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  Abstract 
Article Information  This study examines the factors influencing the protection of farmland and agricultural 

practices in Senegal, with a particular focus on the relationship between cultivated land 

ownership, land tenure, educational level, and various farming methods. Using survey 

data (n = 600) from the Thiès region and the endogenous switching method, the analyzed 

data encompassed a range of variables, including farming strategies, types of land tenure, 

farmer demographics, and knowledge of land policies. The results show that land tenure 

is a significant factor in farmland protection, with individuals holding secure land tenure 

exhibiting a positive association with agricultural outcomes (coefficient = 0.435, p < 0.01). 

This suggests that securing land rights is crucial for encouraging investment in farmland 

protection and improving the agricultural productivity. In contrast, methods like fencing, 

title deeds, or orchard farming do not significantly effect on farmland protection. 

Similarly, farmland abandonment was not significantly associated with the 

implementation of farmland protection strategies. Education level also plays an important 

role in agricultural practices. Farmers with primary or lower secondary education 

demonstrate more significant improvements in farmland protection practices compared 

to those with higher levels of education. Primary education is particularly influential, with 

a coefficient of 0.466 (p = 0.001), highlighting its importance in fostering effective farming 

practices. However, higher levels of education, including university education, do not 

appear to have a significant impact on farmland protection. Farmer age and gender were 

not strongly associated with farmland protection. Male farmers tended to have slightly 

negative coefficients, but the results were not statistically significant (p > 0.05). Age 

groups, including farmers aged 31-40 and 41-50 years, also exhibited non-significant 

coefficients, suggesting that age does not strongly influence farming methods or land 

management in Senegal. Additionally, the results indicate that knowledge of land policies 

and awareness of land policies do not significantly affect farmland protection. Farmers 

with knowledge or awareness of land policies do not exhibit notable improvements in 

their farmland protection practices. These findings highlight the significance of secure 

land tenure and primary education in promoting farmland protection and enhancing 

agricultural practices in Senegal. These factors should be prioritized in policy 

interventions designed to promote sustainable agriculture and rural development in the 

region. 
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1. Introduction 
Land is crucial for tackling global development 

challenges, while land governance lies at the core of 

achieving sustainability and resilience [1]. Farmland, 

as a strategic resource, plays a crucial role in 

providing essential services, including the production 

of food, fiber, and fuel for human populations [2]. 

Hence, the ongoing degradation of cultivated land 

and decline in soil fertility in Senegal underscore the 

urgent need for targeted and sustainable 

interventions [3]. The right to food asserts that every 

individual should have regular, permanent, and 

affordable access to sufficient food, both in terms of 

quantity and quality, either directly or through 

monetary transactions [4]. In Senegal, perceived food 

insecurity significantly decreased from 46% in 2016 to 

15% in 2020, highlighting notable progress in food 

security [5]. Agricultural land resources are 

fundamental to a country's economy and food 

stability [6], and their effective management is crucial 

for sustaining improvements and ensuring long-term 

food security. 
 

In the context of Senegal, where agriculture remains a 

major pillar of the economy, analyzing the use of 

agricultural land and its impact on agricultural 

production sheds light on the complex dynamics 

between urban and rural transformations. Moreover, 

agricultural production has a positive and significant 

impact on Senegal's economic growth, both in the 

short and long term [7]. Agriculture accounts for 16.6% 

of the Gross Domestic Product (GDP) and employs 

49.5% of the workforce, with 70% of the rural 

population engaged in agriculture [8, 9]. Notably, 95% 

of farms are family-owned, highlighting the 

importance of small-scale agriculture in the country's 

agricultural sector [10, 11]. This trend, driven by 

global population growth, underscores the vital role 

of agriculture in ensuring food security, particularly 

in rural areas of Senegal. 
 

In Senegal, a significant portion of the rural 

population depends on agriculture for their livelihood. 

This process takes into account several factors, 

including the characteristics of farmers, such as their 

experience in agriculture, which directly influences 

their land use choices and farming practices. The 

aging population has a significant impact on the 

economy and agriculture, particularly in developing 

countries [12]. The evolution of cultivated areas in 

Senegal is influenced by climatic, economic, and 

human factors that impact production [13]. Social 

factors, such as national macro-policies and the 

market economy, have contributed to the 

transformation of farmers' planting decisions [14]. 
 

Furthermore, the modernization of agricultural 

equipment and the introduction of new fertilizers 

have significantly improved the production capacity 

of major cereal crops [15]. Social factors, such as 

national macro-policies and the market economy, 

have contributed to the transformation of farmers' 

planting decisions [16]. Furthermore, the 

modernization of agricultural equipment and the 

introduction of new fertilizers have significantly 

enhanced the production capacity of major cereal 

crops [14], thereby reinforcing the importance of 

optimizing agricultural resources to meet the 

population's needs. 
 

Studying these relationships enables a deeper 

understanding of how land management affects 

agricultural production, particularly in regions like 

Thiès. Agriculture, a fundamental pillar of Senegal's 

economy, plays a crucial role in ensuring food 

security and serves as the primary source of 

livelihood for a significant portion of the population, 

particularly in rural areas [8]. However, agricultural 

performance is closely linked to various factors, 

including the availability of arable land, farming 

techniques, agricultural policies, and climate [17]. In 

addition the mean land policy in Senegal did not 

undergo significant change until 1960 [18, 19]. 

Accordingly, several questions arise. How do farmer 

characteristics influence agricultural practices and 

land protection methods in the Thiès region of 

Senegal? What impact do climatic, economic, and 

social factors have on farming practices and land 

protection in Thiès? 
 

In this context, the key characteristics of farms 

significantly affect farmers' decisions to adopt 

sustainable farming systems [20], including farmland 

protection practices. Analyzing the relationship 

between agricultural production and cultivated areas 
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Figure 1. (a)and (b) localization of the Senegal and Study area, respectively, (c) survey 

sample, and (d) the DEM.

 

is strategically important. In China, for example, 

farmers who employed methods to enhance land 

quality and safeguard their farmland experienced 

increases in well-being of 9.6% and 11.5%, 

respectively [21]. The Thiès region plays a crucial role 

in Senegal's agricultural sector, and known for its 

significant agricultural potential. However, it faces 

challenges, including soil degradation, climate 

variability, and limited access to quality agricultural 

inputs [22, 23]. Understanding how the evolution of 

cultivated areas affects production is essential for 

informing agricultural policies and promoting 

sustainable resource management. In essence, 

sustainable and resource-conserving cultivation 

methods that preserve the soil, protect the 

environment, and enhance productivity are, therefore, 

necessary and have become major research and policy 

issues [24]. 
 

The study aimed to investigate the relationship 

between agricultural production and land use in the 

Thiès region, a significant agricultural production hub 

in Senegal. Despite its agricultural potential, farming 

in the region faces significant challenges, including a 

lack of financial resources and complex natural 

resource management [13]. this study analyzed the  

 

impact of farmer characteristics on agricultural 

practices and land protection methods, selecting the 

Thiès region in Senegal as an example.  

 

2. Materials and methods 

2.1. Study area and data collection  

2.1.1. Study area 

Senegal is an agriculture-dependent country where 

farming largely relies on rainfall [25]. The Thiès region, 

of Senegal's is geographically located between 

latitude 10°44′46″ N and 10°52′46″ N, and longitude 

78°39′11″ W and 78°44′13″ W [23]. Covering an area of 

approximately 6,669.6 km², the region had a 

population of 2,162,831 in 2020, according to the 

National Agency of Statistics and Demography of 

Senegal (ANSD). The key crops in Thiès region's are 

peanuts, maize, millet, sorghum, and cowpea. In 2020, 

266,668.24 hectares yielded 253,784.08 tons, with 

peanuts and millet accounting for 78.1% of the total 

production. In summary, this study was conducted in 

the Thiès region of Senegal, a key agricultural area 

that faces significant climate variability. Primary data 

were collected through a comprehensive survey of 

600 farm households in the study area. These 

households were selected from 11 administrative 
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communes based on population size and agricultural 

activity, as shown in Fig. 1 (c). As shown in Fig. 1(d), 

the topography, represented by the Digital Elevation 

Model (DEM), is flat, with a maximum elevation of 

141 m. 
 

2.1.2. Survey design and sampling 

Questionnaires and social surveys are commonly 

used tools in empirical social science research to 

collect data and analyze trends [23]. The survey began 

with interviews with district authorities to 

understand regional variations in agriculture, land 

use, and socio-economic conditions. Districts were 

spatially selected, and villages were randomly chosen 

from the 2013 Senegalese census based on population 

size. In each village, approximately 15 farmers were 

randomly selected, resulting in a total of 600 

responses collected in October 2022. The survey 

instrument, structured into four sections, focused on 

farmers' perceptions of agricultural production. Data 

collection was facilitated using CommCare HQ 

software through face-to-face interviews, with ethical 

considerations ensured, particularly for sensitive 

information, such as farm revenue. Additionally, 

interviews with local government leaders provided 

further context.  
 

In the data filtering process, the survey used different 

Likert scales for rainfall, temperature, and salinity. 

The data show that farmers' responses to temperature 

and soil salinity were ranked as agree, neutral, and 

disagree. Therefore, in comparison to rainfall, the 

Likert scales for these two variables were merged and 

summarized into three levels. Moreover, 15 

questionnaires were discarded due to incomplete or 

missing information, such as unanswered key 

questions on age, education level, and other critical 

demographic details, which were essential for the 

analysis. Consequently, 585 completed questionnaires 

were used for the subsequent analysis. After the 

screening process, the reliability of the questionnaires 

was assessed. There are various methods were used to 

evaluate questionnaire reliability. The Kaiser–Meyer–

Olkin (KMO) measure assesses the suitability of data 

for factor analysis, with values near 1 indicating 

suitability and those below 0.5 suggesting 

unsuitability [26, 27]. In our study, the KMO test 

yielded values greater than 0.6, and Bartlett's test of 

sphericity resulted in a p-value of 0. These findings 

confirmed the high reliability and strong construct 

validity of the questionnaire. 
 

2.1.3. The description of the selected variables  

Sub-Saharan Africa faces significant land-related 

challenges, including private appropriation of 

farmland and conflicts over land use [28]. In this 

research, we investigated the determinants of 

cultivated land protection in the Thiès Region, 

Senegal, focusing on land governance, land-use 

dynamics, and agricultural conservation techniques, 

following previous studies [15, 29]. Farmers' 

protection behavior largely depends on their 

perceived value of cultivated land quality protection 

[30]. In essence, their perceptions can shape their 

attitudes, behaviors, and decisions regarding land 

management, which are key to promoting sustainable 

land use and ensuring the long-term viability of 

agricultural practices in the region. The survey data 

indicate that, on average, farmers have sown land 

between 1 and 3 hectares (mean = 2.14). For this 

interval, plots with documented ownership 

constituted 3.2% of the total at the national level, 

while those without documentation comprised 

approximately 91.3%, according to the ANSD in 2020. 

For the increase in farm size, some policies encourage 

the circulation of agricultural land management rights 

[31]. Therefore, the size of farmland can influence how 

resources are allocated for land protection. Larger 

sown areas may require more intensive management 

and protection strategies to ensure their sustainable 

use. 
 

Furthermore, larger farmland can make it more 

susceptible to land degradation due to overuse and 

mismanagement. In the West African Sahel, climate 

variability and climate change pose significant 

challenges to food security, influencing farmers' 

decisions regarding land expansion for cultivation 

[32]. In addition to these dependent variables, farmers 

who have received assistance to combat cultivated 

land degradation were selected as treatment variables, 

using a binary variable that takes the value of 1 if the 

farmers have received assistance to combat farmland 

degradation and 0 otherwise.  
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In this study, farmers who received assistance to 

combat cultivated land degradation referred to the 

support they received from the government or NGOs, 

including awareness programs, training, financial aid, 

and project implementation. Globally, the dependent 

variable, farmers' perceptions of the quality of their 

cultivated land, was selected because it directly 

influences land protection behaviors. These 

perceptions shape land management decisions, which 

are crucial for promoting sustainable practices and 

understanding the dynamics of land protection in the 

Thiès Region. 
 

Identifying the key factors influencing the protection 

of cultivated land is crucial for developing countries 

aiming to establish a comprehensive land-use 

structure and management framework. Agricultural 

land expansion is prominent in developing countries 

[33]. At the same time, while the impact of land tenure 

security on farm yield has been extensively 

investigated in the literature, little is known about the 

role tenure security plays in mitigating risk exposure 

[34]. Between 2009 and 2018, urbanization resulted in 

the loss of 7.94% of cultivated land [17]. In this context, 

implementing orchard farming systems has been a 

common practice among farmers to combat various 

types of cultivated land loss and degradation in this 

region. Hence, the farmland protection methods in 

this study include land registration, title deeds, 

fencing, orchard farming, and no strategy, all aimed 

at securing, maintaining, and ensuring the long-term 

viability of agricultural land through various legal 

and physical practices. 
 

However, weak law enforcement elsewhere enables 

Kazakh farmers to violate the land-use restrictions 

[35]. In our study area, about 18.6% of farmers 

received formal documentation from the state. 

Furthermore, 15.4% of farmers sold their cultivated 

land, and only 2.6% of farmers had knowledge of land 

protection policies. From that point, onward, the lack 

of robust land tenure can adversely impact the 

protection of cultivated land. Land use and its 

dynamics have garnered considerable attention from 

researchers due to their ecological and socioeconomic 

implications [36]. Farmwork crop rotation is 

challenging to implement when farmers lack technical 

and policy knowledge, as well as awareness of the 

benefits of crop rotation [37]. In this study, about 68.4% 

of farmers practiced crop rotation. Farmers receiving 

aid to improve soil health generally have better 

perceptions of the quality of cultivated land and 

larger farmlands. The educational levels, agricultural 

training, and formal land documentation of the 

assistance recipients were significantly higher. 
 

Moreover, awareness and knowledge of land 

protection laws show significant differences between 

recipients and non-recipients. Finally, traditional 

ploughing methods and cultivated land propriety also 

showed significant differences, indicating possible 

influences on land protection practices. In summary, 

as detailed in Table 1, this study examined 14 

independent variables to investigate how household 

behaviors influence the protection of cultivated land 

in the Thiès region. 
 

2.2. Method 

In several contexts, researcher must fit Endogenous 

Switching (ES) or Sample Selection (SS) to ordinal 

variables. In these cases, the variable of interest, y, 

takes on H response categories 𝑦ℎ, h = 1, 2, …, H [38]. 

Moreover, categories are ordered, 𝑦1 < 𝑦2 < ⋯ < 𝑦𝐻  

but the difference between any pair of categories has 

no cardinal interpretation. In our case, we cultivated 

land protection levels as ordinal variables that 

included many responses (1= very high; 2= high; 3= 

moderate; 4= poor). Latent variable models can be 

employed for dichotomous variables. In particular, 

the latent response 𝑦𝑖
∗ for the individual is assumed to 

be determined according to 
 

𝑦𝑖
∗ = 𝑥𝑖

′𝛽 + 𝜃𝑠𝑖 + 𝜆𝜀𝑖 + 𝜏𝑖  
 

in an ES problem or according to   

 

𝑦𝑖
∗ = 𝑥𝑖

′𝛽 + 𝜃𝑠𝑖 + 𝜏𝑖 
 

In an SS framework. As before, λ, 𝜀𝑖 and 𝜏𝑖 represent 

a factor loading, an unobserved heterogeneity term, 

and a random error, respectively. The vector of 

explanatory variables, 𝑥𝑖, does not include a constant 

term. 
 

Instead, a threshold model determines the observed 

response, 
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Table 1. Descriptive statistics of the variables used in the study. 
 

Variables Definition 

Dependent variable 

Cultivated land protection level Perceptions of farmers about the quality of cultivated land. 

1= Very high; 2= Hight; 3= Moderate; 4= Poor 

Explanatory variables 

Education (X1) Farmers’ education level: 0 = Illiterate, 1 = primary, 2 = Lower secondary 

education, 3 = Upper secondary education; 4=university 

Gender (X2) 1 if the farmer is male; 0 = Female 

Age (X3) Age of the farmers 1 = {18–30} years, 2 = {31–40} years, 3 = {41–50} years, 4 = {51–

60} years, 5 <60 years 

Training in agricultural (X4) If farmers have received training in agricultural; Yes =1, no =0 

Cultivated land protection method (X5) Farmers practiced one of these methods or more; 

1= land registration; 2= Get title deed; 3= secure land by fencing; 4= orchard 

farming; 5= No strategy 

Crop rotation practices (X6) Whether farmers practice crop rotation or not; yes=1; no=0 

Traditional plough (X7) Whether farmers practice traditional ploughing or not,  

yes=1; no=0 

Land tenure (X8) If the farmer has received a formal document from the state:  

yes=1; no=0 

Cultivated land propriety (X9) Farmers' mode of acquisition of cultivated land. 

1= inheritance; 2= Rental; 3=loan; 4= purchase; 5=other 

knowledge about land policies(X10) If farmers know any laws or texts regarding land protection,  

yes=1; no=0 

Awareness of land policies (X11) If farmers are aware of the law regarding protected cultivated land, yes=1; no=0 

Cultivated land abandonment (X12) If farmers had abandoned cultivated land 

yes=1; no=0 

Cultivated land transfer(X13) If a farmer has sold cultivated land, yes=1; no=0 

Cultivated land evolution trends(X14) Relate to farmers' size of farmland evolution trends: 

0 =decreased; 1 = increased; 2= stagnating 
 

 

 𝑦𝑖 = {

𝑦1 𝑖𝑓 − ∞ < 𝑦𝑖
∗ < 𝑘1

𝑦2 𝑖𝑓 𝑘1 < 𝑦𝑖
∗ < 𝑘2

⋮
𝑦𝐻  𝑖𝑓 𝑘𝐻−1 < 𝑦𝑖

∗ < ∞

 

 

where  𝑘𝑠 , s = 1,..., H −1 represent the threshold 

parameters. The model for the switching or selection 

dummy remains as follows: In the SS problem, the 

main outcome variable.  𝑦𝑖  is observed only if a 

selection condition ( 𝑆𝑖  = g,  g=1,2,…,G) is met. The SS 

model for multinomial order variables can be easily 

written as a system of equations for two latent 

variables as follows: 

 

{
𝑦𝑖

∗ = 𝑥𝑖
′𝛽 + 𝜆𝜀𝑖 + 𝜏𝑖

𝑠𝑖
∗ = 𝑧𝑖

′𝛾 + 𝜀𝑖 + 𝜍𝑖
 

 

The Endogenous Switching (ES) model is justified for  

analyzing farmland protection in Senegal's Thiès 

region due to its ability to handle ordinal outcome 

variables, address endogeneity and selection bias, 

capture unobserved heterogeneity, and provide 

policy-relevant insights through counterfactual 

analysis. Unlike simpler models, the ES respects the 

ordinal nature of protection levels, corrects for 

endogeneity in farmers' choices, and accommodates 

complex behavioral factors, thereby ensuring the 

robust identification of causal drivers for sustainable 

agricultural policies. 
 

3. Results  
Table 2 interprets the regression results on factors 

influencing farmland protection, focusing on various 

determinants. Land title ownership has a weak  
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Table 2. Interpretation of regression results: Farmland protection. 
 

Farmland protection Coefficient Std. error z P>z [95% conf. interval] 

(Farmland protection method) 

Get title deed   0.029 0.145 0.200 0.844 -0.255 0.312 

secure land by fencing   -0.146 0.145 -1.000 0.315 -0.431 0.139 

orchard farming   0.019 0.346 0.050 0.957 -0.659 0.696 

No strategy   -0.365 0.190 -1.920 0.054 -0.738 0.007 

Education level 

Primary   0.466 0.146 3.200 0.001 0.180 0.752 

Lower Secondary  0.446 0.188 2.370 0.018 0.077 0.816 

Upper secondary  0.398 0.228 1.750 0.081 -0.049 0.845 

University   0.204 0.232 0.880 0.381 -0.251 0.659 

Training in agriculture 

Yes   -0.014 0.237 -0.060 0.954 -0.479 0.452 

Farmland abandonment 

Yes   0.028 0.124 0.220 0.822 -0.214 0.270 

Land tenure 

Yes   0.435 0.151 2.880 0.004 0.138 0.731 

Farmland propriety 

Rental   0.245 0.363 0.680 0.499 -0.466 0.956 

Loan   -0.313 0.235 -1.330 0.182 -0.773 0.147 

Purchase   -0.809 0.375 -2.160 0.031 -1.545 -0.074 

Other   0.344 0.591 0.580 0.560 -0.814 1.502 

Farmland transfer 

Yes   -0.077 0.160 -0.480 0.630 -0.390 0.236 

Knowledge of land policy 

Yes   -0.237 0.393 -0.600 0.546 -1.008 0.533 

Awareness of land policies 

Yes   0.056 0.135 0.410 0.681 -0.210 0.321 

Farmland evolution 

increased   1.093 0.277 3.940 0.000 0.550 1.636 

stagnating   -0.165 0.152 -1.080 0.280 -0.463 0.134 

Crop rotation practices 

Yes   -0.057 0.125 -0.450 0.650 -0.301 0.187 

Traditional plough 

Yes   0.218 0.152 1.440 0.151 -0.079 0.515 

Improve soil health 

Yes   0.053 0.229 0.230 0.818 -0.396 0.502 

Farmer gender 

Male   -0.118 0.127 -0.920 0.355 -0.368 0.132 

Farmer age 

31-40 years    -0.241 0.181 -1.330 0.184 -0.596 0.114 

41-50 years   -0.033 0.186 -0.180 0.860 -0.396 0.331 

51-60 years   0.030 0.185 0.160 0.870 -0.333 0.393 

More than 60 years   -0.089 0.185 -0.480 0.631 -0.452 0.274 

 

positive effect on farmland protection, whereas 

securing land by fencing shows a slight negative 

impact. Orchard farming had a small positive effect 

that was statistical significance. Education level plays 

a significant role, with primary and lower secondary 

education strongly correlating with farmland 

protection, while university education has a 

negligible impact. Training in agriculture and 



 

J. Environ. Sci. Ecol. Chem. 1(3), 130-141, 2025                                                                                Bonoua Faye et al., 2025    

  Page | 137 

https://doi.org/10.58985/jesec.2025.v01i03.13 

farmland abandonment showed minimal effects on 

protection. 
 

Land tenure is a key factor, as formal land tenure has 

a positive correlation with protection measures, 

indicating that secure land ownership encourages 

conservation efforts. The type of farmland property 

also influences protection; rental land has a slightly 

positive impact, while purchased land shows a 

negative relationship. Awareness of land policy 

negatively impacts farmland protection, suggesting 

that regulatory constraints may discourage protective 

measures.  
 

Farmland evolution, especially the expansion of 

farmland, significantly promotes protective efforts. 

Crop rotation practices and improved soil health 

showed weak associations with farmland protection. 

Age and gender factors, particularly for farmers 

under 40, also have negligible impacts. The analysis 

concluded that farming practices, land management 

evolution, education, and land tenure are the most 

significant factors influencing the protection of 

farmland. In contrast, other factors, such as training 

and policy awareness, have lesserimpact. 
 

4. Discussion 

Protecting farmland is crucial for ensuring food 

security, supporting farmers' livelihoods, maintaining 

ecological balance, and preserving social stability [3]. 

The regression results provide valuable insights into 

the factors influencing farmland protection and land 

use decisions, revealing how various determinants 

contribute to the adoption of sustainable farmland 

practices in Senegal. 
 

In most sub-Saharan African countries, peri-urban 

areas are undergoing rapid transformation, 

threatening the livelihoods, land rights, and tenure 

security of local communities [39]. One key finding 

from the analysis is the positive, yet weak, impact of 

land title ownership on farmland protection. This 

suggests that while securing land ownership may 

slightly encourage farmers to implement protective 

measures, the effect is not as strong as expected. 

Informal land tenure systems are prevalent in many 

rural areas, particularly in developing countries such 

as Senegal. These informal systems can lead to 

insecurity among farmers regarding their land rights, 

further complicating efforts to ensure effective 

farmland protection [3]. The stability or security of 

property rights plays an important role in stimulating 

the investment of economic entities [40]. Hence, 

strengthening formal land tenure through land titling 

could, be an important policy recommendation to 

improve land security, and encourage farmers to 

engage in long-term conservation efforts. However, 

the weak impact also suggests that securing land title 

alone may not be sufficient to ensure significant 

protection measures without additional incentives or 

support. Additionally, increasing land ownership is a 

key solution to promote food security [41]. 
 

Regarding farmland protection methods, 

interestingly, the use of land fencing showed a slight 

negative impact on farmland protection, although it 

was not statistically significant. Farmland 

preservation has been a longstanding challenge [42]. 

This could be due to practical challenges or financial 

constraints that prevent many farmers from investing 

in fencing. In contrast, orchard farming had a positive 

and statistically significant impact, which could 

reflect the more sustainable and long-term nature of 

orchard farming compared to annual crops, fostering 

soil conservation and reducing land degradation. 
 

Education and training play crucial roles in farmland 

protection [43, 44]. The analysis found that education, 

particularly at the primary and lower secondary levels, 

has a strong positive correlation with farmland 

protection. This highlights the importance of 

educating farmers, especially at the grassroots level, 

about sustainable farming practices. In contrast, 

university education had a negligible impact, 

suggesting that the type of education may be more 

important than the level in influencing farmland 

protection behaviors. However, agricultural training, 

showed minimal effects, which could indicate that 

practical training is not widespread or fully 

implemented among farmers or that existing training 

programs may not adequately address the specific 

needs of farmers in rural areas. 
 

Land tenure and property type are crucial factors that 

influences farmland protection [45]. Secure land 

tenure provides farmers with the confidence and legal 
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assurance to invest in long-term land conservation 

practices. Moreover, land title reduces the likelihood 

of low-intensity interhousehold conflict [46]. This 

study highlights the significance of formal land tenure 

as a key factor in protecting farmland. Secure land 

tenure provides farmers with the confidence to invest 

in long-term land management practices. 

Additionally, the type of farmland property appears 

to influence protection behavior, with rental land 

showing a slightly positive relationship with 

protection, whereas purchased land shows a negative 

association. This may indicate that farmers who lease 

land are more likely to implement protection 

measures to maintain productivity, whereas those 

who own land might be less inclined to adopt such 

practices if they perceive a limited return on 

investment. 
 

Regarding farmland evolution and practices, the 

results also indicate that farmland evolution, 

especially the expansion of farmland, significantly 

promotes protection efforts. This may be due to the 

adoption of more modern farming techniques or a 

shift towards sustainable farming practices that 

prioritize long-term productivity over short-term 

expansion. However, this exception warrants closer 

attention, as the transition of agricultural land has 

become a significant aspect of environmental risk that 

demands both immediate and long-term solutions 

[13]. 
 

Moreover, crop rotation and improvements in soil 

health showed weak associations with farmland 

protection [39], suggesting that while these practices 

are important, they may not be fully adopted or 

consistently implemented across different regions. 

Moreover, household size, perceived climate change, 

and access to climate advice encouraged 70.4% of 

farmers to adopt crop rotation [47]. Hence, 

prioritizing and supporting sustainable practices, 

such as crop rotation—especially considering that 45% 

of farms do not practice it is crucial for long-term 

productivity improvements and enhanced farmland 

fertility in rural Senegal [9]. 
 

Age, gender, and policy awareness are crucial for the 

protection of cultivated land [44, 48]. The analysis 

reveals that age and gender have negligible effects on 

farmland protection; however, younger farmers 

(under 40 years) are more likely to engage in 

protective measures. This may reflect a growing 

awareness among younger generations of the need for 

sustainable agricultural practices to ensure food 

security. Furthermore, awareness of land policies had 

a negative impact on farmland protection, suggesting 

that policy constraints or unclear regulations may 

discourage farmers from adopting conservation 

measures. In addition, farmers often abandon 

farmland due to urbanization and the appeal of higher 

incomes from non-agricultural jobs, driven by unclear 

or overly complex regulations [15, 49]. 
 

In summary, this study highlights that land tenure 

security, education, and farming practices are the 

most significant factors influencing farmland 

protection. However, the practical implementation of 

these factors, such as increasing awareness and 

providing accessible training, is crucial for the 

effective adoption of sustainable agricultural practices. 

Policymakers should focus on enhancing land tenure 

security, improving agricultural education, and 

simplifying land policies to encourage long-term land 

conservation and better environmental management 

practices. 
 

5. Conclusions  

In the context of Senegal, the regression results 

underscore the significance of land security, 

education, and policy awareness in influencing 

farmland protection and land use decisions. Secure 

landownership, such as obtaining land titles, 

significantly promotes farmland protection, 

suggesting that improving land tenure security could 

be crucial for encouraging sustainable agricultural 

practices in rural areas. Education, particularly at the 

primary and secondary levels, is positively correlated 

with farmland protection, indicating that investing in 

education, especially agricultural training, can help 

promote sustainable farming practices in the region. 

The negative impact of awareness of land policies 

suggests that farmers may feel discouraged by 

regulatory constraints, emphasizing the need for 

clearer and more supportive land policies. 

Furthermore, younger farmers (31-40 years) are more 
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likely to engage in land protection, highlighting the 

importance of targeting the younger generation for 

sustainable agricultural initiatives. Overall, these 

findings suggest that a combination of secure land 

tenure, education, and supportive policies can drive 

the adoption of sustainable farming practices in 

Senegal. 
 

The study's recommendations for policymakers in 

Senegal include enhancing educational programs to 

increase knowledge of farmland protection, 

promoting secure land tenure to improve perceptions 

of protection, and discouraging land purchases for 

protection purposes. This suggests encouraging 

inheritance or rental models and increasing 

awareness of land policies to impact the sown land 

area positively. Additionally, it advises re-evaluating 

agricultural training programs for effectiveness and 

providing targeted support for female farmers to 

increase their land area. Age-specific programs for 

younger and middle-aged farmers are also 

recommended to enhance their engagement and 

productivity. Finally, supporting farmland expansion 

practices is suggested, as they significantly improve 

protection perceptions and sown land area, 

contributing to agricultural sustainability in the Thiès 

region. 
 

Disclaimer (artificial intelligence) 

Author(s) hereby state that no generative AI tools 

such as Large Language Models (ChatGPT, Copilot, 

etc.) and text-to-image generators were utilized in the 

preparation or editing of this manuscript. 
 

Authors’ contributions 

Conceptualization, B.F., J.C.D., H.V.M.T.F.; 

methodology, B.F.; software, B.F.; formal analysis, 

H.M.S.; investigation, B.F.; data curation, B.F.; 

writing—original draft preparation, B.F.; writing—

review and editing, B.F.; E.M., A.K., M.M.D; project 

administration, B.F.  
 

Acknowledgements 

The authors sincerely thank the rural dwellers who  
participated in the data collection. We also express 

our deep gratitude to the handling editor and all 

anonymous reviewers for their valuable contributions 

to the significant improvement of this manuscript.  
 

Funding 

This research received no external funding. 
  

Availability of data and materials 

The data are available from the corresponding author 

upon request.  
 

Conflicts of interest 

The authors declare no conflict of interest. 
 

References  

1. Bourgoin, J.; Diop, D.; Jahel, C.; Interdonato, R.; 

Grislain, Q. Beyond land grabbing narratives, 

acknowledging patterns and regimes of land control in 

Senegal. Land Use Policy 2023, 131, 106753. 

https://doi.org/10.1016/j.landusepol.2023.106753 

2. Xue, R.; Faye, B.; Zhang, R.; Gong, X.; Du, G. Farmers’ 

Willingness to Engage in Ecological Compensation for 

Crop Rotation in China’s Black Soil Regions. 

Agriculture 2024, 14, 1320. 

https://doi.org/10.3390/agriculture14081320 

3. Faye, B.; Du, G.; Li, Y.; Li, Q.; Diéne, J.; Mbaye, E.; Kama, 

R. Connecting the farmers’ knowledge and behaviors: 

Detection of influencing factors to sustainable 

cultivated land protection in Thiès Region, Senegal. J. 

Rural Stud. 2025, 116, 103634. 

https://doi.org/10.1016/j.jrurstud.2025.103634 

4. Steichen, P. Terres, sols et sécurité alimentaire. Rev. 

Jurid. Environ. 2013, 38, 595–612. Available online: 

https://droit.cairn.info/revue-juridique-de-l-

environnement-2013-4-page-595 (accessed on 15 

November 2024).. 

5. Sacande, M.; Parfondry, M.; Cicatiello, C.; Scarascia-

Mugnozza, G.; Garba, A.; Olorunfemi, P.S.; Diagne, M.; 

Martucci, A. Socio-economic impacts derived from 

large scale restoration in three Great Green Wall 

countries. J. Rural Stud. 2021, 87, 160–168. 

https://doi.org/10.1016/j.jrurstud.2021.09.021 

6. Faye, B.; Du, G.; Zhang, R. Efficiency analysis of land 

use and the degree of coupling link between population 

growth and global built-up area in the subregion of 

West Africa. Land 2022, 11, 847. 

https://doi.org/10.3390/land11060847 

7. Dia, A.; Founanou, M.; Ratsimalahelo, Z. Analyse de la 

performance du secteur agricole et son impact sur la 

croissance économique du Sénégal. 2022. Available 



 

J. Environ. Sci. Ecol. Chem. 1(3), 130-141, 2025                                                                                Bonoua Faye et al., 2025    

  Page | 140 

https://doi.org/10.58985/jesec.2025.v01i03.13 

online: https://hal.science/hal-04222403 (accessed on 17 

November 2024). 

8. National Agency for Statistics and Demography 

(ANSD). Economic and Social Situation of Senegal 2017 

- 2018; ANSD: Dakar, Senegal, 2020. Available online: 

www.ansd.sn (accessed on 20 March 2022).  

9. Faye, B.; Faye, H.V.M.T.; Du, G.; Ma, Y.; Diéne, J.C.; 

Mbaye, E.; Faye, L.M.T.J.; Kouadio, Y.D.; Li, Y.; Seck, 

H.M. Rural development and dynamics of enhancing 

agricultural productivity in Senegal: challenges, 

opportunities, and policy implications. World. 2025, 6, 

76. https://doi.org/10.3390/world6020076 

10. National Agency for Statistics and Demography 

(ANSD). Rapport Enquête Régionale Intégrée sur 

l’Emploi et le Secteur Informel (ERI-ESI, 2017); ANSD: 

Dakar, Senegal, 2019. Available online: 

https://www.ansd.sn/node/14544 (accessed on 5 

October 2024). 

11. Bonou, A.; Olapade, M.; Garbero, A.; Wantchekon, L. 

Evaluation of the effects of introducing risk 

management tools in agricultural development: The 

case of PADAER Senegal. Agriculture 2023, 13, 989. 

https://doi.org/10.3390/agriculture13050989 

12. Hoffman, J.M.; Valencak, T.G. A short life on the farm: 

aging and longevity in agricultural, large-bodied 

mammals. GeroSci. 2020, 42, 909–920. 

https://doi.org/10.1007/s11357-020-00190-4 

13. Faye, B.; Du, G.; Li, Q.; Sané, T.; Mbaye, E.; Zhang, R. 

Understanding the characteristics of agricultural land 

transition in Thiès region, Senegal: an integrated 

analysis combining remote sensing and survey data. 

Front. Environ. Sci. 2023, 11, 1124637. 

https://doi.org/10.3389/fenvs.2023.1124637 

14. Li, Q.; Wang, L.; Du, G.; Faye, B.; Li, Y.; Li, J.; Liu, W.; 

Qu, S. Dynamic variation of ecosystem services value 

under land use/cover change in the black soil region of 

northeastern China. Int. J. Environ. Res. Public Health 

2022, 19, 7533. https://doi.org/10.3390/ijerph19127533 

15. Faye, B.; Du, G.; Mbaye, E.; Liang, C.; Sané, T.; Xue, R. 

Assessing the spatial agricultural land use transition in 

Thiès Region, Senegal, and its potential driving factors. 

Land. 2023, 12, 779. 

https://doi.org/10.3390/land12040779 

16. Wang, L.; Faye, B.; Li, Q.; Li, Y. A spatio-temporal 

analysis of the ecological compensation for cultivated 

land in northeast China. Land. 2023, 12, 2179. 

https://doi.org/10.3390/land12122179 

17. Faye, B.; Du, G. Agricultural land transition in the 

‘Groundnut Basin’ of Senegal: 2009 to 2018. Land 2021, 

10, 996. https://doi.org/10.3390/land10100996 

18. Niang, A.; Fatou, N.; Sarr, M.; Hathie, I.; Diouf, N.C.; Ba, 

C.O.; Ka, I.; Gagné, M. Understanding changing land 

access and use by the rural poor in Senegal; IIED: 

London, UK, 2017. Available online: 

pubs.iied.org/17596iied (accessed on 2 June 2022). 

19. Niang, K. Land Access for Senegal’s Small Producers 

under Threat; IIED: London, UK, 2017. Available online: 

pubs.iied.org/17375iied (accessed on 29 April 2021). 

20. Bottazzi, P.; Seck, S.M.; Niang, M.; Moser, S. Beyond 

motivations: A framework unraveling the systemic 

barriers to organic farming adoption in northern 

Senegal. J. Rural Stud. 2023, 104, 103158. 

https://doi.org/10.1016/j.jrurstud.2023.103158 

21. Zou, K.; Tian, J.; Zhang, Y. Impacts of cultivated land 

protection practices on farmers’ welfare: A dual quality 

and ecology perspective. Environ. Impact Assess. Rev. 

2025, 110, 107690. 

https://doi.org/10.1016/j.eiar.2024.107690 

22. Ndong, J.B. Characteristics of the rainy season in 

central western Senegal. In Proceedings of the 

International Association of Climatology; 2003; Volume 

15, pp. 587-596. Available online: 

http://climato.be/aic/colloques/actes/PubAIC/art_2003

_vol15/Article%2040%20JB%20Ndong.pdf 

23. Faye, B.; Du, G.; Li, Q.; Faye, H.V.M.T.; Diéne, J.C.; 

Mbaye, E.; Seck, H.M. Lessons learnt from the 

influencing factors of forested areas’ vulnerability 

under climatic change and human pressure in arid 

areas: A case study of the Thiès Region, Senegal. Appl. 

Sci. 2024, 14, 2427. https://doi.org/10.3390/app14062427 

24. Dubbert, C.; Abdulai, A.; Mohammed, S. Contract 

farming and the adoption of sustainable farm practices: 

empirical evidence from cashew farmers in Ghana. 

Appl. Econ. Perspect. Policy. 2023, 45, 487–509. 

https://doi.org/10.1002/aepp.13212 

25. Singh, G.; Das, N.N.; Prasad, P.V.V. Geospatial 

monitoring and analysis of agricultural drought to 

identify hotspots and risk assessment for Senegal. 

Geogr. Sustain. 2024, 5, 100108. 

https://doi.org/10.1016/j.geosus.2024.10.004 

26. Hutcheson, G.D. The multivariate social scientist; 

SAGE Publications: London, UK, 1999. 

https://doi.org/10.4135/9780857028070 

27. Kaiser, H.F. An index of factorial simplicity. 

Psychometrika. 1974, 39, 31–36. 

https://doi.org/10.1007/BF02291575 

28. Grislain, Q.; Bourgoin, J. Land observatories, 

discourses and struggles beyond the smokescreen. A 

case study in Senegal. Land Use Policy. 2023, 132, 

106783 

https://doi.org/10.1016/j.landusepol.2023.106783 

29. Dieng, M.; Mbow, C.; Skole, D.L.; Ba, B. Sustainable 



 

J. Environ. Sci. Ecol. Chem. 1(3), 130-141, 2025                                                                                Bonoua Faye et al., 2025    

  Page | 141 

https://doi.org/10.58985/jesec.2025.v01i03.13 

land management policy to address land degradation: 

linking old forest management practices in Senegal 

with new REDD+ requirements. Front. Environ. Sci. 

2023, 11, 1088726. 

https://doi.org/10.3389/fenvs.2023.1088726 

30. Wang, X.; Hu, H.; Ning, A.; Li, G.; Wang, X. The impact 

of farmers’ perception on their cultivated land quality 

protection behavior: A case study of Ningbo, China. 

Sustainability. 2022, 14, 6357. 

https://doi.org/10.3390/su14106357 

31. Lu, H.; Xie, H.; He, Y.; Wu, Z.; Zhang, X. Assessing the 

impacts of land fragmentation and plot size on yields 

and costs: A translog production model and cost 

function approach. Agric. Syst. 2018, 161, 81–88. 

https://doi.org/10.1016/j.agsy.2018.01.001 

32. Blundo-Canto, G.; Andrieu, N.; Soule-Adam, N.; 

Ndiaye, O.; Chiputwa, B. Scaling weather and climate 

services for agriculture in Senegal: Evaluating systemic 

but overlooked effects. Clim. Serv. 2021, 22, 100216. 

https://doi.org/10.1016/j.cliser.2021.100216 

33. Barbier, E.B. Long run agricultural land expansion, 

booms and busts. Land Use Policy. 2020, 93, 103808. 

https://doi.org/10.1016/j.landusepol.2019.01.011 

34. Olagunju, K.O.; Olagunju, K.A.; Ogunniyi, A.I.; 

Omotayo, A.O.; Oyetunde-Usman, Z. To own or not to 

own? Land tenure security and production risk in 

small-scale farming. Land Use Policy. 2023, 127, 106584. 

https://doi.org/10.1016/j.landusepol.2023.106584 

35. Akhmadiyeva, Z.; Herzfeld, T. How does practice 

matches land laws in Central Asia? Land Use Policy. 

2021, 109, 105726. 

https://doi.org/10.1016/j.landusepol.2021.105726 

36. Wu, W.; Shibasaki, R.; Yang, P.; Tan, G.; Matsumura, K.; 

Sugimoto, K. Global-scale modelling of future changes 

in sown areas of major crops. Ecol. Model. 2007, 208, 

378–390. 

https://doi.org/10.1016/j.ecolmodel.2007.06.012 

37. Liang, C.; Du, G.; Faye, B. The influence of cultivated 

land transfer and Internet use on crop rotation. Front. 

Sustain. Food Syst. 2023, 7, 1172405. 

https://doi.org/10.3389/fsufs.2023.1172405 

38. Miranda, A.; Rabe-Hesketh, S. Maximum likelihood 

estimation of endogenous switching and sample 

selection models for binary, ordinal, and count 

variables. Stata J. 2006, 6, 285–308. 

https://doi.org/10.1177/1536867X0600600301 

39. Teklemariam, A.T.; Cochrane, L. The rush to the 

peripheries: Land rights and tenure security in peri- 

 

 

 

urban Ethiopia. Land 2021, 10, 193. 

https://doi.org/10.3390/land10020193 

40. Zhou, L.; Lu, H.; Zou, J. Impact of land property rights 

security cognition on farmland quality protection: 

Evidence from Chinese farmers,” Land. 2023, 12(1), 188. 

https://doi.org/10.3390/land12010188 

41. Pochanasomboon, A.; Attavanich, W.; Kidsom, A. 

Impacts of land ownership on the economic 

performance and viability of rice farming in Thailand. 

Land. 2020, 9, 71. https://doi.org/10.3390/land9030071 

42. Perrin, C.; Clément, C.; Melot, R.; Nougarèdes, B. 

Preserving farmland on the urban fringe: A literature 

review on land policies in developed countries. Land. 

2020, 9, 223. https://doi.org/10.3390/land9070223 

43. Faye, B.; Diéne, J.C.; Du, G.; Liang, C.; Kouadio, Y.D.; 

Mbaye, E.; Li, Y. Decentralization policies and rural 

socio-economic growth in Senegal: An exploration of 

their contributions to development and transformation. 

World. 2024, 5, 1054–1076. 

https://doi.org/10.3390/world5040053 

44. Kouadio, Y.D.; Anani, A.N.B.; Faye, B.; Fan, Y. 

Determinants influencing cocoa farmers’ satisfaction 

with input credit in the Nawa region of Côte d’Ivoire. 

Sustainability. 2023, 15, 10981. 

https://doi.org/10.3390/su151410981 

45. Plançon, C. Droit, foncier et développement : les enjeux 

de la notion de propriété étude de cas au Sénégal. Rev. 

Tiers Monde. 2009, 200, 837–854. 

https://doi.org/10.3917/rtm.200.0837 

46. Fatema, N. Can land title reduce low-intensity 

interhousehold conflict incidences and associated 

damages in eastern DRC? World Dev. 2019, 123, 104612. 

https://doi.org/10.1016/j.worlddev.2019.104612 

47. Ewulo, T.A.; Akinseye, F.M.; Teme, N.; Agele, S.O.; 

Yessoufou, N.; Kumar, S. Factors driving climate-smart 

agriculture adoption: A study of smallholder farmers in 

Koumpentum, Senegal. Front. Agron. 2025, 7, 1552720. 

https://doi.org/10.3389/fagro.2025.1552720 

48. Zhang, R.; Du, G.; Faye, B.; Liu, H. Analysis of farmers’ 

crop rotation intention and behavior using structural 

equation modeling: Evidence from Heilongjiang 

province, China. Land. 2025, 14, 158. 

https://doi.org/10.3390/land14010158 

49. Sun, Y.; Jiang, H.; Zhu, X. Drivers, Constraints, and 

policy regulation strategies for the abandonment of 

farmland: Insights from China. Land. 2024, 13, 2096. 

https://doi.org/10.3390/land13122096 

 


