution of 0.25 degrees. Two different 

databases compose the final set of temperature data: the operational database (1989-2010) and the 

interim database (2011-2013). These databases differ on the model applied to re-elaborate the data: 

the operational dataset uses the forecast outputs adopting their current model of forecasting; the 

interim database employs another set of forecast models and data assimilation systems to re-analyse 

archived observations. The underlying assumption to use these two sources is that the change in the 

measurement between the two models affects uniformly the sample8. Weather records are matched 

with the panel sample using the centroid of the enumerator area in the socio-economic panel. From 

these data, we construct two indicators capturing the mean seasonal temperature and rainfall and two 

covariates describing the coefficient of variation of rainfall and temperature during the three years 

before each wave. We use a three-year time span to include the whole period between the two waves. 

Finally, following Walsh and Lawler (1981), we include also a dummy taking value one when the 

seasonal index on the distribution of rain, computed for the year of the wave, changes class with 

respect to its historical class (1983-2009). 

4.2  Summary statistics 

Table 1 presents summaries about the adoption of practices at the plot level. These show that adoption 

of hybrid seed is constant across waves, whereas the share of plots targeted with a soil erosion control 

system increases (from 23 percent to 31 percent), as legume intercropping does (from 35 percent to 

50 percent of the sample). Adoption of labour-intensive and non-labour-intensive land preparation 

 
8 For more information on the two weather databases, refer to http://spirits.jrc.ec.europa.eu/?page_id=2869. 

 

http://spirits.jrc.ec.europa.eu/?page_id=2869
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techniques increases between the waves. The percentage of plots cultivated using organic fertilizer 

grows from 11 to 14 percent, whereas the average quantity of inorganic fertilizer applied decreases.9 

The bottom part of Table 1 shows statistics on the combined adoption of these practices. The share 

of plots treated with practices is low, with some remarkable exceptions. About 7 percent of the plots 

are cultivated using a combination of hybrid seed and labour-intensive land preparation in 2010, and 

this share increases to 8 percent in the second wave. The percentage of plots targeted with hybrid seed 

and soil erosion control also grows from 28 to 37 percent. The share of plots with soil erosion control 

and legume intercropping increases, like the ones targeted with legume intercropping and organic 

fertilizer. Most of the differences in adoption across waves are statistically significant at the 10 percent 

level. Table 2 disaggregates the adoption of these practices by agro-ecological zone. Results show a 

high variation in the level of adoption across them. 

    <INSERT TABLE 1 & 2 HERE> 

Table 3 introduces summary statistics both for the dependent variable and for the remaining 

control variables. The outcome of interest is the aggregate value of yield at plot level with prices fixed 

at 2010, as follows: 

𝑌𝑖𝑒𝑙𝑑𝑝,𝑖,𝑒,𝑡 = ∑
𝑝𝑟𝑖𝑐𝑒𝑐,𝑒,2010𝑦𝑐,𝑝,𝑖,𝑒,𝑡

𝑎𝑟𝑒𝑎𝑐,𝑝,𝑖,𝑒,𝑡

𝑘

𝑐=𝑗

 

The yield of plot p (belonging to household i  located in enumerator area 𝑒 at time t) is computed as 

the sum across the crops of their yield pre-multiplied by their prices fixed at 2010. Fixing the prices 

allows excluding any effect from the heterogeneity of prices across space and time10. In the first part 

of the analysis, we use per capita consumption expenditure as a second dependent variable. This is 

 
9 See Table 3 for inorganic fertilizer quantity across waves. 
10 Many farmers in an EA adopting a yield-increasing practice may lower the EA-level prices, thus overestimating the yield of the 2013 
agricultural season computed using prices in 2010. To study this issue, we tested the correlation between the change in prices of maize 
with the share of adopters of the practice under study. The result suggests that the correlation coefficients is always low (<0.3) for all 
the practices. The coefficients table is available upon request. 
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done to investigate whether the adoption of sustainable agricultural practices has a significant effect 

also on this dimension. 

 Summary statistics between the waves show that the mean logged value of yield grows from 

10.36 to 10.39. The amount of safety net also increases significantly (its natural log goes from -4.99 to 

-3.19)11 . Seasonal weather indicators remain stable, whereas the short-term coefficients of variation 

of rainfall/temperature underscore a rising weather variability. The total area increases, as well as the 

level of education, measured in years, and the size of the households. The number of female-headed 

households remains stable. The value of the proxy of agricultural wealth decreases between the 

waves12. Finally, participation in the MASAF programme, access to microfinance institutions and 

extension services increase between the waves, whereas the share of plots located in EAs with an 

irrigation scheme or a collective action decreases significantly. 

    <INSERT TABLE 3 HERE> 

5. Empirical strategy  

Estimating the causal relationship between the adoption of sustainable agricultural technologies and 

productivity is not a trivial exercise, due to the impossibility of observing a counterfactual. 

Experimental studies on policy actions often address the issue by randomly assigning farmers to 

treatment and control groups. In this study, unfortunately, we cannot hypothesize that farmers are 

randomly selected into the adoption of certain agricultural practices. Indeed, the adoption of a given 

agricultural practice is a choice made freely by the farmer, and their enrolment in policy programmes, 

 
11 The percentage of households receiving safety nets increases from 6 to 27 percent. Direct cash-transfer embodies the largest share of 
the safety net programmes delivered since they represent 24 percent of all these types of social intervention programmes in 2013. Only 
2 percent of the sample has benefitted from an in-kind safety net in maize during the first wave of the survey, but this share increases 
to 12 percent during the second one. Around 4 percent of the sample has received safety nets in both maize and cash. These statistics 
are not reported in Table 3 since the specification does not control for the share of enrolment, but they are displayed in Table A2 in the 
Appendix. 
12 This decline is sensible to the inclusion of the tools in the principal component analysis. Indeed, we do not observe any decline for 
the two-alternative definition of wealth employed in Table A8 and A9 of the robustness section. Refer to the respective table notes 
for a detailed description of the tools included. 
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such as the safety net programmes, is determined by the programme’s requirements. Farmers adopting 

a specific practice, therefore, are likely to differ in their demographic characteristics, ability or skills, 

compared to non-adopters. The environment in which farmers operate may also influence the 

adoption choice. Failure to account for this potential selection bias may lead to inconsistent estimates 

of the causal impact13 . 

 To account for heterogeneity in the time-invariant unobserved characteristics in a panel data 

framework, an appropriate strategy is to add fixed or random effects to the specification. This 

approach is suitable to address endogeneity for cases where the selection into adoption/participation 

stems from household/plot characteristics fixed in time. As a general approach, a model on aggregate 

yield dynamics takes the following form: 

𝑌𝑝𝑖𝑒𝑡 = 𝛼 + 𝛽1𝑋𝑝𝑖𝑒𝑡 + 𝛽2𝐶𝑒𝑡 + 𝜌𝐻𝑆𝑝𝑖𝑡 + 𝜒𝑆𝑊𝐶𝑝𝑖𝑒𝑡 + 𝜐𝐿𝐼𝑝𝑖𝑒𝑡 + 𝜏𝐿𝑃𝑝𝑖𝑒𝑡 + 𝛿𝑂𝐹𝑝𝑖𝑒𝑡 + 𝜇𝑝𝑖𝑒𝑡  (1) 

where 𝑌𝑝𝑖𝑒𝑡 is the log of the aggregate yield on plot p for household i at time t in enumeration area e; 

𝛼 is the constant term of the equation; X is a vector of controls for plot p and demographic 

characteristics of the households or indicators on whether the household has received safety net, and 

𝛽1 is the linked vector of coefficients. In addition, 𝐶𝑒𝑡 denotes a vector of climatic characteristics of 

the enumeration area where the household and the plot are located; 𝐻𝑆𝑝𝑖𝑒𝑡 is a dummy on hybrid 

seed adoption at plot level; 𝑆𝑊𝐶𝑝𝑖𝑒𝑡 represents a plot-level dummy on soil conservation bunds;  𝐿𝐼𝑝𝑖𝑒𝑡 

stands for a dummy taking value one if the legumes are among the crops cultivated in the plot; 

𝐿𝑃𝑝𝑖𝑒𝑡 entails two dummies on the household’s use of labour-intensive (tied, box ridging planting pits 

or ripping) and non-labour-intensive (zero or minimum tillage) land preparation systems, instead of 

 
13An instrumental variable (IV) approach is usually employed to overcome this issue. Nevertheless, the consistency of the method 
depends on the validity of the instrument to correctly identify the selection equation, which in turn, relies on two conditions. First, the 
instrument need to be correlated with the endogenous variables (adoption of sustainable agricultural practices or participation in the 
safety net programme), and second, it needs not to be correlated with any unobserved factor affecting the outcome variable. Identifying 
a variable that satisfies the necessary IV requirements is challenging especially when multiple instruments are required for a set of 
endogenous variables, as in this study. 
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traditional ridging; 𝑂𝐹𝑝𝑖𝑒𝑡 is a dummy on the use of organic fertilizer. In the above model, the error 

term is not iid since it includes time-invariant unobservable determinants correlated with the outcome 

variables. The error can be described as 𝜇𝑝𝑖𝑒𝑡 = 𝜔𝑝𝑖𝑒𝑡 + 𝑢𝑖 , where 𝜔𝑝𝑖𝑒𝑡 is a normally distributed 

error term independent of the left-hand side variable, when controlling for the covariates, and 𝑢𝑖 is 

time-invariant unobserved effects (Wooldridge, 2002).  

As suggested by Arslan et al. (2015), this time-invariant component can be addressed by 

employing a fixed effect (FE) or a random effect (RE) approach. FE models are often preferred as 

they treat the unobserved characteristics as estimable parameters potentially correlated with the 

explanatory variables. Nevertheless, FE models are likely to be inconsistent in short panels. RE models 

are more consistent in this context, but the validity of the specification relies on the assumption that 

the random variables are uncorrelated with the observed controls, which are frequently considered an 

unrealistic assumption (Wooldridge, 2002). These considerations induced us to the selection of a 

Generalized Least Squares-Random Effect (GLS-RE) with Mundlak correction (Mundlak, 1978). The 

Mundlak correction model represents a good compromise between the above strategies as it 

contemplates the inclusion on the right-hand side of the equation of the mean value of the time-

variant explanatory variables. These terms are added to partially account for the correlation between 

the unobserved heterogeneity and the other dependent variables, increasing the efficiency of the 

estimates14. Defining 𝑍𝑖𝑡 as the set of all the time-varying variables, the Mundlak-corrected Random 

Effects model takes the following form: 

𝑌𝑝𝑖𝑒𝑡 = 𝛽1𝑋𝑝𝑖𝑒𝑡 + 𝛽2𝐶𝑖𝑒𝑡 + 𝜌𝐻𝑆𝑝𝑖𝑡 + 𝜒𝑆𝑊𝐶𝑝𝑖𝑒𝑡 + 𝜐𝐿𝐼𝑝𝑖𝑒𝑡 + 𝜏𝐿𝑃𝑝𝑖𝑒𝑡 + 𝛿𝑂𝐹𝑝𝑖𝑒𝑡 + 𝛾𝑍�̅� + 𝜂𝑖 + 𝜔𝑝𝑖𝑒𝑡  (2) 

 
14As a robustness check, we also test a FE and RE model. The results are qualitatively very similar with few exceptions (see Table A6 
in the Appendix). 
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where, again, the main explanatory variables are five dummies on the adoption, at the plot level, of 

hybrid seeds, soil erosion control bunds, legume intercropping, labour and non-labour-intensive land 

preparation practices, and organic fertilizer. The set of time-varying variables include the socio-

demographic characteristics of the households, as years of education, age, and gender of the head of 

the household, size of the household, an agricultural wealth index, an infrastructural access index, and 

the amount of safety net assistance received. The time-varying plot-level controls comprise the 

quantity of inorganic fertilizer and pesticide applied, the size of area planted, the plot distance from 

the household’s residence, and a dummy activating if the household self-reported quality of the plot 

is poor. The time-varying weather controls include the average maximum temperature and total rainfall 

during the agricultural seasons, two three-year coefficients of variation of rainfall and maximum 

temperature, and a dummy on the switch from the historical seasonal rainfall index. The time-varying 

EA-level controls include a count variable for the months in which the main road was passable by 

lorry and five dummies capturing whether the village is been targeted with a MAFAP programme, an 

irrigation scheme, and a collective action, or whether the village hosts a microfinance institution or an 

extension service agency.  

  In equation (2), the time-invariant unobservable is modelled as 𝑢𝑖 = 𝛾𝑍�̅� + 𝜂
𝑖
, where the term 

𝑍�̅�= 𝑇−1 ∑ 𝑍𝑖𝑡
𝑇
𝑡=1  is the vector of time averages of all the -time-varying variables included in the model 

and listed above. Also, the 𝜂𝑖 is the true random effect uncorrelated with the covariates, with 

𝐸(𝛼𝑖/𝑍𝑖) = 𝛾𝑍�̅�.
15 For all specifications, standard errors are clustered at the plot level, i.e. the same 

level of treatment of sustainable agricultural practices.16 This empirical approach has several 

advantages. First, controlling for RE with Mundlak correction accounts both for household and time-

 
15 A slightly modified version of this equation, including the interaction terms between safety-net and agricultural sustainable practices, 
is introduced in the subsection 6.3.   
16 Since the decisions are taken at household level, as robustness we run the main specifications clustering the errors at household 
level and noted that the results remained consistent (available upon request). 
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invariant characteristics. This implies that the model will account for the entire set of decisions that 

the land manager will take based on the long-lasting characteristics of the plot. For example, the model 

will be consistent for situations in which a land manager holding two plots applies a given practice 

only in one of them because s/he considers the plot’s chemical and environmental characteristics to 

be more suitable for the agricultural practice. As a second advantage, accounting for plot and 

household unobserved characteristics implies being able to account for a farmer’s ability or openness 

to innovation which, as in the case of our panel, does not vary substantially over short periods of time 

(Arslan et al., 2015).  

 It has to be acknowledged, however, that RE model with Mundlak correction does not account 

for time-varying observed characteristics at plot-level that can affect households’ decisions about 

which plot to treat. The bias from this self-selection process is likely to affect the estimated coefficients 

in panel data. This holds especially for households owning plots with heterogeneous characteristics, 

such as with the different quality of nutrients in their soil, exposed to diverse weather patterns and to 

other agro-ecological characteristics (e.g. altitude and slope), or under diverse tenure status. We expect 

that only short-terms time-varying characteristics at plot-level may affect the estimates because of the 

short interval between the two waves (2010-2013). For this reason, we further check the robustness 

of the results focusing on a more homogeneous sample composed of households owning plots with 

similar characteristics.  This approach consists in restricting the analysis on a balanced sub-sample of 

plots considering only households owning two plots and applying the practice to one of them.  

 Even though this operation is likely to decrease the bias in the estimated coefficients, we 

cannot fully exclude that short-term time-varying determinants may still affect both selections of 

practices and the impact on yield. The coefficients from this further exercise, therefore, are still 

interpreted as intra-plot association between yield and adoption of sustainable farming practices. The 



 
 
 
  
 
   

18 
 

reason behind this sub-selection is that we assume that as the number of plots owned by a household 

increases, or when two or more plots are substantially far away from each other, these plots may differ 

more and more on the above time-varying characteristics. These differences, then, may influence the 

household’s propensity to adopt. Note that large part of Malawian households is likely to own less 

than two plots. This is confirmed by our sample, where 57% of the households owns either one or 

two plots. To minimize the effect of plot heterogeneity, therefore, we follow two steps. First, we test 

for differences in observed characteristics at plot-level for the sample households owning two plots 

and applying a practice in one of them. For the same households, we also compute the distance 

between these two plots, which may be considered an indicator of exposure to different determinants 

affecting the expected level of yield. For plots close enough to each other and holding similar 

geographical characteristics and tenure status it will be possible to argue that these will likely be 

exposed to similar time-varying set of determinants.  

 To test this, Table A3 in the Appendix reports both summaries on the dimensions available 

in the data and the results from between-group t-tests before sub-selecting the sample. Then, Table 

A4 shows summaries for the same variables but on the sub-selected sample. For the full sample, the 

characteristics of the plot emerge as different across the two groups. However, for the sub-selected 

sample, these characteristics look rather comparable across the two groups17 and treated and non-

treated plots appear to be located close to each other. For example, the average plot distance from 

households is always smaller than 500 meters. The maximum average distance for the untreated plots 

is 1.24 km, while the larger of the treated one is 1.5 km. According to these summaries, plots are 

located maximum within 2.74 km and on circumference of 5.89 Km2. We can argue, therefore, that 

 
17 This sub-selection reduces the number of households adopting labour-intensive and non-labour-intensive land practices and this 
reduction may drive the absence of significance in the t-test. For this reason, we cluster land practices together and we show that 
differences between two groups are not present. 
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for this subsample the plots are exposed to similar time-varying factors, such as climate, pest and soil 

erosion18. 

 We also consider the volatility of aggregate yield as an additional dependent variable in the 

main part of the analysis. To this aim, we take advantage of the two-step approach for measuring 

volatility developed by Antle (1983) and Di Falco and Chavas (2009). In our case, the first step involves 

the prediction of the error term from a regression including the aggregate yield as the dependent 

variable. The second step entails including the square of the predicted error term as dependent variable 

in the main empirical specification where the set of controls is kept fixed. Under the assumption of 

no omitted variable bias, this approach provides a consistent measure of the volatility of aggregate 

productivity. In this context, the volatility is capturing production risk for farmers, with highest levels 

of volatility associated with higher production uncertainty (for more details see Di Falco and Chavas, 

2009). 

The second part of the analysis studies whether the above agricultural practices determine 

heterogeneous returns depending on the level of wealth of adopters. To do so, we first run the main 

specification on two subsamples of households, those above and those below the median wealth level. 

As a second step, we compute the marginal effect of these practices at different levels of wealth 

distribution19. 

The third part of the analysis involves an explorative exercise on the effect of a welfare transfer 

on the impact of adoption. This is done by adding the interaction terms between the safety net 

assistance received by the household with the adoption of the technological-related practices to the 

baseline specification. Let 𝑆𝑁𝑖𝑡 be the log-linearized value of safety net received by the household in a 

 
18Despite this evidence, we prefer to use caution for the interpretation of the estimates from this sub-sample and continue to interpret 
the estimated coefficients as correlational coefficients. 
19 For the sake of clarity of the graph, before computing the marginal effects, we rescale the wealth between 0-1, but this operation 
does not affect the result. 
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given agricultural season: the model specification involving the interaction terms takes the following 

form: 

𝑌𝑝𝑖𝑒𝑡 = 𝛽1𝑋𝑝𝑖𝑒𝑡 + 𝛽2𝐶𝑖𝑒𝑡 + 𝜌𝐻𝑆𝑝𝑖𝑡 + 𝜒𝑆𝑊𝐶𝑝𝑖𝑒𝑡 + 𝜐𝐿𝐼𝑝𝑖𝑒𝑡 + 𝜏𝐿𝑃𝑝𝑖𝑒𝑡 + 𝛿𝑂𝐹𝑝𝑖𝑒𝑡 + 𝜏𝑆𝑁𝑖𝑡 + 𝜗𝑆𝑁𝑖𝑡 ×  𝑂𝐹𝑝𝑖𝑒𝑡 + 𝜃𝑆𝑁𝑖𝑡  × 𝑆𝑊𝐶𝑝𝑖𝑒𝑡  (3) 

+𝛾𝑍�̅� + 𝜂𝑖 + 𝜇𝑝𝑖𝑒𝑡 

Where 𝜗 and 𝜃 are the coefficients linked to the interaction terms between safety-net and organic 

fertilizer, and safety net and soil conservation control bunds, respectively. Since safety nets are not 

randomly distributed among the households, the results of this exercise need to be interpreted with 

caution. As before, it is possible to control for the unobserved heterogeneity at plot/household level 

and for a set of time-varying observed characteristics, including the weather. Nevertheless, the exercise 

is unable to fully account for unobserved time-varying characteristics at household level which are 

potentially correlated with the allocation of safety nets. 

6. Results 

6.1 Average impact on aggregate yield and volatility 

How do the aggregate yield and its volatility correlate with the adoption of the above practices? This 

sub-section addresses this question using equation (2) above. The results, presented in Table 4, suggest 

that yield does not significantly correlate with the amount of safety net per capita nor with the 

employment of labour-intensive land preparation systems, while it is correlated with the adoption of 

hybrid seeds and soil erosion control bunds, but the statistical significance of the result depends more 

on the sample under analysis. The coefficient of the adoption of legume intercropping positively 

correlates with the level of yield. In terms of magnitude, the adoption of legume intercropping is 

associated with a shift in the plot’s productivity between 7.8 and 15 percent20, depending on the sample 

considered. Increases in plot's productivity are associated with the use of organic fertilizer. As 

expected, aggregate yield is positively correlated both with the amount of inorganic fertilizer and with 

 
20 The percentage impact y for a given coefficient x is computed as y=exp(x)-1 
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the pesticide applied. Yield correlates negatively with the adoption of non-labour-intensive land 

preparation systems, likely due to the fact that these techniques have higher return over long time 

periods, while our approach is measuring the short-term impact. The findings for the volatility of 

aggregate yield follow a similar but opposite pattern. Volatility is negatively related to the adoption of 

hybrid-seed, legume intercropping, and inorganic fertilizer, while it positively correlates with the 

adoption of non-labour-intensive land preparation system. 

The specification reports the expected sign and magnitude for the coefficients linked to the other 

controls. Increases in yield are associated with increases in average seasonal rain. The size of the area 

planted is associated with a negative, but insignificant, shift in the aggregate yield, supporting the 

inverse farm-size productivity hypothesis21. The coefficient of the distance of the household from the 

plot is negative but not significant. The agricultural access index correlates positively with the yield in 

the national representative sample. MASAF programme, extension services and collective actions at 

the EA level show a positive correlation with the plot’s yield whereas the irrigation scheme correlates 

with reductions in the volatility of yields.  

   <INSERT TABLE 4 HERE> 

6.2 Agro-ecological zones and returns from sustainable agricultural practices 

Are the returns from the adoption of sustainable agricultural practices heterogeneous across AEZs? 

As Chikowo (2011) suggests, the answer to this question may be affirmative, as each of these zones 

involves a different combination of geographical, climatic, and ecological characteristics that can affect 

the effectiveness of these practices. For example, according to Chikowo (2011), sustainable agricultural 

practices may increase yield growth in semi-arid environments whereas their benefits may become 

 
21The inverse farm-size productivity hypothesis is explained in the literature by market failures, omitted variables and measurement 
errors (Carter, 1984; Barret, 1996). 
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intangible for sub-humid environments. To test this argument, we run the specification in equation 

(2) focusing on aggregate yield22 after having divided the sample into four sub-samples, following the 

AEZ’s classification reported in the dataset (i.e., tropical warm/semi-arid, tropical warm/sub-humid, 

tropical cool/semi-arid and tropical cool/sub-humid).  

 Table 5 presents a reduced set of coefficients by AEZ both for the full and reduced sample23. 

Aggregate yield positively correlates with the adoption of hybrid seeds, which is a practice particularly 

suitable during drought periods. This, however, occurs only for the reduced sample in the tropic-

warm/sub-humid and tropic-cool/semi-arid zone. Soil erosion control bunds negatively correlate with 

yield only when implemented in tropic-warm/semi-arid zones, where the likelihood of rain is low, 

while the coefficient is positive and significant in the tropic-cool/sub-humid zone. In the tropic-warm 

zones, increases in aggregate yield are associated with the adoption of legume intercropping. This 

result may derive from differences in the legumes adopted in each zone: for example, farmers 

practicing legume intercropping in tropical-warm/sub-humid zones are more likely to plant pigeon 

pea, which is likely to mature later in sub-humid environment and to have, relative to other grain 

legumes, a significant long-term positive impact on soil fertility24 (Kerr et al., 2007).  The positive 

coefficient linked to legume intercropping on this zone, therefore, may be explained by a combination 

of agro-ecological attributes and agronomic characteristics of the crop25. However, these different 

agro-ecological attributes may occasionally confound with the local characteristics of the farmers. As 

Table 6 shows, households adopting legume intercropping in the tropical-cool/sub-humid zone are 

closer to their plot, on average more educated and of larger in size. It is likely, therefore, that these 

 
22 A similar evidence emerges when focusing on volatility of aggregate yield, whose results are available upon request. 
23 The complete set of coefficients is available upon request. 
24 See Table A5 in the Appendix for the legumes most widely adopted across the AEZs. 
25 This is valid for all the practices that are location-specific, while it should not hold for other practices, such as organic 
fertilizer, which is implemented in a similar way across AEZ. 
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households will be less labour-constrained and will be able to supply more workforce for this labour-

intensive practice. The same households have more access to the extension services and to the main 

road via lorries. Coefficients for the alternative land preparation systems do not provide substantial 

indications for most of the AEZs, with the exception of the tropical cool/semi-arid zone, where the 

coefficient suggests a negative correlation between yield and the adoption of alternative land 

preparation systems. Finally, aggregate yield positively correlates with the adoption of inorganic 

fertilizer across all the AEZs. 

<INSERT TABLE 5 AND 6 HERE> 

 6.3 Wealth distribution and returns from sustainable agricultural practices 

Are the returns from the above practices heterogeneous across wealth distribution? A small but 

growing body of literature discusses that some farmers are unable to secure the expected benefits from 

the adoption of sustainable practices because of the non-affordability of the level of the initial 

investment in terms of resources and labour (e.g. McCarthy et al., 2011). In this subsection, we test the 

hypothesis that the level of wealth correlates with returns from sustainable practices. To do so, we 

first study the impact of these practices for households with wealth above and below the median 

distribution. As Table 7 shows, adoption of hybrid seeds and legume intercropping are associated with 

increases in yield only for the household with a level of wealth lower than the median. Organic fertilizer 

is only slightly correlated with the aggregate yield for the less wealthy households, while is positive and 

significant at 1 percent level for wealthier households. Soil erosion control bunds are positively 

correlated with aggregate yield only for the wealthier part of the population. 

  Subsequently, we compute the marginal impact of each of the above practices at a different 

level of wealth. Figure 3A and 3B suggest that the adoption of hybrid seed and legume intercropping 

is positively correlated with increases in yield for plots owned by households with a low level of 
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agricultural wealth. Similarly, to Table 8, Figure 4A and 4B report that the adoption of soil erosion 

control bunds and organic fertilizer are associated with positive and highly significant coefficients only 

on the wealthier subsample. Increases in yield are associated with the adoption of organic fertilizer for 

poorer households, but the estimated coefficient is lower and not statistically significant. The 

differentiated effect is possibly related to the different nature of these practices. Both legume 

intercropping and hybrid seeds, indeed, imply a change in the set of the crops cultivated on the plot26. 

In contrast, practices such as soil erosion control bunds or organic fertilizer can be considered as 

additive technologies applied to a predetermined set of crops. These techniques involve extensive 

knowledge of agricultural practices and the ownership of expensive tools as those owned by farmers 

with high levels of agricultural wealth. These practices, therefore, may show no correlation with the 

productivity of less wealthy farmers because they are likely to require a large investment for their 

implementation (such as the soil erosion control bund) or for the coverage of the entire field (such as 

organic fertilizer). 

<INSERT TABLE 7 AND FIGURE 3A-3B-4A-4B-5A-5B HERE> 

Several arguments can be provided to help explain the findings above. For example, scarce or 

outdated agricultural equipment, or low levels of skill in the labour hired may reduce the return from 

these practices. If this hypothesis holds, the households would be found in a classical resource 

constraint which could potentially be relaxed through a cash-transfer programme.  Households 

experiencing a positive shock in their income, indeed, could be more likely to invest the additional 

wealth in the acquisition of new tools or in hiring new workforce. Alternatively, the result above might 

relate to lower levels of skills in poorer farmers preventing the adequate implementation of these 

 
26 Indicators of low wealth is associated with heterogenous returns from diversification in Malawi (Maggio, Sitko and 
Ignaciuk, 2018). 
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technologies. A test of this argument would need a randomized experiment, with a sample of the 

poorer farmers targeted randomly with a wealth-enhancing policy.  Since our data do not allow to test 

for this experiment, we run an explorative exercise using the specification (3), which includes a dummy 

activating if the household has been targeted with the safety net programme and its interaction terms 

with the sustainable agricultural practices. Table 8 displays the estimates obtained from this 

specification. Plots with organic fertilizer or soil erosion control bunds do not experience any 

improvement in their productivity if the household receives safety nets assistance. A positive shock in 

income may not sufficiently boost returns from these practices. At least two possible mechanisms 

could explain this result. The finding might be attributed to the size of the transfer, which might be 

too low to overcome the entry barriers. However, it might also indicate that farmers are subject to 

something different than an economic constraint preventing them to receive significant benefits from 

the adoption, such as a lower level of skills. 

<INSERT TABLE 8 AND FIGURE 7 HERE> 

 We conducted several tests to assess the validity of the main findings. Table A6 in the 

Appendix displays the results obtained when running the main specification using an OLS with Fixed 

Effects on plots and time (Column 1) and Random Effects (Column 2). Fixed effects capture a large 

part of the volatility, especially for the coefficient associated with hybrid seeds and legume 

intercropping which remain positive but not significant. The coefficient linked to the adoption of 

organic fertilizer remains positive and significant in most of the specifications. Random Effects allow 

for more consistent estimates in short panels and thus the results reported in Column 2 are consistent 

with the ones in Table 4. Higher yield is correlated with the adoption of legume intercropping and 

organic, and the coefficient linked to the adoption of hybrid seeds remains stable. We can conclude 

that these practices are the ones leading to higher returns at the national level. 
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As a robustness test for the results on the agro-ecological heterogeneity, we set as baseline category 

the tropical-warm/semi-arid AEZ and interacting the other three agro-ecological dummies with each 

practice in a model. This specification includes also districts and districts by year dummies (see Table 

A7). While district dummies are more likely to capture cultural non-time varying local characteristics, 

the district by year dummies accounts for local changes occurring between the two waves. The result 

from this methodology needs to be interpreted relative to the baseline category, but it can still be 

informative on how the impact of each practice varies across different AEZs. The interactions 

between agro-ecological dummies and adoption of given practices are significant and consistent across 

the three specifications, therefore this test confirms the presence of heterogeneous returns from 

sustainable agricultural practices. 

 We also generate two alternative wealth variables capturing ownership of a set of different 

goods27. As Table A8 and A9 show, alternative definitions of the wealth index are not likely to affect 

the estimates of the coefficients linked to the part of the sample with low/high wealth. Indeed, while 

estimates on hybrid seeds and legume intercropping show a positive sign on the aggregate yield of the 

plots owned by the less wealthy households, soil erosion control bunds and organic fertilizer have a 

stronger and more significant impact for plots owned by the wealthier part of the sample. 

7. Conclusion 

This paper examines the heterogeneity in returns from the adoption of sustainable agricultural 

practices in Malawi. We have considered a set of practices including hybrid seed, soil erosion control, 

legume intercropping, two categories of alternative land preparation systems, and organic fertilizer. 

Using two waves of a nationally representative panel dataset at the plot level, we have accounted for 

 
27 The index in Table A8 restricts the principal component analysis to the numbers of slashers, pangas, hand hoes, axes 
and sickles owned by the household. The index in Table A9 excludes sickles from the computation. 
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the unobserved time-invariant heterogeneity in adoption at plot level by using a Mundlak-corrected 

Random Effect model.  

 Recently, some studies have suggested that the low level of adoption may be caused by the 

heterogeneity in returns from these practices. This heterogeneity may be of multiple nature and is 

certainly linked to the environment and agro-ecology where the farmers are embedded, as well as to 

their socio-economic conditions. Our first result highlights a positive correlation between yield and a 

set of selected practices. Legume intercropping and inorganic fertilizer adoption positively correlates 

with average yield and negatively correlates with yield volatility, while the use of hybrid seeds is 

associated only with decreases in volatility of yield. These findings, however, are heterogeneous across 

the country. When disaggregating adoption across the agro-ecological zones, most of the practices are 

positively associated with yield, but the heterogeneity of the results suggests that their effect depends 

strongly on the agro-ecological zone in which they are implemented and on the characteristics of the 

farmers. The non-labour-intensive land preparation system, for example, shows a negative correlation 

with yield. This result highlights how these practices must not be treated as a one-size-fits-all solution 

for farmers. Before designing a policy that favours the adoption of any technique, a deep 

understanding of how this will interact with the local agro-ecological zone is necessary.  

 When focusing on the economic heterogeneity, we find that hybrid seed and legume 

intercropping positively correlate with increases in yield for the poorest households. The wealthier 

households, in contrast, achieve high returns only when adopting soil erosion control bunds and 

organic fertilizer. Finally, we show that being enrolled in a safety net programme does not affect the 

heterogeneity of returns. This result highlights the necessity to match the promotion of these practices 

with a set of instruments that increase the final benefits. The finding also suggests that future research 

is needed to understand the nature of these instruments, which can be skill-related, for example 
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through induction and on-field training. It is therefore critical to move from narrow targeting to a 

multidimensional approach which also includes the farmer’s social and educational characteristics. 
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Tables and Figures 

 

Table 1. Shares of adoption of the agricultural practices and their key combinations 

  Year=2010 Year=2013 
P-value 

 Main explanatory variables mean sd   mean sd 

Hybrid-seed (1=yes) 0.55 0.5  0.57 0.5 * 

Soil erosion control (1=yes) 0.23 0.42  0.31 0.46 *** 

Legume intercropping (1=yes) 0.35 0.47  0.47 0.5 *** 

Labour intensive land preparation (1=yes) 0.06 0.23  0.07 0.25 * 

Non labour intensive land preparation (1=yes) 0 0.02  0.02 0.16 *** 

Organic fertilizer (1=yes) 0.11 0.32  0.14 0.35 *** 

Statistics on contemporaneous adoption of more agricultural practices 

Hybrid seed x Soil erosion control (1=both) 0.28 0.45  0.37 0.48 *** 

Hybrid seed x Labour intensive land preparation (1=both) 0.07 0.25  0.08 0.28 ** 

Hybrid seed x Legume intercropping (1=both) 0.43 0.49  0.53 0.5 *** 

Hybrid seed x Non labour intensive land preparation (1=both) 0 0.02  0.02 0.14 *** 

Hybrid seed x Organic fertilizer (1=both) 0.14 0.34  0.18 0.38 *** 

Soil erosion control x Legume intercropping (1=both) 0.15 0.36  0.3 0.46 *** 

Soil erosion control x Labour intensive land preparation (1=both) 0.02 0.12  0.05 0.23 *** 

Soil erosion control x Non labour intensive land preparation (1=both) 0 0  0.01 0.08 *** 

Soil erosion control x Organic fertilizer (1=both) 0.03 0.18  0.07 0.26 *** 

Legume intercropping x Labour intensive land preparation (1=both) 0.04 0.19  0.05 0.22  

Legume intercropping x Non labour intensive land preparation (1=both) 0 0.02  0.01 0.1 *** 

Legume intercropping x Organic fertilizer (1=both) 0.05 0.23  0.12 0.33 *** 

Labour intensive x Non labour intensive land preparation (1=both) 0 0.02  0 0  

Labour intensive land preparation x Organic fertilizer (1=both) 0.01 0.08  0.01 0.1 ** 

Non labour intensive land preparation x Organic fertilizer (1=both) 0.00 0.00   0.00 0.06 *** 

Notes: Summaries are calculated using the plot level panel and the panel weights. The total number of plots is equal to 4,055. The 
level of significance for the t-test are *** p<0.01, ** p<0.05, * p<0.10. 
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Table 2. Adoption of agricultural practices by agro-ecological zone 

  Tropic-warm/semi-arid  Tropic-cool/semi-arid 

 Main explanatory variables 2010 2013 2010 2013 

  N Mean N Mean N Mean N Mean 

Hybrid seed (1=yes) 1870 0.54 1863 0.56 523 0.43 527 0.4 

Soil erosion control (1=yes) 1870 0.17 1863 0.23 523 0.19 527 0.35 

Legume intercropping (1=yes) 1870 0.28 1863 0.44 523 0.35 527 0.45 

Labour intensive preparation (1=yes) 1870 0.04 1863 0.05 523 0.05 527 0.08 

Non labour intensive land preparation (1=yes) 1870 0 1863 0.03 523 0 527 0 

Organic fertilizer (1=yes) 1870 0.12 1863 0.14 523 0.12 527 0.10 

 
  Tropic-warm/sub-humid   Tropic-cool/sub-humid 

 Main explanatory variables 2010 2013 2010 2013 

  N Mean N Mean N Mean N Mean 

Hybrid seed (1=yes) 1153 0.69 1152 0.75 509 0.39 513 0.38 

Soil erosion control (1=yes) 1153 0.34 1152 0.42 509 0.23 513 0.29 

Legume intercropping (1=yes) 1153 0.46 1152 0.56 509 0.34 513 0.37 

Labour intensive preparation (1=yes) 1153 0.05 1152 0.07 509 0.11 513 0.11 

Non labour intensive land preparation (1=yes) 1153 0 1152 0.03 509 0 513 0 

Organic fertilizer (1=yes) 1153 0.09 1152 0.17 509 0.09 513 0.11 

 
Notes: Summaries are calculated using the plot level panel and the panel weights. The total number of plots is equal to 4,055. 
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Table 3: Summary statistics of dependents and remaining controls by year 
    Year=2010 Year=2013 

Number of groups Source of data 
    mean sd   mean sd 

Dependent variable          

Aggregate value of yield per acre (ln)  10.36 0.99  10.39 1.16 4055 IHPS 

Plot-level Controls         

Inorganic fertilizer (ln)  1.33 3.74  0.21 3.44 4055 IHPS 
Pesticide (ln)  -9.05 1.21  -8.93 1.61 4055 IHPS 
Total area planted (ln)  -1.19 3.49  -0.77 2.94 4055 IHPS 
Plot distance by the household(ln)  -1.32 1.83  -1.13 1.76 4055 IHPS 
Poor soil quality (1=yes)  0.12 0.32  0.13 0.34 4055 IHPS 

Household-level Controls         

Years education of the head of hh (ln)  1.3 1.07  1.36 0.95 2281 IHPS 
Female-headed hh (1=yes)  0.21 0.41  0.22 0.41 2281 IHPS 
Size of the hh (ln)  1.52 0.5  1.59 0.46 2281 IHPS 
Agricultural wealth index  0.38 0.99  0.25 1 2281 IHPS 
Infrastructural access index  -0.22 0.67  -0.26 0.69 2281 IHPS 
Age of head of the hh (ln)  3.71 0.36  3.77 0.33 2281 IHPS 
Total value of safety net per capita (ln)  -4.99 1.67  -3.19 3.67 2281 IHPS 

Weather controls (EA-level)         
Mean seasonal tmax (ln)  3.29 0.05  3.29 0.04 197 ECMWF 
Total seasonal rain (ln)  6.59 0.15  6.66 0.11 197 ARC2 

Short-term cov rain (t-3 - t)  0.09 0.04  0.11 0.04 197 ARC2 
Short-term cov tmax (t-3 - t)  0.02 0  0.01 0.01 197 ECMWF 
Switch in seasonality rain index (1=yes)  0.08 0.27  0.24 0.43 197 ARC2 

Other EA-level controls         

Month road passable for lorries (ln)  2.06 1.03  2.07 1.05 197 CS 
MASAF programme in the EA (1=yes)  0.17 0.38  0.67 0.47 197 CS 

Microfinance in the EA (1=yes)  0.06 0.24  0.15 0.36 197 CS 
Irrigation scheme in the EA (1=yes)  0.14 0.35  0.11 0.32 197 CS 
Extension in the EA (1=yes)  0.37 0.48  0.39 0.49 197 CS 
Collective action in the EA (1=yes)   0.34 0.48   0.26 0.44 197 CS 

Notes: The data are extracted from multiple sources – the Integrated household panel survey (IHPS) (some plot level while others household level), the 
Community Survey at enumeration area level (CS), the European Centre for Medium-Range Weather Forecast (ECMWF), and the Rainfall Climatology 
version 2 (ARC2); N denotes the number of group observations at plot/household/Enumerator Area level. The set of controls includes natural log of 
(safety net in MKW received by the household+1); dummy on hybrid seeds (1=yes); dummy on soil erosion control system (1=yes); dummy on legume 
intercropping (1=yes); dummy on labour intensive land preparation system (1=yes); dummy on non-labour intensive land-preparation system (1=yes); 
dummy on adoption of organic fertilizer (1=yes); natural log of (organic fertilized applied on the plot+1); natural log of (pesticide applied on the plot+1); 
natural log of (mean seasonal maximum temperature); natural log of (total seasonal rain); CoV of rain and of maximum temperature measured between 
t-3 and t, where t is the year of the wave; dummy on the switch from the historical seasonal rainfall index (1=yes); dummy on poor soil quality (1=yes); 
natural log of (total area planted); natural log of (distance of the plot from the household); natural log of (years of education of the head of the household); 
dummy for the female-headed households (1=yes); natural log of (size of the households); agricultural wealth index; infrastructural access index; natural 
log of (age of the head of the household); natural log of (number of months that the main road is passable for lorries); dummy on MASAF programmes 
at EA level (1=yes); dummy on microfinance institutions at EA level (1=yes); dummy on extension services at EA level (1=yes); dummy on collective 
actions at EA level (1=yes). 
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Table 4: Sustainable agricultural practices as determinant of aggregate crop yield and yield volatility (Mundlak-RE model) 

 Full Sample Selected Sample 

 (1a) (1b) (2a) (2b) 

Variables Aggregate yield (ln) Volatility of aggregate yield  Aggregate yield (ln) Volatility of aggregate yield 

Hybrid-seed (1=yes) 0.047* -0.268*** 0.042 -0.190** 

 
(0.026) (0.052) (0.043) (0.090) 

Soil erosion Control Bunds (1=yes) 0.011 -0.059 0.081* -0.111 

 
(0.026) (0.053) (0.042) (0.085) 

Legume Intercropping (1=yes) 0.076*** -0.223*** 0.142*** -0.252*** 

 
(0.027) (0.054) (0.044) (0.082) 

LI Land Preparation System (1=yes) -0.069 0.073 -0.047 0.331 

 
(0.054) (0.100) (0.112) (0.232) 

NLI Land Preparation System (1=yes) -0.371** 1.177*** -0.139 0.860 

 
(0.171) (0.404) (0.263) (0.737) 

Organic Fertilizer (1=yes) 0.122*** -0.073 0.083 -0.088 

 
(0.033) (0.060) (0.052) (0.084) 

Inorganic Fertilizer (ln) 0.057*** -0.051*** 0.053*** -0.050*** 

 
(0.004) (0.007) (0.006) (0.012) 

Pesticide (ln) 0.041*** -0.019 0.049*** 0.022 

 
(0.009) (0.020) (0.018) (0.047) 

Total safety net per capita (ln) 0.006 -0.005 0.006 0.007 

 
(0.005) (0.011) (0.008) (0.016) 

Mean seasonal maximum temperature (ln) 0.651 -1.295 -4.653 5.041 

 
(2.008) (4.275) (3.142) (6.118) 

Total seasonal rain (ln) 0.517*** -0.667** 0.511** -0.415 

 
(0.137) (0.311) (0.213) (0.461) 

Short-term cov rain (t-3 - t) 0.557 0.336 0.082 0.969 

 
(0.422) (0.899) (0.659) (1.617) 

Short-term cov maximum temperature (t-3 - t) -4.784 -18.610** 6.358 -7.655 

 
(3.785) (8.083) (6.111) (14.848) 

Switch in seasonality rain index (1=yes) -0.158*** 0.013 -0.255*** 0.094 

 
(0.060) (0.117) (0.096) (0.185) 

Poor soil quality (1=yes) -0.008 0.148 -0.016* 0.097 

 
(0.005) (0.107) (0.009) (0.168) 

Total area planted (ln) -0.011 0.031*** -0.021 0.043** 

 
(0.011) (0.010) (0.017) (0.017) 

Distance of the plot from the household(ln) -0.045 -0.004 -0.121 0.002 

 
(0.050) (0.023) (0.078) (0.035) 

Years education of the head of hh (ln) -0.025 -0.022 -0.055 0.049 

 
(0.024) (0.056) (0.037) (0.088) 

Female headed hh (1=yes) 0.015 0.201 0.131 0.158 

 
(0.074) (0.143) (0.117) (0.290) 

Size of the hh (ln) -0.005 0.031 0.065 -0.157 
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(0.064) (0.130) (0.098) (0.218) 

Agricultural wealth index 0.050** -0.057 0.051 -0.157** 

 
(0.020) (0.040) (0.032) (0.066) 

Infrastructural access index 0.006 -0.177** -0.065 -0.150 

 
(0.034) (0.071) (0.059) (0.118) 

Age of head of the hh (ln) 0.059 0.242 0.259 -0.324 

 
(0.168) (0.317) (0.249) (0.522) 

Month passable for lorries (ln) 0.014 -0.135*** -0.032 0.010 

 
(0.019) (0.048) (0.029) (0.066) 

MASAF programme in the EA (1=yes) 0.080*** -0.004 0.102** -0.094 

 
(0.027) (0.054) (0.044) (0.093) 

Microfinance in the EA (1=yes) -0.091** 0.248*** -0.093 0.202* 

 
(0.040) (0.079) (0.064) (0.122) 

Irrigation scheme in the EA (1=yes) 0.005 -0.109** 0.049 -0.148* 

 
(0.029) (0.053) (0.048) (0.077) 

Extension in the EA (1=yes) 0.053** 0.001 0.016 0.093 

 
(0.025) (0.049) (0.041) (0.086) 

Collective action in the EA (1=yes) 0.098*** -0.082* 0.115*** -0.033 

 (0.026) (0.049) (0.042) (0.083) 

Number of plots 4055 4055 1,806 1,806 

R-squared 0.11 0.04 0.11 0.04 
Notes: Robust standard errors in parentheses clustered at plot-level. The levels of significance are *** p<0.01, ** p<0.05, * p<0.10. The estimates are 
obtained running a Random Effect model with Mundlak correction (Mundlak, 1978) on a plot-level panel. The full sample involves all the farming 
households included in the datasets; the selected sample includes only households owning two plots and applying a sustainable agricultural practice in 
one of them.  The specification includes the following set of controls: natural log of (safety net in MKW received by the household+1); dummy on 
hybrid seeds (1=yes); dummy on soil erosion control system (1=yes); dummy on legume intercropping (1=yes); dummy on labour intensive land 
preparation system (1=yes); dummy on non-labour intensive land-preparation system (1=yes); dummy on adoption of organic fertilizer (1=yes); natural 
log of (organic fertilized applied on the plot+1); natural log of (pesticide applied on the plot+1); natural log of (mean seasonal maximum temperature); 
natural log of (total seasonal rain); CoV of rain and of maximum temperature measured between t-3 and t, where t is the year of the wave; dummy on 
the switch from the historical seasonal rainfall index (1=yes); dummy on poor soil quality (1=yes); natural log of (total area planted); natural log of 
(distance of the plot from the household); natural log of (years of education of the head of the household); dummy for the female-headed households 
(1=yes); natural log of (size of the households); agricultural wealth index; infrastructural access index; natural log of (age of the head of the household); 
natural log of (number of months that the main road is passable for lorries); dummy on MASAF programmes at EA level (1=yes); dummy on 
microfinance institutions at EA level (1=yes); dummy on extension services at EA level (1=yes); dummy on collective actions at EA level (1=yes). 
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Table 5: Effect of sustainable practices on yield by agro-ecological zone, full sample and reduced sample (Mundlak-RE model) 

 
Full-

Sample 
1a 

Selected 
Sample 

1b 

Full-
Sample 

2a 

Selected 
Sample 

2b 

Full-
Sample 

3a 

Selected 
Sample 

3b 

Full-
Sample 

4a 

Selected 
Sample 

4b 

Variables 
Aggregate yield Tropic-

warm/semi-arid 
Aggregate yield Tropic-

warm/sub-humid 
Aggregate yield Tropic-

cool/semi-arid 
Aggregate yield Tropic-

cool/sub-humid 

Hybrid-seed (1=yes) 0.034 -0.003 0.044 0.147* 0.070 0.094 -0.067 -0.142 

 (0.039) (0.065) (0.055) (0.089) (0.068) (0.112) (0.073) (0.113) 

Soil erosion Control 
Bunds (1=yes) 

-0.081* 0.037 0.024 0.089 -0.084 -0.108 0.206*** 0.373*** 

 (0.042) (0.067) (0.043) (0.076) (0.074) (0.117) (0.072) (0.115) 

Legume Intercropping 
(1=yes) 

0.037 0.127* 0.124** 0.187** 0.134* 0.037 0.067 0.174 

 (0.043) (0.069) (0.050) (0.081) (0.076) (0.124) (0.077) (0.116) 

LI Land Preparation 
System (1=yes) 

-0.020 -0.153 0.007 0.202 -0.246* 0.148 -0.086 -0.282 

 (0.094) (0.190) (0.099) (0.236) (0.134) (0.269) (0.110) (0.195) 

NLI Land Preparation 
System (1=yes) 

-0.632*** -0.611 0.139 0.411 
NA NA 

-0.586*** 
NA 

 (0.242) (0.411) (0.190) (0.275) NA NA (0.164) NA 

Organic Fertilizer (1=yes) 0.049 -0.031 0.091 0.087 0.044 -0.296* 0.332*** 0.553*** 

 (0.045) (0.073) (0.058) (0.099) (0.119) (0.171) (0.103) (0.147) 

Inorganic Fertilizer (ln) 0.047*** 0.043*** 0.039*** 0.033*** 0.095*** 0.093*** 0.087*** 0.066*** 

 (0.005) (0.009) (0.007) (0.012) (0.010) (0.015) (0.011) (0.017) 

Pesticide (ln) 0.030** 0.027 0.066*** 0.089*** 0.073** -0.067* 0.036 0.087* 

 (0.012) (0.025) (0.013) (0.024) (0.030) (0.039) (0.033) (0.052) 

Other Controls Yes Yes Yes Yes Yes Yes Yes Yes 

Number of plots 1,901 875 1,183 528 548 216 532 214 

R-squared 0.12 0.11 0.13 0.19 0.21 0.25 0.16 0.29 

Notes: Robust standard-errors in parentheses clustered at plot-level. The levels of significance are *** p<0.01, ** p<0.05, * p<0.10. The estimates are 
obtained running a Random Effect model with Mundlak correction (Mundlak, 1978) on a plot-level panel. Each column refers to a different agro-
ecological zone. Columns 1a-2a-3a-4a are obtained running the specification on the full sample. Column 1b-2b-3b-4b are obtained reducing the sample 
to the households owning 2 plots. The specification includes the following set of controls: natural log of (safety net in MKW received by the 
household+1); dummy on hybrid seeds (1=yes); dummy on soil erosion control system (1=yes); dummy on legume intercropping (1=yes); dummy on 
labour intensive land preparation system (1=yes); dummy on non-labour intensive land-preparation system (1=yes); dummy on adoption of organic 
fertilizer (1=yes); natural log of (organic fertilized applied on the plot+1); natural log of (pesticide applied on the plot+1); natural log of (mean seasonal 
maximum temperature); natural log of (total seasonal rain); CoV of rain and of maximum temperature measured between t-3 and t, where t is the year 
of the wave; dummy on the switch from the historical seasonal rainfall index (1=yes); dummy on poor soil quality (1=yes); natural log of (total area 
planted); natural log of (distance of the plot from the household); natural log of (years of education of the head of the household); dummy for the female-
headed households (1=yes); natural log of (size of the households); agricultural wealth index; infrastructural access index; natural log of (age of the head 
of the household); natural log of (number of months that the main road is passable for lorries); dummy on MASAF programmes at EA level (1=yes); 
dummy on microfinance institutions at EA level (1=yes); dummy on extension services at EA level (1=yes); dummy on collective actions at EA level 
(1=yes). NA indicates that the absence of any observation for the non-labour intensive land preparation system in the Tropic-cool/semi-arid zone.
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Table 6: Characteristics of adopters of hybrid seeds, soil erosion controls, legume intercropping and labour intensive preparation systems at agro-ecological zone level 

 Adopters of hybrid seeds Adopters of soil erosion controls 

 

Tropical-
warm/semi-

arid 

Tropical-
warm/sub-

humid 
Tropical-

cool/semi-arid 

Tropical-
cool/sub-

humid 

Tropical-
warm/semi-

arid 

Tropical-
warm/sub-

humid 
Tropical-

cool/semi-arid Tropical-cool/sub-humid 

 N mean N mean N mean N mean N mean N mean N mean N mean 

Total area planted (ln) 2058 -1.17 437 -1.01 398 -0.91 1657 -1.09 745 -0.94 282 -0.71 266 -0.48 879 -0.81 

Plot distance by the household(ln) 2058 -1.16 437 -0.63 398 -1.86 1657 -1.77 745 -1.07 282 -0.61 266 -2.02 879 -1.66 

Poor soil (1=yes) 2058 0.12 437 0.12 398 0.13 1657 0.14 745 0.13 282 0.13 266 0.08 879 0.15 

Years education of the head of hh (ln) 2058 1.39 437 1.35 398 1.67 1657 1.5 745 1.45 282 1.39 266 1.69 879 1.46 

Female headed hh (1=yes) 2058 0.2 437 0.18 398 0.14 1657 0.26 745 0.21 282 0.16 266 0.18 879 0.23 

Size of the hh (ln) 2058 1.57 437 1.58 398 1.63 1657 1.57 745 1.55 282 1.61 266 1.7 879 1.56 

Agricultural wealth index 2058 0.27 437 0.4 398 0.95 1657 0.39 745 0.33 282 0.42 266 1.02 879 0.39 

Infrastructural access index 2058 -0.13 437 -0.4 398 0.04 1657 0.05 745 -0.18 282 -0.43 266 -0.08 879 -0.06 

Age of head of the hh (ln) 2058 3.75 437 3.77 398 3.76 1657 3.73 745 3.76 282 3.77 266 3.75 879 3.73 

Month passable for lorries (ln) 2058 2.22 437 1.91 398 2.17 1657 1.9 745 2.25 282 1.83 266 2.19 879 1.82 

Masaf program in the EA (1=yes) 2058 0.45 437 0.33 398 0.3 1657 0.45 745 0.43 282 0.24 266 0.25 879 0.47 

Microfinance in the EA (1=yes) 2058 0.13 437 0.08 398 0 1657 0.13 745 0.12 282 0.13 266 0 879 0.13 

Irrigation scheme in the EA (1=yes) 2058 0.16 437 0.11 398 0.33 1657 0.13 745 0.18 282 0.1 266 0.31 879 0.12 

Extension in the EA (1=yes) 2058 0.4 437 0.37 398 0.27 1657 0.36 745 0.39 282 0.24 266 0.27 879 0.36 

Collective action in the EA (1=yes) 2058 0.29 437 0.35 398 0.16 1657 0.28 745 0.27 282 0.31 266 0.18 879 0.23 

 Adopters of legume intercropping Labour intensive preparation 

 

Tropical-
warm/semi-

arid 

Tropical-
warm/sub-

humid 
Tropical-

cool/semi-arid 

Tropical-
cool/sub-

humid 

Tropical-
warm/semi-

arid 

Tropical-
warm/sub-

humid 
Tropical-

cool/semi-arid Tropical-cool/sub-humid 

 N mean N mean N mean N mean N mean N mean N mean N mean 

Total area planted (ln) 419 -0.77 1351 -0.79 1175 -0.46 360 -0.72 172 -0.51 79 -0.41 141 -1.04 115 -0.45 

Plot distance by the household(ln) 419 -0.58 1351 -1.15 1175 -1.65 360 -1.85 172 -1.04 79 -1.07 141 -1.54 115 -1.4 

Poor soil (1=yes) 419 0.14 1351 0.12 1175 0.16 360 0.14 172 0.2 79 0.09 141 0.11 115 0.08 

Years education of the head of hh (ln) 419 1.28 1351 1.33 1175 1.45 360 1.64 172 1.48 79 1.67 141 1.68 115 1.61 

Female headed hh (1=yes) 419 0.19 1351 0.23 1175 0.29 360 0.14 172 0.24 79 0.1 141 0.11 115 0.29 

Size of the hh (ln) 419 1.57 1351 1.56 1175 1.53 360 1.65 172 1.53 79 1.77 141 1.63 115 1.65 

Agricultural wealth index 419 0.37 1351 0.24 1175 0.31 360 1.01 172 0.32 79 0.47 141 0.57 115 0.77 

Infrastructural access index 419 -0.45 1351 -0.28 1175 -0.01 360 -0.1 172 -0.26 79 -0.35 141 0.2 115 -0.29 

Age of head of the hh (ln) 419 3.79 1351 3.75 1175 3.74 360 3.77 172 3.74 79 3.82 141 3.72 115 3.78 

Month passable for lorries (ln) 419 1.9 1351 2.19 1175 2.01 360 2.19 172 2.28 79 2.18 141 1.84 115 2.31 

Masaf program in the EA (1=yes) 419 0.3 1351 0.53 1175 0.43 360 0.29 172 0.3 79 0.3 141 0.34 115 0.37 

Microfinance in the EA (1=yes) 419 0.1 1351 0.12 1175 0.14 360 0 172 0.11 79 0.1 141 0.14 115 0 

Irrigation scheme in the EA (1=yes) 419 0.07 1351 0.14 1175 0.12 360 0.29 172 0.1 79 0.13 141 0.03 115 0.11 

Extension in the EA (1=yes) 419 0.31 1351 0.37 1175 0.35 360 0.26 172 0.35 79 0.42 141 0.26 115 0.03 

Collective action in the EA (1=yes) 419 0.37 1351 0.29 1175 0.26 360 0.16 172 0.3 79 0.1 141 0.33 115 0.07 
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Table 7: Effect of sustainable farming practices on yield by Agricultural Wealth level (Mundlak-RE model) 

  Aggregate yield (ln) 

 Agricultural Wealth<Median Agricultural Wealth ≥ Median 

 (1) (2) 

      

Hybrid-seed (1=yes) 
0.078** 0.003 

 
(0.037) (0.037) 

Soil erosion Control Bunds (1=yes) 
-0.048 0.072** 

 
(0.036) (0.037) 

Legume Intercropping (1=yes) 
0.122*** 0.032 

 
(0.038) (0.040) 

LI Land Preparation System (1=yes) 
-0.078 -0.067 

 
(0.080) (0.072) 

NLI Land Preparation System (1=yes) 
-0.350* -0.421 

 
(0.207) (0.299) 

Organic Fertilizer (1=yes) 
0.084* 0.183*** 

 
(0.046) (0.046) 

Other Controls Yes Yes 

Number of plots 2,185 1,870 

R-Squared 0.10 0.12 

Notes: Robust standard errors in parentheses clustered at plot level. The levels of significance are *** p<0.01, ** p<0.05, * p<0.10. The estimates are 
obtained running a Random Effect model with Mundlak correction (Mundlak, 1978) on a plot-level panel. The specification includes the following set 
of controls: dummy on hybrid seeds (1=yes); dummy on soil erosion control system (1=yes); dummy on legume intercropping (1=yes); dummy on 
labour intensive land preparation system (1=yes); dummy on non-labour intensive land-preparation system (1=yes); dummy on adoption of organic 
fertilizer (1=yes); natural log of (organic fertilized applied on the plot+1); natural log of (pesticide applied on the plot+1); natural log of (mean seasonal 
maximum temperature); natural log of (total seasonal rain); CoV of rain and of maximum temperature measured between t-3 and t, where t is the year 
of the wave; dummy on the switch from the historical seasonal rainfall index (1=yes); dummy on poor soil quality (1=yes); natural log of (safety net in 
MKW received by the household+1); natural log of (total area planted); natural log of (distance of the plot from the household); natural log of (years of 
education of the head of the household); dummy for the female-headed households (1=yes); natural log of (size of the households); agricultural wealth 
index; infrastructural access index; natural log of (age of the head of the household); natural log of (number of months that the main road is passable for 
lorries); dummy on MASAF programmes at EA level (1=yes); dummy on microfinance institutions at EA level (1=yes); dummy on extension services 
at EA level (1=yes); dummy on collective actions at EA level (1=yes). The specification also includes the interaction terms between the natural log of 
safety net and the dummies on the adoption of sustainable agricultural practices. 
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Table 8: Interaction effect between Safety net received and adoption of sustainable practices for the less wealthy part of the sample 

  Wealth < Median 

VARIABLES (1) (2) (3) 

     

Safety net (ln) x Soil Erosion Control Bunds 
0.013 

 
0.012 

 
(0.011) 

 
(0.011) 

Safety net (ln) x Organic Fertilizer  
0.021 0.020 

  
(0.014) (0.014) 

    

Sustainable practices and Safety net Controls Yes Yes Yes 

Other Controls Yes Yes Yes 

    

Number of plots 2,185 2,185 2,185 

    
R-squared 0.10 0.10 0.10 

Notes: Robust standard errors in parentheses clustered at plot level. The levels of significance are *** p<0.01, ** p<0.05, * p<0.10. The 
estimates are obtained running a Random Effect model with Mundlak correction (Mundlak, 1978) on a plot-level panel (column 1). The 
sample includes only household with the agricultural wealth lower than the median. The specification contains the following set of 
controls: natural log of (safety net in MKW received by the household+1); dummy on hybrid seeds (1=yes); dummy on soil erosion 
control system (1=yes); dummy on legume intercropping (1=yes); dummy on labour intensive land preparation system (1=yes); dummy 
on non-labour intensive land-preparation system (1=yes); dummy on adoption of organic fertilizer (1=yes); natural log of (organic 
fertilized applied on the plot+1); natural log of (pesticide applied on the plot+1); natural log of (mean seasonal maximum temperature); 
natural log of (total seasonal rain); CoV of rain and of maximum temperature measured between t-3 and t, where t is the year of the 
wave; dummy on the switch from the historical seasonal rainfall index (1=yes); dummy on poor soil quality (1=yes); natural log of (total 
area planted); natural log of (distance of the plot from the household); natural log of (years of education of the head of the household); 
dummy for the female-headed households (1=yes); natural log of (size of the households); agricultural wealth index; infrastructural access 
index; natural log of (age of the head of the household); natural log of (number of months that the main road is passable for lorries); 
dummy on MASAF programmes at EA level (1=yes); dummy on microfinance institutions at EA level (1=yes); dummy on extension 
services at EA level (1=yes); dummy on collective actions at EA level (1=yes). The specification also includes the interaction terms 
between the natural log of safety net and the dummies on the adoption soil erosion control bunds and organic fertilizer. 
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Figure 1A, 1B, 1C: Amount of seasonal rainfall, coefficient of variation (CoV) of rainfall (1983-2010) and 
Agro-ecological Zones 

 1A: Seasonal Rainfall   1B: CoV of Rainfall   1C Agro-ecological Zones 

   
Notes: authors’ own elaboration using data from the European Centre for Medium-Range Weather Forecast (ECMWF), and the Rainfall Climatology 
version 2 (ARC2). 
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Figure 2: Geographical distribution of the sample 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Notes: Authors’ own elaboration using the spatial references available 
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Figure 3A and 3B: Marginal impact of adoption of hybrid seeds (A) and legume intercropping (B) on 
aggregate yield at different wealth level  

A. Hybrid Seeds                                           B. Legume Intercropping 

 

 

 

 

Note: the figures display the marginal impact of adoption of the practices at a different level of wealth. The y-axis reports the value of 
point estimate, the x-axis indicates the level of wealth, applying a unit transformation using minimum and maximum value in the dataset. 
The marginal impact for level of wealth x is computed running the main specification and setting the wealth level at wi= wi-x. The blue 
line represents the point coefficient, the red lines denote the 90 percent confidence intervals. 

 

Figure 4A and 4B: Marginal impact of adoption of soil erosion control bunds (A) and organic fertilizer (B) on 
aggregate yield at different wealth level  

A. Soil Erosion Control Bunds                    B. Organic Fertilizer 

 

 

 

 

Note: the figures display the marginal impact of adoption of the practices at a different level of wealth. The y-axis reports the value of 
point estimate, the x-axis indicates the level of wealth, applying a unit transformation using minimum and maximum value in the dataset. 
The marginal impact for level of wealth x is computed running the main specification and setting the wealth level at wi= wi-x. The blue 
line represents the point coefficient, the red lines denote the 90 percent confidence intervals. 
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Figure 5A and 5B: Marginal impact of adoption of soil labour intensive (A) and non-labour intensive (B) land 
preparation system on aggregate yield at different wealth level  

A. Labour intensive Land Preparation System   B. Non-labour intensive Land Preparation System 

 

 

 

 

Note: the figures display the marginal impact of adoption of the practices at a different level of wealth. The y-axis reports the value of 
point estimate, the x-axis indicates the level of wealth, applying a unit transformation using minimum and maximum value in the dataset. 
The marginal impact for level of wealth x is computed running the main specification and setting the wealth level at wi= wi-x. The blue 
line represents the point coefficient, the red lines denote the 90 percent confidence intervals. 
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Appendix 

 

 
Table A1: Summaries for tracked and non-tracked households on agricultural wealth and land  

  Households non-tracked Household tracked T-test 

  mean sd  mean sd  

Agricultural wealth  -0.32 0.10  0.28 0.01 *** 

Land owned  0.85 0.12  2.99 0.99  

Notes: the table displays the summaries on wealth and land size for the rural 
households tracked and the ones non-tracked 

 

 

 

 

 

 

 

 
Table A2: Summaries on enrolment in safety net programmes by year 

    Year=2010 Year=2013 
Number of groups Source of data 

    mean sd   mean sd 

           

Safety net cash (1=yes)  0.05 0.21  0.24 0.43 2281 IHPS 

Safety net maize(1=yes)  0.02 0.13  0.12 0.32 2281 IHPS 

Overall safety net recipients (1=yes)   0.06 0.24   0.27 0.44 2281 IHPS 

Notes: the table displays the summaries on the rate of enrolment in safety net programmes by type 
of safety net received and wave. 

 
 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
  
 
   

49 
 

Table A3: Balance test for plot-level differences in the full sample 
Panel A Hybrid Seeds   

 Hybrid Seed=0 Hybrid Seed=1 T-test 

Distance from HH location (km) 0.95 1.22 *** 

Slope (degree) 4.50 4.47  
Elevation (meters) 1004.87 904.78 *** 

Granted from the leader (1=yes) 0.11 0.09 *** 

Inherited (1=yes) 0.77 0.75 ** 

Purchased (1=yes) 0.03 0.03  
Right to sell (1=yes) 0.58 0.53  

Fear of Dispute (1=Yes) 0.09 0.10 * 

Panel B Soil Erosion Control Bunds 

 Soil Erosion Control Bunds=0 Soil Erosion Control Bunds=1 T-test 

Distance from HH location (km) 1.09 1.12  
Slope (degree) 4.14 5.40 *** 

Elevation (meters) 956.36 932.85 *** 

Granted from the leader (1=yes) 0.11 0.09 * 

Inherited (1=yes) 0.74 0.80 *** 

Purchased (1=yes) 0.03 0.03  
Right to sell (1=yes) 0.56 0.53 ** 

Fear of Dispute (1=Yes) 0.09 0.12 *** 

Panel C Legume Intercropping 

 Legume Intercropping=0 Legume Intercropping=1 T-test 

Distance from HH location (km) 0.97 1.28 *** 

Slope (degree) 4.15 4.95 *** 

Elevation (meters) 952.54 946.30  
Granted from the leader (1=yes) 0.11 0.09 *** 

Inherited (1=yes) 0.74 0.79 *** 

Purchased (1=yes) 0.03 0.03  
Right to sell (1=yes) 0.56 0.54  

Fear of Dispute (1=Yes) 0.09 0.11 *** 

Panel D Labour Intensive Land Preparation   

 LI Land Prep=0 LI Land Prep=1 T-test 

Distance from HH location (km) 1.09 1.21  
Slope (degree) 4.45 4.91 ** 

Elevation (meters) 946.31 1000.78 *** 

Granted from the leader (1=yes) 0.10 0.09  
Inherited (1=yes) 0.75 0.84 *** 

Purchased (1=yes) 0.03 0.01 *** 

Right to sell (1=yes) 0.54 0.66 *** 

Fear of Dispute (1=Yes) 0.10 0.02 *** 

Panel E Non-Labour Intensive Land Preparation 

 NLI Land Prep=0 NLI Land Prep=1 T-test 

Distance from HH location (km) 1.10 1.16  
Slope (degree) 4.51 2.22 *** 

Elevation (meters) 955.93 420.75 *** 

Granted from the leader (1=yes) 0.10 0.07  
Inherited (1=yes) 0.76 0.70  
Purchased (1=yes) 0.03 0.01  

Right to sell (1=yes) 0.55 0.59  
Fear of Dispute (1=Yes) 0.10 0.15   

Panel F Land Preparation (clustered) 

 Land Prep=0  Land Prep=1  T-test 

Distance from HH location (km) 1.09 1.20  
Slope (degree) 4.48 4.52  

Elevation (meters) 952.69 917.38 ** 

Granted from the leader (1=yes) 0.10 0.09 * 
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Inherited (1=yes) 0.75 0.82 *** 

Purchased (1=yes) 0.03 0.01 *** 

Right to sell (1=yes) 0.54 0.65 * 

Fear of Dispute (1=Yes) 0.10 0.03 *** 

Panel G Organic Fertilizer 

 Organic Fertilizer=0  Organic Fertilizer=1  T-test 

Distance from HH location (km) 1.14 0.81 ** 

Slope (degree) 4.49 4.42  
Elevation (meters) 947.53 967.83 * 

Granted from the leader (1=yes) 0.10 0.09  
Inherited (1=yes) 0.76 0.79 ** 

Purchased (1=yes) 0.03 0.04  

Right to sell (1=yes) 0.55 0.55  
Fear of Dispute (1=Yes) 0.10 0.11   

Notes: the table displays the summaries on plot-level characteristics for the full sample, clustered by adoption of practices 
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Table A4: Balance test plot-level differences in the subsample of households owning 2 plots, with 
adoption observed in only 1 plot 

Panel A Hybrid Seeds   

 Hybrid Seed=0 (obs=663) Hybrid Seed=1 (obs=663) T-test 

Distance from HH location (km) 0.98 1.22 * 

Slope (degree) 4.35 4.47  

Elevation (meters) 965.86 978.64  

Granted from the leader (1=yes) 0.12 0.11  

Inherited (1=yes) 0.78 0.77  

Purchased (1=yes) 0.04 0.04  

Right to sell (1=yes) 0.56 0.56  

Fear of Dispute (1=Yes) 0.09 0.09  

Panel B Soil Erosion Control Bunds 

 Soil Erosion Control Bunds=0 (obs=113) Soil Erosion Control Bunds=1 (obs=113) T-test 

Distance from HH location (km) 1.24 1.36  

Slope (degree) 5.41 5.81  

Elevation (meters) 882.39 886.90  

Granted from the leader (1=yes) 0.07 0.05  

Inherited (1=yes) 0.82 0.84  

Purchased (1=yes) 0.03 0.01  

Right to sell (1=yes) 0.53 0.53  

Fear of Dispute (1=Yes) 0.11 0.11  

Panel C Legume Intercropping 

 Legume Intercropping=0 (obs=665) Legume Intercropping=1  (obs=665) T-test 

Distance from HH location (km) 1.16 1.16  

Slope (degree) 4.45 4.45  

Elevation (meters) 999.34 997.62  

Granted from the leader (1=yes) 0.11 0.11  

Inherited (1=yes) 0.78 0.77  

Purchased (1=yes) 0.03 0.03  

Right to sell (1=yes) 0.55 0.55  

Fear of Dispute (1=Yes) 0.10 0.10  

Panel D Labour Intensive Land Preparation   

 LI Land Prep=0 (obs=27) LI Land Prep=1 (obs=27) T-test 

Distance from HH location (km)  0.92 1.52  

Slope (degree) 6.37 7.56  

Elevation (meters) 738.52 731.85  

Granted from the leader (1=yes) 0.19 0.11  

Inherited (1=yes) 0.74 0.81  

Purchased (1=yes) 0.00 0.00 no obs 

Right to sell (1=yes) 0.48 0.44  

Fear of Dispute (1=Yes) 0.08 0.07 * 

Panel E Non-Labour Intensive Land Preparation     

 NLI Land Prep=0 (obs=15) NLI Land Prep=1 (obs=15) T-test 

Distance from HH location (km) 0.99 1.35  

Slope (degree) 3.40 3.00  

Elevation (meters) 507.33 452.00  

Granted from the leader (1=yes) 0.00 0.00  

Inherited (1=yes) 0.87 0.87  

Purchased (1=yes) 0.00 0.06  

Right to sell (1=yes) 0.71 0.73  

Fear of Dispute (1=Yes) 0.29 0.27   

Panel F Land Preparation (clustered) 
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 Land Prep=0 (obs=40) Land Prep=1 (obs=40) T-test 

Distance from HH location (km) 0.89 1.44 * 

Slope (degree) 5.48 6.13  
Elevation (meters) 681.25 656.00  

Granted from the leader (1=yes) 0.13 0.08  

Inherited (1=yes) 0.78 0.83  

Purchased (1=yes) 0.00 0.03  

Right to sell (1=yes) 0.59 0.58  

Fear of Dispute (1=Yes) 0.11 0.10   

Panel G Organic Fertilizer 

 Organic Fertilizer=0  (obs=233) Organic Fertilizer=1  (obs=233) T-test 

Distance from HH location (km) 1.04 1.02 * 

Slope (degree) 4.90 4.80  

Elevation (meters) 975.28 974.64  

Granted from the leader (1=yes) 0.08 0.09  

Inherited (1=yes) 0.79 0.82  

Purchased (1=yes) 0.02 0.03  

Right to sell (1=yes) 0.53 0.52  

Fear of Dispute (1=Yes) 0.13 0.11   

Notes: the table displays the summaries on plot-level characteristics for a subsample of households owning two plots and 
applying the practice only on one of them, clustered by adoption of practices. 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Table A5: Prevalence of legumes in legume intercropping by agro-ecological zones 

  Tropic warm/semi-arid Tropic warm/sub-humid Tropic cool/semi-arid Tropical cool/sub-humid 

 Share of adopters Share of adopters Share of adopters Share of adopters 

Groundnuts 0.47 0.25 0.51 0.38 

Beans 0.09 0.07 0.26 0.39 

Soybeans 0.10 0.05 0.26 0.18 

Pigeon-peas 0.32 0.75 0.00 0.05 

Peas 0.07 0.03 0.02 0.03 

Notes: the table displays plot-level summaries on the share of adopters of a given legume for legume 
intercropping adopters, clustered by agro-ecological zones. Since the same plot may contain more 
legumes, the sum of the shares by agro-ecological zones is larger than 1.  
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Table A6: Results using a Fixed Effects and Random Effects models 

  Aggregate yield (ln) 

 Fixed Effects Random Effects 

VARIABLES (1) (2) 

      

Hybrid-seed (1=yes) 0.029 0.051* 
 

(0.038) (0.026) 

Soil erosion Control Bunds (1=yes) 0.007 0.003 

 (0.035) (0.026) 

Legume Intercropping (1=yes) 0.045 0.072*** 

 (0.041) (0.027) 

LI Land Preparation System (1=yes) 0.323 -0.077 

 (0.227) (0.051) 

NLI Land Preparation System (1=yes) -0.476*** -0.431*** 

 (0.145) (0.109) 

Organic Fertilizer (1=yes) 0.163*** 0.120*** 

 (0.049) (0.035) 

Inorganic Fertilizer (ln) 0.047*** 0.058*** 

 (0.005) (0.003) 

Pesticide (ln) 0.032*** 0.039*** 

 (0.011) (0.008) 

Total safety net per capita (ln) 0.003 -0.003 

 (0.006) (0.004) 

Other Controls Yes Yes 

Number of plots 4,055 4,055 

R-squared 0.04 0.10 

Notes: Robust standard errors in parentheses clustered at panel level. The levels of significance are *** p<0.01, ** p<0.05, * p<0.10. The estimates are 
obtained running an OLS with fixed effects on plots and time (column 1) and a Random Effect model (column 2). The specification includes the 
following set of controls: dummy on hybrid seeds (1=yes); dummy on soil erosion control system (1=yes); dummy on legume intercropping (1=yes); 
dummy on labour intensive land preparation system (1=yes); dummy on non-labour intensive land-preparation system (1=yes); dummy on adoption of 
organic fertilizer (1=yes); natural log of (organic fertilized applied on the plot+1); natural log of (pesticide applied on the plot+1); natural log of (safety 
net in MKW received by the household+1);  natural log of (mean seasonal maximum temperature); natural log of (total seasonal rain); CoV of rain and 
of maximum temperature measured between t-3 and t, where t is the year of the wave; dummy on the switch from the historical seasonal rainfall index 
(1=yes); dummy on poor soil quality (1=yes); natural log of (total area planted); natural log of (distance of the plot from the household); natural log of 
(years of education of the head of the household); dummy for the female-headed households (1=yes); natural log of (size of the households); agricultural 
wealth index; infrastructural access index; natural log of (age of the head of the household); natural log of (number of months that the main road is 
passable for lorries); dummy on MASAF programmes at EA level (1=yes); dummy on microfinance institutions at EA level (1=yes); dummy on extension 
services at EA level (1=yes); dummy on collective actions at EA level (1=yes).  
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Table A7: Combined effect of sustainable practices and Agro-ecology controlling for district-level 
institutions and time-varying institutions 
  (1) (2) (1) 

 Aggregate yield Aggregate yield Aggregate yield 

        
Tropic-warm/sub-humid X Hybrid-seed 0.045 0.047 0.041 

 (0.066) (0.065) (0.066) 
Tropic-warm/sub-humid X Soil erosion control 0.101* 0.103* 0.077 

 (0.059) (0.059) (0.060) 
Tropic-warm/sub-humid X  Legume intercropping  0.007 0.063 0.066 

 (0.061) (0.064) (0.064) 
Tropic-warm/sub-humid X labour intensive land prep. -0.051 -0.086 -0.080 

 (0.141) (0.135) (0.135) 
Tropic-warm/sub-humid X non-labour intensive land prep. 0.963*** 1.109*** 1.017*** 

 (0.298) (0.294) (0.314) 
Tropic-warm/sub-humid X Organic Fertilizer 0.052 0.080 0.058 

 (0.073) (0.073) (0.073) 
Tropic-cool/semi-arid X Hybrid-seed 0.095 0.055 0.048 

 (0.078) (0.077) (0.077) 
Tropic-cool/semi-arid X Soil erosion control -0.029 -0.035 -0.017 

 (0.084) (0.084) (0.085) 
Tropic-cool/semi-arid X Legume intercropping  -0.108 -0.070 -0.070 

 (0.079) (0.079) (0.080) 
Tropic-cool/semi-arid X labour intensive land prep. -0.327** -0.277* -0.281* 

 (0.162) (0.161) (0.161) 
Tropic-cool/semi-arid X Organic Fertilizer 0.126 0.115 0.103 

 (0.127) (0.124) (0.126) 
Tropic-cool/sub-humid Hybrid-seed (1=yes) -0.063 -0.079 -0.091 

 (0.079) (0.079) (0.079) 
Tropic-cool/sub-humid  Soil erosion control 0.275*** 0.266*** 0.251*** 

 (0.082) (0.081) (0.081) 
Tropic-cool/sub-humid  Legume intercropping  -0.135* -0.096 -0.094 

 (0.080) (0.081) (0.081) 
Tropic-cool/sub-humid  labour intensive land prep. -0.139 -0.048 -0.045 

 (0.140) (0.140) (0.140) 
Tropic-cool/sub-humid non-labour intensive land prep. -0.024 -0.110 -0.191 

 (0.255) (0.257) (0.292) 
Tropic-cool/sub-humid  Organic Fertilizer 0.218** 0.265** 0.273** 

 (0.111) (0.113) (0.111) 
Hybrid-seed (1=yes) 0.014 0.014 0.015 

 (0.038) (0.038) (0.038) 
Soil erosion control (1=yes) -0.066 -0.067 -0.047 

 (0.041) (0.041) (0.042) 
Legume intercropping (1=yes) 0.101** 0.075* 0.069* 

 (0.040) (0.041) (0.041) 
labour intensive land prep. 0.022 0.062 0.058 

 (0.095) (0.092) (0.092) 
non-labour intensive land prep. -0.720*** -0.722*** -0.688** 

 (0.238) (0.241) (0.268) 
Organic fertilizer (1=yes) 0.054 0.059 0.063 

 (0.046) (0.046) (0.046) 

Other Controls Yes Yes Yes 
Agro-ecological Zones Dummies Yes Yes Yes 
Year Dummy No Yes Yes 
District Dummies No Yes No 
District X Year Dummies No No Yes 
R-squared 0.15 0.15 0.16 
Number of plots 4,055 4,055 4,055 

Notes: Robust standard errors in parentheses clustered at plot-level. The levels of significance are *** p<0.01, ** p<0.05, * p<0.10. The estimates are obtained 
running a Random Effect model with Mundlak correction (Mundlak, 1978) on a plot-level panel. The model focus on the interaction between different agro-
ecological dummies and sustainable agricultural practices. The baseline agro-ecological zone is Tropical warm semi-arid. For the entire list of controls refer to 
Table 4’s footnote. 
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Table A8: Effect of sustainable agricultural practices on yield by agricultural wealth using an 
alternative wealth definition (Mundlak-RE model) 

  Aggregate yield (ln) 

 Agricultural Wealth<Median Agricultural Wealth ≥ Median 

 (1) (2) 

      

Hybrid-seed (1=yes) 
0.082** 0.003 

 
(0.038) (0.036) 

Soil erosion Control Bunds (1=yes) 
-0.055 0.076** 

 
(0.037) (0.036) 

Legume Intercropping (1=yes) 
0.133*** 0.027 

 
(0.040) (0.038) 

LI Land Preparation System (1=yes) 
-0.047 -0.096 

 
(0.087) (0.069) 

NLI Land Preparation System (1=yes) 
-0.286 -0.507* 

 
(0.216) (0.276) 

Organic Fertilizer (1=yes) 
0.074 0.180*** 

 
(0.048) (0.044) 

Other Controls Yes Yes 

   

Number of plots 2,029 2,026 

Notes: Robust standard errors in parentheses clustered at plot-level. The levels of significance are *** p<0.01, ** p<0.05, * p<0.10. The estimates are 
obtained running a Random Effect model with Mundlak correction (Mundlak, 1978) on a plot-level panel. The specification includes the following set 
of controls: dummy on hybrid seeds (1=yes); dummy on soil erosion control system (1=yes); dummy on legume intercropping (1=yes); dummy on 
labour intensive land preparation system (1=yes); dummy on non-labour intensive land-preparation system (1=yes); dummy on adoption of organic 
fertilizer (1=yes); natural log of (organic fertilized applied on the plot+1); natural log of (pesticide applied on the plot+1); natural log of (mean seasonal 
maximum temperature); natural log of (total seasonal rain); CoV of rain and of maximum temperature measured between t-3 and t, where t is the year 
of the wave; dummy on the switch from the historical seasonal rainfall index (1=yes); dummy on poor soil quality (1=yes); natural log of (safety net in 
MKW received by the household+1); natural log of (total area planted); natural log of (distance of the plot from the household); natural log of (years of 
education of the head of the household); dummy for the female-headed households (1=yes); natural log of (size of the households); agricultural wealth 
index; infrastructural access index; natural log of (age of the head of the household); natural log of (number of months that the main road is passable for 
lorries); dummy on MASAF programmes at EA level (1=yes); dummy on microfinance institutions at EA level (1=yes); dummy on extension services 
at EA level (1=yes); dummy on collective actions at EA level (1=yes). The specification also includes the interaction terms between the natural log of 
safety net and the dummies on the adoption of sustainable agricultural practices. To construct the wealth index, a principal component analysis has been 
employed on the numbers of slashers, pangas, hand hoes, axes, and sickles owned by the household. 
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Table A9: Effect of sustainable practices on yield by agricultural wealth using a third definition for 
wealth (Mundlak-RE model) 

  Aggregate yield (ln) 

 Agricultural Wealth<Median Agricultural Wealth ≥ Median 

 (1) (2) 

      

Hybrid-seed (1=yes) 
0.065* 0.019 

 
(0.037) (0.037) 

Soil erosion Control Bunds (1=yes) 
-0.067* 0.067* 

 
(0.038) (0.036) 

Legume Intercropping (1=yes) 
0.134*** 0.024 

 
(0.038) (0.039) 

LI Land Preparation System (1=yes) 
-0.023 -0.104 

 
(0.085) (0.070) 

NLI Land Preparation System (1=yes) 
-0.322 -0.446 

 
(0.210) (0.280) 

Organic Fertilizer (1=yes) 
0.089* 0.161*** 

 
(0.046) (0.046) 

Inorganic Fertilizer (ln) 
0.051*** 0.063*** 

 
(0.005) (0.005) 

Pesticide (ln) 
0.050*** 0.038*** 

 
(0.017) (0.010) 

Other Controls Yes Yes 

   

Number of plots 2,030 2,025 

Notes: Robust standard errors in parentheses clustered at plot level. The levels of significance are *** p<0.01, ** p<0.05, * p<0.10. The estimates are 
obtained running a Random Effect model with Mundlak correction (Mundlak, 1978) on a plot-level panel. The specification includes the following set 
of controls: dummy on hybrid seeds (1=yes); dummy on soil erosion control system (1=yes); dummy on legume intercropping (1=yes); dummy on 
labour intensive land preparation system (1=yes); dummy on non-labour intensive land-preparation system (1=yes); dummy on adoption of organic 
fertilizer (1=yes); natural log of (organic fertilized applied on the plot+1); natural log of (pesticide applied on the plot+1); natural log of (mean seasonal 
maximum temperature); natural log of (total seasonal rain); CoV of rain and of maximum temperature measured between t-3 and t, where t is the year 
of the wave; dummy on the switch from the historical seasonal rainfall index (1=yes); dummy on poor soil quality (1=yes); natural log of (safety net in 
MKW received by the household+1); natural log of (total area planted); natural log of (distance of the plot from the household); natural log of (years of 
education of the head of the household); dummy for the female-headed households (1=yes); natural log of (size of the households); agricultural wealth 
index; infrastructural access index; natural log of (age of the head of the household); natural log of (number of months that the main road is passable for 
lorries); dummy on MASAF programmes at EA level (1=yes); dummy on microfinance institutions at EA level (1=yes); dummy on extension services 
at EA level (1=yes); dummy on collective actions at EA level (1=yes). The specification also includes the interaction terms between the natural log of 
safety net and the dummies on the adoption of sustainable agricultural practices. To construct the wealth index, a principal component analysis has been 
employed on the numbers of slashers, pangas, hand hoes, and axes owned by the household. 

 

 

 

 

 


