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ABSTRACT 
Neglected legumes (Bambara groundnut, cowpea, pigeon pea) are fundamental to global food 

systems, contributing to agricultural sustainability, enhancing food security and strengthening 

the resilience of smallholder farming systems. However, they remain underutilized and have 

historically received limited attention in terms of cultivation, research, and market 

development, despite their significant nutritional, agronomic and environmental potential. 

Therefore, this study's objectives were (1) to assess the socioeconomic factors influencing crop 

diversification among smallholder farmers in Bergville, South Africa; (2) to investigate the 

socioeconomic factors influencing smallholder farmers' willingness to cultivate neglected 

legumes and their selection of suitable planting dates; (3) to determine the effect of planting 

date on agronomic performance of neglected legumes under rainfed conditions; and (4) to 

evaluate the effect of cropping systems on the adaptability of neglected legumes in rainfed 

conditions. The first study on the socioeconomic factors influencing crop diversification among 

smallholder farmers in Bergville, South Africa, revealed that farmers in the study area practice 

crop diversification. However, the findings indicated that, socioeconomic factors play a crucial 

role in shaping diversification decisions within smallholder farming systems. This study 

confirms that, limited access to land, water availability, market access, and education level 

constrain farmers’ ability to diversify their crop choices. The second study findings indicate the 

vital role of socioeconomic factors in shaping adoption decisions and integrating these crops 

into existing cropping systems. Limited access to land, water availability, market access, and 

marital status influence farmers' willingness to cultivate neglected legumes. Household size, 

participation in legume-related training, and access to irrigation water influenced the selection 

of suitable planting dates. The limited cultivation and adoption of neglected legumes were not 

primarily due to resource constraints but rather a lack of awareness and knowledge regarding 

their nutritional and health benefits. The third study on the effect of planting date on agronomic 

performance of neglected legumes under rainfed conditions indicated a significant variation in 

agronomic performance across planting dates, with early planting generally associated with 

improved emergence, timely flowering, and higher yield potential while the fourth study 

demonstrated that cropping systems significantly influenced the adaptability of neglected 

legumes under rainfed conditions. Intercropping systems, particularly those involving cereal-

legume combinations, have enhanced the growth performance, yield, and resource use 

efficiency of neglected legumes compared to sole cropping. The improved adaptability 

observed under intercropping is attributed to the complementary utilisation of resources and 

microclimatic benefits that mitigate water stress. 
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EXTENDED ABSTRACT 
The contribution of neglected legumes to food and nutrition security remains limited due to the 

socio-economic challenges faced by farmers, which contribute to the underutilization of these 

legumes. Integrating neglected legumes into cropping systems would broaden the basket of 

options, and the net effect would be increasing resilience. Crop diversification is a vital strategy 

for achieving sustainable agriculture and food security; however, its adoption rates remain low. 

This study first objective examined the socioeconomic factors influencing crop diversification 

among smallholder farmers. A two-stage sampling procedure was employed to collect data 

from 161 farmers who specialised solely in crop production. A structured questionnaire was 

used to collect data, analysed using descriptive statistics. The multiple linear regression and 

multivariate probit regression models were applied to assess the socioeconomic factors 

influencing diversification. The results revealed that smallholders primarily focused on 

vegetable cultivation (87%), followed by cereals (56%) and legumes (43%). Education level, 

household size, market access, and the perceived benefits of diversification significantly 

influenced diversification decisions (p < 0.05). Also, sources of irrigation water, age, marital 

status, and farm size were key factors in vegetable diversification, while farming experience, 

farm size, and perceived benefits influenced legume diversification. Only marital status and 

farming experience were positively linked to cereal crop diversification. Furthermore, 48.4% 

of farmers practice intercropping, integrating maize with pumpkins or sugar beans, while 

33.5% still rely on monoculture, predominantly maize, due to limited resources. These findings 

underscore the need for policies and extension support to address socioeconomic barriers and 

promote the wider adoption of crop diversification strategies. The second objective of the study 

was to assess socioeconomic factors influencing farmers’ willingness to cultivate neglected 

legumes and their selection of suitable planting dates in Bergville, South Africa. A simple 

random sampling procedure was used to collect data from 150 farmers who specialised 

exclusively in crop production. An action research design was implemented, comprising 

structured training sessions on neglected legumes and trial demonstrations. Data were collected 

through a structured survey questionnaire, focus group discussions, and key informant 

interviews. Descriptive statistics were used for analysis, and a multivariate probit model was 

employed to determine the socioeconomic factors influencing farmers' willingness to cultivate 

neglected legumes including Bambara groundnut (Vigna subterranea), cowpea (Vigna 

unguiculata), pigeon pea (Cajanus cajan), and common bean (Phaseolus vulgaris) and their 

selection of suitable planting dates. Findings confirmed that, the majority of smallholder 

farmers primarily focus on vegetable cultivation, followed by cereals, while a smaller 
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proportion engage in legume farming. The results also revealed that, limited knowledge and 

resources, along with the lack of training programs and extension services, specifically 

targeting neglected legumes, are significant barriers hindering their adoption and cultivation in 

the region. Furthermore, the study revealed that a majority of smallholder farmers had never 

received training in legume production. Additionally, marital status, farm size, market access, 

and water sources for irrigation were significant socioeconomic factors influencing farmers' 

willingness to cultivate neglected legumes, while household size, participation in legume 

training, and water sources for irrigation had a significant effect on farmers' selection of 

suitable planting dates. These findings underscore the need for targeted interventions, including 

tailored training programs, improved access to resources, and enhanced extension services, to 

overcome these barriers and promote the adoption of neglected legumes into smallholder 

farmers' cropping systems. 

The third objective examined the effect of planting date on the agronomic performance of the 

selected neglected legume crops. Field trials were conducted over two consecutive summer 

growing seasons (2022/23 and 2023/24) using a split-plot randomized complete block design 

with three replications. Phenological traits (emergence, flowering, podding, and senescence) 

and yield components (pod mass, and grain yield) were recorded and analysed using GenStat® 

and principal component analysis. Significant effects of planting date, legume species, season, 

and their two- and three-way interactions (P ≤ 0.05) were observed for all measured traits. Early 

planting demonstrated enhanced crop establishment and vegetative development, while 

reproductive traits were strongly influenced by the synchronization of phenological stages with 

prevailing climatic conditions. Cowpea and Bambara groundnut demonstrated stable 

phenological and reproductive performance across planting dates and seasons, with high 

emergence rates of 90.2% and 85.63%, respectively, suggesting strong resilience under climate 

variability. Pigeon pea showed greater sensitivity, particularly to delayed planting. Delayed 

sowing increased grain yield in common bean, cowpea, and Bambara groundnut, whereas 

pigeon pea showed a decline. These findings underscore the importance of aligning planting 

dates with species- specific phenological responses to optimize the productivity and resilience 

of neglected legumes in rainfed systems. 

The fourth objective evaluated the effects of cropping systems on the adaptability of neglected 

legumes in rainfed environments. Field trials were conducted over two consecutive summer 

growing seasons (2022/23 and 2023/24) using a split-plot randomized complete block design 

with three replications. Phenological traits (emergence, flowering, podding, and senescence), 
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yield components (pods per plant, seeds per pod, pod mass, 100-seed weight and grain yield (t 

ha⁻¹)), and land equivalent ratios (LER) were recorded and analyzed using GenStat® and 

principal component analysis. Significant effects of cropping system, cultivar, season, and their 

two- and three-way interactions (P ≤ 0.05) were observed for all measured traits, confirming 

that legume-based intercropping systems significantly influenced the adaptability and 

productivity of neglected legumes under rainfed conditions. Intercropping enhanced early 

emergence and accelerated reproductive development in legumes such as Bambara groundnut, 

cowpea, and common bean, while pigeon pea showed reduced establishment under sole 

cropping due to competitive suppression. Pod production, pod mass, seed number per pod, 100- 

seed weight and grain yield consistently increased under intercropping. Cowpea and Bambara 

groundnut exhibited stable responses across seasons, whereas common bean and pigeon pea 

showed greater variability, highlighting the importance of genotype and species-specific 

compatibility with intercrop designs. Land equivalent ratios (LER) consistently exceeded 1.0 

under intercropping confirming the superior land-use efficiency and yield potential of 

intercropping in smallholder agroecosystems. These findings underscore the importance of 

strategic selection of legume species with complementary phenology, growth dynamics, and 

resource requirements to optimize interspecific interactions and enhance system productivity. 

Keywords: Smallholder farmers; socioeconomic attributes; rainfed agriculture; legumes 

adoption; intercropping; agronomic performance; optimal planting date; multivariate probit 

regression model; PCA  
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 Chapter 1: Introduction 

1.1 Background 
Addressing the second objective of the Sustainable Development Goals (SDGs), which aims 

to achieve zero hunger, necessitates strategies to enhance production within smallholder 

cropping systems (Arora and Mishra, 2022; Lile et al., 2023). This is particularly critical for 

mitigating food and nutrition insecurity in developing countries (World Health Organization, 

2021). Food insecurity represents a pressing global challenge for policymakers, especially in 

Sub-Saharan Africa, where rapid population growth significantly outpaces the availability and 

quality of food necessary to sustain the population (Adjimoti and Kwadzo, 2018; Béné et al., 

2020). Smallholder farmers play a pivotal role in ensuring food and nutrition security, and 

fostering sustainable rural development (Gollin, 2019). Sub-Saharan African farmers 

contribute approximately 80% of the region’s food supply (AGRA, 2019; Touch et al., 2024). 

However, they face a multitude of challenges, including climate change, increased agricultural 

risks, declining soil fertility, environmental degradation, water scarcity, dysfunctional input-

output markets, inadequate extension services, and weak policy support (Adjimoti and 

Kwadzo, 2018; Kamau et al., 2022). Consequently, many rural households experience 

declining agricultural productivity, exacerbated food and nutrition insecurity, and increased 

income variability, all of which have a negative impact on their livelihoods (Ghosh and Braun, 

2020). Among these challenges, food and nutrition insecurity and income variability are central 

to the livelihoods of smallholder farmers (Touch et al., 2024). This stresses the urgent need for 

a comprehensive transformation of agriculture in Africa, particularly in the most affected 

regions, such as southern Africa. Such a transformation should aim to enhance productivity, 

strengthen the resilience of farming systems, improve rural livelihoods, and minimize 

environmental impacts (Haddad et al., 2021). Achieving these objectives will require targeted 

interventions, innovative policies, and sustainable practices that address the root causes of 

agricultural underperformance and vulnerability (Calicioglu et al., 2019). 

Crop diversification serves as a critical strategy for mitigating risks in agricultural production, 

enhancing productivity, and addressing food and nutrition insecurity (Vernooy, 2022; Mihrete 

and Mihretu, 2024). It can also increase farm income, generate employment, alleviate poverty, 

and conserve soil and water resources within smallholder cropping systems. Crop 

diversification involves cultivating multiple crop varieties from the same or different species, 

in a given area through practices such as rotations and intercropping (Hufnagel et al., 2020). It 

is widely regarded as an ecologically sustainable, cost-effective, and practical approach to 
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reducing agricultural uncertainties, particularly for smallholder farmers. Additionally, it 

enhances resilience and fosters greater spatial and temporal biodiversity on farms.  Barman et 

al. (2022) highlights that crop diversification improves soil fertility, pest and disease 

management, yield stability, nutritional diversity, and overall health. It can also replace 

chemical-based solutions for maintaining soil fertility and pest control. Similarly, Balakrishnan 

and Nagamurugan (2020), emphasize that crop diversification provides an environmentally 

sustainable alternative for parasite control and soil fertility maintenance in agricultural systems. 

Diversified cropping systems generally exhibit greater agronomic stability and resilience due 

to reduced weed and insect pressures, lower dependence on nitrogen fertilizers (especially 

when leguminous crops are included), reduced erosion through cover cropping, improved soil 

fertility, and increased yields per unit area. The resilience of diversified systems is further 

enhanced by their capacity to adapt to climate change. Unlike monoculture systems, diversified 

farms leverage local flora to sequester carbon, reducing carbon dioxide emissions. This 

contributes to climate-smart agriculture by promoting productivity, improving livelihood 

outcomes, enhancing system resilience, and mitigating greenhouse gas emissions (Kamyab et 

al., 2024). Despite crop diversification’s clear ecological, agronomic, and socioeconomic 

benefits, public policies and development initiatives often provide inadequate support for its 

adoption. Strengthening policy frameworks and incentivizing diversification practices are 

essential to harness the full potential of this approach in addressing the challenges of 

sustainable agriculture and climate adaptation. 

To effectively address the impacts of climate change, smallholder farmers must adopt adaptive 

production and farm management practices (Harvey et al., 2018; Ojo et al., 2021). These 

include adjusting planting dates, practising intercropping, implementing conservation 

agriculture, utilizing crop and seed storage infrastructure, and transitioning to more climate-

resilient crops or crop varieties. Climate-resilient crops enhance tolerance to biotic and abiotic 

stresses while improving yields under adverse conditions (Cabusora, 2024). These crops 

provide a critical mechanism for adapting to the challenges posed by drought, elevated 

temperatures, and other climate-related stresses. Adopting climate-resilient crop varieties, such 

as drought-tolerant legumes and early maturing cereal crops with improved salinity tolerance, 

enables smallholder farmers to better withstand climate shocks (Acevedo et al., 2020). Climate-

resilient neglected legumes have proven effective in enhancing resilience due to their ability to 

thrive under challenging environmental conditions. These include Bambara groundnut (Vigna 

subterranea), cowpea (Vigna unguiculata) and pigeon pea (Cajanus cajan). Despite their 
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demonstrated benefits, adoption rates of such crops remain suboptimal in certain cropping 

systems. This is particularly evident in rural areas with high concentrations of smallholder 

farmers relying heavily on rain-fed agriculture for sustenance and income. Increasing the 

adoption of climate-resilient crops will require targeted interventions, such as improved access 

to quality seeds, capacity-building programs, enhanced market integration, and supportive 

policies tailored to the needs of smallholder farmers. These measures are essential for fostering 

greater resilience and sustainability in agricultural systems affected by climate variability.  

Neglected legumes offer substantial potential to enhance human nutrition and health while 

adhering to principles of environmental sustainability (Vilakazi et al., 2025). These legumes 

are rich sources of high-quality protein, macronutrients, micronutrients, vitamins, essential 

amino acids, carbohydrates, starch, dietary fibre, and sugars. They are also characterized by 

low-fat content and an absence of cholesterol. Additionally, neglected legumes contain 

essential phytochemicals, antioxidants, and bioactive compounds that contribute to reduced 

risks of major chronic diseases and associated mortality factors, including cardiovascular 

disease, diabetes, cancer, obesity, and gastrointestinal disorders (Barman et al., 2018; Vilakazi 

et al., 2025). Despite these recognized benefits, the contribution of neglected legumes to food 

and nutrition security remains limited. This has resulted in an overreliance on a narrow range 

of legumes, such as common beans, soybean, groundnut, pea and lentil, which often exhibit 

poor resilience to climatic stresses. This reliance poses significant risks to the sustainability of 

food production within smallholder cropping systems. Consequently, food and nutritional 

insecurity and related human health concerns persist in many developing regions, including 

South Africa. While crop diversification has been extensively studied, particularly in Asia, its 

connection to food security in East Africa south of Ethiopia, South Africa, the Sahel, and the 

Mediterranean coast of Morocco and Algeria has received comparatively less attention (Waha 

et al., 2018). To address this knowledge gap in South Africa, intercropping practices, including 

maize and neglected legumes, such as Bambara groundnut, pigeon pea, cowpea, and common 

bean, were implemented in smallholder cropping systems during the summer seasons of 

2022/23-2023/24.These intercropping systems, conducted under rainfed conditions with 

varying planting dates aimed to unlock the potential of these underutilized crops. By integrating 

neglected legumes into cropping systems, this approach seeks to enhance food and nutrition 

security, improve resilience to climatic perturbations, and promote sustainable agricultural 

practices in developing regions. 
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1.2 Problem statement 
Smallholder cropping systems in South Africa face increasing challenges related to declining 

soil fertility, climate variability, and economic instability. These challenges have reduced 

agricultural productivity and resilience, exacerbating food insecurity and poverty in rural 

communities. The reliance on a narrow range of staple crops, such as maize, has further 

intensified these issues by depleting soil nutrients and limiting dietary diversity. Moreover, 

legume diversity in smallholder farming systems is limited, primarily consisting of a few 

species, with the common bean being the most extensively cultivated. Neglected grain legumes, 

such as cowpeas, Bambara groundnuts, and pigeon peas, have the potential to address these 

challenges due to their adaptability to diverse agroecological conditions, ability to fix 

atmospheric nitrogen, and nutritional richness. Despite these benefits, their cultivation in 

smallholder cropping systems remains limited. Factors contributing to their underutilization 

include a lack of research on their agronomic performance, inadequate integration into local 

cropping systems, insufficient market development, and policy support. The limited 

diversification of smallholder cropping systems with neglected grain legumes perpetuates a 

cycle of low productivity, environmental degradation, and vulnerability to climate change. 

Addressing this gap requires a better understanding of how these legumes can be effectively 

incorporated into smallholder cropping systems to enhance agricultural sustainability, improve 

food security, and increase farmer incomes.  

1.3 Justification 
Diversifying neglected grain legumes into cropping systems in South Africa is essential for 

addressing critical challenges related to food security, environmental sustainability, and rural 

development. Their nutritional richness can contribute to balanced diets, particularly in regions 

where malnutrition and food insecurity persist. Moreover, their resilience and low input 

requirements promote sustainable farming practices and enhance the productivity of 

smallholder farmers, who form the backbone of the country’s rural economy. This study aims 

to generate actionable insights for policymakers, researchers, and farmers by investigating the 

integration of these legumes into South Africa’s cropping systems. The findings will contribute 

to the development of sustainable agricultural models, improve soil health, diversify farmers' 

incomes, and enhance dietary diversity. Furthermore, the study supports both national and 

global sustainable development agendas, including combating hunger (SDG 2), promoting 

responsible production (SDG 12), and addressing climate action (SDG 13). Focusing on 

neglected grain legumes, this research emphasizes the importance of rediscovering 
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underutilized crops as solutions to modern agricultural challenges. This research aims to 

address these critical gaps by evaluating the potential of neglected grain legumes to diversify 

smallholder cropping systems in South Africa. It seeks to assess their agronomic performance, 

adaptability, and smallholder farmers' willingness to adopt these legumes, providing evidence-

based solutions to build more resilient and sustainable farming systems.  

1.4 Aim of the study 
To promote the diversification and integration of neglected legumes into smallholder cropping 

systems by evaluating their agronomic performance and adaptability under rainfed conditions, 

identifying socioeconomic factors influencing crop diversification, as well as smallholder 

farmers' willingness to cultivate neglected legumes and their preferences for suitable planting 

dates. 

1.5 Research questions 
i. What are the socioeconomic factors influencing crop diversification among smallholder 

farmers in Bergville, KwaZulu Natal, South Africa? 

ii. What are the socioeconomic factors influencing smallholder farmers' willingness to 

cultivate neglected legumes and their selection of suitable planting dates? 

iii. How do planting dates affect the growth, yield, and performance of neglected legumes 

under rainfed conditions? 

iv. How do various cropping systems influence the adaptability and performance of 

legumes under rainfed conditions? 

1.5.1 Specific objectives 
The specific objectives of the study were: 

i. To assess the socioeconomic factors influencing crop diversification among 

smallholder farmers in Bergville, KwaZulu Natal, South Africa. 

ii. To investigate the socioeconomic factors influencing smallholder farmers' willingness 

to cultivate neglected legumes and their selection of suitable planting dates. 

iii. To determine the effect of planting date on agronomic performance of neglected 

legumes under rainfed conditions. 

iv. To determine the effect of cropping systems on the adaptability of neglected legumes 

in rainfed conditions. 
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1.6 Thesis outline 
Chapter 1: Introduction 

This chapter provides an overview of smallholder cropping systems and emphasizes the critical 

need for transformative strategies, including the diversification of neglected legumes, to 

enhance agricultural productivity, strengthen climate resilience, and improve rural livelihoods 

while minimizing environmental impacts. Additionally, the chapter outlines the research aims, 

objectives, problem statement, and justification of the study. 

Chapter 2: The role of neglected grain legumes in food and nutrition security and human 

health: A review. 

This chapter provides a comprehensive review of the literature on utilizing neglected grain 

legumes to enhance food and nutritional security and their contributions to human health. It 

identifies key knowledge gaps that should be prioritized in research strategies to develop 

sustainable food systems in sub-Saharan Africa. 

Chapter 3: Socioeconomic Factors Influencing Crop Diversification Among Smallholder 

Farmers in Bergville, South Africa. 

This chapter assesses the socioeconomic factors that influence the adoption of crop 

diversification practices within smallholder cropping systems. It further identifies the extent 

and patterns of crop diversification among smallholder farmers in Bergville, South Africa.  

Chapter 4: Socioeconomic factors influencing smallholder farmers' willingness to 

cultivate neglected legumes and their selection of suitable planting dates. 

This chapter examines the socioeconomic determinants that shape smallholder farmers' 

willingness to cultivate neglected legume species and their preferences for suitable planting 

dates. It focuses on identifying the key drivers of acceptance and adoption and evaluates how 

these factors influence decision-making at the farm level and across broader agricultural 

practices. The insights gained aimed to inform the development of targeted strategies to 

promote the integration of neglected legumes into smallholder farming systems. 

Chapter 5: Effect of planting date on agronomic performance of neglected legumes under 

rainfed conditions. 

This chapter determines the optimal planting dates for maximizing the productivity of 

neglected legumes in rainfed farming systems. 
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Chapter 6: Cropping systems effect on the adaptability of neglected legumes in rainfed 

conditions. 

This chapter investigates the cropping systems that enhance the climate resilience and 

efficiency of neglected legume cultivation in rainfed farming. 

Chapter 7: Conclusions and recommendations  

This chapter provides a comprehensive conclusion of the findings from the experimental 

chapters, highlighting their implications. It also presents conclusions and outlines 

recommendations to farmers and future research. 
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Abstract 
Increasing demand for nutritious, safe, and healthy food, including the need to preserve 

biodiversity and other resources, signifies a prodigious challenge for agriculture, which is 

already at risk from climate change. Diverse and healthy plant-based diets may significantly 

reduce food insecurity, malnutrition, diet-related diseases, and other health-related issues. 

More attention to agricultural systems diversity is mandatory to improve the economic, 

environmental, ecological, and social sustainability of food production in developing countries. 

In this context, neglected legume such as Bambara groundnut (Vigna subterranea), cowpea 

(Vigna unguiculata) and pigeon pea (Cajanus cajan) could significantly provide nutritional 

and healthy benefits for people while adhering to sustainability principles.in add However, the 

contribution of neglected legumes to food and nutrition security is still limited due to socio-

economic challenges faced by farmers that contribute to the underutilization of neglected 

legumes. Integrating neglected legumes into cropping systems would broaden the basket of 

options, and the net effect would be increasing resilience. These crops provide ecosystem 

services and promote biodiversity but face economic challenges due to limited market demand 

and underdeveloped value chains. Consequently, food nutritional insecurity and human health 

concerns remain prevalent, especially in developing countries. There is an urgent need to 

promote neglected legumes in agricultural systems through policy change implementation, 

genetic improvement, and development, fostering international cooperation to share 

knowledge, technologies, and best practices in the production and utilization of neglected 

legumes. This review comprehensively explores the utility of neglected legumes for food, 

nutritional security, and human health. It identifies knowledge gaps that should be prioritized 

as part of re-search strategies for sustainable future food systems in sub-Saharan Africa. 

Keywords: bioactive compounds; climate change; dietary diversity; malnutrition; protein 

security; sustainable food production 
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2.1 Introduction 
Approximately two billion people worldwide, primarily children, suffer from micronutrient 

deficiencies. This results in 151 million stunted children under the age of five and millions 

more with delayed cognitive development [1,2]. World hunger in-creased in 2020 during the 

COVID-19 pandemic [3]. Over one-third of the world’s undernourished people reside in Africa 

(282 million) and Asia (418 million). In 2020, 2.37 billion people did not have access to 

adequate food, and this has increased by 320 million since 2019 [3]. Subsequently, malnutrition 

is projected to affect more than half of the world’s population within the next few decades [4]. 

Due to the high levels of food insecurity, the sustainable development goals of achieving zero 

hunger, good health, and well-being will not be accomplished by 2030 [5]. These demand the 

use of neglected legumes to supplement diets with vital nutrients, including vitamins, minerals, 

carbohydrates, amino acids, and dietary fibre. 

Neglected legumes are domesticated crops with useful traits but are less important than the 

main global crops because of limitations in supply and use [6]. Their key characteristics are 

their innate qualities, which enable them to greatly replenish the soil, increase food and protein 

security, and resist the effects of abiotic stress and climate change [7]. These neglected legumes 

include marama bean, horse gram, rice bean, grass pea, moth bean, tepary bean, Andean lupin, 

pigeon pea, Bambara groundnut, and cowpea. They currently lack a common international and 

well-established value chain. They are solely of regional significance in geographic, social, or 

economic aspects [8]. However, they play a critical role in the food system for both human and 

animal consumption. They have the potential to alleviate malnutrition and hidden hunger 

through nutritious, inexpensive, climate-resilient, and smart-agricultural food systems [9,10]. 

Neglected legumes are widely regarded as the most affordable plant-based sources of dietary 

protein, carotenoids, polyphenols, and high-energy sources that are low in glycemic index, fat, 

and cholesterol. Their seed content and structure provide a nutritionally beneficial matrix for 

the entire meal [11]. They also contain essential phytochemicals, antioxidants, and bioactive 

non-nutrients that play an increasingly important role in improving humans’ health and helping 

reduce the risk of mortality due to their advantages against major chronic diseases and 

associated risk factors, such as cardiovascular disease, diabetes, cancer, obesity, and 

gastrointestinal health [11-13]. 

Integration of neglected legumes in production systems could play an essential role in replacing 

imported grain legumes in the future through providing multiple ser-vices in line with 

sustainability principles due to their capacity to improve soil fertility, symbiotic nitrogen 
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fixation, and mitigation of greenhouse gas emissions [10,14]. Their extensive adaptation to 

poor soils and tolerance to biotic and abiotic environmental stresses compared to major 

legumes could potentially improve the livelihoods of smallholder farmers globally [15,16]. In 

the context of climate change, as diversification crops in agroecosystems, they can break the 

cycle of pests and diseases and contribute to balancing the deficit in plant protein production 

worldwide [16,17]. As a result, producing more protein from neglected legumes as an 

alternative to livestock protein for human consumption will lead to a reduced carbon footprint. 

Despite their significance for the subsistence of African countries, neglected legumes remain 

poorly documented, with a feeble or lack of official seed supply systems [16]. This negligence 

has resulted in a lack of genetic improvement, which has resulted in lower yields in both quality 

and quantity. Moreover, dependence on neglected legumes raises intrinsic agronomic, 

ecological, nutritional, and economic concerns, and it is projected to be unsustainable over the 

long term, particularly considering the effects of climate change [18]. Hence, a global threat 

exists because of the discrepancy be-tween the amount of food available and the nutritional 

requirements of the human population. Therefore, there is a pressing need to promote the 

production and utilization of neglected legumes to improve the economic, environmental, and 

social sustainability of food production in developing countries. As a result, this will 

significantly contribute to securing food security and meeting the nutritional demand of an 

ever-increasing world population. This review provides comprehensive information on the 

potencies of neglected legumes for food, nutritional security, and human health, and will aid in 

defining the priorities for future research. 

2.2 Overview of Neglected Legumes 
Neglected legumes are considered minor crops that originated in Sub-Saharan Africa (Table 

2.1; Figure 2.1) and are already cultivated but underutilized globally, with a relatively low 

global production and market value. Some of these crop species may be widely distributed 

globally but are limited to local production and consumption. Hence, meeting food and 

nutrition requirements and alleviating hunger in rural households [19]. They are grown for 

fodder, oil, and as sources of traditional medicine, which play a significant role in the 

subsistence of local communities. Neglected legumes are highly adapted to varying 

ecogeographical settings, withstanding conditions such as heat, drought, frost, and cold. They 

perform well in cropping systems with limited or no external inputs (Figure 2.2), but their 

utility and cultivation requirements are inadequately documented [6,8]. They are also essential 

in crop rotation strategies to fertilize agricultural soils. These attributes could be scientifically 
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explored for enhancing crop improvement and promoting sustainable utilisation. However, 

neglected legumes have received minimal attention from researchers, plant breeders, growers, 

policymakers, decision-makers, traders, technology providers, and consumers due to several 

factors, including agronomic, genetic, economic, and social factors [5, 16, 20]. 

The neglected legume species include tepary bean (Phaseolus acutifolius), marama bean 

(Tylosema esculentum), horse gram (Macrotyloma uniforum), grass pea (Lathyrus sa-tivus), 

Bambara groundnut (Vigna subterranea), Andean lupin/Tarwi (Lupinus mutabilis), hyacinth 

bean (Lablab purpureus), adzuki bean (Vigna angularis), rice bean (Vigna angularis), moth 

bean (Vigna aconitifolia), pigeon pea (Cajanus cajan), and cowpea (Vigna unguiculata) [6,20], 

as presented in Table 2.1. Based on their utilization and industrial and economic values, the 

major legumes that are extensively researched, well documented, and widely cultivated with 

well-defined agronomic practices include soybean (Glycine max), common bean (Phaseolus 

vulgaris), groundnut (Arachis hypogaea), chick-pea (Cicer arietinum), and pea (Pisum 

sativum). These major legumes exhibit poor resilience to climatic perturbations, despite being 

widely cultivated and dominating international markets [21]. It is becoming clear that 

supplementing major legumes with lesser-known legumes is a viable strategy for sustainably 

addressing issues of food and nutrition insecurity, as well as human health. Their promotion as 

complementary alternative food sources in agriculture will potentially replace imported grain 

legumes in the future, thus improving the economic, environmental, ecological, and social 

sustainability of food production in developing countries. In addition, their adoption as 

potential alternatives for establishing resilience in smallholder farming systems will contribute 

to achieving zero hunger, improve consumer health, and alleviate poverty. This is because 

neglected legumes are easy to grow, as seeds can be locally sourced and they have low 

requirements for inorganic fertilisers, irrigation water, pesticides, and other inputs. However, 

the yield potential of neglected legumes remains low due to limited investment in genetic 

improvement and agronomic research, which constrains their large-scale adoption. Moreover, 

protein-calorie malnutrition is prevalent in many developing countries in the tropics and sub-

tropics. Incorporating neglected legumes into the diet can serve as a safety net to address the 

challenges of malnutrition and alleviate nutrient deficiencies. The enhancement and 

improvement of protein supply to meet the growing demand of the population necessitate the 

utilisation of unconventional protein sources for further use in Sub-Saharan Africa. Harnessing 

the untapped nutritional and genetic potential of neglected crops has been regarded as one of 

the prime strategies for improving food and nutritional security in Africa over the last decade 
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[22]. Therefore, considerable research is still required to document the nutritional and 

nutraceutical advantages for both species and varieties. 

 
Figure 2.1: Images of neglected legumes (Pictures no. (A–F)); Source [22]. 
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Table 2.1: Origin and distribution of neglected legumes 

Legume Origin and Distribution References 

Tepary bean (Phaseolus acutifolius) Central Mexico to Southwestern United States [23,24] 

Marama bean (Tylosema esculentum) 
Native to Kalahari Desert, Southern Africa arid areas 

(Namibia, Botswana, South Africa) 
[25,26] 

Horse gram (Macrotyloma uniflorum) Native to Southern Asia (India) and tropical Africa  [27,28] 

Bambara groundnut  

(Vigna subterranean) 

 Sub-Saharan African countries (from the Sahara to South 

Africa and Madagascar) 
[29,30] 

Andean lupin (Lupinus mutabilis) South America, Columbia, north Argentina       [31,32] 

Hyacinth bean (Lablab purpureus) Originated from Africa, distributed to India       [33] 

Adzuki bean (Vigna angularis) East Asian countries (Korea, China, Japan)        [34,35] 

Rice bean (Vigna umbellate) 
Native of South and Southeast Asia, USA, Australia, East 

Africa, Java, Fiji, Bangladesh, and Nepal      
      [36] 

Cowpea (Vigna unguiculata) 
West Africa, Asia, Southern Europe, Southern America, 

Central and South America 
      [37,38] 

Moth bean (Vigna aconitifolia) 
India, Pakistan, southern China, and Southwestern 

America 
       [39] 

Grass pea (Lathyrus sativus) South Asia, Sub-Saharan Africa, Mediterranean region        [40] 

Pigeon pea (Cajanus cajan) 
Originated in India, spreading to East and West Africa, 

Southeast Asia, Latin America, and Caribbean 
       [41,42] 

 

 

 

 



18 
 

 
Figure 2.2: Potential scope of neglected legumes’ inclusion into cropping systems. 

2.3 Production of Neglected Legume Crops 
In terms of production and cultivated areas, neglected legumes lag significantly behind cereal 

crops. In sub-Saharan Africa, only 27 million hectares are allocated for planting legume crops, 

with an estimated annual production of about 19 million metric tons [43]. These legumes are 

produced at less than 1 million metric tons per hectare, which is below the anticipated 

worldwide yield. The yield gap exists because legumes are considered secondary crops to 

cereals in terms of consumer preferences, and research activities have thus focused more on 

cereal production [44]. Limited attention from research and development programs, the use of 

unimproved varieties, a lack of quality seeds, and a lack of knowledge about cultivation, use, 

and nutritional value also contribute to the gap in legume production systems [45, 46]. Legumes 

cultivation depends not only on the effect of farmers’ choices. However, they play a key role 

not only in such decisions but also in policymakers, who are responsible for providing practical 

strategies to support the inclusion of legumes in cropping systems. 

Nutrition policies have not focused on creating awareness among people about the importance 

of dietary diversity and the addition of neglected legumes to their food basket [47]. Hence, the 

high demand for cereals has pushed legume production to marginal environments characterized 

by low rainfall and poor soils, a characteristic of most smallholder and communal farming 

systems. Production of legumes in developing countries, particularly in Africa, is practiced by 
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smallholder farmers whose average household head age is 48 years; average schooling is less 

than 4 years; the average area of land under grain legumes is less than 0.2 ha; and arable 

landholdings are fragmented mainly due to the insecure land tenure systems [48]. Hence, 

neglected legumes are primarily produced by vulnerable and marginalized groups with limited 

skills and technology to produce and process them into nutritious food products [43]. They are 

grown primarily as secondary crops, intercropped with cereals, and occasionally used as 

rotational crops with cereals due to their significant role in biological nitrogen fixation. As a 

result, the yield and production of neglected legumes have stagnated in most developing 

countries over the past few decades. To achieve greater economic gain, impoverished farmers 

have begun to cultivate important staple crops instead of neglecting legumes. Cash crops, such 

as soybeans, peanuts, and chickpeas have largely replaced them. 

2.3.1 Bambara Groundnut (Vigna subterranean) 
The leading producers of Bambara groundnut include Nigeria, Burkina Faso, Ivory Coast, 

Ghana, Mali, Senegal, and Niger in West Africa; Tanzania, Malawi, Zambia, and Madagascar 

in Eastern Africa; and Chad and DR Congo in Central and South Africa (Figure 2.3). 

 
Figure 2.3: Bambara groundnut leading producers and annual production [29]. 

An estimated 330,000 metric tons of Bambara groundnut are produced in Sub-Saharan Africa 

annually, with 40% to 45% of this amount being produced in West Africa [29]. In comparison 
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to groundnut (estimated at 37.1 million metric tons) and cowpea (estimated at 89.86-91.25 

million metric tons), the global production is modest [49]. Figure 2.3 provides an overview of 

the annual output figures for certain countries. Yield can range from 900 kg/ha to 1200 kg/ha. 

The production of Bambara groundnut is considered low globally, and on-farm yields are 

unstable. 

2.3.2 Cowpea (Vigna unguiculata) 
Cowpea is produced on approximately 12 million hectares worldwide annually, amounting to 

about 8.986 million metric tons. Over the past three decades, cowpea production has increased 

globally at an average annual rate of 5%, with yearly growth in production area of 3.5% and 

yield growth of 1.5%. Area expansion accounted for 70% of the overall growth during this 

period. West Africa is the primary region for cowpea and Bambara groundnut production. Over 

80% of cowpea production in Africa is produced in West Africa, mainly in Nigeria, Niger, 

Burkina Faso, Mali, and Senegal. This continent accounts for around 84% of the world’s 

cowpea-producing area and 83.4% of the crop’s total global production. Despite the 

significance of cowpea, Sub-Saharan African farmers only produce less than 650 kg/ha of the 

crop annually, compared to a potential output of around 2000 kg/ha [15]. 

2.3.3 Horse Gram, Andean Lupin, and Other Neglected Legumes’ Production 
Horse grams are produced globally at a rate of 1.725.395.71 tons and 1407.2 kg/ha, comparable 

to Andean lupin at 1.384.963.65 tons and a rate of 6218.9 kg/ha. Andean lupin production is 

mostly concentrated in South America’s Andes region, particularly in Ecuador, Chile, Peru, 

and Bolivia. According to [50], Australia contributes 1.1 million metric tons to global 

production. However, sub-Saharan Africa produces a relatively small quantity of Andean 

lupins, with the majority coming from South Africa, Kenya, and Tanzania. Andean lupin is not 

yet regarded as a commercial crop due to several challenges to its adoption, including a long 

cropping cycle, poor and unstable yield production, and prevailing issues regarding the crop’s 

integration into local agricultural systems as a result of biotic and abiotic stresses [50].  

China is the world’s biggest producer of adzuki beans, producing 0.9 million metric tons with 

a productivity of 1100 kg/ha [51]. Rajasthan has 0.22 million metric tons of moth beans, almost 

85% of the world’s total production. The yield is estimated to be between 70 and 270 kg/ha, 

which is low. Experimental seeds can yield up to 2600 kg/ha in Australia and the United States 

[52]. This highlights the need to enhance breeding efforts for these underutilized legumes. 

Globally, 787.29 million metric tons of rice beans are produced each year. Asia produces the 

most, with 708.15 million metric tons annually, followed by Oceania (437.147.28 million 
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metric tons), Africa (37.19 million metric tons), South and North America (602.211.52 million 

metric tons), and Europe (3.78 million metric tons). 

2.3.4 Production of Marama Bean, Grass Pea and Pigeon Pea 

2.3.4.1 Marama Bean (Tylosema esculentum) 
The marama bean is a native crop of the Kalahari Desert in South Africa, with a yield potential 

of 2 tons per hectare. In Namibia and Botswana, it grows naturally. As a result, only a few 

farmers produce marama beans on small plots, with a total farmed land area of about 50 

hectares. In Australia, Israel, Kenya, and the United States of America, the marama bean is 

undergoing experimental cultivation (Omotayo and Aremu, 2021) [53]. The crop is also barely 

grown in Zambia and Mozambique, while it is found in South Africa’s provinces such as the 

Northwest, Northern Cape, Limpopo, and Gauteng. Marama bean production is limited by 

several factors, including the lengthy seed-to-seed cycle, which prompts farmers to prefer early 

maturing varieties. Therefore, resolving this problem becomes a fundamental breeding goal. 

The low seed output is another drawback, which is currently the focus of major selection 

breeding research (Chimwamurombe and Naomab, 2024) [26]. In addition to lobbying 

governments and donor organizations for inclusion in seed production and breeding pro-grams, 

overcoming these obstacles would make it easier to promote marama bean cultivation as a 

conventional crop. 

2.3.4.2 Grass Pea (Lathyrus sativus) 
Approximately 1.20 million tons of grass peas are produced annually on an estimated 1.50 

million hectares worldwide [189]. This annual cool-season legume crop is important both 

economically and ecologically in South Asia and sub-Saharan Africa, and to a lesser degree in 

North Africa, Central and West Asia, southern Europe, and South America. It is mostly 

cultivated for feed and fodder in other nations and for consumption in Bangladesh, Nepal, 

India, Pakistan, and Ethiopia. The crop is also produced to a lesser degree in the Middle East 

(Syria, Lebanon, Palestine, Iraq, Afghanistan), Northern Africa (Egypt, Morocco, Algeria), 

China, Chile, and Brazil, as well as many European nations (from southern Germany to 

Portugal and Spain and east to the Balkans and Russia [40]. The production of grass peas has 

risen in Bangladesh and Ethiopia but declined in the Mediterranean [190]. This increase in 

production could be the result of the grass pea’s recent popularity as a crop produced in 

problematic soils. According to Kumar et al. (2021) [189], due to the paucity of research on 

the genetic and genomic resources available for grass peas in global gene banks, the crop has 

not made significant strides. 
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2.3.4.3 Pigeon Pea (Cajanus cajan) 
The crop is cultivated on approximately 5.4 million hectares of land worldwide, yielding 

around 4.49 million tons annually. Approximately eighty-two (82) countries throughout the 

world cultivate it. India produces over 72% of the world’s pigeon peas. In Africa, Malawi, 

Tanzania, Kenya, Mozambique, and Uganda account for 4% of the world’s pigeon pea 

production. Additionally, the crop is produced in 0.56 million hectares in Eastern and Southern 

Africa. According to [191], the crop is typically grown alongside other crops, such as cassava, 

sorghum, millet, and yam. Pigeon pea is mostly grown on about 190.000 hectares of land 

(3.52% of the world’s output land) in Nigeria’s northern and southern Guinea savannah 

agroecological zone. 

2.4 Nutritional Value of Neglected Legumes 
Today, red meat consumption is the primary source of protein and has surpassed other protein 

sources, such as legumes, fish, dairy products, poultry, and eggs [54]. This has detrimental 

effects on both human health and the environment because livestock farming is one of the 

major contributors to greenhouse gas emissions [55]. By 2050, global consumption of 

processed foods and animal-source foods must be reduced by more than 50%, while 

consumption of plant-based foods must increase by more than 100% to facilitate the transition 

to healthy dietary patterns [56]. The unique nutritional profile of neglected legumes makes 

them a suitable key candidate for diverse dietary patterns, such as plant-based approaches to 

human diets. They are considered the most affordable source of nutrients, with an undisputed 

key role in both human and animal diets. Due to their abundant supply of macro- and 

micronutrients, they are consumed as dried pulses, sprouts, green leafy vegetables, and as 

livestock fodder in various parts of the world [58]. Their seeds, particularly Bambara groundnut 

and marama bean, are used to produce low-fat vegetable yoghurt and vegetable milk, which 

are comparable to soy milk or dairy milk, and are used in numerous meal preparations to 

increase protein levels [59,60]. Marama bean seeds are also prepared in various ways, such as 

roasting, boiling, or grinding, and are used to produce butter and porridge [53]. 

In comparison to cereal grains, the seeds of neglected legumes are valued as an inexpensive 

"poor man ‘s meat," rich in high-quality protein with essential amino acids, carbohydrates, 

starch, dietary fibre, pectin, sugar components, and oil rich in mono- and di-unsaturated fatty 

acids and containing no cholesterol [57]. For nutritional composition, the major legumes are 

comparable (Table 2.2). For example, neglected legumes, including Andean lupin seeds (45%), 

marama beans (38%), grass pea (34%), and cowpea (32%), have a higher protein content than 

common beans (25%), groundnut (30%), and chickpea (30.5%). Due to their high oil content, 
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the marama bean and Andean lupin seeds are promising substitutes for oilseed legumes, such 

as soybeans and groundnuts [22]. Marama beans (43% oil content) have roughly double the oil 

content of soybeans and groundnuts. Andean lupin has a similar oil content to soybean but is 

nutritionally superior, as its oil is polyunsaturated and has a high linoleic acid concentration 

[61,62]. 

The hyacinth bean is rich in essential amino acids, especially lysine, which is typically low in 

most cereals [63]. Rice bean is also notably rich in lysine, methionine, tyrosine, valine, 

tryptophan, vitamins, and minerals (thiamine, niacin, and riboflavin) [64]. Tryptophan and 

lysine are two essential amino acids abundant in cowpea, which is low in fat but rich in minerals 

[65-67]. The Bambara groundnut has a considerably greater methionine concentration than 

several beans. Its protein contains essential amino acids in sufficient quantities to meet the 

guidelines set by food and agriculture organizations [67]. The nutritional value of rice bean, 

lupin, Adzuki bean, cowpea, tepary bean, and pigeon pea has been increasingly acknowledged 

due to their high content of carbohydrates and dietary fiber (Table 2.2). Their starch serves as 

a primary source of energy in the human diet and contains significant amounts of 

polysaccharides that have drawn the attention of nutritionists and food technologists. 

Table 2.2: Proximate nutritional composition of neglected versus major legumes 
 Nutrient Composition (%)    

Neglected 
Legumes 

Energy 
(kcal) Protein Fat Carbohydrates Dietary 

Fiber Ash Price 
per\kg ($) References 

         

Tepary bean  158 21.5–25.3 0.9–1.2 47.4–51.5 16.2 4.9–5.0 8.00 [68,69] 

Marama bean  525 29.0–38.0 36–43.0 19.0–27.0 16 2.5–3.7 35.20 [53,70] 
Horse gram 321 19.0–29.0 0.6–2.6 57.2 5.3 3.0–3.8 15.99 [27] 

Bambara groundnut 381 17.4–25.2 6.0–7.9 51.0–70.0 10.0 3.0–5.0 12.55 [71,72] 

Andean lupin 370 40.0–45.0 6.0–7.9 51.0–70.0 18.9 3.0–5.0 13.50 [73] 

Hyacinth bean  338 23.7–24.9 1.2 54.2–67.2 5.8 3.2–3.5 0.78 [74] 

Adzuki bean 294 15.0–29.0 0.4–2.1 40.0–60.0 16.8 2.0–7.0 11.99 [75] 
Rice bean 346 18.6–26.0 0.3–2.0 60.7 21.5 3.0–4.3 12.99 [76] 

Cowpea 336 20–32 0.6–1.3 50–60 18.2 2.9–3.5 05.40 [77,78] 

Moth bean  343 21.9–28.0 1.5 61.5 4.5 3.4 56.00 [79] 
Grass pea 348 18–34 1.0–1.6 52.4–59.6 8.3 1.5–2.1 0.73 [80,81] 

Pigeon pea  361 19–21.7 1.2–1.3 62.7 15.5 3.9–4.3 17.09 [82] 

Major legumes         
Soybean  374 33.0–45.0 19.9 30.2 10.3 3.1 0.52 [6,83] 

Common bean  340 16.5–25.2 0.3–1.3 43.5–67.9 4.30 4.2–4.5 2.80 [84,85] 
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Groundnut 602 26–30 48.0 15.5–16.13 3.0 2.0–2.6 0.68 [86] 
Chickpea 343 12.6–30.5 3.8–10.2 52.4–70.9 22.7 2.5–3.2 16.49 [87] 
Pea  245 24.4–32.5 0.8–3.9 51.3 13.4 3.1–4.1 16.89 [88] 

Neglected legumes also serve as a source of essential minerals, including iron, copper, zinc, 

sodium, calcium, magnesium, phosphorus, potassium, and manganese (Table 2.3). The iron 

content of grass pea, Andean lupin, tepary bean, horse gram, and rice bean is higher compared 

to major legumes including soybean, common bean, groundnut, chickpea, and pea [89,90]. 

Inclusion of these neglected legumes in the diet has been suggested as a safe alternative to iron 

supplementation due to their abundance in the iron-rich protein ferritin. Lupin seeds contain 

the highest level of manganese compared to soybeans, chickpeas, and peas. Bambara groundnut 

seeds contain a higher zinc content than other neglected legumes and major legumes [91]. This 

legume is also rich in phosphorus and magnesium compared to other neglected species. In 

comparison to other legumes like groundnut and pea, the rice bean is particularly rich in 

calcium and potassium, while horse gram seeds have higher levels of copper than common 

bean, chickpea, and soybean [92]. 

Table 2.3: Mineral composition of neglected versus major legumes 
Minerals (mg/100 g) Dry Matter 

Neglected Legumes Fe Cu Zn Na Ca Mg P K Mn References 
Tepary bean  12.6 3.7 6.1 34.2 210 281 432 1607 3.6 [93] 
Marama bean  4.0 1.0 6.2 64.5 241 274 503 954 1.9 [94] 
Horse gram 11.9 5.5 3.4 37.3 105 172 310 415 1.5 [89] 
Bambara groundnut 6.7 3.0 19.7 25.2 76 555 563 2200 0.8 [91,95,96] 
Andean lupin 16.9 1.3 5.2 20 98 308 249 237 3.8 [97] 
Hyacinth bean  3.5 1.3 9.1 43 88 283 395 404 1.6 [98] 
Adzuki bean 4.6 0.7 4.1 18.4 65 120 386 1223 1.3 [75] 
Rice bean 10.9 4.2 3.1 22.2 274 156 126 2618 2.7 [90] 
Cowpea 8.2 0.3 3.9 16 110 184 424 1112 0.2 [99-101] 
Moth bean  9.6 1.1 4.4 11.5 120 225 320 2257 1.8 [102] 
Grass pea 18.4 0.7 4.4 44.1 200 116 512 644 1.8 [103] 
Pigeon pea  4.7 1.8 8.2 12.0 167 127 293 1941 2.4 [104] 
Major legumes           
Soybean  8.5 2.4 2.2 27.9 226 236 546 1730 1.2 [105] 
Common bean  9.8 1.1 2.3 41.9 183 197 850 2159 2.0 [106] 
Groundnut  6.9 2.7 3.4 42 89 210 340 988 2.9 [101] 
Chickpea 6.2 2.3 6.2 29.5 114 168 387 1279 1.3 [92] 
Pea  5.8 2.4 5.7 93.8 157 110 374 937 1.5 [107] 

Neglected legumes, however, form only a minor part of most current human diets, despite the 

micronutrient deficiencies among rural populations in developing countries that lack the 
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financial means to acquire and consume sufficient quantities of red meat, chicken, fish, fruit, 

and vegetables [11]. More than 12 million adult deaths have been attributed to poor diets, a 

15% increase since 2020. North America and Europe each have the highest percentage of early 

mortality associated with dietary concerns (31%), whereas Africa has the lowest rate (17%) 

but is still considerable [108]. Only 1.1% of the world’s overall food supply and 1.3% of the 

world’s total vegetable food supply come from legumes, which is relatively low. Hence, there 

is a need to supplement diets with poor nutritional value by including neglected legumes. 

The global nutrition report indicates that the global nutrition targets will not be achieved by 

2025 [109]. For the past two years, there has been a substantial increase in the number of 

undernourished people, and by 2021, up to 828 million people were hungry worldwide. The 

frequency of undernourishment increased from 8% in 2019 to approximately 9.3% in 2020 and 

then to 9.8% in 2021. The number of hungry people in Africa continues to rise [110]. As of 

2020, over one-third of the continent’s population was undernourished. In Africa, 282 million 

people experience hunger, which is more than double the number in any other region globally. 

Conditions are deteriorating across East Africa, where 7.2 million people are at risk of 

starvation, and another 33.8 million face acute food insecurity. Around 12.8 million children 

are acutely malnourished. In this regard, it is necessary to focus attention on the nutritional 

profiling of various neglected legumes to enhance their value chain, utilization, and production 

of affordable and innovative value-added products, thereby alleviating food and nutritional 

insecurity. 

2.5 Utilization of Neglected Legumes 
Although neglected legumes could produce better food products, more naturally balanced diets, 

improved pharmaceutical products, natural pesticides and flavourings, dyes, and beverages, 

numerous food legumes are still underutilized [111]. However, the seeds are rich in vitamin A, 

leucine, and lysine. They can be eaten fresh, fried, boiled, tinned, frozen, baked, dried, or 

roasted; they are typically cooked before eating [112,113]. Dishes include salads, casseroles, 

soups, and stews. Vegetables are made from both immature and mature pods. Mature seed flour 

is used in other recipes and combined with oil or butter to make porridge. Bambara groundnut 

is also canned. Additionally, the haulm can be used for animal feed. According to [111], the 

processing and marketing status have been recorded. Horse gram seeds are fermented to 

produce a sauce similar to soy sauce. Mature, dry seeds of neglected legumes can be used as a 

pulse or combined with other ingredients to prepare meals; their flour can be used as a bean 

paste or mixed with bread flour to produce noodles. Immature pods from the Bambara 
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groundnut are used in soup, and the immature seeds are typically consumed raw, cooked, or 

grilled. Like many other underutilized legumes, rice beans are a versatile and multipurpose 

species. Asia uses immature pods and leaves as vegetables and pulse. Soups and stews are also 

cooked with the seed. Neglected legumes could also be consumed with cereals, tubers, roots, 

and other crops [114,115]. They can be used with grains, such as sorghum, to make bread 

[116]; they can also be combined with maize to produce a blend extrudate, which can then be 

converted into flour [117]. Ref [118] suggests using lime beans as a thickening agent in soups 

to make biscuits. 

2.6 Health Benefits of Consuming Neglected Legumes 
Good health is undoubtedly a universal concern and the desire of every human being. Including 

neglected legumes in the daily diet has many beneficial physiological effects in controlling and 

preventing various metabolic diseases such as diabetes mellitus, coronary heart disease, and 

colon cancer [83]. The role of legumes as therapeutic agents in the diets of people suffering 

from metabolic disorders is currently gaining interest. They produce a wide range of secondary 

metabolites, which serve as their chemical armory for defense against predators [119]. The 

variability in these secondary metabolites allows the classification of genera and subgenera 

based on chemical taxonomy. Those metabolites include anti-nutrients such as inhibitors of 

digestion and compounds that interfere with human metabolism, reaching as far as brain 

function and hormonal control. Some of these metabolites are beneficial because they inhibit 

the growth of cancer cells or enhance their antioxidant activity, which can delay ageing in 

humans [119,120]. 

The low glycaemic index and high content of undigestible fibres in neglected legumes (e.g., 

Bambara groundnut, pinto, navy, kidney, lima, and black beans) aid in glycaemic control in 

diabetic individuals, contributing to the prevention of insulin resistance, which represents the 

prodrome of type 2 diabetes [121]. High-soluble dietary fiber lowers cholesterol levels by 

raising the ratio of bile acid to salt excretion in the feces and supplying colonic bacteria with a 

substrate converted to short-chain fatty acids anaerobically in the intestine (acetate, propionate, 

and butyrate) [122]. Butyrate inhibits histone deacetylase, leading to changes in gene 

expression that affect cancer cell proliferation, differentiation, and apoptosis [57,123]. 

Consuming legumes is also associated with a reduced breast and prostate cancer risk [124]. For 

example, lectin toxins and other compounds from the tepary bean are helpful in cancer 

chemotherapy [125]. Due to the presence of two distinct types of bioactive proteins, each with 

a unique impact on cancer cells, this previously neglected legume is ten times more effective 
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than chemotherapy in treating cancer [125]. The amino acid l-homoarginine present in grass 

pea provides benefits in overcoming the consequences of hypoxia, the inadequate oxygen 

supply at the tissue level associated with cancer tumor development [81]. Other effective 

cancer-fighting agents in neglected legumes include bioactive phytochemicals (saponins, 

phytic acid, and polyphenols) and micronutrients like folate and selenium. Folate also lowers 

the chance of neural tube abnormalities like spina bifida in newborns [126]. 

Micronutrients present in neglected legumes play a vital role in bone health and teeth (calcium), 

protein synthesis, antioxidative activity, plasma membrane stabilization (zinc), enzyme 

activity, iron metabolism, and hemoglobin production (copper), and prevention of anemia 

(iron), carbohydrate and lipid metabolism (zinc, chromium), Potassium and magnesium control 

blood pressure and are excellent at slowing down natural aging processes [127]. Neglected 

legumes, such as adzuki beans, horse gram, moth beans, and hyacinth beans, are used in 

traditional medicines from many parts of the world to treat various ailments, including dropsy, 

cough, bronchitis, cardiopathy, liver problems, and inflammation [128]. Moth bean also treats 

fever and irregular menstrual cycles in women [129], supports gut health, boosts the immune 

system [130], repairs muscle, promotes regular bowel movements, and is suitable for renal 

diseases due to its properties as an astringent, diuretic, and tonic. Its roots are narcotic in nature 

[129]. Neglected legumes further contribute to a longer lifespan and improved mental wellness. 

Their regular consumption enhances satiety, reduces stress, anxiety, and sadness in older 

individuals, and encourages weight loss by reducing adipose tissue accumulation [131]. 

However, despite these health benefits, their actual intake remains low. 

Isoflavones found in underutilized legumes, such as cowpea, adzuki beans, and mung beans, 

prevent bone loss in postmenopausal women [132]. This includes anthocyanins, which trigger 

adipocytes to release adiponectin, a cardioprotective hormone with anti-inflammatory 

properties in blood vessel cells linked to a lower risk of heart attack in men and women [133]. 

Flavonoids are the most common bioactive compounds of neglected legumes, especially those 

with colored seed coats, and are the main class of polyphenols showing the highest antioxidant 

potential. This group encompasses pro-anthocyanins and anthoxanthins; they also exhibit free 

radical scavenging capacity, are anti-inflammatory, and positively impact the immune response 

[134]. 

Under stress conditions, neglected legumes produce several bioactive compounds for survival 

[135]. The bioactive compounds, along with carbohydrates (including slow-release and 

indigestible types), lipids (such as polyunsaturated fatty acids), and dietary fibre (both soluble 
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and insoluble), exert beneficial therapeutic effects on human health. Researchers have isolated 

and identified several bioactive compounds with potential nutraceutical properties (Table 2.4). 

Due to the presence of bioactive compounds, neglected legumes possess nutraceutical values 

and have vast potential to serve as raw materials for pharmaceutical companies. The isolation 

and extraction of bioactive compounds from edible and non-edible plant parts, including the 

seed coat, can be applied to manufacture potent natural antioxidants in the nutraceutical 

industry. However, several health benefits of underutilized legumes remain to be ascertained 

and validated through the characterization of plant extracts, their identification, and the 

isolation of related bioactive compounds. 

Table 2.4: Health benefits of bioactive compounds found in neglected legumes 
Neglected Legumes Bioactive Compounds Health Benefits  References 

 Phenolic acids   

Marama bean, rice bean, 
Bambara groundnut Caffeic acid Antioxidant, Antidiabetic, Neuroprotective, Anti-

carcinogenic, Anti-inflammatory [136,137] 

Andean lupin, moth bean, 
pigeon pea, cowpea Gallic acid Anti-inflammatory, Antineoplastic, Antioxidant [138-141] 

Adzuki bean, mung bean Vanillic acid Cardioprotective, Antiapoptotic, Antioxidant, 
Neuroprotective, Hepatoprotective  [142,143] 

Marama bean Protocatechuic acid Antidiabetic, Anti-carcinogenic, Antioxidant, 
Neuroprotective, Anti-atherosclerosis [144] 

Adzuki bean Syringic acid Neuroprotective, Antioxidant, Anti-inflammatory, 
Anti-microbial, Hepatoprotective [145] 

Grass pea, horse gram p-Hydroxy Benzoic acid Antiviral, Nematocidal, Anti-inflammatory, 
Antimutagenic, Hypoglycaemic, Antioxidant [146,147] 

Cowpea, Adzuki bean p-Coumaric acid Anti-microbial [22] 

Bambara groundnut, rice bean Ferulic acid  Antidiabetic, Anti-carcinogenic, Neuroprotective, 
Antioxidant [148] 

Rice bean, black bean Sinapic acid Anti-bacterial, Antioxidant, Anti-carcinogenic, 
Neuroprotective, Anti-glycaemic [22] 

 Flavonoids   

Bambara groundnut, moth 
bean Rutin Antiarthritic, Analgesic, Antidiabetic, 

Cytoprotective, Neuroprotective, Anti-carcinogenic [149,150] 

Andean lupin Myricetin Antidiabetic, Analgesic, Anti-carcinogenic, Anti-
microbial, Anti-hypertensive, Anti-mutagenic [22] 

Andean lupin, cowpea, 
Adzuki bean Catechin Anti-obesity, Anti-carcinogenic, Antidiabetic, 

Antioxidant, Neuroprotective, Hepatoprotective [151] 

Moth bean, pigeon pea Hesperidin  Antioxidant, Anti-inflammatory [22,152] 
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Bambara groundnut Kaempferol Anti-inflammatory, Anti-carcinogenic, Antioxidant [22,153] 

Bambara groundnut Quercetin  Antiviral, Anti-carcinogenic, Anti-inflammatory [22,154] 

    

Marama bean Phytosterols Lower blood cholesterol levels [155] 

Bambara groundnut, pigeon 
pea Saponins  Lower blood cholesterol and glucose level, Anti-

carcinogenic, Immune-stimulatory activity  [156-158] 

Adzuki bean, cowpea, mung 
bean Carotenoids  Eye protective, Anti-carcinogenic, Antioxidant [22,147,159] 

 

2.7 Nutraceutical Properties of Neglected Legumes and Their Impact on Human Health 
Neglected legume seeds are considered influential nutraceuticals due to their positive impact 

on human health, which can help prevent or treat diseases such as diabetes, cancer, digestive 

tract disorders, cardiovascular disease, and obesity [160]. They contain phytochemicals that 

are essential to human metabolism in individuals who frequently consume neglected legumes 

[160]. Consuming phytochemicals through a balanced diet may have health benefits by 

warding off a host of illnesses and disorders, including inflammation and high blood pressure. 

Saponins, in particular, play a key role as anti-cancer agents by limiting the development of 

carcinogenic substances in the colon. Additionally, they may have immune-stimulating effects 

by promoting the production of cytokines, such as interleukins and interferons. Saponins may 

also have several additional advantageous effects, including immunomodulatory, anti-

hypercholesterolemic, anti-hypoglycemic, anti-inflammatory, anti-fungal, and anti-parasitic 

properties. The antioxidant content pre-sent in neglected legumes is important in the treatment 

of numerous illnesses, such as schizophrenia, autoimmune disorders, different respiratory 

diseases, and ocular disorders [162]. For instance, adding burned pigeon pea seeds to coffee 

can help alleviate vertigo and migraines, while fresh seeds can aid in treating male urinary 

incontinence. On the other hand, kidney diseases are treated using immature seeds. The husks 

from pigeon pea seeds have strong antioxidant and anti-hyperglycemic properties, making 

them a possible organic source for nutraceuticals designed to treat hyperglycemia [163]. 

Neglected legume seeds also contain phytic acid, an antinutrient. It is kept in the endosperm of 

legume seeds as phosphate. Phytic acid functions as an anti-HIV agent by preventing the viral 

genome from being transcribed. Kidney stones are prevented from forming by phytic acid, 

which reduces the solubility of calcium, fluoride, and phosphate and shields them from 

demineralization. It also aids in the prevention of cavities, plaque, and tartar in the teeth by 
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chelating iron, suppressing iron-related initiation, and promoting carcinogenesis. Phytic acid 

also lowers the risk of colon cancer. Furthermore, due to its ability to enhance natural killer 

cell activity, which is associated with reduced tumour incidence, it may have potential 

therapeutic utility in cancer [164]. Canavalia cathartica’s lectin, Concanavalin C is used as a 

tissue marker, immuno-modulator, and blood grouping agent [164,165]. Tumor cells are 

destroyed in the liver as a result of the immune cell responses that Concanavalin A triggers. 

Concanavalin A exhibits both autophagic and anti-hepatomic (immunomodulatory) activities 

after attaching to the mannose moiety. According to [166], phytosterols are important 

regulators of metabolism and cholesterol transport, influencing the expression of liver genes, 

and they also impact intestinal genes through transcription factors. 

2.8 Potential Anti-Nutritional Factors Present in Neglected Legumes 
Neglected legume seeds have potential nutritional and health-promoting benefits. However, 

they also contain anti-nutritional elements, which may be harmful when eaten raw but, when 

processed and treated, may be beneficial to human health [160]. The existence of antinutritional 

substances restricts their biological value and suitability as food. Researchers suggest that 

neglected legumes can trigger allergic reactions when consumed due to primary sensitization 

or cross-reactions with other legumes, which is also a serious problem [160]. For example, 

underutilized legumes such as Andean lupin have several antinutritional properties that can be 

either protein- or non-protein-based [167]. Neglected legume seeds include a variety of 

ubiquitarian and specialized anti-nutritional components, including lectins, phytates, 

proteinase inhibitors, and polyphenols [168]. Antinutrients in neglected legume seeds are 

reported to restrict the amount of protein and carbohydrates that may be used. According to 

[169], the anti-nutritional components are rendered inactive by high processing temperatures; 

therefore, these adverse effects are only noticeable after consuming raw and unprocessed seeds 

or flour. 

Most of the anti-nutritional factors associated with neglected legumes affect the digestive 

system. These factors include blocking digestive enzymes (such as protease inhibitors), lectins 

that impair hydrolytic functions and transport at the enterocyte site, phytates and polyphenols 

that form insoluble complexes, and α-galactosides that increase gas production in the colon 

[167]. Trypsin inhibitors of the Kunitz and Bowman-Birk types, as well as α-amylase inhibitors 

such as those found in Adzuki beans, are the most well-known and frequently occurring protein 

inhibitors in legume seeds [170]. Additionally, phenolic chemicals, saponins, alkaloids, 

phytates, and other non-protein anti-nutritional substances found in neglected legume seeds 
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hinder the biological uptake of these nutrients [160]. To increase the utilization of neglected 

legumes, several methods and mechanisms of action are employed to mitigate the effects of 

antinutrient factors (Table 2.5). Genetic manipulation (selection from natural or artificial 

diversity, genetic engineering of biosynthetic pathways, or modification of the toxic protein 

itself), post-harvest processing (such as germination, boiling, leaching, fermentation, or 

extraction), or the selection of plant genotypes with low levels of these factors can all help 

achieve this reduction. Other methods include improving tolerance to antinutrient factors and 

supplementing diets with protective factors such as methionine, threonine, and feed enzymes. 

Table 2.5: Antinutrients present in neglected legumes, processing methods, and mechanisms 
of action. 

Neglected Legumes Antinutrient Processing Method Mechanism of Action References 

Marama bean Phytic acid, Polyphenols, 
Trypsin inhibitors, Lectins 

Soaking, Germination, 
Fermentation, Boiling, 

Steaming, Heat treatment 

Breaks down phytic acid, 
increasing bioavailability of 
minerals such as zinc, iron, 

and calcium,  
Breaks down polyphenols, 
reducing their binding to 

proteins and minerals 
Inactivates trypsin 

inhibitors, increasing 
protein digestibility 

(Bower et al., 
1998) [192] 

Bambara groundnut Phytic acid, Polyphenols Soaking, Germination, 
Fermentation 

Breaks down phytic acid 
and polyphenols, increasing 
bioavailability of minerals 

(Musah et al., 
2021) [96] 

Rice bean α-Galactosides, Oxalates, 
Saponins 

Soaking, Germination, 
Fermentation,  

Boiling, Steaming 

Breaks down α-
galactosides, reducing gas 
production and improving 

digestibility 
Breaks down oxalates, 

reducing their binding to 
minerals such as calcium 

and magnesium 
Breaks down saponins, 

reducing their binding to 
cholesterol and increasing 

nutrient absorption 

(Sharma et al., 
2023) 

Grasspea ODAP (β-N-Oxalyl-L-α,β-
diaminopropionic acid) 

Soaking, Boiling, 
Autoclaving 

Breaks down ODAP, 
reducing neurotoxicity 

(Hillocks and 
Maruthi, 2012) 
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Pigeon pea, cowpea, 
Mung bean Phytic acid, Polyphenols Soaking, Boiling, 

Fermentation 

Breaks down phytic acid 
and polyphenols, increasing 
bioavailability of minerals 

(Gomezulu and 
Mongi, 2022; 

Gonçalves et al., 
2016) 

Jack bean, Lima bean, 
African yam bean 

Phytic acid, Polyphenols, 
Lectins 

Soaking, Boiling, 
Fermentation 

Breaks down phytic acid, 
polyphenols, and lectins, 

increasing bioavailability of 
minerals 

(Akande, 2016; 
Farinde et al., 

2018; 
Adegboyega et 

al., 2020) 

Andean lupin Alkaloids, Phytic acid, 
Polyphenols 

Soaking, Boiling, 
Autoclaving 

Breaks down alkaloids, 
reducing toxicity, Breaks 

down phytic acid, 
increasing bioavailability of 

minerals 

(Romero-
Espinoza et al., 

2020 

Adzuki bean Raffinose, Phytic acid, Trypsin 
inhibitors, Polyphenols 

Soaking, Germination, 
Fermentation, Heat treatment 

Breaks down raffinose, 
reducing gas production 

and improving digestibility, 
Breaks down phytic acid, 

increasing bioavailability of 
minerals 

(Sharma et al., 
2019) 

Horse gram Flavonoids, Trypsin inhibitors, 
Polyphenols, Phytic acid 

Boiling, Steaming, 
Fermentation, Soaking, 

Germination, Fermentation 

Breaks down flavonoids, 
reducing their binding to 

proteins and minerals 
Inactivates trypsin 

inhibitors, increasing 
protein digestibility 

(Rizvi et al., 
2022) 

Moth bean 
Protease inhibitors, Amylase 

inhibitors, Saponins, Oxalates, 
α-Galactosides  

Heat treatment, Autoclaving 

Inactivates protease 
inhibitors, increasing 
protein digestibility 
Inactivates amylase 

inhibitors, increasing 
carbohydrate digestibility 

(Bhadkaria et. al, 
2022) 

2.9 Role of Neglected Legumes in Food Security and Sustainable Agriculture 
It is projected that by 2025, the global population will reach 8.1 billion. This number will rise 

to 9.6 billion by 2050 and 10.9 billion by 2100 [171]. The imbalance in food production brought 

on by climate change could lead to a future food insecurity crisis because of the growing global 

population [172]. Malnutrition, a physiological condition caused by undernourishment or poor 

absorption or utilization of ingested nutrients due to certain pathological conditions, must be 

prevented through the adoption of alternative and sustainable food sources. African countries 

depend on staple cereal foods to sustain their diets, consuming only one type of carbohydrate, 

such as rice or maize, while lacking a significant source of protein [173]. As a result, protein-

energy deficiency is a significant issue in developing countries [99]. Sustainable protein 

sources are needed to meet the enormous rise in protein demand that the world’s population 
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growth will bring about. Reintroducing neglected legumes to the diet as a promising 

intervention to address the world’s food and nutrition concerns will significantly improve 

human nutrition and food security and reduce the risk of over-reliance on minimally significant 

crops. Consumers highly accept proteins from neglected legumes. They are abundant, 

sustainable, and not allergenic. Moreover, they can be utilized as functional additives to 

enhance the nutritional value of processed meals and contribute to the development of nutrient-

dense, economically viable, and sustainable diets [174]. 

The sustainability of agricultural production systems has become increasingly crucial for 

enhancing food security in the years to come. This is due to critical challenges, including arable 

land degradation, nutrient deficiencies, and uncertainties related to climate change. Neglected 

legumes are crucial to this concern, as they provide a wide range of benefits while adhering to 

sustainability standards [175]. Their intensification into cropping systems could provide 

various benefits to the ecosystem by reducing the excessive use of external inputs (i.e., 

fertilizers and agrochemicals), improving soil structure, increasing organic carbon 

concentrations, enhancing soil health, quality, and fertility, while also increasing production 

and empowering local communities. 

Soil fertility has emerged as one of the most significant biophysical constraints to increasing 

agricultural production, posing a threat to food security [176]. Smallholder farmers in marginal 

environments require additional financial resources to purchase sufficient mineral fertilizers to 

replenish the soil nutrients lost through harvested crop products. However, neglected legumes 

have the potential to effectively transfer fixed nitrogen to coexisting crops while reducing 

fertilizer costs [177]. It is fundamental to promote crop diversification of neglected legumes 

with high yield potential and nutritional value. Growing a diversity of neglected legumes is 

essential for improving nationwide nutrition, striving towards 100% food security, and 

increasing farmers’ economic returns. When used as rotation crops, they help resource-poor 

smallholder farmers improve their financial status [178]. Their intensification in intercropping 

systems could improve yields, ensure production stability, increase scale efficiency, and 

provide insurance because farmers can still rely on the other crop if one fails. Neglected 

legumes are less susceptible to weeds, diseases, and pests than cereal crops. For instance, rice 

beans, tepary beans, adzuki beans, and horse gram have been observed to be immune to several 

pests and diseases. They break the life cycle of problematic pests, lowering the number and se-

verity of pests in succeeding crops [179]. Therefore, farmers may reduce their reliance on 

pesticides and herbicides in subsequent crops because of the break-crop effect. Furthermore, 
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introducing these legumes into agricultural rotation programs will help re-duce greenhouse gas 

emissions and address the associated economic and environmental challenges. 

2.10 Economic and Environmental Trade-Offs Between Neglected Legumes and Major 
Legumes 

The economic and environmental trade-offs between neglected legumes and major legumes are 

complex and multifaceted. While major legumes, such as soybeans and common beans, 

generally offer higher economic returns and are supported by well-developed value chains, 

they have been associated with environmental challenges, including input intensification. 

However, improved management practices have demonstrated that their production can also 

be made more sustainable. Neglected legumes, on the other hand, provide ecosystem services, 

promote biodiversity, and offer climate resilience but face economic challenges due to limited 

market demand and underdeveloped value chains. To promote sustainable agriculture and food 

systems, it is essential to promote the production and consumption of both neglected and major 

legumes. This can be achieved through developing markets for neglected legumes to increase 

their economic viability; investing in the development of neglected legume value chains to 

improve efficiency and reduce transaction costs; promoting sustainable agriculture practices, 

such as agroecology and regenerative agriculture, to reduce the environmental impacts of ma-

jor legume cultivation; and conducting research and development to improve the productivity, 

disease resistance, and climate resilience of both neglected and major legumes. Adopting a 

holistic approach that considers both economic and environmental-related factors could 

promote the sustainable consumption of neglected legumes, ensuring food security, 

environmental sustainability, and equitable economic development. 

2.11 Adaptation of Neglected Legumes to Climate Change 
Global food security is currently threatened by climate change [180]. It is projected to 

negatively impact crop yields, leading to a 25% decline by 2050 [181]. Inconsistent or poor 

yields have extensive consequences, as they result in less food for the household and reduced 

revenue for other essential items. Yield stability is crucial in ensuring food security, and for a 

household to be considered food secure, it must have regular access to adequate food with high 

nutritive value [182]. The struggle to attain food security is due to farmers’ reliance on rainfall, 

which is often accompanied by drought, low humidity, high temperatures, and increased 

agricultural risks. These significant concerns continue to threaten households’ food security 

status [183]. Inclusion of neglected legumes, particularly in developing nations, could be 

crucial in tackling food and nutritional insecurity in the context of climate change due to their 

drought-tolerance characteristics, increased resilience against climate change, ability to 
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increase crop yield under adverse conditions where other crops would fail, and the potential to 

support agricultural productivity on poor soils [184]. 

Hyacinth bean, tepary bean, cowpea, and adzuki bean are well-adapted to poor soils, salinity, 

acidity-alkalinity, and heavy metal stress [22]. Their tolerance involves a series of 

morphological, physiological, and biochemical changes that facilitate better adaptation. The 

adaptive mechanisms that enable them to survive and produce under extreme soil and 

agroclimatic conditions could be useful in low- and erratic-rainfall regions [22]. Their deep 

root system development and distribution enable more efficient extraction of available water 

from the deep levels of the soil profile [185]. Such adaptations result in more efficient water 

uptake; consequently, neglected legumes possess the intrinsic ability to enhance water use 

efficiency and conserve natural resources. Their inclusion will enable vulnerable, resource-

poor farmers to adapt to changing climatic conditions, improve long-term resource use 

efficiency, ensure yield stability, and alleviate food and nutrition insecurity, particularly in 

marginal environments. 

2.12 Challenges to Mainstream Utilization of Neglected Legumes 
Neglected legumes have received minor attention from researchers, plant breeders, growers, 

policymakers, traders, technology providers, and consumers due to agronomic, genetic, 

economic, and social factors [186]. As a result, they do not currently play a significant role in 

mitigating food and nutrition insecurity due to a lack of focused research and the use of 

unimproved cultivars, which have resulted in a lack of quality seeds and consequently low 

yields [22]. Over the past decades, these legumes have been primarily produced by vulnerable 

and marginalized groups with limited skills and technology to produce and process them into 

nutritious food products [34]. They are grown as secondary crops, intercropped with cereals, 

and occasionally used as rotational crops with cereals, which has resulted in stagnant 

production over the years in most developing countries. Lack of knowledge about the 

cultivation of neglected legumes and their use and nutritional value are other reasons for the 

gap in legume production [36,37]. Additionally, nutrition policies have not effectively focused 

on raising awareness among people about the importance of dietary diversity and the inclusion 

of neglected legumes in their diets. Hence, the high demand for cereals has pushed legume 

production to marginal environments characterized by low rainfall and poor soils, a 

characteristic of most smallholder and communal farming systems. 

Several socio-economic challenges faced by smallholder farmers contribute to the 

underutilization of neglected legumes. Smallholder farmers are highly vulnerable to climate 
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change and environmental degradation, which lead to crop failures, reduced yields, and 

decreased incomes; have limited access to markets and market knowledge, making it 

challenging to sell their produce at competitive prices; have limited access to credit and 

financial services, which limits the investment in farms or management of risks; and have 

limited access to technology and extension services, which makes it challenging to adopt new 

technologies and crops and improve farming practices. Moreover, smallholder farmers, 

particularly women and marginalized groups, face social inequality and land rights issues, 

which limit access to land, credit, and other resources. Ageing is another factor limiting the 

production of neglected legumes, resulting from the limited involvement of youth in 

agriculture, which leads to a lack of innovation and modernisation in farming practices. 

Promoting climate-resilient agricultural practices to enhance the sustainability of neglected 

legume production can be achieved by providing extension services and technology transfer to 

smallholder farmers, establishing market linkages, and providing market information. This 

approach also supports the participation of women and marginalised groups in agriculture, 

promotes social inclusion and empowerment through training and capacity building, and 

fosters the development of market linkages. 

2.13 Potential Strategies to Resolve Underutilization of Neglected Legumes 
A tremendous research effort, combined with the development of value chains for neglected 

legumes, could provide some impetus to challenge the dominance of major legumes [184]. 

Participatory action research can serve as an entry point to empower communities in 

developing countries, particularly vulnerable, resource-poor farmers, by providing 

opportunities to co-learn and experiment with these neglected legumes [187]. The awareness 

and traditional knowledge of these legumes regarding their utility and cultivation need to be 

elevated from a basic farmers’ level to a broad spectrum of scientific practices. This will lead 

to the adoption and utilization of these climate-smart, neglected legumes, and enhance the 

implementation of appropriate management approaches to promote sustainable food 

production. Secondly, advancements in speed breeding, genetic improvement for developing 

desirable traits, enhanced yield, and selecting elite attributes are essential across different 

climate-resilient crop-ping systems [188]. Therefore, intensive future research must focus on 

integrating the traits of these legumes into greater production, which could elevate their 

economic status in the global market. This will significantly increase intake and, consequently, 

contribute to the mitigation of current health and environment-related global crises, including 

food and nutrition insecurity. 
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Food and nutrition security projects should explore and encourage amendments to testing, 

importing, and exporting regulations about legume varieties that are not locally produced to 

make them more accessible to South African markets, particularly at the local level. Although 

there have been reports detailing the potential of neglected legumes, few have provided a 

roadmap for exploiting this potential [109]. Thus, there is a need to identify high-potential, 

neglected legumes, prioritise them, and articulate a strategy with actionable recommendations 

for exploiting the potential of these legumes. The development of the strategy should address 

the challenges and obstacles, including but not limited to micronutrient deficiency, the 

unbearable burden of malnutrition, hidden hunger, and the opportunities or benefits brought by 

neglected legume utilisation. A guiding framework for addressing the challenges of food and 

nutritional insecurity should outline coherent actions and activities for future research and 

development funding on neglected legumes. Lastly, the policies should not be limited to 

altering food consumption habits and incorporating neglected legumes into the diet to combat 

malnutrition, major chronic diseases, and associated risk factors. 

2.14 Conclusion 
The importance of neglected legumes in current and future agriculture cannot be understated. 

They form a minor part of everyday human diets despite their potential to provide a sustainable 

solution to food and nutritional insecurity, malnutrition, hunger, and their increasingly 

significant role in improving human health worldwide. Sub-Saharan Africa’s food nutritional 

security requires a major refocus on neglected legume identification, accompanied by intensive 

research on genetic improvement and development to enhance climate-resilient cultivars with 

improved grain characteristics. Future research on genetic improvement and development 

should encompass establishing breeding programs to improve the yield, disease resistance, and 

nutritional quality of neglected legumes; the development of genetic markers associated with 

desirable traits to facilitate marker-assisted selection and breeding; the application of genomic 

selection to accelerate the breeding process and improve the accuracy of selection; and the 

utilization of mutant breeding techniques to induce genetic variation and improve the desirable 

traits of neglected legumes. Raising awareness and educating farmers, consumers, and 

policymakers about the neglected legume value and advocating for better utilization in crop 

rotations while addressing challenges in trade will significantly increase their production over 

the coming decades and utilization throughout the food system. 

As climate change manipulates the environmental and socio-economic drivers of food security, 

the time has come to rethink and orient policies to sustain neglected legume production and 
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achieve long-term benefits for all communities across the globe. There is a need to promote the 

cultivation of neglected legumes to sustain food security, especially in the developing countries 

of sub-Saharan Africa. The policies should not be limited to altering food consumption habits 

and including neglected legumes in the diet to fight against malnutrition, major chronic 

diseases, and associated risk factors. Encouragement of neglected legumes’ integration into 

cropping systems and the implementation of specific programs to assist smallholder farmers 

who are highly vulnerable to climate change could be smart climate adaptation strategies. This 

will aid in establishing agricultural systems that are resilient and cost-effective with an 

enormous capacity to improve household livelihoods, nutrition, and food security. Moreover, 

there is a need for market development and value chains for neglected legumes to improve their 

availability and accessibility; funding provision for research on neglected legumes to address 

the knowledge gaps and improve their productivity and utilization; strengthening of extension 

services to disseminate information and technologies to farmers and consumers on the 

production and utilization of neglected legumes; incorporation of neglected legumes into 

school meals and food assistance programs to improve nutrition and promote their 

consumption; engaging the private sector in the production, processing, and marketing of 

neglected legumes to improve their availability and accessibility; fostering international 

cooperation to share knowledge, technologies, and best practices in the production and 

utilization of neglected legumes. 
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Abstract 
Crop diversification is a vital strategy for achieving sustainable agriculture and food security; 

however, its adoption rates remain low. This study examined the socioeconomic factors 

influencing crop diversification among smallholder farmers. A two-stage sampling procedure 

was employed to collect data from 161 farmers who specialised solely in crop production. A 

structured questionnaire was used to collect data, analysed using descriptive statistics. The 

multiple linear regression and multivariate probit regression models were applied to assess the 

socioeconomic factors influencing diversification. The results revealed that smallholders 

primarily focused on vegetable cultivation (87%), followed by cereals (56%) and legumes 

(43%). Education level, household size, market access, and the perceived benefits of 

diversification significantly influenced diversification decisions (p < 0.05). Also, sources of 

irrigation water, age, marital status, and farm size were key factors in vegetable diversification, 

while farming experience, farm size, and perceived benefits influenced legume diversification. 

Only marital status and farming experience were positively linked to cereal crop 

diversification. Furthermore, 48.4% of farmers practice intercropping, integrating maize with 

pumpkins or sugar beans, while 33.5% still rely on monoculture, predominantly maize, due to 

limited resources. These findings underscore the need for policies and extension support to 

address socioeconomic barriers and promote the wider adoption of crop diversification 

strategies. 

Keywords: farming practices; cropping patterns; smallholder farmers; multivariate probit 

regression model; socioeconomic attributes 
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3.1 Introduction 
Smallholder farming is a vital component of South Africa’s agricultural sector, playing a 

crucial role in ensuring food security, enhancing rural livelihoods, and promoting economic 

development [1,2]. However, smallholder farmers face numerous challenges, including climate 

variability, soil degradation, limited market access, financial constraints, and inadequate 

infrastructure [3,4]. Despite the increasing threats posed by climate change, many smallholder 

farmers continue cultivating the same staple crops, often relying on monoculture systems [5]. 

These factors increase the vulnerability of smallholder farming systems, thereby reducing 

agricultural productivity and resilience while exacerbating food insecurity and poverty in rural 

communities [6]. To enhance resilience and productivity, adaptive strategies such as crop 

diversification have become increasingly essential [7]. Crop di-versification has been 

recognized as an ecologically sustainable and cost-effective strategy for agricultural 

intensification. This approach involves integrating multiple crop species within a farming 

system through practices such as crop rotation, multiple cropping, or intercropping [8]. 

According to Barman et al. [8] and Zou et al. [9], this strategy enhances soil fertility, reduces 

pest and disease prevalence, and minimizes agrochemical inputs by de-creasing reliance on 

nitrogen-based fertilizers, particularly when leguminous crops are incorporated into cropping 

systems [10]. Furthermore, crop diversification enables farmers to adapt to shifting consumer 

preferences and market dynamics, potentially increasing profitability, stabilizing income, and 

enhancing resilience to climatic and economic shocks [11–13]. As noted by Shikwambana et 

al. [14], crop diversification enhances climate resilience in South Africa by reducing the 

vulnerability of small-holder farmers to climatic shocks such as droughts, irregular rainfall, 

and temperature extremes. Through the cultivation of diverse crops with various tolerances to 

water stress, pests, and diseases, farmers can mitigate the risk of total crop failure associated 

with climate variability. In the South African context, characterized by semi-arid conditions, 

high interannual rainfall variability, and frequent droughts, diversification al-lows for more 

stable income streams and food security. 

Moreover, crop diversification benefits the poorest the most and raises farmers out of poverty 

[15]. While diversification is generally associated with reductions in poverty levels, existing 

poverty may constrain farmers’ ability to effectively manage multiple crops. Due to limited 

agricultural resources, resource-poor farmers are likely to prioritize the cultivation of staple 

crops with high caloric yields to meet basic subsistence needs, potentially limiting their 

capacity to diversify [16]. From a food security perspective, crop diversification is crucial for 
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sustaining both the quantity and nutritional quality of food production. It contributes to a more 

stable and balanced food supply, which is particularly vital for vulnerable populations. The 

inclusion of protein-rich legumes and micronutrient-dense vegetables in smallholder farming 

systems significantly improves dietary diversity and nutritional outcomes, especially in rural 

areas where access to affordable, nutrient-rich food is often limited. Despite these well-

documented benefits, the adoption of crop diversification remains low among smallholder 

farmers [17,18]. 

Smallholder farmers have historically employed diverse cropping systems, utilizing indigenous 

knowledge to cultivate a variety of crops for household consumption, soil health, and risk 

mitigation. These practices were tailored to local agroecological conditions and aimed at 

enhancing resilience. A systematic review highlights that crop diversification, including the 

use of indigenous and drought-tolerant crop varieties, has been a key strategy for smallholder 

farmers in South Africa to adapt to climate change impacts on their livelihoods [19]. However, 

the green revolution introduced high-yielding varieties and modern agricultural techniques, 

leading many smallholders to adopt monoculture practices [20]. This shift was driven by 

government incentives and market demands, resulting in reduced crop diversity and increased 

reliance on a narrow range of staple or cash crops. Research indicates that the promotion of 

high-yield varieties often led to the displacement of traditional crops, impacting biodiversity 

and resilience [21]. In response to climate change, market volatility, and declining soil fertility, 

there has been a renewed interest in crop diversification among smallholder farmers. 

Integrating drought-resistant and climate-resilient species, as well as reintroducing traditional 

crops, has been observed as a strategy to enhance in-come, food security, and resilience. A 

study in Zimbabwe demonstrates that crop di-versification significantly improves crop 

productivity, household income, food security, and nutrition, underscoring its role as a viable 

cli-mate-smart agriculture practice [22]. 

Socio-economic factors, including limited access to land, water, credit, and agricultural 

technologies, along with policy and institutional barriers, such as insufficient government 

support and weak market linkages, further constrain the success of crop diversification efforts 

[23,24]. Inadequate extension services and a lack of technical knowledge hinder the effective 

implementation of diversification strategies [25,26]. While existing studies have examined the 

role of crop diversification in mitigating climate risks and enhancing agricultural productivity, 

most research has primarily focused on large-scale commercial farms. Consequently, there is 

a lack of empirical data on the determinants and effectiveness of crop diversification practices 
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among smallholder farmers in South Africa. A comprehensive investigation is required to as-

sess the socioeconomic factors influencing crop diversification practices and identify strategies 

to enhance their adoption, particularly within South Africa’s diverse agroecological zones. 

This empirical study employed a survey-based research methodology to assess the 

socioeconomic factors influencing crop diversification among smallholder farmers in South 

Africa. To achieve this objective, the study examined predominant crops and cropping systems, 

assessed farmers’ knowledge of diversification benefits and training attendance, 

understanding, and knowledge utilization, and analysed the socioeconomic factors influencing 

their crop diversification decisions. The study’s findings are expected to provide valuable 

empirical insights to bridge existing knowledge gaps, support policymakers in developing 

targeted interventions, and strengthen agricultural extension services. The findings will also 

contribute to a deeper understanding of how socioeconomic factors influence crop 

diversification among resource-constrained farmers in rural communities of the Global South. 

Furthermore, this study aligns with the Sustainable Development Goals (SDG 1 and 2), which 

aim to eradicate hunger, poverty, and malnutrition by 2030, as well as SDG 12 and 13, which 

promote responsible production and address climate action. The study will provide a roadmap 

for addressing key gaps that need to be addressed to promote sustainable and climate-resilient 

farming practices that enhance food security, income stability, and rural livelihoods in 

smallholder farming systems. 

3.1.1 Theoretical Framework for the Study 
This study is underpinned by two complementary theoretical approaches: the Theory of 

Planned Behaviour (TPB) and the Sustainable Livelihood Framework (SLF). These 

frameworks provide a comprehensive analytical approach to examining the socioeconomic 

factors of crop diversification decisions among smallholder farmers in Bergville, South Africa. 

The theory of planned behaviours posits that an individual’s intention to perform a specific 

behaviour, such as adopting crop diversification, is shaped by three core components: attitudes, 

subjective norms, and perceived behavioural control. In the context of smallholder farming, 

attitudes reflect farmers’ beliefs about the benefits of diversification, such as enhanced food 

security or income stability. Subjective norms involve social pressures or community 

expectations, including the influence of farmer cooperatives or local institutions, such as the 

Farmers Support Group. Perceived behavioural control is especially relevant in Bergville, 

where access to land, water, markets, and extension services affects farmers’ ability to 
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diversify. These three factors collectively shape behavioural intentions, which are strong 

predictors of actual diversification practices. 

Complementing the TPB, the Sustainable Livelihood Framework offers a holistic perspective 

on the resources and vulnerabilities that influence smallholder farmers’ livelihood strategies. 

The SLF identifies five key asset categories, namely human, social, natural, physical, and 

financial capital, which interact with external factors such as policies, institutions, and climate 

variability. In Bergville, access to education (human capital), land and water (natural capital), 

farming tools (physical capital), and income or credit (financial capital) all influence a farmer’s 

capacity to adopt crop diversification. The framework also emphasizes vulnerability contexts, 

such as climate shocks, market fluctuations, or pol-icy gaps that may constrain or motivate 

diversification choices. By integrating TPB and SLF, this study acknowledges that crop 

diversification is not only a rational decision influenced by individual beliefs and intentions 

but also a livelihood strategy shaped by broader structural and resource-based constraints. This 

dual-theoretical approach al-lows for a deeper analysis of how socioeconomic factors 

collectively determine the ex-tent and nature of crop diversification among smallholder farmers 

in Bergville. 

Based on a synthesis of the reviewed literature, a conceptual framework (Figure 3.1) was 

developed to illustrate the interactions between the variables measured in the study and how 

these interrelationships influence crop diversification among small-holder crop farmers. The 

framework illustrates how the socioeconomic characteristics of smallholder farmers, including 

age, education level, marital status, household size, farming experience, and farm size, can 

directly influence their crop diversification decisions. Farmers’ perceptions of the benefits of 

crop diversification, along with their access to key resources such as water, markets, land, and 

seeds, interact with their socio-economic profiles and are expected to influence their 

diversification choices. Ultimately, increased crop diversification in smallholder farmers’ 

agricultural practices is anticipated to contribute to enhanced food security, income stability, 

improved livelihoods, poverty reduction, increased climate resilience, reduced crop failure, 

decreased reliance on agrochemical inputs, and improved soil fertility. 
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Figure 3.1: Conceptual framework for socioeconomic factors influencing crop diversification 
(conceived from a synthesis of reviewed models and literature). Source: Author’s Concept. 

3.2 Materials and methods 

3.2.1 Description of the Study Area 
The study was conducted in Bergville, located within the Okhahlamba Municipality of 

KwaZulu-Natal Province, South Africa (Figure 3.2). This site was chosen due to its location 

within an agroecological zone that is both ecologically diverse and agriculturally significant. 

Bergville forms part of South Africa’s maize production belt and supports a range of 

agricultural activities, including livestock grazing, maize cultivation, and horticulture. It is 

centrally located at approximately 28°43′49.74″ S and 29°21′4.20″ E, with an altitude ranging 

from 1200 to 1800 m above sea level. The region experiences an average annual precipitation 

of 700 mm to 1,200 mm, with winter minimum temperatures ranging from 2 °C to 5 °C 

(occasionally accompanied by frost), and summer maximum temperatures (from December to 

February) ranging from 25 °C to 30 °C. This climatic variability, combined with its semi-arid 

conditions, makes Bergville a valuable location for studying agricultural and ecological 

dynamics, where rainfall and temperature fluctuations have a significant impact on local 

livelihoods and biodiversity. The region's water sources primarily include constructed pits, 

earth dams, and rainwater harvesting systems. Most smallholder farmers in Bergville rely on 

rainfall for irrigation, cultivating maize, vegetables, and potatoes as predominant crops. 

Common cropping systems include monoculture, crop rotation, and intercropping [27]. The 

soils are generally clay-loamy, with a high buffering capacity against pH fluctuations [28]. 
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ensures the statistical neutrality of the selected samples. The formula was applied using a 95% 

confidence level and a 5% margin of error. Based on the computation, 161 smallholder farmers 

were randomly selected from five villages (Mlimeleni, Ezimbovini, KwanoKopela, Eqeleni, 

and Busingatha) in Bergville to participate in the study. 

The following calculation illustrates the method used to determine the suitable sample size. 

N =
N

1 + Ne2
= n =

269
1 + 269(0.05)2

= 161  

where n = sample size (161); N = population size of smallholder farmers (269); e = desired 
margin of error (0.05). 

3.3.1 Data Collection and Analysis 

3.3.1.1 Baseline Survey 
A structured questionnaire was developed as the primary survey instrument to elicit data for 

the study. Prior to the data collection process, four enumerators were trained to assist with data 

collection. Informed consent was obtained from all participating farmers, and participation was 

voluntary. Data were collected through face-to-face interviews using structured questionnaires, 

adhering to all protocols and ethical principles outlined in the Declaration of Helsinki. The 

questionnaire was face- and content-validated by field experts in agronomy to ensure relevance 

and applicability before data collection. This evaluation assessed its structure and relevance 

and examined whether the included variables were reasonable and clear. In addition, a 

reliability assessment was conducted through a pre-test to determine the instrument’s stability 

and consistency in measuring the intended variables. The pre-test method was applied to 10 

smallholder farmers from a village not included in the study. A reliability coefficient of r = 

0.85 was obtained, which, according to established standards in the literature, indicates that the 

questionnaire was reliable [31]. The survey instrument comprised sections aligned with 

specific study objectives, assessing socioeconomic factors that influence crop diversification, 

predominant crops, cropping patterns and systems, farmers’ knowledge of crop diversification 

benefits, and training attendance, understanding, and knowledge utilisation. Interviews were 

conducted in isiZulu, the respondents’ native language, to ensure clarity and cultural relevance, 

thereby enhancing both communication and the reliability of responses. A total of 161 

questionnaires were successfully administered across the five villages, with all participants 

actively engaged in smallholder farming. 
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3.3.1.2 Statistical Analysis 
The survey data were imported from an Excel file into SPSS (Statistical Package for the Social 

Sciences). Variable names were systematically reviewed to ensure clarity and consistency in 

coding. During data cleaning, missing values were identified and ad-dressed using appropriate 

techniques. Outliers were detected with box plots and z-scores and were managed to preserve 

the dataset’s integrity. Categorical variables were recoded for uniformity, with numerical codes 

assigned where applicable. This structured approach ensured the dataset was accurate, reliable, 

and ready for analysis. IBM SPSS software (version 29.0) was then used to perform descriptive 

statistical analyses, providing frequencies, percentages, means, and standard deviations for 

both continuous and categorical variables, thereby addressing the research objectives. The 

results were presented in tables, pie charts, and bar graphs for clarity and ease of interpretation. 

Additionally, multiple linear regression was employed to assess the extent of crop 

diversification, while the multivariate probit regression model was used to examine the socio-

economic factors influencing crop diversification among smallholder farmers in Bergville, 

South Africa. 

3.3.2 Model Specification 

3.3.2.1 Inferential Statistics 
The study employed a multiple linear regression model due to its ability to incorporate multiple 

independent or explanatory variables in predicting the outcome of a continuously measured 

dependent variable [32]. This model was particularly effective in analysing respondents’ 

socioeconomic characteristics and their influence on the ex-tent of crop diversification, which 

was measured as a continuous variable. The extent of crop diversification was calculated as a 

proportion of the number of crops grown to the total number of crops that could feasibly be 

grown, which was six in this case. This made it suitable to be used as the dependent variable 

in the multiple linear regression model. The selection of this approach aligns with previous 

research [33–35], where multiple linear regression has been widely employed in similar 

contexts. 

The explicit form of the model is presented as follows: 

Y = β0 + β1X1 + β2X2 + BnXn + e     (1) 

where: 

Y represents the extent of crop diversification. 
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X is a vector of hypothesized explanatory variables, including farmers’ socioeconomic 

characteristics (age, gender, marital status, educational attainment, household size, farming 

experience, farm size, market access, and sources of water for irrigation). 

β is a vector of unknown parameters to be estimated, while e represents the independently and 

normally distributed random error term. 

3.3.2.2 Multivariate Probit Model (MVP) 
The study also utilized a multivariate probit model approach to examine the socioeconomic 

determinants of crop diversification in the region. In contrast to other dichotomous models, the 

MVP model effectively accounts for unobservable factors that influence smallholder farmers’ 

crop diversification by permitting correlation across error terms of latent equations. The 

identified correlations allow for error terms that indicate positive correlation (complementarity) 

and negative correlation (substitutability) on crop diversification. In this study, the MVP model 

comprises three binary choice equations: vegetables, legumes, and cereals. 

Hence, the study model is specified as: 

P∗im = βim + xim + εim (m = 1, 2, 3)   (2) 

Pim {1 if P∗im > 0 and 0 otherwise}  

The above equation is formulated under the assumption that a rational i-th farm household 

possesses a latent variable P∗im, which captures unobserved factors influencing the m-th crop 

diversification (m = 3 crop choices). Xim consists of exogenous variables that determine crop 

diversification, including the socioeconomic attributes of smallholder farmers, as detailed in 

Table 3.1. The coefficients βm quantify the effects of these explanatory variables on crop 

diversification. The error terms εim follow a multivariate normal distribution, each with a mean 

of zero and a variance–covariance matrix characterised by values of 1 along the diagonal and 

nonzero correlations among the off-diagonal elements. The socioeconomic variables included 

in the models are shown in Table 3.1. 

Table 3.1: Summary description of the socioeconomic variables included in the regression 
models 

Variables Description Variable Type 

Age 1 = ≤25, 2 = 26–50, 3 = 51 years and above Categorical 

Gender  1 = male, 0 if otherwise  

Marital status 1 = unmarried, 2 = Married, 3 =Divorced, 4 = Widow (er) Categorical 
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Education 1 = no formal schooling, 2 = primary school, 3 = secondary 
school, 4 = tertiary school Categorical 

Household size Number of members in the household Continuous 

Farming experience 1 = 1–10 yrs, 2 = 11–20 yrs, 3 = 21–30 yrs, 4 = 31 and above 
years Categorical 

Farm size 1 = ≤2 ha, 2 = 3–5 ha, 6 and above hectares Categorical 

Source of seeds 1 = own production, 2 = supermarkets, 3 = other Categorical 

Market access 1 = yes, if a farmer has market access, 0 if otherwise Categorical 

Advantages of 
diversifying crops 

1 = perceived advantages of crop diversification, 0 if 
otherwise Categorical 

Sources of water for 
irrigation 1 = irrigation, 2 = rainfed, 3 = both  Categorical 

3.4 Ethical Consideration 
Ethical clearance for this study was obtained from the University of KwaZulu–Natal Ethics 

Committee, facilitated by the School of Agricultural, Earth, and Environ-mental Sciences, 

under reference number HSSREC/00008179/2025 (ethical clearance approval included in 

Appendix A). During the administration of the questionnaires, the researcher sought informed 

consent from the participants, ensuring confidentiality throughout the process. The 

questionnaires were distributed at times and locations that were convenient for the participants. 

Before completing the questionnaires, participants were fully informed about the scope of the 

study, and their anonymity was preserved by not disclosing any personal identities. The study 

was conducted with a strong emphasis on participant welfare, ensuring that no harm was 

inflicted during the process. Furthermore, all participants were acknowledged and thanked for 

their valuable time and contribution to the completion of the questionnaires. 

3.5 Results 

3.5.1 Socioeconomic Attributes of the Smallholder Farmers 
The results in Table 3.2 revealed the socio-economic attributes of the smallholder farmers in 

the surveyed region. The results indicated that the majority of respondents (50.3%) were 

between 26 and 50 years old, and 44.1% were between 51 and 60 years of age, followed by 9% 

of smallholder farmers who were under 25 years of age. Approximately 80.1% of the 

smallholder farmers were female, while males accounted for 19.9%. The marital status reveals 

that a significant proportion (52.8%) of the farmers were unmarried, while 36.6% were married, 

and only a few (9.9%) were widowed and 0.6% were divorced. The findings from Table 3.2 
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further reveal that 49.1% of the farmers had secondary education, 24.8% had primary 

education, and 20.5% had no formal education, with only a few (5.6%) of the respondents 

having tertiary education. A little above average (50.3%) had a household size of between 6 

and 10 people, 32.2% had between 1 and 5 people, and only 17.3% had 11-plus people living 

together under the same roof. Also, the results revealed that 70.2% of the smallholder farmers’ 

source of income was from welfare grants, 28% and 13% of income was from irrigated and 

rain-fed crop sales, respectively, 16.1% was from livestock sales, and 21.1% of the source of 

income was from remittance, followed by 15.5% from temporary employment and only a few 

(10.6%) from other sources (sewing, handicrafts, etc.). In addition, the majority (68.3%) of 

farmers obtained their food from supermarkets, while 31.1% produced their own food, and 

only a small percentage (0.6%) relied on food schemes or aid programs. 

Furthermore, the results in Table 3.3 indicated that a significant proportion (85.1%) of the 

smallholder farmers had between 1 and 10 years of experience in farming and 8.7% had 

between 11 and 20 years, while 3.7% ranged between 21 and 30 years and only 2.5% had 31 

and above years of farming experience. About 93.2% owned less than two hectares of land, 

6.2% owned between three and five hectares, and a few (0.6%) owned six-plus hectares. The 

results further revealed that the majority (65.8%) of smallholder farmers relied on both rainfall 

and irrigation as their primary sources of water for farming. Conversely, a minority (8.7%) of 

the farmers relied exclusively on irrigation as the primary source of water, while 25.5% relied 

on rainfall. Approximately 71.4% of the farmers relied on supermarkets as a source of seeds, 

while 21.7% produced their own seeds, utilising seeds from previous harvests for the next 

planting season. Only a few farmers (6.8%) relied on alternative seed sources, such as Farmers 

Support Groups and the Department of Agriculture. The results also indicated that 49.7% of 

farmers had effortless access to seeds, while 40.4% had easy access, and 9.9% found it difficult 

to obtain seeds. Additionally, the majority (80.1%) of the farmers had no access to the market, 

while a minority (19.9%) had access to it. 

Table 3.2: Distribution of the socio-economic attributes of smallholder farmers. 

Socio-Economic Variables Frequency (%) 

Age (Years)   
≤25 9 (5.6) 

26–50 82 (50.3) 
51 and above 70 (44.1) 

Gender   
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*Multiple choice response. 

Table 3.3: Distribution of the socio-economic attributes of smallholder farmers contd. 

Socio-Economic Variables Frequency (%) 

Years of farming experience   
1–10 yrs  137 (85.1) 
11–20 yrs 14 (8.7) 
21–30 yrs 6 (3.7) 

31 and above 4 (2.5) 
Farm size (hectares)   

≤2 150 (93.2) 
3–5 ha 10 (6.2) 

6 and above 1 (0.6) 
Sources of water for irrigation   

Female 129 (80.1) 
Male 32 (19,9) 

Marital Status   
Unmarried 85 (52.8) 

Married 59 (36.6) 
Divorced 1 (0.6) 

Widow (er) 16(9.9) 
Education   

No formal schooling 33 (20.5) 
Primary school 40 (24.8) 

Secondary school  79 (49.1) 
Tertiary school 9 (5.6) 
Household Size   

1–5 people 52 (32.2) 
6–10 people 81 (50.3) 
11 and above 28 (17.3) 

Source of income   
Temporal employment 25 (15.5) 

Welfare grant 113 (70.2) 
Remittances 34 (21,1) 

Crop sales—irrigated 45 (28) 
Crop sales—rainfed 21(13) 

Livestock sales 26 (16.1) 
Other 17 (10.6) 

Source of food   
Own production 50 (31.1) 

Purchased 110 (68.3) 
Food aid 1 (0.6) 
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Irrigation  14 (8.7) 
Rainfall 41 (25,5) 

Both  106 (65.8) 
Sources of seeds   
Own production 35 (21.7) 

Supermarkets 115 (71.4) 
Other 11 (6.8) 

How easy to get seeds?   
Very easy 80 (49.7) 

Easy 65 (40.4) 
Not easy 16 (9.9) 

Market access    
Yes 32 (19.9) 
No  129 (80.1) 

*Multiple choice response. 

3.5.2 Farming Practices Utilized by Smallholder Farmers in the Study Area 
The results in Figure 3.3 present an analysis of the farming practices and cropping systems of 

smallholder farmers in the study area. The study found that a significant proportion (48.4%) of 

farmers practice intercropping, followed by 33.5% who practice monoculture (sole cropping), 

while 16.8% adopted crop rotation. Only a minority (1.2%) engage in relay cropping (Figure 

3.3). 

 
Figure 3.3: Frequency distribution of farming practices used by smallholder farmers in the 
study area 

3.6 Crop Cultivation Patterns Among Smallholder Farmers in the Study Area 
Figure 3.4 presents an analysis of crop cultivation patterns among smallholder farmers in the 

study area. The results indicate that vegetable cultivation is the most predominant, practiced 
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by 87% of farmers, followed by cereals cultivation at 56%. Additionally, 43% of respondents 

engage in legume cultivation (Figure 3.4). 

 
Figure 3.4: Frequency distribution of crops cultivated by smallholder farmers in the study area. 

3.6.1 Smallholder Farmers’ Socioeconomic Determinants of Crop Diversification 
The results presented in Table 3.4 reveal the estimates of socio-economic attributes influencing 

the extent of crop diversification among smallholder farmers, as determined using a multiple 

linear regression model. The results of the multiple linear regression analysis indicated a 

significant relationship (R² = 0.398) between the independent variables and the extent of crop 

diversification. The model predicted about 40% of the variation in farmers’ crop 

diversification, with an F-test value of 8.95 and statistical significance at p < 0.01. This 

demonstrates that the model is a good fit and confirms that the selected independent variables 

play a significant role in determining diversification decisions among smallholder farmers. The 

Variance Inflation Factor (VIF) was used to test for multicollinearity among the variables in 

the model, and it was discovered that multicollinearity was not a problem as the VIF value was 

1.30 with a high tolerance value across the variables. The results further revealed that education 

level (t = 2.46) and household size (t = 2.49) were significant at p < 0.05, while market access 

(t = 4.50) and advantages of diversifying crops (t = 5.79) were highly significant at p < 0.01. 

This implies that these four variables have a significant influence on the extent of crop 

diversification in the region. 

Table 3.4: Socio-economic determinants of crop diversification extent among smallholder 
farmers. 

Characteristics  Coeff. Std.Err T-Value p > t VIF Tolerance 
Age 0.060 0.104 0.58  0.562 2.02  0.494553 
Gender  −0.161 0.284 −0.57  0.570 1.04  0.963210 
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Marital status 0.189 0.148 1.28  0.203 1.46  0.683164 
Education 0.437  0.177 2.46  0.015 ** 1.94  0.515743 
Household size 0.079  0.032 2.49  0.014 ** 1.25  0.799583 
Farming experience 0.076 0.095 0.79  0.428 1.09  0.920088 
Farm size 0.269  0.291 0.93 0.356 1.06  0.947418 
Source of seeds 0.366  0.231 1.59  0.114 1.13  0.882091 
Market access 1.335 0.297 4.50  0.000 *** 1.13  0.881867 
Advantages of diversifying crops 1.616  0.279 5.79  0.000 *** 1.09  0.915646 
Sources of water for irrigation 0.226 0.178 1.27 0.206 1.07  0.935039 

Constant  
F  
Prob > F  
R-squared 
Adj R-squared 
Mean VIF 

−0.883 
8.95 
0.000 
0.398 
0.354    

 
 
 
 
 
1.30 

 

Note: Statistical significance *** p < 0.01, ** p < 0.05, * p < 0.10. 

3.6.2 Socioeconomic Factors Influencing Crop Diversification Among Smallholder 
Farmers 

The results in Table 3.5 show the socio-economic factors influencing crop diversification 

among smallholder farmers in Bergville using a multivariate probit regression model. The 

Wald test (chi2 (30) = 62.65, Prob > chi2 = (0.000)) is highly significant at p < 0.01, suggesting 

that the error terms across the crop diversification equations are correlated. The significance of 

this lies in the fact that applying an MVP regression model was suitable for identifying the 

smallholder farmers’ socio-economic attributes influencing crop diversification. These 

significant socio-economic attributes include age, marital status (MS), farming experience 

(FE), farm size (FS), advantages of crop diversification (ACD), and sources of water for 

irrigation (SWR). The significant variables that were positively related to diversification of 

vegetables were ACD (p < 0.01) and SWR (p < 0.01), while age (p < 0.01), MS (p < 0.01), and 

FS (p < 0.01) were negatively related to vegetable diversification among the smallholder 

farmers in the study area. Furthermore, variables such as FE (p < 0.05), FS (p < 0.1), and ACD 

(p < 0.01) were positively related to legume crop diversification, while only MS (p < 0.05) and 

FE (p < 0.05) were positively related to cereal crop diversification. 

Table 3.5: Socio-economic factors influencing crop diversification among smallholder 
farmers. 
Characteristics Vegetables  Legumes  Cereals  
 Coeff. Std.Err Coeff. Std.Err Coeff. Std.Err 
Age −0.416 *** 0.155 0.107  0.085 0.140 0.083 
Gender  −0.362 0.413 −0.117  0.270 0.311 0.259 
Marital status 0.754 *** 0.307 0.026 0.138 0.299 ** 0.141 
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Household size −0.043 0.052 0.031  0.028 −0.020 0.030 
Farming experience 0.204 0.183 0.219 ** 0.102 0.190 **  0.093 
Farm size −0.856 *** 0.345 0.670 * 0.422 0.275  0.230 
Source of seeds 0.273 0.324 −0.030  0.216 0.134  0.199 
Market access 4.926 151.764 0.414 0.277 −0.160 0.264 
Advantages of diversifying crops 1.039 *** 0.370 0.748 *** 0.283 −0.009  0.254 
Sources of water for irrigation 0.871 *** 0.287 0.002 0.172 −0.188 0.170 
Constant −0.308 1.110627 −2.454 0.873 −1.408 0.760 
N 161 

     
Wald chi2(30) 62.65 
Log-likelihood −208.631 
Prob > chi2 0.000 
*, **, and *** signify statistical significance at p < 0.1, p < 0.05, and p < 0.01 levels, respectively. 

3.6.3 Smallholder Farmers’ Knowledge Level on Crop Diversification Benefits 
The results in Table 3.6 revealed that the majority (50.9%) of smallholder farmers had 

knowledge of the potential of crop diversification to alleviate food insecurity through 

improving yields, while only 49.1% had limited knowledge. About 56.5% and 59% knew that 

crop diversification ensures production stability by providing insurance and increases farmers’ 

economic returns (income), while 43.5% and 41.0% had no knowledge, respectively. A 

minority (37.9%) of farmers had knowledge of crop diversification’s ability to reduce the risks 

associated with agricultural production (reducing pests, suppressing weeds, and disease 

pressure), which resulted in 62.1% having limited knowledge. In addition, only less than half 

(40.4%) of the farmers had knowledge of crop diversification’s potential to increase the 

resilience of farming systems, which led to more than half (59.6%) having no knowledge. 

Furthermore, the results indicated that 52.2% knew that crop diversification improves crop 

water-use efficiency and soil fertility (55.3%), while 47.8% and 44.7% had limited knowledge, 

respectively. 

Table 3.6: Knowledge level of smallholder farmers on crop diversification benefits. 
Tested Knowledge on Crop Diversification Benefits Frequency (%) Frequency (%) 

 Yes No 

a. Did you know that crop diversification alleviates food insecurity by improving yields? 82 (50.9) 79 (49.1) 

b. Did you know that crop diversification ensures production stability through providing 
insurance (you can still rely on the other crop if one fails)? 

91(56.5) 70 (43.5) 

c. Did you know that crop diversification increases farmers’ economic returns (income)? 95 (59.0) 66 (41.0) 

d. Did you know that crop diversification reduces the risks associated with agricultural 
production (reduces pests and suppresses weeds and disease pressure)? 

61 (37.9) 100 (62.1) 
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e. Did you know that crop diversification improves crop water-use efficiency? 84 (52.2) 77 (47.8) 

f. Did you know that crop diversification improves soil fertility? 89 (55.3) 72 (44.7) 

g. Did you know that crop diversification increases the resilience of farming systems? 65 (40.4) 96 (59.6) 

3.6.4 Smallholder Farmers’ Training Attendance, Understanding, and Knowledge 
Utilization 

The findings in Table 3.7 show that smallholder farmers receive training from both the Farmers 

Support Group and the Department of Agriculture extension officials. About 49.7% attended 

all training sessions that were held by both organizations, while 50.3% only attended a few 

training sessions. In addition, more than half of the study population understood the 

information provided in the training sessions, which resulted in 45.3% lacking understanding. 

The results further revealed that a significant proportion (57.8%) of the farmers put into 

practice all the advice provided in the trainings, while 42.2% failed to practice or adopt all the 

advice provided in the trainings. 

Table 3.7: Training attendance, understanding, and knowledge utilization among smallholder 
farmers in the study area. 

Statement Frequency (%) 

Yes 

Frequency (%) 

No 

a. Attended all training sessions that are held by the Farmers Support 
Group/Department of Agriculture’s extension officers. 

80 (49.7) 81 (50.3) 

b. Fully understand the information provided in the training sessions. 88 (54.7) 73 (45.3) 

c. Put into practice all the advice given in the training. 93 (57.8) 68 (42.2) 

3.7 Discussion 

3.7.1 Socio-Economic Attributes of the Smallholder Farmers in the Study Area 

3.7.1.1 Gender and Age Dynamics in Smallholder Cropping Systems 
The present study revealed significant gender disparities in smallholder cropping systems, with 

women comprising 80.1% of smallholder farmers engaged in crop pro-duction. The 

distribution of male (19.9%) and female (80.1%) farmers in this study reflects the sampled 

participants. However, several studies have confirmed that many smallholder farmers in 

Bergville are women [27,36]. This finding indicates that agricultural activities in the study 

region are predominantly conducted by female farmers, aligning with previous research that 

identified women as the primary workforce in crop production, often surpassing male 

participation [37,38]. This could be attributed to women’s central role in maintaining food 

security in the Global South [39]. However, despite their substantial involvement in agriculture, 

women frequently face re-source constraints, particularly regarding land ownership, due to 
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prevailing socio-cultural norms. These limitations may hinder their ability to adopt diversified 

cropping systems at a higher rate. In addition to gender dynamics, the study also examined age-

related trends in agricultural participation. The findings indicated that only 9% of smallholder 

farmers were below the age of 25, whereas 44.1% were aged 51 years or older. This suggests 

minimal youth engagement in agriculture, as younger individuals tend to perceive farming as 

an occupation for older generations, a notion previously reported by Kom et al. [37] and Geza 

et al. [40]. Furthermore, older farmers often demonstrate a preference for traditional 

agricultural practices over the adoption of new crop species or diversification strategies. To 

ensure the sustainability of small-holder farming systems, it is crucial to foster youth 

participation in agriculture, particularly in crop diversification initiatives. Targeted training 

programs and agricultural development policies should be designed to address structural 

barriers limiting youth involvement in the sector. Geza et al. [40] emphasized that existing 

agricultural development programs inadequately tackle the systemic challenges underlying 

youth participation in economic activities. Therefore, the implementation of context-specific, 

integrated agricultural interventions is necessary to encourage meaningful youth engagement 

and facilitate their active role in shaping future food systems. 

3.7.1.2 Household Size, Marital Status, and Their Implications for Agricultural Practices 
The findings of this study indicate that the average household size among small-holder farmers 

ranges between six and ten individuals, suggesting relatively large family units. Due to 

substantial household sizes, crop diversification becomes a crucial strategy for enhancing 

agricultural productivity and ensuring an adequate food supply. As highlighted by Sisha [41], 

household size is a key determinant of food security among rural smallholder farmers, 

influencing both production capacity and resource allocation. Furthermore, the study revealed 

that a majority (52.8%) of the farmers were unmarried. This finding is consistent with research 

conducted in Southern Ethiopia by Gebre et al. [42], which established a strong association 

between marital status and household decision-making processes. Previous studies [43–45] 

have also demonstrated that households led by married individuals are more likely to adopt 

diverse crop varieties. This could be attributed to the greater access that married farmers have 

to agricultural networks, including extension agents and agro-input suppliers, compared to their 

unmarried counterparts, who primarily depend on peer-to-peer knowledge exchange as their 

main source of agricultural information. These findings underscore the importance of targeted 

agricultural policies that address household dynamics and social structures, promoting crop 

diversification strategies that enhance food security and sustainable farming practices among 

smallholder farmers. 



77 
 

3.7.1.3 Education Levels Among Smallholder Farmers 
The findings presented in Table 3.2 further reveal that only 5.6% of smallholder farmers had 

attained tertiary education, while a significant proportion had no formal education. This raises 

concerns regarding the achievement of Sustainable Development Goal 2 (Zero Hunger), as 

education plays a critical role in enhancing farmers’ understanding of modern agricultural 

practices and their capacity to adopt innovative strategies, including crop diversification. As 

highlighted by Adjimoti and Kwadzo [46], higher levels of education are positively associated 

with increased awareness and implementation of improved farming techniques. Similar 

findings were reported by Samim et al. [47], who found that farmers’ decisions to increase the 

adoption of cli-mate-smart agricultural practices were influenced by their education, household 

family labourers, agricultural, and other factors. Limited educational attainment among 

smallholder farmers may, therefore, hinder the widespread adoption of diversified cropping 

systems, potentially affecting food security and agricultural sustainability in the region. These 

findings underscore the need for targeted educational interventions and extension services to 

enhance farmers’ knowledge and facilitate the adoption of sustainable agricultural practices. 

3.7.1.4 3.4.1.4. Socioeconomic Constraints and Crop Diversification Among Smallholder 
Farmers 

The findings of this study indicate that 70.2% of smallholder farmers rely on welfare grants as 

their primary source of income, highlighting the dominance of elderly farmers in the crop 

production sector who receive government assistance aimed at supporting vulnerable 

populations. These findings emphasize the need for integrating crop diversification into 

smallholder farming systems from the outset of agricultural development strategies. As a result, 

farmers could incrementally enhance their crop-ping systems, optimize resource utilization, 

and invest in high-value crops on small plots. The study further reveals that financial 

constraints and limited access to critical infrastructure, particularly irrigation facilities, pose 

significant challenges to small-holder farmers [17,48]. Consequently, only 28% of farmers’ 

income is derived from irrigated crop sales, while merely 8.7% of the surveyed farmers rely 

exclusively on irrigation as their primary water source, with the majority depending on rainfall. 

These findings align with Bjornlund et al. [49], who reported that Sub-Saharan Africa has the 

lowest irrigation development among all developing regions, with only 4% of arable land under 

irrigation, compared to 47% in Asia and 18% globally [50]. Due to these constraints, enhancing 

the productivity of existing irrigated land through crop diversification remains a viable strategy 

for meeting future food demands. Additionally, the study reveals that most farmers source their 

food from supermarkets, while only 31.1% produce their own food. This may be attributed to 
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the limited adoption of crop diversification and the exclusion of drought-tolerant crops, which 

exacerbates food insecurity, a persistent challenge in Sub-Saharan Africa. However, the 

inclusion of a diverse range of traditional crop varieties within production systems can 

significantly improve resilience, enabling farming populations to better adapt to fluctuating 

environmental and economic conditions [45,51]. These findings highlight the importance of 

promoting diversified and sustainable agricultural practices to enhance food security and eco-

nomic stability among smallholder farmers. 

3.7.1.5 Farming Experience, Land Ownership, and Their Implications for Crop 
Diversification 

The findings presented in Table 3.3 indicate that a significant proportion of small-holder 

farmers have between 1 and 10 years of farming experience. This suggests that elderly farmers, 

who have accumulated extensive agricultural knowledge, are more likely to engage in 

diversified farming. Similarly, younger farmers, being more dynamic and adaptable, may also 

be inclined to diversify their cropping systems to enhance productivity. These observations 

align with the findings of Kemboi et al. [23], who reported that farming experience can have 

both positive and negative associations with crop diversification, depending on various socio-

economic and environmental factors. The study revealed that 93.2% of farmers owned less than 

two hectares of land. This finding underscores the limited access of smallholder farmers, 

particularly women, to agricultural resources such as land, capital, and technology when 

compared to their male counterparts. These results are consistent with the findings of Zakaria 

et al. [52], who highlighted gender disparities in access to productive agricultural assets. The 

restrict-ed availability of land may be attributed to multiple factors, including population 

growth, agricultural development pressures, land tenure policies, and broader socioeconomic 

and climatic conditions [17]. Addressing these constraints through policy interventions and 

targeted support mechanisms is essential for enhancing smallholder farmers’ capacity to adopt 

sustainable and diversified farming practices. 

3.7.1.6 Impact of Land Size, Seed Availability, and Market Access on Crop Diversification 
The findings of this study suggest that the decline in land size may negatively impact crop 

diversification, as farmers with larger landholdings are generally more inclined and capable of 

cultivating a diverse range of crops [23,53]. Limited land availability restricts opportunities for 

crop rotation, intercropping, and the introduction of new crop varieties, thereby hindering the 

potential benefits of diversified farming systems. Additionally, the study revealed that only 

21.7% of smallholder farmers produce their own seeds, indicating that limited seed availability 



79 
 

may be a significant barrier to crop diversification in the region. Access to quality seeds is 

essential for promoting di-versified agricultural systems, and the lack thereof may contribute 

to low adoption rates of improved and alternative crop varieties. Furthermore, the study found 

that 80.1% of farmers lack access to formal markets. Market access plays a crucial role in 

determining smallholder farmers’ ability to diversify their crops, as it influences both input 

availability and the profitability of diverse cropping systems. Hlatshwayo et al. [54] highlighted 

that limited market access is closely linked to education levels and various structural barriers 

that hinder smallholder farmers from engaging in commercial agriculture. In South Africa, 

many smallholder farmers reside in remote areas with poorly maintained roads, inadequate 

market infrastructure, limited transportation and storage facilities, and insufficient skills and 

information. These challenges contribute to high transaction costs, further discouraging market 

participation and affecting crop diversification efforts. Enhancing smallholder farmers’ market 

access through infrastructure development, improved transportation networks, and capacity-

building initiatives can play a pivotal role in promoting crop diversification. Strengthening 

market linkages and reducing barriers to entry can help farmers actively participate in 

diversified farming systems, ultimately contributing to food security and poverty alleviation in 

rural communities. 

3.7.2 Farming Practices Utilized by Smallholder Farmers in the Region 
The findings of this study indicate that less than half of smallholder farmers practice 

intercropping, primarily integrating maize (Zea mays) with pumpkins (Cucurbita spp.) or sugar 

beans (Phaseolus vulgaris), while 33.5% continue to engage in monocul-ture, predominantly 

maize. Only 16.8% of farmers have adopted crop rotation (Figure 3.3). These results highlight 

the limited adoption of crop diversification in the region, despite its well-documented benefits, 

including increased crop yield [55,56], reduced vulnerability to climatic shocks, improved soil 

fertility [57], enhanced pest and disease control, and reduced reliance on agrochemical inputs 

[55]. The observed low adoption rates emphasize the need for targeted interventions to promote 

crop diversification, particularly in smallholder farming systems in sub-Saharan Africa. 

Strategies should focus on improving access to training, resources, and knowledge 

dissemination to enhance the uptake of diversified cropping systems. These interventions must 

be tailored to accommodate local agronomic conditions, socio-economic factors, and 

prevailing challenges, as suggested by Gitari et al. [58]. The predominance of cereal monocrop-

ping suggests that many farmers remain reliant on traditional agricultural practices, with 

limited transition toward diversified cropping systems. This finding aligns with the conclusions 
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of Nyamayevu et al. [59], who attributed the persistence of monoculture to factors such as 

limited access to high-quality seeds, labour shortages in low-input farming systems, and land 

constraints. Additionally, the diffusion of diversified cropping systems may be influenced by 

farmer-to-farmer knowledge exchange, commonly referred to as peer-to-peer extension. The 

lack of widespread engagement in such knowledge-sharing mechanisms has likely contributed 

to a significant gap in awareness, thereby impeding the broader adoption of crop diversification 

practices among smallholder farmers. 

3.7.2.1 Crop Cultivation Patterns Among Smallholder Farmers in the Study Area 
Crop production in the study area is primarily focused on vegetable cultivation, followed by 

cereals, while a smaller proportion of farmers engage in legume farming. Vegetable cultivation 

encompasses a wide range of crops, including spinach (Spinacia oleracea), beetroot (Beta 

vulgaris), onion (Allium cepa), carrot (Daucus carota), green pepper (Capsicum annuum), 

sweet potato (Ipomoea batatas), potato (Solanum tuberosum), chili pepper (Capsicum spp.), 

eggplant (Solanum melongena), and cabbage (Brassica oleracea). The predominant legumes 

grown include sugar bean (Phaseolus vulgaris), kidney bean (Phaseolus vulgaris), and cowpea 

(Vigna unguiculata). The primary cereals cultivated in the region are maize (Zea mays) and 

wheat (Triticum aestivum). Similar findings were reported by Ojiewo et al. [60] and Mkhize et 

al. [61], who highlighted that vegetable production and consumption serve as a potent 

mechanism for disadvantaged smallholder farmers to obtain essential nutrients in their diets 

while generating much-needed income through trade. This underscores the need to improve 

market access for other crops, such as legumes, to enhance their diversification, which plays a 

crucial role in diversifying farm incomes and improving dietary nutrition. 

3.7.3 Socio-Economic Determinants of Crop Diversification Extent Among Smallholder 
Farmers 

The study findings on the socio-economic determinants influencing the extent of crop 

diversification using a multiple linear regression model indicate that the education level of 

smallholder farmers was statistically significant at p < 0.05, with a coefficient of 0.437. This 

positive correlation suggests that as farmers’ education levels in-crease, so does the extent of 

crop diversification. Educated farmers demonstrated a greater propensity to diversify their 

cropping systems compared to their illiterate counterparts. These findings are consistent with 

those of Mengistu et al. [62], who re-ported that an increase in the literacy level of household 

heads enhances the likelihood of household food security by 7.9%. This implies that educated 

farmers may expand their crop diversification efforts to achieve higher yields and stability, 

thereby alleviating food insecurity. Additionally, the results indicate that household size was 
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statistically significant at p < 0.05, with a coefficient of 0.079. This finding suggests that 

household size influences the extent of crop diversification in the study region. Larger farm 

households typically possess a greater labour force, facilitating the timely planting of crops and 

mitigating delays that could be exacerbated by climate variability, as highlighted by Khan et 

al. [63]. 

A highly significant (p< 0.01) positive relationship was observed between farmers’ perceptions 

of the advantages of crop diversification (coefficient = 1.616) and the ex-tent of diversification. 

This finding suggests that as farmers become increasingly aware of the benefits of crop 

diversification, they are more inclined to implement diversification strategies to a greater 

extent. Agricultural extension services were identified as a primary source of information for 

smallholder farmers. As a result, frequent interactions with extension agents are likely to 

enhance the adoption of improved agricultural innovations, including diversification into 

higher-value crops [64]. The study also revealed that market access was highly significant at p 

< 0.01, with a positive coefficient of 4.926. This finding indicates that market access plays a 

crucial role in influencing the extent of crop diversification. As market accessibility improves, 

farmers are increasingly motivated to diversify their crop production within the region. These 

results highlight the importance of enhancing education, extension services, and market access 

as key strategies for promoting sustainable crop diversification extent among smallholder 

farmers. 

3.7.4 Socio-Economic Factors Influencing Crop Diversification Among Smallholder 
Farmers 

The results of this study indicate that socio-economic factors, including age, marital status 

(MS), farming experience (FE), farm size (FS), perceived advantages of crop diversification 

(ACD), and sources of water for irrigation (SWR), significantly influence crop diversification 

among smallholder farmers. Using a multivariate probit regression model, MS, ACD, and SWR 

were found to be highly significant at p < 0.01, demonstrating positive correlations of 0.754, 

1.039, and 0.871, respectively, with vegetable crop diversification. These findings suggest that 

an increase in water sources for irrigation and perceived benefits of crop diversification 

enhances the adoption of vegetable diversification. Additionally, marital status strongly 

influenced farmers’ decisions regarding vegetable diversification in the study area. The 

increased knowledge and adoption of vegetable diversification in the region may be attributed 

to training programs and the provision of vegetable seedlings and seeds by the Farmers Support 

Group. During interviews, farmers reported cultivating up to six or more vegetable varieties in 

a small piece of land. Commonly produced vegetables included spinach, cabbage, carrots, 
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beetroot, onions, green peppers, chilies, potatoes, tomatoes, and eggplant. Furthermore, 

findings revealed that farmers with access to reliable water sources were more inclined to 

produce a greater variety of vegetables compared to those reliant solely on rainfall. This 

supports the hypothesis that crop diversity de-clines with decreasing water availability. The 

results align with the findings of Harri-son et al. [65], who posited that water is a key limiting 

factor in arid and semi-arid ecosystems, shaping plant diversity and primary productivity. 

Moreover, the influence of marital status on vegetable diversification may be attributed to the 

necessity for food security among unmarried farmers, who constituted a dominant demographic 

in the study area. In contrast, a study by Lemma and Sharma [66] reported that married women 

are more committed to ensuring a stable food supply and prioritize household well-being 

compared to their unmarried counterparts. The observed differences may be due to the focus 

of Lemma and Sharma [66] on urban agricultural settings, whereas the present study is based 

on rural agricultural communities. 

The findings of this study further indicate that both age and farm size (FS) exhibit a statistically 

significant negative correlation with vegetable diversification, as evidenced by their correlation 

coefficients of −0.416 and −0.856, respectively (p < 0.01). This negative correlation implies 

that an increase in one variable corresponds with a decrease in the other. The results suggest 

that age plays a critical role in determining the extent of crop diversification, aligning with the 

conclusions of Inoni et al. [64]. Older farmers may be less inclined to diversify their crops due 

to factors such as risk aversion, adherence to traditional farming practices, physical constraints 

(e.g., declining strength), and a reduced propensity to adopt innovative agricultural techniques. 

Furthermore, the observed inverse relationship between FS and vegetable diversification may 

be attributed to larger farms prioritizing monoculture over diversified vegetable production. 

This could be due to their access to agricultural inputs, which facilitate the practice of 

monoculture farming. These findings are consistent with the results of Mortensen and Smith 

[67], who argued that farmers can effectively cultivate crops in monocultures or simplified crop 

rotations due to the availability of synthetic fertilizers and pesticides. As a result, continuous 

monoculture systems would not be viable without such chemical inputs. Moreover, the study 

findings indicate that farmers’ experience (FE) (p < 0.05), farm size (FS) (p < 0.1), and 

awareness of crop diversification (ACD) (p < 0.01) exhibit statistically significant positive 

correlations with legume crop diversification, as reflected in their respective correlation 

coefficients of 0.219, 0.670, and 0.748. These results suggest that as these factors increase, the 

level of legume crop diversification also increases, implying that more experienced farmers 
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demonstrate a slightly higher propensity to diversify their legume crops. Interactive interviews 

with farmers further revealed that sugar bean (common bean) is the most extensively cultivated 

legume in the region, followed by kidney bean and cowpea, to a lesser extent. Additionally, 

larger farm sizes were associated with greater legume crop diversification, aligning with the 

findings of Inoni et al. [64], who noted that increased farm size enhances farmers’ willingness 

and capacity to engage in crop diversification. The probability of adopting diversified cropping 

systems increases as land availability expands, highlighting agricultural land as a crucial 

production factor in rural livelihoods. Moreover, farmers who perceive greater benefits from 

legume crop diversification are more likely to engage in diverse cropping practices. However, 

field observations indicate a persistent lack of awareness and unfavourable attitudes toward 

legume crop diversification among farmers. These findings underscore the necessity of 

enhancing farmers’ knowledge and perceptions regarding diversified legume cultivation, as 

recommended by Lema et al. [68] and Marie et al. [69], to facilitate greater adaptation to 

climate variability. Furthermore, the results indicate that only marital status (MS) (p < 0.05) 

and FE (p < 0.05) show statistically significant positive correlations with cereal crop 

diversification, particularly maize, with correlation coefficients of 0.299 and 0.190, 

respectively. This finding suggests that marital status may influence diversification decisions, 

as married farmers often face increased household responsibilities and financial demands, 

incentivizing them to adopt diversification as a risk management strategy. Moreover, married 

individuals may have better access to la-bour, as family members contribute to farming 

activities. Experienced farmers, on the other hand, are more likely to possess a comprehensive 

understanding of market dynamics, climate variability, and soil suitability, thereby enabling 

them to implement diverse cropping strategies to enhance productivity and mitigate agricultural 

risks. 

3.7.5 Smallholder Farmers’ Knowledge Level on Crop Diversification Benefits 
The findings of this study indicate that a significant proportion of smallholder farmers (49.1%) 

have limited knowledge regarding the potential benefits of crop diversification in mitigating 

food insecurity through enhanced agricultural yields. About 56.5% of the respondents 

recognized that crop diversification contributes to production stability by providing insurance 

against crop failure and increasing farmers’ eco-nomic returns. In addition, only 37.9% of 

farmers were aware of crop diversification’s role in reducing agricultural production risks, such 

as pest infestations, weed suppression, and disease pressure. This lack of awareness highlights 

a significant gap in knowledge dissemination and extension services, which may have 

contributed to the low adoption rates of diversified cropping systems in the region. Moreover, 
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only 40.4% of farmers understood the potential of crop diversification to enhance the resilience 

of farming systems, while the majority lacked knowledge of its role in improving water-use 

efficiency and soil fertility. These findings suggest that many smallholder farmers could not 

fully comprehend the agronomic and economic advantages associated with diversification. 

Limited awareness could be attributed to restricted access to agricultural extension services, a 

lack of formal agricultural education, or a strong reliance on traditional monocropping 

practices. The implications of these findings underscore the need for targeted interventions 

aimed at enhancing farmers’ knowledge of diversification strategies. Strengthening agricultural 

extension programs, implementing farmer training workshops, and promoting participatory 

learning approaches could facilitate knowledge transfer and encourage broader adoption of 

crop diversification. These findings align with previous research [66,69], which emphasizes 

the critical role of education and extension services in influencing farmers’ decisions to adopt 

diversified cropping systems. Addressing this knowledge gap among smallholder farmers is 

essential for fostering a more resilient and sustainable agricultural sector, particularly in the 

context of climate change and fluctuating market conditions. 

3.7.6 Smallholder Farmers’ Training Attendance, Understanding, and Knowledge 
Utilization 

The study results indicate that smallholder farmers receive agricultural training from both the 

Farmers Support Group and the Department of Agriculture. Approximately 49.7% of farmers 

reported attending all training sessions conducted by these organizations, whereas 50.3% 

participated in only a limited number of sessions. This suggests a relatively balanced 

distribution in training attendance, with a significant proportion of farmers not fully engaging 

in the available capacity-building initiatives. The study findings further revealed that more than 

half of the study population demonstrated an adequate understanding of the information 

provided during the training sessions. However, 45.3% of the farmers reported difficulties in 

comprehending the training content, which could hinder the effective application of the 

knowledge imparted. This gap in understanding could be attributed to factors such as the 

complexity of training materials, language barriers, or variations in educational backgrounds 

among farmers. In addition, the study found that 57.8% of farmers implemented the 

recommendations provided during training sessions, while 42.2% either partially adopted or 

failed to implement the advised agricultural practices. This variation in adoption rates could be 

influenced by constraints such as limited access to necessary resources, financial constraints, 

or resistance to change due to entrenched traditional farming practices. Therefore, these 

findings underscore the need for enhanced training methodologies that consider farmers’ 
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diverse educational backgrounds and learning capacities [70]. Strengthening the effectiveness 

of training programs through interactive and practical learning approaches, follow-up support, 

and tailored extension services could improve comprehension and encourage higher adoption 

rates of recommended agricultural practices as reported by Mbesa et al. [71]. Addressing these 

challenges is crucial for maximizing the impact of training initiatives on smallholder farmers’ 

productivity and overall agricultural sustainability. 

3.8 Conclusion, Recommendations, and Future Directions 
This study assessed the socioeconomic factors influencing crop diversification among 

smallholder farmers in South Africa, using the KwaZulu-Natal Province as a case study. 

Farmers in the study area practice crop diversification. However, the findings indicate that 

socioeconomic factors play a crucial role in shaping diversification decisions within 

smallholder farming systems. In line with previous research, this study confirms that limited 

access to land, water availability, market access, and education level constrain farmers’ ability 

to diversify their crop choices. Marital status, household size, farming experience, perceived 

advantages of crop diversification, and limited technical knowledge further influence crop 

diversification. Additionally, older farmers were less likely to diversify due to risk aversion, 

adherence to traditional farming practices, physical limitations, and reluctance to adopt 

innovative agricultural techniques. To address these challenges, the study recommends 

promoting youth engagement in agriculture, particularly in crop diversification initiatives, by 

fostering their active role in shaping future food systems. This can be achieved through targeted 

training programs and policies that address structural barriers limiting youth participation. 

Integrating crop diversification awareness into local policies and development programs could 

contribute to more sustainable farming systems, enhancing food security. 

Despite the promising results of this study, it is essential to acknowledge that, like other 

research studies, this article has limitations. The study specifically focused on smallholder crop 

farmers in Bergville. This may introduce some bias, as the sample comprised crop farmers 

affiliated with the Farmers Support Group in the region. However, this study attempted to 

mitigate bias by using a multistage sampling strategy to ensure representation of diverse 

demographic groups, particularly re-source-constrained farmers actively engaged in various 

farming practices. Moreover, the study employed techniques to enhance data accuracy and 

reliability, including the use of multiple question formats to capture comprehensive 

information and minimize response errors. Despite these limitations, the study provides 

valuable insights for policymakers and contributes to a more profound understanding of how 
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socioeconomic factors influence crop diversification among resource-constrained farmers in 

rural communities of the Global South. Based on the outcomes of this study, future studies 

should examine the long-term impact of crop diversification on farm productivity, in-come 

stability, and resilience to climate change. Additionally, research should explore the role of 

digital technologies, climate-smart agriculture, and financial incentives in influencing crop 

diversification decisions. A gender-focused approach is also crucial to better understand how 

social and economic disparities affect diversification outcomes. Furthermore, longitudinal 

studies assessing the effectiveness of policy interventions and farmer training programs could 

provide deeper insights into strategies for enhancing diversification practices among 

smallholder farmers. 
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Abstract 
Neglected legumes are fundamental to global food systems, contributing to agricultural 

sustainability, enhancing food security, and strengthening the resilience of smallholder farming 

systems. However, they remain underutilized and have historically received limited attention 

in terms of cultivation, research, and market development, despite their significant nutritional, 

agronomic, and environmental potential. This study assessed socioeconomic factors 

influencing farmers’ willingness to cultivate neglected legumes and their selection of suitable 

planting dates in Bergville, South Africa. A simple random sampling procedure was employed 

to collect data from 150 farmers specializing exclusively in crop production. An action research 

design was implemented, comprising structured training sessions on neglected legumes and 

trial demonstrations. Data were collected through a structured survey questionnaire, focus 

group discussions, and key informant interviews. Common bean (Phaseolus vulgaris) is widely 

cultivated by smallholder farmers in the region. Descriptive statistics were employed to 

summarize the data, while a multivariate probit model was used to identify the socioeconomic 

factors influencing farmers’ willingness to cultivate neglected legumes including Bambara 

groundnut (Vigna subterranea), cowpea (Vigna unguiculata), and pigeon pea (Cajanus cajan), 

as well as common bean (Phaseolus vulgaris), and their selection of suitable planting dates. 

Findings confirmed that the majority of smallholder farmers primarily focus on vegetable 

cultivation, followed by cereals, while a smaller proportion engage in legume farming. The 

results also revealed that limited knowledge and resources, along with the lack of training 

programs and extension services specifically targeting neglected legumes, are significant 

barriers hindering their adoption and cultivation in the region. Furthermore, the study showed 

that a majority of smallholder farmers had never participated in legume production training. 

Additionally, marital status, farm size, market access, and water sources for irrigation were 

significant socioeconomic factors influencing farmers' willingness to cultivate neglected 

legumes, while household size, participation in legume training, and water sources for 

irrigation had a significant effect on farmers' selection of suitable planting dates. These findings 

underscore the need for targeted interventions, including tailored training programs, improved 

access to resources, and enhanced extension services, to overcome these barriers and promote 

the adoption of neglected legumes into smallholder farmers' cropping systems. 

Keywords: legumes adoption, sustainable agriculture, farming systems, training programs, 

multivariate probit regression model, socioeconomic factors 
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4.1 Introduction 
In the context of escalating global challenges such as climate change and population growth, 

the development and maintenance of resilient cropping systems are critical for ensuring the 

long-term sustainability of smallholder agriculture, enhancing food security, and improving 

rural livelihoods (Wijerathna-Yapa and Pathirana, 2022; Danquah et al., 2025). According to 

Dixon et al. (2020), cropping systems constitute the foundation of smallholder agricultural 

production, playing a pivotal role in food security, income generation, and environmental 

sustainability. These systems encompass the selection, spatial arrangement, and temporal 

rotation of crops within a given agricultural landscape, thereby ensuring a stable and diverse 

supply of food for household consumption and market sales (Nkansah-Dwamena, 2024). For 

smallholder farmers, well-structured cropping systems are essential in meeting dietary needs 

by providing access to various nutrient-dense crops, thereby contributing to food security at 

both the household and community levels (Pradhan et al., 2021; Mrabet, 2023). These systems 

are integral to sustaining rural livelihoods, as smallholder farmers often depend on their 

agricultural output as their primary source of income. The adoption of diversified cropping 

strategies enables farmers to mitigate risks associated with market volatility, pest infestations, 

and climate variability, thereby strengthening their economic resilience (Rosa-Schleich, 2023; 

Mihrete and Mihretu, 2025). Moreover, sustainable cropping systems contribute to 

environmental health by enhancing soil fertility, reducing erosion, and promoting biodiversity 

(Saliu et al., 2023). In particular, the integration of neglected legumes into cropping systems 

has been shown to improve soil nutrient balance and support ecological sustainability (Kebede, 

2020). Given these multifaceted benefits, the promotion of resilient and diversified cropping 

systems is essential for advancing smallholder agriculture in the face of increasing global 

challenges.  

The term 'neglected legumes' refers to legume species that have been underutilized or 

overlooked in mainstream agricultural systems, despite their significant potential to contribute 

to food security, nutrition, and sustainable agricultural practices. According to the Food and 

Agriculture Organization (FAO) (2017), neglected legumes are primarily grown in subsistence 

farming systems and are often overshadowed by more commercially viable crops. These 

species, also known as orphan crops, have historically received limited attention in terms of 

cultivation, research, and market development, despite their considerable nutritional, 

agronomic, and environmental benefits (Abberton et al., 2022; Odeku et al., 2024). These 

legumes are often indigenous or regionally cultivated but have not achieved widespread 

commercial recognition compared to major legumes such as soybeans or peanuts. As noted by 
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DALRRD (2020), data on the area and production of neglected legumes in Bergville, South 

Africa, remain limited. However, soybeans continue to be a significant legume crop in the 

region, with approximately 9,929 hectares under cultivation and a total production of 52,990 

metric tons. Dry beans follow with a production volume of 900 tons, accounting for only 1.3% 

of the national output.  

However, the neglected legumes offer a range of agronomic and nutritional benefits, making 

them valuable components of sustainable agricultural systems, particularly within smallholder 

farming systems. As previously discussed in the review, chapter 2, neglected legumes are 

recognized for their high nutritional value and potential contribution to food and nutrition 

security (Vilakazi et al., 2025). Their diverse nutritional profile positions them as an important 

source of plant-based nutrition for populations facing dietary deficiencies. Neglected legumes 

further contribute significantly to soil health and environmental sustainability (Samal et al., 

2023). Their ability to fix atmospheric nitrogen enhances soil fertility, reducing the dependence 

on synthetic fertilizers and promoting sustainable soil management. These legumes exhibit 

resilience to pests, diseases, and drought, making them well-suited for cultivation in regions 

characterized by erratic rainfall and prolonged dry spells (Hossain et al., 2021; Sharma et al., 

2024). Their capacity to withstand both biotic and abiotic stresses enhances their reliability in 

ensuring stable yields under challenging environmental conditions. These multiple benefits of 

neglected legumes underscore their potential in enhancing agricultural sustainability, 

improving food security, and strengthening the resilience of smallholder farming systems. 

Given their adaptability to resource-constrained environments and their role in climate 

resilience, increased research, policy support, and market development efforts are essential to 

promote their wider adoption and integration into global food systems. Despite the increasing 

recognition of the potential benefits of neglected legumes, a significant research gap persists 

regarding socioeconomic factors influencing farmers’ willingness to cultivate neglected 

legumes and their selection of suitable planting dates.  

Existing research on legume integration has predominantly focused on technical aspects, 

including crop productivity, soil fertility enhancement, and resistance to pests and drought. 

Studies have documented the agronomic performance of neglected legumes such as cowpea, 

pigeon pea, and Bambara groundnut, highlighting their potential contributions to sustainable 

agriculture. However, these studies often overlook the critical role of socioeconomic factors in 

shaping adoption decisions and influencing the successful cultivation of these crops into 

existing cropping systems. In South Africa, particularly in Bergville, KwaZulu-Natal Province, 
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smallholder farmers face various resource constraints and agroecological challenges that 

significantly influence their crop choices and management practices. Therefore, this study aims 

to address this research gap by assessing the socioeconomic factors that influence farmers’ 

willingness to cultivate neglected legumes and their selection of suitable planting dates in 

Bergville. Additionally, this research provides a more comprehensive understanding of the 

barriers affecting the uptake of neglected legume crops. This approach not only broadens the 

scope of research on neglected legume cultivation but also supports the development of 

targeted interventions and policies to promote the sustainable adoption of these crops in 

smallholder farming systems. Bridging the gap between technical recommendations and the 

realities of smallholder agriculture is essential to ensuring that the benefits of neglected 

legumes are fully realized in practice, thereby enhancing agricultural sustainability, food 

security, and rural livelihoods. 

4.2 Materials and methods 

4.2.1 Description of the Study Area 
The study area, Bergville (28° 43' 49.74"S, 29° 21' 4.20"E), is located in the northern part of 

KwaZulu-Natal Province, South Africa (Figure 4.1). It falls within the Okhahlamba Local 

Municipality, which is part of the uThukela District. The region experiences a temperate 

climate, characterized by cool, dry winters with occasional frost and warm, wet summers. 

Annual precipitation ranges between 700 mm and 1200 mm, with winter minimum 

temperatures of 2°C to 5°C and summer maximum temperatures of 25°C to 30°C. The altitude 

ranges from 1,200 to 1,800 meters above sea level. Bergville was selected as the study area due 

to its agro-ecological significance, which is both ecologically diverse and agriculturally 

important. Its climatic variability, combined with semi-arid conditions, makes the region a 

valuable location for studying agricultural and ecological dynamics. Rainfall and temperature 

fluctuations in the region have a significant impact on local livelihoods and biodiversity. 
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Figure 4.1: Location of Bergville in KwaZulu Natal Province, South Africa 

4.2.2 Research Design 
This study employed an action research design to assess farmers knowledge on neglected 

legumes cultivation and integration into smallholder agricultural systems. The research 

employed structured training sessions and implementation of field trial demonstrations. Action 

research, as defined by Stringer and Aragón (2020), is a collaborative and cyclical methodology 

that involves researchers and stakeholders, including farmers, extension officers, and 

community members, working together to identify problems, implement solutions, and 

evaluate outcomes. This participatory approach enables the generation of context-specific 

knowledge through continuous reflection and adaptation, making it particularly effective for 

addressing complex, real-world agricultural challenges in dynamic local settings. 

Structured training sessions: A participatory approach was utilized to design and implement 

practical training sessions, ensuring relevance to local agroecological conditions and 

smallholder farmers' needs. The training was conducted in Bergville and included selected 

participants from five villages: Mlimeleni, Ezimbovini, KwanoKopela, Eqeleni, and 

Busingatha. These villages were selected based on agroecological variation, socio-economic 

diversity, and the presence of resource-constrained smallholder farmers engaged in diverse 



100 
 

farming practices prior to engagement with the Farmers' Support Group. The program focused 

on enhancing farmers' knowledge of neglected legumes, emphasizing their potential benefits 

and the adoption of drought-tolerant cultivars. Key agronomic practices, including site 

selection, land preparation, planting, demonstration of proper plant spacing and intercropping 

strategies, integrated pest and disease management through intercropping, and crop rotation, 

were covered. Training encompassed harvesting, post-harvest handling, storage techniques to 

maintain quality and reduce post-harvest losses, neglected legumes value addition, product 

development, introduction to legume-based products such as flour, snacks, and animal feed, 

and market opportunities to promote sustainable production and economic viability. 

Field trials demonstrations: Following the training sessions on the cultivation of neglected 

legumes, a field trial site was selected in Mlimeleni, an area characterized by a high population 

of smallholder farmers actively engaged in crop production. The land was prepared, and the 

neglected legumes including pigeon pea, Bambara groundnut and cowpea were planted 

alongside common bean, which is widely cultivated by farmers in the region. The legumes 

were planted across three planting dates to demonstrate the agronomic performance and 

optimal planting dates for maximizing the productivity of neglected legumes in rainfed farming 

systems. These legumes were also cultivated under both sole cropping and intercropping with 

maize to demonstrate the stability and agronomic benefits of diversified cropping systems. All 

participating smallholder farmers were actively involved throughout the cultivation cycle to 

facilitate knowledge transfer and enhance their understanding of the adaptability and 

agronomic potential of neglected legumes under rainfed conditions. Given that smallholder 

farmers in this marginalized environment often face limited access to essential agricultural 

resources, including capital, irrigation infrastructure, and inputs such as fertilizers and 

pesticides, the trials were conducted without the application of external agricultural inputs. This 

approach aimed to demonstrate the resilience and sustainability of neglected legumes as 

climate-smart crops capable of thriving under suboptimal environmental conditions. The 

demonstration trials highlighted the potential of neglected legumes as resilient, low-input crops 

capable of thriving under resource-limited, rainfed conditions. Their performance without 

external inputs underscores their role as climate-smart alternatives that can enhance 

smallholder farmers’ livelihoods through improved soil fertility, diversified cropping systems, 

and increased food and nutrition security. These findings emphasize the importance of 

promoting neglected legumes within sustainable agricultural development strategies aimed at 

strengthening the resilience and productivity of smallholder farming systems. 
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4.2.3 Research philosophical Orientation 
The research was conducted based on a preliminary survey conducted to assess the status of 

crop diversification among smallholder farmers in the region. 

Ontological assumption: Socioeconomic factors play a pivotal role in shaping the adoption 

of crop diversification, particularly the cultivation of neglected legumes and their integration 

into smallholder farming systems. Constraints such as limited land availability, water scarcity, 

restricted market access, and varying levels of education significantly influence farmers' ability 

to diversify their crop choices. Demographic and experiential factors, including marital status, 

household size, farming experience, and perceived benefits of crop diversification, further 

impact diversification decisions. Limited awareness or technical knowledge also serves as a 

barrier to diversification. Moreover, older farmers are less inclined to adopt diversified 

cropping systems due to factors such as risk aversion, adherence to traditional farming 

practices, physical limitations, and a lower propensity to embrace innovative agricultural 

techniques. 

Epistemological assumptions: Farmers who perceive the potential benefits of legume crop 

diversification are more likely to adopt diverse cropping practices. Consequently, the 

cultivation of neglected legumes and their integration into smallholder farming systems can be 

achieved through targeted interventions designed to enhance farmers' knowledge of 

diversification strategies. The implementation of farmer training workshops and the promotion 

of participatory learning approaches can serve as effective mechanisms for knowledge transfer, 

ultimately fostering the wider adoption of legume crop diversification. 

Axiological assumptions: Knowledge transfer and demonstration trials are expected to 

influence smallholder farmers' willingness to cultivate neglected legumes into cropping 

systems, providing a true reflection of the transformative experiences anticipated from this 

research.  

Based on the synthesis of these assumptions, this study adopts a transformative paradigm. 

According to Dhanaraj et al. (2024), research grounded in the transformative paradigm aims to 

empower individuals to initiate change and take action to transform society. Education has 

been shown to effectively alter farmers' beliefs and behaviours, leading to long-lasting impacts. 

This research seeks to shift farmers' perspectives on neglected legumes, promoting the adoption 

of climate-resilient cropping strategies, with the goal of enhancing food security, income 

stability, and rural livelihoods. 
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4.2.4 Research approach 
Following the structured training sessions on neglected legumes and trial demonstrations, a 

mixed-methods approach was employed to ensure a comprehensive analysis of farmers' 

cultivation and the adoption of neglected legumes into cropping systems. This approach 

incorporated surveys, key informant interviews, and focus group discussions. 

4.2.5 Sampling procedure and sample size 
The study adopted a quantitative research approach and employed a descriptive survey research 

design. According to Bless et al. (2006), descriptive and quantitative research methods are 

critical for examining beliefs, attitudes, and emerging patterns within a given population. The 

study's target population included all farmers who were affiliates of the Farmers' Support 

Group (FSG) at the time of the research, with eligibility limited to smallholder farmers 

specializing in crop production. The FSG's criteria were to register all resource-constrained 

smallholder farmers in the region with diverse farming practices and socio-economic 

backgrounds, ensuring inclusivity and support for a broad range of agricultural activities. A 

two-stage sampling procedure was employed to select respondents for the study.  In the first 

stage, purposive sampling was employed to select smallholder crop farmers from the Farmers' 

Support Group. In the second stage, a simple random sampling method was used to select 

participants from this group, ensuring adequate representation and preserving the diversity 

among the smallholder crop farmers. The target population comprised 240 smallholder farmers. 

The sample size was determined according to Yamane (1973), ensuring an unbiased and 

statistically representative selection of participants. This method accounts for population size 

and desired precision to enhance the reliability of findings. Applying a 95% confidence level 

and a 5% margin of error, the computed sample size comprised 150 randomly selected 

smallholder farmers from five villages (Mlimeleni, Ezimbovini, KwanoKopela, Eqeleni, and 

Busingatha) in Bergville. 

The following calculation demonstrates the method used to determine the appropriate sample 
size. 

n =
N

1 + Ne2
= n =

240
1 + 240(0.05)2

= 150 

where n = sample size (150); N = population size of smallholder farmers (240); e = desired 
margin of error (0.05). 
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4.2.6 Data Collection and Analysis 

4.2.6.1 Baseline survey 
A structured questionnaire was developed as the primary survey instrument to elicit data for 

the study. Prior to the data collection process, four (4) enumerators were trained to assist with 

data collection. In-formed consent was obtained from all participating farmers, and 

participation was voluntary. Data were collected through face-to-face interviews using 

structured questionnaires, adhering to all protocols and ethical principles outlined in the 

Declaration of Helsinki. The questionnaire was face and content validated by field experts in 

the field of agronomy to ensure relevance and applicability prior to data collection. This 

evaluation assessed its structure and relevance and examined whether the included variables 

were reasonable and clear. In addition, a reliability assessment was conducted through a pre-

test to determine the instrument’s stability and consistency in measuring the intended variables. 

The pre-test method was applied to ten (10) smallholder farmers from a village not included in 

the study. A reliability coefficient of r = 0.85 was obtained, which, according to established 

standards in the literature, indicates that the questionnaire was reliable (Mulaudzi et al., 2024). 

The survey instrument comprised sections aligned with specific study objectives, assessing 

socioeconomic factors influencing farmers’ willingness to cultivate neglected legumes and 

their selection of suitable planting dates. To enhance clarity and cultural appropriateness, 

interviews were conducted in isiZulu, the native language of the respondents, ensuring 

effective communication and improving the reliability of responses. A total of 150 

questionnaires were successfully administered across the five villages, with all participants 

being local smallholder farmers actively engaged in crop production. 

4.2.6.2 Key informant interviews 
In each of the five villages, five key informants were selected based on their roles and expertise 

within the community. These informants included agricultural extension officers, 

schoolteachers, community members, healthcare workers, and smallholder farmers. The local 

chief was also interviewed due to their leadership position and in-depth knowledge of the 

community's social, cultural, and agricultural dynamics. Community leaders, many of whom 

were smallholder farmers, were included to provide additional perspectives on the integration 

of neglected legumes. The inclusion of this diverse group of informants ensured a 

comprehensive understanding of local farming practices, awareness of neglected legumes, and 

the challenges and opportunities associated with their adoption. The insights gained from these 

interviews were crucial in informing the subsequent stages of the research, particularly 

regarding local agricultural practices, challenges, and opportunities. 
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4.2.6.3 Focus Group Discussions 
To gain in-depth insights into the perspectives of smallholder farmers, focus group discussions 

(FGDs) were utilized as a key qualitative data collection method. Each FGD consisted of 10 

participants, ensuring balanced representation in terms of gender and age. Participants ranged 

in age from ≤ 25 to 66 years. The participants were randomly selected from the villages to 

minimize selection bias and ensure diverse viewpoints reflective of the broader farming 

community. The discussions were guided by a set of open-ended questions, designed to elicit 

detailed and nuanced responses from participants. This approach allowed smallholder farmers 

to share their experiences, opinions, and challenges in an unrestricted and interactive manner. 

Efforts were made to create a comfortable and inclusive environment that encouraged open 

dialogue. While ensuring equal participation among participants presented challenges, specific 

measures were implemented to address this. Enumerators were trained to actively engage 

quieter participants, redirect dominating conversations, and ensure that each individual had the 

opportunity to respond to every question posed. This strategy aimed to reduce imbalances in 

participation and enhance the comprehensiveness of the data collected. 

The survey data were imported from an Excel file into IBM SPSS (Statistical Package for the 

Social Sciences) software, version 30, for analysis. A systematic review of variable names was 

conducted to ensure clarity and consistency in coding. During the data cleaning process, 

missing values were identified and addressed using multiple imputation, which accounts for 

uncertainty by creating several imputed datasets and combining the results for robust 

estimation. Outliers were detected through box plots and z-scores and were excluded to 

maintain the dataset's integrity. Categorical variables were recoded for uniformity, with 

numerical codes assigned where applicable to facilitate statistical analysis. Following data 

preparation, descriptive statistical analyses were performed using SPSS, providing frequency 

distributions, percentages, means, and standard deviations for both continuous and categorical 

variables in alignment with the study’s research objectives. Results were presented using 

tables, pie charts, and bar graphs to enhance clarity and interpretability. Additionally, a 

multivariate probit regression model was employed to examine the socio-economic factors 

influencing smallholder farmers' willingness to cultivate neglected legumes and their selection 

of various suitable planting dates. 
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4.2.7 Model specification 

4.2.7.1 Multivariate probit model (MVP) 
The study also utilized a multivariate probit model approach to examine the socio-economic 

determinants of farmers' willingness to cultivate neglected legumes and their selection of 

various suitable planting dates. In contrast to other dichotomous models, the MVP model 

effectively accounts for unobservable factors that influence smallholder farmers cultivation of 

neglected legumes and planting dates by permitting correlation across error terms of latent 

equations. The identified correlations allow for error terms that indicate positive correlation 

(complementarity) and negative correlation (substitutability) on legumes cultivation and 

planting dates. In this study, the MVP model consists of four binary choice equations for 

neglected legumes (pigeon pea, cowpea, Bambara groundnut and common bean) and three 

binary choice equations for suitable planting dates (November, December and January).  

Hence, the study model is specified as: 

P∗ im = βim + xim + εim (m = 1, 2, 3…)      (1) 

Pim {1 if P∗ im > 0 and 0 otherwise} 

The above equation is formulated under the assumption that a rational i-th farm household 

possesses a latent variable P∗im which captures unobserved factors influencing the m-th 

neglected legumes selection and planting dates (m= 4 neglected legumes selection in the first 

model and planting dates in the second model). Xim consists of exogenous variables that 

determine neglected legumes selection as well as planting dates, including smallholder farmers' 

socioeconomic attributes as detailed in Figure 2 and Table 1. The coefficients βm quantify the 

effects of these explanatory variables on neglected legumes selection and planting dates. The 

error terms εim follow a multivariate normal distribution, each with a mean of zero and a 

variance–covariance matrix characterized by values of 1 along the diagonal and nonzero 

correlations among off-diagonal elements. 

4.2.8 Ethical Consideration 
Ethical clearance for this study was obtained from the University of KwaZulu-Natal Ethics 

Committee, facilitated by the School of Agricultural, Earth, and Environmental Sciences, under 

reference number HSSREC/00008179/2025 (ethical clearance approval included in Appendix 

A). During the administration of the questionnaires, the researcher sought informed consent 

from the participants, ensuring confidentiality throughout the process. The questionnaires were 

distributed at times and locations that were convenient for the participants. Before completing 
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the questionnaires, participants were fully informed about the scope of the study, and their 

anonymity was preserved by not disclosing any personal identities. The study was conducted 

with a strong emphasis on participant welfare, ensuring that no harm was inflicted during the 

process. Furthermore, all participants were acknowledged and thanked for their valuable time 

and contribution to the completion of the questionnaires. 

4.3 Results 

4.3.1 Socioeconomic Characteristics of Smallholder Farmers in the Study Area 
The data illustrated in Figure 4.2 provide a comprehensive overview of the socioeconomic 

profile of smallholder farmers within the study area. A majority of the respondents (53%) were 

aged between 26 and 50 years, followed by 41% who were 51 years and above, while only 6% 

were aged 25 years or younger (Figure 4.2A). The results also showed that 72% of smallholder 

farmers were female, while males accounted for 28% (Figure 4.2B). Regarding educational 

attainment, 47% of respondents had completed secondary education, 25% had primary 

education, and 22% had no formal education. In contrast, only 6% had attained tertiary 

education (Figure 4.2C). Marital status indicated that a significant proportion (53%) of farmers 

were unmarried, while 35% were married and 12% were widowed (Figure 4.2D). As shown in 

Table 4.1, slightly more than half (51.4%) of the farmers lived in households with six to ten 

members, while 31.3% had one to five members. Only 17.3% lived in households with eleven 

or more members. Furthermore, the findings revealed that the primary source of income for 

most farmers (70.7%) was welfare grants. Other sources of income included irrigated crop 

farming (28.7%), rainfed crop farming (13.3%), livestock sales (16.7%), remittances (20%), 

and temporary employment (16%). Additionally, 10% of farmers relied on other income-

generating activities, such as sewing and handicrafts. 
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Figure 4.2: Socioeconomic characteristics of smallholder farmers. (A) Age of respondents. (B) Gender of respondents. (C) Respondents’ education 
level. (D) Marital status of respondents.
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Table 4.1 further indicated that 66.7% of farmers primarily sourced their food from 

supermarkets, while 32.7% produced their own food, and only 0.7% depended on food schemes 

or aid programs. In terms of farming experience, the majority (85.3%) had between one and 

ten years of experience, 10.7% had between eleven and twenty years, while 2% had between 

twenty-one and thirty years, and another 2% had over thirty years of experience. Land 

ownership showed that 92.7% of respondents owned less than two hectares of land, 6.7% 

owned between three and five hectares, and only 0.7% owned more than six hectares. 

Moreover, the findings indicated that a substantial majority of farmers (79%) had not received 

any prior training on neglected legumes, with only 20.7% having participated in such training 

before the study commenced. In terms of water sources for agricultural activities, 65.3% of 

farmers utilized a combination of rainfall and irrigation, while 25% relied exclusively on 

rainfall, and 9.3% depended solely on irrigation. With respect to seed sourcing, most farmers 

(71.3%) acquired seeds from supermarkets, whereas 21.3% preserved seeds from previous 

harvests for future use. A small proportion (7.3%) sourced seeds from institutions such as the 

Department of Agriculture and the Farmers Support Group. Lastly, market access remained a 

significant challenge, with 80.7% of farmers reporting no access to markets, while only 19.3% 

had market access.  

Table 4.1: Distribution of the Socio-economic characteristics of smallholder farmers Contd. 

Socio-Economic Variables Frequency (%) 

Household Size  
1-5 people 47 (31.3) 

6-10 people 77 (51.4) 
11 and above 26 (17.3) 

*Source of income  
Temporal employment 24 (16.0) 

Welfare grant 106 (70.7) 
Remittances 30 (20.0) 

Crop sales - irrigated 43 (28.7) 
Crop sales - rainfed 20 (13.3) 

Livestock sales 25 (16.7) 
Other 15 (10.0) 

Source of food  
Own production 49 (32.7) 

Purchased 100 (66.7) 
Food aid 01(0.7) 

Years of farming experience  
1-10yrs  128 (85.3) 
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11-20yrs 16(10.7) 
21-30yrs 3 (2.0) 

31 and above 3 (2.0) 
Farm size (hectares)  

≤ 2 139 (92.7) 
3-5 ha 10 (6.7) 

6 and above 1 (0.7) 
Training on legumes  

Yes 31 (20.7) 
No 119 (79.) 

Sources of water for irrigation  
Irrigation  14 (9,3) 
Rainfall 38 (25.3) 

Both  98 (65.3) 
Sources of seeds  
Own production 32 (21.3) 

Supermarkets 107 (71.3) 
Other 11 (7.3) 

Market access   
Yes 29 (19.3) 
No  121 (80.7) 

* Multiple choice response 

4.3.2 Overview of Cropping Practices in the Surveyed Region 
Figure 4.3 provides a detailed analysis of the agricultural practices employed by smallholder 

farmers within the study area. A significant proportion (87%) cultivate vegetables, followed by 

55% who grow cereals, while only 43% cultivate legumes (Figure 4.3A). Regarding cropping 

systems, 48% of respondents practice intercropping, 35% engage in monoculture, and 15% 

implement crop rotation. In contrast, only 1.3% practice relay cropping (Figure 4.3B). The 

frequency of legume cultivation varied among farmers. The majority (49%) reported never 

cultivating legumes, while 20% rarely grew them, and 12% cultivated legumes sometimes or 

often. Only 7% grew legumes every season (Figure 3C). Additionally, the findings revealed 

that 52% of farmers cultivated legumes in January, 28% in February, and 15% in November. 

A small proportion (5%) planted legumes in December (Figure 4.3D). 

 To verify the types of crops cultivated in the region, both key informants and focus groups 

reported the following: 

“Crop production in the study area is primarily focused on vegetable cultivation, followed by 

cereals, while a smaller proportion of farmers engage in legume farming. The predominant 

legumes grown include sugar bean (Phaseolus vulgaris), kidney bean (Phaseolus vulgaris), 

and cowpea (Vigna unguiculata). Vegetable cultivation encompasses a wide range of crops, 
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including spinach (Spinacia oleracea), beetroot (Beta vulgaris), onion (Allium cepa), carrot 

(Daucus carota), green pepper (Capsicum annuum), sweet potato (Ipomoea batatas), potato 

(Solanum tuberosum), chili pepper (Capsicum spp.), eggplant (Solanum melongena), and 

cabbage (Brassica oleracea). The primary cereals cultivated in the region are maize (Zea mays) 

and wheat (Triticum aestivum).” 

Regarding planting dates, focus group discussions stated: 

“Majority of farmers cultivate legumes in January, as this period experiences reduced rainfall. 

In contrast, excessive rainfall in December often leads to pod abortion and seed rot, making it 

less favourable for legume cultivation.” 

The focus group discussions further indicated: 

“Although nearly half of the farmers practice intercropping, primarily integrating maize (Zea 

mays) with pumpkins (Cucurbita spp.) or sugar beans (Phaseolus vulgaris), a significant 

proportion continue to rely on monoculture. The persistence of monoculture is attributed to 

several factors, including limited land availability, reliance on rainfall as the primary water 

source for irrigation, financial constraints that hinder seed acquisition, and a shortage of labour. 

The challenge is exacerbated by minimal youth participation in agriculture, as younger 

individuals often perceive farming as an occupation primarily suited for older generations.” 
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Figure 4.3: Overview of cropping practices in the surveyed region. (A) Crops cultivated by smallholder farmers. (B) Dominant cropping systems. 
(C) Frequency of legumes cultivation. (D) Planting dates of cultivated legumes. 
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4.3.3 Training Participation and Knowledge of Legumes in the Surveyed Region 
A majority of smallholder farmers (79.3%) had never participated in legume training, while 

just 20.7% had attended such training (Table 4.2). An assessment of farmers' knowledge about 

legumes in the region revealed that a large proportion (85.3%) were unfamiliar with legume 

cultivars, with only 14.7% having any knowledge. Similarly, knowledge about legume 

production was scarce, as only 7.3% of farmers had relevant expertise, while 92.7% lacked 

understanding of legume cultivation. When it came to legume adaptability, only 5.3% of 

farmers were knowledgeable, leaving 94.7% unaware of this aspect. Additionally, 

understanding of the legume market was limited, with 94.7% of farmers having no knowledge 

of market trends and only 5.3% possessing any insights into market dynamics. 

Table 4.2: Training participation and knowledge of legumes in the surveyed region 

Tested knowledge of legumes in the region Frequency (%) Frequency (%)  

 Yes No 

 

a. Have you been trained on legumes before? 

 

31 (20.7) 

 

119 (79.3) 

 

b. Do you have knowledge of legume cultivars? 

 

22 (14.7) 

 

128 (85.3) 

c. Do you have knowledge of legume production? 11 (7.3) 139 (92.7) 

d. Do you have knowledge of legume adaptability? 8 (5.3) 142 (94.7) 

e. Do you have knowledge of legume market? 8 (5.3) 142 (94.7) 

To corroborate the challenges related to the lack of training and awareness regarding neglected 

legumes, as highlighted by the quantitative study, both key informants and focus group 

discussions emphasized the following:  

“Respondents identified a gap in knowledge and resources, which hinders the adoption and 

cultivation of underutilized crops. The lack of training programs and extension services 

specifically targeting neglected legumes was noted as a significant barrier, limiting farmers' 

ability to diversify their crop production. Additionally, the absence of awareness campaigns 

and technical support further exacerbates the issue, as many farmers are unfamiliar with the 

potential benefits and cultivation practices associated with neglected legumes. Consequently, 

these challenges contribute to the low uptake and limited cultivation of neglected legumes in 

the region.” 
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One of the key informants stated: 

“The low intake of legumes in local diets is primarily attributed to their high cost in 

supermarkets, which limits their accessibility to many consumers. Additionally, farmers in the 

region tend to produce legumes in small quantities, which further exacerbates the issue by 

preventing the establishment of reliable local markets. The limited scale of production restricts 

the availability of legumes in both retail and wholesale markets, making them less competitive 

compared to other staple crops. Consequently, the low market supply, coupled with high prices, 

creates a significant barrier to increasing legume consumption. This cycle is reinforced by the 

lack of market infrastructure and proper supply chains, which could otherwise facilitate the 

distribution of legumes at more affordable prices. Therefore, addressing both production 

challenges and market access is critical to improving legume consumption in the region.” 

4.3.4 Pre-Training Knowledge Levels of Smallholder Farmers on the Benefits of Neglected 
Legumes 

The results in Table 4.3 revealed that the majority (73.3%) of farmers had extensive knowledge 

of neglected legumes' richness in proteins, carbohydrates, fibre, minerals, vitamins, and 

micronutrients, while 26.7% had limited knowledge. In contrast, 76% of respondents were 

unaware that neglected legumes can help lower the risk of heart disease, diabetes, cancer, and 

obesity, while only 24% recognized this potential benefit. Regarding legumes' ability to 

improve soil fertility and reduce the need for nitrogen fertilizers through biological nitrogen 

fixation, only 35.3% of farmers had knowledge, whereas 64.7% were unaware of it. 

Additionally, 73.3% of farmers did not know that legumes can help break the cycle of pests 

and diseases, while 26.7% were aware of this benefit. More than three-quarters (78%) of 

respondents had limited or no knowledge of legumes' ability to conserve soil water, while only 

22% were aware of this function. Only a small minority (5.3%) of respondents understood 

legumes' role in promoting ecosystem stability in marginal environments, whereas a significant 

majority (94.7%) lacked knowledge in this area. 
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Table 4.3: Pre-training knowledge levels of smallholder farmers on the benefits of neglected 
legumes 

Tested knowledge on neglected legumes benefits  Frequency (%) Frequency (%)  
 Yes No 
 
a. Neglected legumes are rich in proteins, carbohydrates, fibre, 
minerals, vitamins, and micronutrients. 

 
 

110 (73.3) 

 
 

40 (26.7) 
 

b. Neglected legumes lower the risk of heart disease, diabetes, 
cancer, and obesity. 

36 (24.0) 114 (76.0) 

c. Neglected legumes improve soil fertility and reduce the need 
for nitrogen fertilizers through biological nitrogen fixation. 

53 (35.3) 97 (64.7) 

 
d. Neglected legumes break the cycle of pests and diseases. 

 
40 (26.7) 

 
110 (73.3) 

e. Neglected legumes conserve soil water. 33 (22.0) 117 (78.0) 

f. Neglected legumes promote ecosystem stability in marginal 
environments. 

8 (5,3) 142 (94.7) 

4.3.4.1 Post-Training Knowledge Levels of Smallholder Farmers on the Benefits of Neglected 
Legumes 

The results in Figure 4.4 illustrate the knowledge levels of smallholder farmers regarding the 

benefits of neglected legumes following the training provided by the study. A significant 

proportion (81%) demonstrated strong knowledge, defined as the ability to identify at least four 

legume cultivars and five functions of legumes. Additionally, 15% exhibited weak knowledge, 

characterized by the ability to name at least two legume cultivars and two functions. In contrast, 

only a small minority (4%) showed no knowledge, as they were unable to identify any legume 

cultivars or functions of neglected legumes. 

 
Figure 4.4: Post-training knowledge levels of smallholder farmers on the benefits of neglected 
legumes. 
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4.3.5 Farmers’ Participation in Neglected Legume Training, Adoption Willingness, and 
Post-Training Cropping System Integration 

The results presented in Figure 4.5 indicated that a significant proportion (92%) of respondents 

participated in the training on neglected legumes conducted in this study, while 8% did not 

participate (Figure 4.5A). Following the training and trial demonstrations, the majority of 

farmers (96%) expressed a willingness to integrate legumes into their cropping systems, 

whereas 4% remained reluctant to adopt neglected legumes (Figure 4.5B). Additionally, 

farmers who previously practised monoculture have shown interest in adopting intercropping. 

Consequently, 89% transitioned to an intercropping system, while a minority (11%) preferred 

to continue with monoculture (Figure 4.5C). 
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Figure 4.5: (A) Farmers' participation in neglected legume training. (B) Willingness to 
integrate legumes into the cropping system. (C) Adopted cropping system for legumes post-
training. 

4.3.6 Socio-Economic Factors Influencing Farmers' Willingness to Cultivate Neglected 
Legumes 

The results in Table 4.4 present the socioeconomic factors influencing smallholder farmers' 

willingness to cultivate neglected legumes in Bergville, as analysed using a multivariate probit 

regression model. The Wald test (chi2 (44) = 40.27, Prob > chi2 = (0.632)) was insignificant 

at P > 0.05. The insignificant (P > 0.05) socioeconomic factors included age, gender, household 

size, farming experience, and sources of seeds. However, training on legumes (P < 0.1) had a 

significant positive influence on pigeon pea cultivation. Additionally, both marital status (P < 

0.1) and legume training (P < 0.05) significantly influenced farmers' willingness to cultivate 

cowpea. Furthermore, farm size (P < 0.1), market access (P < 0.1), and sources of water for 

irrigation (P < 0.05) were positively associated with farmers' willingness to cultivate common 

bean. Among the examined factors, only sources of water for irrigation (P < 0.1), were 

significantly related to the selection of Bambara groundnut. 

4.3.7 Socio-Economic Determinants Influencing Farmers' Selection of Optimal Planting 
Dates 

The results in Table 4.5 present the socioeconomic determinants influencing smallholder 

farmers' selection of optimal planting dates, using a multivariate probit regression model. The 

Wald test (chi2 (33) = 31.65, Prob > chi2 = (0. 534)) was not significant (P > 0.05), indicating 

that the overall model fit was not statistically significant. Among the socioeconomic 
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determinants, age, gender, marital status, farming experience, and seed sources were not 

significant (P> 0.05). However, farm size (P < 0.1) and legume training (P < 0.1) significantly 

influenced the selection of a November planting date. Similarly, household size (P < 0.05) and 

legume training (P < 0.1) had a significant effect on selecting a December planting date. 

Additionally, water sources for irrigation (P < 0.1) and legume training (P < 0.1) were 

positively associated with the selection of January planting date. 
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Table 4.4: Socio-economic factors influencing farmers' willingness to cultivate neglected legumes 

*, **, and *** signify statistical significance at p< 0.1, p<0.05 and p<0.01 levels, respectively. 

 

 

 

 

Characteristics Pigeon pea  Cowpea  Bambara groundnut  Common bean  

 Coeff. Std.Err Coeff. Std.Err Coeff. Std.Err Coeff. Std.Err 

Age 0.346 0.086 0.064 0.085 0.034 0.087 0.082 0.093 
Gender  0.109 0.247 -0.183 0.239 0.033 0.245 0.084 0.263 
Marital status -0.166 0.137 -0.249 0.140* 0.458 0.143 -0.006 0.149 
Household size 0.335 0.030 -0.009 0.029 0.003 0.230 0.010 0.033 
Farming experience 0.072 0.094 -0.010 0.093 0.070 0.099 -0.047 0.093 
Farm size -0.160 0.280 -0.343 0.311 0.323 0.428 -0.507* 0.302 
Training on legumes 0.479* 0.289 -0.589 0.276** -0.159 0.275 -0.124 0.295 
Source of seeds 0.186 0.218 -0.244 0.217 -0.242 0.233 -0.073 0.228 
Market access -0.352 0.281 -0.151 0.282 0.226 0.301 -0.465* 0.291 
Sources of water for irrigation -0.174 0.333 -0.120 0.166 0.192 0.270* 0.295** 0.173 
Constant -0.060 0.764 1.754 0.788 -0.281 0.864 0.282 0.847 

N 

Wald chi2 (44) 

Log- likelihood 

Prob > chi2 

150 

40.27 

-353.155 

0.632 
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Table 4.5: Socio-economic determinants influencing farmers' selection of optimal planting dates 

 

 

 

 

 

 

 

 

 

 

 

 

Characteristics November         December            January  

 Coeff. Std.Err Coeff. Std.Err Coeff. Std.Err 

Age -0.124 0.089 0.132 0.086 0.028 0.089 
Gender  0.188 0.251 -0.109 0.238 0.172 0.269 
Marital status -0.162 0.135 -0.060 0.133 -0.033 0.140 
Household size 0.011 0.031 -0.019** 0.029 -0.031 0.030 
Farming experience 0.088 0.095 0.078 0.088 -0.001 0.095 
Farm size -0563* 0.311 -0.599 0.420 -0.034 0.293 
Training on legumes -388* 0.275 0.403* 0.268 0.379 0.326* 
Source of seeds -0.326 0.230 0.134 0.217 -0.005 0.233 
Market access 0.142 0.293 0.129 0.279 -0.265 0.294 
Sources of water for irrigation 0.145 0.174 -0.229 0.170  0.293** 0.173** 
Constant 1.661 0.836 0.620 0.823 -0.005 0.841 
N 
Wald chi2 (33) 
Log- likelihood 
Prob > chi2 

150 
31.65 
-261.935 
0.534 
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4.4 Discussion 
4.4.1 Socioeconomic Characteristics of Smallholder Farmers in the Study Area 
The study findings indicated that only 6% of smallholder farmers were aged 25 years or 

younger, while 41% were aged 51 years or older. These results suggested limited engagement 

of youth in agriculture, potentially due to the perception that farming is predominantly an 

occupation for older generations (Geza et al., 2021). These findings align with those of Sithole 

and Olorunfemi (2024), who reported that young people are not actively engaging in 

agriculture-related activities. According to Chipfupa and Tagwi (2021), the declining 

participation of youth in agriculture has become a significant concern, with empirical evidence 

suggesting that young individuals perceive the sector as a low-productivity and last-resort 

livelihood. This can be attributed to various socioeconomic factors, including limited access to 

agricultural resources, concerns about financial viability, and the perceived attractiveness of 

urban employment opportunities. However, this demographic imbalance may hinder the 

integration of neglected legumes into cropping systems, as younger farmers are generally more 

inclined to adopt innovative agricultural practices and technologies. While the involvement of 

older farmers contributes to short-term agricultural productivity, concerns persist regarding the 

long-term sustainability of the sector if younger generations continue to disengage. As 

highlighted by Osabohien et al. (2021) and Terefe (2025), youth participation in agriculture is 

essential for ensuring sustainable socioeconomic development.  

The study further revealed that women constitute a substantial proportion (72%) of smallholder 

cropping systems, underscoring their crucial role in agricultural production. This finding is 

consistent with previous research, which has demonstrated that women contribute significantly 

to crop production, surpassing men (Glazebrook et al., 2020; Mukaila et al., 2021). This 

reinforces the critical role of women in ensuring food security in the Global South, despite 

persistent structural inequalities that hinder their productivity and economic empowerment. 

Furthermore, the results revealed that a minority (6%) of farmers had attained tertiary 

education, while the majority lacked formal education. This disparity presents a significant 

concern, as higher education levels are generally associated with improved comprehension of 

agronomic practices and a greater propensity for adopting innovative cropping strategies. The 

findings suggest that farmers without formal education may encounter challenges in accessing 

and interpreting scientific research, agricultural extension services, and market trends related 

to neglected legumes. Consequently, these farmers tend to rely on traditional farming methods 

and may demonstrate hesitancy in adopting novel crops due to apprehensions about failure, 

unfamiliarity, or entrenched misconceptions. These findings align with those of Ge et al. 
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(2023), who identified limited education and restricted access to agricultural information as 

key barriers to crop diversification, particularly among female farmers. Bridging these 

educational gaps through targeted extension services, knowledge dissemination, and capacity-

building initiatives could enhance the adoption of neglected legumes and foster more resilient 

and sustainable agricultural systems. 

The high proportion of unmarried farmers (53%) presented significant implications for 

smallholder farmers' capacity to cultivate or adopt neglected legumes. Marital status plays a 

crucial role in determining access to labour, decision-making autonomy, and financial stability, 

all of which are essential for agricultural innovation and diversification. As noted by Ge et al. 

(2023), restricted decision-making power among female farmers often leads to reluctance in 

adopting new crops. This suggests that unmarried farmers, particularly women, may encounter 

additional barriers to integrating neglected legumes into their farming systems due to structural 

constraints in resource access and limited autonomy in agricultural decision-making. 

Moreover, women often face significant barriers to securing land ownership. The findings 

confirmed that 92.7% of respondents owned less than two hectares of land, highlighting the 

structural challenges women encounter in acquiring agricultural resources. Limited land 

ownership among farmers, particularly women, significantly affects crop diversity, as reported 

by Schling et al. (2024). Addressing these land-related constraints through policies that 

promote equitable land access, tenure security, and targeted support for neglected legumes 

cultivation could facilitate the integration of legumes into smallholder cropping systems, 

ultimately enhancing soil health and improving farmer livelihoods. 

Most households comprised six to ten members, suggesting that most farmers have relatively 

large families. This finding indicates that family size may influence the adoption of neglected 

legumes in the region, as it determines the availability of labour, as noted by Foguesatto et al. 

(2020). Furthermore, the findings revealed that the primary source of income for most farmers 

(70.7%) was social welfare grants. These results align with those of Mkuhlani et al. (2020), 

who reported that most resource-constrained farmers, including social welfare-dependent and 

struggling subsistence farmers, are unemployed. Consequently, they are unable to invest in 

farming and face food insecurity. Due to financial constraints, they rely on limited inputs, such 

as minimal fertilizer application, leading to reduced productivity (Nyambo et al., 2022; Touch 

et al., 2024). This was confirmed by the study findings, which indicated that 66.7% of farmers 

primarily sourced their food from supermarkets, while others depended on food schemes or aid 

programs due to low yields, soil degradation, and other factors. However, integrating legumes 
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into their farming systems could enhance soil fertility, reduce dependency on external inputs, 

and improve food security by providing a cost-effective and nutrient-rich crop option. 

The findings also revealed that market access remains a significant challenge, with 80.7% of 

farmers lacking access to formal markets. This limitation may be attributed to farmers' reliance 

on informal markets for selling their surpluses due to inadequate linkages with formal market 

structures. Similar findings were reported by Hlatshwayo et al. (2021). These results 

underscore the need to reassess policies and institutional frameworks that support smallholder 

participation in formal markets. Strengthening market access could promote neglected legume 

cultivation in the region by enhancing profitability and incentivizing adoption. In addition, 

despite 85.3% of farmers demonstrating extensive farming experience, the results revealed that 

79% had never received training on neglected legumes. This indicates that the low adoption of 

underutilized crops, such as neglected legumes, may be primarily attributed to insufficient 

technical knowledge, limited extension support, and inadequate awareness of their agronomic 

and nutritional benefits. Strengthening farmer education through targeted training and 

extension services is essential to promote the adoption and integration of these crops into 

farming systems, thereby enhancing food security and contributing to long-term agricultural 

sustainability. The study results also revealed that 9.3% of farmers relied exclusively on 

irrigation as the primary source of water for farming, while a significant proportion depended 

on rainfall. This indicates the prevalence of water scarcity in smallholder farming systems, 

which limits crop diversity and reduces yields (Ricciardi et al., 2022). Therefore, the adoption 

of drought-tolerant crops, such as neglected legumes, into their cropping systems would 

enhance resilience to water stress and contribute to higher yields, thereby promoting 

agricultural sustainability in the face of climate variability. 

4.4.2 Overview of Cropping Practices in the Surveyed Region 
The results revealed that a significant proportion (87%) primarily focused on vegetable 

cultivation, followed by cereals, while a smaller proportion of farmers engage in legume 

farming. This suggests that smallholder farmers prioritize vegetable cultivation due to its 

economic viability, short production cycles, and high market demand. Cereals are grown for 

food security, while legumes are cultivated in smaller proportions due to lower profitability 

and longer growth durations. The balance between these crop categories reflects a strategic 

adaptation to market dynamics, food needs, and agronomic constraints. Similar findings were 

reported by Ojiewo et al. (2015) and Mkhize et al. (2022), who highlighted that vegetable 

production and consumption serve as a potent mechanism for disadvantaged smallholder 
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farmers to obtain essential nutrients in their diets while generating much-needed income 

through trade. This underscores the need to improve market access for neglected legumes, 

which play a crucial role in diversifying farm incomes, and improving dietary nutrition. 

Strengthening legume value chains through better infrastructure, policy support, and farmer 

incentives could enhance their adoption, contributing to both economic resilience and 

sustainable agricultural systems. 

In addition, the study findings revealed that nearly half of the farmers practice intercropping, 

while a significant proportion continue to rely on monoculture. The limited cultivation of 

neglected legumes has contributed to the dominance of a monoculture vegetable cropping 

system, as noted by Mkhize et al. (2022). However, this practice presents significant agronomic 

and ecological challenges, as continuous monocropping depletes soil nutrients, reduces overall 

crop productivity, and affects long-term agricultural sustainability (Belete and Yadete, 2023). 

Therefore, the findings suggest that the current monocropping system of vegetables and maize 

in the study area requires modification, as it leads to declining soil fertility, reduced yields, and 

unsustainable food and nutrition security. Furthermore, the lack of crop diversification 

exacerbates the risk of micronutrient deficiencies, negatively impacting dietary quality and 

resilience to climate variability. To promote agricultural sustainability and improve farmers’ 

livelihoods, the integration of neglected legumes into cropping systems through intercropping 

and crop rotation should be promoted. 

Furthermore, the small proportion of farmers cultivating legumes indicated that January is the 

most suitable planting period due to reduced rainfall during this time. In contrast, excessive 

rainfall in December often leads to pod abortion and seed rot, making this period less 

favourable for legume cultivation in the region. This finding suggests that farmers primarily 

rely on their experiential knowledge to determine optimal planting dates. However, results 

from neglected legumes trial demonstrations revealed that rainfall patterns in the region are 

increasingly erratic. Some of the neglected legume varieties introduced in the study exhibited 

stable performance throughout November, December, and January, challenging traditional 

perceptions of planting suitability. These findings highlight the need for evidence-based 

agronomic recommendations to help farmers adapt to changing climatic conditions and 

maximize neglected legumes productivity. Strengthening extension services and promoting 

climate-resilient, neglected legume varieties could enhance adoption rates, improve farm 

productivity, and contribute to diversified and sustainable cropping systems. 
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4.4.3 Training Participation and Knowledge of Legumes in the Surveyed Region 
The results of the study revealed that only 20.7% of farmers had participated in legume training 

prior to the study. This suggests that the limited production of neglected legumes in the region 

could be attributed to the shortage of targeted training programs and extension services focused 

on these crops. As a result, the lack of specialized training hinders farmers' knowledge of best 

agronomic practices and the potential benefits of integrating neglected legumes into existing 

cropping systems. This was further confirmed by an assessment of farmers' knowledge of 

legumes in the surveyed region, which showed that 85.3% to 94.7% of farmers lacked 

awareness of neglected legume cultivars, production techniques, adaptability, and market 

opportunities. These findings align with those of Harouna et al. (2019), who highlighted that 

limited resources are not the only constraint affecting diversified cropping systems; rather, a 

lack of knowledge and awareness also presents a significant barrier. Consequently, these 

challenges contribute to the low adoption and limited cultivation of neglected legumes in the 

region. These findings underscore the urgent need for targeted capacity-building initiatives, 

including smallholder farmers training and knowledge dissemination programs. This concurs 

with the findings of Rutto (2016), who emphasized the importance of training programs that 

are inclusive of elderly and illiterate farmers. Such programs will enhance farmers' 

understanding of neglected legumes, improve their adoption, and ultimately promote food 

security in smallholder farming systems. 

4.4.4 Pre- and Post-Training Knowledge Levels of Smallholder Farmers on the Benefits of 
Neglected Legumes 

Prior to the study training, the findings revealed that most farmers had extensive knowledge of 

the nutritional richness of neglected legumes, including their high content of proteins, 

carbohydrates, fibre, minerals, vitamins, and micronutrients. This awareness may be attributed 

to information disseminated by health facilities, which emphasized the dietary importance of 

these foods in addressing malnutrition and highlighted the role of legumes as an alternative 

protein source to meat, as noted in face-to-face interviews. In contrast, between 76% and 94% 

of respondents were unaware of the additional benefits of neglected legumes, including their 

potential to reduce the risk of heart disease, diabetes, cancer, and obesity; enhance soil fertility 

through biological nitrogen fixation; break pest and disease cycles; conserve soil moisture; and 

promote ecosystem stability in marginal environments. However, following the training 

provided in the study, a significant proportion (81%) of farmers demonstrated a strong 

understanding of neglected legumes. These findings validate the effectiveness of the training, 

highlighting its potential to enhance farmers’ knowledge and improve the adoption of neglected 
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legumes, thereby contributing to both nutritional security and sustainable agricultural practices. 

Furthermore, these findings corroborate the findings of Pui et al. (2022) and Odeku et al. 

(2024), who reported that a lack of awareness and knowledge regarding the nutritional and 

health benefits associated with consuming a diverse range of neglected legumes has contributed 

to limited demand, subsequently limiting their cultivation and distribution. 

4.4.5 Farmers’ Participation in Neglected Legume Training, Adoption Willingness, and 
Post-Training Cropping System Integration 

The study's findings revealed that a significant proportion (92%) of respondents participated in 

the training on neglected legumes, which was conducted as part of this research. Following the 

training and trial demonstrations, most farmers (96%) expressed a willingness to integrate 

legumes into their cropping systems. Smallholder farmers who previously practiced 

monoculture showed increased interest in adopting intercropping. This suggests that targeted 

training and practical demonstrations play a crucial role in enhancing farmers' awareness and 

adoption of integrating neglected legumes. The findings highlight the potential for knowledge-

based interventions to influence cropping decisions, improve crop diversification, and promote 

sustainable agricultural practices, as stated by Gayathri and Manimozhi (2024). Furthermore, 

the increased adoption of intercropping with legumes could contribute to enhanced soil fertility, 

improved pest and disease management, and increased resilience to climate variability in the 

study area. This finding aligns with the results of Kumawat et al. (2022) and Akchaya et al. 

(2025), who also reported the role of legume intercropping in sustainable farming systems. The 

findings underscore the need for continued extension support and policy initiatives to facilitate 

the large-scale adoption of neglected legumes. 

4.4.6 Socio-Economic Factors Influencing Farmers' Willingness to Cultivate Neglected 
Legumes 

The findings on the socioeconomic factors influencing smallholder farmers' willingness to 

cultivate neglected legumes, analysed through a multivariate probit regression model, revealed 

that training on legumes is a statistically significant determinant. Particularly, participation in 

training was positively correlated with the adoption of pigeon pea (β = 0.479, P < 0.1) and 

cowpea (β = 0.276, P < 0.05). These results suggest that farmers who received training were 

more inclined to adopt these neglected legumes, underscoring the crucial role of knowledge 

dissemination in raising awareness, improving agronomic practices, and promoting their 

cultivation. These findings are consistent with those of Mkhize et al. (2023), who introduced 

innovative cultivation and consumption methods to enhance farmers' knowledge and 

acceptance of cowpea and jugo beans. Their study demonstrated that educational interventions 
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led to a statistically significant increase in both the acceptability and cultivation of these 

legumes. These findings underscore the crucial role of knowledge dissemination in facilitating 

the reintroduction of neglected legume species into local cropping systems, thereby enhancing 

food security, dietary diversity, and sustainable agricultural practices (Ratnayake et al., 2023). 

Moreover, a positive and statistically significant relationship (β = 0.140, P < 0.1) was observed 

between marital status and cowpea adoption, indicating that farmers' marital status influences 

their likelihood of adopting cowpea. This suggests that married farmers may have greater 

access to resources, labour, or decision-making support, which could enhance their willingness 

to cultivate neglected legumes. Similar findings have been reported by Lana (2025) where 

marital status was identified as a key socioeconomic factor influencing the adoption of 

improved agricultural technologies and crop diversification strategies. In addition, farm size (β 

= -0.507, P < 0.1) and market access (β = -0.465, P < 0.1) were negatively associated with 

farmers' willingness to cultivate common bean, indicating that larger farm sizes and limited 

market access may reduce the likelihood of adopting common bean cultivation.  

Conversely, access to irrigation water sources was positively correlated with the adoption of 

both common bean (β = 0.295, P < 0.05) and Bambara groundnut (β = 0.270, P < 0.1), 

suggesting that farmers with better access to irrigation are more likely to cultivate these crops. 

This finding highlights the significance of water availability in promoting the adoption of 

water-intensive crops, such as common beans, underscoring the need for improved irrigation 

infrastructure and enhanced market access to support smallholder farmers in diversifying their 

crop production systems. In contrast, the positive correlation with Bambara groundnut adoption 

may be attributed to its drought resistance, as demonstrated by trials conducted in the study. 

This resilience makes Bambara groundnut a viable option for farmers with limited access to 

irrigation, further highlighting the potential of drought-tolerant crops in enhancing agricultural 

resilience in water-scarce regions (Feldman et al., 2019; Pui et al., 2022). 

4.4.7 Socio-Economic Determinants Influencing Farmers' Selection of Optimal Planting 
Dates 

The study results revealed that socioeconomic determinants, including farm size (β = -0.563, 

P < 0.1) and legume training (β = -0.388, P < 0.1), were negatively and significantly correlated 

with the selection of a November planting date. This suggests that smallholder farmers and 

those who received legume training were less likely to plant in November. The negative 

correlation with farm size may indicate that smallholder farmers prefer alternative planting 

periods to optimize resource use, mitigate climatic risks, or align with labour availability. 



127 
 

Likewise, the negative association with legume training suggests that trained farmers may 

adopt improved agronomic practices or recommended planting schedules that deviate from a 

November planting date.  

However, legume training was positively and significantly correlated with the selection of both 

a December (β = 0.403, P < 0.1) and January (β = 0.326, P < 0.1) planting date, whereas 

household size (β = -0.019, P < 0.05) exhibited a negative correlation with the selection of a 

November planting date. This suggests that farmers who received legume training were more 

likely to delay planting until December or January, potentially to align with recommended 

agronomic practices, o or mitigate risks associated with early-season climatic variability. 

Conversely, the negative correlation between household size and the selection of a November 

planting date implies that larger households were less inclined to plant in November, possibly 

due to competing labour demands for other agricultural activities or resource constraints. These 

findings underscore the critical role of agricultural training in shaping planting decisions. 

Furthermore, access to water sources for irrigation (β = 0.173, P < 0.1) was positively and 

significantly associated with the selection of a January planting date. This association may be 

attributed to the improved performance of the neglected legumes introduced in the study under 

rainfed conditions, highlighting the need to adopt climate-smart, resilient crops such as 

neglected legumes in regions where water scarcity persists. Moreover, the availability of 

irrigation water provides farmers with greater flexibility in their planting decisions, enabling 

them to extend the growing season and mitigate risks associated with unpredictable rainfall 

patterns. These findings underscore the critical role of irrigation access in promoting the 

cultivation of neglected legumes, highlighting the need for targeted interventions to improve 

water management strategies and thereby enhance the productivity and sustainability of 

legume-based farming systems. These results are consistent with the findings of Mhembwe et 

al. (2019). 

4.5 Conclusions, Recommendations and Research Directions 
This study assessed the socioeconomic factors influencing farmers’ willingness to cultivate 

neglected legumes and their selection of suitable planting dates in South Africa, using 

KwaZulu-Natal Province as a case study. The findings indicate the crucial role of 

socioeconomic factors in shaping adoption decisions and cultivation of these crops into existing 

cropping systems. Consistent with previous research, the study confirms that limited access to 

land, water availability, market access, and marital status influence farmers' willingness to 

cultivate neglected legumes. Household size, participation in legume-related training, and 
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access to irrigation water influence the selection of suitable planting dates. The findings further 

revealed that the limited cultivation and adoption of neglected legumes were not primarily due 

to resource constraints but rather a lack of awareness and knowledge regarding their nutritional 

and health benefits. This lack of awareness has contributed to low demand, which in turn limits 

the cultivation and distribution of neglected legumes. To address these challenges, the study 

recommends targeted capacity-building initiatives, including training programs for smallholder 

farmers and the dissemination of knowledge. These initiatives will enhance farmers' 

understanding of neglected legumes, encourage their adoption, and ultimately promote food 

security in smallholder farming systems. The effectiveness of such interventions was 

demonstrated through training and trial demonstrations conducted in this study, where a 

significant proportion of farmers expressed a willingness to cultivate neglected legumes into 

their cropping systems. Furthermore, farmers who previously practiced monoculture showed 

increased interest in adopting intercropping, highlighting the potential for knowledge-based 

interventions to influence cropping decisions.  

Despite the promising results of this study, it is essential to acknowledge that, like other 

research studies, this article has limitations. The study specifically focused on smallholder crop 

farmers in Bergville. This may introduce some bias, as the sample comprised crop farmers 

affiliated with the Farmers Support Group in the region. However, this study attempted to 

mitigate bias by using a multistage sampling strategy to ensure representation of diverse 

demographic groups, particularly resource-constrained farmers actively engaged in various 

farming practices. Moreover, the study employed techniques to enhance data accuracy and 

reliability, including the use of multiple question formats to capture comprehensive 

information and minimize response errors. Despite these limitations, the study contributes to a 

deeper understanding of how socioeconomic factors, including farm size, training on legumes, 

marital status, household size, water sources for irrigation, and market access, influence 

smallholder farmers' willingness to cultivate neglected legumes and their selection of suitable 

planting dates. 

Further research should explore the long-term impact of knowledge-based interventions on the 

sustained adoption of neglected legumes in smallholder farming systems. Furthermore, future 

studies should also examine the role of policy support, market incentives, and climate resilience 

in promoting their integration. Research into the genetic improvement of these legumes to 

enhance yield potential, adaptability, and nutritional value could further increase their appeal 

to both farmers and consumers. Addressing these research gaps will contribute to more resilient 
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and diversified cropping systems, ultimately enhancing food and nutritional security while 

increasing the adaptability of smallholder farmers to climate variability and market dynamics. 
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Abstract 
Neglected legumes have significant potential to enhance food security, improve soil fertility, 

and increase climate resilience, particularly in smallholder rain-fed farming systems. Despite 

their agronomic value, limited information exists on their performance under varying planting 

dates. This study examined the effect of planting date on the agronomic performance of 

neglected legume crops, including Bambara groundnut (Vigna subterranea), cowpea (Vigna 

unguiculata), pigeon pea (Cajanus cajan), and common bean (Phaseolus vulgaris) under 

rainfed conditions. Field trials were conducted over two consecutive summer growing seasons 

(2022/23 and 2023/24) using a split-plot randomized complete block design with three 

replications. Phenological traits (emergence, flowering, podding, and senescence) and yield 

component (pod mass, and grain yield) were recorded and analysed using GenStat® and 

principal component analysis. Significant effects of planting date, legume species, season, and 

their two- and three-way interactions (P ≤ 0.05) were observed for all measured traits. Early 

planting improved crop establishment and vegetative growth across all legume species, 

particularly in cowpea and Bambara groundnut, which exhibited high emergence rates (90.2% 

and 85.6%, respectively) and stable phenological development across planting dates and 

seasons. However, reproductive performance varied among species, depending on the 

synchronization of flowering and podding with rainfall and temperature patterns. Delayed 

planting enhanced grain yield in common bean, cowpea, and Bambara groundnut, while pigeon 

pea showed reduced reproductive success under late sowing due to its sensitivity to shortened 

growing periods. These findings underscore the importance of aligning planting dates with 

species-specific phenological responses, using seasonal climate forecasts and local weather 

information to guide sowing decisions. Integrating climate-informed planning can help 

optimise the productivity and resilience of neglected legumes in rainfed systems under 

increasing climate variability. 

Keywords: Phenology, yield components, underutilized crops, rainfed agriculture, smallholder 

farming, optimal planting date, PCA 
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5.1 Introduction 
Neglected legumes, also referred to as orphan or underutilized crops, have garnered increasing 

attention in recent years due to their potential contributions to food security, dietary 

diversification, and the sustainability of agricultural systems, particularly in regions susceptible 

to climate variability (Odeku et al., 2024; Kimani et al., 2025). Species such as cowpea (Vigna 

unguiculata), pigeon pea (Cajanus cajan), Bambara groundnut (Vigna subterranea), tepary 

bean (Phaseolus acutifolius), marama bean (Tylosema esculentum), rice bean (Vigna 

umbellata), and moth bean (Vigna aconitifolia) remain largely underrepresented in mainstream 

agricultural research and development (Popoola et al., 2020; Vilakazi et al., 2025). In contrast, 

major legumes, including soybean (Glycine max), groundnut (Arachis hypogaea), common 

bean (Phaseolus vulgaris), and chickpea (Cicer arietinum), have benefited from substantial 

scientific and commercial investment (Sheoran et al., 2022; Ikhajiagbe et al., 2022). Neglected 

legumes are often native to specific agroecological zones, exhibiting high levels of adaptation 

to local environmental conditions. They are particularly well-suited to cultivation in marginal 

environments characterized by low soil fertility, limited rainfall, and other abiotic stresses 

typical of rainfed systems (Wani et al., 2021; Odeku et al., 2024; Ilić et al., 2025). Nutritionally, 

these species are valuable sources of plant-based protein, essential amino acids, and 

micronutrients, and they play a crucial role in the diets of populations in regions where access 

to animal-derived proteins is limited (Odeku et al., 2024; Vilakazi et al., 2025). 

Popoola et al. (2020) state that these neglected legumes also offer significant agroecological 

benefits, primarily due to their ability to fix atmospheric nitrogen through symbiotic 

associations with rhizobia bacteria (Kebede, 2021; Jena et al., 2022; Gou et al., 2023). This 

process enhances soil fertility, reduces reliance on synthetic nitrogen fertilizers, and contributes 

to more sustainable nutrient cycling within cropping systems. These legumes enhance the 

productivity of subsequent crops in rotation, thereby reinforcing their agronomic value in low-

input and conservation agriculture systems (Kuyah et al., 2021; Islam et al., 2023). Their 

integration into smallholder farming systems is particularly beneficial, as they simultaneously 

support dietary protein intake and promote ecosystem services such as soil health and 

biodiversity conservation (Ditzler et al., 2021; (Farooq et al., 2023; Rasheed and Azeem, 2024). 

However, despite their adaptability to marginal environments and socio-cultural significance, 

the broader utilization of neglected legumes is hindered by minimal genetic improvement, 

limited agronomic characterization, and poor integration into formal seed systems and 

commercial markets (Popoola et al., 2020; Knez et al., 2023; Zafar et al., 2024). These 
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constraints continue to impede their inclusion in mainstream agricultural research and 

development initiatives (Knez et al., 2023). 

In rainfed agricultural systems characterized by reliance on precipitation and increased 

vulnerability to erratic rainfall patterns, temperature fluctuations, and climate-induced stresses, 

neglected legumes offer a strategic opportunity to diversify cropping systems and enhance 

resilience (Mabhaudhi et al., 2022; Farooq et al., 2023). These species are well-adapted to 

suboptimal growing conditions and can achieve acceptable yields in environments where 

irrigation is not feasible, making them particularly valuable for improving food and nutritional 

security in smallholder farming systems across semi-arid and sub-humid regions (Mampholo 

et al., 2024). Among the key determinants of crop productivity under rainfed conditions, 

planting date is critical, as it directly influences crop establishment, growth dynamics, and final 

yield (Bateman et al., 2020). Determining the optimal sowing time under variable rainfall 

conditions requires adaptive approaches rather than fixed planting dates. In this context, 

strategies such as staggered planting and the use of seasonal climate forecasts enable farmers 

to align crop phenology with periods of favourable soil moisture and temperature conditions 

each season. Such adaptive timing enhances resource use efficiency while mitigating the risks 

of yield losses caused by terminal drought, heat stress, or disease outbreaks (Shah et al., 2020; 

Khatun et al., 2021).While the influence of planting date has been extensively documented in 

major staple crops, empirical data on its effects in neglected legume species remain scarce, 

particularly under rainfed conditions where water availability is inherently variable. 

Consequently, the agronomic responses of these legumes to sowing time and other key 

management practices remain poorly characterized, limiting the development of evidence-

based recommendations to optimize their production in marginal environments. This lack of 

agronomic data constrains efforts to optimize productivity, support adoption among 

smallholder farmers, and fully integrate these crops into diversified, climate-resilient farming 

systems. The challenge is particularly pronounced in rainfed agricultural regions, which 

predominate in sub-Saharan Africa and other semi-arid zones. 

In the absence of crop-specific agronomic guidelines, many farmers rely on generalized 

planting calendars or inherited traditional practices that may not adequately reflect current 

climatic conditions. For neglected legumes, there is a critical need for empirical data on the 

impact of planting time on crop performance under rainfed conditions. This study was 

conducted in Bergville, South Africa, a representative site for rainfed smallholder farming 

systems. It aims to address critical knowledge gaps by evaluating the effects of varying planting 
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dates on the agronomic performance of three neglected legume species, cowpea (Vigna 

unguiculata), Bambara groundnut (Vigna subterranea), pigeon pea (Cajanus cajan), and 

common bean (Phaseolus vulgaris) under rainfed conditions. The primary objective was to 

identify optimal sowing dates that align with local rainfall patterns and temperature regimes, 

thereby maximizing crop productivity and contributing to the sustainability of rainfed 

smallholder farming systems. It was hypothesized that early planting would enhance crop 

emergence, growth, and yield by synchronizing crop development with the onset of seasonal 

rainfall, whereas delayed planting would negatively impact performance due to increased 

exposure to terminal drought stress. Agronomic traits assessed included emergence rate, time 

to flowering, podding, senescence, and grain yield. These parameters were selected for their 

relevance as key indicators of crop adaptation, developmental plasticity, and yield potential 

under variable climatic conditions. The findings are expected to inform climate-resilient 

cropping strategies and support the broader integration of neglected legumes into sustainable 

and diversified agricultural systems. 

5.2 Materials and methods 

5.2.1 Experimental Site Description 
The study was conducted over two consecutive summer growing seasons (2022/2023 and 

2023/2024) in Bergville, located in the KwaZulu-Natal Province of South Africa, as outlined 

in chapter 3 and 4. The first season (2022/2023) was conducted at Site 1, and the second season 

(2023/2024) at Site 2, representing two sites within the study area.  

5.2.2 Experimental design and layout 
The experiment was conducted using a split-plot arrangement within a Randomised Complete 

Block Design (RCBD) to facilitate efficient management of harvesting and data collection 

across different planting dates. The primary factor in the main plot was planting date, with three 

levels: November, December, and January. The subplot factor was legume species, comprising 

four legume species: Bambara groundnut (Vigna subterranea), cowpea (Vigna unguiculata), 

pigeon pea (Cajanus cajan), and common bean (Phaseolus vulgaris). Each main plot (planting 

date) was subdivided into subplots representing the respective medium duration legume 

species. There were three replications for each planting date and species. Each plot measured 

4 × 4 m². The experimental area was prepared using a disc plough. Seeds were sown manually 

using a hand dibber at a depth of 5 cm. Intra- and inter-row spacing varied by legume crop: 

common bean (15 × 40 cm), Bambara groundnut (10 × 50 cm), pigeon pea (30 × 60 cm), and 

cowpea (30 × 60 cm). Two seeds were sown per hole and thinned to one plant per stand 15 
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days after emergence. Pigeon pea, cowpea, and common bean were planted in furrows, whereas 

Bambara groundnut was planted on mounded ridges. The ridges for Bambara groundnut were 

constructed four weeks after sowing. All plots were managed under rainfed conditions without 

supplemental irrigation to simulate typical smallholder farming systems. No chemical 

fertilizers or soil amendments were applied during the trial period. Weed control was conducted 

manually at regular intervals. To manage pest pressure, all plots were treated with Karate® 

(lambda-cyhalothrin) insecticide targeting stink bugs (Chinavia hilaris and Euschistus servus), 

beetles (Coleoptera spp.), and aphids (Aphididae spp.). 

5.2.3 Data collection 

5.2.3.1 Climate data 

Table 5.1: Rainfall and temperature distribution during the 2022/2023 and 2023/2024 growing 
seasons (October–January) in Bergville, KwaZulu-Natal, South Africa. 

 Rainfall (mm/month) Min Temperature (°C) Max Temperature (°C) 

Month S1 S2 S1 S2 S1 S2 

October  148 115 11,4 11 25,5 26 
November 196 104 13,6 12 26,7 26 
December 295 200 15,2 14 28,3 27 
January 291 312 16,2 14,9 29,3 25,5 

Note that S1 indicates Season 1(2022/23), S2; Season 2 (2223/24) 

Meteorological data, including rainfall and temperature, were sourced from the 

https://www.weather2visit.com/africa/south-africa/bergville.htm website which provides 

comprehensive climatic information for Bergville, KwaZulu-Natal, South Africa (Table 5.1). 

The meteorological data for 2022/2023 and 2023/2024 growing seasons (October to January) 

reveal notable interannual variations in both temperature and precipitation. The first season 

(2022/2023) exhibited a consistent warming trend across the four months, with minimum 

temperatures increasing from 11.4°C in October to 16.2°C in January, and maximum 

temperatures ranging from 25.5°C to 29.3 °C. In contrast, the 2023/2024 season recorded 

marginally lower minimum temperatures, ranging from 11.0 °C to 14.9°C, and a subdued 

maximum temperature profile, peaking at 27.0°C in December before declining to 25.5°C in 

January. Total rainfall for the early season (October–December) was substantially lower in 

2023/2024 compared to the previous year. October, November, and December 2023/2024 

received 115 mm, 104 mm, and 200 mm, respectively, representing reductions of 22%, 47%, 

and 32% relative to the same months in 2022/2023. However, this trend was reversed in 
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January, with 312 mm recorded in 2023/2024, surpassing the 291 mm observed in the 

corresponding month of 2022/2023. These deviations suggest a comparatively cooler growing 

environment in 2023/2024, particularly during the reproductive phase of the legumes.  

5.2.3.2 Physical properties and chemical analysis 
Before the establishment of field trials, soil samples were collected from a depth of 0–20 cm 

at both experimental sites and submitted to the Cedara Agricultural Laboratory in 

Pietermaritzburg, South Africa, for analysis. Selected physical and chemical properties were 

evaluated to determine the baseline soil conditions at each site before planting. 

Table 5.2: Physical properties and chemical analysis of two experimental sites 

Parameter Site 1 Site 2 
Soil texture   
Clay %  29 48 
Silt %  25 27 
Sand %  36 25 
Nitrogen (%)  0.10 0.17 
Phosphorus (mg kg -1) 6 2 
Potassium (mg kg -1) 144 176 
Calcium (mg kg -1) 370 549 
Magnesium (mg kg-1) 111 180 
Manganese (mg kg -1) 12 8 
Copper (mg kg -1) 3.2 2.0 
Zinc (mg kg -1) 3.1 0.8 
Organic carbon (%)  1.9 3.0 
pH (KCl) 3.94 3.95 

Table 5.2 summarizes the physical and chemical properties of the two experimental sites. Site 

1 was classified as clay loam, containing 29% clay, 25% silt, and 36% sand, while Site 2 was 

classified as clay, with higher clay (48%) and silt (27%) contents and lower sand (25%). The 

heavier texture at Site 2 suggests greater water-holding capacity but limited drainage and 

aeration compared to Site 1. Chemically, Site 2 showed higher concentrations of total nitrogen 

(0.17% vs. 0.10%), potassium (176 vs. 144 mg kg⁻¹), calcium (549 vs. 370 mg kg⁻¹), 

magnesium (180 vs. 111 mg kg⁻¹), and organic carbon (3.0% vs. 1.9%), indicating higher 

fertility and improved potential for soil structural stability. However, both sites were strongly 

acidic (pH 3.94–3.95 KCl), which may restrict nutrient availability. Phosphorus levels were 

generally low, especially at Site 2 (2 mg kg⁻¹ vs. 6 mg kg⁻¹ at Site 1), while micronutrients such 

as manganese, copper, and zinc were more abundant at Site 1, with zinc notably deficient at 
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Site 2 (0.8 vs. 3.1 mg kg⁻¹). These variations suggest differences in nutrient dynamics and 

potential crop performance between the two sites. 

5.2.3.3 Phenological traits 
Phenological data were recorded from the inner two rows of each replicate to minimize border 

effects. Emergence was monitored through daily visual observations for 14 days following 

sowing. Emergence was considered complete when no new seedlings emerged and at least 90% 

of the final plant population had emerged.  

Crop phenology was assessed by recording the number of days from sowing to flowering, 

podding, and leaf senescence. A phenological stage was considered to have occurred when it 

was observed in at least 50% of the plants within a plot. Days to podding were defined as the 

number of days from sowing to the appearance of the first pods on at least 50% of the plants. 

Days to leaf senescence were recorded as the number of days from sowing until at least 50% 

of the foliage had senesced, with no subsequent leaf regeneration. 

5.2.3.4 Yield components 
At physiological maturity, five representative plants were randomly selected from the inner 

two rows of each plot to determine yield components. The pod mass was used to characterize 

the seed yield response across the planting dates. The pods were then harvested, air-dried, and 

weighed using a digital precision weighing balance (with an accuracy of ±0.01 g) to determine 

their mass.  

5.2.3.5 Grain yield determination 
Grain yield was determined for cowpea, common bean, pigeon pea, and Bambara groundnut 

based on harvested grain from a defined net plot area. At physiological maturity, plants from 

the central rows of each plot, excluding border rows, were manually harvested. The harvested 

material was sun-dried to a constant weight, manually threshed, and the grains were weighed. 

Yields were then expressed in tons per hectare (t ha⁻¹), adjusted to standard moisture content. 

This method follows standard procedures described by Gomez and Gomez (1984) and is widely 

used in legume field trials under rainfed conditions. 

5.2.3.6 Data analysis 
Data from the two seasons (2022/2023 and 2023/24) were subjected to the analysis of variance 

(ANOVA) using GenStat® statistical software (14th edition). The least significant difference 

(LSD) test was used to compare significant differences between the treatment means for each 

parameter and interaction at a significance level of P < 0.05.  Multivariate statistical analyses, 
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including Principal Component Analysis (PCA) and correlation analysis, were performed on 

the data obtained. 

5.3 Results 

5.3.1 Effect of Planting Date on Key Phenological Stages of Legume Species 
Significant differences in 90% emergence were observed among planting dates across species 

(P ≤ 0.05), with significant interaction effects involving season, species, and planting date (P ≤ 

0.05) (Table 5.3). The common bean exhibited considerable variability in emergence across 

different planting dates and seasons. The highest emergence percentage was recorded in Season 

1 at Planting Date 3 (S1 PD3; 92.4%), while the lowest occurred in Season 2 at the same 

planting date (S2 PD3; 56.7%). Pigeon pea consistently showed lower emergence percentages 

than the other legumes, particularly during Season 2. Emergence declined from 84.0% (S1 

PD1) to 40.5% (S2 PD3). In contrast, cowpea demonstrated relatively stable and high 

emergence across all planting dates and both seasons, with values ranging from 68.2% (S1 

PD2) to 85.6% (S2 PD3). Similarly, Bambara groundnut exhibited high emergence 

percentages, particularly when planted at earlier dates. Emergence peaked at 90.2% in S1 PD3 

and remained consistently above 74% across Season 2. Despite its overall robust emergence, a 

slight decline was noted with delayed planting in the second season. 

Highly significant differences in days to 50% flowering were also observed among species and 

planting dates (P ≤ 0.001), accompanied by significant interaction effects for all combinations 

of season, species, and planting date (S × C, S × PD, C × PD, S × C × PD; all P ≤ 0.001). 

Common bean flowered earliest among all tested legumes, with flowering dates ranging from 

40.8 to 44.7 days. Delayed planting (PD3) appeared to slightly accelerate flowering in S1 but 

had a more stabilizing or even delaying effect in S2. In contrast, pigeon pea exhibited an 

extended vegetative phase, with flowering occurring between 156.8 and 169.5 days after 

planting, largely unaffected by the planting date. Cowpea maintained consistent flowering 

times across all treatments, ranging from 58 to 63 days, with marginally earlier flowering 

observed in PD1. Bambara groundnut flowered between 48.2 and 52.4 days after planting, 

showing minimal sensitivity to the planting date. 

No significant interaction between species and planting date was observed for days to 50% 

podding; however, highly significant two-way interactions were detected (P ≤ 0.05). Common 

bean podded relatively early, between 60.7 and 64.4 days, with minor variations across seasons 

and planting dates. Pigeon pea required the longest duration to reach 50% podding (186.1 to 
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194.5 days), with limited seasonal fluctuation. Cowpea showed consistent podding across all 

treatments (79.4 to 81.3 days), while Bambara groundnut ranged from 67.1 to 70 days, with a 

slight reduction in duration under later planting dates. Senescence was significantly influenced 

by all main and two-way interaction effects (P ≤ 0.05), except the three-way interaction (S × C 

× PD), which was not significant. The common bean reached senescence the earliest (91.9 to 

95.1 days). 

In contrast, pigeon pea exhibited a markedly extended growth cycle, with senescence occurring 

between 245.9 and 260.6 days, indicative of its indeterminate growth pattern. Cowpea showed 

moderate longevity, senescing between 109.2 and 114.5 days. Bambara groundnut senesced 

later than cowpea, with durations ranging from 123.6 to 127.6 days, reflecting its longer 

reproductive phase. 
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Table 5.3: Effect of planting date on key phenological stages of legume crops. 90% Emer; 90% emergence; D50%F = days to 50% flowering; 
D50%P = days to 50% podding; DS = days to Senescence 

    90% Emer D50%F  D50%P D50%S 
Legume Species (LS) Planting date (PD) S1 S2 S1 S2 S1 S2 S1 S2 
Common bean 1 78.4de 69.8c 43.4bc 41.0ab 60.7a 63.6bc 91.9a 93.0a 

 2 56.1ab 66.5c 42.3ab 41.1ab 61.7ab 61.0a 93.1a 93.4a 

 3 92.4g 56.7ab 40.8a 44.7c 60.8a 64.4c 95.1a 94.5a 

Pigeon pea 1 84.0fg 68.1c 157.1i 169.5k 186.1g 194.5i 245.9f 258.9h 

 2 67.1c 55.3ab 165.8j 169.3k 190.8h 193.1hi 258.3h 260.6h 

 3 59.1b 40.5a 156.8i 168.4k 188.2g 193.6i 250.9g 258.3h 

Cowpea 1 75.2d 78.4de 59.9fg 57.9f 80.8f 79.4f 109.2b 110.4b 

 2 68.2c 72.3d 61.1gh 59.4fg 80.3f 79.7f 113.1bc 110.6b 

 3 83.3f 85.6fg 62.8gh 58.1f 81.3f 80.9f 114.5c 109.5b 

Bambara groundnut 1 81.1f 75.3d 50.2de 52.4e 68.7de 69.5de 123.6de 126.8e 

 2 79.1e 74.2d 50.1de 50.1de 69.9e 67.1d 124.4e 120.4d 

  3 90.2g 79.1e 50.9de 48.2d 69.2de 68.3de 127.6e 124.3e 

F test  - * *** NS NS 
LSD 5%  - 8.85 2.214 2.408 3.624 
Interaction          
S x LS  ** *** *** *** 
S x PD  ** ** *** *** 
LS x PD  * *** NS *** 
S x LS x PD   * *** NS NS 

Note that *, **, *** and NS indicate P < 0.05, <0.01, <0,001 and not significant, respectively. Planting dates 1, 2 & 3 = November, December & January; Season 1 & 2 = 2022/23 &2023/24. 
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5.3.2 Effect of Planting Date on Yield of Four Legume Species  
Grain yield was significantly affected by planting date, growing season, and their interactions 

with legume species (P < 0.05; Table 5.4). Cowpea consistently exhibited the highest grain 

yields across seasons, with superior performance under early planting (November), yielding 

1.85 t ha⁻¹ and 1.98 t ha⁻¹ in the 2022/23 and 2023/24 seasons, respectively. Similarly, Bambara 

groundnut showed optimal performance under early planting conditions, producing 1.35 t ha⁻¹ 

in 2022/23 and 1.41 t ha⁻¹ in 2023/24. Common bean responded positively to delayed planting 

during the 2023/24 season, with the highest yield of 1.73 t ha⁻¹ recorded under December 

planting. Conversely, pigeon pea exhibited a declining yield trend with delayed planting, 

particularly in the 2022/23 season, where yields declined from 1.34 t ha⁻¹ under early planting 

to 0.61 t ha⁻¹ under the latest planting date. 

Table 5.4: Effect of planting date on the yield of four legume species across two consecutive 
growing seasons (2022/23 and 2023/24) 
    Yield (t/ha) 
Legume Specie (LS) Planting date (PD) S1 S2 
Common bean 1 1,25 1,18 

 2 1,3 1,73 
 3 1,18 1,39 

Pigeon pea 1 1,34 1,25 
 2 1,05 0,96 
 3 0,61 0,70 

Cowpea 1 1,85 1,98 
 2 1,42 1,56 
 3 0,98 1,12 

Bambara groundnut 1 1,35 1,41 
 2 1,18 1,24 

  3 0,81 0,74 
F test  - * 
LSD 5%  - 1.372 
Interaction    
S x LS  ** 
S x PD  ** 
LS x PD  * 
S x LS x PD   * 

Note that *, **, *** and NS indicate P < 0.05, <0.01, <0,001 and not significant, respectively. Planting dates 1, 2 & 3 = November, December 

& January; Season 1 & 2 = 2022/23 &2023/24. 

5.3.3 Effect of Planting Date on Pod Mass 
Pod mass was significantly affected by species, planting date, and growing season (P ≤ 0.05; 

Figure 5.1). All interactions were highly significant (P ≤ 0.05). In common bean, pod mass 

declined progressively with delayed planting during the 2022/23 season, decreasing from 1.68 
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g in November to 1.53 g in December and 1.33 g in January. However, in 2023/24, a slightly 

different trend was observed, with the lowest pod mass recorded in November (1.23 g), 

followed by an increase in December (1.44 g) and a relatively stable value in January (1.40 g). 

In contrast, pigeon pea pod mass increased consistently with delayed planting across both 

seasons. In 2022/23, pod mass rose from 0.46 g (November) to 0.54 g (December) and reached 

a maximum of 0.83 g in January. Similarly, in 2023/24, pod mass increased from 0.38 g 

(November) to 0.50 g (December), peaking at 0.72 g in January. In cowpea, higher pod mass 

values were associated with earlier planting dates in both seasons. In 2022/23, pod mass 

declined from 2.67 g (November) to 2.57 g (December) and further to 2.30 g in January. A 

decline was observed in 2023/24, where pod mass decreased from 1.35 g in November to 1.78 

g in December and 1.19 g in January. Bambara groundnut also demonstrated seasonal 

variability. In 2022/23, pod mass declined steadily with delayed planting, from 1.10 g 

(November) to 0.92 g (December) and 0.94 g (January). In contrast, during the 2023/24 season, 

the highest pod mass was recorded in December (1.33 g), while the November and January 

plantings resulted in 0.93 g and 0.88 g, respectively. 



148 
 

 
Figure 5.1: Effect of planting date on pod mass across two growing seasons (2022/23 and 2023/24). 
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5.3.4 Principal Component Analysis (PCA) for Assessed Traits  
Table 5.5 presents the PCA with factor loadings, eigenvalues, and per cent variance for the 

evaluated traits.  Under November planting date, PC1 contributed 89.3% of the total variance 

and was positively associated with DF (0.466), DP (0.465), and DS (0.468), indicating that 

these phenological traits were strongly correlated and represented the main source of variation. 

EM showed a strong negative loading (-0.434) on PC1, indicating that early emergence was 

associated with shorter phenological duration. PM loaded highly on PC2 (0.875), explaining 

an additional 7.4% of the variance and highlighting that pod mass was largely independent 

from phenological development under this planting time. 

In the December planting, PC1 accounted for 77.3% of the total variance and was again 

positively associated with DF, DP, and DS, exhibiting a similar trend to that observed in the 

November planting. EM exhibited a negative loading (-0.284) on PC1 but was strongly and 

positively associated with PC2 (0.930), indicating that variation in emergence timing became 

more pronounced under this planting condition. PM contributed mainly to PC3 (0.844), 

suggesting that yield-related variability was largely distinct from phenological traits in 

December. 

In the January planting, PC1 explained 86.0% of the total variance, with DF, DP, and DS 

showing strong positive loadings (0.472–0.478), confirming their close association across all 

planting dates. EM had a negative loading (-0.455) on PC1, maintaining an inverse relationship 

with later phenological stages. PM loaded highly on PC2 (0.924), explaining an additional 

11.5% of the total variance, reflecting the influence of yield formation processes that were 

independent of phenological progression at this later planting. 

The PCA overall results revealed that phenological traits (DF, DP, DS) consistently clustered 

together as the dominant contributors to total variability, whereas PM exhibited independent 

variation, particularly along the second or third components. This pattern suggests that yield 

expression, as represented by pod mass, was influenced by a separate set of factors from those 

driving phenological development, and that these relationships shifted slightly with varying 

planting times. Such differentiation implies that environmental conditions associated with 

planting date modify the coordination between growth duration and yield potential, with early 

sowing favouring stronger phenological control and later planting accentuating yield-related 

variation.
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Table 5.5: Summary of factor loadings, eigenvalue, percent and cumulative variation for evaluated traits under three planting dates. 

 

 

  November  December  January 

Trait 
 

PC1 PC2 PC3 PC4  PC1 PC2 PC3 PC4  PC1 PC2 PC3 PC4 

EM 
 

-0.434 -0.368 0.810 -0.058  -0.284 0.930 0.219 -0.074  -0.455 -0.161 0.866 -0.107 

DF 
 

0.466 0.204 0.290 -0.810  0.499 0.052 0.319 -0.172  0.472 0.241 0.243 -0.690 

DP 
 

0.465 0.238 0.273 0.397  0.499 0.041 0.320 -0.565  0.472 0.248 0.225 -0.018 

DS 
 

0.468 -0.036 0.375 0.422  0.499 0.175 0.188 0.795  0.478 0.030 0.374 0.701 

PM 
 

-0.399 0.875 0.215 0.073  -0.415 -0.315 0.844 0.121  -0.345 0.924 0.015 0.143 

Eigenvalue 
 

4.466 0.368 0.166 0  3.866 0.774 0.360 0  4.302 0.573 0.125 0 

Variability (%) 
 

89.320 7.370 3.310 0  77.320 15.480 7.20 0  86.050 11.450 2.50 0 

Cumulative (%) 
 

89.320 96.690 100 100  77.320 92.800 100 100  86.050 97.50 100 100 
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Figure 5.2 (a–c) presents the principal component analysis (PCA) biplots showing the 

multivariate relationships among four legume species, Bambara groundnut, cowpea, common 

bean, and pigeon pea, based on key phenological traits: emergence (EM), days to flowering 

(DF), days to podding (DP), and days to senescence (DS). The first two principal components 

accounted for most of the variation, distinguishing the species according to their phenological 

and adaptive strategies across three planting dates. 

In November planting (Figure 5.2a), cowpea and common bean exhibited rapid emergence and 

early flowering, reflecting short growth cycles that are suited to favourable early-season 

conditions. Pigeon pea aligned strongly with days to flowering and senescence, confirming its 

extended vegetative phase and late maturity. Bambara groundnut occupied an intermediate 

position, indicating asynchronous emergence and flowering relative to the other species. In 

December planting (Figure 5.2b), Bambara groundnut became closely associated with 

emergence, suggesting improved establishment under moderate stress, while cowpea and 

common bean maintained early reproductive transitions. The pigeon pea retained its long-

duration pattern, emphasising its conservative growth strategy. 

By January (Figure 5.2c), cowpea showed a positive association with podding and pod mass, 

suggesting reproductive stability under late planting, whereas pigeon pea remained linked to 

prolonged phenology. Bambara groundnut shifted away from early traits, indicating delayed 

emergence and flowering. Across planting dates, cowpea and common bean consistently 

displayed early phenological development, pigeon pea maintained a late-maturing habit, and 

Bambara groundnut exhibited variable associations reflecting strong phenotypic plasticity. 

These patterns demonstrate the Bambara groundnut’s adaptive flexibility and resilience to 

variable environments, supporting its potential role as a climate-resilient legume that 

complements both early- and late-maturing species in diversified cropping systems. 
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Figure 5.2: Principal Component (PC) biplots of PC1 vs PC2 illustrating the relationships between assessed traits and legume species across three planting dates: a; November, b; December & c; January. EM; 
emergence, DF; days to flowering, DP; days to podding, DS; days to senescence; and PM; pod mass 
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5.3.5 Correlation Analysis for Assessed Traits 
Figure 5.3 (a–c) presents the Pearson correlation coefficients among key phenological traits, 

emergence (EM), days to flowering (DF), days to podding (DP), days to senescence (DS), and 

pod mass (PM) across three planting dates: (a) November, (b) December, and (c) January. In 

the November planting (Figure 5.3a), DF, DP, and DS were strongly and positively correlated 

(r ≥ 0.99), indicating a high level of synchrony in the progression of reproductive development. 

These traits exhibited strong negative correlations with EM and PM, suggesting that prolonged 

crop duration was associated with reduced pod mass under early planting conditions. 

In the December planting (Figure 5.3b), correlations between EM and other phenological traits 

weakened (r = - 0.41 to -0.49), indicating a lower dependence of later developmental stages on 

emergence timing. However, PM remained negatively correlated with DF, DP, and DS (r = -

0.71 to - 0.79), implying that delayed reproductive phases continued to suppress yield potential. 

In the January planting (Figure 5.3c), DF, DP, and DS maintained strong positive 

interrelationships (r ≥ 0.99), while their correlations with EM and PM remained negative. The 

slightly lower magnitude of negative correlations between PM and phenological traits (r = -

0.57 to –0.69) indicates that late planting reduced the strength of the association between 

developmental duration and pod yield. The overall results demonstrate that as planting was 

delayed from November to January, the relationships among phenological traits and yield 

components shifted. This suggests that variations in temperature and moisture availability 

across planting dates influenced developmental synchrony and yield formation in the studied 

legume species.
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Figure 5.3: Correlations showing associations of evaluated traits under three planting dates: a (November), b (December), and c (January). EM; 
emergence, DF; days to flowering, DP; days to podding, DS; days to senescence; and PM; pod mass 
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5.4 Discussion 
The study demonstrated that planting date significantly influences the phenological 

development of legume crops, with notable interactions involving species and seasonal 

variation. These findings highlight the critical role of planting date in legume production 

systems, particularly under rainfed or climatically variable conditions, which are typical of 

many smallholder farming regions. Significant variation in 90% emergence was observed 

across planting dates and legume species, with strong interactions with seasonal effects, 

emphasizing the sensitivity of initial crop establishment to planting time and prevailing 

environmental conditions. Common bean showed the greatest variability, with emergence 

ranging from 56.7% to 92.4%, suggesting a high sensitivity to temperature and soil moisture 

at sowing. This is consistent with previous research indicating that common bean is particularly 

vulnerable to suboptimal germination conditions such as low soil moisture and cooler 

temperatures during early or late planting dates (Lamichaney et al., 2021; Lone et al., 2021).  

Cowpea and Bambara groundnut demonstrated greater emergence stability across planting 

dates and seasons. Bambara groundnut responded positively to early planting, with emergence 

rates exceeding 90% (S1 PD3), reflecting its adaptability to marginal environments and its 

capacity to germinate under variable soil and moisture conditions (Chimonyo et al., 2020; 

Obidiebube et al., 2020; Ayalew and Yoseph, 2022). Soumare et al. (2022) reported similar 

findings, emphasizing Bambara groundnut's resilience in poor, acidic soils. Also, Piyarathne et 

al. (2022) demonstrated that water deficits during cowpea seed production do not negatively 

impact seed germination and seedling vigor. In contrast, pigeon pea showed consistently lower 

emergence rates, especially during Season 2, due to climate variability, including delayed 

rainfall onset, rapid post-sowing soil drying, or temporary waterlogging. These environmental 

stresses may disproportionately affect the germination physiology of pigeon pea, particularly 

under acidic soil conditions, which remained consistently low with pH values of 3.94 and 3.95 

in the first and second seasons, respectively. Mofokeng et al. (2022) also reported that pigeon 

pea emergence is more variable and sensitive across environments than other legumes used in 

smallholder systems. 

There was significant variation in days to 50% flowering across legume species and planting 

dates, including all interaction terms, indicating that phenological development is closely tied 

to thermal time accumulation and photoperiod sensitivity. Common bean flowered earliest 

(40.8–44.7 days), and its accelerated flowering under delayed planting in Season 1 (PD3) 

suggests a potential thermal time compensation mechanism, whereby increased ambient 
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temperatures at later sowing dates accelerate development. This aligns with findings from 

Bhakta et al. (2017) and González et al. (2021), who noted that common bean's flowering time 

is influenced by temperature and photoperiod interactions. 

Pigeon pea exhibited a prolonged vegetative phase and delayed flowering (up to 169.5 days), 

which remained largely unaffected by planting date, consistent with its indeterminate growth 

habit and high photoperiod sensitivity (Helgason and Storgaard, 2023). Conversely, cowpea 

and Bambara groundnut showed more stable flowering durations, indicating lower photoperiod 

sensitivity and enhancing their adaptability across diverse production systems. 

The non-significant interaction between legume species and planting date for days to 50% 

podding suggests consistent legume species responses in terms of reproductive initiation. 

However, highly significant season × species and season × planting date interactions (P ≤ 0.05) 

indicate that seasonal climatic variation had a stronger influence on pod development than 

planting date alone. These patterns are likely to be due to inter-seasonal differences in rainfall 

and temperature, which affect reproductive success. Pigeon pea further exhibited the most 

delayed reproductive development (186.1–194.5 days), consistent with its extended growth 

cycle. In contrast, cowpea and Bambara groundnut podded within more moderate periods (79–

82 and 67–70 days, respectively), making them well-suited for short-season production. 

Common bean podded earliest (60.7–64.4 days), supporting its utility in double-cropping 

systems or rotations with narrow production windows. 

Senescence was significantly influenced by all main effects and most two-way interactions (P 

≤ 0.05), except for the three-way season × species × planting date interaction. This suggests 

that environmental factors substantially affect lifecycle duration, but that full interaction among 

these factors is less critical at maturity, likely because physiological ageing is predominantly 

driven by internal plant processes once reproductive development begins. Common bean 

reached senescence earliest (91.9–95.1 days), highlighting its suitability for short-season 

environments. Pigeon pea senesced latest (245.9–260.6 days), reaffirming its potential for long-

season production or use as a perennial biomass and soil amelioration crop. Cowpea (109.2–

114.5 days) and Bambara groundnut (123.6–127.6 days) demonstrated intermediate growth 

durations. The extended grain-filling period in Bambara groundnut could enhance yield under 

favorable late-season conditions. 

Grain yield was significantly influenced by planting dates, growing season, and their 

interactions with legume species, underscoring the importance of planting dates in optimizing 
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legume productivity under rainfed conditions. Cowpea consistently achieved the highest grain 

yields across both seasons, particularly under early planting (November), suggesting that early 

sowing enhances resource-use efficiency, especially in terms of moisture availability and 

thermal conditions during critical growth stages. This finding aligns with previous studies 

highlighting cowpea’s early maturity and drought avoidance traits as key contributors to its 

superior performance under variable climatic conditions (Agbicodo et al., 2009; Ezin et al., 

2021). Bambara groundnut also exhibited favorable yield responses to early planting, with 

stable performance across seasons. This suggests that early planting supports its extended 

reproductive phase and physiological adaptations to moisture stress. In contrast, common bean 

showed a positive yield response to delayed planting, particularly in the 2023/24 season, where 

improved late-season rainfall likely reduced the risk of terminal drought and supported 

reproductive success under December planting. Pigeon pea, however, responded negatively to 

delayed sowing, with yields declining markedly at later planting dates, especially in 2022/23. 

This decline may be attributed to pigeon pea’s slow early growth and long maturity duration, 

which increase its exposure to intra- and inter-seasonal climatic stress when sown late. These 

findings highlight the necessity of species-specific planting date optimization to synchronize 

phenological development with favorable environmental conditions, thereby maximizing yield 

potential in smallholder rainfed systems. 

Pod mass is the key determinant of legume yield, reflecting both sink strength and reproductive 

efficiency. The significant interactions observed in this study underscore the complexity of 

reproductive trait expression under variable environmental conditions. These results emphasize 

the necessity of context-specific agronomic strategies, particularly in rainfed systems where 

planting date is a critical management lever. In common bean, pod mass was sensitive to 

planting date, with trends varying across seasons. In 2022/23, delayed planting led to a 

progressive decline in pod mass due to increased exposure to terminal drought during pod 

development, which can impair assimilation availability and partitioning to developing pods, 

as posited by Farooq et al. (2017). However, in 2023/24, pod mass increased with delayed 

sowing, suggesting that later planting dates benefited from more favorable post-anthesis 

conditions. These opposing trends highlight the importance of aligning planting date with the 

seasonal onset of optimal reproductive conditions. 

Pigeon pea demonstrated a contrasting pattern, with pod mass increasing consistently with 

delayed planting in both seasons. This suggests that later sowing allowed the crop to avoid 

early-season stress or benefited from improved conditions during the reproductive phase, such 
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as adequate photo periods and temperature ranges conducive to biomass allocation toward 

reproductive organs, as noted by Basu et al. (2022). These findings are consistent with Singh 

et al. (2023), who observed increased pod development in pigeon pea when flowering and seed 

set occurred under moderate moisture and temperature conditions. Cowpea exhibited high pod 

mass, particularly at early planting dates, reaffirming its suitability for early sowing in rainfed 

systems. These findings are consistent with those of Ezeaku et al. (2015), who reported that 

early planting dates significantly enhanced reproductive development and grain yield 

components across all evaluated cowpea species. In 2022/23, early planting favored greater 

pod mass, likely due to extended pod development under favorable early-season moisture. 

However, in 2023/24, mid-season (December) sowing yielded the highest pod mass, suggesting 

better alignment of reproductive development with the rainfall pattern and thermal regime of 

this season. These findings agree with Soumaré et al. (2022), who reported that Bambara 

groundnut seed and pod development are highly responsive to intra-seasonal rainfall 

distribution. 

5.5 Conclusion, Recommendations and Future Directions. 
This study demonstrated that planting date significantly influences the agronomic performance 

of neglected legumes under rainfed conditions, with species-specific and seasonally variable 

effects on emergence, phenology, and reproductive traits such as pod mass and grain yield. 

Early planting consistently improved emergence and early growth across species, although 

reproductive responses varied. Cowpea and Bambara groundnut exhibited stable phenology 

and reproductive development across planting dates, highlighting their potential for inclusion 

in climate-smart cropping systems. In contrast, common bean showed greater sensitivity to 

planting date and required precise sowing to avoid stress. Due to the long growth cycle and 

photoperiod sensitivity of pigeon pea, it was less adaptable to delayed planting. Pigeon pea is 

better suited to longer-season environments or rotations focused on improvement of soil 

fertility. Grain yield responses were similarly nuanced, with cowpea showing the greatest 

stability across planting dates. These findings underscore the importance of aligning planting 

schedules with environmental conditions that are conducive during key phenological stages to 

optimize yield under rainfed conditions. The study recommends that, in rainfed smallholder 

farming systems characterized by climatic variability, selecting appropriate planting dates is 

essential for ensuring optimal crop establishment and synchronization of critical growth stages 

with favourable conditions. 
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Early planting is recommended for Bambara groundnut to capitalize on its high emergence 

rates and efficient early development, while common bean should be sown within a narrow 

optimal window to avoid suboptimal moisture or temperature stress. Cowpea’s phenological 

flexibility makes it suitable for staggered planting or relay cropping. Pigeon pea, given its long 

cycle, should be reserved for fields with a longer growing season or integrated into 

agroecological systems to enhance soil fertility rather than for short-season grain production. 

The study therefore recommends planting Bambara groundnut in December and pigeon pea in 

November, while cowpea and common bean are best suited to planting in either November or 

January. Future research should involve multi-season, multi-location trials and modelling 

approaches to refine planting recommendations and to investigate the physiological and 

molecular mechanisms underlying reproductive plasticity in neglected legumes under variable 

climate conditions. Physiological investigations are needed to elucidate the mechanisms 

underlying reproductive plasticity, particularly in cowpea and Bambara groundnut, which 

showed stable yields across planting dates. 
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Abstract 
Cropping systems are critical in modifying micro-environments, improving land-use 

efficiency, and enhancing crop adaptability to marginal conditions. However, the interaction 

between cropping systems and the performance of neglected legumes under rainfed conditions 

remains poorly understood. This study evaluated the effects of cropping systems on the 

adaptability of neglected legumes in rainfed environments. Field trials were conducted over 

two consecutive summer growing seasons (2022/23 and 2023/24) using a split-plot randomized 

complete block design with three replications. Phenological traits (emergence, flowering, 

podding, and senescence), yield components (pods per plant, seeds per pod, pod mass, 100-

seed weight and grain yield (t ha⁻¹)), and land equivalent ratio (LER) was recorded and 

analyzed using GenStat® and principal component analysis. Significant effects of cropping 

system, cultivar, season, and their two- and three-way interactions (P ≤ 0.05) were observed 

for all measured traits, confirming that legume-based intercropping systems significantly 

influence the adaptability and productivity of neglected legumes under rainfed conditions. 

Intercropping enhanced early emergence and accelerated reproductive development in legumes 

such as Bambara groundnut, cowpea, and common bean, while pigeon pea showed reduced 

establishment under sole cropping due to competitive suppression. Pod production, pod mass, 

and grain yield consistently increased under intercropping. Cowpea and Bambara groundnut 

exhibited stable responses across seasons, whereas common bean and pigeon pea showed 

greater variability, highlighting the importance of genotype and species-specific compatibility 

with intercrop designs. LER consistently exceeded 1.0 under intercropping, confirming the 

superior land-use efficiency and yield potential of intercropping in smallholder 

agroecosystems. These findings underscore the importance of strategic selection of legume 

species with complementary phenology, growth dynamics, and resource requirements to 

optimize interspecific interactions and enhance system productivity. 

Keywords: Rainfed agriculture, crop adaptability, agroecological zones, intercropping, 

resource use efficiency, agronomic performance, land equivalent ratio 
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6.1 Introduction 
Neglected legumes possess significant untapped potential to enhance food security, improve 

soil fertility, and strengthen climate change resilience in sub-Saharan Africa (Ayilara et al., 

2022; Odeku et al., 2024). These legumes are well-adapted to low-input, marginal 

environments and often outperform major crops in drought-prone or nutrient-deficient soils 

(Chandra et al., 2020; Icka and Damo, 2023). Their ability to fix atmospheric nitrogen, thrive 

under erratic rainfall conditions, and provide high-quality protein and micronutrients makes 

them particularly relevant for smallholder farmers operating in rainfed agroecosystems 

(Popoola et al., 2020; Naresh et al., 2025; Vilakazi et al., 2025). Moreover, their roles in dietary 

diversification and income generation are increasingly recognized as critical to improving rural 

livelihoods and achieving Sustainable Development Goals (SDGs), especially those related to 

zero hunger and climate action (Li et al., 2020). Despite these agronomic and nutritional 

advantages, neglected legumes remain significantly underutilized in both research and 

development agendas due to limited breeding efforts, inadequate extension services, poor seed 

system infrastructure, and weak market linkages (Rokka et al., 2025; Templer et al., 2025). As 

a result, their production is often relegated to subsistence or intercrop niches with minimal 

external support (Adelabu and Franke, 2023). These challenges are further amplified under 

rainfed conditions, which dominate much of the African agricultural landscape and are 

increasingly vulnerable to climate variability and extreme weather events.  

The production and adaptability of neglected legumes are often constrained by several factors, 

including erratic rainfall, low soil fertility, and limited access to improved varieties or 

agronomic practices (Abobatta et al., 2021; Abobatta et al., 2022). Monoculture or sole 

cropping systems frequently exacerbate these challenges, as they fail to optimize resource use 

or buffer against environmental stress (Mukhovi and Jacobi, 2022). However, cropping 

systems, especially intercropping, crop rotation, and relay cropping, are proven agroecological 

approaches for enhancing resource use efficiency, improving soil structure and fertility, and 

reducing biotic and abiotic stresses (Ayilara et al., 2022; Baker et al., 2023). According to 

Mihrete and Mihretu (2025), these systems can influence the adaptability of crops by altering 

the microclimate, enhancing soil moisture retention, and optimizing temporal and spatial 

resource distribution. For neglected legumes, these practices may help overcome some of the 

environmental constraints by limiting their productivity and establishing them as reliable 

components of diversified farming systems (Maitra et al., 2025). However, the majority of 

cropping system research has traditionally focused on staple cereals and high-input legumes, 

leaving a significant knowledge gap regarding how various systems affect the adaptability and 



167 
 

yield stability of neglected legumes in low-input, rainfed environments. Their influence on the 

performance and adaptability of neglected legumes remains poorly understood, especially 

under field conditions in marginal areas. Given the pressing need to diversify cropping 

portfolios in South African smallholder agriculture, it is essential to evaluate how these systems 

influence the establishment, phenological development, and yield under local agroecological 

conditions. 

Although extensive research has been conducted on major legumes and cereals under high-

input production systems (Popoola et al., 2020), there remains a critical knowledge gap 

regarding the influence of cropping systems on the performance and adaptability of neglected 

legumes in rainfed environments. This gap underscores efforts to mainstream these crops into 

sustainable farming systems, particularly in regions where they could offer climate resilience 

and livelihood benefits. As a result, addressing this gap requires a holistic understanding of the 

interactions between cropping systems, neglected legumes, and agroecological performance. 

In this context, evaluating the adaptability of neglected legumes under different cropping 

systems is essential to realizing their full potential in sustainable agriculture and rural 

development. This study investigates the effects of selected cropping systems, namely 

intercropping and sole cropping systems, on the adaptability of Bambara groundnut, cowpea, 

pigeon pea, and common bean under rainfed conditions. The primary objective is to identify 

agronomic practices that enhance the productivity, resource-use efficiency, and environmental 

resilience of these legumes when grown in water-limited environments. Specific focus is on 

crop growth parameters, yield performance, and the land equivalent ratio within cropping 

systems. The findings from this research are expected to contribute to the body of knowledge 

supporting sustainable intensification in sub-Saharan Africa by promoting the integration of 

climate-resilient, neglected legumes into diverse cropping systems. Additionally, the findings 

will inform policy interventions, extension services, and farmer decision-making frameworks 

aimed at enhancing agrobiodiversity, climate adaptation, and the resilience of smallholder 

rainfed agriculture. 

6.2 Materials and Methods 

6.2.1 Description of the Study Area 
Field experiments were conducted over two consecutive summer growing seasons (2022/2023 

and 2023/2024) in Bergville, a rainfed agroecological zone in KwaZulu-Natal, South Africa. 

The first season (2022/2023) was conducted at Site 1, and the second season (2023/2024) at 

Site 2, representing two sites within the study area. These sites were selected for their 
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ecological heterogeneity and agricultural relevance. Bergville is situated at approximately 

28°43′49.74″S and 29°21′4.20″E, at an elevation ranging from 1,200 to 1,800 meters above sea 

level. The region receives an average annual rainfall between 700 mm and 1,200 mm 

(Mthembu and Mkhize, 2025). Winter minimum temperatures range from 2°C to 5°C, with 

occasional frost events, while summer maximum temperatures (December to February) range 

between 25°C and 30°C (Vilakazi et al., 2025). This climatic variability, characterized by semi-

arid conditions and pronounced seasonal fluctuations in rainfall and temperature, renders the 

area suitable for investigating the interactions between agricultural practices and ecological 

dynamics, particularly in relation to smallholder farming systems and biodiversity. Water 

sources in the region primarily consist of constructed pits, earth dams, and rainwater harvesting 

systems, with most smallholder farmers relying on rainfall for crop irrigation (Vilakazi et al., 

2025).  

6.2.2 Experimental design and layout 
The experiment was established using a split-plot arrangement within a randomized complete 

block design (RCBD) to facilitate efficient management of harvesting and data collection 

across varying cropping systems. The main plot factor was the cropping system, comprising 

two levels: (i) sole cropping (monoculture of each legume species) and (ii) intercropping with 

maize. The subplot factor was legume species, including four medium duration species: 

Bambara groundnut (Vigna subterranea), cowpea (Vigna unguiculata), pigeon pea (Cajanus 

cajan), and common bean (Phaseolus vulgaris). Each main plot (cropping system) was divided 

into subplots corresponding to the individual legume species. The experiment included three 

replications for each cropping system and legume species. Each experimental plot measured 4 

m × 4 m (16 m²). Land preparation was carried out using a disc plough. Sowing was performed 

manually at the onset of the summer season (November) using a hand dibber to a depth of 5 

cm. Plant spacing varied among the legume species as follows: common bean (15 cm × 40 cm), 

Bambara groundnut (10 cm × 50 cm), pigeon pea (30 cm × 60 cm), and cowpea (30 cm × 60 

cm). Two seeds were sown per hill and subsequently thinned to one seedling per stand 15 days 

after emergence. Crop establishment methods were tailored to species-specific agronomic 

requirements. Pigeon pea, cowpea, and common bean were planted in furrows, while Bambara 

groundnut was sown on mounded ridges, which were constructed four weeks after sowing. All 

plots were managed under rainfed conditions without supplemental irrigation to simulate 

typical smallholder farming systems. No chemical fertilizers or soil amendments were applied 

during the trial period. Weed control was conducted manually at regular intervals. To manage 

pest pressure, all plots were treated with Karate® (lambda-cyhalothrin) insecticide targeting 
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stink bugs (Chinavia hilaris and Euschistus servus), beetles (Coleoptera spp), and aphids 

(Aphididae spp). 

6.2.3 Data collection 

6.2.3.1 Climate data 

Table 6.1: Rainfall and temperature distribution during the 2022/2023 and 2023/2024 growing 
seasons (October–January) in Bergville, KwaZulu-Natal, South Africa. 

  Rainfall (mm/month) Min Temperature (°C) Max Temperature (°C) 
Month S1 S2 S1 S2 S1 S2 
October  148 115 11,4 11 25,5 26 

November 196 104 13,6 12 26,7 26 

December 295 200 15,2 14 28,3 27 

January 291 312 16,2 14,9 29,3 25,5 
Note that S1 indicates Season 1(2022/23), S2; Season 2 (2223/24) 

Table 6.1 represents the meteorological data, including rainfall and temperature, obtained from 

the accessible website https://www.weather2visit.com/africa/south-africa/bergville.htm, which 

provides comprehensive climatic information for Bergville, KwaZulu-Natal, South Africa. 

Analysis of weather conditions during the 2022/2023 and 2023/2024 growing seasons (October 

to January) revealed interannual variability in both temperature and precipitation. During the 

2022/2023 season, an increase in temperature was observed, with minimum temperatures rising 

from 11.4 °C in October to 16.2 °C in January, and maximum temperatures ranging from 

25.5 °C to 29.3 °C. In contrast, the 2023/2024 season was characterized by slightly cooler 

conditions, with minimum temperatures ranging from 11.0 °C to 14.9 °C. Maximum 

temperatures exhibited a more constrained range, peaking at 27.0 °C in December before 

declining to 25.5 °C in January. Rainfall patterns also differed substantially between seasons. 

The cumulative precipitation for October to December was significantly lower in 2023/2024 

compared to 2022/2023. Monthly rainfall totals for October, November, and December 

2023/2024 were 115 mm, 104 mm, and 200 mm, respectively, representing declines of 22%, 

47%, and 32% relative to the corresponding months in the previous season. However, January 

2024 received 312 mm of rainfall, slightly exceeding the 291 mm recorded in January 2023. 

These interannual differences indicate a relatively cooler and drier environment during the 

early stages of the 2023/2024 growing season. 
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6.2.3.2 Soil properties and chemical analysis 
Prior to the establishment of field trials, soil samples were collected from a 0-20 cm depth at 

both experimental sites to assess initial soil physicochemical properties. The samples were 

submitted to the Cedara Agricultural Laboratory in Pietermaritzburg, South Africa, for analysis, 

as outlined in chapter 5. 

6.2.3.3 Phenological traits 
Phenological data were collected from the inner two rows of each plot to minimize boarder 

effects. Emergence was monitored daily for two weeks following sowing through visual 

assessment. Emergence was considered complete when no new seedlings appeared for three 

consecutive days and at least 90% of the final crop stand had emerged.  

Phenological development was recorded in terms of days to flowering, days to podding, and 

days to leaf senescence. Each phenological stage was recorded when at least 50% of the plants 

within a plot had reached the respective stage. Days to podding were defined as the number of 

days from sowing to the appearance of the first pods on 50% of the plants. Days to leaf 

senescence were recorded as the number of days from sowing until at least 50% of the leaves 

had turned yellow or brown, with no subsequent leaf regeneration. 

6.2.3.4 Yield Component Measurement and Land Use Efficiency 
At physiological maturity, five representative plants were randomly selected from the inner 

two rows of each plot for yield component assessment. The measured parameters included the 

number of pods per plant, the number of seeds per pod, pod mass, and 100-seed weight. These 

components were used to evaluate seed yield responses across cropping systems. The number 

of pods per plant was determined by manually counting all fully developed pods on each 

sampled plant. After harvest, the pods were air-dried and weighed using a digital precision 

balance (±0.01 g accuracy) to determine pod mass. The dried pods were then manually 

threshed, and the number of seeds per pod was recorded by counting all seeds from each plant. 

The 100-seed weight was obtained by randomly selecting and weighing 100 seeds using the 

same precision balance. 

6.2.3.5 Grain yield determination 
Grain yield was determined for cowpea, common bean, pigeon pea, and Bambara groundnut 

based on harvested grain from a defined net plot area. At physiological maturity, plants from 

the central rows of each plot, excluding border rows, were manually harvested. The harvested 

material was sun-dried to a constant weight, threshed manually, and grains were weighed. 

Yields were then expressed in tons per hectare (t ha⁻¹), adjusted to standard moisture content. 
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This method follows standard procedures described by Gomez and Gomez (1984) and is widely 

used in legume field trials under rainfed conditions. 

6.2.3.6 Land Equivalent Ratio (LER) 
For intercropping treatments, land use efficiency was assessed using the Land Equivalent Ratio 

(LER), which quantifies the relative land area required under sole cropping to produce the 

equivalent yield obtained in intercropping. The land equivalent ratio (LER) for the maize-

legume intercropping system was calculated using Equation 2, as defined by Hirpa (2014). 

LER = 𝑀𝑀𝑀𝑀𝑀𝑀
𝑀𝑀𝑀𝑀𝑀𝑀

+ 𝐿𝐿𝐿𝐿𝐿𝐿
𝐿𝐿𝐿𝐿𝐿𝐿

      (1) 

Where: 

Mym = maize yield in the mixture 

Mys = maize yield in sole  

Lym = legume yield in mixture 

Lys = legume yield in sole  

6.2.3.7 Data analysis 
Data from the two growing seasons (2022/2023 and 2023/2024) were analyzed using analysis 

of variance (ANOVA) in GenStat® statistical software (14th edition). Treatment means were 

compared using the least significant difference (LSD) test at a 5% significance level (P < 0.05). 

Multivariate statistical techniques, including principal component analysis (PCA) and 

correlation analysis, were performed to identify patterns and explore relationships among the 

measured variables. 

6.3 Results 

6.3.1 Effect of Cropping System on Key Phenological Stages of Legume Species  
The results revealed significant effects of season on emergence and senescence (P < 0.05), as 

well as highly significant interactions between season and legume species for all phenological 

stages, including days to 50% flowering and podding. Interactions between species and 

cropping system were also highly significant (P < 0.05) for flowering, podding, and senescence. 

Significant three-way interactions were observed for both emergence and senescence (Table 

6.2). Emergence differed significantly (P < 0.05) among legume crops and cropping systems. 

Intercropping improved emergence, particularly for Bambara groundnut and cowpea in the 

second season, where increases of 9.8% and 12%, respectively, were observed compared to 

sole cropping. Common bean also showed higher emergence under intercropping, with values 

increasing from 69.8% to 79.7% in the second season. In contrast, pigeon pea showed reduced 
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emergence under both cropping systems in the second season, declining to 68.1% under sole 

cropping. Phenological development also varied among legume crops and cropping systems. 

Pigeon pea exhibited the longest durations to flowering, podding, and senescence across all 

treatments. However, intercropping significantly accelerated its development, reducing days to 

flowering and podding by approximately 51 and 50 days, respectively, in the first season. This 

trend was also observed in the second season. Common bean and cowpea flowered and podded 

earlier than the other species. In common bean, flowering occurred at 43.3 and 41 days under 

sole cropping in the first and second seasons, respectively, and was reduced to 38.3 and 37.8 

days under intercropping. Similarly, days to podding were shortened from 60.7 and 63.6 days 

under sole cropping to 48.5 and 51.2 days under intercropping. Cowpea also showed earlier 

flowering and podding under intercropping, with flowering reduced by approximately 15 days 

in the first season (from 59.9 to 45.2 days) and by 18 days in the second season (from 57.5 to 

39.58 days). Bambara groundnut demonstrated consistent phenological development across 

seasons and cropping systems, with flowering ranging from 48.1 to 51.2 days and podding 

from 68.1 to 70.2 days. 
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Table 6.2: Effect of cropping system on key phenological stages of legume species. 90% Emer; 90% emergence; D50%F = days to 50% flowering; 
D50%P = days to 50% podding; DS = days to Senescence. 

    90% Emer D50%F  D50%P D50%S 
Legume Species (LS) Cropping system (CS) S1 S2 S1 S2 S1 S2 S1 S2 

Common bean 1 78.4 69.8 43,3 41,2 60,7 63,6 91,9 93,0 

 2 83,6 79,7 38,3 37,8 48,5 51,2 76,3 76,9 
Pigeon pea 1 84,2 68.1 157,1 169,5 190,3 194,5 245,9 258,9 

 2 88,2 73,2 106,1 120,8 140,3 151,9 188,4 198,0 
Cowpea 1 75,2 78.4 59,9 57,5 80,1 79,4 109,2 110,4 

 2 78,3 90,4 45,2 39,6 62,4 59,6 90,6 88,9 
Bambara groundnut 1 81,3 75.3 50,2 51,2 68,4 68,1 123,6 124,8 

 2 90,3 85,2 48,1 48,7 70,2 69,9 115,6 122,3 
F test  - * NS NS * 

LSD 5%  - 3.88 2.442 1.879 3.435 
Interaction          
S x LS  ** *** *** *** 
S x CS  NS NS NS NS 
LS x CS  * *** *** *** 

S x LS x CS   * NS NS * 
Note that *, **, *** and NS indicate P < 0.05, <0.01, <0,001 and not significant, respectively. Cropping systems 1 & 2 = Sole cropping and intercropping; Season 1 & 2 = 2022/23 &2023/24, respectively 
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6.3.2 Effect of Cropping System on the Number of Pods per Plant  
Highly significant differences (P < 0.05) were observed among legume species and between 

cropping systems for the number of pods per plant. Interactions between species and cropping 

system were also highly significant (P< 0.05). A significant three-way interaction was observed 

(P < 0.05), as illustrated in Figure 6.1. Across all legumes and growing seasons, the number of 

pods per plant was consistently higher under intercropping than under sole cropping. In the 

2022/23 season, pigeon pea showed the highest number of pods per plant, increasing from 23.1 

under sole cropping to 29.9 under intercropping. Cowpea and Bambara groundnut increased 

under intercropping, with cowpea rising from 15.58 to 20.54 and Bambara groundnut from 9.1 

to 15.79 pods per plant. Common bean followed a similar trend, increasing from 5.17 to 7.38 

pods per plant under intercropping. A similar trend was observed in the 2023/24 season, where 

cowpea recorded the highest number of pods per plant under intercropping (28.38), followed 

by pigeon pea (25.08). Bambara groundnut exhibited the greatest improvement in pod number 

under sole cropping between seasons, increasing from 9.1 to 20.56 pods per plant. 

 
Figure 6.1: Effect of cropping system on the number of pods per plant in four legume species 
during the 2022/23 and 2023/24 growing seasons. 

6.3.3 Effect of Cropping System on Pod Mass  
Pod mass was significantly influenced by both legume species and cropping system (P < 0.05). 

Interactions for pod mass were not significant (P > 0.05). Intercropping enhanced performance 

across both seasons (Figures 6.2). In the 2022/23 season, all four legume crops showed 

increased pod mass under intercropping compared to sole cropping. Cowpea recorded the 
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highest pod mass, increasing from 2.67 g under sole cropping to 3.17 g under intercropping. 

Common bean and Bambara groundnut also improved, rising from 1.68 g to 2.10 g and from 

1.10 g to 1.21 g, respectively. Pigeon pea exhibited an increase from 0.46 g to 0.99 g per pod 

under intercropping. This positive response to intercropping was also observed in the 2023/24 

season, particularly for pigeon pea and common bean. Pigeon pea pod mass increased from 

0.38 g under sole cropping to 2.71 g under intercropping, while common bean rose from 1.22 

g to 1.93 g. Cowpea pod mass also increased from 1.35 g to 2.23 g. In contrast, Bambara 

groundnut demonstrated minimal variation across seasons and cropping systems, with pod 

mass remaining relatively stable (1.10-1.21 g).  

 
Figure 6.2: Effect of cropping system on pod mass in four legume crops across two growing 
seasons (2022/23 and 2023/24). 

6.3.4 Effect of Cropping System on Land Equivalent Ratio in Four Legume Species 
Land equivalent ratio (LER) was significantly affected by legume species and cropping system 

(P < 0.05). LER values consistently demonstrated the advantage of intercropping across all four 

legume species and both growing seasons (Figure 6.3). In the 2022/23 and 2023/24 seasons, 

LER values under intercropping consistently exceeded 1.0 for all legumes. In 2022/23, cowpea 

showed the highest LER under intercropping (1.62), followed by Bambara groundnut (1.56), 

pigeon pea (1.48), and common bean (1.36).  
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Figure 6.3: Effect of cropping system on land equivalent ratio in four legume species across 
two growing seasons (2022/23 and 2023/24). 

6.3.5 Effect of Cropping System on Grain Yield of Four Legumes Species 
Table 6.3 illustrates a consistent grain yield (t ha⁻¹) advantage under intercropping across all 

legume species and seasons, with significant variation among species (P < 0.05). Cowpea 

showed the highest yield advantage under intercropping, with yields increasing from 1.42 t ha⁻¹ 

under sole cropping to 1.84 t ha⁻¹ and 1.98 t ha⁻¹ under intercropping in the 2022/23 and 

2023/24 seasons, respectively. Similarly, common bean and Bambara groundnut exhibited 

notable yield gains in both seasons. For common bean, intercropping increased yields from 

0.98 to 1.25 t ha⁻¹ in 2022/23 and 1.26 to 1.73 t ha⁻¹ in 2023/24. Bambara groundnut also 

responded positively, with intercropping improving yields by more than 0.3 t ha⁻¹ in both 

seasons. Pigeon pea demonstrated modest but consistent yield improvements, with increases 

of 0.24 t ha⁻¹ in 2022/23 and 0.23 t ha⁻¹ in 2023/24 under intercropping compared to sole 

cropping. 
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Table 6.3: Effect of cropping system on grain yield of four legume species across two growing 
seasons (2022/23 and 2023/24). 

    Yield (t/ha) 

Legume Specie (LS) Cropping Systems (CS) Season 1 Season 2 

Common bean Sole cropping 0,98 1,26 

 Intercropping 1,25 1,73 
Pigeon pea Sole cropping 1,10 1,02 

 Intercropping 1,34 1,25 
Cowpea Sole cropping 1,42 1,51 

 Intercropping 1,84 1,98 
Bambara groundnut Sole cropping 1,02 1,18 

 Intercropping 1,35 1,41 

F test  - * 
LSD 5%  - 0.520 

Note that * indicate P < 0.05. Season 1 & 2 = 2022/23 &2023/24 

6.3.6 Principal Component Analysis (PCA) for Assessed Traits 
Table 6.4 shows the PCA with factor loadings, eigenvalues, and percentage variance for the 

evaluated traits evaluated under sole cropping and intercropping systems. Under sole cropping, 

the first three principal components (PC1, PC2, and PC3) collectively accounted for 100% of 

the total variation, with PC1 accounting for the highest proportion (56.25%). PC1 was 

correlated with phenological traits, including days to flowering (DF: 0.434), days to podding 

(DP: 0.431), and days to senescence (DS: 0.443), suggesting that these traits were the primary 

contributors to variability under sole cropping. In contrast, pod mass (PM), seed weight (SW), 

and land equivalent ratio (LER) showed negative correlation with PC1. Under intercropping, 

the first three principal components similarly explained 100% of the total variation, with PC1, 

PC2, and PC3 accounting for 45.92%, 35.82%, and 18.26% of the variance, respectively. As in 

sole cropping, PC1 was correlated with phenological traits with lower loading coefficients. 

Yield component traits such as PM, number of seeds per pod (NSP), and LER correlated with 

PC2, indicating a shift in trait influence under intercropping. PC3, under both cropping 

systems, represented a variation, with contributions from emergence (EM) and number of pods 

per plant (NPP). The PCA showed phenological traits as dominant sources of variation across 

both cropping systems. However, intercropping modified trait contributions by enhancing the 

relative influence of productivity and resource-use efficiency traits (PM, NSP, LER). These 

results suggest that intercropping not only affects developmental dynamics but also broadens 
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the trait spectrum contributing to yield, reinforcing its advantages in terms of land-use 

efficiency and agronomic performance. 

Figure 6.4 presents the PCA biplots of PC1 versus PC2, illustrating the associations among 

assessed traits and four legume crops under sole cropping and intercropping systems. Under 

sole cropping, PC1 was correlated with phenological traits such as days to flowering, podding, 

and senescence, suggesting that growth duration was the main source of variability among 

legume crops. Common bean and pigeon pea were grouped along PC1, indicating similar 

phenological development. Bambara groundnut, which matured earlier, aligned more distantly, 

reflecting shorter phenological durations. In contrast, under intercropping, PC2 was correlated 

with yield-related traits, including pod mass (PM), number of seeds per pod (NSP), and land 

equivalent ratio (LER). Cowpea and Bambara groundnut were grouped along PC2, reflecting 

their enhanced performance in terms of seed productivity and land-use efficiency under 

intercropping. The separation of species in the biplot highlights how intercropping altered trait 

contributions and differentiated legume responses, particularly by enhancing productivity traits 

in cowpea and Bambara groundnut. The PCA demonstrates that while phenological traits 

dominated variability under sole cropping, intercropping introduced greater influence from 

yield and efficiency traits. This shift underscores the role of intercropping in enhancing the 

functional diversity and performance of legume species within mixed cropping systems. 

Table 6.4: Summary of factor loadings, eigenvalue, percent and cumulative variation for 
assessed traits under sole cropping and intercropping. 

  Sole cropping Intercropping 

Traits PC 1 PC2 PC3 PC1 PC 2 PC3 

EM 0,056 -0,248 0,728 -0,308 -0,057 0,602 
DF 0,434 0,138 -0,048 0,434 -0,262 -0,009 
DP 0,431 0,150 -0,058 0,431 -0,265 0,047 
DS 0,443 0,047 -0,011 0,391 -0,324 0,130 
NPP 0,282 0,238 0,542 0,378 0,024 0,499 
NSP -0,123 0,585 0,272 0,175 0,517 0,084 
PM -0,391 0,264 0,198 0,155 0,519 -0,137 
SW -0,192 -0,555 0,236 -0,386 -0,222 0,370 
LER -0,377 0,344 -0,037 0,175 0,407 0,454 
Eigenvalue 5,062 2,354 1,583 4,133 3,224 1,643 
Variance (%) 56,252 26,157 17,591 45,922 35,820 18,258 
Cumulative (%) 56,252 82,409 100 45,922 81,742 100 
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Figure 6.4: Principal Component (PC) biplots of PC1 vs PC2 illustrating the relationships between assessed traits and legume species under sole 
cropping and intercropping 
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6.3.7 Correlation Analysis for Assessed Traits 
Figure 6.5A and 6.5B present correlation analyses illustrating the relationships among assessed 

traits under sole cropping and intercropping systems. Under sole cropping (Figure 6.5A), days 

to senescence were positively correlated with emergence, days to flowering (r = 0.99) and days 

to podding (r = 0.99). The number of pods per plant also showed positive correlations with 

phenological traits, including emergence (r = 0.57), days to flowering (r = 0.65), podding (r = 

0.65), and senescence (r = 0.65). A positive association was observed between the number of 

seeds per pod and the number of pods per plant (r = 0.38). Pod mass was positively correlated 

with the number of seeds per pod (r = 0.69), and seed weight positively correlated with pod 

mass (r = 0.11). Land equivalent ratio (LER) exhibited strong positive correlations with both 

pod mass (r = 0.69) and seed weight (r = 0.95), suggesting that yield components were closely 

linked to land-use efficiency. Under intercropping (Figure 6.5B), days to senescence remained 

positively correlated with days to flowering (r = 0.97) and days to podding (r = 0.99) but 

negatively correlated with emergence (r = –0.31), indicating a shift in trait interactions under 

mixed cropping. The number of pods per plant maintained positive correlations with 

phenological traits, including emergence, days to flowering (r = 0.65), and both podding and 

senescence (r = 0.69). Similarly, the number of seeds per pod was again positively associated 

with the number of pods per plant (r = 0.38). Pod mass was correlated with the number of seeds 

per pod (r = 0.96) and showed a weaker association with the number of pods per plant (r = 

0.17). Seed weight positively correlated with emergence (r = 0.90). LER demonstrated 

moderate to strong positive correlations with the number of pods per plant (r = 0.68), number 

of seeds per pod (r = 0.87), and pod mass (r = 0.69), emphasizing the influence of yield traits 

on intercropping advantage. These correlations highlight consistent trait interactions across 

systems, with intercropping enhancing associations between yield components and land-use 

efficiency, thus reinforcing the agronomic benefits of mixed cropping strategies. 
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Figure 6.5: Correlations showing associations of evaluated traits under sole cropping and intercropping 
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6.4 Discussion 
The results demonstrated significant interactive effects of season, legume species, and cropping 

system on the phenological traits of legume crops. Intercropping enhanced emergence in 

several legumes during the second season, with the most noticeable improvements observed in 

Bambara groundnut and cowpea, showing increases of 9.8% and 12.0%, respectively, 

compared to sole cropping. Similarly, common bean emergence increased from 69.8% under 

sole cropping to 79.7% when intercropped. These findings are consistent with previous studies 

indicating that intercropping improves microclimatic conditions, enhances soil structure, and 

promotes more efficient resource utilization, thereby supporting more vigorous and uniform 

emergence (Chimonyo et al., 2020; Maitra et al., 2021; Kebede, 2021). In contrast, pigeon pea 

exhibited a decline in emergence to 68.1% under sole cropping in the second season. This 

reduction reflects patterns commonly observed in cereal–pigeon pea intercrops, where the 

slower early establishment of pigeon pea renders it susceptible to competitive suppression by 

the faster-growing cereal component, particularly during the early vegetative phase. This 

asymmetric competition often limits resource acquisition (e.g., light, nutrients, and water) by 

pigeon pea, thereby constraining its early growth and development (Demie et al., 2022). These 

observations underscore the potential of intercropping systems to enhance early establishment 

in certain legume species, though the benefits may not be uniformly realized across all legumes. 

Intercropping significantly influenced the phenological development of the legume species 

studied. Pigeon pea exhibited an acceleration in development under intercropping conditions. 

In the first season, flowering and podding occurred approximately 51 and 50 days earlier, 

respectively, with similar trends observed in the second season. This acceleration may be 

attributed to stress-induced phenological shifts or improved environmental conditions within 

the intercrop, as previously reported by Kuyah et al. (2021), who found that intercropping 

reduced time to maturity in pigeon pea when grown with cereals. Early maturing legumes such 

as common bean and cowpea also showed significant reductions in the time to flowering and 

podding under intercropping. Similar results were reported by Pierre et al. (2024) in maize–

cowpea intercropping systems, where enhanced light interception and improved soil moisture 

retention facilitated earlier reproductive development. In contrast, Bambara groundnut showed 

phenological stability across cropping systems and seasons. Flowering occurred between 48.1 

and 51.2 days, and podding between 68.1 and 70.2 days, suggesting that its development is 

relatively insensitive to intercropping. This is consistent with findings by Kendabie et al. 

(2020), who reported that Bambara groundnut phenology is primarily regulated by photoperiod 

and genetic factors rather than by planting environment. These findings demonstrate that 
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intercropping can accelerate phenological development in both early- and late-maturing 

legume species, likely through improved microenvironmental conditions, moderated 

interspecific competition, and enhanced resource-use efficiency. However, the extent of this 

response is species dependent. 

Across all legume crops and growing seasons, intercropping consistently resulted in a higher 

number of pods per plant than sole cropping, indicating enhanced reproductive performance 

under intercrop conditions. In the 2022/23 season, pigeon pea recorded the highest number of 

pods per plant under intercropping. Cowpea and Bambara groundnut also exhibited substantial 

gains, with cowpea increasing by 31.9% and Bambara groundnut by 73.4%. Common bean 

followed a similar pattern, with a 42.7% increase in pod number under intercropping. These 

findings align with previous studies (Nassary et al., 2020; Suhi et al., 2022; Saad et al., 2022) 

and suggest that intercropping enhances resource availability and utilization, likely through 

complementary resource use, reduced intra-specific competition, and improved microclimatic 

conditions (Maitra et al., 2021).  

This trend was also observed in the 2023/24 season, during which cowpea recorded the highest 

number of pods per plant under intercropping, followed by pigeon pea. Bambara groundnut 

exhibited the most significant seasonal improvement in pod number under sole cropping. This 

response may be attributed to residual soil fertility, favorable seasonal climatic conditions, or 

gradual genotype acclimatization over time (Kendabie et al., 2020). The consistent superiority 

of intercropping over sole cropping in enhancing pod production corroborates previous 

research reporting improvements in legume yield components under cereal–legume 

intercropping systems (Chimonyo et al., 2020; Demie et al., 2022). Increased pod production 

under intercropping is often linked to enhanced biological nitrogen fixation, moderated canopy 

temperatures, and more efficient spatial resource partitioning (Kebede, 2021; Kuyah et al., 

2021). The significant interactions observed underscore the necessity of selecting cultivars with 

traits compatible with specific cropping system configurations to maximize interspecific 

complementarities and mitigate competition. 

Pod mass and the number of seeds per pod were significantly influenced by legume species 

and cropping systems, indicating strong genetic and agronomic control over these reproductive 

traits. While interactions for pod mass were not significant, the number of seeds per pod 

interactions were highly significant, suggesting species-specific responses to intercropping 

arrangements. Intercropping consistently enhanced pod mass across all four legume crops in 

both growing seasons, reaffirming its potential to improve resource-use efficiency and 



184 
 

reproductive development. In the 2022/23 season, cowpea recorded the highest increase in pod 

mass under intercropping. Common bean and Bambara groundnut also responded positively. 

Although pigeon pea typically produces smaller pods, it also exhibited an increase from 

intercropping. These benefits were maintained in the 2023/24 season, with particularly strong 

responses observed in pigeon pea and common bean. In contrast, Bambara groundnut showed 

minimal variation across both seasons and cropping systems, indicating a limited response to 

intercropping. This stability suggests that Bambara groundnut's yield characteristics may be 

more strongly governed by genetic and photoperiodic factors than by environmental or 

management-induced variability (Kendabie et al., 2020). 

The number of seeds per pod also improved under intercropping for most species. In 2022/23, 

cowpea achieved the highest seed count. Pigeon pea and common bean followed similar trends, 

while Bambara groundnut increased modestly. These improvements are consistent with 

previous findings indicating that intercropping can enhance pollination efficiency, nutrient 

acquisition, and overall reproductive success through favorable microclimatic effects and 

complementary resource use (Maitra et al., 2021; Nassary et al., 2020). In 2023/24, this trend 

persisted: pigeon pea and common bean again exhibited an increased seed number under 

intercropping, and cowpea maintained the highest values. Bambara groundnut exhibited a 

minor decline in seed number under intercropping in the second season, further supporting its 

relative insensitivity to changes in cropping system. These results align with the literature 

demonstrating that intercropping can enhance yield components such as pod mass and seed 

number by improving biological nitrogen fixation, moderating canopy temperatures, and 

facilitating more efficient spatial and temporal resource partitioning (Seidel et al., 2022; Kuyah 

et al., 2021). However, the magnitude of these benefits remains species-specific and is closely 

dependent on the compatibility between cultivar traits and the cropping environment 

(Chimonyo et al., 2020; Demie et al., 2022). Understanding these interactions is essential for 

optimizing legume performance in diverse agroecological contexts. 

The 100-seed weight was significantly influenced by both legume species and cropping system, 

with highly significant three-way interactions among cultivar, cropping system, and season. 

These findings underscore the critical roles of genetic factors and agronomic management in 

regulating seed development and final grain weight in legumes. In the 2022/23 season, all four 

legume species exhibited increased 100-seed weight under intercropping compared to sole 

cropping, suggesting enhanced resource-use efficiency and improved seed filling. Bambara 

groundnut recorded the highest seed weight under intercropping, reflecting a 15.1% increase, 
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followed by common bean, cowpea, and pigeon pea. These results are consistent with previous 

findings (Audu, 2020; Pierre et al., 2024; Nyagumbo et al., 2025). The observed improvements 

likely reflect enhanced nutrient availability, reduced intra-specific competition, and moderated 

environmental stress under intercropping conditions (Maitra et al., 2021; Seidel et al., 2022). 

A similar trend was observed in the 2023/24 season. Bambara groundnut again exhibited the 

highest seed weight and remained consistently responsive to intercropping, followed by 

cowpea and pigeon pea. These responses support previous studies that intercropping can 

enhance assimilate partitioning during grain filling by improving light interception and below-

ground resource capture (Kuyah et al., 2021; Demie et al., 2022). However, not all legume 

crops responded homogeneously. In contrast to its positive response in the prior season, 

common bean displayed a slight decline in 100-seed weight under intercropping in 2023/24. 

This reduction may be attributed to increased interspecific competition during the reproductive 

stage or to suboptimal spatial or temporal niche complementarity, which may have limited its 

ability to efficiently allocate resources to seed development (Chimonyo et al., 2020; Nassary 

et al., 2020). The consistent performance of Bambara groundnut suggests inherent 

physiological robustness and strong adaptation to intercrop environments.  

Intercropping systems demonstrated higher land productivity, with land equivalent ratios 

(LER) consistently exceeding 1.0 across all four legume species in both growing seasons, 

indicating that legume-based intercropping can enhance land-use efficiency and yield 

performance. These results agree with the findings of Phiri and Dixon (2024) and Adam et al. 

(2025). In the 2022/23 season, cowpea showed the highest LER, followed by Bambara 

groundnut, pigeon pea, and common bean. These findings are consistent with existing literature 

demonstrating the superior land-use efficiency of intercropping systems (Maitra et al., 2021; 

Seidel et al., 2022; Nassary et al., 2020). The consistently high LER values observed for 

cowpea across both seasons highlight its compatibility with intercropping, likely due to its early 

maturity, rapid canopy establishment, and efficient resource use (Kuyah et al., 2021; Pierre et 

al., 2024). In contrast, the seasonal variability in Bambara groundnut's LER suggests a greater 

sensitivity to environmental conditions and competitive dynamics, which may influence its 

productivity in mixed stands. The study confirms that intercropping can significantly enhance 

land-use efficiency across a range of legume crops. However, the extent of the benefit is 

species- and season-dependent. Optimizing intercrop performance requires cautious selection 

of compatible crop combinations, taking into account phenology, growth patterns, and spatial 

niche differentiation (Demie et al., 2022; Chimonyo et al., 2020). Integrating neglected 



186 
 

legumes such as Bambara groundnut into intercropping systems represents a promising 

strategy to strengthen agricultural sustainability and resilience in sub-Saharan Africa. 

These findings suggest that intercropping enhances overall productivity in rainfed systems, 

likely through more efficient resource use, complementary species interactions, and reduced 

interspecific competition relative to sole cropping. Cowpea exhibited the greatest response to 

intercropping, which may be attributed to its early maturity and strong adaptability to 

competitive environments. Common bean and Bambara groundnut also showed substantial 

yield improvements. Notably, Bambara groundnut, despite its slower growth and extended 

reproductive cycle, recorded yield increases exceeding 0.3 t ha⁻¹ under intercropping in both 

seasons, indicating that its physiological traits, such as drought tolerance and deep rooting—

are well-suited to intercrop systems. Pigeon pea exhibited the smallest, yet consistent, yield 

improvements under intercropping. Although less responsive than the other species, its positive 

trend suggests that pigeon pea can still benefit from intercropping, potentially due to its 

complementary rooting depth and long growth duration, which may facilitate temporal niche 

differentiation. These findings underscore the potential of intercropping as a viable strategy to 

improve the productivity of neglected legume species in smallholder rainfed systems.  

6.4.1 Conclusion, Recommendations and Future Directions 
This study demonstrates that cropping systems, particularly legume-based intercropping, 

significantly influence the adaptability and productivity of neglected legumes under rainfed 

conditions. Interactive effects of season, cultivar, and cropping system were evident on key 

phenological traits, with intercropping enhancing early emergence and accelerating 

reproductive development in legumes such as Bambara groundnut, cowpea, and common bean, 

while pigeon pea showed reduced establishment under sole cropping due to competitive 

suppression. Pod production, pod mass, seed number per pod, 100-seed weight and grain yield 

were consistently improved under intercropping, reflecting enhanced resource-use efficiency, 

moderated microclimatic stress, and reduced intra-specific competition. Cowpea and Bambara 

groundnut exhibited strong and stable responses across seasons, whereas common bean and 

pigeon pea displayed more variable results, highlighting the importance of genotype-specific 

and species-specific compatibility with intercrop designs. Land equivalent ratio (LER) 

consistently exceeded 1.0 across legume species, confirming that intercropping increases land-

use efficiency and yield potential in smallholder agroecosystems. Cowpea exhibited the highest 

grain yield (t ha⁻¹) under intercropping, followed by Bambara groundnut, while moderate yield 

improvements were observed for pigeon pea and common bean. Based on these results, the 
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study recommends cowpea–maize intercropping as a promising strategy for enhancing 

productivity in rainfed smallholder systems. These findings underscore the need for strategic 

selection of legume species with complementary phenology, growth dynamics, and resource 

requirements to optimize interspecific interactions and system productivity. It is recommended 

that future research focus on unravelling the physiological, morphological, and genetic 

mechanisms underlying species-specific responses to intercropping, including hormonal 

regulation, root and canopy architecture, and source–sink dynamics. Long-term studies 

assessing soil fertility impacts, genotype-by-environment interactions, and resilience under 

diverse agroecological contexts are essential to refine intercropping strategies that support 

sustainable intensification and food security in rainfed smallholder farming systems. 
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 Chapter 7: Conclusions and Recommendations 

7.1 Introduction 
This study explored the potential of integrating neglected legumes into smallholder cropping 

systems as a pathway to promote food security, climate resilience, and sustainable production 

in line with the United Nations Sustainable Development Goal 2 (Zero Hunger). Neglected 

legumes such as Bambara groundnut, and cowpea, and pigeon pea offer unique advantages due 

to their adaptability to low-input, rainfed environments. However, their cultivation remains 

limited by socioeconomic, institutional, and agronomic constraints. This chapter synthesizes 

the key findings from the preceding chapters, discusses their broader implications, and provides 

integrated conclusions and recommendations to guide future research, policy, and smallholder 

practice. 

The findings from the socioeconomic (Chapters 3-4) and agronomic (Chapters 5-6) 

components collectively highlight that both human and biophysical factors shape the successful 

integration of neglected legumes into smallholder farming systems. Socioeconomic results 

revealed that diversification decisions are primarily influenced by access to land and water, 

education, market opportunities, and household demographics. Notably, older farmers were 

more likely to engage in diversification, whereas youth participation remained limited due to 

perceptions of farming as a low-status or unprofitable activity. This highlights the need for 

targeted youth engagement strategies and inclusive extension support to revitalize legume-

based farming. Chapters 4–6 demonstrated that while biophysical factors such as rainfall, and 

planting date strongly affect performance, the adoption of neglected legumes is also 

constrained by limited awareness of their nutritional and agronomic value. The participatory 

training and demonstration trials substantially improved farmer willingness to adopt and 

integrate these crops, confirming that knowledge-based interventions can shift attitudes and 

practices toward diversification. 

Across the two growing seasons, agronomic trials revealed distinct species-specific responses 

to planting date and cropping systems. Early planting enhanced establishment and vegetative 

growth in all species, primarily due to favorable early-season moisture and temperature 

conditions. However, reproductive performance varied: cowpea and Bambara groundnut 

maintained stable yields across planting dates, while common bean and pigeon pea were more 

sensitive to delayed sowing and environmental fluctuations. These findings underscore the 

importance of adaptive planting strategies rather than fixed sowing dates, particularly under 

variable rainfall. The use of staggered planting and seasonal climate forecasts can support 
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alignment between crop phenology and favorable moisture conditions, reducing risk of yield 

loss. Intercropping proved beneficial for all legumes, improving resource-use efficiency and 

yield stability, as indicated by Land Equivalent Ratios greater than 1.0. Cowpea and common 

bean showed strong positive responses due to their early canopy development, while Bambara 

groundnut and pigeon pea benefited from reduced competition and improved moisture use. 

These results validate intercropping as a viable, low-input intensification strategy for 

smallholder rainfed systems. 

The socioeconomic and agronomic insights from this study demonstrate that diversification 

with neglected legumes can simultaneously address productivity, resilience, and nutritional 

challenges in smallholder systems. However, scaling adoption requires both social and 

technical interventions. Farmer training, improved access to seed and markets, and support for 

community-based seed systems are essential to overcome barriers of knowledge and input 

availability. From an ecological perspective, neglected legumes such as Bambara groundnut 

and cowpea offer robust adaptation to climate variability due to their phenological flexibility 

and modest input requirements. Their inclusion in intercropping systems not only enhances 

food production but also offers long-term benefits to degraded rainfed lands. 

7.2 Conclusion 
This study provides a comprehensive evaluation of the agronomic and socioeconomic 

determinants influencing crop diversification and the adoption of neglected legumes in 

smallholder rainfed farming systems in South Africa. The findings indicate that farmers’ 

decisions to cultivate neglected legumes, namely Bambara groundnut (Vigna subterranea), 

cowpea (Vigna unguiculata), and pigeon pea (Cajanus cajan), as well as common bean 

(Phaseolus vulgaris) are shaped by multiple factors, including household size, marital status, 

access to irrigation, farming experience, and exposure to legume-related training programs. 

Limited cultivation of neglected legumes was attributed more to inadequate awareness of their 

agronomic and nutritional benefits than to biophysical or economic resource constraints. The 

implementation of knowledge-based interventions, such as targeted training and on-farm 

demonstrations, substantially increased farmers’ willingness to cultivate these species, 

including among those previously reliant on monoculture. These findings underscore the 

potential of capacity-building initiatives to promote diversified, resilient cropping systems.  

Agronomic trials conducted over two growing seasons under rainfed conditions revealed that 

planting date significantly affects the phenological development and yield components of 

neglected legumes, with responses varying by species and season. Early planting improved 
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crop establishment, particularly for Bambara groundnut and cowpea, which also demonstrated 

stable reproductive performance across planting dates. In contrast, common bean exhibited 

high sensitivity to sowing time, while pigeon pea showed poor adaptability to delayed planting, 

likely due to its long growth cycle and photoperiod dependence. Moreover, cropping systems, 

particularly legume-based intercropping, significantly influence the adaptability and 

productivity of neglected legumes under rainfed conditions. Intercropping enhanced early 

emergence and accelerated reproductive development in Bambara groundnut, cowpea, and 

common bean, while pigeon pea exhibited reduced establishment under sole cropping due to 

competitive suppression. Yield components such as pod production, pod mass, seed number 

per pod, and 100-seed weight improved under intercropping, enhancing resource-use efficiency 

and moderated microclimatic stress. 

7.3 Recommendations 
To support the integration of neglected legumes into climate-smart agriculture, the study 

recommended the development of enabling policy environments that promote market access, 

value chain development, and extension services focused on underutilized crops. Engaging 

youth through dedicated training programs and addressing structural barriers to participation 

are essential for long-term adoption. Furthermore, mainstreaming crop diversification into 

local development plans could enhance food and nutritional security and contribute to the 

resilience of smallholder farming systems. Future research should prioritize longitudinal 

studies on the agronomic and economic impacts of diversification, assess the potential of 

improved cultivars and digital tools, and adopt gender-sensitive approaches to address social 

disparities in adoption. Such efforts are critical for scaling neglected legumes as a pathway 

toward sustainable intensification in rainfed agricultural systems. The study further 

recommended that, in rainfed smallholder farming systems characterized by climatic 

variability, selecting appropriate planting dates is essential to ensure optimal crop 

establishment and alignment of critical growth stages with favorable environmental conditions. 

It is also recommended that future research focus on elucidating the physiological, 

morphological, and genetic mechanisms underlying species-specific responses to 

intercropping, particularly aspects such as hormonal regulation, root and canopy architecture, 

and source–sink dynamics. These insights will be critical for designing resilient intercropping 

systems that optimize productivity and adaptability under variable agroecological conditions. 
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