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ARTICLE INFO ABSTRACT

Keywords: Research on the extent to which women in post-conflict and low-income regions contribute to

NUGS improving household income through the cultivation of neglected and underutilized crops
Kivu highland (NUCs) is limited or sometimes entirely lacking. This study examines how NUC cultivation em-
Gender powers women by enabling them to increase household income and food security. The factors
Food security influencing this process, as well as specific interventions to reduce gender disparities while im-
Income proving household livelihoods in eastern DRC, are also documented. The territories of Walungu

and Kabare in the highlands of Kivu, eastern Democratic Republic of Congo (DRC), were se-
lected as case studies. Data were collected through surveys and focus group discussions (FGDs)
involving households engaged in NUC cultivation. Household survey data were analyzed using
multiple correspondence analysis (MCA), with %, Cronbach's alpha, and Cramer's V tests em-
ployed to uncover hidden structures and relationships between different categories and to visu-
alize patterns within the data. The results highlight the critical role of women in shaping NUC
farming practices and underscore the potential of NUCs to contribute to sustainable livelihoods.
Our findings revealed that NUCs contribute up to 78 % (USD 100-200) of household income
when managed by women, compared to only 22 % when managed by men. However, a signifi-
cant gap remains between men's and women's contributions to total household income. NUC
cultivation remains predominantly practiced by women (75 %), with six main factors influenc-
ing NUC-derived income: the source of seeds used, level of education, marital status, age, crop-
ping systems, and type of inputs used. Despite women's contributions to NUC production, nu-
merous constraints hinder its development. This study suggests empowering women by encour-
aging organizations supporting the NUC sector by providing seeds and essential inputs and im-
proving other socio-economic conditions related to NUC production. This research is vital for

rene.civava@outlook.com
E-mail addresses: rene.civava@outlook.com (R.M. Civava), geant.ch@gmail.com (G.B. Chuma).

https://doi.org/10.1016/j.heliyon.2025.e42990
Received 30 November 2024; Received in revised form 24 February 2025; Accepted 25 February 2025
2405-8440/© 20XX

Note: Low-resolution images were used to create this PDF. The original images will be used in the final composition.



https://doi.org/10.1016/j.heliyon.2025.e42990
https://doi.org/10.1016/j.heliyon.2025.e42990
https://doi.org/10.1016/j.heliyon.2025.e42990
https://doi.org/10.1016/j.heliyon.2025.e42990
https://doi.org/10.1016/j.heliyon.2025.e42990
https://doi.org/10.1016/j.heliyon.2025.e42990
https://doi.org/10.1016/j.heliyon.2025.e42990
https://doi.org/10.1016/j.heliyon.2025.e42990
https://www.sciencedirect.com/science/journal/24058440
https://www.elsevier.com/locate/heliyon
mailto:rene.civava@outlook.com
mailto:geant.ch@gmail.com
https://doi.org/10.1016/j.heliyon.2025.e42990
https://doi.org/10.1016/j.heliyon.2025.e42990

R.M. Civava et al. Heliyon xxx (xxxx) e42990

economic growth, poverty reduction, and food security, as women play a crucial role in agricul-
ture and their empowerment is essential for achieving sustainable development goals.

1. Introduction

Agriculture is the backbone of African economies, particularly in rural areas where most households rely on smallholder farming
for sustenance and livelihoods [1-3]. The intricate relationship between agriculture and household income in these settings is undeni-
ably vital, shaping economic well-being and socio-cultural dynamics within communities [1]. However, within this context, the role
of gender assumes paramount importance. African agriculture is inherently gendered, with women contributing significantly to all
stages of the agricultural value chain, from planting and nurturing crops to post-harvest processing and marketing [4]. Despite these
substantial contributions, women face persistent disparities in access to resources, extension services, and decision-making power, of-
ten constraining their full potential as agricultural agents [4-6]. The implications of these gender imbalances reverberate through the
broader economic landscape. Rural households, mainly those reliant on subsistence farming, are highly susceptible to external
shocks, including erratic weather patterns and market fluctuations. As such, the equitable distribution of agricultural resources and
benefits is not merely an issue of social justice but also a practical necessity for building resilient and sustainable rural economies [7].

In this context, the cultivation of neglected and underutilized crops (NUCs) [8] emerges as a promising avenue for bolstering
household income and food security [9]. Neglected crops, often regionally adapted and resilient to local conditions, have the poten-
tial to diversify income streams and enhance nutritional diversity. However, various socio-economic factors, including gender-related
constraints [9-11], have hampered their integration into mainstream agricultural practices.

Neglected and underutilized crops (NUCs) refer to plant species that have not received significant attention or investment in re-
search, development, and promotion despite their potential contributions to food security, nutrition, and livelihoods [12-14]. These
crops often possess valuable traits such as adaptability to local environments, resistance to pests and diseases, and interesting nutri-
tional qualities [15]. In the context of the Republic Democratic of Congo (DRC), several NUCs are notable in South Kivu [12]. Efforts
to promote these NUCs can lead to improved food security through increased income, enhanced nutrition, and increased resilience in
the face of environmental challenges [16-18]. This can be achieved through research and development programs, policy support,
farmer training, and promoting markets for these crops. Additionally, raising awareness about the nutritional benefits and adaptabil-
ity of NUGs is crucial for their wider adoption and utilization in the region.

The role of rural women in improving the standard of living in rural households is acknowledged. However, despite their substan-
tial contributions to agriculture, women have been disproportionately excluded from decision-making processes related to crop selec-
tion, resource allocation, and market access [4,19]. These barriers hinder the adoption of neglected crops and perpetuate household
income disparities. In DRC, neglected and underutilized crops (NUCs) have received limited attention in agricultural research and de-
velopment despite their potential to contribute significantly to rural economies. At the regional scale, studies are available on gender
in agriculture and NUC diversity, but few are focused on their place in household income contribution and its drivers.

A vast body of literature exists on the role of women in agricultural production within rural households in Sub-Saharan Africa and
throughout the tropical regions [20,21,22]. However, there is a scarcity of studies focusing specifically on their role in regions like the
eastern Democratic Republic of Congo, where women have suffered from the effects of armed conflict and where their place and role
within the community remain largely unknown and undocumented. This is compounded by this region's socio-economic and demo-
graphic context, located in the Great Lakes of Africa, an area renowned for its high birth rate and demographic growth.

The gender contribution to household income from NUCs in regions such as eastern DRC provides novel insights by quantifying
women's economic impact, revealing how women's involvement increases HH income. The gender-specific challenges are highlighted
while showing how NUC production empowers women socially and economically in rural areas. Such research explores crop-specific
gender dynamics while proposing policy solutions to improve market access for female farmers in rural areas. This study also tried to
link women's participation in NUC farming to resilience to climate change and advises sustainable efforts by offering perspectives on
both economic and environmental benefits.

This study aimed to elucidate the role of rural women in improving the food security and economic situation of rural households
mainly engaged in the NUC's production. It examines the multifaceted relationship between gender dynamics, neglected crop cultiva-
tion, and household income in the post-conflict region of Kivu Highland. Specifically, this study aimed to (i) conduct a socio-
economic characterization of rural households producing NUCs in South Kivu; (ii) assess the economic contribution of Neglected and
Underutilized Crops (NUCs) to household income; (iii) investigate if, among the socio-economic characteristics, the female category
of the gender variable stands out; and if so, (iv) identify the determinants of this income contribution by women.

By exploring the interplay of gender roles within the agricultural landscape, we aim to provide insights that contribute to a more
inclusive and equitable agricultural sector and foster sustainable rural livelihoods in Africa. Through this lens, we delve into house-
holds' specific challenges and opportunities in the Highland of Kivu region, offering evidence-based pathways towards enhanced eco-
nomic well-being and gender equality.
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1.1. Gender and agriculture

1.1.1. Gender roles in agriculture

Gender dynamics in agriculture have been the subject of extensive research [3,23-25]. Women constitute a significant portion of
the agricultural labor force in many developing countries, particularly in Sub-Saharan Africa. Studies highlight that women play cru-
cial roles in various stages of the agricultural process, from land preparation and planting to weeding, harvesting, and post-harvest ac-
tivities [26,27]. Owoicho et al. [28] investigated the gender issues in access to land among farmers in Karu local government in Nige-
ria, while Croppenstedt et al. [29] analyzed gender and agriculture in highlighting the inefficiencies, segregation, and low productiv-
ity traps. However, despite their pivotal contributions, women face persistent barriers, such as unequal access to land, credit, inputs,
and extension services, that limit their productivity and income-generating potential [30,31]. Moreover, entrenched social norms and
discriminatory legal frameworks further exacerbate these disparities, constraining women's agency and decision-making power in
agricultural contexts [32,33]. Most sub-saharan governments' constitutions grant equal rights to women and men in all spheres of
public life, and laws are enacted and amended to protect women's rights. The governments and decision-makers have also committed
to recognizing the Millennium Development Goals (MDG), even if they have not been pursued most of the time with support for wom-
en's issues. In most of the cases, women's rights continue to be violated, especially of rural and poor women. In general, there is still
room for discussion on the elimination of all kinds of discrimination against women in the region, economy, and family [23,34].

According to the discussion on women, gender relations, and development, literature shows that several social and economic
shifts have played a pivotal role in influencing policies, programs, and research related to gender and development. During the 1970s,
coinciding with the rise of the international women's movement and heightened interest from donors in framing development initia-
tives, the Women in Development (WID) approach emerged within the research community [35-38]. This approach operated under
the mistaken assumption that since women were largely excluded from the development process, concerted efforts were needed to in-
corporate them. Within this framework, research and intervention strategies tended to view women as recipients of welfare policies,
often perceived as lacking agency, and whose societal standing was predominantly shaped by patriarchal norms and relationships
[38,39]. Consequently, early WID research in Africa, while recognizing women's pivotal role in household activities, primarily fo-
cused on their marginalized position, which hindered their full participation in economic advancement [40].

In analyzing all the references on women and NUC production, we can conclude that women play a pivotal role in producing
NUCs, which are critical for household food security and income generation in many low-income and marginalized regions such as
sub-Saharan regions [9,13]. As primary cultivators, women manage nearly all stages of NUC production, utilizing indigenous knowl-
edge to ensure crop productivity. These crops, often grown in marginal environments, provide essential nutrients and resilience
against food insecurity [82]. Studies have shown that NUCs can significantly enhance household income, with women often retaining
control over the proceeds. For instance, they leverage niche markets for organic and traditional foods, while cooperatives focus on
value in addition to further boosting income [83]. However, women face persistent challenges, including limited access to quality in-
puts, secure land tenure, profitable markets, and cultural norms that restrict their decision-making and opportunities [26,32,41,47].

Addressing these challenges is crucial for unlocking the full potential of NUCs. Empowering women through training, resource ac-
cess, and creating women-friendly market linkages can significantly improve their livelihoods [32,38,39,41]. Additionally, policy in-
terventions that integrate NUCs into agricultural frameworks and prioritize gender equity are vital. Research highlights the transfor-
mative impact of such initiatives, showing that women's empowerment in NUC production enhances household income and food se-
curity and contributes to poverty reduction and sustainable development. Governments and development organizations can drive
progress toward equitable and sustainable agricultural systems by overcoming structural barriers and investing in women as key agri-
cultural stakeholders.

1.2. Neglected crops and sustainable agriculture

Neglected crops, often underutilized or orphan crops, have garnered increasing attention recently. These crops, which may be in-
digenous or adapted to local environments, demonstrate resilience to pests, diseases, and adverse climatic conditions [41,42]. Ne-
glected crops encompass various species, including grains, tubers, and fruits [8,18].

In Africa and mainly in Sub-Saharan Africa, women represent the crucial target group from a nutritional perspective, primarily in
nutrition transition. They face significant disparities in food production. Therefore, food-based, women-centered strategies are rec-
ommended to bridge nutrient gaps and provide education and empowerment for women [16]. In these developing country regions,
women play a crucial role in food systems, and empowering them is fundamental to achieving positive nutrition outcomes. Their ac-
tive involvement and influence can significantly improve nutrition for communities and households.

Furthermore, as primary caregivers in sub-Saharan Africa, women influence their children's nutrition through their nutritional sta-
tus and childcare practices. Most available literature primarily focuses on the nutritional composition and usage of Neglected and Un-
derutilized Crops (NUCs). Few studies delve into women's role in producing these crops and their contribution to household income
improvement. The research in DRC, specifically in the eastern provinces, underscores their potential to enhance food security, im-
prove nutrition, and contribute to sustainable agricultural practices. However, NUCs often require fewer inputs and are well-suited to
smallholder farming systems in most areas. At the same time, their genetic diversity also serves as a critical resource for breeding pro-
grams, contributing to agricultural biodiversity and resilience [9]. It is essential to note that NUCs exhibit resilience to extreme envi-
ronmental conditions. Due to their adaptability to marginal and low-input environments, these crops offer opportunities for reducing
greenhouse gas emissions [43].
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1.3. Impact on household income

Gender plays a crucial role in Africa's agricultural income. Women constitute a significant portion of the agricultural labor force,
yet they often face systemic barriers that limit their access to productive resources and opportunities. This includes limited access to
land, credit, and modern agricultural technologies [44,45]. Studies have shown that agricultural productivity can significantly in-
crease when women have equal access to these resources. This benefits individual women farmers and has positive effects on food se-
curity and economic development at the community and national levels. In Africa, efforts to promote gender equality in agriculture
often focus on policies and programs that aim to increase access to resources, enhance technological adoption, improve market ac-
cess, promote education and training, and address cultural and social norms. Other factors, such as supporting women's participation
in agricultural cooperatives and associations, must be empowered; this includes improving food security, poverty reduction, and
overall sustainable crop practices [6,32].

Studies examining the impact of neglected crop cultivation on household income reveal promising findings [8,46]. Adopting ne-
glected crops has been associated with diversified income sources for rural households [44,47]. Their market potential, particularly in
niche and value-added markets, offers opportunities for income generation and livelihood improvement [48,49]. Moreover, ne-
glected crops contribute to increased dietary diversity and nutritional security, potentially reducing household expenditures on pur-
chased foods [50]. However, the extent of these benefits varies depending on crop choice, market access, and socio-economic context
[49,51].

2. Methodology
2.1. Study area and context
The study was conducted in the South-Kivu province, eastern DRC. Considering the extensive area covered, we focused on two of

the eight territories within the province (Fig. 1), namely Walungu and Kabare. These territories are among the highland Kivu region
located between 2°30’ S and 2°50’ S, 28°40’ E and 28°55’ E, and between 900 and 3200 m above sea level. They were selected based

Fig. 1. Study area, Walungu and Kabare territories in South-Kivu, eastern DR Congo (county and country limits were obtained from RGC: www.rgc.com, the map was
created by the first author using ArcMap 10.7.1 Esri-TM).
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on the prominence of agriculture in the area, particularly on NUCs’ significance to the local community in the region [12]. The High-
land Kivu region is located in the eastern part of the DRC, near the border between Rwanda and Uganda. It is characterized by its
high-altitude terrain, which includes a series of mountain ranges, hills, and plateaus [52]. The region is known for its lush landscapes,
including dense forests and fertile inland valleys, making it suitable for agriculture.

Socio-economically, the region faces a range of challenges. Access to essential services such as healthcare and education can be
limited, and there may be economic disparities among different communities. Additionally, the region's economy is often driven by
artisanal mining, trading, and agriculture, with crops such as coffee, tea, etc. [45]. Other agricultural products are important contrib-
utors to the local economy. However, the region also faces infrastructure, market access, and economic development challenges due
to political crises and armed conflicts. Additionally, the area has historical significance and has been influenced by various colonial
powers over the years [53,54].

2.2. Study design

This research adopts a mixed-methods approach, combining quantitative and qualitative techniques to comprehensively under-
stand the relationship between gender, neglected crop cultivation, and household income improvement. This was thematically ana-
lyzed to identify key themes and patterns related to gender roles in agriculture and NUCs. Initially, we conducted a literature review
focusing on neglected crops and gender studies in the South-Kivu province and the Democratic Republic of Congo (DRC). This step al-
lowed us to refine the research questions and formulate hypotheses.

This comprehensive approach enables us to triangulate findings and provide a nuanced understanding of the complex interplay
between gender, neglected crop cultivation, and household income improvement in the highland Kivu region. Subsequently, we
adopted a quantitative approach involving a structured survey implemented through a questionnaire developed and deployed using
Kobo Collect [55]. In a structured survey, the initial step is determining the sample size. In this case, we utilized a complete random
sampling method to ascertain the number of rural households to be included in the study.

According to Sharma et al. [56], the survey is a set of questions aimed at extracting a desired set of data or opinions from a specific
group of individuals. Since surveys can be conducted more quickly than other data collection methods and facilitate gathering data
from many participants, this approach was selected to get data. A survey can include many questions, allowing for increased flexibil-
ity in assessing multiple research areas. This was combined with observation, as suggested by Zossou et al. [57] and Dancer and
Tsikata [58]. Systematically observing and recording behavior, interactions, and phenomena in natural settings to gain insights into
social processes, cultural norms, and everyday life.

Considering the findings presented by Mondo et al. [17], which indicate that ~28 % of households are primarily involved in sell-
ing NUGCs, this proportion was then applied to the total number of households in the area [59] to identify the households to be in-
cluded. After calculation, 150 households were selected for the field surveys.

2.2.1. Sampling and data collection

The province of South Kivu, rich in biodiversity and forests, led us to focus solely on the communities found along the Kahuzi-
Biéga National Park (KBNP), which supplies NTFPs to the city of Bukavu and other towns in the province. This study thus focused
only on the NTFPs derived from the KNBP and, therefore, on the producers and traders surrounding this protected area [17]. Informa-
tion regarding the selected site is available in Supplementary Table 1. To determine the sample size needed for household surveys, we
used a margin of error of 5 % and 95 % confidence level, the above-mentioned values, following the formula available online at
https://fr.surveymonkey.com/mp/sample-size-calculator/and considering the Cochran [60] formula:

Z2xP(1=P)
2

1+ (ZZXP(I—P) )

2XN

n=

Where: n: The sample size (initial estimate), Z: Z-value corresponding to the desired confidence level (e.g., 1.96 for a 95 % confi-
dence level), p = The estimated proportion of the population with the desired characteristic (if unknown, use p = 0.5 to maximize
the sample size), e: The desired margin of error (e.g., 0.05 for +5 % precision).

Based on national agricultural statistics and using the abovementioned formula, 150 farmers were surveyed, corresponding to 78
and 72 for Kabare and Walungu, which led to 150 households. It is worth noting that RTB crops are practiced at a very low scale
within the community in eastern DRC. Only a few farms are engaged in cultivating these crops. A stratified random sampling method
was employed to select the 150 households from various communities within the Kabare and Walungu of the Kivu highland region.
Data was collected through a structured survey questionnaire (see Supplementary material) administered to heads of households
(HH) from December 2021 to March 2022 and repeated in 2023. Household surveys and focus group discussions (FGD) involved both
men and women farmers. One FGD was done in each territory. The mixed approach combining household surveys and focus group
discussions (FGDs) helped gather qualitative and quantitative data. To collect standardized data from many individuals or households
for statistical analysis. The questionnaire was designed to capture sociodemographic information on households, NUC practices, ac-
cess to resources, and income sources. Triangulation was employed to ensure comprehensive data collection and verify that no infor-
mation was overlooked [61]. This involved conducting HH surveys and focus group discussions with farming families and agricul-
tural associations working in rural settings, mainly on Neglected and Underutilized Crops (NUCs). The household surveys primarily
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helped with statistical analysis, identifying trends and patterns in NUC producers, while FGDs helped explore social norms, group per-
spectives, and the range of opinions within a community [62,63].

2.2.2. Data treatment and analysis

Once the database was finalized, the work involved correcting errors in the dataset, re-encoding variables, etc. The initial analyses
consisted of descriptive statistics of all the variables. Table 1 provides a summary of the 14 variables considered for gender analysis.
After executing the collinearity analysis and descriptive statistics, we selected variables used in the Multiple Component Analysis
(MCA) analysis. Since qualitative analyses such as MCA and x? are sensible to low frequencies, in the end, only 10 variables were uti-
lized for this analysis. In a Chi-square test, as in MCA, low-frequency categories result in smaller expected values, which can violate
the test's assumptions. The Chi-square test assumes that expected frequencies in each contingency table cell are sufficiently large (typ-
ically >5). The test becomes less reliable when this assumption is violated and might yield inaccurate p-values. When some categories
have very few observations (low frequencies), the algorithm gives them disproportionate weight, which can lead to distorted factor
scores or dimensions that do not reflect the fundamental patterns in the data [64,65]. All these tests were executed at 5 % probability
thresholds.

The analyses aimed to assess the correlation between monthly income and gender. The income was divided into two categories: (i)
income derived from NUCs and (ii) income from other activities of the household head. Additionally, constraints in NUC production,
support observed by NUC farmers, and gender were evaluated.

Quantitative data such as number of people per household (HH), the number of exploited farms, the farm area, the monthly in-
come, and the age were finally converted into qualitative (nominal and categorical). To identify the variables that contribute to the
income derived from NUCs and characterize the households where this contribution was observed, we conducted a Multiple Compo-
nent Analysis: MCA [66]. In total, all ten variables were included in the analysis. To avoid confusion, we use only two modalities for
gender: "'male" and "female". MCA is well-suited for the type of data collected, which consists primarily of qualitative variables. Using
variables such as age, marital status, education level, and household composition, MCA helped uncover patterns and relationships
among these characteristics to identify the socioeconomic profiles of RTB producers [84]. It also enabled the inclusion of variables
and their often complex interactions while reducing dimensionality, making visualization possible. This allowed us to observe how
variables like seed origin, cropping system, and income relate to specific demographic groups, such as gender. In our case, MCA also
grouped households or farms with similar characteristics in terms of income and gender. Performing MCA on these variables helps re-
veal the underlying patterns in farming and socioeconomic data, offering valuable insights into household behaviors, resource alloca-
tion, and the socioeconomic dynamics shaping agricultural systems. These findings can enhance understanding and support targeted
strategies for development [84,85].

The ¥ test assessed the dependence between the variable' monthly income, main constraints, 'types of support, and 'gender' vari-
ables.

Three tests were used to validate and evaluate the MCA results. First, we used the Kaiser-Meyer-Olkin (KMO), which measures
data adequacy for factorial analysis. The value obtained of 0.72 for the KMO test was considered acceptable (>0.5) and a good value
for adequacy. Secondly, Bartlett's sphericity test evaluated the correlation matrix between variables. A value obtained of 0.038 indi-
cated that the correlation matrix was not an identity matrix, as suggested for an MCA analysis. The Cattell slope test (Raiche et al.,
2013) was used to identify the number of factors to retain in the analysis. The test consisted of determining the slope value of the con-
tribution value. A contribution value higher than 1 and more significant than the mean was retained. Tables and figures were gener-
ated using MS Excel 2018, RStudio, and R 4.2.1. Packages such as ggplot2, tidyverse, explor, and ade4 were employed for the analyses
and figure production. Fig. 2 displays the percentage of variances explained by the ten dimensions.

Table 1
Summary of variables analyzed and integrated in the MCA analysis.
Variable Type Modalities/Code

Age Ordinal 1: < 30years, 2:30-40 years, 3: 40-60 years, 4:> 60 years
Marital status Nominal Married, Single, Widow(er)
Educational level Nominal Illiterate, Primary, Secondary, University
Number of people per HH Quantitative 1to15
Number of exploited farms Quantitative 1to5
Farm status Categorical 1: Owner, 2: Annual renter, 3: Perennial renter
Farm size Ordinal 1:<0.5 ha, 2: 0.5-1 ha, 3: 1-2 ha, 4: >2 ha
Seed origin Quantitative 1: Market, 2: Previous crop, 3: NGOs, NGOs and Neighbor
Type of settlement Nominal Straw and Mud, Board and sheets, Semi-Durable, Durable
Cropping system Binary Monoculture and Polyculture
Input used Qualitative Organic fertilizer, Pesticides,
“Monthly income from NUCs Qualitative Valur
Income from other sources Quantitative Idem
Gender Binary Male and Female

a the monthly income was obtained in Congolese Francs (CFr) but converted after calculation in USD dollar ($). During the survey, 1$ = 2000 CFr.
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Fig. 2. Explained variances of all the ten dimensions during the MCA.

Overall, the analysis considered the first three dimensions. The first dimension accounts for 13.5 % of the variance, while the sec-
ond and third dimensions account for 9.8 % and 7.5 %, respectively. Therefore, when all three components are considered, they col-
lectively explain 30.8 % of the variance.

3. Results
3.1. Socioeconomic characteristics

The results regarding the socio-demographic characteristics of the households surveyed are presented in Table 2. It emerges that
the majority are women (75 %), married (80.7 %), with secondary (38 %) to primary (24 %) education levels, and a significant pres-
ence of illiteracy (28 %). More than half (59 %) are aged between 30 and 40 years, with fewer being older (<5 %). These households
have fewer than three individuals (48 %) and between 3 and 7 (44 %). Their houses are primarily constructed from wood (30 %), and
they mainly operate in two fields, primarily (66 %) seasonally rented and less than 0.5 ha in size. Regarding the use of Neglected and
Underutilized Crops (NUCs), the majority source their seeds from local markets (44 %) and previous crops (35 %). Generally, polycul-
ture is predominant (73 %) in household fields, with a notable utilization of organic fertilizers (79 %) comprising crop residues and
animal manure (from cattle, goats, sheep, guinea pigs, pigs, chickens, etc.). On average, households generate less than 100$ in
monthly income (46 %) from NUCs, while 24 % earn between 150$ and 200$, and 100$ to 150$ (45 %) from other income-
generating activities. No difference was observed between NUC producers in Kabare and Walungu (p > 0.05). However, the number
of crops, farm size and status, cropping system, and seed origin varied significantly from one territory to another (p < 0.05).

Based on the synthesis of the FGD results, labor in these NUC-based agricultural operations remains predominantly family-driven,
with a notable contribution from youth in product collection. The discussion highlighted that these operations generally focus on lo-
cal production or harvesting certain products from the forest. Some species grow naturally in the forest and lack cultivated products
such as cuttings or seeds. Given the proximity to the altitude forest, particularly around Kahuzi-Biega National Park (PNKB), many of
these farmers gather fruits and other valuable plants for sale or domestic use.

3.2. Neglected crops and other crops utilized by households

Regarding agriculture, households cultivate several crops, with cassava, beans, and maize being the most dominant. The number
of produced crops varied significantly from one territory to another (2 = 121.5, df = 8, p < 0.01), varied by the gender of the farm
head, depending on whether it is male- or female-led (3?> = 58.7, df = 4, p < 0.001). Unfortunately, bananas suffer from pest at-
tacks, similar to cassava, leading the farmers to shift to NUC production primarily. The results also indicated that 72 % of households
cultivate one or two (NUGs) (3 = 7.4, df = 1, p = 0.01). While these crops may not be households' main activity, they play a signif-
icant role (at the primary level) in generating income and, consequently, in household survival. The monthly income was correlated
to the number of crops produced (3> = 3.98, df = 4, p = 0.023). The main NUCs cultivated include papaya and avocado, sunflower,
yam, physalis, taro, blackberry, Passion fruit, amaranth, cabbage, African nightshade, garlic, sugar cane, sorghum, etc. as highlights
in the Fig. 3 from a to s.

Fig. 4 below encompasses the diversity of some NUCs found in the field. These include squash and zucchini (Fig. 3a and b); yam
plants in the field without staking (Fig. 3b) and with stakes (Fig. 3f); a few taro plants (Fig. 3d-m) and their tuber (Fig. 3k); ginger
roots being sold in the local market in the open air (Fig. 3g); amaranth leaves piled up for sale (Fig. 3h—n); sorghum in the field (Fig.
3r) and during the harvesting of ears (Fig. 3i). Other items include fruits, notably passion fruit (Fig. 3g-0,q).

NUCs are primarily used for three purposes: food, medicine, and for sale. These uses vary from one crop to another (Supplemen-
tary data). For instance, crops such as taro, sunflower, amaranth, etc., are used for food, while crops like yam, sorghum, and papaya
are used for both food and medicinal purposes, with a strong emphasis on medicinal use. Others, like gooseberry, avocado, passion
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Table 2
Socioeconomic characteristics of households surveyed in Kivu highland in South-Kivu for NUC production.
Variable Modality Frequency (%)
Gender Female 75.3
Male 24.7
Marital status Married 80.7
Single 7.3
Widow(er) 12.0
Educational level Primary 24.7
Secondary 38.0
University 9.30
Illiterate 28.0
Age <30 years 22.7
30-40 years 59.3
40-60 years 13.3
>60 years 4.7
Households size (HHS) <3 48.7
3-7 44.0
>7 7.30
Type of settlement Straw and Mud 24.0
Board and sheets 30.7
Semi-Durable 31.3
Durable 14.0
Number of exploited farms One 8.70
Two 69.3
More than two 22.0
Farm status Owner 22.0
Seasonal rent 66.0
Perennial rent 12.0
Farm size (ha) <0.5 ha 41.3
0.5-1 ha 26.0
1-2 ha 18.7
>2 ha 14.0
Origin of the seed used Market 44.7
NGOs 14.0
NGOs and Neighbor 6.00
Previous crop 35.3
Cropping system Monoculture 26.7
Polyculture 73.3
Input used Organic fertilizer 79.3
Pesticide 20.7
Income from NUCs <100% 46.0
101-150% 24.0
151-200% 12.7
251-300% 10.0
>301% 7.30
Other income <100% 24.7
101-150% 45.3
151-200% 21.3
251-300% 4.70
>301% 4.00

fruit, etc., are primarily NUGs for commercial purposes. There is also a distinction in usage based on gender (y* 12.72, p < 0.001).
For instance, crops such as yam, papaya, and ginger are more commonly used for medicinal purposes among men than women.

3.3. Economical contribution of neglected crops and other activities

The economic contribution of NUCs and other income-generating activities and their improvement are presented in Fig. 4(a and
b). The Chi-square results indicate a correlation between income from NUCs and gender (x% 5.78, p < 0.001). This contribution sig-
nificantly varies based on whether one is male or female. It is noteworthy that high income (>300$) primarily comes from men
(6 %), while a small percentage (8 %) of rural women have high incomes. Nearly 83 % of women have an income of 100$ derived
from agricultural earnings related to NUC cultivation. On the other hand, for other sources of income, the trend shows an equal distri-
bution between men and women, with a strong dominance for men. For high-income (>300$%), the proportion is 33 % and 67 %, re-
spectively, for women and men.

In general, cultivating NUCs yields an income of approximately $100 per month, contributing up to 26 % for men and 64 % for
women engaged in their cultivation. However, there is a disparity in the monthly income of households involved in NUC cultivation.
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Fig. 3. Pictures of some NUCs taken during field visit (a: Gourd, b:wild yam, c:squash, d:taro leaves, e:amaranth, f: local yam, g:ginger root, h: black nightshade,
i:plum, j: Passion fruit, k: taro, I: improved sorghum, m: leaves of taro, n:amaranth, o: Guava tree, passion fruit, p:wild eggplant, g: wild plum tree, r: local sorghum
variety, s: indian borage, french thyme).
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Fig. 3. (continued)

Despite the substantial contribution from NUCs to household income, it is still heavily influenced by the male gender. Men continue
to contribute significantly to overall household income.

3.4. Analysis of the gender on improvement of crop trading

To analyze the influence of gender, a Multiple Correspondence Analysis (MCA) was conducted, explaining 30.8 % of the variance.
The results of the different dimensions considered are presented in Fig. 2, and the figures in the supplementary data. The representa-
tion of individuals and variables in the three dimensions considered is displayed in Fig. 5. Here, dimensions 1 and 2 are depicted.
These graphs show the contribution (in %) and cos? of each variable and individual, allowing us to identify any individuals that stand
out from the rest. The biplot of the different modalities in the first two dimensions was also considered. In terms of the contribution of
variable modalities, it was evident that for the first dimension, the seed source from NGOs, field size (0.5-1 ha), household head age
(<30 years), monoculture farming system, and income level >300$ have significantly contributed to the formation of dimension 1.
For dimension 2: the modalities, including Chirunga location, field size of <0.5 ha, earthen housing type, seed source from previous
crops, and NUC production intended for the market, have contributed significantly. The last dimension considered is dimension 3.
This includes marital status, secondary education level, and Mudaka and Bugorhe locations. These also have an income of 150-200$.

As for the individuals, specific individuals were found to be significantly correlated and contributed to the formation of the axes.
Specifically, individuals 131, 113, 125, 24, 19, 132, 126, 147, and 23 positively influenced dimension 1, while 45, 35, 45, 39, and 57
had a negative impact. In dimension 2, individuals 116, 149, 115, 88, and 87 had a positive influence, while 8, 2, 30, 136, and 74 had
a negative influence. Regarding the contribution to dimension 3, individuals 40, 49, 143, 91, 44, 27, and 74 significantly contributed
to its formation.

On the one hand, regarding variable contributions, the first dimension is correlated with farm size, the origin of the seed used, the
age of the farmer, and the HH income. It also correlated to educational level, cropping system, marital status, HH income, gender, and

10
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Fig. 4. Contribution of activities related to the sale of NUCs (a) and other sources (b) in improving household income based on gender. The estimates were made
for a duration of one month (Xz: 8.92, p < 0001 for monthly income from NUCs, and XZ: 7.8, p < 0.001 for other source of income out of NUCs; the household in-
come was obtained in Congolese francs “CFr” and converted in US Dollar “$”, during the survey 1$ = 2000 FRw).
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Fig. 5. MCA results presenting (a) the biplot of individuals (b) and modalities of variables (value of modalities are presented in the Table 1, the point size and
color represent the cos? of individuals and variables).

field status (Fig. 9). On the other hand, the second dimension is correlated with the origin or location of households, the number of
people per household, type of housing, and seed origin. The third dimension correlated with gender, field status, and monthly income
of the household head.

3.5. Socioeconomic factors of improvement of income of NUCs

The analysis of the results in Fig. 6 (a,b,c) and the Supplementary materials 1 to 3 in the appendix revealed a distinct group among
the surveyed individuals when gender is considered (Fig. 6a). Some women stand out from the rest. Specifically, women with primary
and secondary education levels (Fig. 5b), aged between 30 and 40 years, and whose Neglected and Underutilized Crops (NUCs) are in-
tended for commercialization with a monthly income of 150-200$ are notable (Fig. 6b). These women also highlighted insecurity
(64 %) and the absence of quality seeds (55 %) as primary constraints in production (Figs. 7 and 6¢). On the other hand, some women
mentioned financial constraints (82 %), technical support (57 %), and the distance to the market (74 %) as their main challenges. Re-
garding the source of seeds, most women obtain them from previous crops (75 %), while men typically go directly to the market to

11
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Fig. 6. Distribution of individuals in the first two dimensions by gender (a), by level of income from NUCs (b), and various observed constraints (c) (legend: for income
from NUCs: 1: <100$, 2:100-150%, 3: 150-200$, 4: 250-300$, 5: >300$; and constraints: 1: insecurity, 2: Lack of seeds, 3: Distance to market, 4: Supports, 5: Finan-

cial).
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Fig. 7. Main constraints in NUCs production (a) and source of seed used for production (b) in Kivu highland, eastern DR Congo.
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purchase seeds (82 %). These results also indicate that very few organizations actively provide seeds to women in rural areas. Only
(33 %) of women source their seeds from NGOs. Fig. 7 presents the main constraints in NUC production and the source of seed used
for production, which vary by gender. It comes from the Fig. 7a that significant dependence was observed between the constraints
(Xz = 14.34, df = 4, p < 0.001), the source of seed used (Fig. 7b) for NUCs production (Xz = 11.92, df:3, p < 0.001).

Crops (NUCs) in the study region. Six additional variables were analyzed: seed origin, level of education, age group, marital status,
types of inputs used, and farming system. Although 38 % have a secondary level of education, 24 % and 28 % have primary and no
formal education, respectively. These proportions vary based on gender.

Among those with no formal education, 86 % are women, while for those with a primary education, 69 % are women (Fig. 8d). On
the other hand, the frequencies for secondary (58 %) and university education (50 %) are evenly distributed. Generally, women tend
to have lower educational attainment (75 %) than men (24 %). In terms of marital status, 75 % of these women are married, while
others are widowed. Approximately half of these women (59 %) primarily fall within the age range of 30-40 years. Older women (>
60 years) are rare in general agricultural activities, particularly those related to NUCs (Figure. Regarding the farming system, women
engage more in polyculture (72 %) than men (y% 11.32, p < 0.001). Polyculture allows for production diversification and, conse-
quently, dietary diversification within households. In contrast, men prefer cash crops like sugarcane, maize, and coffee. Variables
such as cultivated area, field status, number of fields in operation, and number of people per household did not vary based on gender.
They were not significantly correlated with income from NUCs (x% 2.08, p > 0.05).

Another factor is related to the use of inputs. Two main types of inputs are utilized: organic fertilizers and pesticides. No operator
producing and selling Neglected and Underutilized Crops (NUCs) and using mineral fertilizers was found (Fig. 8e and f), indicating
that this is not a common practice among these farmers. Significant differences were observed based on gender (y% 9.82, p < 0.001).
Women use fewer inputs than men. This is partly due to their generally lower level of education, which affects their understanding of
usage methods compared to men.

Additionally, in the region, the livestock that produce the organic matter used (such as cows, goats, sheep, etc.) usually belong to
men. As a result, the only organic materials readily available to women are guinea pig and pig droppings, chicken waste, and crop
residues. Gender was significantly and positively correlated to HH income and farming system, while type of house, marital status,
and educational level were negatively correlated to gender, as presented in Fig. 9(a and b).

The obtained results allowed the conclusion that the determining factors for the profitability of NUC crops in the region included
the origin of the seeds used (whether they come from NGOs, are purchased from the market, or come from previous crops), as well as
the level of education of the farmers (with higher levels observed in high-yield cultivators). The cultivation system and the fertilizers
type also significantly contribute to this income improvement. Other factors, such as age and marital status, have contributed only
marginally. By incorporating gender through MCA analysis, it is evident that gender plays a significant role in enhancing the income
of households whose primary activity revolves around NUCs.

4. Discussion

Much research confirms that small-scale farms predominantly produce Neglected and Underutilized Crops (NUCs) within commu-
nities where gender plays a significant role [16,17]. On the one hand, many NUCs are associated with female-centric activities (often
considered women's crops), although some crops, such as ginger, yam, and papaya, are consumed more by men. In Africa and the DRC
in particular, women are more involved in subsistence farming than men are [67-69]; this type of agriculture tends to be more di-
verse, with a broader range of crops cultivated. On the other hand, men typically grow cash crops with higher economic returns
(Maass et al., 2012; Mugumaarhahama et al., 2021). This study showed that a small proportion of men (~23 %) are engaged in NUC
production, especially when there is an easily accessible market, as was the case in Mudaka and Bugorhe, where products like passion
fruit, yam, and plums are sold to travelers on the Bukavu-Kavumu road. It was also noted that men continue to be interested in these
crops if they find them economically viable compared to the region's more typical crops [17]. These results also demonstrate that ne-
glected crops can be a promising avenue for empowering and economically uplifting women in rural areas, particularly in the eastern
DRC, where constraints and armed conflicts have significantly restricted women's societal roles [70,71]. By enhancing production
and consequently the income of these women, Neglected and Underutilized Crops (NUCs) also improve their overall quality of life
[17,71]. Therefore, reframing the narratives surrounding NUCs to better support women in this environment is crucial. Support
should also be considered at various levels, including addressing security concerns, implementing NUC-focused projects, and facilitat-
ing access to education and resources in rural settings.

Among all the factors and their modalities, four explain the high income of NUC farmers. First and foremost is their location. Re-
sults show that farmers in Chirunga and Mudaka have higher incomes than those in other surveyed areas, both for men and women.
While most of these producers are young and single, a significant proportion of women are also observed in this category. These re-
sults can be explained on the one hand by the fact that these two areas are close to two major urban areas in the province (Bukavu and
Kavumu), and people are often seen sourcing from these sites; on the other hand, by the fact that most of them are young, i.e., most in-
volved in production, harvesting, collecting and selling NUCs, that lead to high incomes. Another important parameter related to in-
come was the type of housing. In fact, income level is strongly correlated with housing type and assets owned in the area. Durable
housing (made of bricks and cement) is that of wealthier households in rural areas and is thus associated with higher income [45,72].
However, this type of housing was not correlated with income from the sale of NUCs. Another factor was support, both material and
technical, from NGOs. Currently, few (if any) organizations are involved in the valorization or domestication of NUCs, as seen with
other crops such as beans, maize, cassava, etc. Therefore, the absence of organizations empowering farmers affects their approach to
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Fig. 8. Factors affecting the monthly household income from NUCs in Kabare and Walungu in the province of South-Kivu (here six variables affected the
household's monthly income from NUCs comprising the origin of the seed used (a), the educational level (b), the class of age (c), marital status (d), the input used (e),

and the cropping system (f).

producing or valorizing NUCs. It is, therefore, important to develop interventions in this direction by integrating the various aspects

presented by this study.

These findings underscore the pivotal role of women in rural agriculture in South Kivu. They contribute to over 28 % of household
income through NUCs and play a significant role in household consumption. In contrast, men's income is often allocated to expenses
beyond household [45]. Recognizing and supporting this role is crucial. Additionally, rural women, alongside their children, consti-
tute a vital workforce in the fields, further emphasizing their importance in the agricultural landscape. Indeed, this modest financial
contribution can be attributed to the prevailing practice in rural areas of South-Kivu and throughout the DRC, where men primarily
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Fig. 9. Heatmap (a) and correlation matrix (b) between parameters used to characterize household intervening in NUC production in the Kivu highland, eastern DR
Congo.

cultivate cash crops for commercial purposes. At the same time, women predominantly engage in subsistence farming to provide for
their households. Any surplus produce is sold in the local market to secure additional income.

In a post-conflict context, where women have been exploited as tools of war [70,72,73], with all the documented potential conse-
quences, it is evident that recommendations to policymakers should be formulated to alleviate the observed constraints and ensure
household food security. Indeed, five primary constraints have been identified. These include insecurity during the collection of Ne-
glected and Underutilized Crops (NUCs) in forests or areas heavily affected by armed groups, as reported by women (64 %). Women
highlighted this, in conjunction with limited NGO interventions, the absence of seeds, and the need for technical (57 %) and financial
support (82 %). Other constraints are linked to the low level of education among women in rural areas of South Kivu. This is particu-
larly significant considering that most of these women are generally still young (< 30 years old, and predominantly 30-40 years old)
and married. Policymakers should consider all these factors in their interventions to empower women in rural areas. This study un-
derscores the urgency of interventions that are not one-dimensional but multi-dimensional, focusing on comprehensive initiatives to
empower rural women as pivotal agents of agricultural transformation in the region.

These findings have significant policy implications for interventions that address food insecurity and poverty, especially in the on-
going conflict zones of South-Kivu province, through the promotion of NUCs. Firstly, interventions should prioritize the enhancement
of NUCs' yield by developing advanced production techniques and considering the possibility of domesticating favorite wild species
within communities. Secondly, there should be a focus on promoting women's participation in household decision-making, along
with efforts to address and reduce various forms of gender-based violence. This study emphasizes the importance of considering
household gender dynamics when implementing interventions to improve food security. Initiating gender-transformative approaches,
such as empowering women to voice their opinions and sensitizing men to reduce gender-based violence, could significantly con-
tribute to ensuring greater food security for many households. Further research on the impacts of such transformative approaches on
food security outcomes would aid in developing more context-specific policies at local and regional levels.

As mentioned in many studies [74-77], NUCs also offer significant pest and climate resilience benefits, particularly in challenging
agricultural regions such as hot and dry tropical regions. NUCs often have natural resistance to local pests and contribute to agrobio-
diversity, reducing the need for chemical pesticides and promoting natural pest control. Their resilience to drought, poor soil fertility,
and temperature extremes makes them well-suited to areas affected by climate change, as they require fewer inputs and can thrive in
marginal soils. NUCs also offer environmental benefits by improving soil health through nitrogen fixation (for Fabaceae) and reduc-
ing soil erosion (the one with good ground cover and deep root systems), as well as demonstrating better water-use efficiency com-
pared to conventional crops [77,78]. This is obvious for eastern DRC and specifically in South-Kivu province, where crop calendar
change through climate perturbations [79], water efficiency [80], and soil erosion are among the most common agriculture issues
[81]. Furthermore, they help conserve plant biodiversity and enhance overall ecosystem stability, making them a sustainable option
for promoting food security, mitigating climate change, and supporting long-term environmental sustainability. Integrating NUCs
into local farming systems can strengthen agricultural resilience and environmental conservation.
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From a global perspective, NUCs contribute significantly to achieving several Sustainable Development Goals (SDGs) by improv-
ing food security, poverty reduction, and gender equality [14]. NUCs, with their climate resilience and natural pest resistance, offer
new income opportunities for smallholder farmers, especially women, enhancing economic independence and contributing to poverty
alleviation (SDG 1). Their nutritional value and ability to thrive in harsh environments support food security (SDG 2) by providing di-
verse, nutrient-rich food sources. As shown in this study in South Kivu as in another part of the world [16,41], women play a crucial
role in cultivating and processing NUCs, promoting gender equality (SDG 5) by empowering them economically and reducing their la-
bor burden. Additionally, NUCs enhance climate resilience (SDG 13) by thriving in challenging environments and promoting biodi-
versity conservation and sustainable land management (SDG 15), helping communities adapt to climate change while preserving
ecosystems.

5. Conclusion

This paper has delved into the intricate interplay between gender dynamics, neglected crop cultivation, and household income in
the context of South-Kivu agriculture, with a specific focus on the post-conflict highland of the Kivu region. The results of this study
show that women's activities in the production of NUCs have significantly contributed to improving household income by 65-78 %.
This has increased the monthly household income of 100-150%$. Most women (75 %) reported facing significant agronomic, technical,
and socio-economic challenges, primarily related to insecurity, lack of seeds, insufficient material and financial support, and limited
access to urban markets that offer more opportunities. This study also highlights a gap in household income among farming families
in the region. While men contribute to income through other activities, women contribute significantly by cultivating RTB crops. By
harnessing the potential of NUCs and empowering women as key stakeholders in agricultural systems, we pave the way for more re-
silient, inclusive, and prosperous rural economies in the region. Overall, understanding the specific challenges women face in ne-
glected crop cultivation, this research provides valuable insights for policymakers, development practitioners, and women farmers
themselves, leading to more equitable and sustainable agricultural development in the Highland Kivu Region. We also highlight em-
powering women farmers through equal access to resources, training, and market opportunities; this research will help to enhance the
productivity and increase the income of HH in post-conflict regions such as eastern DRC. This increased income benefits households
by improving children's education, healthcare, and nutrition. Moreover, by reducing the gender gap in agricultural income, this re-
search contributes to more significant gender equity and empowers women within their communities. This research is crucial for eco-
nomic growth, poverty reduction, and food security, as women play a vital role in agriculture, and their empowerment is essential for
achieving sustainable development goals. However, this study suggests a broader investigation at the regional level to elucidate bet-
ter the role of women and NUCs in improving income and food security for populations in conflict-affected or post-conflict areas of
eastern DRC.
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