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Abstract

:

Poverty among smallholder farmers in sub-Saharan Africa has been associated with low agricultural productivity emanating from gender yield gaps among other factors. Using data collected from smallholder groundnut producers in Nigeria, we analyzed the gender yield gap by applying the exogenous switching regression (ESR) model and Oaxaca–Blinder (OB) decomposition framework. Results from the two complementary approaches showed a significant gender yield gap in favor of male headed households (MHHs). The main and significant source of the gap was differences in resources/endowments. We found that involving female headed households (FHHs) in prerequisite yield augmenting activities like technology validation trials, testing, and demonstrations is critical in closing the existing yield gap.
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1. Introduction


Sub-Saharan Africa (SSA) has a disproportionately higher number of poor people in the world than any other region. Available data shows that about 13% of the total world population is in SSA but the region accounts for about 56% of the poor people in the world [1]. Most of these poor people are in rural areas, most of them (80%) engaged in agriculture to earn their livelihoods [2]. This pervasive and persistent poverty in SSA has been associated with low agricultural productivity [3]. The region has the lowest agricultural productivity in the world, yet evidence shows that increasing farm yields is likely to reduce poverty significantly [4,5,6,7]. No other economic sector can significantly reduce poverty like the agricultural sector [8].



In many countries of SSA, low agricultural productivity is driven by the overarching challenge of gender disparity in access, control, and utilization of production resources [9,10,11,12,13,14]. Even though women contribute about 50% of agricultural labor, structural barriers limit female farmers’ productivity in the African agricultural landscape [15]. Women in the SSA agricultural sector are discriminated against in terms of access to key factors of production like land and capital. Most times when women are allocated land for farming, it is the least fertile. This gendered disadvantage has contributed to the persistent gender productivity gap in agriculture, which stands at not less than 20% [13]. Closing this gender productivity gap is critical to increasing agricultural production, cash incomes, and poverty reduction or even eradication altogether. In fact, it has been asserted that closing the gender yield gap in SSA could increase agricultural productivity of women by between 20–30% [10,11,16], which in turn is likely to increase agricultural production in the region by between 2.5–4% and lift over 100 million people out of poverty [15]. Addressing causes of the gender productivity gap is also likely to translate into improved welfare outcomes at the household and individual level e.g., better food and nutritional outcomes because it has been shown that women spend more of their cash incomes on household food than men [17,18,19].



Given these compelling reasons for addressing agricultural gender productivity gaps in SSA, several studies have been conducted in the recent past [10,11,12,13,14,20,21,22]. These studies have used different datasets and methodologies in estimating and analyzing the productivity gap. In terms of data differences, there are those studies that have used cross-sectional and panel data, while within these broad data types, there are studies that have used intra-household and inter-households gender differentiated data [23,24]. The applicability of the results derived from these different studies that used diverse datasets and analytical methods are limited in deriving cross-cutting and comparable policy options. The underlying finding across the literature is that once differences in access and control of agricultural inputs (labor, fertilizer, seed, etc.), human capital (education, experience, etc.), and institutions (land tenure, markets, social capital, etc.) are equalized, the gender yield gap will be closed. However, the magnitude of the yield gap and its drivers are likely to be region, country, or even crop specific, thereby invalidating the one-size-fits-all recommendations or policy options. Therefore, the current study adds to this growing literature of analyzing the gender agricultural productivity gap by estimating and analyzing the groundnut gender yield gap among smallholder producers in Nigeria. The exogenous switching regression (ESR) model is adopted to estimate the yield gap. The ESR results are complemented with the Oaxaca–Blinder (OB) decomposition framework which is used to analyze the sources of the yield gap. These two approaches are complementary because the ESR estimates the gender yield gap by controlling for observed and unobserved covariates in its counterfactual framework though it does not pin-point the exact policy variables for reducing or closing the estimated yield gap. On the other hand, apart from assessing the robustness of the estimated gender yield gap derived from the ESR model, the OB framework estimates the yield gap using observed characteristics only but goes a step further to identify the specific policy options that can be used to close the gap. To the best of our knowledge, this kind of work has not been conducted in Nigeria’s groundnut sub-sector.



The rest of the paper is organized as follows: —Section 2 outlines how the data used herein were collected and analyzed using the ESR and OB approaches. In Section 3, we present and discuss both summary descriptive statistics and econometric results. The counterfactual results from the ESR and OB yield gap decomposition analysis are emphasized in the discussions to highlight the level of the groundnut gender yield gap, its sources and policy options for closing this gap. The summary and conclusions of this study are given in Section 4.




2. Materials and Methods


The gender productivity gap is generally analyzed from two perspectives: First, inter household analysis where sex of the household head is used as the basis of yield comparison. Secondly, the intra-household analysis where sex of the plot manager is used to compare yields. While the latter approach might have been more informative than the former, we use the former in this study due to data limitations. Having recognized the possible limitation of this study for lacking data on sex of the plot manager, it is equally important to note that sex of the household head is a good proxy of sex of the plot manager especially in a rural African setting. In fact, in their gender productivity gap study in Malawi, [16] found that plot managers corresponded to household heads in an overwhelming sample of households. This is particularly true in the Muslim controlled states in Nigeria, where the current study was conducted.



2.1. Materials


This paper is based on plot level data collected from 1311 smallholder rural farming households in five states of Nigeria (Bauchi, Jigawa, Kano, Katsina, and Kebbi). A multi-stage sampling procedure was used in selecting the surveyed households. First, the five states were purposively sampled because they were the states in which the Tropical Legumes Project (TL II and TL III refer to Phases I and II, respectively, of a Bill and Melinda Gates Foundation (BMGF)-funded project called Tropical Legumes (TL). The project aimed at development and dissemination of improved varieties of selected legume crops including groundnut. The project covered several countries in South Asia and sub-Saharan Africa including Nigeria) Phase II and Phase III activities were implemented, and promotion of improved groundnut varieties was undertaken under the two phases of the TL project since 2011. In each state, three most important local government authorities (LGAs) were purposively sampled and three villages in each of the LGAs were also purposively sampled based on the intensity of improved groundnut variety promotional activities (demonstrations, field days, trials, seed production, and upscaling). The three villages included two beneficiaries and one non-beneficiary. From each village, 10–35 groundnut farming households were randomly selected to make it up to 100 sampled households per LGA. Respondent farmers from the sampled households were interviewed by trained and experienced enumerators using a semi structured questionnaire that had been pre-tested. The collected data included household socioeconomic and demographic characteristics and groundnut production activities at plot level among other variables.




2.2. Methods


The traditional approach of estimating the classical production function was followed (Equation (1)):


   Y  i j   = f  (   V  i j   ,  X i   )  ,  



(1)




where:



   Y  i j     is the groundnut yield of household i on plot j,



   V i    is the vector of plot level characteristics including inputs used by household i on plot j,



   X i    is the vector of individual household/farmer attributes (household and community level characteristics) in household i.



The dependent variable (   Y  i j    ) in our econometric estimations is groundnut yield that is measured in kg/ha while independent variables    (   V  i j   ,  X i     )    are included in the models based on theory and past empirical studies [20,24,25]. We compare groundnut yield in this study using sex (gender) of the household head and it is used as a proxy of gender of the plot manager following [24]. The independent variables are categorized into household socioeconomic and plot-level characteristics. Household socioeconomic characteristics include household head specific attributes like age, education, marital status, participation/involvement in agricultural research activities like on-farm trials, demonstrations, and field days among other characteristics (Table 1). Additionally, included under household socioeconomic variables are distance to main market, visits by agricultural extension agents, household size (male and female members), and location fixed effects proxied by the district where the sampled households are located. On other hand, plot-level characteristics include type of groundnut variety grown on the plot (improved or local), size of the plot, time of sowing, time of harvesting, plot soil fertility, labor used on the plot, and other yield augmenting plot-level variables (Table 1).



Initial testing of the impact of the sex of the household head on groundnut yield was conducted using the traditional ordinary least squares (OLS) regression model of including the sex dummy variable as one of the explanatory variables in the yield model. In this initial approach, the sign and the magnitude of the coefficient of the gender variable (sex of the household head) were used to interpret the impact of this gender on the outcome variable (groundnut yield). However, the assumption in this approach is that the study units (groundnut plots) are the same in all aspects except that they are different in terms of the gender variable. This assumption is too restrictive and seldom holds because groundnut plots from female headed households (FHHs) could be systematically different from those in male headed households (MHHs). To circumvent this problem, the exogenous switching regression (ESR) model that relaxes this strong assumption was used to allow the gender variable to interact with other observed and unobserved covariates in determining the outcome of interest (groundnut yield). Therefore, OLS was used as a diagnostic model to benchmark the gender yield gap analysis in this study. The ESR was adopted because the sex of the household head is exogenous in nature [26]. The ESR results were checked for robustness using the propensity score matching (PSM) method and complemented using the Oaxaca–Blinder (OB) decomposition framework that allows the estimated yield gap to be decomposed into its different components. The OB results can assist to derive specific policy intervention options that are necessary for closing the existing gender yield gap among smallholder groundnut farmers in northern Nigeria.



2.2.1. The Exogenous Switching Regression


The traditional approach of assessing the impact of gender on yield is to include a sex dummy variable as one of the explanatory variables in the yield outcome model. In this approach, the coefficient of the sex dummy variable determines the sign and the magnitude of the gender impact. However, such approach has strong assumption that the male and female sub-samples resemble in all aspects except the sex of the household head—an assumption that seldom holds in the real-world setting. Principally, this means that the two outcome equations for the two gender regimes (female and male) have same coefficients/returns on the included explanatory variables and the only difference is their intercepts (they are parallel to each other with different intercepts i.e., same slope). Therefore, sex of the household head is simply an intercept shifter with no impact on the slope (coefficients of the included explanatory variables). The yield function of the two gender regimes is estimated separately alongside the pooled function and test this same slope assumption using the Chow test. From the Chow test, the null hypothesis of equal slope or parallel shift from male to female-headed households was rejected (F-statistic = 2.105; p-value = 0.000), giving a strong indication that gender-specific coefficient estimates are more appropriate. Therefore, the impact of sex of the household head on groundnut yield gap was estimated using the exogenous switching regression (ESR) model from which a counterfactual framework was built to disentangle the impact of sex of the household head on the yield gap. In the ESR framework, two outcome models were estimated—one model for each of the gender regimes as follows:


  R e g i m e   1 :    Y 1  =  X 1   β 1  +  ϵ 1  ,  



(2)






  R e g i m e   2 :    Y 0  =  X 0   β 0  +  ϵ 0  ,  



(3)




where:



   Y τ    are the outcome variables for male and female-headed households (groundnut yield),



   X τ    are the observed plot and household characteristics that determine groundnut yield,



   β τ    are the model parameters to be estimated,



   ϵ τ    are the model error terms normally distributed with constant variance and zero means,



τ is the gender identifier (1 = MHH; 0 = FHH).



Deriving expected values from Equations (2) and (3) above and comparing them directly will not tell much on the actual impact of household head sex on groundnut yield gap. This is because the direct comparison of the two expected values from these two models assumes that MHHs and FHHs are, on average, similar in all aspects including amount of resources they have and returns to those resources, but only differ in the sense that one group is male-headed (MHHs) and the other is female-headed (FHHs). Such assumption is unlikely to be true because the data used in this paper is non-experimental [27] and also, Chow test results suggest that the two groups of households do not have same returns (coefficients) to their resources. Therefore, counterfactual yields of MHHs and FHHs were obtained from Equations (2) and (3), respectively following [28,29]. To build the counterfactual framework for MHHs, the expected yield of MHHs had they been headed by females was estimated. Analogously, the counterfactual for FHHs is their groundnut yield had they been headed by males. The actual and their respective counterfactual estimations can be represented using the following conditional expectations:


  E  (   Y 1  / τ = 1    )  =  X 1   β 1  ,  



(4)






  E  (   Y 0  / τ = 0    )  =  X 0   β 0  ,  



(5)






  E  (   Y 0  / τ = 1    )  =  X 1   β 0  ,  



(6)






  E  (   Y 1  / τ = 0    )  =  X 0   β 1  .  



(7)







Equations (4) and (5) are the observed actual groundnut yields form MHHs and FHHs, respectively. Following [26,30], the counterfactual yield of MHHs i.e., groundnut yield of MHHs had they been headed by females is represented by Equation (6) while the counterfactual yield of FHHs is given by Equation (7). The final interpretation of the expected actual and counterfactual yields is summarized in Table 2.



Factorizing the entries in cell F and cell G gives    β 1   (   X 1  −  X 0   )    and    β 0   (   X 1  −  X 0   )   , respectively. Therefore, cells [F] and [G] shows the effect of changing the resources/endowments (   X τ   ) held while cells [H] and [I] shows the effect of changing the returns/efficiency/coefficients (   β τ   ) of the resources (   X τ   ) on the outcome variable (   Y τ   ). Cells [F] and [G] are what other impact assessment literature refer to as the average treatment effect on the treated (ATT) and the average treatment effect on the untreated (ATU), respectively [26,31]. From these two cells in Table 2, it means that even if MHHs and FHHs were to have the same amounts of resources, their yields could be different due to differences in their returns/coefficients/efficiencies in their resources. Similarly, cells [H] and [I] can also be simplified to    X 1   (   β 1  −  β 0   )    and    X 0   (   β 1  −  β 0   )   , respectively. This implies that even if MHHs and FHHs were to have same returns/efficiency/coefficients (   β τ   ), their yields might not be the same due to their differences in the amounts of resources that they have (   X τ   ). This yield gap due to differences in amounts of resources/endowments is what other impact assessment literature calls the heterogeneity effect [26,30,32] or endowment effect in wage decomposition literature [33]. Finally, because the dependent variable (groundnut yield) is a continuous variable,    β τ    was estimated using the OLS procedure. Finally, we check the robustness of results from this ESR model using the PSM method.




2.2.2. The Oaxaca–Blinder (OB) Decomposition


The yield difference between MHHs and FHHs was re-estimated using the OB decomposition framework. This method is based on the original works of [33,34] that developed and applied the framework in labor economics. However, in the recent past, this method has gained prominence in the field of agricultural economics. In this approach, the variable that is used for decomposition is sex of the household head (τ), which is measured on a binary scale (1 = MHHs and 0 = FHHs). The outcome variable is the yield (   Y τ   ), which is measured on a continuous scale in terms of kg/ha. This means that the yield of MHHs could be represented as    Y 1    and the yield of FHHs as    Y 0   . Therefore, the question is how much is the yield gap between MHHs and FHHs and what are the sources of this gap? The yield gap can be represented mathematically as the following mean outcome difference:


  φ = E  (   Y 1   )  − E (  Y 0  ) .  



(8)







The outcome model can be modeled as:


   Y τ  =  X τ ′   β τ  +  ϵ τ  ,       E (  ϵ τ  = 0         τ ∈  (  1 , 0  )  ,  



(9)




where:



   Y τ    is groundnut yield in regime τ,



   X τ ′    are observed household and plot-level characteristics,



   β τ    are the parameters to be estimated,



   ϵ τ    is the error term that is normally distributed with zero mean and constant variance.



Therefore, Equation (10) is derived by substituting Equation (9) into Equation (8) as follows:


  φ = E  (   Y 1   )  − E (  Y 0  ) = E  (   X 1 ′   )   β 1  −   E  (   X 0 ′   )   β 0  .  



(10)







To compute the difference in the outcome variable ( φ ) that is due to differences in the amounts of observed variables between the two groups of the gender (MHHs and FHHs), Equation (10) can be rearranged following [35] to give a three-fold decomposition framework as follows:


  φ =    {  E  (   X 1   )  − E  (   X 0   )   }    ′    β 0  + E    (     X 0   )   ′   (   β 1  −    β 0   )  +    {  E  (   X 1   )  − E  (   X 0   )   }   ′   (   β 1  −    β 0   )  .  



(11)







Equation (11), the aggregate decomposition [16], is a three-fold decomposition framework because it decomposes the mean difference in the outcome variable  φ  (groundnut yield) into three components i.e., one component emanating from differences in the amounts of observed resources/endowments controlled for the outcome model (the    X τ   ), secondly, differences in outcome variable as a result of differences between the two gender regimes’ returns/coefficients in use of those resources i.e., the    β i    and, thirdly, the differences in the outcome variable that emanate from differences between MHHs’ and FHHs’ interaction term of amounts of resources and returns to resources (   X i   β i   ). Therefore, Equation (11) can be represented simply as:


  φ = E + C + I ,  



(12)




where:



 E  (resource amount or endowment effect) =     {  E  (   X 1   )  − E  (   X 0   )   }   ′   β 0  ,  



 C  (returns or efficiency or coefficient effect) =   E    (     X 0   )   ′   (   β 1  −    β 0   )  ,  



 I  (interaction term) =      {  E  (   X 1   )  − E  (   X 0   )   }   ′   (   β 1  −    β 0   )  .  



Equation (11) can be formulated from the standpoint of the assumed disadvantaged group or from the advantaged group, in our case FHHs or MHHs, respectively. In this paper, and following the common practice in empirical impact assessment studies, Equation (11) has been constructed from the disadvantaged point of view i.e., the gender group differences in endowment/resources (observed characteristics) are weighted by the coefficients of the disadvantaged group (FHHs) to determine the differences in the outcome variable stemming from differences in amounts of resources/endowments between the advantaged group (MHHs) and disadvantaged group (FHHs). In other words, the endowment/resources effect measures the expected change in FHHs’ yield if FHHs had the same level of resources/endowments as those that MHHs are holding currently. The vice versa is also true if Equation (11) was to be viewed from the advantaged (MHHs) point of view. A similar interpretation can also follow the returns/coefficient component ( C ). In this regard,  C  measures the difference in the outcome variable (groundnut yield) if disadvantaged group’s (FHHs’) returns/efficiency/coefficient on their resources was the same as the coefficients/returns/efficiency of the advantaged group’s (MHHs’). Therefore, it follows then that Equation (11) can be expressed from the viewpoint of the advantaged group (MHHs) as follows:


  θ =    {  E  (   X 1   )  − E  (   X 0   )   }    ′    β 1  + E    (     X 1   )   ′   (   β 1  −    β 0   )  +    {  E  (   X 1   )  − E  (   X 0   )   }   ′   (   β 1  −    β 0   )  .  



(13)







Equation (5) was therefore implemented using the OB framework following [35] and it was used to conduct detailed decomposition of the yield gap. Detailed decomposition involves subdividing the contribution of all the three decomposition dimensions into respective contribution of each of the controlled factors in the outcome model. It is from this detailed decomposition that specific policy option variables for closing the yield gap can be identified—what ESR is unable to do.






3. Results and Discussions


3.1. Descriptive Summary Statistics


The summary descriptive statistics of key variables used in the analysis are categorized into two main groups: —FHHs and MHHs. The significance tests of the mean difference of each variable across the two categories are presented in Table 1. First, the sample consisted of 1311 farming households cultivating a total of 1651 groundnut plots. Therefore, some households cultivate more than one groundnut plot. Out of the 1311 households that were sampled, about 8% are FHHs and equally 8% of the cultivated plots are from FHHs. The low percentage of FHHs in the sample could be due to the influence of the Islamic region in the five northern states of Nigeria where data was collected (Bauchi, Jigawa, Kano, Katsina, and Kebbi). While [36] reported 8% FHHs in states of northwestern Nigeria, the World Bank also reports comparably small proportion of households headed by females in Nigeria in 2015 (less than 15% nationally). Therefore, it is difficult to get a reasonably higher proportion of FHHs especially in a Muslim dominated region where the survey was conducted—more so if the sampling of respondent households was random as it was done herein.



The dependent variable for the econometric estimations was the average groundnut yield in each of the cultivated plots. The average groundnut yield was about 705 kg/ha and MHHs have a significantly higher yield (721 kg/ha) compared to FHHs (523 kg/ha). This difference in the mean groundnut yield (198 kg/ha) between MHHs and FHHs is significant at p < 1% (Table 1) and this is consistent with previous empirical findings that have consistently found higher agricultural productivity among MHHs compared to FHHs [21,24]. The subsequent questions from this mean yield statistic were: (i) is this significant difference purely due to sex of the household (MHHs and FHHs) per se or due to other confounding factors interacting with sex of the household head? (ii) if groundnut production resources/endowments were swapped across the two categories of households, will there be a significant gender yield gap and what if returns/coefficients were swapped too? (iii) if indeed there exists a significant gender yield gap, what policy options are there to close this gap with the ultimate aim of increasing groundnut production in the northern states of Nigeria where groundnut is mostly produced? These are the fundamental questions that this paper sets out to address using econometric modeling.



Besides yield, a significant difference between FHHs and MHHs in adoption of improved groundnut varieties and other several variables was observed (Table 1). Theoretical and past empirical studies have demonstrated that plots with improved varieties usually return higher yields than otherwise. However, from the summary descriptive statistics, about 42% of the plots cultivated by the sampled farmers were under improved varieties and a significantly higher proportion of groundnut plots among the FHHs were under the improved varieties (56%) compared to those cultivated by MHHs (41%). This statistic is unexpected because improved varieties are assumed to be higher yielding than local varieties and given that a significantly higher proportion of FHHs have adopted improved varieties compared to MHHs, then it should logically follow that FHHs have a significantly higher yield than MHHs. This shows that FHHs have lower returns (yield) on improved groundnut varieties compared to MHHs. The reason for higher cultivation of improved varieties by FHHs may be as a direct effect of the TL project whose implementation ensured high percentage of female farmers participation. The implication of this finding could be that, just access to improved varieties alone might not guarantee higher yields—a minimum set of accompanying crop management practices are needed to enhance yield of improved groundnut varieties (timely planting, soil fertility, etc.). For example, a significant difference in timing for planting and harvesting of groundnut was observed. Groundnut is very susceptible to poor germination and sprouting if planted and harvested, respectively, at the wrong time, thus reducing yield [37]. A significantly higher proportion of plots from MHHs were planted and harvested on time compared to plots from FHHs (Table 1). Therefore, further investigation of the adoption and productivity gap between improved and local varieties is needed to shed more light on this unexpected finding.




3.2. Econometric Results


3.2.1. OLS Regression Model of Groundnut Yield


The traditional OLS regression model results (where sex of the household head is included as one of the explanatory variables), show that there is a significant gender yield gap in favor of MHHs (Appendix A Table A1, Model 1). Since the dependent variable was transformed into its natural log form, the results in Model 1 of Appendix A Table A1 show that MHHs have a significant yield advantage of about 31% over FHHs. This finding is consistent with past empirical studies that have shown a significantly higher agricultural productivity among MHHs compared to their female counterparts [13,16,21,22,24]. However, it is not clear if this significant yield gap is due to sex of the household head per se or other confounding factors affecting household headship. Therefore, further analysis is needed to disentangle the effect of household headship on the yield gap and to formulate policy options that can close this gap for increased groundnut output. Using this traditional approach of analyzing gender yield gap, other variables alongside sex of the household head were found to have significant effect in explaining the groundnut yield among sampled households (Appendix A Table A1, Model 1). These include adoption of improved groundnut varieties, increased seed rate, rotating groundnut with cereals on the plot, among many other that were positively and significantly correlated with groundnut yield. Other variables like plot size and use of manure on the plot (an indication of probably poor soil fertility) were negatively and significantly correlated with groundnut yield (Appendix A Table A1). Since the objective of this study was not to analyze determinants of groundnut yield per se, this paper does not delve into discussing the results presented in Appendix A Table A1.




3.2.2. Exogenous Switching Regression (ESR)


From the ESR model, the counterfactual framework following [29] was built to disentangle the effect of sex of the household head on groundnut yield stemming from observed and unobserved heterogeneities of the two groups of households (MHHs and FHHs). From Table 3, the predicted natural log of observed groundnut yield from MHHs is in cell [A] while that of FHHs is in cell [B]. The counterfactual results for MHHs and FHHs are in cell [D] and cell [E], respectively. The results from these gender effects show that groundnut plots in MHHs have a significantly higher observed yield compared to those from FHHs (cell [C]). This finding agrees with previous empirical findings summarized by [24] showing that FHHs’ plots are significantly less productive compared to plots cultivated in MHHs. If that is true in our study, then the question is: —Could plots from MHHs have completely lost their yield advantage had they been from FHHs, holding all else constant? Conversely, would plots from FHHs close the observed yield gap had they been from MHHs, ceteris paribus? These are the questions that we address using the counterfactual results built from the estimated ESR model.



Following recent empirical studies in agricultural economics that applied ESR framework [12,13,38,39], the observed groundnut gender yield gap (cell [C]) is attributed to the (dis)advantages of (fe)male-headed households driven by either differences in resource/endowment amount and/or returns/coefficient effects of the advantaged gender group (MHHs) vis-a-viz the disadvantaged group (FHHs). From the counterfactual results presented in Table 3, it was observed that giving MHHs the same amount of resources/endowment like FHHs will reduce MHHs’ groundnut yield significantly (cell [F]). The consistency of this finding (cell [F]) was confirmed from the PSM results that were generated as a robustness check (Appendix A Table A1 Model 2; Appendix A Table A2). Comparing the new yield of MHHs (cell [D]) after equalizing the amount of resources/endowments with that of FHHs (cell [B]) shows that the difference in groundnut yield between MHHs and FHHs (cell [I]) is not statistically significant. This implies that given the same amount of resources/endowments like the ones that FHHs are holding, then MHHs’ groundnut yield will not be statistically different from the currently observed yield of FHHs i.e., the returns/coefficient effect is not significant. This coefficient/returns effect result support past empirical studies that have demonstrated that female farmers are as efficient as male farmers and the only difference between these two categories of farmers is the amount of resources/endowments that each hold [7,15]—with most studies showing that male farmers hold more resources/endowments than their female counterparts [23,40,41]. It should be noted that no policy option that intends to increase groundnut production in Nigeria will target reducing the amount of resources held by MHHs because such a move could reduce aggregate amount of groundnut produced in the country.



On the other hand, the policy focus should be on how to uplift the productivity of FHHs so that the current yield gap can be reduced, or ultimately, be closed altogether. When FHHs are hypothetically given the same amount of resources/endowments like those currently held by MHHs, then the former’s groundnut yield increases significantly (cell [G]). This new yield of FHHs after equalizing their resources/endowments with those held by MHHs, does not close the observed yield gap completely because observed yield of MHHs (cell [A]) is still significantly higher than the new yield of FHHs (cell [E]) i.e., cell [H] (Table 3). This finding implies that if FHHs’ endowments/resources were the same as the current endowments/coefficients of MHHs, then the yield of the former will increase significantly though it will not be able to close the observed yield gap. Therefore, to increase women productivity and groundnut production in Nigeria, there is need to significantly reduce or close altogether this observed gender yield gap ([C]). The counterfactual results from the exogenous switching regression analysis show that the gender yield gap can be closed by addressing both the resource/endowment and returns/coefficients of FHHs. Unfortunately, this is as much that the exogenous switching regression analysis can tell about the gender yield gap. However, for the gap to be closed, there is need for specific policy options on how gendered factors such as low endowments/resources and returns/coefficient can be raised or improved to address low yield among FHHs in northern Nigeria. To identify the specific policy options needed for closing this gender yield gap, Oaxaca–Blinder (OB) decomposition analysis was conducted.




3.2.3. Oaxaca-Blinder (OB) Decomposition Analysis


The OB framework generates more specific insights on relevant target variables for closing this groundnut gender yield gap. The dependent variable (natural log of groundnut yield) was regressed on household/community and plot specific characteristics following [16] (Appendix A Table A3). The OB analysis showed a significant gender yield gap of about 56% in favor of MHHs (Table 4). The main source of the gap after decomposing it was the resources/endowments which accounted for about 46% of the yield gap (26 percentage points of the 56% gender yield gap). The resource/endowment effect is negatively related to the gender yield gap i.e., increasing the endowment/resources held by the FHHs is likely to significantly reduce the observed groundnut gender yield gap. On the other hand, the coefficient and interaction terms are not significant sources of the yield gap though they collectively account for almost 54% of the gap. These OB results are consistent with the ESR results. Furthermore, the finding that the only significant source of the gender yield gap is resources/endowments and not returns/coefficients of the held resources confirms previous empirical works that have demonstrated that female farmers are as efficient as their male counterparts. The only thing that undermines female farmers’ productivity compared to male farmers is the amount of resources female farmers have access to and control [10,40].



Further, specific policy variables needed to close the groundnut gender yield gap in Nigeria were analyzed by targeting the significant source of the yield gap i.e., the endowments/resources (Table 4). From the results presented in Table 5, six variables were identified that were significant in contributing to the endowments/resources effect on the gender yield gap. Adoption of improved groundnut varieties is found to increase the resource/endowment effect of widening the gender yield gap, that is, adopting improved groundnut varieties among smallholder groundnut producers in Nigeria is likely to increase the gender yield gap. This finding could imply that the gender yield gap is more pronounced among improved compared to local groundnut varieties i.e., MHHs have a significantly higher yield of improved varieties than FHHs. Therefore, it implies that for the yield gap to be narrowed down (closed at the best), policy options to increase the productivity of improved groundnut varieties among FHHs are needed. Reasons behind the low yield of improved groundnut varieties among FHHs compared to MHHs are not clear and could be the subject of further research. We also find that plot tenure (individually owned), household involvement in groundnut scaling activities like field trials/tests/demonstrations/seed fairs etc., age of the household head and total number of female household members in a household are reducing in their contribution to endowment/resources effect in the overall yield gap (Table 5). This means that policy options that can make FHHs own and operate their own groundnut plots rather than collectively are likely to reduce the contribution of resources/endowment in the yield gap. In addition, if more FHHs are involved in groundnut scaling activities (field trials/testing/demonstrations), then contribution of endowment/resources in the yield gap could be reduced significantly—the same findings by [42] when they studied the role of women participation in agricultural technology awareness activities on adoption and productivity of drought tolerant (DT) maize in Nigeria. Overall, our findings agree with [14] that agricultural productivity in Nigeria can be improved significantly through gender-sensitive policies and capacity building of female farmers.






4. Summary and Conclusions


The high levels of poverty among rural farming households in sub-Saharan Africa (SSA) have been associated with low agricultural productivity. Recent studies into this issue have linked a significant portion of this problem to pervasive gender yield gap in favor of MHHs compared to FHHs. Despite attempts by respective national governments and other development partners to address this problem, there still exists a persistent gender productivity gap in SSA’s agricultural sector of not less than 20%. Women farmers are disproportionately deprived of productive resources like land, labor, and other inputs even though they contribute more than 50% of the agricultural labor. This paper contributes to the existing literature on how this problem can be addressed by estimating and analyzing the groundnut gender yield gap among smallholder rural farmers in Nigeria. Using cross-sectional data collected from 1311 households, we estimate and analyze the groundnut gender yield using two complementary econometric models that allow building counterfactual outcomes to disentangle the impact of sex of the household head on the groundnut yield gap and analyzing specific policy options for closing the identified gap. We use the exogenous switching regression and Oaxaca–Blinder decomposition models to estimate and analyze the gender yield gap among smallholder groundnut farmers in Nigeria.



Consistent with findings from previous studies, we find a significant gender yield gap in favor of MHHs. From ESR, we find that with the same amount of resources like FHHs, MHHs will significantly lose their yield to the level that is as low as what FHHs are currently having. On the other hand, with the same amount of resources like MHHs, FHHs’ yield will increase significantly but not to that level that MHHs are having. This implies that improving the endowments/resources and returns/coefficients of FHHs are critical in closing the gender yield gap. Similarly, using OB decomposition framework shows that MHHs had a significantly higher yield compared to FHHs and the difference in endowment/resources accounts for the largest and significant proportion of the yield gap. This could also be a confirmation of previous studies showing that women are just as efficient as men and their productivity could be equal if the amount of resources owned and managed by the two groups of households are similar. Further analysis of these significant endowment effects from the OB framework shows that adoption of improved groundnut varieties has an increasing effect on the gender yield gap through the endowments/resources. This implies that there is need for policy options that are targeted at boosting the productivity of improved groundnut varieties among FHHs. The OB decomposition results also points to the possibility of closing the gender yield gap by designing policy options aimed at making FHHs produce groundnut from their owned plots rather than collectively owned plots and involving more FHHs in groundnut scaling activities (field tests/trials/demonstrations) i.e., targeting FHHs will help in closing the groundnut gender yield gap. Therefore, availing improved groundnut varieties alone to female farmers is not enough in increasing their productivity unless this is accompanied by building their skills related to crop management practices.
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Table A1. Determinants of groundnut yield (dependent variable: natural log of yield).
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	VARIABLES
	Model 1:

Traditional
	Model 2:

PSM
	Model 3:

Pooled ESR
	Model 4:

MHHs ESR
	Model 5:

FHHs ESR





	Sex of household head
	0.309 ***
	
	
	
	



	
	(0.0849)
	
	
	
	



	Improved groundnut variety
	0.247 ***
	0.0716
	0.248 ***
	0.206 ***
	0.483 **



	
	(0.0465)
	(0.128)
	(0.0467)
	(0.0476)
	(0.242)



	Natural log of plot size
	−0.364 ***
	0.0382
	−0.366 ***
	−0.340 ***
	−0.594 ***



	
	(0.0319)
	(0.0823)
	(0.0321)
	(0.0327)
	(0.183)



	Planting on time
	0.0559
	0.572 ***
	0.0851
	0.0485
	0.285



	
	(0.0820)
	(0.190)
	(0.0819)
	(0.0859)
	(0.345)



	Harvesting on time
	0.0793
	0.416 **
	0.0902
	0.0443
	0.0978



	
	(0.0773)
	(0.185)
	(0.0775)
	(0.0817)
	(0.375)



	Individually owned plot
	0.112*
	0.878 ***
	0.149 **
	0.126 *
	0.191



	
	(0.0634)
	(0.164)
	(0.0628)
	(0.0669)
	(0.317)



	Plot intercropped
	−0.0413
	0.393 ***
	−0.0238
	−0.0462
	0.220



	
	(0.0468)
	(0.133)
	(0.0468)
	(0.0475)
	(0.292)



	Rotation on the plot
	0.110 **
	−0.168
	0.106 **
	0.155 ***
	−0.502 *



	
	(0.0497)
	(0.140)
	(0.0499)
	(0.0505)
	(0.294)



	Poor soil fertility
	−0.143
	0.875 *
	−0.117
	−0.158
	0.178



	
	(0.148)
	(0.466)
	(0.148)
	(0.150)
	(0.815)



	Average soil fertility
	0.0500
	0.129
	0.0579
	0.00727
	0.216



	
	(0.0801)
	(0.207)
	(0.0803)
	(0.0832)
	(0.322)



	Good soil fertility
	0.152 **
	0.210
	0.163 ***
	0.131 **
	0.261



	
	(0.0627)
	(0.168)
	(0.0629)
	(0.0655)
	(0.259)



	Natural log of seed rate
	0.0648 ***
	−0.00261
	0.0644 ***
	0.0672 ***
	0.0824 *



	
	(0.0108)
	(0.0221)
	(0.0108)
	(0.0115)
	(0.0426)



	Fertilizer application rate
	5.01 × 10−6
	−7.04 × 10−6
	2.83 × 10−6
	6.24 × 10−6
	5.66 × 10−5



	
	(1.68 × 10−5)
	(5.09 × 10−5)
	(1.69 × 10−5)
	(1.80 × 10−5)
	(5.72 × 10−5)



	Manure application rate
	−3.02 × 10−6
	1.63 × 10−5
	−1.64 × 10−6
	−6.52 × 10−6
	0.000126



	
	(8.72 × 10−6)
	(2.91 × 10−5)
	(8.74 × 10−6)
	(8.67 × 10−6)
	(8.37 × 10−5)



	Livestock grazing rate
	0.00120
	−0.00636 ***
	0.000924
	0.00140
	0.00266



	
	(0.000951)
	(0.00204)
	(0.000952)
	(0.000972)
	(0.00527)



	Male labor rate
	0.000158
	0.000126
	0.000171
	0.000406
	−0.00142



	
	(0.000509)
	(0.00117)
	(0.000511)
	(0.000535)
	(0.00178)



	Female labor rate
	0.000473
	0.00204
	0.000512
	0.000333
	0.00462



	
	(0.000710)
	(0.00526)
	(0.000713)
	(0.000707)
	(0.0426)



	Children labor rate
	0.000343
	0.0236
	0.000379
	0.000370
	0.0678



	
	(0.000728)
	(0.0218)
	(0.000730)
	(0.000716)
	(0.0431)



	Striga control on plot
	−0.0962
	0.0255
	−0.0980
	−0.0644
	−0.269



	
	(0.0694)
	(0.181)
	(0.0696)
	(0.0714)
	(0.305)



	Household head age
	0.00630 **
	0.0135 **
	0.00677 ***
	0.00631 **
	0.00737



	
	(0.00251)
	(0.00684)
	(0.00252)
	(0.00258)
	(0.0147)



	Household head years of schooling
	0.00219
	0.0498 ***
	0.00292
	0.00202
	−0.0381



	
	(0.00318)
	(0.0150)
	(0.00319)
	(0.00318)
	(0.0284)



	Household head farming main occupation
	−0.138 **
	0.247
	−0.135 **
	−0.175 **
	0.586



	
	(0.0674)
	(0.186)
	(0.0676)
	(0.0692)
	(0.409)



	Household head married
	0.119
	1.261 ***
	0.222 *
	0.130
	0.0441



	
	(0.124)
	(0.219)
	(0.121)
	(0.160)
	(0.331)



	Household head years of farming experience
	0.000516
	0.00290
	0.000627
	0.000367
	0.00917



	
	(0.00227)
	(0.00687)
	(0.00227)
	(0.00229)
	(0.0137)



	Household head full time farm labor
	−0.0753
	0.236
	−0.0644
	−0.0351
	−0.630 **



	
	(0.0633)
	(0.170)
	(0.0635)
	(0.0651)
	(0.313)



	Household head involved in technology testing
	−0.104 **
	−0.168
	−0.110 **
	−0.120 **
	0.294



	
	(0.0511)
	(0.145)
	(0.0512)
	(0.0515)
	(0.354)



	Number of extension staff visits
	−0.00808 ***
	−0.0191 ***
	−0.00837 ***
	−0.00732 **
	−0.00624



	
	(0.00296)
	(0.00719)
	(0.00297)
	(0.00308)
	(0.0182)



	Total male household members
	−0.0223 ***
	0.0353
	−0.0216 ***
	−0.0237 ***
	0.00472



	
	(0.00664)
	(0.0232)
	(0.00666)
	(0.00661)
	(0.0611)



	Total female household members
	0.0208 ***
	−0.00468
	0.0211 ***
	0.0224 ***
	−0.0210



	
	(0.00608)
	(0.0230)
	(0.00610)
	(0.00603)
	(0.0618)



	Member of household trained in technology
	0.131 **
	−0.256
	0.118 **
	0.108 *
	0.216



	
	(0.0576)
	(0.158)
	(0.0577)
	(0.0593)
	(0.356)



	Number of cultivated plots
	0.0120
	0.232 ***
	0.0141 *
	0.0107
	0.0245



	
	(0.00738)
	(0.0484)
	(0.00739)
	(0.00733)
	(0.106)



	Jigawa State
	−0.201 **
	−0.688 ***
	−0.227 ***
	−0.234 ***
	−0.413



	
	(0.0833)
	(0.224)
	(0.0833)
	(0.0870)
	(0.448)



	Kano State
	0.121
	0.627 **
	0.136
	0.0774
	−0.442



	
	(0.0848)
	(0.285)
	(0.0850)
	(0.0866)
	(0.791)



	Katsina State
	0.0302
	−0.143
	0.0305
	−0.0293
	0.415



	
	(0.0788)
	(0.213)
	(0.0791)
	(0.0815)
	(0.415)



	Kebbi State
	0.897 ***
	0.726 ***
	0.923 ***
	0.831 ***
	1.190 **



	
	(0.0828)
	(0.251)
	(0.0828)
	(0.0852)
	(0.545)



	Constant
	5.016 ***
	−3.153 ***
	5.074 ***
	5.398 ***
	4.092 ***



	
	(0.176)
	(0.428)
	(0.176)
	(0.212)
	(0.771)



	Observations
	1645
	1645
	1645
	1513
	132



	R-squared
	0.269
	0.325
	0.263
	0.246
	0.506







Standard errors in parentheses: *** p < 0.01, ** p < 0.05, * p < 0.1.













[image: Table] 





Table A2. Propensity Score Matching (PSM) results.
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	Variables
	Nearest Neighbor





	Male HH
	6.244



	Female HH
	5.720



	Difference
	0.524 ***



	Std. Error
	0.120



	t-stat
	4.360



	No. Obs.
	



	Male
	1513



	Female
	132







*** p < 0.01.
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Table A3. Oaxaca—Blinder decomposition.
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	VARIABLES
	Yield

Differential
	Yield

Decomposition
	Drivers of

Endowments
	Drivers of

Coefficients
	Drivers of

Interaction





	Improved groundnut variety
	
	
	0.0314 ***
	0.113
	0.0421



	
	
	
	(0.0118)
	(0.101)
	(0.0396)



	Natural log of plot size
	
	
	−0.000694
	−0.0622
	−0.000519



	
	
	
	(0.0227)
	(0.0458)
	(0.0170)



	Planting on time
	
	
	−0.00538
	0.218
	−0.0261



	
	
	
	(0.00966)
	(0.327)
	(0.0402)



	Harvesting on time
	
	
	−0.00497
	0.0485
	−0.00599



	
	
	
	(0.00929)
	(0.348)
	(0.0430)



	Individually owned plot
	
	
	−0.0244 *
	0.0557
	−0.0127



	
	
	
	(0.0141)
	(0.276)
	(0.0630)



	Plot intercropped
	
	
	0.00997
	0.142
	−0.0576



	
	
	
	(0.0104)
	(0.158)
	(0.0649)



	Rotation on the plot
	
	
	−0.0112
	−0.296 **
	0.0473



	
	
	
	(0.00777)
	(0.135)
	(0.0362)



	Poor soil fertility
	
	
	0.00168
	0.00867
	−0.00357



	
	
	
	(0.00241)
	(0.0214)
	(0.00961)



	Average soil fertility
	
	
	0.000133
	0.0325
	0.00380



	
	
	
	(0.00154)
	(0.0520)
	(0.00940)



	Good soil fertility
	
	
	−0.0101
	0.0864
	−0.00991



	
	
	
	(0.00771)
	(0.179)
	(0.0213)



	Natural log of seed
	
	
	−0.0180
	0.0423
	−0.00407



	
	
	
	(0.0164)
	(0.123)
	(0.0124)



	Fertilizer rate
	
	
	0.000434
	0.00867
	0.00350



	
	
	
	(0.00159)
	(0.0104)
	(0.00890)



	Manure rate
	
	
	0.00264
	0.0966
	−0.0536



	
	
	
	(0.00360)
	(0.0619)
	(0.0378)



	Livestock plot grazing rate
	
	
	0.00366
	0.00734
	0.00327



	
	
	
	(0.00378)
	(0.0314)
	(0.0142)



	Male labor rate
	
	
	−1.09 × 10−5
	−0.0180
	4.88 × 10−5



	
	
	
	(0.00192)
	(0.0185)
	(0.00862)



	Female labor rate
	
	
	−0.000450
	0.0116
	−0.00579



	
	
	
	(0.00101)
	(0.115)
	(0.0577)



	Children labor rate
	
	
	−0.000425
	0.160
	−0.0773



	
	
	
	(0.000881)
	(0.117)
	(0.0765)



	Striga control on plot
	
	
	−0.00161
	−0.0243
	−0.00510



	
	
	
	(0.00271)
	(0.0373)
	(0.0102)



	Household head age
	
	
	−0.0411 **
	0.0490
	−0.00690



	
	
	
	(0.0180)
	(0.690)
	(0.0972)



	Household head years of schooling
	
	
	−0.00294
	−0.128
	0.0582



	
	
	
	(0.00468)
	(0.0917)
	(0.0445)



	Household head farming main occupation
	
	
	0.00459
	0.660 *
	−0.0200



	
	
	
	(0.00607)
	(0.359)
	(0.0275)



	Household head married
	
	
	−0.0240
	−0.0844
	0.0159



	
	
	
	(0.0300)
	(0.360)
	(0.0680)



	Household head years of farming experience
	
	
	−0.00255
	0.203
	−0.0612



	
	
	
	(0.0159)
	(0.319)
	(0.0967)



	Household head full time farm labor
	
	
	0.00434
	−0.484 *
	0.0735



	
	
	
	(0.00817)
	(0.260)
	(0.0466)



	Household head involved in technology testing
	
	
	−0.0158 *
	0.147
	0.0544



	
	
	
	(0.00870)
	(0.127)
	(0.0505)



	Number of extension staff visits
	
	
	0.00668
	0.00463
	−0.000980



	
	
	
	(0.00656)
	(0.0794)
	(0.0168)



	Total male household members
	
	
	0.0385 ***
	0.159
	−0.0462



	
	
	
	(0.0125)
	(0.343)
	(0.100)



	Total female household members
	
	
	−0.0352 ***
	−0.198
	0.0681



	
	
	
	(0.0114)
	(0.283)
	(0.0982)



	Member of household trained in technology
	
	
	0.0140
	0.0212
	0.0140



	
	
	
	(0.00894)
	(0.0709)
	(0.0470)



	Number of cultivated plots
	
	
	−0.0131
	0.0412
	−0.0167



	
	
	
	(0.00909)
	(0.320)
	(0.130)



	Jigawa State
	
	
	−0.0429 **
	−0.0404
	−0.0327



	
	
	
	(0.0190)
	(0.103)
	(0.0839)



	Kano State
	
	
	−0.0122
	−0.102
	0.0820



	
	
	
	(0.0137)
	(0.156)
	(0.126)



	Katsina State
	
	
	0.000617
	0.0834
	−0.00934



	
	
	
	(0.00198)
	(0.0796)
	(0.0176)



	Kebbi State
	
	
	−0.109 ***
	0.0746
	−0.0474



	
	
	
	(0.0239)
	(0.115)
	(0.0733)



	Total
	
	
	−0.258 ***
	−0.270
	−0.0375



	
	
	
	(0.0594)
	(0.263)
	(0.256)



	Prediction_1
	5.679 ***
	
	
	
	



	
	(0.112)
	
	
	
	



	Prediction_2
	6.244 ***
	
	
	
	



	
	(0.0243)
	
	
	
	



	Difference
	−0.565 ***
	
	
	
	



	
	(0.114)
	
	
	
	



	Endowments
	
	−0.258 ***
	
	
	



	
	
	(0.0594)
	
	
	



	Coefficients
	
	−0.270
	
	
	



	
	
	(0.263)
	
	
	



	Interaction
	
	−0.0375
	
	
	



	
	
	(0.256)
	
	
	



	Constant
	
	
	
	−1.307
	



	
	
	
	
	(0.800)
	



	
	
	
	
	
	



	Observations
	1645
	1645
	1645
	1645
	1645







Standard errors in parentheses: *** p < 0.01, ** p < 0.05, * p < 0.1.
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Table 1. Descriptive summary statistics.






Table 1. Descriptive summary statistics.





	Variable Name
	Variable Label
	All

(N = 1651)
	Male

(N = 1518)
	Female

(N = 133)
	Mean Diff





	yield
	Groundnut yield

(kg/ha)
	705.247

(559.235)
	721.195

(557.073)
	523.223

(553.662)
	197.973 ***



	gnutvar
	Type of the groundnut variety

(1 = Improved; 0 = Local)
	0.420

(0.494)
	0.408

(0.492)
	0.556

(0.499)
	−0.149 ***



	plotsize
	Plot size

(ha)
	2.275

(15.438)
	2.333

(16.096)
	1.612

(1.210)
	0.721



	sowtime
	Planted on time

(1 = Yes; 0 = No)
	0.912

(0.284)
	0.920

(0.271)
	0.812

(0.392)
	0.108 ***



	harvtime
	Harvested on time

(1 = Yes; 0 = No)
	0.898

(0.302)
	0.907

(0.290)
	0.797

(0.404)
	0.110 ***



	plotenure
	Land ownership

(1 = Individual; 0 = Collective)
	0.838

(0.368)
	0.854

(0.353)
	0.662

(0.475)
	0.192 ***



	intercrop
	Groundnut plot intercropped

(1 = Yes; 0 = No)
	0.517

(0.500)
	0.534

(0.499)
	0.323

(0.470)
	0.210 ***



	roration2
	Crop rotation on the plot

(1 = Yes; 0 = No)
	0.445

(0.497)
	0.450

(0.498)
	0.383

(0.488)
	0.066



	soilfert1
	Poor soil fertility plot

(1 = Yes; 0 = No)
	0.025

(0.158)
	0.026

(0.160)
	0.015

(0.122)
	0.011



	soilfert2
	Fair soil fertility plot

(1 = Yes; 0 = No)
	0.157

(0.364)
	0.155

(0.362)
	0.173

(0.380)
	−0.017



	soilfert3
	Good soil fertility plot

(1 = Yes; 0 = No)
	0.661

(0.474)
	0.667

(0.472)
	0.594

(0.493)
	0.073 *



	soilfert4
	Very good soil fertility plot

(1 = Yes; 0 = No)
	0.157

(0.364)
	0.152

(0.359)
	0.218

(0.414)
	−0.067 **



	seedrate
	Groundnut seed rate

(kg/ha)
	33.778

(73.017)
	33.436

(73.979)
	37.685

(61.086)
	−4.249



	fertizerate
	Groundnut fertilizer rate

(kg/ha)
	177.294

(1250.602)
	171.761

(1197.186)
	240.450

(1753.315)
	−68.690



	manurate
	Groundnut manure rate

(kg/ha)
	693.834

(2469.259)
	726.407

(2547.946)
	322.058

(1206.185)
	404.349 *



	lvstckrate
	Livestock grazing rate on groundnut plot

(# livestock/ha)
	6.045

(23.349)
	5.838

(23.474)
	8.414

(21.810)
	−2.576



	malelbrate
	Male labor rate on groundnut plot

(#male/ha)
	9.848

(47.313)
	9.853

(46.874)
	9.794

(52.258)
	0.059



	femalelbrate
	Female labor rate on groundnut plot (#female/ha)
	2.589

(35.032)
	2.698

(36.526)
	1.345

(2.469)
	1.353



	childlbrate
	Children labor rate on groundnut plot (#children/ha)
	2.274

(30.912)
	2.366

(32.226)
	1.218

(2.820)
	1.148



	strigacontrol
	Striga control on the plot

(1 = Yes; 0 = No)
	0.121

(0.326)
	0.119

(0.323)
	0.143

(0.351)
	−0.024



	ageHH
	Age of the household head

(years)
	45.752

(11.907)
	46.291

(11.800)
	39.609

(11.430)
	6.681 ***



	yrsfschoolHH
	Household head years of formal education (years)
	3.077

(6.933)
	3.194

(7.115)
	1.737

(4.130)
	1.457 **



	mainoccupHH1
	Farming (crop + livestock) main occupation of household head

(1 = Yes; 0 = No)
	0.865

(0.342)
	0.868

(0.339)
	0.835

(0.373)
	0.033



	mstatusHH2
	Household head marital status

(1 = Married; 0 = Otherwise)
	0.965

(0.184)
	0.980

(0.139)
	0.789

(0.409)
	0.191 ***



	experience
	Household head farming experience

(years)
	22.471

(12.954)
	23.037

(12.945)
	16.008

(11.225)
	7.029 ***



	frmlabourHH1
	Household head full time labor participation

(1 = Yes; 0 = No)
	0.803

(0.398)
	0.813

(0.390)
	0.684

(0.467)
	0.129 ***



	involved
	Household head involved in field trials/tests/demonstrations

(1 = Yes; 0 = No)
	0.364

(0.481)
	0.354

(0.478)
	0.481

(0.502)
	−0.127 ***



	hvisite
	Number of visits by agricultural extension staff
	4.236

(7.727)
	4.312

(7.605)
	3.376

(8.994)
	0.936



	tmale
	Total male household members
	5.435

(4.483)
	5.568

(4.577)
	3.925

(2.827)
	1.643 ***



	tfemale
	Total female household members
	4.420

(4.689)
	4.548

(4.793)
	2.962

(2.906)
	1.586 ***



	engtrain
	At least household members engaged in training/technology

(1 = Yes; 0 = No)
	0.207

(0.405)
	0.196

(0.397)
	0.331

(0.472)
	−0.135 ***



	nplots
	Number of cultivated plots
	2.900

(2.938)
	2.999

(3.018)
	1.774

(1.357)
	1.224 ***



	jigawa
	Jigawa State (1 = Yes; 0 = No)
	0.242

(0.428)
	0.227

(0.419)
	0.406

(0.493)
	−0.179 ***



	kano
	Kano State (1 = Yes; 0 = No)
	0.182

(0.386)
	0.195

(0.396)
	0.038

(0.191)
	0.157 ***



	katsina
	Katsina State (1 = Yes; 0 = No)
	0.186

(0.389)
	0.188

(0.391)
	0.165

(0.373)
	0.022



	kebbi
	Kebbi State (1 = Yes; 0 = No)
	0.196

(0.397)
	0.207

(0.405)
	0.075

(0.265)
	0.132 ***



	bauchi
	Bauchi State (1 = Yes; 0 = No)
	0.194

(0.395)
	0.183

(0.387)
	0.316

(0.467)
	−0.133 ***







*** p < 0.01, ** p < 0.05, * p < 0.1; values in parenthesis show standard deviations.
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Table 2. Expected actual and counterfactual gendered groundnut yield framework.
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Gender of the Household Head

	
MHH Characteristics

	
FHH Characteristics

	
Gender Effect






	
MHH

	
[A]

	
[D]

	
[F] = [A] − [D]




	
   E  (   Y 1  / i = 1    )  =  X 1   β 1    

	
   E  (   Y 0  / i = 1    )  =  X 0   β 1    

	
   X 1   β 1    −      X 0   β 1   

  =  β 1   (   X 1  −  X 0   )   




	
FHH

	
[E]

	
[B]

	
[G] = [E] − [B]




	
   E  (   Y 1  / i = 0    )  =  X 1   β 0    

	
   E  (   Y 0  / i = 0    )  =  X 0   β 0    

	
    X 1   β 0  −  X 0   β 0    

   =  β 0   (   X 1  −  X 0   )    




	
Heterogeneity effect

	
[H] = [A] − [E]

	
[I] = [D] − [B]

	
[C] = [A] − [B]




	
   X 1   β 1   −    X 1   β 0   

  =  X 1   (   β 1  −  β 0   )   

	
   X 0   β 1    −    X 0   β 0   

  =  X 0   (   β 1  −  β 0   )   

	
   X 1   β 1    −    X 0   β 0   
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Table 3. Effect of sex of the household head on groundnut yield.
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Sex of the Household Head

	
Characteristics of the Household Head




	
MHHs

	
FHHs

	
Endowment Effect






	
MHHs (N = 1518)

	
[A]

	
[D]

	
[F] = [A] − [D]




	
6.240

	
5.969

	
0.271 ***




	
(0.012)

	
(0.063)

	
(0.064)




	
FHHs (N = 133)

	
[E]

	
[B]

	
[G] = [E] − [B]




	
5.988

	
5.676

	
0.312 ***




	
(0.040)

	
(0.073)

	
(0.083)




	
Returns Effect

	
[H] = [A] − [E]

	
[I] = [D] − [B]

	
[C] = [A] − [B]




	
0.252 ***

	
0.293

	
0.564 ***




	
(0.043)

	
(0.214)

	
(0.046)








*** p < 0.01; values in parenthesis show standard errors.
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Table 4. The gender yield gap decomposition.
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Predicted Yield Differential (Log of kg/ha)

	
Results






	
FHHs

	
5.679 ***




	
(0.112)




	
MHHs

	
6.244 ***




	
(0.024)




	
Difference (proportion)

	
−0.565 ***




	
(0.114)




	
Decomposition share

	




	
Endowments

	
−0.258 ***




	
(0.059)




	
Coefficients

	
−0.270




	
(0.263)




	
Interaction term

	
−0.037




	
(0.256)




	
Decomposition share (percent)

	




	
Endowments

	
45.627




	
Coefficients

	
47.739




	
Interaction term

	
6.634








*** p < 0.01; values in parenthesis show standard errors.
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Table 5. Decomposition details.
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Variable

	
Endowments

	
Coefficients

	
Interaction Term






	
Adoption of improved varieties

	
0.0314 ***

	
0.113

	
0.042




	
(0.0118)

	
(0.101)

	
(0.040)




	
Groundnut plot tenure

	
−0.024 *

	
0.056

	
−0.013




	
(0.014)

	
(0.276)

	
(0.063)




	
Household involved in demos/trials

	
−0.016 *

	
0.147

	
0.054




	
(0.009)

	
(0.127)

	
(0.050)




	
Age of the household head

	
−0.041 **

	
0.049

	
−0.007




	
(0.018)

	
(0.690)

	
(0.097)




	
Total male household members

	
0.038 ***

	
0.159

	
−0.046




	
(0.012)

	
(0.343)

	
(0.100)




	
Total female household members

	
−0.035 ***

	
−0.198

	
0.068




	
(0.011)

	
(0.283)

	
(0.098)








*** p < 0.01, ** p < 0.05, * p < 0.1; values in parenthesis show standard errors.
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