
Frontiers in Sustainable Food Systems 01 frontiersin.org

Sustainable land management 
and implications on incomes, 
food self-sufficiency and women
Bridget Bwalya 1*, Edward Mutandwa 2 and 
Brian Chanda Chiluba 1,3

1 School of Natural Sciences, University of Zambia, Lusaka, Zambia, 2 Faculty of Agriculture, 
Environment and Food Systems, University of Zimbabwe, Harare, Zimbabwe, 3 School of Health 
Sciences, University of Zambia, Lusaka, Zambia

The adoption of Sustainable Land Management (SLM) practices among 
smallholder farmers remains low, particularly among women farmers. 
Understanding the relationship between assets, gender, and SLM adoption 
and how their interaction impinges on household food self-sufficiency and 
livelihoods is essential for developing gender-responsive SLM programmes 
that effectively promote sustainable livelihoods and address household food 
insecurity. This study examines the effects of asset type on SLM practices 
adoption, women farmers, and their implications on household incomes 
and food self-sufficiency. Data was collected through a cross-sectional 
survey of 761 households selected from 11 chiefdoms across six districts in 
Eastern Zambia. Analysis involved Structural Equation System framework and 
Propensity Score Matching techniques to examine relationships between SLM 
adoption, food self-sufficiency, and household incomes, considering various 
socio-economic factors. Results showed marital status and household size as 
significant demographics, with education positively correlating with household 
income and SLM participation (p  <  0.05). Gender disparities persisted, with male-
headed households having higher incomes. Labour allocation analysis revealed 
women’s involvement in labour-intensive tasks, while smaller farms showed 
higher income probabilities, supporting sustainable agricultural intensification. 
Social capital significantly influenced SLM participation, and access to financial 
capital. Livestock assets, land size, and crop diversity predicted food security, 
while male decision-making influenced food security and income. Incomes 
were higher for women participating in SLM projects. This study underscores 
the importance of SLM practices in influencing household incomes and food 
security, especially for women. Addressing gender disparities and promoting 
women’s empowerment in agriculture are crucial for achieving equitable and 
sustainable rural development. Policymakers can foster sustainable livelihoods 
in rural communities by prioritizing SLM and empowering women.
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1 Introduction

SLM encompasses agricultural practices that conserve water and soil and are 
environmentally non-degrading, technically appropriate, economically viable, and socially 
acceptable (Fowler and Rockstrom, 2001). It plays a crucial role in supporting the livelihoods 
of smallholder farmers by providing them with the necessary resources, such as land and 
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water, to engage in agricultural production. Additionally, SLM 
practices can contribute to increased agricultural productivity and 
food self-sufficiency (McElwee et al., 2020). A review of 160 studies by 
Branca et al. (2013) found that SLM generally leads to higher and 
more stable crop yields, increased system resilience and, therefore, 
enhanced livelihoods and food security, and reduced production risk. 
Moreover, SLM can enhance food security by optimizing agricultural 
land and diversifying crops, thereby increasing the availability of 
locally produced food and reducing dependence on imports 
(Maponya, 2021; Oduniyi and Tekana, 2021; Andika et al., 2020). By 
implementing SLM, smallholder farmers can improve their 
profitability, leading to higher incomes. Efforts aimed at improving 
farm-related profitability are therefore important to improving 
livelihoods among smallholder farmers (Maponya, 2021; Ng’ang’a 
et al., 2021; Abegunde et al., 2019).

Smallholder farmers that depend on rain-fed agriculture face 
serious risks related to climate change and variability and soil 
degradation (Ng’ang’a et  al., 2021). These risks directly impact 
agricultural productivity as unpredictable weather patterns and 
changes in precipitation affect crop growth and yield. This, in turn, 
threatens food self-sufficiency as farmers may struggle to produce 
enough food to meet their own needs and the needs of their 
communities (Müller et al., 2011). Additionally, climate change and 
soil degradation can disrupt the natural balance of ecosystems and 
reduce biodiversity, further compromising the resilience of 
agricultural systems. As a result, smallholder farmers may become 
more dependent on external sources for food, undermining their food 
sovereignty and increasing their vulnerability to price fluctuations and 
market instability. Furthermore, the risks associated with climate 
change and soil degradation also have a significant impact on the 
livelihoods of smallholder farmers (Huq et al., 2015). These risks can 
lead to decreased incomes and financial instability as farmers may 
experience crop failures or reduced yields. This can result in increased 
poverty and food insecurity among smallholder farmers, as their 
livelihoods are heavily reliant on agriculture. The livelihood and 
income of a large population of Sub Saharan Africa (SSA) depends on 
the natural resource base, and most of the poor people often live in 
marginalized lands and areas more prone to natural disasters (Hossain 
et al., 2012).

Over the recent decades, programmes aimed at channeling 
resources into SLM in order to mitigate the negative effects of climate 
change and variability on smallholder farmers’ livelihoods have been 
implemented. Proponents of such programmes have espoused that 
SLM practices have significant implications for the incomes and food 
self-sufficiency of smallholder farmers in SSA (Maponya, 2021; 
Ng’ang’a et al., 2021; Abideen et al., 2023). By implementing SLM 
practices, smallholder farmers in the region can enhance their 
productivity and profitability, attain higher incomes (Marques et al., 
2016), improve soil quality, and mitigate the adverse effects of climate 
change. Overall, SLM practices have a positive impact on the 
livelihoods of smallholder farmers (Andersson Djurfeldt et al., 2019); 
and help address the problem of declining available farmlands by 
enhancing sustainable intensification, and therefore potentially 
increasing the value of harvest and incomes (Fuchs et al., 2019).

While the merits of SLM are widely acknowledged (Snapp 
et al., 2010; Ubochioma et al., 2012; Motavalli et al., 2013; FAO, 
2017; Krah et al., 2019), several studies have shown that adoption 

of SLM practices by smallholder farmers in SSA has remained low 
(Ajayi et al., 2003; Ojiem et al., 2006; Bolliger, 2007; Mango et al., 
2017; Cordingley et al., 2015; Kassie et al., 2015; Mutyasira et al., 
2018), especially among female-headed households (Umar et al., 
2019). Reasons advanced for the low adoption of SLM practices 
include risk aversion, logistical, financial and information barriers 
(Li et al., 2016; Krah et al., 2019). A recent review of empirical 
studies on agricultural technology adoption in SSA by Takahashi 
et al. (2020) revealed that assets, labour availability, social capital 
and networks, access to extension services, market and credits, soil 
conditions, rainfall, tenure security, education, and experience 
affect the adoption of SLM practices.

Employing a discrete choice-based experiment among 
smallholder farmers in Malawi, Krah et al. (2019) found evidence 
that the farmers’ propensity to adopt soil fertility management 
practices increases with improved access to mineral fertilizers, and 
when farmers receive relevant technical training on soil fertility 
improving technologies. A logistic regression model showed that 
farm management, ability to hire labour and months in a year 
households bought food for their families significantly influenced 
adoption of SLM practices in Kenya (Mugwe et al., 2009). A study of 
selected conservation agriculture (CA) households in Zimbabwe, 
Malawi and Mozambique found no significant impact of CA 
adoption on food security of farmers in Zimbabwe and Malawi, 
possibly due to the small land areas currently devoted to CA there, 
and the failure to implement the full complement of CA practices 
necessary to derive yield increases. Conversely, in Mozambique, CA 
was reportedly more effective as it was promoted together with 
complementary cropping management practices such as timely 
weeding and improved seed varieties (Mango et al., 2017).

For the case of Zambia, data from a sample of over 800 households 
and 3,000 plots showed that the adoption of a combination of SLM 
practices raises both maize yields and incomes of smallholder farmers 
in rural Zambia (Manda et al., 2015) while Abdulai (2016) found that 
the adoption of SLM increased maize output, and reduced household 
poverty and that farmers’ years of schooling, social networks, access 
to credit, extension services, and machinery as well as soil quality 
positively influence adoption of SLM technology. Khonje et al. (2018) 
demonstrated that in Zambia, the simultaneous adoption of SLM 
technologies (e.g. improved maize varieties and conservation 
agriculture practices) has a greater impact on farm output, income, 
and poverty than individual innovation package adoption. Similarly, 
Manda et  al. (2015) reported that on average, adopters of a 
combination of SLM practices had between 43 and 75% more income 
per capita than non-adopters.

Due to gender gaps in asset ownership, women tend to be less 
resilient to agricultural shocks (Antwi-Agyei et al., 2013; Mphande 
et al., 2022; Umar, 2021). Assets of various types are central to the 
livelihoods of farming households as they determine what activities 
the households can engage in and the extent to which they can do so. 
Households have to make decisions on how to deploy their assets to 
address the numerous shocks and disturbances they face. The shocks 
and disturbances include risks linked to their bio-physical, economic 
and socio-cultural environments. Ultimately, their livelihood 
outcomes are mediated by a combination of assets, their context, and 
how resilient their livelihood strategies are to the stressors. 
We elaborate on these concepts in the next section.
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1.1 Livelihoods, sustainable land 
management and food self sufficiency

Rural communities operate in a context which is characterized by 
shocks emanating from climate change and other unanticipated 
shocks (Ellis and Biggs, 2001). Such shocks may be  intermittent 
(short-term) or chronic (long-term) and have implications on the 
socio-economic status of the household. Farming households depend 
on five types of capitals: social, natural, physical, human and financial 
capitals (DFID, 1999). The five capitals are crucial in developing 
livelihood strategies, which in turn, result in various outcomes 
observed at the farm level (Bebbington, 1999). The Sustainable 
Livelihood Framework (Figure 1) is commonly used to conceptualize 
the relationships between assets, context, exposure, livelihood 
strategies and outcomes.

Assets are stocks of capital used to generate the means of living of 
the household. Essentially, they are the building blocks used by 
households to engage in production. They offer avenues to households 
to respond to shocks and stressors and determine their sensitivity to 
them. Upon exposure to a shock or stressor, a household may take the 
vulnerability or resilient pathway depending on its reaction to the 
disturbance. Whether it bounces back better, the same, or worse than 
before is affected by the context and its ability to draw upon assets. The 
resilient pathway leads to improved household food security, higher 
incomes and sustainable land management while the vulnerability 
pathway leads to food insecurity and environmental degradation.

The types of assets available to a household is mediated by the 
context. Among rural farming households of developing countries, the 
socio-cultural context invariably includes gender norms as a 
significant mediator of access to and control over assets, and 

consequently livelihood strategies and livelihood outcomes. Gender 
norms guide social relations between men and women, commonly 
resulting in lower access to the five different types of capital by women 
and higher vulnerability to shocks.

Although men and women may experience climate change and/or 
climate variability the same way, its effects on their agricultural 
production differs for various reasons including their engagement in 
the production of different crops and their differential access to assets 
needed to bounce back from disturbances (Mphande et al., 2022). 
Hence, women face more household food insecurity and environmental 
degradation than their male counterparts. Relatedly, they are less likely 
to adopt SLM practices. This creates a reinforcing feedback loop that 
leads back to less assets and increased vulnerability to shocks and 
stressors and food insecurity. Furthermore, the adoption of SLM is 
slowed down, with implications on incomes and food self-sufficiency.

Without SLM, the myriad challenges that smallholder farmers 
face persist, with potential for increased food insufficiency given the 
predicted growth in frequency and severity of extreme climatic events, 
and the low fertility of agricultural soils in Sub-Saharan Africa 
(Sánchez and Leakey, 1997). As women constitute almost half of the 
farmers in the region, it is important that the implications of SLM on 
their livelihoods are explored for increased understanding to help the 
design and implementation of SLM programmes that are gender 
responsive. Moreover, considering the existing and emerging trends 
in gender and rural livelihoods in developing countries, it is crucial to 
analyze how SLM can promote gender equality and sustainable 
livelihoods (Quisumbing and Pandolfelli, 2010). Academic research 
and practical understanding of SLM in relation to gender-responsive 
approaches is inadequate in many developing countries. Therefore, 
this study on gender-responsive SLM programmes will contribute to 

FIGURE 1

Sustainable livelihoods framework (adapted from DFID, 1999).
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filling this research gap and provide valuable insights for policymakers, 
practitioners, and communities. It will help in identifying good 
practices and policies that work for promoting gender equality in rural 
livelihoods, and propose policy recommendations. Furthermore, the 
implementation of gender-responsive SLM programmes can have a 
positive impact on women’s access to and control over productive 
resources. These programmes can contribute to improving women’s 
economic status within households, especially in cases where 
agricultural land is acquired for urbanization. This article has three 
research questions: (1) What are the implications of participating in 
SLM on household incomes and food security? (2) What types of 
assets (social, economic, financial, natural and physical) are owned by 
women headed households for use in agricultural production? (3) 
How do these assets affect the choice of SLM practices among women?

2 Methods

2.1 Data collection

A total of 11 chiefdoms drawn from six districts in Eastern 
Zambia were selected for the study (Figure  2). A cross-sectional 
survey, during which questionnaires were administered to 761 
households was conducted. Using an estimated population for the 

Eastern Province of 342,161 (Central Statistical Office, 2015), a 
confidence level of 99%, a sampling error of 5% and a 50% proportion, 
the sample size is adequate, as outlined in Israel (1992). The cross-
sectional design provided the researchers with a snapshot view of all 
the study districts. This had the benefit that the data were collected 
during the same season from all study sites.

The 11 Chiefdoms were Chikomeni, Chikube, Jumbe, 
Kalindawalo, Kapatamoyo, Mbangombe, Mpamba, Mpenzeni, 
Mumbi, Ndake and Nsefu. The households were selected from lists of 
households that had previously participated in SLM projects in each 
chiefdom. The province has a rich history of SLM interventions, 
encompassing a wide array of practices, promoted by agricultural 
development actors. The common SLM practices promoted in the 
province are minimum tillage, leguminous crop rotations, 
agroforestry, intercropping, cover cropping, minimum tillage, zero 
tillage, terracing, use of crop residues and animal manure, cover-
cropping, and soil and water conservation. Noteworthy is the high 
dis-adoption of SLM practices once projects that promote them end.

2.2 Model specification and data analysis

The study employs a Structural Equation System (SES) framework 
to investigate the intricate relationship between the adoption of SLM 

FIGURE 2

Map of Eastern Zambia showing study sites (Bwalya et al., 2023).
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practices, food self-sufficiency, and household incomes within the 
study area. This model aims to elucidate how various socioeconomic 
factors influence the adoption of SLM practices and, subsequently, 
how these practices impact both food security and household income 
levels. Structural Equation Modeling (SEM) enables the simultaneous 
modeling and estimation of complex relationships among multiple 
dependent and independent variables, while accounting for 
measurement error in observable variable, thus providing a more 
precise measurement of the concepts of interest (Hair et al., 2021).

In the formulated model, the adoption of SLM practices serves as 
the focal point, represented as a binary variable denoted by i which 
denotes the household index. This binary variable takes the value of 1 
if the household has adopted SLM practices and 0 if not. The adoption 
of SLM practices is posited to be  influenced by a multitude of 
household-level predictors, including demographic characteristics 
(e.g., age, household size), educational attainment, access to credit, 
community membership, ownership of livestock, and land size. 
Mathematically, this relationship can be expressed as:

 Y Xi i i i1 1 1 1= +α ε  (1)

Where dichotomous Y1i takes values of 0 if the household is a 
non-adopter and 1 if the household has adopted SLM practices. 
Additionally, the model incorporates two key mediating variables: 
household income and food self-sufficiency. Food self-sufficiency is 
represented as a binary variable, denoted by indicating whether the 
household had sufficient food throughout the year.

 Y Xi i i i2 2 2 2= +α ε  (2)

Similarly, household income is dichotomized into high (1) and 
low (0) categories based on the sample mean household income 
earned per year. These mediating variables serve to capture the 
downstream effects of SLM adoption on household well-being. The 
hypothesized relationships between these variables can 
be conceptualized as follows:

 Y Xi i i i3 3 3 3= +α ε  (3)

To estimate the parameters of the model and test the proposed 
relationships, Structural Equation Modeling (SEM) techniques were 
employed. Logistic regression analysis was utilized to model the 
binary outcomes for the adoption of SLM practices and food self-
sufficiency, and to model the binary outcome variable for household 
income. This model specification provides a comprehensive 
framework for examining the complex interplay between SLM 
adoption, food self-sufficiency, and household incomes, offering 
valuable insights into SLM practices and their socioeconomic 
implications for households within the study area.

2.3 Factors influencing farmers’ 
participation in sustainable land 
management—Equation 1

Table  1 provides a detailed description of the dependent and 
independent variables used to analyze factors influencing farmers’ 
participation in Sustainable Land Management (SLM) projects. The 

dependent variable, “Participationslm,” is binary, denoting whether 
farmers participated in SLM initiatives in the last 3 years. Independent 
variables include demographic and socio-economic factors such as 
gender, marital status, educational attainment, household size, and 
arable land size. Additionally, community involvement, access to 
credit, livestock and farm implement ownership, household structure, 
and tenure in the village are considered. These variables offer a 
comprehensive view of the factors affecting farmers’ engagement in 
SLM activities, enabling a nuanced understanding of the determinants 
of participation and informing targeted interventions to promote 
SLM practices.

2.4 Analysis of factors influencing 
household income—Equation 2

Table 2 provides a comprehensive description of the response and 
predictor variables utilized in Equation 2, focusing on the relationship 
between the five capitals and household income. The dependent 
variable, “Household income,” is dichotomized into high or low 
categories, reflecting financial capital. Independent variables 
encompass human, financial, social, physical, and natural capital 
factors. Human capital variables include gender, age of the household 

TABLE 1 Description of dependent and independent variables of factors 
affecting farmers’ participation in an SLM project.

Variable 
name

Variable description

Dependent

Participationslm 1—if the farmer participated in SLM projects in the last 

three years; 0—Otherwise.

Independent

Gender 1—if household head is man; 0-if household head is 

woman.

Mstatus1 1—if head of household is married; 0-Otherwise.

Primaryeduc 1—if head of household attained primary level education; 

0—Otherwise

Secondary 1-if head of household attained secondary level education; 

0-Otherwise.

Hhsize Number of members in the household.

Arableland Size of the arable land holding owned in hectares.

Commorgmen Number of community organizations for which male head 

is a member.

Commorgwomen Number of community organizations for which female 

head is a member.

Numextmeetings Number of extension meetings per year

Credit 1—If household had access to credit; 0—Otherwise

Livestockassetindex A weighted average of livestock types owned by household.

Farmimplindex A weighted average of the number of farm implements 

owned (ox plough; cultivator; ripper; hoes; tractors; 

harrow).

Typeofhousehold 1—if household is male headed; 0—if household is female 

headed.

Periodstayed Number of years household has stayed in the village.
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head, and educational attainment, with the expectation that men 
(gender), higher age, and higher education levels positively influence 
income. Financial capital is represented by access to credit, 
hypothesized to positively impact income. Social capital variables, such 
as the number of active community-based organizations for women 
and men, are expected to positively influence income. Physical capital 
factors include a weighted index of farm implements owned and a 
weighted index of livestock owned, both anticipated to positively 
impact income. Finally, natural capital is represented by the total area 
of arable land owned, expected to positively correlate with income. This 
comprehensive set of variables allows for a holistic exploration of the 
relationship between different forms of capital and household income, 
providing valuable insights for policymakers and researchers aiming to 
enhance household well-being and promote sustainable development.

Education has been shown to be  an important variable in 
assimilation and understanding of different issues, concepts and 
themes that are related to SLM projects in the community. A priori, 
educated household heads would be  expected to be  aware and 
conversant of SLM projects and be more willing to participate and 
integrate an assortment of SLM innovations which may improve soil 
and water management as well as household livelihoods outcomes. 
Household size was used as a crude proxy variable for labour availability.

2.5 Factors influencing household food 
self-sufficiency—Equation 3

Table 3 provides a detailed description of the variables utilized in 
Equation 3, focusing on the key drivers of household food self-
sufficiency. The dependent variable, “Household Food Self-
Sufficiency,” is binary and indicates whether the household had 

enough food throughout the year. Independent variables encompass 
demographic, socio-economic, and agricultural factors, including 
gender, marital status, age of the household head, educational 
attainment, household size, and arable land size. Additionally, 
variables related to decision-making on land use, household 
structure, farm implement ownership, and crop diversity are 
considered. This comprehensive set of variables enables a nuanced 
exploration of the determinants of household food self-sufficiency, 
informing targeted interventions to enhance food security and 
promote SLM practices. Thus, the effect of SLM is expressed through 
the underlying structural correlation among the Equations 1–3.

2.6 Propensity score matching for SLM 
participants and non-participants

In many previous projects on SLM, rural communities have been 
encouraged to participate with the implicit assumption that their 
involvement will translate into benefits at the farm level. To assess 
whether there was a relationship between participation and incomes, 
propensity score matching (PSM) was used. The method entailed 
comparing annual incomes generated by women disaggregated by 
whether they had participated in an SLM initiative in the last 3 years.

PSM is used to address the potential biases that may exist in the 
selection of people who participate in projects. Individuals who are 
normally selected may be better off in terms of asset base, education 
levels and position in society (Rubin, 1997). Therefore, simply 
comparing “participants” versus “non-participants” is likely to give 
misleading results since the two groups may be naturally different 
prior to involvement in SLM. Thus, PSM estimates the average 
treatment effect as follows:

TABLE 2 Description of response and predictor variables in Equation 2 (Relationship between five capitals and SLM adoption).

Variables Description A priori expectation

Dependent

Household income (financial capital) 1—If high; 0—low

Independent

Human capital

GENDER 1—if man; 0—if woman +

AGE Household head age in years −

PRIMARY 1—if household head has primary level education; 0—Otherwise +

SECONDARY 1—if household head has secondary level education; 0—Otherwise +

HHSIZE Number of people in household +

Financial capital

CREDIT 1—if the household had access to a loan; 0—Otherwise

Social capital

COMMORGWOMEN Number of active community-based organizations for women +

COMMORGMEN Number of active community-based organizations for women +

Physical capital

FARMIMPLINDEX A weighted index showing types of farm implements owned +

LIVESTOCKASSETINDEX A weighted index showing types of livestock owned

Natural capital

ARABLELAND Total area owned in hectares +
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The counterfactual for individuals being “treated” is typically not 
observed in observational studies (Grilli and Rampichini, 2011). PSM 
therefore searches for similar non-treated individuals and compares 
them with similar treated cases (Caliendo and Kopeinig, 2008). In this 
context, the method compares individuals who participated in SLM 
with similar households (in terms of covariates) who did not 
participate in SLM, such that the difference can be largely attributed 
to the treatment or participation in SLM. A binary Probit model was 
used to generate the probability of participating in SLM projects as a 
function of several covariates.

2.7 Sustainable livelihood framework

The SLF was used to analyse whether the types of assets owned by the 
household had a relationship with the adoption, integration and use of 
SLM practices or not. Furthermore, the analysis considered whether there 
was a link between the use of these assets or capitals and food security and 
household incomes. The size of the farm was used as a proxy variable for 
natural capital. A priori, rural households that possessed larger 
landholdings were more likely to implement SLM practices, and thus 
achieve greater food security and incomes. The age, gender, educational 
status, and household size were used to identify the human capital 
element of the household. Given the patriarchal social structure, it was 
expected that male-headed households would have more assets, which 
would have a positive impact on household food security and household 
incomes. Membership to local community organizations was the main 
predictor of social capital while total livestock units, the farm implement 
index, and types of housing structures were used to predict physical 
capital. For financial capital, access to credit and remittances and annual 
household incomes were used.

Food security is commonly represented by an assessment of four 
interrelated areas (availability, access, nutrition and stability) (FAO, 
2006). Due to a lack of a comprehensive set of variables, the number 
of months for which the household was food secure was used as a 
proxy for food self-sufficiency. Central to this exploration is the 
examination of the diverse array of assets owned by female-headed 
households and their utilization in agricultural production. 
Understanding how these assets are mobilized and leveraged by 
women in agricultural activities is essential for elucidating the 
pathways through which SLM innovations are adopted and integrated 
into farming practices. By analyzing the relationship between asset 
endowment and the uptake of SLM techniques among women, the 
study aims to shed light on the factors that drive or inhibit the 
adoption of SLM practices. Thus, the results of this study could 
be used as a basis for scaling-up current projects and the design of 
new projects.

3 Results and discussion

The basic socio-demographic characteristics of the male and 
female headed households included in the survey are shown in 
Table 4. Of the six descriptors, only three were statistically significant 
namely the age of the household head, household size and average 
land size allotted to SLM practices. Male headed households had a 
larger farms and allocated about 56% of their farms to SLM practices 
compared to 98% for females. This is largely attributed to the fact that 
the program had a deliberate focus on integrating SLM among female 
heads who are often not included in development initiatives.

About 78% of the household heads were married with an average 
of 6 members per household. Approximately 49 and 33% had primary 
and secondary level education, respectively. The mean age of the 
sample was 45 years, with a wide variation from 20 to 95 years. On 
average, household heads attended 12 agricultural extension meetings 

TABLE 3 Description of response and predictor variables in Equation 3 (key drivers of household food self-sufficiency).

Variable name Variable description

Dependent

Household food self-sufficiency 1—if household had enough food per year; 0—Otherwise.

Independent

Gender 1—if household head is a man; 0—if household head is a woman.

Mstatus1 1—if head of household is married; 0—Otherwise.

Agehhhead Age of household head in years.

Primaryeduc 1—if head of household attained primary level education; 0—Otherwise

Secondary 1—if head of household attained secondary level education; 0—Otherwise.

Hhsize Number of members in the household.

Arableland Size of the arable land holding owned in hectares.

Decisionman 1—if decision on land use is made by man; 0—Otherwise

Decisionwoman 1—if decision on land use is made by woman; 0—Otherwise

Decisionboth 1—If the decision on land use is made by both; 0—Otherwise

Farmimplindex A weighted average of the number of farm implements owned (ox plough; cultivator; ripper; hoes; tractors; harrow).

Typeofhousehold 1—if household is male headed; 0—if household is female headed.

Cropdiversity A weighted average indicating the range of crops grown by farmer.
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per year, with both men and women belonging to at least one 
community-based organization. The mean household income was 
ZMW2050.37. Only 12% of the households had received agricultural 
loans. About 70% of the households revealed that they had access to 
enough food throughout the year. Households were diversified in 
terms of cropping systems, with four crops on average being grown by 
each household.

3.1 The role of assets in income generation 
and food self sufficiency

The Log Likelihood ratio test (Wald Chi2 = 212.71, p < 0.05) 
indicated that there was a statistically significant relationship between 
the assets owned by the household, food self-sufficiency and 
household incomes. We report the role of the five types of assets or 
capital separately in the next sub-sections.

3.1.1 Human capital
Educational attainment had a positive effect on household income 

and participation in SLM (p < 0.05). Further, households headed by 
men were more likely to have a higher annual income compared with 
women headed households. The positive effect of educational 
attainment on household income corroborates findings from various 
studies emphasizing the role of education in improving livelihoods and 
breaking the cycle of poverty in rural areas (Vilorio, 2020). Education 
empowers individuals with knowledge and skills that enhance their 
productivity, earning potential, and ability to adopt innovative practices 
such as SLM (Adimassu et al., 2016). The finding that households 
headed by men tend to have higher annual incomes compared to those 
headed by women aligns with previous research from rural Zambia 
highlighting the mediating effect of gender in access to and control 
over resources (Namonje-Kapembwa and Chapoto, 2016; Ngoma-
kasanda and Sichilima, 2016; Pelekamoyo and Umar, 2019; Ngoma 
et al., 2021). Using a nationally representative panel data set, Namonje-
Kapembwa and Chapoto (2016) found that rural men in Zambia are 
more likely than women to access credit, own and cultivate large pieces 
of land, and have high productive asset value. Differences in access to 
education and credit between men and women have been identified as 
key factors contributing to agricultural income disparities in Ghana, 
Ethiopia and Malawi (Yokying and Lambrecht, 2020; Kang et al., 2020).

On average, each household had a total of 6 members. In addition, 
there were approximately three males and three females in each 
household. Human capital was further examined by comparing labour 

use by men and women in tillage activities. On average, 1 to 2 adult 
men were involved in providing labour for conventional tilling, 
ploughing with oxen or the use of a ripper. A similar pattern of labour 
allocation was evident for women for the same activities. A 
characterization of the mean number of days allocated for each of the 
main activities was made (Figure 3).

Women invested more days (11.7) under conventional tilling 
methods that relied on using hoes when compared to men (10.2). 
However, men allocated more labour days (5.6) to oxen and plough-
based tillage compared to 3.9 days for women. Thus, women were 
involved in more menial and labour-intensive activities than men. 
Similarly, Nyanga et al. (2012) found that women were more engaged 
in hand-hoe based tillage while the men dominate animal draft 
powered tillage in their study of smallholder farmers in southern, 
eastern and central Zambia. In many agricultural communities, the 
use of manual labour and animal draught power in tillage plays a 
crucial role in crop production. Studies have shown that men and 
women have different roles and access to these sources of power, 
which can have various implications for their food self-sufficiency. 
This gender disparity in access to animal draught power can result 
from cultural norms and lower access to physical assets by women 
(Singh et al., 2013; Rao, 2012). In many societies, there are cultural 
norms that dictate gender roles and responsibilities. Women are often 
assigned household chores and caregiving tasks, while men take on 
roles that involve decision-making and control over productive 
resources (Pelekamoyo and Umar, 2019). These cultural norms restrict 
women’s access to physical assets such as land and livestock, which are 
essential for utilizing animal draught power in tillage. As a result, 
women are left to rely more on manual labour for tillage and other 
farming activities (Peterman et al., 2014).

3.1.2 Natural capital
The average land holding was 6.6 hectares. This is lower than the 

national average for rural households of 14.1 hectares but comparable 
for the average for the Eastern province which is 5 hectares (IAPRI, 
2019). Decisions on land use were mostly made by men (55%). The 
probability of earning more income was higher amongst households 
with smaller farm sizes. The inverse relationship between farm size 
and household income, where smaller farms are associated with 
higher probabilities of earning more income, is consistent with the 
concept of sustainable agricultural intensification. Sustainable 
agricultural intensification focuses on maximizing productivity and 
profitability on limited land resources through efficient use of inputs, 
diversification of crops, and adoption of sustainable farming practices 
(Reich et  al., 2021). Smallholder farmers often employ intensive 
farming methods to optimize yields per unit of land, contributing to 
higher incomes despite limited land holdings (Vanlauwe et al., 2014; 
Fuchs et al., 2019; Diao et al., 2023).

3.1.3 Physical capital
Livestock and farming implements were used to represent physical 

capital available to the farming households. Livestock rearing was less 
common than crop production with only about 20 and 18% of woman 
headed and man headed households, respectively, engaged in cattle 
production (Table 5) and lower percentages for other livestock types, 
except for chickens.

These percentages are lower than the national average which are 
36, 43 and 16% for cattle, goats and pigs, respectively, for households 

TABLE 4 Socio-demographic descriptors among male and female headed 
households.

Female Male p-value

Age of household head (years) 48.42 44.97 0.005**

Household size 5.31 6.33 0.000**

Number of extension meetings 

per annum

12.06 13.05 0.623

Mean land holding (ha) 2.74 7.64 0.530

Mean land size allotment to SLM (ha) 2.71 4.28 0.043**

Annual household income (ZMW) 2,282 1925 0.447

**Significance at 5%.
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headed by men and 23, 36 and 13% for cattle, goats and pigs for 
households headed by women. Noteworthy from our results are the 
slightly higher percentages of women headed households owning 
cattle, goats, pigs and chickens. We attribute this result to the recent 
trend by agricultural development interventions of targeting women 
headed households in projects that increasing include provision of 
such livestock types. While the numbers of livestock owned by women 
headed households are lower (6 for cattle and goats) than those for the 
men (8 for cattle and goats) (IAPRI, 2019), this trajectory of more 
women headed households owning livestock is likely to improve their 
household food self-sufficiency and incomes. To achieve this however, 
women’s access to animal draught powered implements such as 
ploughs, rippers, cultivators and ox-carts would have to be improved, 
from the very low current levels.

Livestock asset ownership and crop diversity were important 
drivers of household food self-sufficiency (p < 0.05). A previous study 
from Southern Zambia has similarly reported livestock incomes and 
ownership as important in moving towards household food Security 
(Nkomoki et al., 2018). Livestock assets are essential to the rural poor 
for affordable nutrition, animal draught power and improving soil 
health through animal manure amendments (Shackleton et al., 2005; 
Erdaw, 2023).

The most commonly owned farming implements were the 
traditional hoe and ploughs or rippers (Table 6).

The low ownership of animal draught powered implements has 
implications on the performance of agricultural activities such as 
tillage, weeding and transportation. Inadequate access to animal 
draught power limits the maximum land that farming households can 
till at the start of the farming season and delays farming operations for 
those that depend on borrowing such farm implements, with 
implications on crop yields and household food security.

3.1.4 Social capital
The social capital variables of local community membership by 

men and women had a statistically significant effect on participation 
in SLM initiatives and on accessing credit. In Zambia, provision of 
agricultural extension services to farmers is commonly done through 
groups. Thus, household members belonging to various community 
organizations are more likely to participate in training on SLM and 
subsequently adopt it, with cascading effects. For instance, community 
organization membership can provide networking opportunities and 
connections which may empower individuals or groups with various 
business ventures to enhance income generation, and nutritional 
programmes to address issues of food insecurity (Nkomoki et  al., 
2018). Further, such membership potentially leads to higher farm 
yields and household income (Ma and Abdulai, 2016). However, 
participation in community organizations is not costless. Requirements 

FIGURE 3

Average number of days allocated to tillage by men and women.

TABLE 5 Livestock ownership among woman and man headed 
households.

Livestock type
Woman headed 

household
Man headed 
household

% of respondents % of respondents

Cattle 19.7 17.9

Goats 17.2 14.5

Sheep 1.1 0.3

Donkeys 0.5 0.4

Pigs 10 8.5

Chickens 37.1 25.5

Ducks 6.3 5.3

Guinea fowls 1.7 2.1

Pigeons 1.7 1.8

Turkeys 2.2 1.6
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of membership fees and limits on the number of household members 
that can belong to a community organization curtails participation by 
the poorest farmers and by women. Community organizations 
commonly prescribe that only one household member can belong to 
the organization. It is invariably the man, culturally considered the 
indisputable household head who joins, depriving other household 
members of the benefits derived from participation.

3.1.5 Financial capital

3.1.5.1 Influence of participation in SLM projects on 
women’s incomes

On average, the probability of participating in an SLM project in 
the last 3 years was 66%, with a minimum of 6% and a maximum of 
99%. Generally, there was overlap between treated and untreated cases 
indicating that there was common support (see Figure 4). Table 7 
indicates the summary of the p-scores.

Furthermore, the T-tests also showed that there were no 
significant differences between the two groups except for the number 
of extension meetings, age of household head and household size 
(Table 8).

The results of the comparison between participants and 
non-participants is indicated in Table 9.

Generally, women that participated in SLM projects earned 
ZMW2004.89 compared to ZMW1877.21 among similar 
non-participating women. Thus, the average treatment effect (ATT) 
was positive indicating that there is an incentive for women to 
participate emanating from greater income streams (ZMW127.69). 
Clearly, the bias can be observed prior to matching of cases as the 
amount earned among participants (ZMW2004.89) was lower than 
that of non-participants (ZMW2703.91). This underscores the 
importance of matching across the two sub-groups.

The mixed-process regression analysis revealed significant findings 
regarding the factors influencing farmers’ participation in SLM, 
household food security, and household income (Table 10). The Wald 
chi-square test statistic (37) yielded a value of 212.71, indicating a 
significant overall effect of the predictors on the outcomes. The log 
pseudo likelihood value of −909.39535 suggests a good fit of the model 

to the data. Additionally, the error terms atanhrh_12, atanhrh_13, and 
atanhrh_23 values of p = 0.898, p = 0.342, and p = 0.161, respectively, 
indicate the non-significant relationships between pairs of variables. 
For the participation in SLM projects, several significant predictors 
emerged. Participation in community organizations organized by men 
and women significantly influenced participation in SLM projects, with 
coefficients of 0.50 and 0.74, respectively (p < 0.001). Moreover, having 
secondary education (p = 0.049) and primary education (p = 0.059) 
showed significant positive associations with participation in SLM 
projects. Other factors such as gender, marital status, household size, 
access to credit, and ownership of farm implements and livestock did 
not show significant associations with participation in SLM projects.

Regarding household food security or food self-sufficiency, livestock 
assets index (p = 0.003), arable land (p = 0.011), and crop diversity 
(p = 0.001) were found to be significant predictors. Decision-making by 
men (p = 0.034) also significantly influenced household food security, 
while decision-making by both men and women showed a marginally 
significant association (p = 0.073). Other variables such as gender, 
marital status, age of household head, education levels, household size, 
and participation in community organizations did not show significant 
associations with household food security. In terms of household 
income, significant predictors included gender (p < 0.001), participation 
in community organizations organized by men (p = 0.019), and arable 
land (p < 0.001). Livestock assets index (p = 0.812) and participation in 
community organizations organized by women (p = 0.167) were not 
significant predictors of household income. Other factors such as 
educational attainment, household size, and ownership of farm 
implements did not show significant associations with household income.

3.2 Interplay of socio-economic factors 
and agricultural practices on farmers’ 
participation, food security, and income

The mixed-process regression analysis provides valuable insights 
into the complex interplay of factors influencing farmers’ participation 
in SLM projects, household food security, and household income, 
offering implications for policy and interventions aimed at promoting 
sustainable agricultural practices and enhancing rural livelihoods. 
These findings are consistent with previous studies that have highlighted 
the importance of various personal, economic, socio-institutional, and 
biophysical attributes in farmers’ decisions about the adoption of SLM 
practices (e.g., Gedefaw et al., 2018). Ensuring household food security 
is a crucial aspect of agricultural development and sustainable 
agricultural intensification. This requires understanding the factors that 
contribute to food security and identifying factors that can help 
improve it. The results from the study indicate that several factors have 
a significant influence on household food security. These factors include 
the livestock assets index, arable land, and crop diversity. This suggests 
that households with more livestock assets, larger amounts of arable 
land, and diverse crops are more likely to have food security.

Furthermore, the study found that decision-making by men 
significantly influenced household food security. This implies that 
households where men play a prominent role in decision-making are 
more likely to have better food security, as argued by Mwangi et al. 
(2020). These findings highlight the importance of livestock assets, 
arable land, and crop diversity in ensuring household food security. 
This study also examined predictors of household income and notes 

TABLE 6 Farming implements owned by woman and man headed 
households.

Farm 
implement

Woman-headed Man-headed

% of respondents % of respondents

Tractor 0.8 0.8

Ox-plough/ ripper 16.7 15.8

Ridger 2.9 3.4

Cultivator 1.2 1.8

Ox-cart 7.9 9.2

Harrow 2.5 2

Yoke 12 11.4

Chain 15.1 15.4

Traditional hoe 50.1 34

Chaka hoe 8.7 7.5

Wheel barrow 2.9 2.1
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FIGURE 4

Propensity score graph showing common support between participants and non-participants.

TABLE 7 Likelihood of participating in SLM projects based on probability scores.

Variable Obs Mean Std. Deviation Minimum Maximum

Propensity score 546 0.6611722 0.248189 0.0665678 0.9999852

TABLE 8 T-tests of key covariates between treated and control groups.

Variable
Mean t-test

V(T)/V(C)
Treated Control %Bias t p >  ItI

mstatus1 0.4412 0.1471 14.8 1.01 0.314 .

ageofhead 50.147 52.5 −17.5 −1.28 0.201 3.25*

hhsize 4.9412 5.0294 −3.7 −0.25 0.803 1.77*

primaryedu 0.60294 0.60294 0.0 −0.00 1.000 .

numextmeetings 18.765 14.074 37.6 2.11 0.037 3.85*

Livassetindex1 0.39706 0.32353 14.8 0.89 0.376 .

Farmimp11 0.25 0.39706 −38.6 −1.84 0.068 .

mkpartic2 0.30882 0.29412 3.5 0.19 0.853 1.03

awareslm 8.9706 8.2794 22.7 1.34 0.182 0.62

decisionfemale 0.17647 0.17647 0.0 −0.00 1.000 .

cropdiversity 4.3676 4.0441 17.5 1.09 0.280 1.26

*Significance at 5% level.

TABLE 9 PSM results of the comparison between women participants and non-participants.

Variable Sample Treated Controls Difference SE T-stat

HH income Unmatched 2004.89706 2703.90741 −699.010349 923.4298 −0.76

ATT 2004.89706 1877.20588 127.691176 2237.70897 0.06

ATT is defined as the average effect of a project intervention on the treated group of individuals participating in a project or program (Wei et al., 2022).
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TABLE 10 Link between participation in SLM projects, food self-sufficiency and household incomes.

Variable Coefficient 95%CI p-value

Participation in SLM project

Gender 0.14 −0.162, 0.442 0.362

Head of household 0.01 −0.002, 0.016 0.146

Primary education 0.34 −0.013, 0.694 0.059

Secondary education 0.39 0.001, 0.771 0.049

Household size −0.01 −0.060, 0.035 0.611

Received credit not subsided −0.02 −0.389, 0.352 0.921

Participation in community organized by men 0.50 0.284, 0.704 <0.001

Participation in community organized by women 0.74 0.493, 0.979 <0.001

Faming implement index 0.05 −0.025, 0.127 0.186

Livestock assets index 0.01 −0.097, 0.114 0.868

Arable land 0.02 −0.033, 0.083 0.401

Household food secure/ food sufficient

Gender 0.56 −0.122, 1.253 0.107

Marital status 0.07 −0.625, 0.756 0.852

Age of household 0.01 −0.004, 0.014 0.250

Primary education −0.00 −0.325, 0.317 0.980

Secondary education 0.11 −0.244, 0.471 0.534

Household size 0.02 −0.063,0.027 0.432

Decision male −0.84 0.065,1.618 0.034

Decision female 0.29 −0.284,0.864 0.322

Decision both 0.73 −0.068,1.522 0.073

Participation in community organized by men 0.06 −0.102,0.230 0.451

Participation in community organized by women 0.04 −0.109,0.191 0.599

Faming implement index 0.04 −0.034,0.107 0.313

Livestock assets index 0.17 0.058,0.276 0.003

Arable land −0.00 −0.003, −0.000 0.011

Crop diversity 0.09 0.036, 0.148 0.001

Household income

Gender −0.59 −0.879,0.297 <0.001

Head of household −0.00 −0.009,0.008 0.885

Primary education 0.26 −0.048,0.575 0.097

Secondary education 0.22 −0.121,0.563 0.206

Household size 0.02 −0.026,0.066 0.398

Received credit not subsidized −0.03 −0.349, 295 0.868

Participation in community organized by men 0.19 0.032, 0.353 0.019

Participation in community organized by women −0.11 −0.272,0.047 0.167

Faming implement index −0.01 −0.076, 0.057 0.770

Livestock assets index −0.01 −0.109, −0.086 0.812

Arable land −0.00 −0.002, −0.001 <0.001

that gender, participation in community organizations by men, and 
arable land are significant predictors of household income. Other 
studies have suggested that promoting gender and participation in 
community organizations can have positive impacts on both household 
food security and income (Gazuma, 2018; Das and Singh, 2020).

4 Conclusion

Our study focuses on the critical intersection of SLM practices 
and their implications on household incomes and food self-sufficiency, 
particularly highlighting the role of women. Our analysis has revealed 
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several significant insights. Firstly, SLM practices play a substantial 
role in shaping household incomes and food security outcomes. This 
highlights the importance of adopting environmentally friendly and 
sustainable farming techniques that not only conserve natural 
resources but also contribute to economic prosperity and food security 
for rural households. The mediating role of assets in pathways towards 
resilience and sustainable livelihoods is echoed. Human capital, in the 
form of education had a positive effect on income and participation 
in SLM. Households headed by men were more likely to have higher 
incomes compared to those headed by women. Households with less 
natural capital, that is, smaller land parcels earned more income from 
the land, through intensification. Access to motorized and animal 
draught power was low for both man and woman headed households, 
with a slightly higher percentage of women headed households 
owning cattle, goats and chickens but still more dependent on manual 
tillage and weeding. Men had more social capital as revealed by their 
higher participation in community organization, which positively 
impacted participation in SLM while women’s participation in SLM 
increased their incomes.

Secondly, our findings emphasize the disproportionate impact of 
SLM practices on women. Despite their pivotal role in agricultural 
production and food security, women often encounter systemic 
barriers that restrict their access to resources and decision-making 
authority within the agricultural sector. Addressing gender disparities 
and promoting women’s inclusion in SLM initiatives are crucial steps 
towards achieving climate resilient, equitable and sustainable 
livelihoods. Thirdly, our study highlights the necessity for targeted 
interventions and policy measures aimed at empowering women in 
agriculture. This includes initiatives to enhance women’s access to 
education, financial resources, and agricultural extension services, as 
well as promoting their involvement in decision-making processes 
related to SLM. Ultimately, our findings emphasize the transformative 
potential of SLM practices in fostering climate resilience, incomes, 
food security, and gender equality in rural communities. 
We recommend further research into the mediating effects of women 
empowerment programmes on SLM adoption, livestock ownership, 
and long term household food sufficiency.
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