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GENERAL & APPLIED ECONOMICS | RESEARCH ARTICLE

Access to credit and agricultural productivity: 
Evidence from maize producers in Benin
Achille Barnabé Assouto1,2* and Dewanou Jean-Luc Houngbeme1

Abstract:  Access to agricultural credit is still a challenge in developing countries. 
The weakness of agricultural financing prevents producers from acquiring the 
modern technologies that are essential for the development of their activity. This 
paper aims to determine the impact of access to credit on agricultural productivity 
in Benin using alternative measures of productivity. To do this, we use the endo
genous switching regression model to control for potential selection and unob
served heterogeneity issues associated with this impact analysis. The data used 
comes from the statistical databases of the National Agricultural Research Institute 
of Benin. The results show that the adoption of improved seeds, the geographic 
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location, the area sown and member of peasant organization determine producers’ 
access to credit are factors that determine producers’ access to credit. Farmers’ 
access to credit generates an estimated gain of 40.07% and 31.97% respectively for 
production per hectare and production per FCFA invested. These results require 
a comprehensive and coherent public action.

Subjects: Rural Development; Economics; Finance 

Keywords: Access to credit; agricultural productivity; maize producers; ESR model; Benin

1. Introduction
Agriculture is a key sector of the Beninese economy. This sector is the main source of food, 
employment, and income. The agricultural sector contributes nearly 27.8% to the gross domestic 
product and generates more than 71.5% of export earnings on average over the period 2015–2020 
(MAEP, 2022). Because of its importance, public authorities have chosen to develop agricultural 
sectors more, in particular the food sectors that were hitherto neglected in favour of cash products 
such as cotton. In this perspective, the maize sector is ranked in second position out of the six (06) 
flagship agricultural sectors behind cotton (WFP, 2017). While the level of production of this cereal, 
widely consumed in Benin, makes it possible to cover household food needs,1 the marketable 
surpluses generated are still not sufficient enough to meet the country’s foreign exchange needs 
(MAEP, 2017). Insufficient surplus may be associated with low yield. For example, according to FAO 
(Zedillo, 2015), maize yield in Benin declined between 2011 and 2020, from 1422 kg/ha to 1272 kg/ 
ha, with an average yield of 1347 kg/ha over the same period compared to West Africa and World 
averages of 1642 kg/ha and 5530 kg/ha respectively (see Figure A1 in the appendices). Lower yields 
could lead to lower income levels. Available statistics show a drop in real terms of the annual 
income per capita between 2011 and 2015, going from 154,070 FCFA2 to 148,424 FCFA, i.e. 
a decrease of about 3.7% (INSAE/EMICoV, 2015). As a result, the standard of living in rural areas 
decreased. The literature also shows that farmers in low-income countries are mostly poor 
(Cervantes-Godoy & Dewbre, 2010; Salami et al., 2010). The studies point out that low productivity 
is one of the underlying factors for the low standard of living among farmers.

However, productivity in the agricultural sector is still very low in many African countries 
(Nakano & Magezi, 2020). Large areas of arable land have remained untapped. Zedillo (2015) 
estimates the total unused arable land on the continent at almost 60%. Progress in improving 
agricultural productivity over the past three decades has been disappointing for majority of African 
countries according to the Africa Progress Panel (2010). In sub-Saharan Africa, agricultural pro
ductivity levels, although increasing, are still far behind those of other developing regions (Magrini 
et al., 2017). However, projections indicate that the next decade will be marked by rapid population 
growth, rising incomes, and urbanization which will exert pressure on the demand for food 
products. Recent production paths clearly show that this growing demand will not be able to be 
satisfied (OECD and FAO, 2016). These stylized facts pose the challenge of improving agricultural 
productivity in Africa in general and in Benin in particular.

The empirical literature identifies several factors which may explain low productivity. Exogenous 
factors such as climatic changes, invasions of insect pests, floods, etc., which are out of the control 
of farmers. In addition to these constraints, there are other factors described as endogenous which 
are linked to the decisions of farmers. These include the low rate of adoption of modern technol
ogies, such as fertilizers, modern varieties and poor agronomic practices (Nakano et al., 2016; 
Otsuka & Larson, 2016). In this same vein, other works emphasize the lack of access to credit as an 
obstacle to the adoption of better technologies and agricultural practices (Guirkinger & Et Boucher, 
2008; Moser and Barrett, 2006). Credit has been found to be key to improving agricultural 
productivity since Carter’s (1988).
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The low productivity of smallholders farmers is seen as the result of the effect of credit 
constraints. Theoretically, credit constraints have a negative impact on agricultural productivity. 
The poor, without sufficient collateral, are generally excluded from formal financial services 
because of high transaction costs and information asymmetries that increase formal banks’ 
reluctance to offer them these financial services (Akerlof, 1970;Stiglitz & Weiss, 1981). As 
a result, most poor smallholders are often unable to invest in new technologies or in the acquisi
tion of inputs such as fertilizer, improved seeds, etc. (Conning & Udry, 2007; Markelova et al., 
2009;). For Feder et al. (1990), credit allows producers to have the necessary resources they need 
to cover the financing needs induced by the production cycle. This agricultural production cycle is 
particularly long because of the period between sowing and harvesting. The availability of credit 
allows for greater consumption and greater use of purchased inputs, which increases farmers’ 
production and subsequently their income.

It is therefore not surprising that a large part of the literature shows the positive effects of 
producers’ access to credit on agricultural productivity (Akudugu, 2016; Guirkinger & Et Boucher, 
2008;Khandker & Et Koolwal, 2014) even though some studies have shown that these effects are 
sometimes limited (Carter, 1989). Nevertheless, a number of recent studies perceive as challenging 
the many virtues of agricultural credit showing that the effects are not as predictable as one might 
think (Agbodji & Johnson, 2019;Nakano & Magezi, 2020;Njeru et al., 2016). For example, Agbodji 
and Johnson (2019) find contrasting results, highlighting a negative impact of cash credit on 
productivity. Nakano and Magezi (2020) draw attention to the insufficiency of a credit improve
ment policy in guaranteeing increased productivity. Such results highlight variations in the effects 
of access to credit and therefore call for specific reflections within countries.

The contribution of this article to the literature is twofold. First, in Benin, most of the work 
available on the subject generally focuses on the determinants of access to credit or the mechan
isms for financing agricultural sectors (Adégbola et al., 2009;Assogba et al., 2017;Sossou, 2015). 
Exceptions are the work of Acclassato Houensou et al. (2021) and that of Mahoukede et al. (2015). 
The former examines the impact of financing on the productivity of small family farms while the 
latter focused on rice farming. Acclassato Houensou et al. (2021) do not distinguish between 
producers according to the crop grown. Indeed, the data used in their analysis covers a range of 
crops, namely cotton, maize, rice and market gardening. Not separating producers can lead to at 
least two biases. On the one hand, the yield measured in kilograms per hectare of a vegetable 
farmer is not comparable to that of a cotton farmer, let alone a maize farmer. Thus, the difference 
in productivity between these two groups of farmers is meaningless. On the other hand, producers 
do not have the same needs in terms of financing. The rice farmer may express a need for 
financing both for the establishment of an irrigation mechanism and the purchase of crop- 
specific inputs, whereas the maize farmer may not need to establish irrigated crops. 
Complementing Mahoukede et al. (2015), we address this issue with respect to maize producers 
because, as mentioned earlier, maize remains the main crop produced by the majority of farmers 
in Benin. Secondly, this study, in addition to the yield per hectare generally used in the literature, 
relies on an alternative indicator for measuring productivity, namely capital per hectare. The use of 
production yield is insufficient because an increase in production is a necessary but not sufficient 
condition to guarantee an increase in the producer’s income if the latter faces important transac
tion costs.

Specifically, this research provides answers to a number of questions, namely What is the impact 
of access to credit on agricultural productivity in Benin? What are the expected productivity gains 
from agricultural credit in Benin? The objective of this research is to determine the impact of 
access to credit on agricultural productivity. It therefore intends to provide additional empirical 
evidence on the role of credit in increasing agricultural productivity in Benin. The results will 
therefore be very useful to public authorities by allowing them to better refine strategies to 
improve access to finance for producers. To achieve this, we estimate the productivity of farmers 
according to two identified regimes, namely those who have access to formal credit and those who 
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do not. We rely on the results of the endogenous switching regression model using survey data to 
estimate the yield of factors of production when farmers are endogenously sorted between the 
two regimes.

The results show that the adoption of improved seeds, the geographic location, the area sown 
and member of peasant organization are factors that determine farmers’ access to credit. Our 
results also suggest that the productivity of farmers without access to credit is determined by 
education, farm size, use of fertilizer and total labour. Among producers with access to credit, farm 
size, use of improved seed and being located in the central region of the country positively 
influence productivity. With regard to the impact of agricultural credit, the estimates revealed 
a productivity gain of 40.07% and 31.97% for producers with access to credit compared to their 
counterparts without access, respectively for production per hectare and production per CFA 
invested.

The rest of the paper is structured as follows. Section 2 contextualizes the study by identifying 
productivity issues that constraint the majority of rural households in Benin. Section 3 reviews the 
existing literature on the agricultural performance with financing constraints. Section 4 presents 
the data used as well as the methodological approach. Section 5 displays the descriptive statistics 
by highlighting the possible interrelationships between the main variables of the study and 
presents the mains econometric results. Section 6 summarizes the major findings and draws the 
policy implications.

2. Financing and productivity challenges of agriculture in Benin
Agricultural production in Benin, like in other developing countries (DCs), is mainly practiced by 
farmers. The average land area is estimated at 1.7 ha with about 34% of farms covering less than 
one (01) hectare. Smallholders, estimated at about 550,000, account for nearly 95% of the output 
of the agricultural sector (MDAEP and UNDP, 2015). This sector has a preponderant share in GDP, 
averaging nearly 36% (WFP, 2017). Despite the importance of agriculture in Benin’s economy, the 
sector faces many financing challenges.

Agricultural financing in Benin, like in most sub-Saharan African countries, has long been 
provided by the public authorities. These direct State interventions in rural financial markets 
ended up in failure in the 1960s and 1970s, leading to the questioning of the state’s mandate in 
financing agriculture in favour of the Structural Adjustment Programs (SAP) in 1980s. The return of 
the Government to the agricultural sector was observed gradually towards the end of the 2000s, 
notably from 2006 following the change of regime which occurred in the country’s top leadership. 
The authorities then expressed the desire to make agriculture the backbone of the economy. The 
2007–2008 food crisis further reinforced this and lead to the establishment of an emergency plan 
to support food security (PUASA). In addition to this plan, subsidies were established in order to 
support increased food production.

The various agricultural financing instruments planned in Benin are supposed to combine public 
actions with private initiatives (MAEP, 2016). The intent to develop the agricultural sector, as 
displayed by the public authorities, will result in the development of the strategic plan to revive 
the agricultural sector and the national plan of agricultural investment (PSRSA/PNIA). Despite the 
political will, the development of the agricultural sector is slowed down by the low level of funding. 
In fact, the resources allocated from the national budget and external funds established with the 
support of technical and financial partners to finance the implementation of the PSRSA, indicate 
a low level of funding for the sector. For illustration purposes, with an estimated agricultural 
investment of 1531.05 billion FCFA between 2011 and 2015, only 742.31 billion FCFA were invested 
by both the State and the private sector, i.e. a financial execution rate of 48.48% (See Table 1).

The gaps in funding results in ineffective public administration including “the National Fund for 
Agricultural Development (FNDA)” created in 2014 and confirmed in 2017.3 The FNDA is indeed the 
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main instrument expected to finance agricultural activities. The counters dedicated to implement 
this fund have not been operational since their establishment. The activities of this fund were only 
launched in 2018. In the absence of operationalization of the main financing instruments, actors in 
agricultural value chains continue to turn to decentralized financial services (DFS) to obtain 
funding despite the difficult conditions they face accessing finance and the inappropriate services 
they receive in respect to agricultural activities. Farming households continue to struggle in their 
attempts to develop their farms because of the lack of an adequate financing mechanism.

Producers, especially cotton farmers, have for a long time relied on FECECAM4 whose activities 
have been able to prosper thanks to a credit repayment mechanism favoured by the public 
monopoly in the sector (Wampfler & Et Mercoiret, 2002). These important initiatives, however, 
struggle to be effective. Most of the products provided by microfinance institutions (MFIs) in the 
agricultural sector are often either poorly designed or poorly adapted to the needs of the sector. 
This lack of access to credit is exacerbated by the virtual absence of an appropriate agricultural 
insurance mechanism. The nature and frequency of risks in agriculture demotivate insurance 
structures to provide insurance products to this sector. The experiences in this field are very recent 
in Benin and relate to the actions of private operators who include AMAB.5

The association of farmers applying for group credit has not always been accompanied by 
a sustained increase in access to credit because of the high arrears resulting from the rejection 
of the solidarity guarantee by some members (MDAEP and UNDP, 2015). The situation in central 
Benin illustrates this difficulty. Agricultural cooperatives in this region are still not very familiar with 
the behaviour and history of their members, particularly in terms of loan repayments. This 
uncertainty about the credit repayment capacity associated with the hazards affecting agriculture 
justifies, among other things, the pronounced shortfall of financing in this sector. Due to the lack of 
adequate means to enlarge cultivated areas, many farmers in Benin, like in developing countries, 
work on a small scale.

These production constraints hinder public policies that are mainly aimed at the diversifying 
agriculture. Indeed, the potential of agriculture in Benin, particularly with regard to food crops, is 
still poorly exploited despite the increase in production. However, the public authorities have opted 
to develop the food sectors hitherto left behind in favour of cash crops such as cotton. In this 
perspective, the corn sector is ranked second out of the six (06) flagship agricultural sectors after 
cotton (WFP, 2017). If the level of production of this cereal makes it possible to cover the food 
needs of households, the fact remains that the generated marketable surpluses are not sufficient 
enough to meet the country’s real needs (MAEP, 2017). Meeting farmers’ specific financing needs 
would significantly increase production and put maize in the range of cash crops that generate 
significant foreign exchange for the country and reduce poverty among farmers.

The above development clearly indicates the challenges of financing in the agricultural sector 
and call for attention from public authorities. However, the effectiveness of public policies requires 
clarification of the relationship between financing and the performance issues.

3. Literature review
The issue of access to credit and agricultural productivity is well discussed in the literature. But 
there is no consensus on the nature of the impact. This lack of consensus in the literature on the 
effect of access to credit could be explained by the socio-economic realities and the initial 
agricultural endowments that characterize producers from one country compared to another 
(Seck, 2019). Moreover, this lack of consensus could be justified by the across country variations 
in the strategies employed by the public authorities to finance the agricultural sector. Indeed, it is 
well documented that the banking and non-banking financial systems are reluctant to finance 
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agricultural activities given the risks inherent to the sector and the problem of information 
asymmetry raised by Akerlof (1970). Thus, financial institutions generally make their decisions by 
considering the uncertainties in the credit market due to imperfection of information (Stiglitz & 
Weiss, 1983).

Overall, the empirical literature identifies three trends in terms of the impact of credit on 
agricultural productivity. Firstly, there are those who point out the positive effects of credit in 
terms of improving agricultural productivity, then those who conclude that credit has a limited or 
even neutral effect, and finally, those who even see a negative effect. In what follows, we present 
the various empirical works by considering these three trends.

In Senegal, Diallo et al. (2020) provide empirical evidence on the need to promote agricultural 
credit in production. Using stochastic frontier analysis (SFA) from a sample of 216 producers 
surveyed in 2019, Diallo et al. (2020) show that farmers accessing credit have a higher output 
than their counterparts by 37.32%. Diamoutene and Jatoe (2020) also report a positive effect of 
credit on maize yield in Mali using endogenous switching regression model. In the same vein, 
D. A. Ali et al. (2014), on a larger sample of 3600 farm households in Rwanda in 2011, use regime- 
switching models and find that lifting credit constraints leads to an improvement in agricultural 
productivity of at least 17%. In Ghana, Akudugu (2016) finds a significant relationship between 
credit from formal and informal sources and agricultural production. For Akudugu (2016), the 
interactions of informal credit with farm size; formal and informal credit with farm size have 
a positive and significant effect on production. More recently, Martey et al. (2019), using the 
propensity score matching (PSM) method, report a positive effect of credit on the productivity of 
maize producing households in Northern Ghana. They argue that credit allows producers to access 
agricultural inputs in a timely manner and to allocate production factors more efficiently. In their 
study of credit constraints and productivity in Peru, Guirkinger and Et Boucher (2008) conclude that 
the output of constrained households is determined by their productive asset endowments. In 
addition, they find that formal credit constraints negatively impact the efficiency in resource 
allocation. These main results suggest the importance of credit in the performance of farmers. 
However, limited or neutral effects of credit on agricultural productivity have also been highlighted 
in the literature.

Some of the literature shows that credit does not contribute to increased agricultural productiv
ity (Nwaru and Onuoha, 2010). Njeru et al. (2016), using a sample of 259 farmers in Kenya, find 
that there is no significant difference in fertiliser use and yield among farmers who have access to 
credit and those who do not. Nwaru and Onuoha (2010) even find a better performance by farmers 
who do not benefit from credit compared to beneficiaries. Seck (2019) interprets this result as 
a sign of an inappropriate lending system. The poor performance of the farmers who benefited is 
also highlighted by Khan et al. (2013). The latter explain this as resulting from application of high 
interest rate, the delays generally noted in setting up loans, and the cumbersome administrative 
procedures.

Regarding the negative effects of credit on productivity, Nakano and Magezi (2020) are catego
rical. Their results suggest that improved access to credit is not sufficient to increase technology 
adoption by farmers and lead to increased agricultural productivity and welfare among Kenyan 
farmers. Agbodji and Johnson (2019) distinguish in their analysis the effects according to the type 
of credit on a sample of 2,226 households in Togo. Using endogenous switching regression model 
(ESR) and propensity score matching (PSM) methods, they specifically show a negative effect of 
cash credit on maize productivity versus a positive effect of in-kind credit. The precariousness and 
low purchasing power of small farmers explain these results. Due to a lack of sufficient savings and 
due to extreme poverty, small farmers sell their harvest even if it means resorting to borrowing at 
a future date to meet basic needs such as housing, health and education. As a result, loans 
obtained by these farmers are not used to acquire other factors of production such as improved 
seeds.
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Clearly, most studies that examine the relationship between access to credit and agricultural 
productivity come up with mixed results, thus necessitating country-specific case studies. In Benin, 
existing studies generally fail to empirically address the link between access to credit and farmer 
productivity. Interest is more focused on the mechanisms of financing agricultural sectors or on 
the determinants of access to credit (see Adégbola et al., 2009;Assogba et al., 2017;Sossou, 2015). 
Acclassato Houensou et al. (2021) recently made an attempt to estimate the impact of credit 
among family farmers in Benin. But as mentioned earlier in the introduction, this study lumps 
together farmers producing different crops to determine productivity. Such an approach is likely to 
lead to biased policy implications as it may result in under- or overestimation of gains for some 
producers. The present study therefore corrects for this problem, focusing on maize farmers in 
Benin while considering possible selection bias and unobserved heterogeneity issues. This study 
contributes to the available literature on the impact of access to credit on agricultural productivity 
in Benin.

4. Methodology and data
This section presents the data that will be used in this study and describes the methodological 
approach that will be followed.

4.1. Data
The data used in this study come mainly from the statistical databases of the National Institute of 
Agricultural Research of Benin (INRAB) attached to the Ministry in charge of agriculture. The data 
were collected as part of a survey conducted in 2016 for the Agricultural Policy Analysis Program 
(PAPA). The survey aimed to determine the optimal conditions for increased production of maize 
and cotton in Benin. Thus, this survey was conducted among a representative sample of 490 maize 
producers in 49 communes of Benin. The representativeness of the producers is ensured because 
the producers selected for the survey are control producers identified by INRAB and therefore likely 
to reflect the characteristics of all maize producers in each village. The communes were selected 
with respect to their appropriate agroecological conditions for maize production. This choice is 
guided by the existence in the communes of maize seed multipliers and the extension system. 
Supporting producers in setting up seed companies and extension services to facilitate their access 
to financial services is one of the components assessed by the PAPA programme through the 
survey. Of the 490 respondents, 356 respondents produced maize for household consumption 
while 134 produced improved maize seed.

The collected data provides detailed information on the socio-economic characteristics of 
producers. The administered questionnaire also addresses issues such as credit constraints, use 
of improved maize varieties, use of inputs, costs and quantity of production, and yield. This study 
focuses on the relationship between access to credit and productivity. To do this, only data on 
maize producers for household consumption were considered. Indeed, as previously specified, the 
two groups of producers do not face the same technical constraints of production. For instance, 
the risk faced by the producer of maize for consumption differs from the risk pertaining to the use 
of credit for the purpose of seed production. Thus, the sample from which the empirical analyses 
are made comprises a total of 356 producers. For reasons related to the errors contained in nine 
(09) observations, they have been deleted. The remaining 347 observations will be used in this 
study.

The main dependent variable in this study is agricultural productivity. It is measured using yield 
per hectare. Access to credit used in the selection equation refers to farmers who access formal 
sector institutions for agricultural credit. The variable measuring access to credit is then considered 
as an explanatory variable in determining farmers’ productivity. As for the independent variables, 
we have identified a set of variables suggested by the empirical literature on the subject, the main 
ones of which are described in Table A1 in the Appendix.
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4.2. Methodology
This section describes the empirical approach used to analyse the impact of access to credit on 
agricultural productivity and the extent of the productivity lost due to the lack of access to 
financial services by farmers in Benin. Several techniques are used in the literature including the 
Heckman Selection Model (Pham and Talavera, 2018; Aristei and Gallo, 2016), the Propensity Score 
Matching Method (PSM) (Liu et al., 2021; Duta and Banedji 2018; Alemu and Adesina, 2017), the 
Regime Switching Model (ESR) (see Liu et al., 2019). The advantage of the ESR technique is that it 
takes into account selection issues. Specifically, it is a matter of assessing the differences in 
productivity between producers who have access to credit and those who do not. Estimating the 
effects of access to credit poses two methodological problems: unobserved heterogeneity and 
sample selection bias.

To control for these potential problems of selection and unobserved heterogeneity, we apply the 
Endogenous switching regression model to estimate the yield of farmers that have access to credit 
and those who do not (Agbodji & Johnson, 2019; Ali and Deininger, 2012,Diamoutene & Jatoe, 
2020;Guirkinger & Et Boucher, 2008;Lokshin & Et Sajaia, 2004). In a first step, a probit model is 
used to estimate the determinants of farmers’ access to credit from a number of socio-economic 
and credit variables identified as theoretically likely to influence the availability of access to or non- 
access to credit. Second, regressions of productivity models are applied separately depending on 
whether or not the producer has access to credit.

Let us consider d�i , a latent variable that defines the status of the producer with or without 
access to credit and yi his level of productivity.

The regression model with change of regime is specified as follows: 

yi ¼
ya

1i ¼ αaXi þ βaZi þ μa
1i si di ¼ 1

yn
0i ¼ αnXi þ βnZi þ μn

0i si di ¼ 0

�

(1)   

d�i ¼ γXi þ δWi þ #i (2)  

di ¼
1 si d�i >0

0 si d�i � 0

�

(3) 

Where a and n are the exponents of credit access and non-access, respectively. In equation 3, the 
binary variable dit takes the value 1 if the latent variable d�i in equation 2 is strictly positive; which 
corresponds to the situation where the producer has access to credit. Otherwise, the binary 
variable di takes the value 0; which implies instead that the farmer does not have access to the 
credit market.

In equations 1 and 2, Xi denotes a vector of variables that can influence both the state of access 
to credit and the productivity yi such as the characteristics of the producer such as age, gender, 
the level of education. Wi designates the set of variables that affect only the productivity of the 
farmer without having any influence on the possibility of having access to credit or not, such as 
access to extension services. Zi is a vector of instrumental variables that do not directly influence 
the productivity of the farmer, but that do influence access to credit. We use in this study as an 
instrument the ownership of non-agricultural assets because these assets can be used as collat
eral for obtaining credit from microfinance institutions (MFIs). This variable does not have a direct 
impact on productivity. D. A. Ali et al. (2014) used the sale value of household assets in their case. 
In the absence of such a variable, we believe that using the ownership of non-agricultural assets 
as an instrument is appropriate given the practices in MFIs in Benin. α, β, γ and δ are parameters to 
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be estimated. The error terms in the two regimes (#i, μa
1i, μn

0i) are assumed to follow a trivariate 
normal distribution with a zero mean and a covariance matrix equal to Ω.

Unobserved factors affecting the selection regime may also affect the productivity of the farmer. 
Lee (1978) and Maddala (1983) note that the terms μi and #i can be correlated and make 
estimators from ordinary least squares (OLS) inconsistent. To address this problem with the 
endogenous switching regression model, the estimation of the selection and productivity equa
tions is performed simultaneously using the full information likelihood method. This method has 
the advantage of obtaining estimates of robust standard errors, in contrast to methods that 
proceed step by step by estimating the equations separately (Guirkinger & Et Boucher, 2008;Lee, 
1978;Petrick, 2004).

Under the assumptions made on the distributions of the error terms of Equations 1 and 2, and 
according to Lokshin and Et Sajaia (2004), the log likelihood function of the switching regression 
model is given by: 

lnL ¼ ∑
i

di ln F η1ið Þð Þ þ ln f μa
1i=σ1

� �
=σ1

� �� �
þ 1 � dið Þ ln 1 � F η2ið Þð Þ þ ln f μn

0i=σ2
� �

=σ2
� �� �� �

(4) 

Where F :ð Þ a cumulative normal distribution function, F :ð Þ is a normal density distribution func
tion and: 

ηji ¼
γXi þ δWið Þ þ ρjε

j
i=σj

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

1 � ρ2
j

� �r ;with j ¼ 1;2 (5) 

With ρ1 ¼ σ2
1v=σvσ1 the correlation coefficient between #i and μa

1i; ρ2 ¼ σ2
2v=σvσ2 the correlation 

coefficient between #i and μn
0i, with σ1v and σ2v respectively the covariance of #i and μa

1i, #i and μn
0i. 

σv, σ1 and σ2 represent the respective standard deviations of #i, μa
i and μn

0i.

The results of estimating Equation 4 using the full information likelihood method will be used to 
determine the potential productivity gains or losses resulting from the removal of access to agricul
tural credit or the level of productivity that could be reached by farmers without access to credit if they 
saw the removal of barriers to access to credit. The procedure will therefore consist of estimating of 
Δyi ¼ ya

1i � yn
0i for farmers who do not have access to credit. Using Equations 1 and 2, and according to 

Guirkinger and Et Boucher (2008), the expected value of the productivity differential Δyi conditionally 
in the state of no access to credit (di ¼ 1) is given by: 

E Δ̂yijdi ¼ 1
� �

¼ α̂a � αnð ÞXi þ β̂
a
� βn

� �
Zi (6) 

Where α̂ and β are parameters to be estimated from the regression model with change of regime.

The higher the value of the differential forecast, the greater the loss of the productivity due to 
the lack of access to credit. If this is the case, then it would be urgent to put in place a mechanism 
to correct the problems of imperfections in the credit market to improve access to financial 
services for small farmers.

Prior to the estimation of the different models that have just been described, we will present the 
descriptive analysis showing the possible links between the main variables of the study. This 
descriptive analysis is discussed in Section 5.
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5. Results and discussions

5.1. Descriptive analysis
As part of this work, a descriptive analysis is done before the actual econometric estimates. Thus, 
a descriptive analysis was performed on the main variables included in the study. Table 2 below 
presents the main results. From the results in Table 2, it appears that the surveyed maize 
producers recorded an average yield of 1283.38 Kg per ha with a maximum yield of 5650 Kg/ha 
against a minimum of 183.33 Kg/ha.

The variability around this average is of the order of 761.25 Kg/ha. Producers achieved this 
average yield while averaging an area of 2.39 ha. The largest area planted by the producers in 
the sample is 4 ha compared to a minimum of 0.1 ha. In order to plant this area, a number of 
factors of production have been used. In fact, the producers surveyed used on average 198.83 kg 
of inputs per hectare, 94.74 kg of seed on a plot. In addition, the surveyed producers have an 
average age of 52.05 years with the oldest aged 95 versus 30 for the youngest producer.

Table 2. Descriptive statistics of the main variables

Yield (Kg/ 
ha) Age (years)

Land area 
(ha)

Quantity of 
inputs used 
per hectare 

(kg/ha)

Quantity of 
seeds used 
on the plot 

(Kg)

Capital per 
hectare 

(FCFA/ha)
Mean 1283.38 52.05 2.39 198.83 94.74 8247.53

Minimum 183.33 30 0.1 0 5 6574.00

Maximum 5650.00 95 4 1342 250 69661.80

Std, Dev, 761.25 10.49 0.84 102.17 58.52 5468.80

Obs. 356 356 356 356 356 356

Source: Authors from PAPA data, 2016. 

Table 3. Socioeconomic characteristics of producers according to access to credit

Variables All
No access to 

credit Access to credit T-test
Yield (kg/ha) 1283.38 1186.499 1672.268 −4.969***

Area (ha) 2.386 2.409 2.294 1.034

Capital productivity 0.172 0.160 0.221 −4.607***

Age (years) 52.05 52.05 52.06 −0.008

Gender (Man=1) 
(� )

96.63 96.14 98.59 −1.023

Agriculture as main 
activity (� )

90.73 90.53 91.55 −0.265

Education (At least 
primary=1, No 
level=0) (� )

50.3 49.8 52.1 −0.344

Adoption of 
improved seed 
(Yes=1) (� )

57.3 53.7 71.8 −2.788***

Observations 356 285 71

Notes: ***, ** and * indicate the significance levels at the 1%, 5% and 10% thresholds respectively. 
(� ) indicates that the statistics presented are the frequencies (in percent). 
Source: Authors from PAPA’s data 2016. 
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Trying to fill the resource gap, some producers resort to financial institutions. Out of the 356 
producers in the sample, 19,94% have access to credit against 80,06% who do not. A cross-analysis 
was performed between yield and access to credit as shown in Table 3. Approximately 19.94% with 
access to credit produce an average of 1672.268 Kg per ha against 1186.499 Kg per ha for producers 
without access to credit (80.06%). Farmers who have access to credit therefore realize an average 
yield slightly above the average of their counterparts who do not have access to it6 . The Chi2 test of 
equality between the means reveals that this difference observed between these two groups is 
significant. This result predicts a positive effect of access to credit on yield. In contrast, producers 
with access to credit have an average of 2.29 ha, which is below the average for all producers (2.38 ha) 
and that of producers who do not have access to credit. In fact, those who do not have access to credit 
exploit an area of 2.41 ha, which is therefore above the average for all producers. However, the 
equality test carried out shows that the difference in the farmed area observed between the two 
groups of producers is not significant.

In addition, access to credit differs sensitively across regions of the country. Overall, the trend 
shows that problems of access to credit are common in all regions of Benin. Farmers who have 
access to credit are largely in Northern region, where more than half of the producers in the 
sample (53%) are concentrated. However, the North is also the region of the country where the 
problem of inaccessibility to credit is more pronounced (Figure 1). North Benin is also the region 
where population density is lowest thus allowing for access to large areas of agricultural land. 
Unfortunately, most farmers in this region do not have access to credit. However, as described in 
Figure 1b, we find that access to credit could lead to an increase in the yield per hectare for these 
producers in the North.

Despite these statistics, we note that the best performances in terms of average yield were 
obtained overall in the South and the Centre (see Figure 1b). However, it is not easy to show the 
likely effect of access to credit on the producers’ performance in terms of yield based only on these 
descriptive statistics. We therefore conducted further analysis using econometric techniques and 
present the estimates in the next section.

5.2. Determinants and impacts of access to credit
This section presents the main econometric results regarding the effects of access to credit on the 
productivity of farmers. The estimated coefficients of the variables by the full information max
imum likelihood method using endogenous switching regression model are reported in Table 4. 
The estimated correlation coefficient between the credit access equation and the productivity 
equations (ρ) is significantly different from zero. The results confirm that there are both observable 
and unobservable factors that determine farmers’ access to credit and their productivity depend
ing on whether or not they have access to credit. The significance of the correlation coefficient 
between the access to credit equation and the productivity equation of farmers who have access 

Figure 1. Access to credit by 
region and average regional 
yield by access to credit.

Note: The proportions are in %. 
The yield is measured by relat
ing the volume of production 
(Kg) to the area planted (ha). 
Source: Authors from PAPA’s 
data 2016.
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Table 4. Estimation of the endogenous switching regression model
Dependent variable: Yield (kg/ha)

Variables
Not access to credit 

(1)
Access to credit 

(2)
Selection Equation 

(3)
Age (years) 0.001 0.002 0.000

(0.002) (0.005) (0.008)

Gender (Male=1, 
Female=0)

−0.195 0.275 0.591

(0.121) (0.277) (0.401)

Education (At least 
Primary School=1, 
None=0)

0.098** 0.175 0.152

(0.042) (0.124) (0.149)

Log farm size (ha) −0.364*** −0.883*** 0.456***

(0.045) (0.194) (0.134)

Use of improved seeds 
(Yes=1, No=0)

0.005 0.306* 0.590***

(0.050) (0.167) (0.202)

Central region 0.424 0.387* −0.404*

(0.065) (0.208) (0.233)

Northern region 0.088 −0.181 −0.032

(0.066) (0.333) (0.248)

Agriculture as main 
activity (Yes=1, No=0)

0.018 −0.246 0.113

(0.047) (0.218) (0.218)

Extension services 
(Yes=1, No=0)

0.036 −0.010 0.193

(0.037) (0.131) (0.184)

Use of fertilizer (Kg/ha) 0.068*** 0.092

(0.015) (0.068)

Total labour (in Man/day) 0.064*** 0.064

(0.019) (0.059)

Ownership of non-farm 
assets (Yes=1, No=0)

0.289*

(0.146)

Constant 6.619*** 5.790*** −1.820***

(0.210) (0.633) (0.617)

σ 0.358*** 0.636***

(0.024) (0.104)

ρ −0.877*** 0.900***

(0.041) (0.098)

Wald test of indep. eqns. 
(chi2(2)

63.930

Prob 0.000

Log pseudolikelihood −255.402

N 356

Note: Standard Errors are in parenthesis. * p<0.1; ** p<0.05; *** p<0.01 
Source: Authors from PAPA’s data 2016. 
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to credit suggests that there was self-selection in accessing credit. Likewise, the differences in the 
coefficients of the productivity equation of farmers with access to credit and those without access 
illustrate the presence of heterogeneity in the sample.

More concretely, the estimates lead to two main results. They make it possible to identify the 
main determinants of farmers’ access to credit. The main explanatory factors of agricultural 
productivity depending on access or not to credit are also highlighted.

From the results reported in column (3) of Table 4, it appears that the adoption of improved 
seeds, the geographic location, the area sown and member of peasant organization determine 
producers’ access to credit. Thus, farmers who have at least the primary level, are likely to have 
access to credit.

Access to credit is also positively associated with the use of fertilizers by farmers. The use of 
agricultural inputs such as fertilizer requires producers to incur expenses and leads them to seek 
loans from financial institutions. A similar case can be made for the adoption of improved seed 
varieties by farmers. The adoption of best practices that would lead to increased production indeed 
represents intangible guarantees that further reassures loan officers in financial institutions. 
Houeninvo et al. (2020) have also shown that the adoption of improved seed varieties is associated 
with an increase in productivity allowing farmers to increase their income. The supply of quality 
inputs and seeds is one of the criteria that condition the disbursement of loans by MFIs in Benin. 
(AgriProFocus, 2016). The guarantee of high productivity is indeed associated with the use of 
improved seeds and reduces the uncertainties associated with agricultural activity. Reducing 
these uncertainties to facilitate producers’ access to credit is one of the components of the 
PAPA programme as mentioned in the previous section.

Regarding the explanatory factors of farmers’ productivity, there are differences depending on 
their access to credit or not. The estimated parameters of the productivity model for farmers 
without access to credit and those who do have access to it are reported in columns (1) and (2) 
respectively. The use of fertilizers is crucial in explaining productivity especially for the farmers with 
access to credit. The determining role of fertilizers in the growth of agricultural productivity as we 
have demonstrated is also widely demonstrated in the literature (Rehman et al., 2019; Chandio 
et al., 2019;Asante et al., 2019). The farm size appears to be negatively associated with productiv
ity for both categories of farmers. An increase in the area sown results in a decrease in yield, 
reflecting the extensive nature of Beninese agriculture. This result is in contrast to the results of 
Chandio et al. (2019), Abdallah (2016) and Tijani (2006). The latter indeed found a positive and 
significant relationship between farm size and rice yield. Their result can be justified by the 
investment in equipment and seeds required for rice production.

In addition, the results suggest that the productivity of farmers without access to credit is also 
determined by education, fertilizer use, and total labour. Among producers with access to credit, 
being located in the central region of the country negatively influences productivity. The policy of 
distributing agricultural inputs, particularly fertilisers, which favours cotton growers in Benin, could 
explain this result. Producers in the central and northern parts of the country benefit more from 
fertilisers because they grow most of their cotton. Maize, which is a back-season crop in these two 
regions, benefits from the after-effects of the fertiliser initially applied to the land. Unsurprisingly, 
the use of improved seeds provided to producers by deconcentrated services has had positive 
effects in terms of improving production. The government’s decision to deploy technical agents 
throughout the country has undoubtedly enabled producers to adopt improved seeds.

From the results thus obtained, we determined whether or not access to credit generates a gain 
in productivity. The findings suggest that farmers with access to credit obtain a productivity gain 
compared to those without access to credit (see Table 5 and Figure 2). Indeed, there has been an 
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improvement in the productivity of farmers with access to credit. Access to credit leads to an 
increase in yield per hectare estimated at 1602.625 kg/ha against 1144.151 kg/ha for the counter
factual, i.e. an estimated increase of 40.07%. Several reasons can justify this good performance 
recorded among farmers with access to credit. Otsuka and Larson (2016) argue that access to 
credit enables farmers to adopt the best production technologies and acquire quality inputs. 
Access to credit offers the possibility for farmers to hire quality labour on their farms, which 
ensures they set up production under the most optimal conditions.

The results regarding productivity gains are consistent with previous empirical work. Indeed, 
Diamoutene and Jatoe (2020) also found that credit is positively related to maize yield in Mali. 
Specifically, they find an average increase of productivity due to credit that is estimated at 477 kg 
per acre. The positive gains highlighted in this paper also confirm the findings reached by Agbodji 
and Johnson (2019) for Togo. Maize farmers, beneficiaries of agricultural credit, improve their 
productivity by about 10.7%. The effect found by E. Ali and Awade (2019) for Soybeans is smaller 
and estimated at 1.35%. Nakano and Magezi (2020) find that improved access to credit for rice 
farmers in Tanzania is insufficient to lead to productivity gains. However, the authors emphasise 
that their results should be analysed with caution, as the negative impact of weather conditions 
could have outweighed the potential benefits of access to credit for rice farmers.

Table 5. Productivity difference according to access to credit or not

Sub-samples Access to credit No access to credit

Average treatment 
effect on treated 

(ATT) 
C=A-B

Farmers have access to 
credit

(a) 1602.625 (b) 1144.151 458.473***

Farmers do not have 
access to credit

(c) 746.721 (d) 463.352 283.369***

Notes: (a) and (d) represent the observed yield of maize (kg/ha). 
(b) and (c) refer to counterfactual expected yield of maize (kg/ha). 
dit ¼ 1 if farmers have access to agricultural credit; dit ¼ 0 otherwise. 
ŷait : Maize yield if farmers have access to agricultural credit. 
ŷnit : Maize yield if farmers do not have access to agricultural credit. 
Source: Authors, based on estimation results. 
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Figure 2. Kernel density of the 
logarithm of yield according to 
access to credit. (Source: 
Author based on estimating 
results).
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6. Robustness analysis
In order to test the robustness of our results, we use another productivity indicator, capital productivity, 
measured as the ratio of output to capital. The results obtained are consistent with the estimates made 
with the variable yield per hectare. More concretely, the preliminary verifications lead us to validate the 
model thus estimated (see Table A2 in the Appendix). Indeed, we obtain a significant correlation 
coefficient between the productivity equations and the credit access equation (ρ). The coefficient is 
indeed significantly different from zero, suggesting that access to credit affects producers in the two 
groups differently.

The results broadly confirm those obtained previously. On the one hand, the use of improved seed 
varieties and membership of a farmer organisation positively determine farmers’ access to credit. On 
the other hand, the quantity of fertiliser used and the cost of fertiliser have positive and negative 
effects respectively on the farmer’s productivity. Another more interesting result is that, according to 
the productivity gain estimate, access to credit improves capital productivity by 31.97% (see Table 6).

In other words, a franc invested in maize production would yield more for the farmer who has access 
to credit than for his counterpart without access to credit. However, the effect is slightly below the 
40.07% obtained with yield measured in Kg per hectare. This suggests that access to credit leads to an 
improvement in production per CFA, but less than proportionally to the resulting increase in Kg per 
hectare. The difference may be attributable to the magnitude of the transaction costs faced by farmers. 
An illustration is the effect of the cost of fertiliser used, which in absolute terms reduces the productivity 
of farmers with access to credit more than those without (see Table A2 in the Appendix).

7. Conclusion and policy implications
Agricultural productivity in developing countries (DCs) remains low and below the attainable levels. 
Insufficient productivity is a threat to food security in these countries where poverty levels are worrying. 
The poor access of producers to financial services such as agricultural credit is one of the factors that 
explain this low productivity. This article aimed to determine whether or not access to credit improves 
agricultural productivity in Benin. The analysis is based on the estimation of the Endogenous Switching 
Regression (ESR) model. The results identified the main factors that determine farmers “access to credit 
on the one hand and farmers” productivity on the other. Indeed, this study shows that the adoption of 
improved seeds, the geographic location, the area sown and member of peasant organization determine 
producers’ access to credit Also, the results of the ESR model suggest that farmers with access to credit 
present a higher productivity level compared to farmers who do not.

Two specific questions have been examined in this paper. The first is to identify the determinants of 
access to credit and farmer productivity and the second is to assess the productivity effect of access to 
credit. In view of the results of the impact assessment of access to credit, some measures could be taken 

Table 6. Capital productivity difference according to access to credit or not

Sub-samples Access to credit No access to credit

Average treatment 
effect on treated 

(ATT) 
C=A-B

Farmers have access to 
credit

(a) 0.194 (b) 0.147 0.047***

Farmers do not have 
access to credit

(c) 0.239 (d) 0.085 0.154***

Notes: (a) and (d) represent the observed capital per hectare (FCFA/ha). 
(b) and (c) refer to counterfactual expected capital per hectare (FCFA/ha). 
dit ¼ 1 if farmers have access to agricultural credit; dit ¼ 0 otherwise. 
ŷait : Maize yield if farmers have access to agricultural credit. 
ŷnit : Maize yield if farmers do not have access to agricultural credit. 
Source: Authors, based on estimation results. 
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to refine the public intervention strategies that aim to support the agricultural sector, in particular the 
food sectors. The policy implications we formulate are therefore aimed at improving access to credit for 
farmers, in particular maize producers.

The positive effect highlighted in this study suggests that it is advantageous for decision-makers 
to facilitate access to finance for maize producers. The Beninese authorities, having included the 
maize sector among their priority sectors, must further strengthen the financing mechanisms for 
producers. In fact, the National Agriculture Development Fund (FNDA), which is the relay of the 
Regional Agricultural Development Fund, will have to redefine the instruments and/or means of 
promoting agricultural financing The results of this research suggest that actions should be taken 
both at the upstream level to facilitate access to finance and the downstream level to ensure the 
efficiency of credit in terms of productivity. It is therefore appropriate, in the operationalisation of 
the support intended for microfinance institutions (MFIs), to make more flexible the refinancing 
mechanism set up with the FNDA. Periodic evaluation of such a device is necessary to ensure its 
effectiveness. It will also be necessary to make the conditions of access to agricultural credit for 
farmers more flexible. The financing mechanism intended for this purpose should be integrated 
into the objectives of proximity financing pursued by the FNDA’s partner microfinance institutions.

With regard to the constraints identified in this study, there is a need to intensify literacy pro
grammes for farmers to facilitate their access to credit. These adult education programmes need to 
focus not only on language learning but also, and more importantly, on the concepts of designing 
a financing project. Likewise, it is necessary to initiate extension actions in order to support most of the 
farmers to adopt improved seeds since the adoption of improved varieties of seeds is likely to reassure 
the financial operators who see in it a sure way to increase productivity. A better subsidy policy that 
supports access to improved seeds should also be considered in order to make them more accessible 
to producers. However, this policy should be coupled with a good exit strategy from these subsidies, so 
that the sector remains viable even after the short-term subsidy mechanisms.

Moreover, it is also necessary to take measures to enable farmers in the southern part of the country 
to access credit. While it is true that the farmers in the south of the country work on small areas, it is also 
obvious that financial support granted to these farmers would lead to improved productivity and 
strengthen food security since maize is mainly consumed in this part of the country. It is also important 
that the public authorities strengthen technical supervision mechanisms of farmers through extension 
sessions. To this end, the territorial agricultural development agencies (ATDA) could conveniently be 
called upon to support the training of farmers. Finally, due to the existence of a large proportion of 
farmers who do not have access to finance, the state actors involved in the promotion of agricultural 
financing in Benin can make the financial support granted to the agricultural sector more effective.

This study, which is a first in Benin, analysing the effects of farmers’ access to credit, deserves to be 
examined in greater depth on one particular aspect. Indeed, the positive impact of capital per 
hectare in the category of farmers who do not have access to credit probably reflects the absence 
of credit constraints among some of the farmers concerned. The analyses should therefore be 
further refined by distinguishing between farmers who do or do not have access to credit and 
those who are constrained. To do this, a survey specifically designed to address this issue is needed.
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Notes
1. Maize is the first cereal crop in terms of production and is 

widely consumed in South Benin (seeMAEP, 2016).
2. The FCFA is the local currency of Benin used by the 

countries of the West African Economic and Monetary 
Union (UEMOA) 1FCFA = 0.0015Euro.

3. The FNDA was created in 2014 by decree n ° 2014–100 of 
January 31, 2014 but was not really operational. A more 
recent decree n ° 2017–304 dated June 21, 2017 with the 
same purpose was taken by the new political regime.

4. Federation of Local Agricultural Mutual Credit Banks.
5. Benin Mutual Agricultural Insurances.
6. This result has confirmed by the kernel density 

(seeFigure 2).
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Appendix

Table A1. Definitions and measures of study variables
Variables Measure Source
Dependent variable
Productivity Total yield per hectare (Kg/ha).

Explanatory variables
Age (in years) Producer’s completed age 

measured in years
SeeDiamoutene and Jatoe (2020); 
Agbodji and Johnson (2019); Saqib 
et al. (2018)

Type Binary variable to capture the 
gender of the producer (Female =  
0, Male = 1,)

SeeDiamoutene and Jatoe (2020); 
D. A. Ali et al. (2014)

Education Refers to producers with at least 
a primary level of education (None  
= 0, At least primary level = 1)

SeeDiamoutene and Jatoe (2020); 
Saqib et al. (2018);D. A. Ali et al. 
(2014)

Fertilizer (kg/ha) Quantity of fertilizer used 
expressed in kg per hectare

SeeDiamoutene and Jatoe (2020); 
Asante et al. (2019)

Use of improved seeds Producer adoption of improved 
corn seed (No = 0, Yes = 1)

Improved seed is considered 
a primary source of productivity 
improvement (Houeninvo et al, 
2020)

Location The producer’s region of residence 
is measured by considering the 
Southern (0), Central (1) and 
Northern (2) regions.

Agbodji and Johnson (2019) use 
geographic location by considering 
the village.

Extension Services Producer who has benefited from 
the extension services of official 
producer support structures. (No =  
0, Yes = 1)

SeeAsante et al. (2019)

Capital per ha (FCFA) Represents the amount of capital 
held by the producer and valued in 
CFAF.

Agriculture as main activity Measures producers who have 
farming as their primary activity. 
This variable takes the value 1 if 
farming is a main source of income 
for the producer and 0 otherwise.

Member of a Farmers’ Organization Binary variable measuring the 
producer’s membership in 
a farmers’ association (No = 0, Yes  
= 1)

Agbodji and Johnson (2019); 
D. A. Ali et al. (2014)
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Table A2. Estimation of the endogenous switching regression model

Variables

Dependent Variable: Productivity of capital 
(Kg/FCFA)

Selection Equation 
(3)

Not access to credit 
(1)

Access to credit 
(2)

Age (years) 0.002 0.006 −0.001

(0.002) (0.007) (0.008)

Gender (Male = 1, Female  
= 0)

−0.075 0.302 0.993

(0.178) (0.324) (0.692)

Education (At least 
Primary School = 1, None  
= 0)

−0.054 0.052 0.200

(0.053) (0.163) (0.168)

Use of improved seeds 
(Yes = 1, No = 0)

0.008 0.091 0.485***

(0.072) (0.172) (0.186)

Central region −0.151* −0.522** −0.300

(0.082) (0.250) (0.273)

Northern region 0.008 −0.156 0.014

(0.089) (0.337) (0.246)

Log area planted (ha) −0.160** −0.762*** 0.421***

(0.063) (0.230) (0.143)

Agriculture as main 
activity (Yes = 1, No = 0)

0.006 −0.255 0.262

(0.055) (0.270) (0.269)

Extension services (Yes =  
1, No = 0)

0.101 0.310 0.204

(0.062) (0.286) (0.192)

Total labor (in Man/day) 0.033 0.092

(0.023) (0.077)

Fertilizer (Kg/ha) 0.038** 0.122*

(0.017) (0.070)

Ownership of non-farm 
assets (Yes = 1, No = 0)

0.491***

(0.173)

Constant −2.132*** −3.417*** −2.218***

(0.286) (0.929) (0.806)

σ 0,439*** 0.653**

(0.042) (0.111)

ρ 0.631* 0.583***

(0.238) (0.154)

Wald test of indep. Eqns. 
(chi2(2)

10,880

Prob 0,004

Log pseudolikelihood −369,345

N 356

Note: Standard Errors are in parenthesis. * p < 0.1; ** p < 0.05; *** p < 0.01 
Source: Authors from PAPA’s data 2016. 
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Figure A1. Maize yield from 
2011 to 2020 (Kg/ha). 
Source: Authors from FAOSTAT 
data (2022)
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