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ABSTRACT

This study examines the impact of agricultural diversification on household food security in two 
contrasting rural sites, Baskoudre and Foutrigui. It employs a cross-sectional comparative design 
based on primary data collected from 160 female farmers (80 per site). The data were analyzed 
using descriptive statistics and multiple linear regression models. The main explanatory variables 
are the Simpson Diversification Index (SDI) and the Simply Crop Density (SCD), supplemented by 
control variables such as age, educational level, and household size. The analyses were conducted 
to determine the direction and significance of the relationships between agricultural diversification 
and food security. The results show that agricultural diversification generally has a positive effect 
on food security, although the strength of this effect varies across contexts. In Baskoudre, both 
the SDI and SCD have a positive and statistically significant influence on the FCS and the IDDS, 
indicating that diversified agricultural systems improve both dietary quality and diversity. Household 
size and educational level also emerge as important determinants at this site. In Foutrigui, the SDI 
remains positively and significantly associated with both food security indicators, whereas the SCD 
exhibits weak or slightly negative effects on the FCS. Socio-demographic variables are generally 
non-significant in this site, suggesting the presence of more pronounced structural constraints.
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INTRODUCTION

In West Africa, agricultural and food systems have been undergoing profound transformations for 
several decades as a result of the combined effects of climate variability, natural resource degradation, 
rural poverty, and recurring security crises. In this region, where rain-fed agriculture constitutes 
the primary source of livelihood for rural populations, climate-related disruptions directly affect 
agricultural production capacity and exacerbate food insecurity (Mortimore, 1989; Nicholson, 2013; 
Sultan & Gaetani, 2016; Sultan et al., 2019). Increasingly erratic rainfall (Yaméogo, 2025a; Yaméogo, 
2025b; Ogunbode et al., 2025; Yaméogo et al., 2026), recurrent droughts (Gautier et al., 2016; Yaméogo, 
2025b), floods, and rising temperatures (Kwawuvi et al., 2023; Yaméogo, 2024) are compromising 
agricultural yields and increasing the long-term vulnerability of rural livelihoods (Biasutti, 2019; 
IPCC, 2021; IPCC, 2022; Yaméogo et al., 2022). Compounding these environmental challenges are 
increasingly complex security crises characterized by the spread of armed conflict, forced population 
displacement, and the disruption of economic and agricultural activities in several Sahelian countries, 
notably Burkina Faso, Mali, and Niger (FAO, 2023; UNHCR, 2024).

In the Sahel region, the interaction between climate change, pressure on natural resources, and 
security instability exacerbates the socioeconomic vulnerabilities of farming households. The 
reduction in arable land, the growing scarcity of water resources, and tensions over access to natural 
resources contribute to social fragility and profoundly affect rural production systems (Homer-Dixon, 
1999; Turner, 2004; Benjaminsen et al., 2012). Rural populations are therefore exposed to both climate-
related and security-related risks, resulting in a gradual deterioration in living conditions, declining 
agricultural incomes, and worsening food insecurity. According to the World Food Programme, 
several million people in West Africa and the Sahel remain in a state of acute food insecurity due to 
the combined effects of climate shocks, armed conflicts, and economic disruptions (WFP, 2023).

In Burkina Faso, this situation has become particularly alarming over the past decade. As a 
country heavily dependent on rain-fed agriculture, Burkina Faso is simultaneously confronting the 
effects of climate variability and security instability, both of which are severely affecting agricultural 
and pastoral systems. Rainfall deficits, recurrent drought conditions, and soil degradation are 
reducing agricultural productivity, while insecurity has led to massive population displacement, the 
abandonment of farmland, and the disruption of trade routes (INSD, 2020; FAO, 2023). In several rural 
regions of the country, farming households are experiencing substantial declines in food production 
and deteriorating economic conditions, resulting in increased food and nutritional vulnerability. 
According to the World Food Programme (2023), approximately 2.3 million people are currently 
facing acute food insecurity in Burkina Faso, with the highest prevalence recorded in the Sahelian 
and northern regions. Similarly, FEWS NET (2024) reports that cereal production in some northern 
provinces has declined by 20–40% over the past decade, mainly due to recurrent climatic shocks, 
insecurity, and restricted access to agricultural land.

In response to these challenges, nongovernmental organizations, international institutions, and 
development agencies have intensified their efforts to strengthen the resilience of rural households. 
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These initiatives generally focus on promoting sustainable livelihoods aimed at improving food security 
and increasing the incomes of vulnerable populations. Among the most commonly implemented 
strategies are crop diversification, income-generating activities, vegetable production, agroecological 
practices, sustainable land management, small ruminant husbandry, cash transfer programs, and 
initiatives supporting rural entrepreneurship (Scoones, 1998; Ellis, 2000; Barrett et al., 2001; FAO, 
2018). Collectively, these approaches seek to reduce households’ dependence on a single agricultural 
activity and enhance their capacity to adapt to climate-related and security-related crises.

Among these strategies, crop diversification occupies a central role in rural resilience programs 
across sub-Saharan Africa. It involves integrating multiple crops into production systems to mitigate 
risks associated with climate variability, fluctuations in agricultural markets, and crop failures 
(Altieri, 1999; Lin, 2011; Pretty & Bharucha, 2014). Studies by Frempong and Annim (2017), Sibhatu 
et al. (2015), Powell et al. (2015), Bellon et al. (2016), and Nyamayevu et al. (2025) demonstrate 
that agricultural diversification improves dietary diversity among rural households by increasing the 
variety of available food products. Other studies have also shown that crop diversification contributes 
to stabilizing agricultural incomes and reducing the economic vulnerability of family farms (Ellis, 
2000; Fraval et al., 2020; Sanfo, 2022). However, the effectiveness of these strategies varies according 
to socioecological conditions, household characteristics, and the degree of access to productive 
resources, including those provided through NGO support.

Consequently, evaluating crop diversification strategies is essential for assessing their contribution 
to improving the living conditions of rural households. This study is situated within this framework 
and is based on the hypothesis that crop diversification enhances the dietary diversity of rural house-
holds. Accordingly, the research aims to analyze the extent to which crop diversification strategies, 
supported by interventions promoting rural resilience, contribute to improving food security among 
farming households in the Koulsé region of Burkina Faso. More specifically, the study seeks to: (i) 
characterize the sociodemographic profile of farmers at the two study sites; (ii) determine the level of 
crop system diversification and the food security status of farmers at each site; and (iii) analyze the 
main effects of diversification on the food security of producers at the two sites.

LITERATURE REVIEW

Theoretical Foundations of Crop Diversification

Crop diversification represents an essential strategy for farming households living in environments 
characterized by high climate variability, economic instability, and increasing pressure on natural 
resources. It involves spreading agricultural activities across multiple crops to reduce dependence 
on a single source of income or food production. In vulnerable rural areas, this strategy is seen as a 
means of managing risks, strengthening household resilience, and conserving natural resources.
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First, the theory of agricultural risk management provides a useful framework for understanding this 
strategy. Moscardi and De Janvry (1977) explain that farming households diversify their crops to reduce 
fluctuations in their income. Similarly, Ellis (2000) and Morduch (1995) show that diversification is a 
logical response to climatic and economic uncertainties. It thus functions as a protective mechanism, 
enabling households to limit losses resulting from various shocks. Next, the sustainable livelihoods 
approach offers a broader perspective by incorporating the various types of resources available 
to rural households. Chambers and Conway (1992), followed by Scoones (1998), demonstrate that 
households combine multiple resources to secure their living conditions. DFID (1999) specifies that 
these resources include natural, human, financial, and social capital. In this vein, Reardon et al. (2001) 
and Ellis (2000) view diversification as an important means of reducing rural poverty and stabilizing 
farm incomes. Furthermore, socio-ecological systems theory provides a comprehensive understanding 
of the relationships between rural societies and their environment. Holling (1973) demonstrates that 
systems evolve through different phases: growth, crisis, reorganization, and adaptation. Gunderson 
and Holling (2002) emphasize that diversity plays an essential role in the stability of systems. For their 
part, Folke et al. (2004, 2010, 2016) demonstrate that diversity in activities and functions strengthens 
systems’ capacity to resist and adapt to disturbances. The agroecological approach also highlights the 
environmental benefits of crop diversification. Altieri (1999), Gliessman (2007, 2015), and Wezel et 
al. (2020) show that diversified agricultural systems improve soil fertility, reduce the degradation of 
natural resources, and promote the sustainability of agroecosystems. Tittonell (2014) also emphasizes 
that diversified systems often perform better in environments subject to severe ecological constraints.

Finally, research on climate resilience confirms the importance of crop diversification in rural 
areas. The Intergovernmental Panel on Climate Change (2021) notes that agricultural systems are 
highly vulnerable to climate variability and extreme events. Lobell et al. (2011) show that these 
disturbances directly affect agricultural yields and increase the risks of food insecurity. Jayne et al. 
(2014) also emphasize the role of local constraints, such as access to markets, inputs, and land, in the 
effectiveness of diversification strategies.

Crop System Diversity and Food Availability

The scientific literature widely recognizes that crop system diversity is a key driver of improved food 
availability. By increasing the number of crop species, farms reduce their dependence on a single 
crop and increase the overall quantity of food available for subsistence and commercial sale. This 
diversification also helps reduce risks associated with climatic, biological, or economic hazards that 
could affect a particular crop.

According to Snapp et al. (2010), cereal-legume mixtures in Southern Africa make it possible 
to simultaneously increase agricultural yields and food availability through improved soil fertility 
resulting from biological nitrogen fixation. In the same vein, Altieri and Nicholls (2017) emphasize 
that diversified agroecological systems exhibit greater production stability in the face of climate 
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disturbances than monocultures. This production stability is a key determinant of food security, 
particularly in regions subject to high climate variability.

More recent studies confirm these findings. Renard and Tilman (2019) demonstrate that crop 
diversity helps stabilize agricultural yields in the long term through mechanisms of functional 
complementarity among crop species. Similarly, Tamburini et al. (2020) show that agricultural diver-
sification simultaneously improves productivity and several ecosystem services, such as pollination, 
soil fertility, and biological pest control. A global meta-analysis conducted by Beillouin et al. (2019) 
also concludes that agricultural diversification strategies increase the sustainability of production 
systems while promoting food availability.

These findings are particularly relevant in West Africa, where family farming systems remain 
highly dependent on weather conditions. In Burkina Faso, Sanfo (2022) shows that crop diversification 
helps improve food security for farming households, but that this effect depends heavily on access to 
agricultural inputs and productive technologies. The benefits associated with diversification appear 
greater when producers have sufficient resources to effectively leverage crop diversity. More recently, 
Sawadogo and Sawadogo (2025) demonstrate that, in a context marked by growing insecurity, 
farming households that diversify their production are better able to maintain their food availability 
than specialized farms. These results suggest that diversification acts as a mechanism to stabilize 
production in the face of the multiple shocks affecting Sahelian agricultural systems.

Crop System Diversity and Dietary Diversity

One of the most well-documented contributions of agricultural diversification concerns its influence 
on household dietary diversity. Dietary diversity is a widely recognized indicator of the nutritional 
quality of diets and represents an essential component of food security (Ruel, 2003a).

Jones et al. (2014), based on a meta-analysis conducted in several developing countries, highlight 
a positive relationship between agricultural production diversity and household dietary diversity. The 
authors show that households growing a greater number of crop species generally consume a more 
varied diet that is richer in essential micronutrients. These findings are corroborated by Sibhatu et al. 
(2015), who demonstrate that increasing the number of crops produced significantly improves dietary 
diversity, particularly in rural areas with limited market integration.

Recent research confirms the importance of this relationship. Bellon et al. (2016) emphasize that 
agricultural diversification promotes the conservation and consumption of nutrient-rich traditional 
crops. Kerr et al. (2021) also show that diversified agroecological systems improve access to fruits, 
vegetables, and legumes, thereby contributing to better nutritional quality in diets.

In West Africa, several recent studies have shown similar results. Shiratori et al. (2023), in a 
study conducted in rural Burkina Faso, observed that households with more diversified agricultural 
production have better nutritional adequacy and greater dietary diversity. The authors demonstrate 
that legumes, vegetable crops, and certain traditional crops play a key role in improving dietary 
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quality. Similarly, Addai et al. (2024), in northern Ghana, demonstrate that diversified farms exhibit 
higher levels of dietary diversity, although the observed effects vary depending on farm size and 
market access.

However, the literature also highlights that this relationship is not systematic. Koppmair et al. 
(2017) and Chegere and Stage (2020) show that the direct effect of crop diversification tends to 
diminish when households have better access to markets. In these situations, agricultural income 
often becomes a more decisive factor in dietary diversity than on-farm consumption. Thus, the effects 
of agricultural diversification on nutrition appear to depend on both the productive characteristics of 
farms and their level of economic integration.

Crop System Diversity, Resilience, and Reduced Vulnerability

Beyond its effects on food availability and diversity, crop system diversification is often cited as a key 
factor in the resilience of farming households. Resilience refers to the ability of agricultural systems 
to withstand, adapt to, and transform in the face of environmental, economic, or social disruptions.

According to Lin (2011), agricultural diversification is an effective risk management strategy 
because different crops respond differently to droughts, diseases, or pest infestations. This hetero-
geneity reduces the likelihood of total production losses and promotes the stability of farm incomes. 
Darnhofer (2014) also considers biological diversity to be one of the main pillars of agricultural system 
resilience.

The work of Reckling et al. (2023) shows that diversified farms have a greater capacity to adapt to 
climate change due to the increased number of production options. Mbow et al. (2023) also emphasize 
that diversified agricultural systems are one of the most effective strategies for strengthening climate 
resilience in Africa.

In Sahelian countries, where farming households face simultaneous challenges such as droughts, 
natural resource degradation, fluctuations in agricultural prices, and insecurity, diversification 
emerges as a key strategy for reducing vulnerability. In Burkina Faso, Sawadogo (2023) shows that 
combining multiple productive activities, including agricultural crops and non-timber forest products, 
significantly improves household food security and reduces their exposure to lean seasons. Research 
conducted in several rural areas of West Africa also indicates that farms combining food crops, cash 
crops, livestock, and complementary activities generally demonstrate greater resilience in the face of 
climate and economic crises.

Diversification also contributes to households’ economic resilience. According to Ellis (2000), 
diversifying sources of production helps spread income risks and reduce exposure to market shocks. 
This conclusion remains relevant in current Sahelian contexts, where price fluctuations, security 
disruptions, and climate constraints exacerbate the vulnerability of rural households.

The existing literature shows that crop system diversity generally has a positive effect on food 
security through three main mechanisms: improved food availability, increased dietary diversity, 
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and enhanced resilience of farming households. Recent research conducted in West Africa broadly 
confirms these findings while highlighting the importance of the economic, institutional, and security 
context in which farms operate.

However, several limitations persist in the existing literature. First, studies often analyze crop 
diversity, economic vulnerability, and food security separately, without examining their interactions. 
Second, research on Sahelian areas simultaneously affected by climate variability and insecurity 
remains relatively limited. Third, few studies use composite indices to jointly analyze the diversity of 
cropping systems, the economic vulnerability of households, and their level of food security. These 
gaps underscore the need to examine how the diversity of farming systems affects the economic 
vulnerability of farming households and, consequently, their food security in rural Sahelian contexts.

METHODS

Study Areas

The study was conducted in two rural communities in the Koulsé Region of Burkina Faso: Baskoudré 
and Foutrigui. These two villages are located in the rural communes of Korsimoro and Boussouma, 
respectively, within Sanmatenga Province. The sites were selected because of their food insecurity, 
which is reflected in the extent to which residents engage in vegetable farming. Furthermore, Bask-
oudré, which has benefited from external support through a development project, experiences more 
severe security challenges and greater climate variability. This places the village in a situation of 
higher food vulnerability than Foutrigui.

The village of Baskoudré, the main study site in the municipality of Korsimoro, is located 
approximately 8 km southeast of the municipal capital. Like many villages in the region, Baskoudré 
faces severe climatic constraints characterized by erratic rainfall, land degradation, and a gradual 
decline in agricultural yields. These environmental challenges have been compounded by the 
deterioration of the security situation since 2015, which has further exacerbated food and economic 
vulnerabilities among rural households. Despite these constraints, local communities have developed 
various resilience strategies, primarily based on vegetable farming activities. As part of this initiative, 
women farmers in Baskoudré have benefited from a multipurpose vegetable garden established under 
the PRESI-OKDD project to strengthen the livelihoods of vulnerable households. Today, this garden 
serves as an important space for agricultural production and economic support for rural women. 
The selection of Baskoudré is therefore justified by the presence of a structured initiative aimed at 
enhancing community resilience and improving local living conditions.

The second study site is the village of Foutrigui, located in the rural commune of Boussouma, 
approximately 20 km from Kaya. The commune of Boussouma comprises five administrative sectors 
and 62 villages. It is crossed by National Road 3 (RN3) and covers an area of approximately 770 
km². It is bordered to the northeast by the communes of Kaya, Pissila, and Pibaoré; to the west by 
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the commune of Mané; and to the southeast by the communes of Korsimoro and Ziga. The village of 
Foutrigui is situated about 17 km northwest of the commune’s administrative center. Like Baskoudré, 
Foutrigui relies heavily on agriculture and market gardening for household subsistence. However, 
unlike the previous site, women farmers in Foutrigui have not benefited from a structured support 
project or the modern development of market gardening areas. Agricultural and market gardening 
activities in the area are primarily driven by local initiatives undertaken by rural women, who make 
use of a pond located near the production area. Despite challenges related to inadequate equipment, 
limited access to productive resources, and climatic constraints, the women of Foutrigui continue 
their market gardening activities to support household food security and income generation. Figure 1 
below shows the geographic location of the study villages.

Figure 1. Location of the Two Villages Studied

The comparative analysis of Baskoudré and Foutrigui allows for an examination of the differences 
between a site receiving institutional support through a developed vegetable garden area and 
characterized by high food insecurity, and a site relying primarily on local community initiatives and 
characterized by lower food insecurity. This comparative approach makes it possible to assess the 
contribution of resilience and livelihood interventions to improving the food and economic conditions 
of rural households facing the combined effects of climate and security crises.



139139

Ouedraogo, Arnaud – Rouamba, Songanaba –Yaméogo, Joseph – Zongo, Mahamadou 
Agricultural Diversification and Food Security of Women Farmers in Two Contrasting Rural Sites  ...

Sample Size and Data Collection

The study employed a multi-stage sampling technique. Initially, Baskoudré and Foutrigui were selected 
through purposive sampling in the communes of Korsimoro and Boussouma (Sanmatenga Province, 
Koulsé Region). These two sites differ in terms of external support. In Baskoudré, a multipurpose 
vegetable garden area was established under the PRESI-OKDD project to strengthen household 
resilience, particularly among women producers. In contrast, in Foutrigui, vegetable farming relies 
mainly on local initiatives supported by a nearby pond, with little or no external intervention. This 
difference provides a relevant basis for a comparative analysis of livelihood strategies.

Following site selection, a list of farming households was compiled with the assistance of local 
authorities and community leaders. Households were then randomly selected at each site to ensure 
that the sample was representative and to minimize selection bias. The sample size was determined 
using Cochran’s formula:

Where n represents the sample size, z is the standard normal value corresponding to the selected 
confidence level (1.96 for 95%), p denotes the estimated population proportion (0.21), and q is defined 
as 1 − p (with p = q = 0.5 in cases of uncertainty regarding the population). The term e refers to the 
margin of error, which was fixed at 0.05.

Following the selection process, a total of 160 households were included in the study, divided 
equally between the two study sites: Baskoudré (80 households) and Foutrigui (80 households). This 
balanced distribution was adopted to ensure comparability between the two sites and to facilitate the 
identification of characteristics associated with the socio-economic contexts and agricultural practices 
specific to each location. Table 1 below presents the distribution of surveyed households by study site.

Table 1. Distribution of Respondents by Study Site

Study sites Sample size Percentage Cropping 
system

Main species types used in the plots

Baskoudre 80 50 Mixed Adansonia digitata, Moringa oleifera, Allium cepa, Mani-
hot esculenta, Zea mays, and Solanum tuberosum

Fourtrigui 80 50 Mixed Allium cepa, Zea mays, and Solanum melongena
Total 160 100

Source: Field surveys, September 2025

Data collection relied on a combination of structured household questionnaire surveys and field 
observations. The survey involved the collection of primary data from women producers in the two 
study areas, Baskoudré and Foutrigui. Data collection took place in September 2025 in both villages. 
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The survey was conducted directly with women farmers using a pre-designed questionnaire and 
without the involvement of intermediaries. Interviews were scheduled according to the availability 
of the respondents, as the survey coincided with the winter season, which is characterized by 
intensive agricultural activities. The survey was administered individually and enabled the collection 
of information regarding respondents’ socio-economic characteristics and vegetable production 
activities. The main tools used for data collection were the questionnaire and a mobile phone.

Ethical Considerations

Prior to data collection, all participants provided informed written consent after receiving clear 
information about the objectives and procedures of the study. Participants were also informed of 
their right to withdraw voluntarily from the research at any stage without any negative consequences. 
The study complied with the ethical principles outlined in the Declaration of Helsinki. To ensure 
confidentiality and anonymity, respondents’ identities were protected, and no real names were 
recorded in either the dataset or the reporting process.

In accordance with institutional research regulations, the study protocol was reviewed by the 
relevant ethics committee, which waived the requirement for formal ethical approval and additional 
authorization because the research involved non-invasive socio-economic surveys with voluntary 
adult participants and did not collect sensitive personal or medical data.

Data Processing Method

Measure of Diversity: Simpson Diversification Index (SDI)

The index used in this study is the Simpson Diversification Index (SDI), which is widely employed 
to measure the level of diversification of income sources or livelihood activities among farming 
households. The SDI is derived from the Simpson Diversity Index, originally developed in ecology by 
Simpson (1949) to measure the heterogeneity of biological populations. Subsequently, this analytical 
framework was adapted to economic and rural studies to analyze livelihood diversification.

The application of the SDI to agricultural and rural systems has been progressively consolidated 
through numerous studies. Shiyani and Pandya (1998) were among the first authors to use this index 
to analyze agricultural diversification within production systems. Similarly, Khatun and Roy (2012) 
employed the SDI to examine livelihood diversification strategies in rural areas. Subsequent research 
has further reinforced its use in the empirical analysis of agricultural income diversification. In this 
regard, Joshi et al. (2006) examined the diversification of agricultural systems in relation to structural 
changes in agriculture, while Imai (2010) highlighted the role of rural livelihood diversification in 
reducing poverty and improving the resilience of farming households. Consequently, the SDI has 
become a widely accepted composite indicator for measuring the degree of income diversification, 
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taking into account both the number of income sources and their relative distribution within farming 
households. The Simpson Diversification Index is expressed as:

Where:
SDI = Simpson Diversification Index;
N = total number of income sources;
Pᵢ = proportion of total income derived from source i.

The proportion Pᵢ is calculated as follows:

Where:
Yᵢ = income from source i;
Yₜ = total household income.

The SDI ranges from 0 to 1. Values closer to 1 indicate a higher level of diversification, whereas 
values closer to 0 reflect lower diversification (Islam et al., 2024).

Measuring Diversity: Simple Crop Density (SCD)

Crop diversification is widely recognized in the scientific literature as a key strategy for adaptation and 
risk reduction among farming households facing climatic, economic, and food security constraints. 
From a rural livelihoods perspective, Ellis (2000) emphasizes that the diversification of productive 
activities constitutes a fundamental mechanism for risk management and income stabilization in 
uncertain environments. Similarly, Barrett et al. (2001) demonstrate that agricultural diversification 
helps reduce household vulnerability to production and market shocks.

Empirically, the measurement of diversification relies on several complex indicators, such as 
the Shannon, Simpson, and Herfindahl indices, which are often applied when detailed data on land 
allocation or income distribution are available. However, in many rural surveys, detailed information 
on the exact distribution of cultivated land among crops is either unavailable or incomplete. In such 
contexts, several authors recommend the use of simplified indicators based on readily observable 
variables. Joshi et al. (2004, 2006) show that, in studies of agricultural diversification in South 
Asia, the use of simple proxies, such as the number of crops cultivated, remains relevant when data 
are limited while retaining acceptable explanatory power. Similarly, Pingali and Rosegrant (1995) 
emphasize that agricultural diversification can be understood through simple structural measures, 
particularly in the context of smallholder farming systems.

This richness-based approach is consistent with research on diversity quantification, which argues 
that, in data-constrained contexts, counting the number of cultivated units can serve as an operational 
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proxy for diversification, although it does not capture the degree of evenness in the distribution of 
land among crops (Magurran, 2004; Stirling, 2007). From this perspective, Simple Crop Density 
(SCD) can be defined as a summary indicator that relates the number of crops cultivated to the total 
cultivated area in order to estimate the degree of diversification of a production system relative to 
its land constraints. In other words, it represents a measure of crop diversity per unit area and is 
particularly useful when available data do not permit the estimation of indices weighted by land-area 
shares. The formula is expressed as follows:

SCD = Simple Crop Density
Nc = number of crops cultivated by the household;
St = total cultivated area (e.g., in m²).

The interpretation of the results is based primarily on the value obtained. A high SCD value indicates 
a high degree of crop diversification, meaning that the household cultivates several different crops on 
a relatively small area of land.

Food Diversity Measurement

The Food Consumption Score (FCS)

It is an indicator used to assess the quality and diversity of household diets. It makes it possible to 
evaluate households’ access to a varied diet as well as the potential coverage of nutritional needs, 
particularly for micronutrients. This indicator was developed by the World Food Programme. Several 
authors have used the FCS in food security and nutrition analyses. For instance, Maxwell and Caldwell 
(2008) demonstrate that the FCS is a relevant tool for measuring food access among vulnerable 
households. Wiesmann et al. (2009) emphasize that this indicator allows for an assessment of dietary 
diversity and consumption stability. Kennedy et al. (2010) highlight the importance of dietary diversity 
in improving the nutritional quality of households. For their part, Hoddinott and Yohannes (2002) 
consider the SCA a reliable indicator for food security analyses in rural settings. Finally, FANTA 
(2006) notes that the SCA is widely used in studies on food and nutritional vulnerability.

The FCS is calculated based on the frequency of consumption of the main food groups during the 
seven (7) days preceding the survey. Each food group is assigned a weighting coefficient based on its 
nutritional value. The more diverse and nutritious a household’s diet is, the higher its score. The food 
groups generally included are: grains and tubers, legumes, vegetables, fruits, meat and fish, milk and 
dairy products, sugar, oil and fats. The general formula for the Food Consumption Score is as follows:
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Where:
FCS = Food Consumption Score ; 
fi​ = frequency of consumption of food group III over the past seven days; 
pi = weighting factor assigned to food group i; 
n= total number of food groups taken into account. 

The weightings used by the World Food Programme are generally based on food groups (Table 2).

Table 2. Food Groups and Weighting Factors

Food groups Weighting factor
Cereals and tubers 2
Legumes 3
Vegetables 1
Fruits 1
Meat and fish 4
Milk and dairy products 4
Sugar 0.5
Oils and fats 0.5

The FCS is therefore calculated by multiplying the frequency of consumption for each food group by its 
nutritional weight, and then adding up all the resulting values. A high score generally indicates a more 
varied diet of higher nutritional quality. Table 3 below shows the FCS levels and their interpretation.

Table 3. FCS Levels and Interpretation

Food consumption categories FCS threshold Interpretation
Poor food consumption FCS < 21 Corresponds to a situation of severe food insecurity
Borderline food consumption 21.5 < FCS < 35 Corresponds to a situation of moderate food insecurity
Acceptable food consumption FCS > 35 Corresponds to a situation of food security

Source: Jones et al. (2013)

Individual Dietary Diversity Score (IDDS)

The Individual Dietary Diversity Score (IDDS) is an indicator that measures the diversity of an 
individual’s diet over a given period, typically the 24 hours preceding the survey. It is used to assess 
dietary quality and serves as a proxy for nutritional adequacy, particularly in terms of micronutrients. 
This indicator is recommended by the Food and Agriculture Organization and is widely used in 
nutrition and food security studies.
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The IDDS is based on the principle that a more diverse diet is associated with better nutritional 
status. It involves counting the number of different food groups consumed by an individual during 
the reference period. The higher the number of food groups consumed, the more satisfactory the 
dietary diversity is considered to be. The food groups generally taken into account are: cereals and 
tubers, pulses, vegetables, fruit, meat and fish, milk and dairy products, eggs, oils and fats, sweets. 
Mathematical formula for the IDDS:

Where:
IDDS = Individual Dietary Diversity Score;
Si= 1 if food group i is consumed, 0 otherwise;
n = total number of food groups considered.

Thus, the higher the score, the greater the dietary diversity, which is generally associated with better 
nutritional quality and better health.

Multiple Linear Regression Model

The multiple linear regression model is one of the most widely used econometric tools for analysing 
the relationship between a dependent variable and several explanatory variables. It enables the 
specific effect of a given factor on a phenomenon under study to be assessed, whilst simultaneously 
controlling for the influence of other variables that may affect that phenomenon. According to 
Gujarati & Porter (2009) and Greene (2012), multiple regression is an extension of simple regression 
that allows an economic variable to be explained on the basis of a set of observable determinants. 
Similarly, Wooldridge (2010) emphasises that this approach is particularly well-suited to empirical 
analyses in applied economics, as it allows for the estimation of conditional relationships between 
economic variables whilst reducing biases associated with omitted variables. The general form of the 
model is as follows:

iY = represents the dependent variable for household i, i.e. the food security indicator

1iX , 2iX ......................... kiX  represent the explanatory variables;

0β  is the constant;

1β .................... kβ  are the coefficients to be estimated;
ε  is the random error term.
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In this study, a multiple linear regression model is used to analyse the effect of diversification of 
production systems and/or sources of income on household food security at the two sites. The main 
objective was to determine the extent to which variations in the level of diversification influence food 
security indicators, particularly the Food Consumption Index (FCS) and the Food Diversity Index 
(FDS), after accounting for socioeconomic factors characteristics of the households. The empirical 
specification of the model is as follows:

(i) Model based on the Food Consumption Score (FCS):

(ii) Model based on the Individual Dietary Diversity Score (IDDS):

Where, 
FCS = Food Consumption Score ; 
IDDS = Individual Dietary Diversity Score ;
Diversification index = Simply Crop Density and Simpson Diversification Index

1iX , 2iX .........................Xki= represent the explanatory variables (household size, age group, level of 
education);

0β  is the constant;

RESULTS

Sociodemographic Characteristics of Female Producers at the Two Sites

Analysis of the sociodemographic characteristics of female producers reveals statistically significant 
differences between the Baskoudre and Foutrigui sites (p<0.000) (Table 4). This table highlights 
differences primarily related to age, educational attainment, and household size, reflecting distinct 
socio-demographic realities that are likely to influence farming strategies as well as household food 
security.

Regarding the age of the respondents, the 35–45 age group constitutes the majority of the total 
sample, accounting for 62.5% of female farmers. This proportion is particularly high in Foutrigui, 
where it reaches 77.5%, compared with 47.5% in Baskoudré. Conversely, women aged 25–35 are 
more strongly represented in Baskoudré (42.5%) than in Foutrigui (8.8%). These results indicate 
that agricultural and market gardening activities are mainly carried out by women of working age 
who potentially possess substantial productive experience. The relatively higher proportion of young 
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women producers in Baskoudré may also reflect greater participation of younger women in agricultural 
activities or the stronger economic attractiveness of market gardening in this locality.

Table 4. Sociodemographic Characteristics of Female Producers

Variables Categories Baskou-
dre (%)

Foutrigui (%) Total (%) P-value

Age group
25–35 years 34 (42.5) 7 (8.8) 41 (100)

0.00035–45 years 38 (47.5) 62 (77.5) 100 (100)
45–55 years 8 (10.0) 11 (13.7) 19 (100)

Education level

None 19 (23.8) 70 (87.5) 89 (100)

0.000
Quranic school 16 (20.0) 0 (0.0) 16 (100)
Primary level 39 (48.8) 10 (12.5) 49 (100)
Secondary level 6 (7.5) 0 (0.0) 6 (100)

Household size (number of 
persons)

4 persons 4 (5.0) 0 (0.0) 4 (100)

0.000

5 persons 22 (27.5) 0 (0.0) 22 (100)
6 persons 28 (35.0) 0 (0.0) 28 (100)
7 persons 10 (12.5) 34 (42.5) 44 (100)
8 persons 3 (3.8) 38 (47.5) 41 (100)
9 persons 3 (3.8) 0 (0.0) 3 (100)
10 persons 7 (8.8) 8 (10.0) 15 (100)
11 persons 3 (3.8) 0 (0.0) 3 (100)

The educational profile of female producers reveals significant disparities between the two sites. 
Overall, more than half of the respondents (55.6%) have no formal education. This situation is 
particularly pronounced in Foutrigui, where 87.5% of women have no formal education, compared 
with only 23.8% in Baskoudré. In contrast, Baskoudré records relatively high proportions of women 
who have attended primary school (48.8%) and Koranic school (20%). The proportion of female 
farmers who have completed secondary education remains low across the entire sample (3.8%). 
These findings reflect a generally low level of human capital, which is likely to constrain access 
to agricultural innovations, technical training, and economic opportunities. However, the relatively 
higher educational attainment observed in Baskoudré may facilitate the adoption of agricultural 
diversification techniques, more efficient farm management practices, and improved access to 
information on nutrition and agricultural markets.

Household size also differs significantly between the two localities. In Baskoudré, households 
comprising five and six members are the most common, accounting for 27.5% and 35% of households, 
respectively. In contrast, large households predominate in Foutrigui, particularly those consisting of 
seven members (42.5%) and eight members (47.5%). This difference suggests greater demographic 
pressure in Foutrigui. From an economic perspective, larger households may represent an advantage 
through the availability of family labour for agricultural activities. However, they may also increase 
food requirements and household consumption costs, thereby reducing per capita food availability 
when productive resources remain limited.
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Overall, these socio-demographic characteristics highlight contrasting socio-economic contexts 
between the two study areas. The differences observed in terms of age, education, and household 
size are likely to influence the capacity to adopt agricultural diversification strategies, agricultural 
productivity, and household food security. These variables therefore appear to constitute important 
structural factors that should be taken into account when analysing the determinants of food security 
and the agricultural performance of rural women farmers.

Status of Crop Diversification at the Two Study Sites

The Simple Crop Density (SCD) measure assesses the level of crop diversification practised by 
farming households. High values indicate greater crop diversity, whereas low values reflect a strong 
concentration on a limited number of crops. Analysis of Figure 2 using the SCD indicator highlights 
significant differences in the degree of crop diversification between Baskoudré and Foutrigui.

Figure 2. The State of Crop Diversification According to Simple Crop Density (SCD) at the Two Study Sites

Figure 2 shows that Baskoudré exhibits a relatively high level of crop diversification. Nearly 48% of 
households have an SCD ranging from 0.23 to 0.28, representing the highest diversification category 
observed in the study. Furthermore, 35% of households fall within the range of 0.008–0.02, while 
18% are located within the range of 0.04–0.06. No households fall within the very low crop-density 
category of 0.0004–0.006. These results reflect relatively diversified farming practices in Baskoudré, 
characterized by the cultivation of several different crops. Such diversification may help reduce risks 
associated with climatic hazards, improve incomes, and enhance food availability.

In Foutrigui, the situation is considerably less favourable. The majority of farming households 
(70%) have a very low SCD value, ranging from 0.0004 to 0.006, indicating a high degree of agri-
cultural specialization. Approximately 29% of households fall within the 0.008–0.02 range, whereas 
only 11% reach the 0.04–0.06 category. No households are represented in the highest diversification 
category (0.23–0.28). This concentration within the lower SCD categories indicates that producers in 
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Foutrigui cultivate only a limited number of crops, which may increase their vulnerability to climatic 
shocks, pest outbreaks, and fluctuations in agricultural markets.

The Simpson Diversification Index (SDI) measures the degree of diversification in crops or 
agricultural activities. Higher index values indicate greater diversification of the production system, 
whereas lower values reflect a higher degree of specialization and lower diversity in agricultural 
production. The analysis of SDI values presented in Figure 3 highlights significant differences in the 
level of diversification of agricultural production systems between Baskoudré and Foutrigui.

Figure 3. The State of Diversification According to the Simpson Diversification Index (SDI) at the Two Study Sites

Figure 3 indicates that diversification levels in Baskoudré are relatively high. The majority of 
producers (47%) have an SDI ranging from 0.795 to 0.80, reflecting moderate to high agricultural 
diversification. In addition, 31% of households record an SDI between 0.75 and 0.776, while 15% fall 
within the range of 0.70–0.747. This distribution suggests that producers in Baskoudré engage more 
actively in the diversification of crops and agricultural activities, which may contribute to improved 
food availability, reduced agricultural risks, and increased household incomes.

In Foutrigui, the situation differs markedly. The majority of farmers (55%) have an SDI ranging 
from 0.71 to 0.748, indicating a relatively lower level of diversification and a greater degree of 
specialization. Approximately 20% of households fall within the range of 0.75–0.759, while only 16% 
reach levels between 0.75 and 0.769. In addition, 9% of households have low SDI values ranging 
from 0.162 to 0.683. These findings suggest that agricultural systems in Foutrigui rely on a limited 
number of crops or activities, which may increase household vulnerability to climatic, economic, and 
food-related shocks.
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The State of Food Security at the Two Study Sites

Indices such as the Individual Dietary Diversity Score (IDDS) and the Food Consumption Score 
(FCS) are used to assess the state of food security at the two sites. The IDDS is used to assess the 
number of food groups consumed by individuals over a given period. A high score indicates a more 
diverse diet and better nutritional quality, whilst a low score indicates a diet limited to a few food 
groups. Analysis of the Individual Dietary Diversity Score (IDDS) reveals significant differences in 
dietary diversity between households in Baskoudre and Foutrigui (Figure 4).

Figure 4. The State of Dietary Diversity According to the Individual Dietary Diversity Score at the Two Sites

In Baskoudre, the results show a relatively high level of dietary diversity. Households with a score of 
6 account for the largest proportion (33%), followed by those with a score of 5 (29%). Furthermore, 
21% of households achieve an IDDS of 7 and 16% a score of 8, indicating a very varied diet. The 
proportion of households with a low score of 4 is very small (1%). These results suggest that the 
majority of households in Baskoudre have access to several food groups, notably cereals, pulses, 
vegetables, fruit and animal products. This situation reflects a better quality of diet and relatively 
favourable nutritional security.

In Foutrigui, dietary diversity appears more limited. The majority of households have a score 
of 6 (49%), whilst 31% have a score of 5. However, no households achieve the high scores of 7 or 
8. Conversely, 20% of households have a low score of 4, indicating a poorly diversified diet for a 
significant proportion of the population. This absence of high scores reflects low consumption of 
certain nutrient-rich food groups, which may be linked to economic constraints, low food availability 
or a lack of diversification in agricultural production systems. A comparison of the two localities 
therefore shows that Baskoudre has greater dietary diversity than Foutrigui. The high proportion 
of high scores in Baskoudre suggests a more balanced diet and potentially greater food security. 
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Conversely, the concentration of households in Foutrigui around average and low scores indicates 
greater nutritional vulnerability.

The Food Consumption Score (FCS) is an indicator developed by the World Food Programme to 
assess the frequency of consumption of different food groups, weighted according to their nutritional 
value. A high score generally indicates better food security and a more balanced diet (Figure 5).

Figure 5. The State of Dietary Diversity According to the Food Consumption Score at the Two Sites

This figure shows that, in Baskoudre, households have relatively high food consumption scores. The 
majority of households (60%) have an FCS between 70 and 79, whilst 25% are between 80 and 84 
and 15% between 85 and 97. The absence of low scores indicates that households have a diverse diet 
and regularly consume energy- and nutrient-rich foods. The very high scores observed indicate good 
food availability as well as relatively satisfactory access to a variety of food products such as cereals, 
pulses, vegetables, oils and animal products. This reflects a favourable food security situation in this 
locality.

In Foutrigui, the scores are significantly lower than in Baskoudre. Nearly 23% of households have 
an FCS score of between 32 and 33; 45% between 40 and 46, and 23% between 51 and 57. Although 
some households achieve moderate scores, no household has scores as high as those observed in 
Baskoudre. The relatively low FCS values reflect a less varied diet and, for certain food groups with 
high nutritional value, probably less frequent consumption. This situation may be linked to low food 
availability, limited incomes or a lack of diversification in agricultural production systems.

The Effect of Diversification on Household Food Security at the Two Sites

The effect of diversification on food security was assessed using the Food Consumption Score (FCS) 
and the Individual Dietary Diversity Score. The results show that agricultural diversification (SDI) 
appears to be a relatively robust and positive determinant of the FCS in both areas, confirming its 
central role in improving food security. In contrast, the effects of SCD are more ambiguous and 
vary according to context (positive in Baskoudre, slightly negative in Foutrigui), suggesting that 
agricultural intensification does not produce the same effects everywhere (Figure 5).
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Table 5. The Effect of Simply Crop Density and the Simpson Diversification Index (SDI) on FCS

 Variables  Baskoudre Foutrigui
Standardized 
Coefficients t Sig. Standardized 

Coefficients t Sig.

Beta     Beta    
Constant   2.071 0.042   4.076 0.000
Age -0.54 -1.472 0.152 -0.036 -0.315 0.754
Household size (number of persons) 0.335 3.09 0.003 0.066 0.523 0.603
Education level 0.514 -2.727 0.007 -0.114 -0.970 0.335
Simply Crop Density (SCD) 0.364 1.381 0.017 -0.036 0.315 0.0454
Simpson Diversification Index (SDI) 0.407 -1.555 0.012 0.066 0.523 0.0403

From this table, it is clear that in the Baskoudre area, several variables have a statistically significant 
influence on the FCS. Household size is positively and significantly associated with the FCS (β = 
0.335; p = 0.003), indicating that larger households tend to have a higher food consumption score, likely 
due to a larger workforce or income diversification strategies. Educational attainment also appears 
significant (p = 0.007), but the sign of the standardised coefficient (negative t = -2.727) suggests a 
negative relationship: paradoxically, higher educational attainment appears to be associated with a 
lower FCS, which could reflect migration of educated individuals or a mismatch between educational 
attainment and local agricultural employment opportunities. The Simply Crop Density (SCD) is 
significant and positive (β = 0.364; p = 0.017), indicating that crop intensification or density improves 
household food consumption. Similarly, the Simpson Diversification Index (SDI) is significant (p = 
0.012) and appears to indicate an overall positive relationship with the FCS (β = 0.407), confirming 
that crop diversification contributes to improved food security. In contrast, age has no significant 
effect (p = 0.152), meaning that it is not a direct determinant of the FCS in this area.

In the Foutrigui area, the results are different and, overall, less pronounced. Age, household size 
and level of education are not statistically significant (p > 0.05), indicating that they do not provide 
a robust explanation for variations in the FCS in this locality. In contrast, the SCD is significant (p 
= 0.0454), but with a slightly negative coefficient, suggesting that an increase in crop density could 
be associated with a slight decrease in the FCS. This result may reflect constraints on intensification 
(soil depletion, land pressure or high production costs). The SDI is also significant (p = 0.0403) and 
positive, indicating that crop diversification improves household food consumption, likely by reducing 
the risks associated with dependence on a single crop.

The Simpson Diversification Index (SDI) is the most stable and significant determinant of the 
Individual Dietary Diversity Score (IDDS) in both regions, highlighting the central role of agricultural 
diversification in improving diet quality (table 6).

In the Baskoudre area, the results indicate that age has no significant effect on the IDDS (p = 0.518), 
meaning that dietary diversity does not vary according to individuals’ life stages. Household size is 
positively associated with the IDDS and is marginally significant at the 10% threshold (p = 0.085), 
suggesting that larger households may have greater dietary diversity, likely due to a better distribution 
of productive activities and food sources. Educational attainment is significant (p = 0.037) and has a 
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significant positive effect, indicating that education improves dietary diversity, likely through better 
nutritional knowledge, better resource management and better access to markets.

Table 6. The Effect of Crop Density and the Simpson Diversification Index (SDI) on the IDDS

Variables Baskoudre Foutrigui
Standardized 
Coefficients t Sig. Standardized 

Coefficients t Sig.

Beta Beta

Constant 2.071 0.042

Age 0.448 0.593 0.518 0.140 0.336 0.738
Household size (number of persons) 0.213 1.747 0.085 0.040 0.336 0.738
Education level 5.584 2.727 0.037 0.158 1.340 0.184
Simply Crop Density (SCD) 3.178 5.649 0.005 0.204 1.809 0.074
Simpson Diversification Index (SDI) 2.099 8.851 0.001 0.262 2.130 0.036

Agricultural variables play an even more decisive role. The Simply Crop Density (SCD) is highly 
significant (p = 0.005) and has a significant positive effect on the IDDS (β = 3.178; t = 5.649), 
suggesting that crop intensification contributes to improving individuals’ dietary diversity. Similarly, 
the Simpson Diversification Index (SDI) is highly significant (p = 0.001) and strongly positive (β 
= 2.099; t = 8.851), confirming that the diversification of production systems is a major factor in 
improving dietary diversity in this area.

In the Foutrigui area, the effects are generally weaker. Age, household size and level of education 
are not statistically significant (p > 0.05), indicating that they do not robustly explain variations in 
the IDDS in this locality. The SCD is marginally significant (p = 0.074) and positively associated 
with the IDDS (β = 0.204), suggesting that agricultural intensification could slightly improve dietary 
diversity, likely through increased availability of food products. The SDI is significant (p = 0.036) 
and positively associated with the IDDS (β = 0.262), confirming that crop diversification also plays a 
positive role in improving dietary diversity in Foutrigui, although the effect is more moderate than in 
the Baskoudre area.

Socio-Demographic Characteristics of Producers in Multi-Cropping Systems

The socio-demographic differences observed between Baskoudré and Foutrigui reflect distinct 
socio-economic realities that may influence agricultural production systems, diversification capac-
ities, and household food security in rural areas. Several authors have shown that the demographic 
and social characteristics of producers play a decisive role in the adoption of agricultural innovations, 
farm productivity, and the improvement of household food security (Ellis, 2000; Barrett et al., 2001; 
Anderson & Leiserson, 1980).

The predominance of women aged 35–45 in both localities confirms that agricultural activities 
rely mainly on women of economically active age. This situation is common in African agricultural 
systems, where adults constitute the primary agricultural labour force. According to Abdulai and 
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CroleRees (2001), experience accumulated with age generally enhances farm management capacity 
and production-related decision-making. Similarly, Doss (2001) emphasizes that adult women play a 
central role in family farming systems in Sub-Saharan Africa, particularly in the production of food 
and vegetable crops.

The relatively higher proportion of young female producers in Baskoudré may constitute a 
favourable factor for agricultural innovation and crop diversification. Feder et al. (1985) show that 
younger farmers tend to adopt technical innovations more rapidly due to their greater openness to 
change and stronger willingness to take risks. Rogers (2003) likewise confirms that age significantly 
influences the diffusion and adoption of agricultural innovations. Consequently, the substantial 
proportion of young women in Baskoudré may facilitate the introduction of new farming practices, 
the diversification of production systems, and improvements in agricultural income.

Educational attainment represents one of the major differences between the two sites. The results 
reveal a very high proportion of women without formal education in Foutrigui, whereas Baskoudré 
exhibits comparatively higher educational levels. This finding is particularly important when analysing 
agricultural and food-related performance. Schultz (1964) considers education an investment in human 
capital that enhances farmers’ productive capacities. According to Asfaw and Admassie (2004), 
educated producers are more likely to adopt agricultural innovations, access extension services more 
effectively, and utilize productive resources more efficiently.

The low level of education observed in Foutrigui may therefore limit women producers’ access 
to modern agricultural technologies, technical training, and market information. In many African 
countries, rural illiteracy remains a major obstacle to agricultural development and improvements 
in food security (FAO, 2011). Conversely, the relatively higher level of education in Baskoudré may 
promote better farm management, greater organizational capacity, and a faster adoption of crop 
diversification strategies.

Moreover, women’s education plays a crucial role in household nutritional and dietary practices. 
According to Smith and Haddad (2000), women’s education is one of the most important factors 
contributing to the reduction of malnutrition in developing countries. Gladwin et al. (2001) also 
show that educated women generally place greater emphasis on dietary diversification, nutritional 
hygiene, and household food resource management. Consequently, the educational differences 
observed between Baskoudré and Foutrigui may have significant implications for household food and 
nutritional security.

Differences in household size also reflect contrasting socio-economic contexts. Large households 
predominate in Foutrigui, whereas Baskoudré is characterized more by medium-sized households. 
According to Lipton (1983), large rural families often represent an economic strategy aimed at ensur-
ing the availability of family labour for agricultural work. Pingali and Rosegrant (1995) likewise 
emphasize that, in traditional African farming systems, household size is an important determinant 
of labour availability.
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However, large households may also exert considerable pressure on available food resources. 
Maxwell and Frankenberger (1992) explain that increasing household size raises food consumption 
requirements and may reduce per capita food availability when economic resources remain limited. 
Similarly, Hoddinott and Yohannes (2002) show that large households are often more vulnerable to 
food insecurity, particularly in rural areas characterized by limited income diversification.

In the context of Foutrigui, the high proportion of households comprising seven to eight members 
may therefore exacerbate difficulties in accessing sufficient and diversified food. According to 
Sen (1981), food security depends not only on food availability but also on households’ economic 
capacity to access these resources on a sustainable basis. Consequently, large households with limited 
agricultural incomes may be more exposed to food vulnerability.

The socio-demographic differences observed between the two sites may also influence agricultural 
diversification capacities. Barrett et al. (2001) indicate that households possessing stronger human 
capital—particularly in terms of education and experience—are generally better able to diversify 
their agricultural activities and income sources. Ellis (2000) similarly emphasizes that diversification 
constitutes an essential strategy for reducing economic and climatic risks among rural African house-
holds.

Status of Diversification in Multi-Cropping Systems

The results obtained from the Simple Crop Density (SCD) and the Simpson Diversification Index 
(SDI) clearly highlight substantial differences in the level of agricultural diversification between 
Baskoudré and Foutrigui. This heterogeneity confirms that rural agricultural systems can vary 
considerably depending on local socio-economic and institutional contexts, as emphasized by 
Chambers and Conway (1992) and Scoones (1998), who identify diversification as a key pillar of 
sustainable livelihoods.

The relatively high level of diversification observed in Baskoudré reflects a stronger integration 
of multiple agricultural enterprises within production systems. According to Barrett and Swallow 
(2006), agricultural diversification constitutes an essential rural risk-management strategy, enabling 
households to reduce their exposure to climatic and economic shocks. Furthermore, Birthal et al. 
(2007) demonstrate that crop diversification contributes to stabilizing farm incomes and improving 
household food security.

The situation observed in Baskoudré may also be interpreted as the outcome of greater adaptive 
capacity among producers. Dercon (2002) argues that households with greater flexibility in production 
choices are better able to cope with environmental uncertainties. Similarly, Ellis and Freeman (2004) 
note that agricultural diversification is often associated with more dynamic rural systems that are 
better integrated into markets.

Conversely, the strong concentration of low SCD and SDI values in Foutrigui indicates a high 
degree of agricultural specialization. This situation may reflect a heavy dependence on a limited 
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number of crops, thereby increasing household vulnerability. According to Barrett (2008), poorly 
diversified agricultural systems are particularly exposed to the risk of chronic poverty because of their 
limited capacity to adapt to external shocks. Likewise, Dorward et al. (2009) explain that agricultural 
specialization in low-productivity contexts may restrict opportunities for income growth and reinforce 
food insecurity. From this perspective, Foutrigui appears to represent an agricultural system in which 
structural constraints limit diversification, particularly with regard to access to productive resources 
and market opportunities.

Furthermore, Jayne et al. (2010) show that, in many rural African regions, low diversification is 
frequently associated with subsistence agriculture dominated by a small number of staple crops. This 
situation reduces households’ capacity to absorb economic and food-related shocks, especially when 
agricultural yields are unstable.

The differences observed between the two sites may also be analysed from the perspective of 
institutional and economic constraints. Barrett et al. (2010) argue that agricultural diversification 
depends strongly on access to rural infrastructure, markets, and extension services. Consequently, 
areas that are better integrated into markets tend to develop more diversified and profitable agricultural 
systems.

From this perspective, Baskoudré appears to benefit from more favourable conditions for diver-
sification, which may strengthen household resilience. Hazell and Wood (2008) emphasize that 
agricultural diversification is a key factor in reducing vulnerability in rural areas exposed to climatic 
shocks. In addition, Klasen and Waibel (2013) demonstrate that diversification of production systems 
is closely associated with reduced food security risks, particularly among vulnerable farming house-
holds. Thus, the high SCD and SDI values observed in Baskoudré may be linked to greater economic 
and food security.

In contrast, the low level of diversification observed in Foutrigui may be interpreted as a constrained 
rather than a voluntary strategy. According to Fafchamps (1992), rural households often adopt poorly 
diversified agricultural systems when faced with constraints related to capital, labour, or market access. 
Such conditions limit their capacity to invest in multiple crops and expand their income sources. 
Finally, Barrett et al. (2008) indicate that diversification is an important determinant of food security 
and rural well-being. Households that diversify their production systems and economic activities 
more extensively are generally better protected during periods of crisis.

Status of Food Security in Multi-Cropping Systems

The results derived from the Individual Dietary Diversity Score (IDDS) and the Food Consumption 
Score (FCS) reveal significant disparities in food security between Baskoudré and Foutrigui. Overall, 
Baskoudré exhibits a more favourable food security situation than Foutrigui, reflecting differences 
in food access, availability, and dietary diversification. These findings are consistent with studies 
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emphasizing that dietary diversity is a key indicator of the nutritional quality of rural households 
(Ruel, 2003b; Swindale & Bilinsky, 2006).

Regarding the IDDS, the results indicate higher dietary diversity in Baskoudré, with a substan-
tial proportion of households achieving high scores (6–8 food groups). According to Kennedy et al. 
(2007), high dietary diversity is strongly associated with better nutritional adequacy, particularly with 
respect to micronutrient intake. Similarly, Arimond and Ruel (2004) demonstrate that an increase in 
the number of food groups consumed serves as a reliable proxy for the overall quality of household 
diets. The prevalence of high scores in Baskoudré may also reflect better economic and physical 
access to a wider variety of foods. Hoddinott and Yohannes (2002) note that households with more 
diversified diets generally have better access to food markets and more diversified income sources. 
Furthermore, Kremen and Miles (2012), and Fanzo et al. (2013) indicate that dietary diversification 
is often associated with increased consumption of vegetables and animal-source foods, both of which 
are essential for nutritional security.

In contrast, the situation observed in Foutrigui, characterized by the absence of high IDDS scores, 
reflects a less diversified and potentially less balanced diet. According to the Food and Agriculture 
Organization (FAO, 2013), low dietary diversity is strongly associated with a higher risk of nutritional 
deficiencies, particularly in essential vitamins and minerals. In this context, the concentration of 
households within the medium and low score categories indicates greater nutritional vulnerability.

The results of the Food Consumption Score (FCS) confirm this pattern. In Baskoudré, the high 
scores observed reflect more frequent and diversified food consumption. According to Wiesmann 
et al. (2009), the FCS is a robust indicator for assessing food security because it incorporates 
both consumption frequency and nutritional quality. The authors demonstrate that high scores are 
generally associated with acceptable or good levels of food security. Furthermore, Maxwell and 
Coates (2012) emphasize that households with high FCS values often combine diversified agricultural 
production with regular access to markets. This situation appears consistent with that of Baskoudré, 
where diversified farming systems may contribute to improved food availability and more balanced 
consumption across food groups.

In Foutrigui, low FCS values reflect a more concerning situation. According to Ballard et al. (2011), 
low or borderline FCS values generally indicate insufficient or poorly diversified food consumption, 
often linked to economic constraints. Similarly, Webb et al. (2006) show that food-insecure households 
tend to reduce the consumption frequency of protein-rich and micronutrient-dense foods, thereby 
negatively affecting overall dietary quality.

The differences observed between the two sites can also be interpreted in light of the work of Smith 
and Subandoro (2007), who highlight that food security depends strongly on the interaction between 
agricultural production, household income, and market access. Consequently, Baskoudré appears to 
benefit from more favourable conditions that support greater food stability. Furthermore, Frempong 
and Annim (2017) demonstrate that household dietary diversity is closely associated with agricultural 
diversification. Households that cultivate a wider range of crops are more likely to consume more 
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diversified diets. This relationship helps explain the better IDDS and FCS outcomes observed in 
Baskoudré.

From a broader perspective, Barrett (2010) emphasizes that food security depends not only on 
food production but also on households’ economic capacity to access food. Therefore, the low scores 
observed in Foutrigui may reflect structural constraints related to income limitations, insufficient 
agricultural production, or weak market integration. Finally, Pinstrup-Andersen (2009) stresses that 
improvements in food security require an integrated approach combining agricultural diversification, 
income enhancement, and access to basic services.

In this context, the results suggest that Baskoudré is closer to a resilient food system, whereas 
Foutrigui remains more vulnerable to food insecurity risks. Overall, the analysis of IDDS and FCS 
clearly demonstrates that Baskoudré exhibits better food security outcomes than Foutrigui, charac-
terized by more diversified, more frequent, and higher-quality food consumption. These findings 
confirm the importance of agricultural and economic diversification as major determinants of food 
security in rural areas.

Effect of Diversification on Household Food Security in the Two Study Sites

The results of the econometric models indicate that agricultural diversification, measured through 
the Simpson Diversification Index (SDI) and the Simple Crop Density (SCD), generally exerts a 
positive influence on household food security, assessed using the Food Consumption Score (FCS) 
and the Individual Dietary Diversity Score (IDDS). However, the magnitude—and in some cases 
the direction—of these effects varies across local contexts, confirming that the relationship between 
diversification and food security is highly dependent on socio-economic and agroecological conditions. 
These findings are consistent with the analyses of Reardon and Barrett (2000), Ellis (2000), and 
Reardon et al. (2007), who emphasize that diversification constitutes a central, yet context-specific, 
strategy for enhancing rural resilience.

Effect on the Food Consumption Score (FCS)

In Baskoudré, several variables significantly influence the FCS. Household size is positively associated 
with food security, which may be explained by better utilization of family labour and diversification 
of economic activities. This result is consistent with the work of Chayanov (1966) and De Haan (1999), 
who show that family structure strongly influences rural household production and consumption 
strategies. However, Fafchamps (1992) nuances this relationship by highlighting that large households 
may also be more vulnerable in contexts of low agricultural productivity.

The positive role of SCD and SDI in Baskoudré confirms that crop intensification and diversification 
improve food consumption outcomes. These findings are consistent with the conclusions of Mariyono 
(2019), Hazell and Haddad (2001), and Lin (2011), who demonstrate that agricultural diversification 
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enhances food system stability and reduces vulnerability to climatic and economic shocks. Similarly, 
Fan and Brzeska (2016) note that agricultural diversification improves overall productivity and rural 
household incomes.

However, the negative effect of education level on FCS in Baskoudré may appear counterintuitive. 
This result can be interpreted in light of Collier (1998) and Lucas (2005), who show that education may 
facilitate rural–urban migration, thereby reducing direct engagement in local agricultural production. 
In addition, Barrett (2008) and Davis and Bezemer (2004) indicate that more educated households 
tend to diversify their income sources outside agriculture, which may alter local food consumption 
patterns.

In Foutrigui, the results are generally less pronounced. The lack of significance of socio-economic 
variables (age, education, household size) suggests that structural constraints dominate food con-
sumption dynamics. This finding is consistent with the analyses of Dercon (2002) and Carter and 
Barrett (2006), who show that in contexts of chronic poverty, individual-level factors play a limited 
role compared to resource constraints. SCD shows a negative effect on FCS in Foutrigui, which may 
reflect unsustainable intensification practices. According to Tilman et al. (2002) and Matson et al. 
(1997), poorly managed agricultural intensification can lead to soil degradation and declining pro-
ductivity, thereby negatively affecting food security. In contrast, SDI remains positive and significant, 
confirming its stabilizing role, as also demonstrated by Smith and Frankenberger (1994).

Effect on the Individual Dietary Diversity Score (IDDS)

The results show that SDI is the most stable and important determinant of IDDS in both study areas. 
This confirms that agricultural diversification directly improves diet quality. This finding is consis-
tent with the work of Kennedy et al. (2009), Arimond and Ruel (2006), and Lachat et al. (2018), who 
establish a strong relationship between production diversity and dietary diversity.

In Baskoudré, both SCD and SDI have strongly positive effects on IDDS. These results are consistent 
with the findings of Jones et al. (2014), Herforth (2010), and Ahamed et al. (2024), who show that 
agricultural diversification is a key determinant of dietary diversity and household nutritional quality. 
Furthermore, Ruel and Alderman (2013) emphasize that diversified agricultural systems are strongly 
associated with improved micronutrient intake. The positive role of education on IDDS in Baskoudré 
is also consistent with the work of Glewwe (1999) and Thomas and Strauss (1997), who demonstrate 
that women’s education significantly improves household nutrition, particularly through better food 
allocation decisions and improved knowledge of nutritional needs.

In Foutrigui, the effects are weaker but remain positive for SDI. This result aligns with the analyses 
of Sibhatu and Qaim (2018), who show that even in constrained contexts, agricultural diversification 
improves dietary diversity, although its effect is limited by economic constraints. The weak effects 
of socio-economic variables in Foutrigui may be explained by structural constraints in the local 
agricultural system. According to Dorward et al. (2005) and Jayne and Rashid (2013), low-productivity 
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rural areas are characterized by food security determinants dominated by limited access to inputs, 
markets, and infrastructure.

CONCLUSIONS

This study examined the relationship between agricultural diversification and household food security 
in two contrasting rural contexts, Baskoudré and Foutrigui, using the Food Consumption Score (FCS) 
and the Individual Dietary Diversity Score (IDDS) as indicators of food security outcomes. The 
findings demonstrate that agricultural diversification, measured through the Simpson Diversification 
Index (SDI) and the Simple Crop Density (SCD) index, is generally associated with improved food 
security. However, the magnitude and consistency of these effects vary substantially across local 
contexts.

The results indicate that diversification contributes more strongly to improved food consumption 
and dietary diversity in Baskoudré, where households appear better able to translate agricultural 
diversity into nutritional gains. In contrast, the weaker and sometimes mixed effects observed in 
Foutrigui suggest that diversification alone is insufficient to enhance food security when structural 
constraints such as limited market access, restricted productive assets, and less favourable production 
conditions persist. These findings therefore reinforce the argument that the benefits of diversification 
are highly context-dependent and mediated by broader socio-economic and institutional environments.

From a broader perspective, this study contributes to ongoing debates on rural resilience and 
sustainable food systems in sub-Saharan Africa by showing that diversification should not be 
viewed merely as an agricultural strategy but as part of a wider territorial and livelihood system. Its 
effectiveness depends on complementary investments in infrastructure, market integration, extension 
services, and human capital development. Policies promoting crop diversification are therefore likely 
to generate greater food security benefits when combined with interventions that address local barriers 
to production, commercialization, and access to resources.

Several limitations should be acknowledged. The cross-sectional nature of the data constrains the 
ability to establish causal relationships and to capture long-term dynamics between diversification 
and food security. In addition, food security was assessed through consumption-based indicators, 
which, while widely used, may not fully reflect seasonal variations and other dimensions of food 
security. Future research could employ longitudinal data and mixed-method approaches to better 
understand how diversification strategies evolve over time and interact with climatic, economic, and 
institutional changes.

Overall, the study highlights the central but conditional role of agricultural diversification in 
strengthening household food security. Rather than a universal pathway to resilience, diversification 
emerges as a context-specific strategy whose success depends on the broader enabling environment in 
which rural households operate. Strengthening this environment is therefore essential for transforming 
agricultural diversity into sustainable food and nutrition security outcomes.
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