Original Research Article
Adoption of Organic Fertilization, Improved Fallow and Income of Maize Farmers in Togo: Endogenous Switching Regression Model




.     
.
              . 
                     
	.
..


.
[bookmark: _GoBack]


ABSTRACT

	Aims: In Togo, the maritime region is the most penalized by declining soil fertility and the effect of climatic variability, with the lowest average maize yield of all Togo's regions. This paper therefore analyzes the determinants of the adoption of organic fertilization and improved fallow with Mucuna pruriens as a sustainable agricultural practice, and assesses the impact of these practices on the income of maize producers in Togo.
Place and Duration of Study: The study was conducted at the Togolese Agricultural Research Institute and the University of Lomé in Togo from January to July 2025.
Methodology: For this purpose, data were collected from farmer-members of cereal producer organizations in the maritime region and were analyzed using descriptive statistics and an Endogenous Switching Regression model to account for the heterogeneity in the decision to adopt sustainable practices.
Results: 33.6% of producers surveyed were women and 66.4% were men. The most represented age group is between 40 and 49, with 45.8% of growers. 56% of agricultural producers adopt sustainable farming practices. Econometric analysis using an endogenous switching regression model revealed that the variables soil fertility, tractor use, access to non-governmental organization extension services and training in integrated soil fertility management had a positive impact on the probability of adopting sustainable practices.  In addition, the study shows that organic fertilization and improved fallow increase farm income by 14.15%.
Conclusion: Finally, these results call on research and agricultural extension institutions to adapt their actions to ensure the success of agricultural extension and increased income for producers.
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1. INTRODUCTION

In the context of climate change, sustainable agricultural practices, in particular organic fertilization and improved fallow, play an important role in farm performance in terms of soil fertility, yields and farm income (Kibebsii et al., 2024; Edouard Rambaut, 2022; Kidd et al., 2017). The massive use of synthetic inputs of mineral origin is currently the subject of debate. Nitrogen in ionic form (NO3) is highly mobile in soils, contributing to the pollution of aquifers and the eutrophication of aquatic ecosystems. Furthermore, the synthesis of these fertilizers generates greenhouse gases that contribute to global warming (IPCC, 2022). Desertification, caused by a combination of environmental factors, is likely to worsen under the combined impact of uncontrolled management of natural resources. Climate change and land degradation threaten the survival and livelihoods of millions of people in sub-Saharan Africa (IPCC, 2022). Excessive or insufficient use of fertilizers and inadequate crop rotations also lead to declining soil fertility (Adekambi et al., 2021).
Sustainable agricultural practices are ecologically sound, economically viable practices that ensure the conservation and use of internal and external resources as efficiently as possible and reasonable returns relative to agricultural investments (Rasse et al., 2018). Sustainable agricultural practices refer in particular to farming practices likely to limit soil erosion, increase soil organic matter levels and improve soil productive potential (Rasse et al., 2018).  Thus, maintaining or improving soil fertility requires the maintenance of organic matter content, which is achieved through regular inputs of quality humus-rich soil improver. Compost improves soil physical properties and contributes to the supply of mineral elements to crops (Adofu et al., 2013). On the one hand, it improves soil structure, making the soil more aerated, increasing its water retention capacity and resistance to erosion, and on the other, it increases nutrient retention capacity, preventing soil leaching (Kidd et al., 2017). Organic matter also contributes to crop nutrition through the gradual mineralization of humus, which releases mineral elements, and to the stimulation of soil biological activity such as humification and biological nitrogen fixation (Koull and Halilat 2016). 
Improved fallow with Mucuna pruriens provides numerous environmental benefits: improved water balance by increasing the soil's capacity to absorb and retain water, improved nutrient cycling by reducing nutrient losses through filtration or fixation, improved microclimate (Balogoun et al., 2022). The use of Mucuna pruriens as a soil cover reduces water erosion, promotes soil biological activity and provides significant quantities of organic matter and mineral elements in surface horizons (Balogoun et al., 2022). Various simulations show that climate change will mainly affect agriculture in developing countries (IPCC, 2022). These changes require supportive policies to enable farmers to cope (Iglesias et al., 2007). Faced with these trends and the need to identify different strategies to enable ecosystems to provide the expected services in terms of both food security and environmental services, sustainable land management represents a significant potential for improving local lifestyles, ensuring food security, restoring natural ecosystems and reversing this negative environmental trend (Liniger et al., 2011). 
In West Africa, the primary sector plays a major role in the economy, contributing 22.2% to the gross domestic product and employing 43.7% of the working population (ONU, 2023). As a result, agricultural development is at the heart of poverty reduction and food security strategies in most developing countries.  Togo, a predominantly agricultural country with 40% of the working population and a 20% contribution to GDP, is located in an area already experiencing the consequences of climate change, with its effects on predominantly rain-fed agriculture (OCDE, 2024). Despite this importance, agricultural productivity remains low, limiting sustainable and inclusive growth. In recent years, yields of different speculations have increased, but this growth is volatile, partly due to the effects of climate change (MAEH, 2017). The maritime region is the most penalized by the effect of climate variability, with the lowest average maize yield of all Togo's economic regions and a chronically deficient food balance (Balaka and Yovo, 2021). Production has increased for the most part with the extension of cultivated areas and much less with improved yields (MAEH, 2015). 
To reduce poverty and malnutrition, the Togolese government has introduced Integrated Soil Fertility Management technologies to farmers' organizations as part of the National Agricultural Investment and Food Security Program. The technologies of amendment with organic matter (compost or manure) and short-term fallowing with Mucuna pruriens have been popularized among cereal growers to curb land degradation, help increase average productivity and improve incomes. Indeed, maize occupies an important place in Togo's production systems, ranking as the main staple cereal crop ahead of sorghum and rice (OCDE, 2024). We therefore question the impact of the adoption of organic fertilization and improved fallow on the income of maize farmers in the maritime region. What are the determinants of the adoption of organic fertilization and improved short-term fallow with Mucuna pruriens? Does the adoption of organic fertilization and improved short-duration fallow have a positive impact on farmers income? 
The general objective is to examine the impact of organic fertilization and improved fallow on the agricultural income of producers in the maritime region of Togo. Specifically, we will: (i) analyze the factors influencing the adoption of organic fertilization and improved short-term fallow with Mucuna pruriens, and (ii) assess the impact of the adoption of organic fertilization and improved short-term fallow on the income of maize producers. Research in agricultural production economics has shown on the one hand that adoption rates and factors influencing farmers decision to adopt an agricultural technology vary greatly among producers due to the heterogeneity of their preferences (Roussy et al., 2017), and on the other hand that the adoption of sustainable agricultural practices following the example of short-duration improved fallow with Mucuna pruriens could lead to increased production, income and improved food security for farmers (Awotide et al., 2016).
Projects to improve agricultural production have been implemented in Togo to respond to climate change and increase productivity, such as the West African Agricultural Productivity Program and many others. Research has been carried out in this field on the factors favoring and limiting the development of agroecological practices in West Africa (Levard and Mathieu, 2018) without taking southern Togo into account. Thus, we contribute to the literature by analyzing the determinants and impact of organic fertilization and improved short-term fallow on the income of maize producers in the maritime region of Togo. 
The remaining of the paper is organized as follow: The second section is devoted to materials and methods. The third section presents the results and discusses the factors influencing the adoption of sustainable agricultural practices and the impact on maize farmers income. The paper ends with a conclusion and recommendations.
2. material and methods

2.1 Study Site and Sampling  

The study focuses on farmers of the Maritime region of Togo which covers 15 % of the country’s land mass. The study focuses on farmers of the maritime region, which covers 10.78% of the country's land mass and is home to 41.7% of Togo's total population. According to the RNA (2014), the maritime region is one of the agroecological zones most exposed to climate risks, yet it is home to 21 % of the country's agricultural population and is the second largest food production area. The maritime region has a Guinean equatorial climate, characterized by two rainy seasons and two dry seasons. Rainfall varies on average between 800 mm and 1200 mm per year. The rainy and dry seasons have been disrupted in recent years due to the effects of climate change, with negative repercussions on agricultural development. The soils were fertile but have been degraded by human activity and climatic factors. Food crops such as maize, millet, sorghum, and cowpeas are grown, but yields are often low due to constraints such as poor water retention capacity and low organic fertility.
The surveys were conducted near the corn producer organizations that are members of the Regional Union of Cereal Producer Organizations of the Maritime Region in the departments of Ave, Bas Mono, Lacs, Vo, Yoto, and Zio. These organizations are located in areas that have benefited from the promotion of sustainable agricultural practices. The sample size was determined based on the work of Fellegi (2003):  . With N = size of the target population, n = sample size, and e = level of precision for the sample calculation, which is equal to +/- 8% (Fellegi, 2003). With a total population size of 1986 corn producers. The calculation formula gives the following sample size (n): n = 1986 / (1+1986 x (0.08 x 0.08)) = 145 maize farmers.
[bookmark: _Hlk204779717]2.2 The Model
Based on Roy's (1951) theoretical framework, several studies have used the Endogenous switching regression model, which separates the income equations of adopting and non-adopting farmers (Martey et al., 2021; Bidzakin et al., 2019; Lokshin and Sajaia 2004). This model explains the choice between two occupations and its consequences on income distribution when individuals differ in their specific characteristics. It is assumed that individuals will non-randomly choose a practice that maximizes their income according to their characteristics. The decision to adopt is based on the principle of rationality, in particular the utility maximization hypothesis of neoclassical theory. In other words, according to this model, since certain characteristics are more valued in a given practice, individuals with these characteristics will self-select by moving toward this agricultural practice.
The assumption of the Endogenous Switching Regression model is that, in addition to observed variables (endogenous factors), there could be unobservable characteristics (exogenous factors) within a farmer that could influence both the adoption of sustainable practices and farmer income. Estimating the impact of technology adoption on income without taking this issue into account could have a potential endogeneity bias.  
[bookmark: _Hlk204792874]2.3 Model Specification
According to this theoretical model, producers choose sustainable agricultural practices based on their preferences and characteristics. There are two types of producers: 1 for adopters, 0 for non-adopters. Producers compare the expected utility of adopting a sustainable agricultural practice (A1) with the expected utility of not adopting this practice (A0).  The producer will decide to adopt a sustainable practice if A1 > A0 and not to adopt it if A0 > A1. We consider a population of producers of size N consisting of two subsets of size N0 and N1 corresponding respectively to non-adopters and adopters, such that N = N0+N1. The decision to adopt a sustainable agricultural practice can be described as follows:
 
Equation (1) corresponds to the selection equation where i=1; … ; n represents producers and Ai is a latent variable determining the producer's decision to adopt sustainable agricultural practices or not. Ai corresponds to a dichotomous value where A=1 if producers adopt sustainable agricultural practices and A=0 if producers do not adopt these practices. Zi represents variables affecting the producer's decision to adopt or not adopt sustainable agricultural practices.  It is the vector of determinants of the choice of agricultural practice.   is the vector of parameters to be estimated and  is the error term that captures measurement errors and factors not observed by the researcher but known to the farmer. The endogenous switching regression model classifies producers into two categories: those who adopt and those who do not, in order to understand their differential response. The equations for the two regimes. Equations (2) and (3) correspond to the income functions for adopting producers and non-adopting producers, respectively. With  and  being the incomes of adopters and non-adopters, respectively.


X1i and X0i are a vector of variables that explain producers’ income, β1 and β0 are the associated parameters that must be estimated. The error terms , and  are assumed to have a trivariate normal distribution, with a mean vector zero (Bidzakin et al., 2019) and the following covariance matrix: 

With  which can be assumed to be equal to 1, since the coefficients are only estimable up to a scale factor, , ,  et . The covariance between  and  is not defined since  and  are never observed simultaneously (Martey et al., 2021). Endogenous switching regression allows simultaneous estimation of income functions and the selection equation using the maximum likelihood method with full information, resulting in more robust standard errors (Bidzakin et al., 2019; Lokshin and Sajaia, 2004). Furthermore, the existence of self-selection bias justifies the adoption of such a model over the classic ordinary least squares (OLS) model, which would generate biased estimates. Using the endogenous regression model, we compare the expected income of farmers who adopt (5) with that of those who do not adopt (6), then investigate the expected income of the counterfactuals, i.e., that of imaginary producers who would have adopted but hadn’t done (7) and that of imaginary producers who hadn’t adopted but would have adopted (8).  The model allows us to obtain the income gap while taking selection bias into account. Thus, we will have:
 
 
 
     
[bookmark: _Hlk204794003]With  and   the selectivity terms (Bidzakin et al., 2019). (5) and (6) represent the actual expectations observed in the sample. Equations (7) and (8) represent the counterfactuals of the expected results. From these predicted or expected incomes, two indicators can be constructed: the average treatment effect on the treated (ATT) and the average treatment effect on the untreated (ATU).
 
 
ATT measures the expected income difference between producers who adopt sustainable agricultural practices and those who do not, for producers who have currently adopted such practices. If ATT is positive (negative), adopting sustainable practices is more (less) profitable than not adopting them. ATU measures the expected income difference between producers who adopt and those who do not, for producers who do not currently adopt sustainable agricultural practices.
2.3 Definition of Study Variables
[bookmark: _Hlk205221953]The dependent variables are the adoption of sustainable practices and agricultural income. The dependent variables are composed of demographic, socioeconomic, and agronomic characteristics. These variables affect the choice of whether or not to adopt a sustainable agricultural practice (table 1). These factors are retained based on the theory and the literature on the topic (Adekambi et al., 2021; Bidzakin et al., 2019; Pilo and Adeve, 2016).
[bookmark: _Hlk204960815]Table 1.	Variables description

	[bookmark: _Hlk204881131]Variables
	Description
	Expected Signs

	Dependent variables

	
	

	Adoption

	adoption of the two sustainable practices (1 for yes, 0 otherwise)
	

	Farm income
	In CFA
	

	Independent variables
	
	

	Age
	Number of years
	+/-

	Sex
	Sex of farmer (male = 1,
female = 0)
	+/-

	Education 
	Number of years of formal education
	+

	Size
	Household size
	+

	Fertility
	Farmers soil fertility (1 for yes, 0 otherwise)
	+/-

	Land acquisition by inheritance
	1 for yes, 0 otherwise
	+

	Use of Tractors
	1 for yes, 0 otherwise
	+

	Access to credit
	1 for yes, 0 otherwise
	+

	Crop rotation
	1 for yes, 0 otherwise
	+/-

	Government extension services access
	1 for yes, 0 otherwise
	+

	Non-government extension services access
	1 for yes, 0 otherwise
	+

	Access to improved Seeds
	1 for yes, 0 otherwise
	+

	Training on integrated soil fertility management
	1 for yes, 0 otherwise
	+

	Technical itineraries
	Respect for technical itineraries (1 for yes, 0 otherwise)
	+


[bookmark: _Hlk204957381]Source: Based on study data


3. results and discussion

[bookmark: _Hlk204872551]3.1 Descriptive Statistics 

The sample of farmers surveyed included 145 farmers, 33.6% of whom were women and 66.4% men. Maize growing in the Maritime Region is dominated by men. The average age of those surveyed was 45, with a minimum of 22 and a maximum of 63. The breakdown by age group and gender reveals that the most represented age group is 40 to 49, with a percentage of 45.8% of the total sample. In this age group, the percentage of men is the highest, 65.22% versus 34.78% for women. These results show that, overall, the population of farmers surveyed is of average age. However, although agricultural work requires physical strength, the under-30 age group is only represented by 2.3% of our sample. 
[bookmark: _Hlk204875375]23.6% of respondents had no formal education and 76.4% had a formal education, of which 61.8% were men and 14.6% women. 90% of farmers surveyed who had a formal education had not gone beyond junior high school. Only 10% have completed upper secondary education. 55.6% of farmers use organic fertilization and improved fallow.

3.1 Descriptive Statistics 

The sample of farmers surveyed included 145 farmers, 33.6% of whom were women and 66.4% men. The majority of maize farmers in the Maritime Region is men. The average age of those surveyed was 45, with a minimum of 22 and a maximum of 63. The breakdown by age group and gender reveals that the most represented age group is 40 to 49, with a percentage of 45.8% of the total sample. Among this age group, the percentage of men is the highest, 65.22% versus 34.78% for women. These results show that, overall, the population of farmers surveyed is of average age. However, although agricultural work requires physical strength, the under-30 age group is only represented by 2.3% of our sample. 
23.6% of respondents had no formal education and 76.4% had a formal education, of which 61.8% were men and 14.6% women. 90% of farmers surveyed who had a formal education had not gone beyond junior high school. Only 10% have completed upper secondary education. 55.6% of farmers use organic fertilization and improved fallow.

3.2 Endogenous Switching Regression Model Results

This section presents the Endogenous switching regression model results. The model has a correct prediction of 71.84% of observations. This means that the variables selected explain 71.84% of the model. In addition, the prob-Chi2 value is zero, which confirms the correct specification in the classification of observations, so the model is significant (table 2). The second column presents the estimated coefficients of the equation for the adoption or non-adoption of organic fertilization and improved fallow. The third and fourth columns show the estimated coefficients of the farm income equation (2) and (3) for adopters and non-adopters.  

First, farmer characteristics play an important role in the adoption of sustainable farming practices. Indeed, male farmers are more likely to adopt sustainable farming practices than women. This result can be explained by the fact that male-headed households are more willing to take risks (Pilo and Adeve, 2016). In the study area, men have more control over production factors. In Togo, women have little access to organic manure, which generally belongs to the man, head of the farm and owner of the animals.  In addition, they are the first to access information on agricultural innovations through their information networks, which are denser than those of women (Koutou et al., 2016). Women are most often occupied with household tasks and don't have the time to attend training courses run by support organizations for the adoption of innovations (Koutou et al., 2016).
Soil fertility variables and tractor use have a positive impact on the adoption of organic matter or improved short-duration fallow. The more farmers feel their soils are fertile, the more they adopt good practices to conserve soil fertility. The farmers who use tractors have large farms and are also well-equipped, but their membership of groups and their participation in training courses on sustainable practices lead them to adopt them. These more capitalized farmers opt for these practices following their participation in awareness-raising and experimentation schemes. This could be explained by the level of wealth of the farmers, whose cultivation of large areas is a factor of wealth in rural areas. Indeed, studies have shown that wealth is a determining factor in the adoption of agricultural technologies (Roussy et al., 2017).
Farmers with access to non-governmental extension services adopt sustainable farming practices because these organizations promote sustainable agriculture with the use of organic matter. Participation in fertility management training increases adoption through school fields, and these farmers have knowledge of the impact on yield and income. The positive role of training and extension has been revealed in the literature (Adekambi et al., 2021; Roussy et al., 2017). Trained farmers are better able to evaluate practices, so their level of uncertainty is limited. Trained farmers are more open to technological innovations. In addition, extension services are an important source of information on climate change and sustainable production practices.

Analysis of the results shows a difference in the coefficients of the income equation between producers adopting sustainable agricultural practices and non-adopters. This illustrates the presence of heterogeneity in the sample. The farm income equation for farmers who have adopted organic fertilization and improved fallow is significantly different from the farm income equation for non-adopters. The level of income in both equations is explained simultaneously by gender, soil fertility, tractor use, access to credit and crop rotation. These results are consistent with agricultural production theory.
Gender simultaneously affects the income of adopters and non-adopters, meaning that men's productivity is higher than that of women. In the study area, women's access to production factors, particularly land, is difficult, despite land being the primary limiting factor in agriculture (Koutou et al., 2016). Soil fertility enables good agricultural yields. Access to credit has a positive impact on farm income, because the more credit you have, the more you can plant large areas and manage your farm for good yields. Crop rotation and tractor use also have a positive impact on the income of adopting farmers.

Table 2.	Endogenous Switching Regression Model Results

	Independent
variables
	Adoption 1/0
	Farm income for adopters 1
	Farm income for non-adopters 0

	Age
	0.423 (0.250)
	0.281 (0.358)
	0.264(0.219)

	Sex
	0.742**(0.330)
	0.850***(0.232)
	1.077***(0.244)

	Education 
	-0.358 (0.340)
	0.091 (0.235)
	0.126(0.251)

	Size
	0.469 (0.406)
	-1.138 (0.390)
	0.178(0.293)

	Fertility
	2.171*** (0.481)
	1.112*** (0.283)
	0.865*(0.476)

	Land acquisition by inheritance
	-0.252 (0.299)
	-0.182 (0.196)
	-0.391*(0.236)

	Use of Tractors
	4.176*** (1.112)
	0.538* (0.314)
	1.425*(0.883)

	Access to credit
	-0.173 (0.293)
	0.514*** (0.205)
	0.340*(0.228)

	Crop rotation
	0.323 (0.306)
	0.341* (0.215)
	0.576**(0.228)

	Government extension services access
	0.132 (0.690)
	0.396 (0.692)
	-0.150 (0.417)

	Non-government extension services access
	0.853*** (0.319)
	0.993*** (0.219)
	0.273 (0.261)

	Access to improved Seeds
	-0.055 (0.490)
	0.114 (0.411)
	-0.406(0.340)

	Training on integrated Soil fertility management
	2.149*** (0,693)
	1.238 (0.593)
	2.969(0.581)

	Technical itineraries
	1.591*** (0.582)
	1.015 (0.466)
	1.026 (0.391)

	Constant
	-4.911*** (1.122)
	9.832*** (0.627)
	11.482*** (0.516)

	Sigma_1
	
	0.762*** (0.739)
	

	Sigma_2
	
	
	0.855** (0.098)

	Rho_1
	
	0.429* (0.255)
	

	Rho_2
	
	
	0.653** (0.180)

	Wald chi2
	71.84***
	
	

	Log likelihood
	-218.66
	
	

	LR Test
	8.31**
	
	


P = 0.01 ***; P = 0.05 **; P = 0.1*
Source: Based on study data


3.3 Effect of Sustainable Farming Practices on Farm Income  

Table 3 below presents the results of the average treatment effect on treated (ATT). It measures the impact of organic fertilization and improved fallow on farmers income. The bias that generally results from selection between adopting and non-adopting farmers, and which may present systematic differences, is taken into account in the ATT estimation. The result shows that organic fertilization and improved fallow increase farmers income. The impact of these sustainable practices on farmers income is 14.15% of that of non-adopting farmers. The adoption of d organic fertilization and improved fallow with Mucuna pruriens increases farmers income (Edouard Rambaut, 2022; Kidd et al., 2017). 
 
Table 3.	Average Treatment Effect Result

	Average farm income in CFA francs
	Adopting farmers
	Non-adopting farmers
	Average Treatment Effect

	Farm income
	219197.81
	191947.08
	14.15 %*** 


P = 0.01 ***
Source: Based on study data

4. Conclusion

This paper uses survey data of maize farmers to examine factors that influence the decision to adopt organic fertilization and improved fallows, and also assess the impact of these sustainable farming practices on farm income in the maritime region of Togo. Endogenous switching regression model was used for the analysis, as it allows to take into account the selection bias and to deal with the differential impact of the adoption of organic fertilization and improved fallow on the farm income of adopting and non-adopting farmers.
Analysis of the factors influencing adoption of organic fertilization and improved fallow reveals that variables such as gender, soil fertility, tractor use and access to extension have a positive effect on adoption probability. Training in soil fertility management also plays a crucial role in producers’ decision to adopt sustainable farming practices. The results also reveal that the adoption of organic fertilization and improved fallow increases the farm income of adopting farmers by 14.15% more than non-adopting farmers.
The study sheds light on the factors influencing the adoption of sustainable farming practices and the impact of these practices on farm income. On the basis of these results, the following policies are recommended: (i) intensification of agricultural extension activities and training for farmers on the economic and environmental impact of sustainable practices in the context of climate change, (ii) continuation of the policy of mechanizing agriculture by providing farmers with machinery adapted to soil characteristics and by easing the conditions of access to such machinery.
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