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Household food security and income play central roles in sustainable development at the global, national, and local levels. Smallholder vegetable farming systems are widely regarded as crucial contributors to enhancing household food security and income in the developing world. Comprehensive whole-farm analysis of smallholder vegetable farming systems points out greater diversity and heterogeneity driven by interactions of socioeconomic and biophysical factors such as land profiles, land use, farm assets, enterprise income, off/non-farm activities, and household structure and expenditure. However, three distinct farm typologies exist (Resource and Livelihood Constrained Off-farm Dependent/Supplemented–RLCOD farmers, Resource and Livelihood Abundant and Commercial Oriented–RLACO farmers, and Medium Resources and Livelihoods Constrained Market Oriented–MRLCMO farmers), exhibiting significant differences and variability in structural and functional factors. The production of maize, groundnuts, soybean, and bean crops remains the primary source of livelihood for all farm typologies. Similarly, vegetable production is vital for farmers’ livelihoods in all farm types, yielding more income than food needs. However, both crop and vegetable productivity and production are still low and below the national and potential target across farm typologies. Small-scale irrigation offers one alternative solution in the context of increasing climate change. Small livestock (chickens, goats, and pigs) play a significant role in the livelihood of vegetable farmers despite their low productivity. Disparities exist across farm typologies in available arable and irrigable land, available household labor, capacity to hire additional labor, farm assets, and inputs, as well as participation in off-farm and non-labor-farm activities. While vegetable production and its proportion sold and earned income emerge as critical factors affecting household food accessibility and acquisition, additional factors such as crop production, proportion of crops sold, daily food expenditure, livestock income, and TLU significantly influence household access for different farm typologies, requiring consideration to achieve food security in vegetable farming systems.
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1 Introduction

Smallholder farming systems are key in enhancing food security and income in developing countries (Guarín et al., 2020), contributing 70 to 80% of food production and about 60% of household income (Fan and Rue, 2020; Hazell, 2020; Musafiri et al., 2020). Consequently, smallholder agriculture in the developing world is viewed as a crucial pathway for maintaining agrobiodiversity for achieving sustainable food security and income (Forsythe, 2017; Guarín et al., 2020). Smallholder farmers can conserve and use agrobiodiversity in their farming practices to build farmer resilience and enhance agricultural productivity, thereby increasing food production and income, and improving ecosystem services (Thrupp, 2000). Built upon the premise that smallholder farmers represent a significant segment of the population and cultivate a considerable portion of farmland, the pathway for smallholder agriculture development is boosting productivity, stimulating rural economies, advocating for the conservation of natural resources, and facilitating access to support from state and non-state entities (Kamara et al., 2019; Hazell, 2020).

Smallholder vegetable farming systems emerge as crucial contributors to enhancing food security by diversifying diets, meeting micronutrient needs, and generating income (Rajendran et al., 2017). By enhancing the diversification and consumption of primarily vegetable-based diets improved human health can be achieved (Ali and Abedullah., 2002). Micronutrients play a key role in balancing diets and combating malnutrition, a factor associated with a significant number of premature deaths worldwide (Mlalama et al., 2022). Moreover, vegetable production has the potential to stimulate business ventures, providing avenues for employment and income. However, the global supply of vegetables appears inadequate to meet the World Health Organization’s (WHO) minimum daily requirements (400 grams per person) for approximately 55% of the global population (Lucia et al., 2019). This situation is particularly critical in sub-Saharan Africa (SSA), where approximately 956 million people fall short of the recommended minimum daily consumption. Projections indicate that by 2050, over 1 billion people in SSA may be unable to meet the minimum daily intake of vegetables (Lucia et al., 2019; Mlalama et al., 2022). Considering further projections that by 2050, the global population will need 70% more food for human consumption than is consumed today to ensure healthy societies (Cole et al., 2018), addressing constraints in both vegetable production and consumption becomes imperative. This requires a transformation of vegetable farming systems through targeted interventions and investments, aiming to increase vegetable production among smallholder farmers and promote the consumption of healthy diets (Ebert, 2017; Gelli et al., 2020).

Smallholder vegetable farmers, while sharing certain common characteristics, such as the presence of vegetable enterprises on their farms, exhibit a notable diversity and heterogeneity in terms of resource endowments, dominant patterns of farm activities, and livelihoods diversity (Dixon et al., 2001; Tittonell et al., 2010; Guarín et al., 2020). The arrangement and management of resources, along with their flows, also appear to differ among smallholder farmers (Kuivanen et al., 2016a). This heterogeneity results in varying capabilities, incentives, aspirations, and agricultural needs for achieving food security and income among smallholder farmers (Gassner et al., 2019). Given that smallholder vegetable farmers also engage in non-vegetable crops, livestock, off-farm, and non-farm enterprises, understanding the whole-farm context of diverse smallholder vegetable farm systems and how they influence sustainable food security and income becomes crucial. The utilization of farm typologies offers a method of capturing and comprehending the complexity, diversity, and heterogeneity of farming systems by classifying farms into homogeneous groups with common characteristics (Kuivanen et al., 2016a,b; Kumar et al., 2019; Shukla et al., 2019; Guarín et al., 2020; Musafiri et al., 2020). These farms can be grouped based on shared resource endowments, such as land and capital, as well as the production and livelihoods orientation of the farms (Tittonell et al., 2010; Goswami et al., 2014; Kuivanen et al., 2016a). The choice of factors for classifying farming systems depends on the objective or purpose of classification, such as understanding the adoption of technologies and practices, resource use efficiency, and food security. These factors are considered influential in understanding the specific diversity and heterogeneity among various types of smallholder farmers (Tittonell et al., 2010; Kumar et al., 2019; Shukla et al., 2019; Musafiri et al., 2020; Innazent et al., 2022).

Some studies have classified farming systems using solely structural criteria that pertain to the physical and tangible aspects of farming or exclusively functional criteria that relate to the roles and operations within farming systems (Tittonell et al., 2010; Kumar et al., 2019). In contrast, other researchers have opted to use both structural and functional criteria for classifying farming systems, aiming to provide more comprehensive insights that reflect the realities of farms and their acceptability to policymakers (Goswami et al., 2014; Kuivanen et al., 2016b; Lopez-Ridaura et al., 2018; Shukla et al., 2019; Musafiri et al., 2020). The integration of structural and functional factors in classifying smallholder farming systems allows for capturing interactions that exist between social, economic, and biophysical factors contributing to the diversity and heterogeneity of smallholder farmers (Innazent et al., 2022). The resulting farm types are conceptually valid and relevant, representative of the farming system, and easily identified among farming households (Innazent et al., 2022). These typologies can be employed for in-depth analyses, modeling, and simulation of farms (Kuivanen et al., 2016a; Innazent et al., 2022). Furthermore, the resulting farm typologies can reveal drivers and patterns of diversity, illustrating their linkages to livelihood strategies, food security, and income (Shukla et al., 2019), as well as household farm strategies, such as land use plans and farm management techniques, and participation in innovative platforms (Tittonell et al., 2010; Guillem et al., 2012). They can also help identify opportunities and constraints within each farm system, guiding the formulation of appropriate pro-poor policies and development activities, including considerations of enterprise combinations, production systems, innovations, and agricultural technologies, for economic and environmental viability and sustainability (Tittonell et al., 2010; Kuivanen et al., 2016a; Varadan et al., 2022).

In Malawi, where approximately 65% of the population is engaged in farming, and smallholder farmers account for over 75% of food consumed (Mango et al., 2018a,b), vegetables play a crucial role, being the most widely produced horticultural crops (Mwandira, 2008). Common types of exotic vegetables in Malawi include cabbage, Chinese cabbage, rape, mustard, tomato, onion, garlic, okra, carrot, green pepper, eggplant, cucumber, turnips, lettuce, cauliflower, and broccoli. These vegetables thrive throughout the country in well-drained, friable, fertile soils, under suitable environmental conditions, and with adequate soil moisture supplied through various irrigation technologies such as watering cans, buckets, treadle pumps, motorized pumps, solar pumps, gravity-lined canals, sprinklers, and micro drip irrigation equipment (Chadha et al., 2008). Vegetables hold a significant place in the Malawian diet, providing essential vitamins and minerals for good health (Chadha et al., 2008), and serving as a source of income for farmers. This income allows farmers to access farm inputs, leading to increased output and a more diversified food supply for food security (Government of Malawi, 2021a). Recognized for their potential to improve human nutrition, boost farmers’ income, and reduce poverty in rural areas of Malawi (Government of Malawi, 2016a, 2022; Benfica and Thurlow, 2017), vegetables are also identified as priority commodities to enhance export revenue (Government of Malawi, 2021b). The national goal is thus to increase vegetable production to meet domestic demand, improve the nutrition status of both rural and urban populations, and satisfying export demand (Government of Malawi, 2021a, 2022).

We adopt the Food and Agriculture Organization’s (FAO) definition of food security which refers to the “situation when all people always have physical, social, and economic access to sufficient, safe, and nutritious food, to meet their dietary needs and food preferences for an active and healthy life” (FAO, 2021a). Currently, food security is conceptualized and evaluated in food systems in terms of six dimensions: availability, accessibility, utilization, stability, agency, and sustainability (FAO, 2021b). Despite this comprehensive framework, most farming systems analyses have primarily focused on food availability, with only a limited number of studies exploring the linkages between farming systems and food accessibility (Nicholson et al., 2021). In this study, we specifically focus on the food accessibility component of food security. Food accessibility refers to an individual’s or household’s physical and economic access to food, revealing the patterns and processes of food distribution to individuals or households. This assessment incorporates considerations of physical access, economic feasibility, safety, cultural acceptability, and household acquisition (Nicholson et al., 2021).

This paper explores the diversity and heterogeneity of smallholder vegetable farming systems in Malawi, aiming to uncover patterns and diverse livelihood strategies that contribute to enhancing food security and income within the resource boundaries of farmers. The objectives of the paper are threefold: (1) to characterize vegetable farm systems (farm typologies); (2) to outline patterns and livelihood strategies within these farm typologies; and (3) to examine the impact of vegetable production on stimulating accessibility and acquisition of food and income.

Recognizing that the definition of smallholder farmers varies across countries and agroecological zones (Bakhsh et al., 2021), we define smallholder farmers as households that operate up to 15 acres of land and largely depend on family labor for their production portfolio to meet food and income security needs. This definition aligns with the criteria set forth by Malawi’s Ministry of Agriculture, Irrigation and Water Development, which categorizes farmers based on landholding sizes into three: 0 to 15 acres (Smallholder farmers), ≥15 to 50 acres (Medium scale farmers) and ≥ 50 Acres (Large scale farmers). We address the study objectives through a comprehensive whole-farm approach, analyzing the household composition and characteristics, farming and non-farming resources and activities, food security status, income strategies, and their interactions and interrelationships between components parts of farm systems. However, we acknowledge the approach’s dependance on farmer’s recall, records, and their accuracy in providing data. This approach also confines to the farm and farm systems boundaries and requires entire look of the whole system rather than its components. It also regards common elements of biophysical systems and external influences on the farms as well as common problems, relationships, and farm adjustment possibilities. Additionally, the collection of detailed, up-to-date, and consistent data in given time and resources, and aggregation of data that conceals individual farm variability in a diverse farming system, all pose limitations of the approach to the study. The subsequent sections of the paper delineate the materials and methods, followed by results, discussion, conclusion, and policy implications.



2 Materials and methods


2.1 Study area/sites

The study was conducted in six districts across Malawi’s Central and Northern regions, namely Kasungu, Dowa, Mchinji, Mzimba North, Mzimba South, and Rumphi. Mzimba South, Mzimba North, and Dowa are major vegetable-producing districts in Malawi, while Rumphi, Kasungu, and Mchinji are considered potential districts for vegetable production (Mwandira, 2008). Each district is administratively and agroecologically divided into Extension Planning Areas (EPAs). The specific EPAs chosen for this study were: Champhira in Mzimba South, Bwengu in Mzimba North, Mhuju in Rumphi, Chiosya in Mchinji, Kaluluma in Kasungu, and Mvera in Dowa (Figure 1). Figure 1 was produced with data from the Department of Land Resources Conservation of the Ministry of Agriculture. Each EPA is further divided into administrative sections. Supplementary material S1 provides the names of the sections within each EPA where the study was conducted.
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FIGURE 1
 Study sites in the Central and Northern Regions of Malawi. Data source: Department of land resources conservation of the ministry of agriculture, irrigation and water development.


Mvera and Mhuju EPAs are situated in high-altitude areas at an elevation of 1,350 m above sea level, predominantly characterized by lithosol soils. The high-altitude areas experience higher annual rainfall, ranging between 1,000 mL and 3,000 mL, with an average temperature of 13 degrees Celsius. On the other hand, Champhira, Bwengu, Kaluluma, and Chioshya EPAs represent medium-altitude plateau areas, with elevations ranging from 750 m to 1,350 m above sea level. These areas are characterized by well-drained latosol soils on upland sites and poorly drained hydromorphic soils in rivers and streams. In the medium-altitude areas, annual rainfall ranges from 760 mL to 1,000 mL, and average temperatures fluctuate between 19 and 21 degrees Celsius. All the studied EPAs provide a suitable environment for vegetable production (Government of Malawi, 2010).



2.2 Study design

The study employed a cross-sectional household survey design, a widely adopted approach in agricultural and nutrition research for estimating the prevalence of outcomes, practices, and intervention coverage (Carletto et al., 2015). This type of survey was deemed most suitable for this study due to its cost-effectiveness, expediency, and compatibility with the study’s timeframe and budget compared to longitudinal designs. Additionally, cross-sectional surveys enable the determination of sources and drivers of diversity and heterogeneity, livelihood strategies, and food security among vegetable farmers at a specific point in time (Carletto et al., 2015). However, it is essential to acknowledge potential issues related to recall and seasonality biases, particularly if data collection occurs during a specific period of the year (Levin, 2006; Babbie, 2020).



2.3 Sampling design

The study employed a multistage sampling design. Firstly, six districts were purposively selected based on their significance in vegetable production. Secondly, we purposively selected vegetable-producing EPAs within each district, considering household dependence on agriculture and vegetables for food security and income, poverty levels, and diversity of production systems (Norwegian Church Aid, 2020). This selection process was conducted in consultation with partners, local agricultural extension agents, and project baseline reports. The third stage involved the random selection of three Sections in each EPA, as listed in Supplementary material S1. Finally, smallholder vegetable farmers were randomly chosen by the researcher from the database of smallholder vegetable producers in the Section maintained by local agricultural extension offices. This approach, incorporating random sampling and a large geographically dispersed sample, aimed to minimize potential biases in the study.

The chosen study sections include a total of 28,905 smallholder farming households, among which 13,064 (45%) are engaged in vegetable production (Supplementary material S1). The proportion of smallholder farmers producing vegetables in the study sites (0.45), total smallholder farmers in the study sites (28905), z-statistic corresponding with a 95% confidence level (z = 1.96) and confidence interval (error allowance of 5%) were used to compute the required sample size for the study using the recommended adapted statistical formula (Kothari, 2004). The calculated sample size was 376 smallholder vegetable farmers. However, to enhance accuracy, a sample size of 429 farmers was employed. This final sample size was deemed adequate for conducting a cross-sectional survey, ensuring efficient, representative, reliable, and flexible statistical analysis of the target population.



2.4 Questionnaire development and pre-testing

The questionnaire was crafted in alignment with the study objectives, the types of data needed, and the planned analysis. It included questions covering household composition and characteristics, crops, vegetables, fruit, and livestock production, as well as post-production practices. It also included household farm labor, resources (natural, physical, financial, and communal shared), off-farm and non-farm activities, and food security and nutrition. These questions were adapted from previous national and local surveys (Government of Malawi, 2017; Norwegian Church Aid, 2020). To ensure the questionnaire’s effectiveness, the initial draft underwent an expert review by study collaborators. It was also pretested with 34 farmers to assess aspects such as length, clarity, flow, and cultural appropriateness. Feedback from the pretest was incorporated into the final version of the questionnaire. The final questionnaire was then programmed into the World Bank Group’s Survey Solution Software for data collection on tablets.



2.5 Data collection

Data collection took place from October to December 2022, facilitated by a team of 12 graduate and postgraduate research assistants. To prepare the team, a comprehensive 5-day training session covered the study objectives, questionnaire content, interview techniques, and ethical considerations. Additionally, the research assistants actively participated in the two-day pretesting of the questionnaire. All members of the research assistant team had prior experience in survey work. A researcher supervised all field activities, throughout the data collection period, overseeing the research assistants and conducting regular reviews of incoming data for quality assurance. Feedback on any issues or concerns was provided to each research assistant to ensure data accuracy and integrity.



2.6 Data analysis

We employed Stata statistical software version 17 to analyze the data (StataCorp, 2021). Before the analysis, data underwent cleaning and pre-processing to identify and address errors, inconsistencies, and outlier values that could improperly influence and distort results. As a rule of thumb, outliers were defined as observations more than 1.5* Interquartile Range (IQR) below the first quartile or above the third quartile. Thus, outliers were those observations below Q1-1.5*IQR and above Q3 + 1.5*IQR. All identified outliers were removed and subjected to winsorization. Quantitative continuous variables for principal component analysis were normalized. Following the exploratory analyses, we employed two widely used multivariate statistical techniques, Principal Component Analysis (PCA) and Cluster Analysis (CA), to detect similarities and differences across several structural and functional characteristics (Guarín et al., 2020) and to categorize vegetable farming systems (Kuivanen et al., 2016b). PCA served as a dimension reduction technique for handling numerous highly correlated variables by transforming them into uncorrelated principal components that account for maximal variance (Jollife and Cadima, 2016). Only principal components meeting the Kaiser criterion (with an eigenvalue exceeding 1.00), screeplot inflection point, 60% minimum cumulative percentage of variance, and demonstrating conceptual meaning or interpretability in relation to the vegetable farming system were retained (Goswami et al., 2014; Kuivanen et al., 2016a). We used orthogonal rotation (varimax method) to identify a smaller number of highly correlated variables under each component for easy interpretation (Goswami et al., 2014).

Using the retained components from PCA, we applied a two-step clustering approach, in CA, to classify smallholder farmers into clusters of vegetable farming systems. Firstly, we conducted hierarchical agglomerative clustering using Euclidean distance and Ward’s method on scores to define the appropriate number of groups or clusters (k) based on the dendrogram (Goswami et al., 2014). We determined the optimal cluster cut-off point for the dendrogram by assessing the level of dissimilarity between clusters, where each cluster maximizes both intra-cluster similarity (homogeneity) and inter-cluster differences (heterogeneity; Kuivanen et al., 2016a; Lopez-Ridaura et al., 2019). Secondly, we used the number of clusters from the Ward’s method to perform k-means (non-hierarchical) clustering to delineate and validate an optimal number of farm types based on their meaning and relevance. The combination of hierarchical followed by k-means techniques provides robust clustering solutions (Everitt et al., 2011). Cross-tabulation and Descriptive statistics were performed to profile, characterize, and understand the structure and behavior of each cluster (Innazent et al., 2022). Additionally, we conducted a one-way analysis of variance (ANOVA) to test for significant differences across clusters and identify the variables responsible for differences among clusters (Kumar et al., 2019). ANOVA addresses issues of multiple pairwise testing (Type I error) by analyzing variance between and within groups (Seltman, 2018).

Following the construction of farm typologies, food accessibility, and acquisition were evaluated for each farm typology. While various measures of food accessibility exist, such as Household Food Security Scale (HFSS), Household Food Insecurity Access Scale (HFIAS), Food Insecurity Experience Scale (FIES), Household Hunger Scale (HHS), and Coping Strategies Index (CSI), we employed the Food Consumption Score (FCS) and Household Dietary Diversity Score (HDDS) because of their ability to capture multiple dimensions of food accessibility and acquisition, and for being less time-consuming and costly to collect data for their construction. The FCS was determined by multiplying the household consumption frequency of eight food groups (the number of days a particular food was consumed) in a week by their respective assigned weights and summing up the values. The resulting household FCS is then compared against the minimum standard score of 35 to assess food security status. The HDDS was determined using 12 equally weighted food groups (each food group assigned an equal weight of (1) over the past 12 h, 24 h, and 7 days and compared to the population distribution of scores for these groups (Kennedy et al., 2010). Supplementary material S2 provides details on the food groups and weights used in constructing these scores. One-way analysis of variance FCS and HDDS scores was conducted to test for significant differences across farm typologies (Kumar et al., 2019). Furthermore, a multiple linear regression model was employed to examine the contribution of different variables to food accessibility and acquisition in each farm typology. Specifically, each of FCS and HDDS was regressed over the combination of vegetable, crop, livestock, off-farm, non-farm, and household socioeconomic factors as predictors. Assumptions of normality, linearity, homoscedasticity, and absence of multicollinearity were checked before analysis. Bootstrapping, a resampling technique, was used to derive robust standard errors and confidence intervals where assumptions were violated (Fox and Weisberg, 2018).



2.7 Selection of variables for farmer typology construction

Generally, the purpose of constructing farm typologies guides the process of variable selection, with factors proven to affect the diversity of farmers being chosen. Additionally, the use of local expert and stakeholder knowledge is beneficial in selecting variables (Pacini et al., 2014). The selection of variables in this study was informed by the diversity in smallholder farming households in Malawi, rooted in inequalities in resource endowments, access to institutions and markets, and socioeconomic vulnerability (Makate and Mango, 2017). Households well-endowed with resources are more likely to engage in diversified enterprises for food security and income compared to less-endowed households. However, households with similar resources and opportunities do not always choose the same portfolio of farming activities due to differences in smallholder farmers’ objective functions (related to income, consumption, and other livelihoods) and socioeconomic characteristics (such as wealth, power, ethnicity, and social class; Makate and Mango, 2017). Thus, a combination of farm, off-farm, and non-farm activities, along with socioeconomic factors, constitutes major sources of diversity among smallholder farmers. We defined the diversity and heterogeneity of vegetable farming systems as a function of 27 structural and functional variables, induced and stimulated by both internal and external characteristics, respectively (Shukla et al., 2019).




3 Results


3.1 Principal component analysis and cluster analysis

The PCA yielded 11 components whose eigenvalues were above one (Figure 2), in accordance with the Kaiser criterion. These 11 components collectively explain 76.61% of the total variations in smallholder vegetable farming systems (Supplementary material S3A). To facilitate the interpretation of these 11 components, the orthogonal rotation using the Varimax Method, identified a smaller number of highly correlated variables under each component (Supplementary material S3B). All correlation coefficients between the original variables and the principal components with an absolute value greater than or equal to 0.30 were retained for interpretation.
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FIGURE 2
 Principal component analysis scree plot of the eigenvalues and number of components.


Components 1 and 2 represent Rainfed Crop Production on Arable Land and Irrigated Vegetable Production and Income, respectively. Component 1 explains 14.9% of variations among smallholder vegetable farmers. It shows variations that exist because of differences in arable land utilization driven by the size of arable land farmed and rented, and the extent of rainfed crop production (number of crop enterprises farmed and their land allocation). Component 2 explains 10.4% of variations among vegetable farmers. This component shows that differences in land size under irrigated vegetable production, types of vegetable enterprises cultivated, areas allocated to each vegetable enterprise, extent of vegetables sold, and amount of income earned from the sales of vegetables also contribute to variations among vegetable farmers.

Components 3 and 4 are associated with Arable Land Profile and Off-farm Participation and Income, respectively. Arable land profile accounts for 6.3% of variations among smallholder vegetable farmers. This component showcases distinctions in the sizes of owned land, arable land, and arable land left uncultivated by smallholder vegetable farmers. Off-farm participation or involvement in off-farm activities, encompassing casual labor, cash for work, social cash transfer programs, public works programs, sales of honey, charcoal and firewood, and inputs for work, along with their earned income, elucidates 6.1% of variations among smallholder vegetable farming systems.

Components 5, 6 and 7 are linked with Irrigated Crop Production, Non-farm Participation and Income, and Irrigable Land Profile, respectively. Component 5 elucidates 6.1% of variations among smallholder farmers. It highlights the extent of irrigated land utilization for crop production, excluding vegetables, by examining the land allocated to various crop enterprises. The size of land allocated to crops is positively related to the size of the farmed irrigated land. Therefore, an increase in irrigated land not only augments the land allocated to vegetables but also to other crops. Component 6 explains 6% of variations among vegetable farmers and is characterized by participation in non-farm activities, including formal employment, business or petty trading, artisan work (such as building and carpentry), and non-farm value-adding activities, along with their corresponding income earnings. Component 7 accounts for 5.9% of variations among smallholder vegetable farmers. This component reveals that variations among farmers are influenced by differences in the size of the irrigable land owned and the size of irrigable land that remains unused by smallholder vegetable farmers.

Components 8 and 9 embody Household Size and Family Labor, and Crop Income, respectively. Component 8 accounts for 5.8% of variations among farmers, highlighting household size and extent of family labor as key socioeconomic variables explaining variations among smallholder vegetable farmers. This component provides insights into household characteristics, working dynamics, and the productivity of family members. Component 9 explains 5.8% of variations among farmers. It illustrates variations attributed to differences in the proportion of crops sold and the income earned by the vegetable farmer. This component highlights distinctions in the objectives of crop farming and their alignment with market-oriented strategies.

Components 10 and 11 are related to Rented Irrigable Land and Daily Food Expenditure, and Household Farm Assets, respectively. Component 10 explains5.1% of the variations among farmers. The variations that arise due to differences in the size of the rented land and the amount of daily food expenditure. The higher the daily food expenditure, the greater the amount of land needed to be rented for irrigated production, possibly indicating higher food requirements. Component 11 is the final component that explains 4% of variations among smallholder vegetable farmers. This component reflects the differences in farm assets, their economic value, and how they influence the farming system.

These 11 components have revealed several structural and functional factors that explain a greater diversity and heterogeneity among smallholder vegetable farmers. However, the CA which maximizes both intra-group similarity and inter-group differences yields a dendrogram (Figure 3) that indicates three clusters of smallholder vegetable farm typologies that exist and are joined together as the level of dissimilarity increases. The k-means clustering method that followed in the CA confirmed three as the optimal number of clusters of farmers. It optimized the distribution of farmers into three clusters and tabulated them by sex of the household head and name of EPA (Table 1). The results indicate that more than 80% of smallholder vegetable farmers across all three farm typologies, are male-headed households, suggesting either lower participation of female-headed households in vegetable farming or the inherent gender characteristics. All three farm types are present in all EPAs (Table 1), indicating their prevalence across all geographical regions of central and northern Malawi.
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FIGURE 3
 Dendrogram for vegetable farm systems cluster analysis.




TABLE 1 Tabulation of farmers into three farmer types by sex of the household head and name of EPA.
[image: Table1]



3.2 Characterization of vegetable farm systems (Farm Typologies)

Table 2 displays Descriptive Statistics that show the mean value of each of the structural and functional variables used in profiling farm typologies. The table also shows the results of ANOVA that indicate significant differences in variations among the three farm types and the variables responsible for these differences.The Tukey’s post hoc testresults that followed ANOVA are also presented in Table 2 for pairwise comparisons of each variable.



TABLE 2 Descriptive statistics of variables and ANOVA of farm typologies.
[image: Table2]

Farm Type 1 represents Resource and Livelihood Constrained Off-farm Dependent (RLCOD) Farmers, constituting 34.27% of the sampled farming households. These farmers face significant constraints in resource endowments and livelihood factors, relying also on off-farm income. With an average landholding of 1.91 acres, of which 1.66 acres are arable land and 0.25 acres are irrigable land, these farmers cultivate approximately 1.5 acres of arable land, leaving only about 0.18 acres unfarmed. Regarding irrigable land, they cultivate around 0.22 acres, leaving minimal unfarmed irrigable land (0.02 acres). These farmers also have the capacity to rent about 0.1 acre of arable land and 0.02 acre of irrigable land. Rainfed crop production covers nearly all arable land (1.6 acres), while the size of irrigated land for crop production is approximately 343 m2, smaller than the land allocated to vegetable production (405 m2). However, both total crop production and vegetable production are relatively low at 1298 kgs and 373 kgs, respectively. These farmers retain 70.77% of crops and 56.39% of vegetables for food, signaling their reliance on crops rather than vegetables for food security. Similarly, the mean income from crop and vegetable production is lowest at MK160,759.30 and MK115,121.70, respectively. Despite this, the proportion of vegetables sold (44%) exceeds the proportion of crops sold (29%), indicating that most vegetables produced are sold in the market rather than consumed by the household. The mean Tropical Livestock Unit (TLU) is small (about 0.49) and the Livestock-related income is also modest(MK15,582.76). These farmers earn a higher mean monthly off-farm income (MK12,057.82) compared to non-farm income (MK10,408.16), highlighting that their livelihoods are more supplemented by off-farm activities. Additionally, these farmers have a lower mean farm asset value (MK58,802.99) and lower daily food expenditure (MK2,881.51).

Farm Type 2 comprises Resource and Livelihood Abundant and Commercial Oriented (RLACO) Farmers, constituting 13.05% of the sampled farmers. These farmers possess abundant resource endowments and livelihoods characterized by a commercial orientation. With an average landholding size of about 7 acres, including 6.14 acres of arable land and 0.86 acres of irrigated land, these farmers cultivate approximately 5.57 acres of arable land, leaving about 0.56 acres of unfarmed arable land. Regarding irrigable land, they cultivate about 0.80 acres, with minimal unfarmed irrigable land (0.06) left. These farmers also have the capacity to rent about 1.32 acres of arable land and 0.07 acres of irrigable land. Rainfed crop production covers 5.3 acres, representing almost all rainfed cultivated arable land. Irrigated crop production accounts for about 1765.73 m2, larger than the size of irrigated land allocated to vegetable production (988.16 m2). This suggests that these farmers prioritize crop production over vegetable production during irrigated farming. Both crop production and vegetable production are high at 7218 kgs and 2,721 kgs, respectively. The farmers retain 50.1% of crops and 47.8% of vegetables for food suggesting their equal emphasis on food security. Similarly, income from crop and vegetable production is substantial at MK2,337,517.00 and MK719,816.60, respectively. However, the proportion of vegetables sold (52%) is slightly higher than the proportion of crops sold (50%), indicating that these farmers produce both crops and vegetables primarily for the market rather than household consumption. These farmers have a substantial size of TLU (2.1) and high income from livestock (MK155,401.80) However, they have the lowest monthly off-farm income earnings (MK4,196.43) and the highest non-farm income earnings (about MK57,142.86). This suggests that part of their livelihood is largely supplemented by non-farm activities. They possess a mean farm asset value of MK1,595,388.00 and a daily food expenditure of about MK4,859.82.

Farmer Type 3 represents Medium Resources and Livelihoods Constrained Market-Oriented (MRLCMO) Farmers, constituting the largest proportion (52.68%) of the sampled households. These farmers are characterized as medium-resourced and livelihoods constrained but with a market-oriented production focus. They possess an average landholding size of 4.0 acres, including 3.44 acres of arable land and 0.58 acres of irrigable land. The farmers cultivate about 2.78 acres of arable land, leaving about 0.66 acres of unfarmed arable land. In terms of irrigable land, they cultivate about 0.46 acres, with 0.12 acres of unfarmed irrigable land, larger than the other types of farmers. These farmers also have the capacity to rent about 0.26 acres of arable land and 0.07 acres of irrigable land. Rainfed crop production covers most of the rainfed arable land (2.69 acres). Irrigated crop production accounts for about 784.17 m2 of land, almost the same size as the irrigated land allocated to vegetable production (723.04 m2). This suggests an equal emphasis on both crops and vegetables in their livelihoods. Crop production and vegetable production are moderate at 2614.21 kgs and 1201.56 kgs, respectively. These farmers retain 64.4% of crops and 44.0% of vegetables for food, showing their reliance on crops for food security. Similarly, income from crop and vegetable production is medium and almost equal at MK417,932.30 and MK307,517.40, respectively. However, the proportion of vegetables sold (55%) is higher than the proportion of crops sold (36%), indicating that these farmers tend to produce a greater proportion of crops for household consumption and a larger proportion of vegetables for the market. Income from livestock is MK43,163.70, with a medium number of TLU (0.7). These farmers have low monthly off-farm income earnings (MK11,692.48) but moderately high non-farm income earnings (MK44,734.51), highlighting the significant role of non-farm income in their livelihoods. The mean farm asset value is MK84,462.58, and daily food expenditure is MK4,505.67.

The ANOVA (Table 3) indicates significant differences among the three farm types (RLCOD, RLACO, and MRLCMO). While several factors exhibit significant differences across all three farm types, certain variables show no significant distinctions between RLCOD and RLACO farmers. Similarly, several factors, including unfarmed arable and irrigated land, rented irrigated land, land under irrigated vegetable production, monthly non-farm earnings, daily food expenditure, and the proportion of vegetables sold, are not statistically significant between RLACO and MRLCMO farmers. Additionally, variables such as rented arable land, livestock income, monthly off-farm earnings, household farm asset value, crop income, and tropical livestock units do not exhibit significant differences between RLCOD and MRLCMO farmers.



TABLE 3 ANOVA of food consumption scores and household dietary diversity scores.
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3.3 Resource pattern and livelihood strategies in farm systems

The analysis of land resource use in the farm typologies shows that RLACO farmers, owning the largest land size, exhibit the highest land utilization, followed by RLCOD and MRLCMO farmers (Figure 4). This trend is consistent for arable land utilization across the three farm types. However, concerning irrigable land defined as current and potential land for irrigation using smallscale irrigation methods and technologies (such as bucket, treadle pump, motorized pumps, and river diversion) with water sources from wells, dams, streams, and rivers, RLACO farmers have the highest land utilization, followed by MRLCMO and RLCOD farmers, respectively. This suggests that RLCOD farmers have a relatively higher proportion of unutilized irrigable land compared to the other farm types. Additionally, the observation that irrigated land utilization is smaller than arable land utilization for all three farm types (Figure 4) suggests greater potential for expanding production under irrigation than rainfed arable production.
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FIGURE 4
 Percentage of land utilization for farmer typologies.


The correlation among household size, family labor, and the household’s capacity to hire additional labor identifies labor constraints that affect both rainfed arable and irrigated production across all farm types. Despite the family being the major source of labor, approximately 50% of household members are unavailable to contribute to family labor across all farm types (Figure 5A). This situation appears more challenging for RLCOD farmers who also exhibit the lowest capability to hire additional labor compared to other farmer types (Figure 5B). The insufficient family labor and limited ability to hire additional labor may consequently affect the potential for expanding production and agricultural diversification within the vegetable farming systems.
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FIGURE 5
 Household size, family labour and proportion of hired labour.


The analysis of household farms shows that smallholder farmers within the vegetable farming systems possess similar types of farm assets. There is a higher proportion of farmers owning land clearing and plowing farm tools (Supplementary material S4). However, the proportion of farmers owning farm production and irrigation equipment is smaller, with the smallest ownership observed among MRLCMO and RLCOD farmers, respectively. Additionally, there is limited ownership of animal and mechanically powered equipment among the farmers. These disparities in farm assets highlight the challenges smallholder farmers face in acquiring existing and modern farm equipment and tools. Such differences can impact the type and scale of farm operations, as well as the efficiency and productivity of vegetable farmers across all farm typologies.



3.4 Crops, vegetable and livestock production and income

Despite being a vegetable farming system, crop production serves as the primary source of livelihood for over 80% of farmers across all farm typologies. However, RLACO farmers rely most on vegetable production (61%), followed by MRLCMO farmers (45%) and RLCOD farmers (39%). This pattern is mirrored in livestock production as well (Supplementary material S5A). Maize, groundnuts, soybeans, and beans are major crop combinations across all farm types. Other crop enterprises vary among farm typologies, with RLACO farmers incorporating additional crops like tobacco and sweet potato. Rainfed crop productivity is highest for RLACO farmers (Supplementary material S5B), whereas irrigated crop productivity is highest for RLCOD farmers (Supplementary material S5C). RLACO farmers exhibit greater diversity in crop cultivation compared to RLCOD and MRLCMO. Onion, tomato, and potato are common vegetables during rainfed production across all farm typologies. Regarding vegetables, RLACO farmers exhibit the highest productivity for rainfed production (Supplementary material S5D), while MRLCMO farmers demonstrate the highest productivity under irrigation (Supplementary material S5E). RLCOD farmers demonstrate greater diversification in rainfed vegetable production, despite allocating the smallest land to them. Farmers in all typologies prioritize crops over vegetables during rainfed, allocating more land and resources to them (Figures 6A,B). However, during irrigated production, all three farm types focus more on vegetables, likely due to ease of production and the need for additional income, given their higher profitability. Major enterprises during irrigation include tomatoes, beans, potatoes, leafy-vegetables, and green maize (Figure 6C).
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FIGURE 6
 Major crops and vegetables produced and sold during rainfed and irigated production.


The greater proportions of vegetables and crops are sold rather than retained for food across all farm typologies. MRCMO farmers have the highest proportion of vegetables sold (56%), followed by RLACO (52.2%) and RLCOD (43.6%) farmers, respectively. RLACO farmers have the highest proportion (49.9%) of crops sold, followed by MRCMO (35.6%) and RLCOD (29.2%) farmers, respectively (Figure 6D). Recognizing that access to market, defined by the distance to the closest used local market, plays an important role in the proportion of crops and vegetables sold (Koppmair et al., 2017), the average distance to market for crops was 0.3 km (for RLCOD), 0.8 km (for RLACO) and 0.4 km (for MRLMCO) while the average distance to the market for vegetables was 0.2 km (for RLCOD), 0.3 km (for RLACO) and 0.3 km (for MRLCMO). This suggests that all the farmers are within the closest distance to the nearest used market of 1 km. However, local vegetable markets are closer to the farmers than local crop markets possibly due to the perishability nature of vegetables and explaining a higher proportion of vegetables sold than crops for all farm typologies. Despite more than 40% of vegetables being sold across all farm typologies, the proportion of income from vegetables is smaller than the proportion of income earned from crop sales (Supplementary material S6A). RLACO farmers, which have the highest proportion of income from crop sales, show the lowest proportion of income from vegetables.

Livestock production is another livelihood option for smallholder vegetable farmers. The mean TLU was largest for RLACO (2.1), followed by MRLCMO (0.7) and RLCOD farmers (0.49). These differences emanate from variations in the number and types of livestock species owned. While chickens, goats, and pigs are the major livestock species that farmers own across all farm typologies (Figure 7), the proportion of farmers owning goats and pigs is higher for RLCOD farmers than RLACO and MRLCMO farm types. A higher proportion of RLACO farmers own cattle compared to RLCOD and MRLCMO farmers. However, the highest livestock income is realized from cattle and pigs for RLACO farmers, while for MRLCMO and RLCOD farmers, it is from goats and pigs (Supplementary material S6B). Besides farming, smallholder vegetable farmers are also involved in off-farm and non-farm activities to support their livelihoods (Supplementary materials S7A,B). Casual labor is the primary source of off-farm activities, especially for RLCOD farmers, providing the highest monthly income for the households. On the other hand, business or petty trading is the major non-farm source of income for RLACO and MRLCMO farmers, providing the highest monthly income.
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FIGURE 7
 Types of livestock owned by farmers.




3.5 Food expenditure, food consumption scores and household dietary diversity score

The expenditure patterns on major food groups consumed exhibit similarities across farm types. However, differences exist in the daily mean amount of money spent on each food group and their FCS (Figures 8A,B). Vegetables are fourth in food group expenditures for all farm typologies, meaning that a greater proportion of household income is also spent on the purchasing of vegetables. The mean FCS for all the farm typologies is above the minimum acceptable level of 35 scores. MRLCMO has the highest mean food consumption score of 54.17, followed by RLACO (53.88) and RLCOD farmers (48.70) (Table 4). This means that the majority of smallholder farmers in all three farm typologies have adequate access to and acquisition of food, as also confirmed by the box plot of FCS (Figure 8B). However, ANOVA results (Table 4) show significant differences in mean FCS for the three farm typologies. A notable significant difference is observed between RLCOD and MRLCMO farm types. Moreover, 30.61% of RLCOD farmers, 17.86% of RLACO farmers, and 20.35% of MRLCMO farmers do not have access to food, as their food consumption scores are less than the 35-score threshold (Table 4) showing the presence of food-insecure households in each farm type. The HDDS (Table 4) indicates adequate household access to food. However, ANOVA results (Table 4) show significant differences in HDDS for the three farm types over the 12-h and 7-day periods. For the 12-h period, a significant difference exists between RLCOD and MRLCMO farm types. The situation is different for the 7-day period, where a significant difference in HDDS is observed between all farm types except between MRLCMO and RLACO farmers. There is no significant difference in HDDS across all three farm types for the 24-h period. The box plot of HDDS (Figure 8C) shows the distribution of households across farm typologies over the three periods, signaling the presence of some farmers having inadequate access to food in the farm typologies over the 12-h and 7-day periods.
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FIGURE 8
 Household daily food expenditure, food consumption scores and household dietary diversity scores.




TABLE 4 Linear regression results of the impact of vegetable production on food consumption scores of farmers.
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3.6 Multiple linear regression analysis of impact of vegetable production on food consumption scores

To explore and understand how and to what extent vegetable production impacts FCS, the multiple linear regression results for RLCOD, RLACO, and MRLCMO (Table 5) provide factors that affect household food consumption. In the case of RLCOD farmers, crop production, vegetable production, and daily food expenditure are significant and positively influence access to food consumption score. This indicates that a unit improvement in these variables will significantly enhance access to food security for these farmers. However, livestock income has a negative and significant impact on household food consumption score, suggesting that further unit increase will reduce access to food security. For RLACO farmers, daily food expenditure significantly and positively influences household food consumption score. Additionally, the proportion of vegetables sold, the proportion of crops sold, and TLU are other significant factors affecting acquisition and access to food security. However, the proportion of crops sold and livestock tropical units have negative impacts on household food consumption scores, indicating that a unit increase in these two variables will contribute to a reduction in the food consumption score of the household. For MRLCMO farmers, the proportion of vegetables sold and daily food expenditure are the only significant variables that positively influence access to food security. This implies that a unit improvement in these variables will significantly enhance access to food security for MRLCMO farmers.



TABLE 5 Linear regression results of the impact of vegetable production on household dietary diversity scores.
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3.7 Linear regression results of the impact of vegetable production on household dietary diversity scores

The multiple linear regression results of the impact of vegetable production on HDDS (Table 5) also show the factors that affect household dietary diversity. Just like on FCS, crop production, vegetable production, livestock income, and daily food expenditure are significant factors that influence household or individual access to the quantity and quality of food consumed over the past 7 days for RLCOD farmers. While all other significant factors positively influence household access to food, livestock income negatively affects access to food security for this type of farmers. This means that a unit increase in income from livestock reduces household access to food security. Unlike in the food consumption score regression results, more factors are significant that influence household dietary diversity for RLACO farmers. Besides the proportions of vegetables and crops sold and daily food expenditure, vegetable and crop production also significantly influence household dietary diversity score for RLACO farmers. However, a unit increase in crop production, proportion of crops sold, and TLU negatively affect the household dietary diversity score. This implies that a further unit increase in these variables will significantly reduce these farmers’ household access to food security. For MRLCMO, the proportion of vegetables sold, vegetable income, TLU, and daily food expenditure are significant variables that influence access to food security. A unit improvement in the proportion of vegetables sold, TLU, and daily food expenditure will significantly improve household dietary diversity score.




4 Discussion


4.1 Smallholder vegetable farm systems (farm typologies)

Studies on smallholder farming systems in the SSA region recognize the existence of diverse and heterogeneous smallholder farms, influenced by a range of socioeconomic and biophysical factors. These factors include demographic characteristics, wealth, resource endowments (land, labor, and capital), farm production practices and orientations, and livelihoods strategies (Tittonell et al., 2010; Makate and Mango, 2017; Chideya-Phiri, 2018; Dunjana et al., 2018; Kamau et al., 2018; Bakhsh et al., 2021). Our PCA findings confirm a significant amount of diversity and heterogeneity among smallholder vegetable farms, as evidenced by the large number and types of principal components required to capture most of the variations among smallholder farmers. Understanding the drivers of this diversity and heterogeneity is crucial for developing interventions, policies, and strategies to support and shape the future of smallholder vegetable farming (Kamau et al., 2018). The retained 11 principal components show that socio-economic and biophysical factors, along with their interactions, play a crucial role in driving the transformation of vegetable farming systems and influencing farm typologies within and across landscapes.

Land Profile and Use, which elucidates the sizes and types of arable and irrigable land owned and unfarmed by farmers (components on arable and irrigable land profiles), plays a central role in the observed heterogeneity among smallholder vegetable farmers. They highlight the role of access to land resources in shaping the diversity and scale of farm enterprises operated by farmers. The smallholder farmers’ use of arable and irrigable land for rainfed and irrigated crop and vegetable production, along with variations in crop and vegetable production (components on rainfed crop production on arable land, irrigated vegetable production, and irrigated crop production), highlight the economic importance of crop and vegetable farm enterprises, as well as rainfed and irrigated production, in creating diversity and heterogeneity within smallholder vegetable farming systems.

Farm assets and Enterprises income are additional drivers of diversity and heterogeneity among smallholder vegetable farmers. The component associated with household farm assets marks the importance of the types and value of farm assets in influencing the heterogeneity of smallholder vegetable farmers. It also reflects differences in physical farming technologies owned and used by smallholder vegetable farmers. The variations in the extent of vegetables and crops sold and the income derived highlight significant economic differences between crops and vegetables (components on irrigated vegetable production and income and crop income). This underscores the reliance of smallholder vegetable farmers not only on vegetables for income but also on non-vegetable crops.

Household structure, Expenditure and Off/Non-farm activities are additional drivers of diversity and heterogeneity in vegetable farming systems. The components that relate to household size and family labor, rented irrigable land, and daily food expenditure, respectively, outline how household characteristics and their consumption patterns shape farming practices and the targeting of interventions. For instance, larger households have more labor for farming but with higher food costs and land rental costs, possibly to support diversified food and income strategies. Moreover, smallholder farmers’ participation in off/non-farm activities and their derived income show that they do not solely rely on agricultural production for their livelihoods but also engage in different off/non-farm activities. Their engagement contributes to the observed diversity and heterogeneity among smallholder vegetable farmers. As such, policies and development interventions addressing issues surrounding these drivers of diversity and heterogeneity would enhance smallholder vegetable production and consumption.

The CA that classified the diverse and heterogeneous smallholder vegetable farms into homogeneous groups with common socio-economic and biophysical characteristics indicates the existence of three farm typologies. These findings align precisely with the three farm types proposed by Dunjana et al. (2018): “(i) resource-endowed, commercial oriented farms, (ii) medium resourced and (iii) resource constrained farms practizing subsistence and income oriented production”. However, based on purpose and criteria of construction, the classification of smallholder farmers have yielded about 2 to 5 farm typologies (Tittonell et al., 2010; Kamau et al., 2018; Bakhsh et al., 2021; Ismael et al., 2021; Innazent et al., 2022). The observation that RLCOD and MRLCMO farmers constitute the largest proportions of vegetable farmers (34.27 and 52.68% respectively), while RLACO constitutes the smallest proportion (13.05%) of vegetable farmers, is consistent with findings from other studies in the region (Bakhsh et al., 2021; Innazent et al., 2022).

Despite significant differences in farm typologies (ANOVA Results), certain structural and functional factors are similar between farm types (Tukey’s post hoc analysis results). For instance, unfarmed arable and irrigable land, as well as rented irrigable land, are significantly different only between RLCOD and MRLCMO farmers. The land under irrigated vegetable production, monthly non-farm income, and daily food expenditure are not statistically different between RLACO and MRLCMO farmers. Similarly, TLU, livestock income, monthly off-farm earnings, household farm assets, and income from sales of crops are not significantly different between RLCOD and MRLCMO farmers, while the proportion of vegetables sold is not significantly different between RLCOD and RLACO farmers. These differences and similarities seem to play a fundamental role in influencing the structure and functioning of smallholder vegetable farming systems. Recognizing and understanding these interconnections provides an empirical basis for understanding the typologies to leverage and develop likely informed agricultural policies, interventions, and pathways that can address the unique needs of each farmer type and enhance overall sector productivity and sustainability.



4.2 Land, labor and farm assets resources for farm typologies

Land resources remain crucial for agricultural production and investments among smallholder farmers across SSA, impacting food security and livelihoods (Olatunbosun Benjamin, 2020). In Malawi, the average smallholder landholding sizes (0.70 ha) are not only small but also shrinking over time with an increase in population growth (Chirwa and Matita, 2011; Muyanga et al., 2020). While the average landholding size for RLCOD farmers (0.77 ha) aligns with the national average (0.70 ha), the average landholding sizes for RLACO (2.83 ha) and MRLCMO (1.62 ha) seem to contrast with the national average, possibly because the study focuses only on vegetable producers in the central and northern regions, where landholdings tend to be larger than in the south. The larger landholding sizes of smallholder vegetable producers in these areas suggest significant opportunities to increase agricultural production on both arable and irrigable land across all farm typologies. However, their land resource utilization shows that MRLCMO farmers have the largest sizes of unfarmed arable and irrigable land compared to RLCOD and RLACO, despite owning and managing medium-sized land resources. This provides MRLCMO farmers, who constitute more than half of smallholder vegetable producers, with greater opportunities to increase and expand crop and vegetable production on both arable and irrigable land than other types of farms. The smaller utilization of irrigated land compared to arable land for all three farm typologies confirms the low (25.5%) utilization of irrigation farming in Malawi (Government of Malawi, 2016b), revealing potential for expanding production through irrigated production rather than rainfed arable production. Efforts to expand crop and vegetable production should prioritize expanding irrigated production and addressing associated constraints, such as labor and capital, rather than expanding cultivated arable land under rainfed production.

Labor is another important resource for smallholder farmers, particularly in contexts where farm mechanization is limited. Despite the availability of other sources of labor such as communal work practices and hired help, family labor remains the primary source for smallholder farming households in Malawi, accounting for more than 60% of total labor used in production (Takane, 2008; Chirwa and Matita, 2011; De Janvry et al., 2020). Our analysis of labor across the three farm typologies also indicates that RLACO farmers utilize more family labor compared to RLCOD and MRLCMO farmers. This could be attributed to larger household sizes and the necessity to manage more extensive farmed landholding sizes (Kudadze et al., 2019). With approximately 50% of household members being unavailable to provide family labor for production across all farm typologies, there is a need to hire additional labor, especially during peak times of farm operations. However, most households face challenges in hiring labor, as evidenced by other studies where about 10–30% were able to do so (Takane, 2008; Chirwa and Matita, 2011; De Janvry et al., 2020), impacting the potential expansion of crop and vegetable production, as well as the diversity of farm enterprises. This presents significant challenges for RLCOD farmers, who have the least ability to hire labor. Agricultural interventions that are not only less labor-intensive but also enhance labor productivity and the ability to hire labor among smallholder vegetable farmers, especially RLCOD farmers, need to be prioritized.

Besides land and labor, household farm assets are crucial resources that reflect the capital of smallholder farmers. These assets incorporate producer goods and basic infrastructure essential for carrying out farming activities, including farm inputs, tools, wells, equipment, and irrigation canals. While the findings indicate that all farm typologies possess similar land-clearing and plowing farm tools, differences emerge in the types, quantities, and value of the most important farm assets. These differences reflect variations in farm production orientations, objectives, and purchasing power. Understanding these differences across farm typologies is essential for shifting policies and interventions to maximize the use of existing farm assets while promoting the acquisition of modern farm inputs, tools, and equipment to enhance agricultural production quality and efficiency. The highest farm asset value for RLACO farmers appears to enable them to cultivate more land compared to the other two types of farmers, as noted by other studies (Matita et al., 2022). However, the limited ownership of modern farm production and irrigation equipment, as well as animal and mechanically powered farm tools across farm typologies, seems to impact the choice of farm enterprises, the scale of farm enterprise production, and farm enterprise productivity.



4.3 Agricultural production practices and livelihoods for farm typologies

Smallholder vegetable farmers across all farm typologies employ multiple livelihood strategies. Crop production, which includes a combination of maize, groundnuts, soybeans, and beans, remains the primary source of livelihood for all three farm typologies, highlighting the economic importance of the cereal-legume value chain to smallholder farmers (Branca et al., 2021). Maize, being main staple food crop in Malawi, is cultivated by every farmer and accounts for more than 50% of the area planted and 70% of calories consumed (Government of Malawi, 2018; Branca et al., 2021; Kansanga et al., 2021). This significant allocation of land to maize by smallholder vegetable farmers is consistent across all farm typologies. However, the continued dominance of maize as a food security crop contributes to low dietary diversity (25%), a carbohydrate-based diet, and high levels of undernutrition at both household and national levels (Government of Malawi, 2018), emphasizing the need for policy shifts, development interventions, and awareness campaigns toward increased agricultural diversity, which has been found to enhance dietary diversity, income and wealth (Bellon et al., 2020; Singh et al., 2020; Fatch et al., 2023). The production of grain legumes (groundnuts, soybean, and beans) by all farm typologies demonstrates significant potential to benefit farmers with varying resource endowments— from resource-constrained to medium and high-resource-endowed farmers (Franke et al., 2014). Therefore, crop diversification that includes grain legumes is imperative. Our findings indicate that RLACO farmers exhibit more diversified crop combinations compared to RLCOD and MRLCMO farmers, likely facilitated by their greater abundance of owned resources. This highlights the need for increased agricultural diversification efforts among RLCOD and MRLCMO farmers, who together constitute about 85% of smallholder vegetable farmers. However, specific crop enterprises may be associated with particular farm types. For example, RLACO farmers may include tobacco as an additional crop. Successful crop diversification thus requires consideration of other factors such as social organizations, resource endowments, land characteristics, and transaction costs, as echoed by other studies (Rehima et al., 2013; Asante et al., 2018; Kankwamba et al., 2018).

Crop production appears to be the predominant activity in rainfed farming, covering a greater significant proportion of arable land across all farm typologies. Despite RLACO showing higher crop production and its respective earned income, followed by MRLCOMO and RLCOD, their production and productivity levels remain below national and potential targets across all farm typologies (Government of Malawi, 2018, 2021a). This underscores the need to enhance productivity to achieve higher crop output. Given that rainfed crop productivity is highest for RLACO farmers, while irrigated crop productivity is highest for RLCOD farmers, initiatives aimed at increasing land under rainfed production for RLACO farmers and land under irrigated production for RLCOD farmers could stimulate existing crop production. Additionally, increasing irrigated crop productivity for RLACO farmers and enhancing rainfed crop productivity for RLCOD farmers could further boost overall crop production for both farm typologies. The lower proportion of crops retained for food and the highest proportion of crops sold for RLACO farmers signify that their primary production purpose is largely for the market. In contrast, RLCOD farmers primarily produce more for home consumption, with the highest proportion of crops retained for food and the lowest proportion of crops sold.

Vegetable production serves as the primary source of farming livelihoods for RLACO farmers, followed by MRLCMO and RLCOD farmers, respectively. This indicates the importance of implementing targeted initiatives to enhance vegetable production and its contribution to farmers’ livelihoods, particularly among MRLCMO and RLCOD. Common vegetables produced during rainfed cultivation across all farm typologies include onions, tomatoes, and potatoes. During irrigated production, tomatoes, beans, potatoes, and leafy vegetables are the predominant choices among farmers (Chadha et al., 2008; Mwandira, 2008). Despite differences in vegetable production across the three farm typologies their productivity remains below the national and potential targets (Government of Malawi, 2018, 2021a). Implementing policies and interventions to enhance productivity would consequently contribute to increased production, especially with an increase in the land allocated to vegetables. Currently, RLACO farmers, with the highest rainfed productivity, and MRLCMO farmers, with the highest irrigated productivity, are the farmers with the greatest potential to increase vegetable production. This can be achieved by RLACO farmers expanding land under rainfed vegetable production and improving irrigated vegetable productivity. Similarly, for MRLCMO farmers, increasing both irrigated land and rainfed crop productivity could boost vegetable production. Despite RLCOD farmers having the smallest land allocations for vegetable production, they exhibit more diversity in vegetable production during rainfed cultivation compared to other farm types due to the possible production of vegetables on non-irrigable land during rainfed. Furthermore, the tendency of smallholder farmers in vegetable farming systems to prioritize crops over vegetables during rainfed production, as evidenced by a greater allocation of land to crops, could be attributed to limited production factors, particularly chemicals for pest and disease control in vegetable cultivation during rainfed periods (Dunjana et al., 2018; Gebru et al., 2019). The allocation of more land to vegetables than crops during irrigated production suggests that vegetable production is perceived as more cost-effective and profitable, resulting in increased income. The different allocations of available land resources to crops and vegetables could be attributed to differences in priorities and production objectives (Chideya-Phiri, 2018). The observation that more than 40% of produced vegetables are sold across all farm typologies underscores that vegetables are predominantly cultivated for income, contributing approximately 35% of smallholder farmers’ income in Malawi, rather than for household consumption (Chagomoka et al., 2014; Kudadze et al., 2019).

Boosting crop and vegetable productivity among smallholder farmers across the three farm typologies is crucial in the context of climate change. Climate change projections for Malawi indicate a continued increase in frequency and severity of climate change extremes, including droughts, floods, and outbreaks of crop pests and diseases by 2050, posing serious negative impacts on productivity, production, and subsequent food security, nutrition, and income (AFRICAP, 2022). These impacts are particularly concerning for Malawi, where agricultural diversification and dietary diversity are low and carbohydrate-based. However, improved smallholder irrigation offers a potential alternative that can enhance the adaptation and resilience of the vegetable farming system and reduce its vulnerability (Nhamo et al., 2016; Kudadze et al., 2019). Small-scale irrigation enables farmers to intensify production, and expand production and profitability potential, resulting in productivity growth (Shah et al., 2013; Xie et al., 2014). With the support of the implementation of favorable policies and strategies on climate change, irrigation is projected to increase yields by 10% or more (AFRICAP, 2022). Irrigation production also increases and maintains the frequency of crop and vegetable production throughout the year, thereby enhancing production and income (Nhamo et al., 2016; Mango et al., 2018a,b).

Similar to vegetables, livestock production serves as a significant source of farming livelihoods for RLACO farmers, followed by MRLCMO and RLCOD farmers, respectively. Common livestock species across farm typologies include chickens, goats, and pigs, indicating the economic importance of small stock in the livelihoods of the majority of vegetable farmers, as opposed to cattle, which are predominantly owned by RLACO farmers. While there has been an increase in all livestock species owned by farmers across the farm typologies, as confirmed by the national livestock census, the government asserts that productivity is low due to inadequate parasite and disease control, feeding, and housing management (Government of Malawi, 2021c). Apart from RLACO farmers with an average TLU of 2.10, the TLU for RLCOD (0.49) and MRLCMO (0.70) were far below the national average (1.4) (Government of Malawi, 2018), possibly due to the small number of cattle owned. This calls for policies and interventions that stimulate and support parasite and disease control, feeding, and housing management of small-stock while promoting cattle to capable households in RLCOD and MRLCMO farm typologies. Despite livestock contributing about 16 to 50% of household annual income (Government of Malawi, 2021c) and the commonalities in livestock species owned across farm typologies, RLACO farmers generate the highest livestock income from the sale of cattle and pigs, whereas MRLCMO and RLCOD farmers derive the highest income from the sale of goats and pigs. These findings highlight the distinct contributions of various livestock species to the livelihoods of different farm typologies, with certain species playing a more significant role for specific farm types.

In addition to farming, off-farm and non-farm activities play a crucial role in supporting the livelihoods of smallholder vegetable farmers. RLCOD farmers primarily supplement their income through off-farm activities like casual labor, while RLACO and MRLCMO farmers rely more on non-farm sources such as business and petty trading, artisan work, and formal employment. The dependence of smallholder farmers on off- and nonfarm initiatives reflects resource limitations for RLCOD and a shift in livelihoods strategies or non-agricultural diversification (Fatch et al., 2021) for the RLACO and MRLCMO farmers that influences farmers’ decision making, agricultural practices, priorities, and labor resources (Crowley and Carter, 2000; Tittonell et al., 2010).



4.4 Food security and impact of vegetable production within farm typologies

The adequate access and acquisition of food, as measured by FCS exceeding the minimum acceptable level of 35, indicate that the majority of smallholder vegetable farmers are food secure across all farm typologies. These findings are consistent with previous studies (Ngema, 2017; Mango et al., 2018a,b; Fite et al., 2022), which also used FCS and found more than 50% of households were food secure. However, the ANOVA findings reveal a significant difference, particularly between RLCOD and MRLCMO farm types. MRLCMO farmers exhibit the highest mean FCS, followed by RLACO and RLCOD farmers, respectively. Additionally, the box plot of FCS confirms the existence of some food-insecure households in all farm typologies, with scores falling below the 35-score threshold. RLCOD has the highest proportion of food-insecure households, followed by MRLCMO and RLACO, respectively. Similarly, the mean HDDS for 12 h, 24 h, and 7 days demonstrate adequate household access to the quantity and quality of food for all farm typologies. However, the ANOVA findings reveal significant differences in HDDS over the 12-h and 7-day periods. For the 12-h period, a significant difference exists between RLCOD and MRLCMO farm typologies. For the 7-day period, a significant difference in HDDS is observed between all farm types except MRLCMO and RLACO farmers. The box plot of HDDS also illustrates the presence of some farmers without access to the quantity and quality of food across all farm typologies over the 12-h, 24-h, and 7-day periods. The presence of food-insecure households in all farm typologies among smallholder vegetable farmers indicates the influence of various factors on their access and acquisition of food, necessitating specific policy support and development interventions tailored to each typology.

Some studies indicate that FCS is positively influenced by several factors including crop diversification, livestock ownership, asset ownership, access to credit, and education level (Mango et al., 2018a,b; Amao et al., 2023). Conversely, other studies have found that factors such as livestock income, landholding size, crop cultivation, farmer experience, access to irrigation technology, and group membership positively influence FCS, while drought and infertile land have a negative impact on FCS (Reincke et al., 2018; Nkomoki et al., 2019; Acheampong et al., 2022; Ingutia and Sumelius, 2022). Our findings of the multiple linear regression analysis reveal crop production, vegetable production, and daily food expenditure as significant and positive factors influencing FCS among RLCOD farmers. In contrast, livestock income significantly and negatively influences food security for RLCOD farmers. This might be attributed to the selling of livestock, which reduces household consumption of the animal food group contributing to food security, while the income earned is allocated to other non-food expenses. For RLACO farmers, the proportion of vegetables sold and daily food expenditure are significant and positively influencing factors for FCS. However, the proportion of crops sold and tropical livestock units negatively influence household access and acquisition to food security. This could be due to the reduction in food consumption of those crops and the increased cost of managing diversified livestock, at the expense of household food consumption. The proportion of vegetables sold and daily food expenditure are the only significant variables that positively influence access to food security for MRLCMO farmers. These findings suggest that policies and interventions aimed at promoting the positive and significant factors while mitigating the impact of negative factors for each typology have the potential to enhance food accessibility and acquisition. Similar conclusions have been drawn in other studies (Kabunga et al., 2014; Reincke et al., 2018; Nkomoki et al., 2019; Acheampong et al., 2022).

Studies on HDDS highlight several significant factors positively influencing dietary diversity, including crop diversity, crop income, vegetable production, size of land owned, food expenditure, gender, education level, access to credit, proportion of crops sold, annual income, and contact with extension workers (Ochieng et al., 2017; Rajendran et al., 2017; Singh et al., 2020; Cordero-Ahiman et al., 2021; Sambo et al., 2022). Conversely, household size has been found to have a negative influence on HDDS (Ngema, 2017). Other factors affecting HDDS include participation in irrigation schemes, ownership of small livestock, wealth, and on-farm production (Muchenje and Mushunje, 2013; Gupta et al., 2020; Bandyopadhyay et al., 2021). Similar to these studies, multiple linear regression analysis identifies crop production, vegetable production, livestock income, and daily food expenditure as significant factors influencing household HDDS for RLCOD farmers. The negative influence of livestock income on food security for RLCOD farmers is in contrast with studies, may be the selling of livestock reduces household consumption of the animal food group, while the income earned from livestock is utilized for other non-food group expenses. The HDDS for RLACO farmers is influenced by the proportion of vegetables sold, proportion of crops sold, daily food expenditure, TLU, vegetable production, and crop production. However, crop production, proportion of crops sold, and TLU negatively affect the HDDS. Since RLACO farmers cultivate the largest tract of land and have the smallest unfarmed land, a further increase in crop production comes at the expense of household food security. The highest proportion of crops sold reduces the quantity and quality of food consumed. Moreover, a higher TLU increases the cost of managing diversified livestock at the expense of household food consumption diversity. For MRLCMO, the proportion of vegetables sold, TLU, and daily food expenditure are the significant variables influencing access to food security. However, a unit increase in vegetable income reduces household access to food security, possibly due to the use of income earned from vegetables on other non-food expenses and reduction in the amount of vegetables consumed.

These findings underscore the importance of key factors specific to each farm typology in food security intervention initiatives aimed at enhancing household food security status. It is clear that, in addition to vegetable production, various other factors significantly impact household acquisition and access to food security, underscoring the need for a comprehensive consideration of these factors to effectively achieve food security in vegetable farming systems in the developing world.




5 Conclusion

This study has undertaken a comprehensive characterization of smallholder vegetable farm systems, delineating their resource patterns and livelihood strategies, and assessing the impact of vegetable production on enhancing accessibility and acquisition of food and income. The results reveal the presence of three distinct farm types: RLCOD farmers (the second-largest proportion), RLACOfarmers (the least proportion), and MRLCMO farmers (the largest proportion). While commonalities in resources and livelihood strategies exist among the three farm typologies, significant differences and variability are evident, particularly in land resource, labor availability, farm assets, crop, vegetable, and livestock production and income, as well as off-farm and non-farm income. Despite a majority of farmers achieving food security, all three farm typologies still harbor food-insecure households, with RLCOD having the highest proportion of food-insecure households, followed by MRLCMO and RLACO. Vegetable production emerges as a crucial factor in enhancing food security and income for farmers across all farm typologies. However, it is important to note that, in addition to vegetable production, other factors significantly influence household access to food.



6 Policy implications

The observed diversity and heterogeneity among smallholder vegetable farmers, driven by interactions of socioeconomic and biophysical factors such as land profiles and use, farm assets, enterprise income, off/non-farm activities, and household structure and expenditure, imply diverse and varying needs within the vegetable value chain. This necessitates multiple interventions tailored to the characteristics and requirements of each farm type to effectively promote vegetable production and consumption. The identification of three distinct vegetable farm types, which share certain structural and functional factors, underscores the importance of two types of agricultural interventions. These interventions should focus on both commonalities and differences among farm typologies to enhance the structure and functioning of vegetable farming systems for increased productivity and sustainability. Additionally, addressing gender imbalances in vegetable farming, particularly between the youthful male and female-headed households, requires deliberate policy support targeting female-headed households while saclling up vegetable farming interventions.

The production of maize, groundnuts, soybean, and bean crops remains crucial for the livelihood of all vegetable farmers, contributing to both food security and income generation. This highlights the ongoing necessity for agricultural policy support and interventions for these crops. However, the significant allocation of land to maize production indicates that food security is still heavily reliant on staple crop production and consumption. This underscores the urgency for increased policy reforms in food security, nutrition, dietary diversity, and agricultural diversification efforts, particularly in light of the growing impact of climate change. Moreover, efforts to expand and diversify crop production must consider factors such as available arable and irrigable land, household labor availability, capacity to hire additional labor, as well as farm assets and inputs specific to each farm typology. This holistic approach is crucial for enhancing overall productivity and production efficiency. Recognizing the vital role of vegetables in the farmers’ livelihoods, as evidenced by their significant allocations of land and proportions retained for food consumption and income generation, there is a pressing need for deliberate policy and development interventions. These interventions should aim not only to increase vegetable production but also to promote consumption for improved dietary diversity across all farm typologies. Similarly, chickens, goats, and pigs play significant roles in the livelihood of vegetable farmers and require increased targeted policy and development support tailored to specific farm types. This comprehensive approach is essential for sustainable agricultural development and improved livelihoods in vegetable farming communities.

Considering that food accessibility and acquisition among vegetable farmers are influenced not only by vegetable production but also by various other factors, it becomes imperative for development practitioners, both state and non-state actors, to adopt a holistic approach. This approach should include interventions aimed at expanding vegetable production, as well as promoting on-farm, off-farm, and non-farm enterprises. It should take into account available resources, interactions, and economic and climatic conditions. Such a comprehensive strategy is essential for supporting smallholder vegetable farmers in achieving sustainable food security and income.
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