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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. 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 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 training on legumes, 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, 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.
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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.,
20215 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
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.,
20225 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 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.
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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.
Neglected legumes, including 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), are highly
nutritious (Vilakazi et al,, 2025). They are rich in protein, dietary fibre,
and essential micronutrients such as iron, zinc, and folate, making
them crucial for addressing malnutrition and food insecurity,
particularly in regions where access to animal-based proteins is
limited (Li et al., 2020; 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
their
environments and their role in climate resilience, increased research,

systems. Given adaptability to resource-constrained
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, 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
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also supports the development of targeted interventions and policies
to promote the sustainable adoption of these crops in smallholder
the
recommendations and the realities of smallholder agriculture is

farming systems. Bridging gap Dbetween technical
essential to ensuring that the benefits of neglected legumes are fully
realized in practice, thereby enhancing agricultural sustainability, food

security, and rural livelihoods.

2 Materials and methods
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 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 1,200 mm, with winter minimum temperatures of 2-5°C and
summer maximum temperatures of 25-30°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.

10.3389/fsufs.2025.1607687

2.2 Research design

This study employed an action research design to assess farmer’s
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 Aragon (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.

2.2.1 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, Egqeleni, and
Busingatha. These villages were selected based on agroecological
variation, socio-economic diversity, and the presence of resource-
constrained smallholder farmers engaged in diverse 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
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FIGURE 1
Location of Bergville in KwaZulu Natal Province, South Africa.
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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.

2.2.2 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 various planting dates (November, December, and January) 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 ability of neglected legumes to
enhance soil fertility through biological nitrogen fixation, thereby
reducing dependence on synthetic fertilizers and promoting
sustainable soil management. Furthermore, their cultivation
contributes to improved biodiversity and agroecosystem resilience.
The trials also demonstrated that these neglected legumes exhibit
substantial resistance to pests and diseases, reinforcing their potential
as viable alternatives for smallholder farmers seeking to improve food
security, soil health, and environmental sustainability within
resource-constrained farming systems.

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.

2.3.1 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.
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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.

2.3.2 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.

2.3.3 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
behaviors, 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.

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.

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
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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 Bergyville.

The following calculation demonstrates the method used to
determine the appropriate sample size.

N 240

n= =n= =150
1+240(0.05)

1+ Ne? 2

Where n = sample size (150); N = population size of smallholder
farmers (240); e = desired margin of error (0.05).

2.6 Data collection and analysis

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 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 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
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administered across the five villages, with all participants being local
smallholder farmers actively engaged in crop production.

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.

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
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examine the socio-economic factors influencing smallholder farmers’  captures unobserved factors influencing the m-th neglected legumes
willingness to cultivate neglected legumes and their selection of  selection and planting dates (m = 4 neglected legumes selection in the
various suitable planting dates. first model and planting dates in the second model). X;,, consists of
exogenous variables that determine neglected legumes selection as
well as planting dates, including smallholder farmers’ socioeconomic

2.7 Model specification attributes as detailed in Figure 2 and Table 1. The coefficients fm
quantify the effects of these explanatory variables on neglected
2.7.1 Multivariate probit model (MVP) legumes selection and planting dates. The error terms &, follow a

The study also utilized a multivariate probit model approach to  multivariate normal distribution, each with a mean of zero and a
examine the socio-economic determinants of farmers’ willingness to  variance—covariance matrix characterized by values of 1 along the
cultivate neglected legumes and their selection of various suitable  diagonal and nonzero correlations among off-diagonal elements.
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 2.8 Ethical consideration
dates by permitting correlation across error terms of latent equations.

The identified correlations allow for error terms that indicate positive Ethical clearance for this study was obtained from the University
correlation  (complementarity) and negative  correlation  of KwaZulu-Natal Ethics Committee, facilitated by the School of
(substitutability) on legumes cultivation and planting dates. In this ~ Agricultural, Earth, and Environmental Sciences, under reference
study, the MVP model consists of four binary choice equations for =~ number HSSREC/00008179/2025. During the administration of the
neglected legumes (pigeon pea, cowpea, Bambara groundnut and ~ questionnaires, the researcher sought informed consent from the
common bean) and three binary choice equations for suitable planting  participants, ensuring confidentiality throughout the process. The
dates (November, December, and January). questionnaires were distributed at times and locations that were
Hence, the study model is specified as: convenient for the participants. Before completing the questionnaires,
participants were fully informed about the scope of the study, and their
P*im = Bim + Xim + &im ( m=12,3.. ) ) anonymity was preserved by not disclosing any personal identities. The
study was conducted with a strong emphasis on participant welfare,

P, {1if P* . > 0 and 0 otherwise} ensuring that no harm was inflicted during the process. Furthermore,

The above equation is formulated under the assumption that a  all participants were acknowledged and thanked for their valuable time
rational i-th farm household possesses a latent variable P*,, which  and contribution to the completion of the questionnaires.

A B
mMale mFemale
W Under 25 years
m26-50
m 51 and above
C D
50 47 M Single mMarried W Widowed
45
40
35
30
25
25 22
20
15
10 &
: [
0
None Primary Secondary Teriary
FIGURE 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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3 Results

3.1 Socioeconomic characteristics of
smallholder farmers in the study area

The data illustrated in Figure 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 2A). The results also showed
that 72% of smallholder farmers were female, while males accounted
for 28% (Figure 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 2C). Marital status indicated that
a significant proportion (53%) of farmers were unmarried, while 35%
were married and 12% were widowed (Figure 2D). As shown in
Table 1, slightly more than half (51.4%) of the farmers lived in
households with 6-10 members, while 31.3% had one to five members.
Only 17.3% lived in households with 11 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.

Table 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 10
years of experience, 10.7% had between 11 and 20 years, while 2% had
between 21 and 30 years, and another 2% had over 30 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.

3.2 Overview of cropping practices in the
surveyed region

Figure 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 3A). Regarding
cropping systems, 48% of respondents practice intercropping, 35%
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TABLE 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

1-10 years 128 (85.3)
11-20 years 16(10.7)
21-30 years 3(2.0)
31 and above 3(2.0)
Farm size (hectares)

<2 139 (92.7)
3-5ha 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.

engage in monoculture, and 15% implement crop rotation. In
contrast, only 1.3% practice relay cropping (Figure 3B). The frequency
of legume cultivation varied among farmers. The majority (49%)
reported never cultivating legumes, while 20% rarely grew them, and
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Planting dates of cultivated legumes

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 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, 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
favorable for legume cultivation”

Frontiers in Sustainable Food Systems

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”

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 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
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TABLE 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)

knowledge of market trends and only 5.3% possessing any insights
into market dynamics.

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”
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”

3.4 Pre-training knowledge levels of
smallholder farmers on the benefits of
neglected legumes

The results in Table 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
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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.

3.4.1 Post-training knowledge levels of
smallholder farmers on the benefits of neglected
legumes

The results in Figure 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.

3.5 Farmers’ participation in neglected
legume training, adoption willingness, and
post-training cropping system integration

The results presented in Figure 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 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 5B). Additionally, farmers who previously
practiced monoculture showed interest in adopting intercropping.
Consequently, 89% transitioned to an intercropping system, while a
minority (11%) preferred to continue with monoculture (Figure 5C).

3.6 Socio-economic factors influencing
farmers’ willingness to cultivate neglected
legumes

The results in Table 4 present the socioeconomic factors
influencing smallholder farmers’ willingness to cultivate neglected
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TABLE 3 Pre-training knowledge levels of smallholder farmers on the benefits of neglected legumes.

Tested knowledge on neglected legumes benefits

Frequency (%)

Frequency (%)
Yes \[¢)

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(53) 142 (94.7)
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legumes in Bergville, as analyzed 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.

3.7 Socio-economic determinants
influencing farmers’ selection of optimal
planting dates

The results in Table 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.
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Among the socioeconomic 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.

4 Discussion

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 agricultural-related
activities. According to Chipfupa and Tagwi (2021), the declining
participation of youth in agriculture has become a significant concern,
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with empirical evidence suggesting that young individuals perceive
the sector as a low-productivity and last-resort livelihood. This could
be attributed to various socioeconomic factors, including restricted
access to agricultural resources, concerns regarding 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
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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. (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 labor, 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
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TABLE 4 Socio-economic factors influencing farmers’ willingness to cultivate neglected legumes.
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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 150

Wald chi2 (44) 40.27

Log- likelihood —353.155

Prob > chi2 0.632

*, %, and *¥* signify statistical significance at p < 0.1, p < 0.05, and p < 0.01 levels, respectively.

TABLE 5 Socio-economic determinants influencing farmers’ selection of optimal planting dates.

Characteristics November December January
Coeff. Std. Err Coeff. Std. Err 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 150
Wald chi2 (33) 31.65
Log- likelihood —261.935
Prob > chi2 0.534

*, %, and *** signify statistical significance at p < 0.1, p < 0.05, and p < 0.01 levels, respectively.

structural challenges women encounter in acquiring agricultural
resources. Limited land ownership among farmers, particularly
women, significantly affects crop diversity, as reported by Schling and
Pazos (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.
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Most households comprised 6-10 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 labor, 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,
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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
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., 2020). 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.

4.2 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 farmers to obtain
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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 favorable 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.

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-
94.7% of farmers lacked awareness of neglected legume cultivars,
production techniques, adaptability, and market opportunities. These
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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 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 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.

4.5 Farmers’ participation in neglected
legume training, adoption willingness, and
post-training cropping system integration

The findings of the study revealed that a significant proportion
(92%) of respondents participated in the training on neglected
legumes 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 neglected legumes’ integration. The
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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, increased adoption of intercropping
with legumes could contribute to soil fertility enhancement, pest and
disease management, and improved resilience to climate variability in
the study area. This agrees with the findings 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.

4.6 Socio-economic factors influencing
farmers’ willingness to cultivate neglected
legumes

The findings on the socioeconomic factors influencing
smallholder farmers’ willingness to cultivate neglected legumes,
analyzed 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 (ff = 0.479, p < 0.1) and cowpea (ff = 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 Mlhize 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 led to
a statistically significant increase in both the acceptability and
cultivation of these legumes. These findings highlight the vital role of
knowledge dissemination in facilitating the reintegration of neglected
legume species into local cropping systems, thereby contributing to
food security, dietary diversity, and sustainable agricultural practices
(Ratnayake et al., 2023).

Moreover, a positive and statistically significant relationship
(= 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, labor, 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
—0.507, p < 0.1)
—0.465, p < 0.1) were negatively associated

diversification strategies. In addition, farm size (8

and market access (ff =
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 (f=0.295,
p <0.05) and Bambara groundnut (4 = 0.270, p < 0.1), suggesting that
farmers with better access to irrigation are more likely to cultivate
these crops. This finding underscores the importance of water
availability in promoting the adoption of water-intensive crops such
as common bean, emphasizing the need for improved irrigation
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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).

4.7 Socio-economic determinants
influencing farmers’ selection of optimal
planting dates

The study results revealed that socioeconomic determinants,
including farm size (f#=-0.563, p<0.1) and legume training
(= —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
labor availability. 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 (ff = 0.403, p < 0.1)
and January ( = 0.326, p < 0.1) planting date, whereas household
size (f = —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 labor 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 (f = 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 and highlight the need for targeted
interventions to improve water management strategies, thereby
enhancing the productivity and sustainability of legume-based
farming systems. These results are consistent with the findings of
Mhembwe et al. (2019).
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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 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,
subsequently limiting the cultivation and distribution of neglected
legumes. To address these challenges, the study recommends targeted
capacity-building initiatives, including smallholder farmer training
and knowledge dissemination programs. 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 more profound
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. In addition, future studies
should also investigate 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 and diversified cropping systems,
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ultimately enhancing food and nutritional security while increasing
smallholder farmers’ adaptability to climate variability and
market dynamics.
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