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Traditional African vegetables (TAV) are increasingly acknowledged for their potential 
to diversify smallholder farmers’ income and improve the quality of people’s 
diets. Plant breeding of TAV has been very limited, but this is slowly changing. 
Breeding programs need information on the crop trait preferences of value chain 
actors. Here, we  identified and prioritized trait preferences for amaranth, jute 
mallow, and okra in Benin and Mali using focus group discussions with farmers 
and individual interviews with traders and consumers. The findings show that late 
flowering, a high number of branches, suitability for multiple harvesting, broad 
leaves, and green to dark green color are key traits farmers seek in amaranth 
and jute mallow. Tolerance to drought was a preferred trait among farmers for 
all three crops. Okra producers preferred early maturing varieties bearing a high 
number of fruits per plant. Regardless of the crop, traders and consumers had 
similar trait preferences. Leaf physical integrity, green to dark green, and broad 
leaves were priority traits for amaranth and jute mallow. In okra and jute mallow, 
high mucilage content was a key attribute. The trait preferences varied between 
different types of value chain actors, but were consistent for the same types of 
actors across locations. This research provides foundational information for plant 
breeders to develop market-preferred varieties, eventually contributing to the 
greater availability, acceptability, and affordability of TAV.
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1 Introduction

Sub-Saharan Africa (SSA) faces a triple burden of malnutrition characterized by the 
coexistence of undernutrition, overweight, and micronutrient deficiencies. In 2022, the 
prevalence of stunting, wasting, and obesity among children under 5 years was 31.3% (59.4 
million), 5.7% (10.3 million), and 3.7% (6.6 million), respectively (UNICEF et al., 2023). 
Micronutrient deficiencies are widespread in SSA. Low vegetable intake is a key contributing 
factor to micronutrient deficiencies. SSA has the lowest per capita vegetable consumption (and 
production) of all regions in the world (Kalmpourtzidou et al., 2020). For instance, in Benin 
and Mali, the average daily per capita vegetable consumption is estimated at 107 and 157 g, 
respectively (Micha et al., 2015), well below the WHO recommendation of three portions, or 
approximately 240 g per adult per day (WHO and FAO, 2003). Sufficient consumption of a 
diversity of vegetables is recognized as an essential pillar of a healthy diet (Micha et al., 2015; 
Guzek et al., 2022; Wongnaa et al., 2024). Vegetables are rich sources of vitamins, minerals, 
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and dietary fibres. Besides global vegetables like tomatoes, peppers, 
and onions, Africa has a wealth of traditional vegetables.

Traditional African vegetables (TAV) are defined as “Plant species 
that are indigenous or naturalized to Africa, well adapted to or selected 
for local conditions, whose plant parts are used as a vegetable, and 
whose modes of cultivation, collection, preparation, and consumption 
are deeply embedded in local cuisine, culture, folklore, and language” 
(Towns and Shackleton, 2018). Compared to exotic or global 
vegetables, TAV are generally rich in micronutrients and antioxidants 
(Uusiku et al., 2010). TAV also contribute to crop diversification and 
dietary diversity (Afari-Sefa et al., 2016; Kansiime et al., 2018a, 2018b; 
Ochieng et al., 2018), have short growth cycles, and are amenable to 
production in urban and peri-urban areas (Ojiewo et al., 2015). TAV 
are also important sources of income for women who are involved in 
their production, marketing, and processing (Dinssa et  al., 2016; 
Mwadzingeni et al., 2021). Despite their importance, TAV have not 
benefited from significant investment in breeding and seed system 
development, which limits farmers’ access to high-quality seed of 
improved varieties, resulting in suboptimal productivity (Ayenan 
et al., 2021; Croft et al., 2018). While TAV are reported to be adapted 
to local conditions and climate-resilient (World Vegetable Center and 
African Union Commission, 2024), the increasing demand for these 
vegetables requires the development of more productive and market-
preferred varieties. Trait preferences significantly influence the 
desirability of vegetables, particularly in TAV (Merchant et al., 2022).

Breeding improved TAV varieties requires market information on 
farmers’ and consumers’ preferences, which is lacking, particularly on 
consumer preferences, as previous studies focused on farmers’ 
preferences. For instance, Gbèdolo et  al. (2018) and Kouévi et  al. 
(2023) identified the preferred traits of farmers in jute mallow, 
amaranth, okra, and other TAV in Benin, while Sugri et al. (2015) and 
Ibitoye and Kolawole (2022) mapped the preferred traits of farmers in 
okra in Ghana and Nigeria, respectively. These studies provide 
valuable data to inform breeding programs. However, they did not 
cover other important value chain actors, including traders and 
consumers. Identifying trait preferences among traders and consumers 
is crucial for a comprehensive understanding of traits of interest in 
breeding programs, ensuring a higher uptake of improved varieties.

Given this background, the objective of this study was to describe 
trait preferences of diverse value chain actors for selected TAV in 
Benin and Mali and identify entry points for breeders to develop 
varieties matching these preferences. We focused on three commonly 
consumed TAV rich in micronutrients and with a high potential to 
become economically important crops: amaranth (Amaranthus spp.), 
okra (Abelmoschus esculentus), and jute mallow (Corchorus olitorius).

2 Materials and methods

2.1 Study sites

The main TAV production sites in Benin and Mali were identified 
based on the authors’ experiences and the recommendations of 
agricultural extension officers. Data were collected by interviewing 
farmers, traders, and consumers. In Benin, the study covered southern 
Benin, including the municipalities of Dangbo (N6°30′0″, E2°31′0″), 
Athieme (N6°34′0″, E1°40′0″), and Abomey-Calavi (N6°26′24″, 
E2°20′24″) and northern Benin, including the municipalities of 

Parakou (N9°21′0″, E2°37′0″) and Natitingou (N10°10′0″, E1°23′00″). 
In Mali, the study was carried out in Bamako (ACI-2000, Taliko; 
N12°39′00″, E8°00′00″) and Koulikoro (Farakan, Baguinda Camp; 
N12°51′00″, E7°33′00″). Figure 1 shows the study sites.

2.2 Data collection and analysis

The study relied on qualitative research methods. We employed a 
snowball technique to identify TAV farmers, traders (including 
retailers and food vendors), and consumers along the value chain. 
Extension officers introduced the researchers to farmer associations 
producing TAV. The farmers connected us to traders, and the traders 
connected us to consumers and other traders. Data were collected 
during July and August 2022. The study plan was reviewed by the 
Institutional Biosafety and Research Ethics Committee (IBREC) of the 
World Vegetable Center (Registration No. 2022-014, dated 13 June 
2022). Respondents gave written informed consent to participate in 
this study.

Focus group discussions (FGDs) were conducted with vegetable 
farmers, while individual in-depth interviews (IDIs) were carried out 
with traders and consumers. FGDs involved 5 to 9 participants, of 
whom about half were women. IDIs were used to interview traders 
because of their reluctance to share information in a group. For 
consumers, interviews were conducted at the household level, 
primarily engaging with mothers or housekeepers purchasing and 
cooking vegetables. The interview guides for the FGDs and IDIs 
consisted of three sections: participants’ perceptions of their 
knowledge, their consumption and the benefits of TAV, a listing of 
preferred traits with descriptions, and the priority-setting exercise. 
The interviews began with a session to create a comprehensive list of 
all traits. Next, each participant was asked to choose the five most 
important traits. These lists of five traits were then discussed in the 
group. After the discussion, participants voted on the order of the 
traits. The discussion and eventual ranking were recorded as part of 
the data collection. The same prioritization process was carried out for 
each crop.

Four trained enumerators in each country collected the data. In 
total, 12 FGDs were conducted with vegetable producers, 28 interviews 
with traders, and 34 interviews with consumers (Table  1). 
We continued group discussions and interviews until we reached a 
point of data saturation at which no new information emerged from 
additional interviews (Hennink and Kaiser, 2022).

3 Results

3.1 Perceived benefits of TAV among value 
chain actors

Respondents reported that TAV like okra, jute mallow, and 
amaranth provide economic, nutritional, medicinal, and social 
benefits. Farmers are well-informed about the diversity of TAV. They 
view TAV as low-input crops that yield a quick return on investment 
due to their short production cycles. The increasing market demand 
for amaranth, jute mallow, and okra has prompted farmers to increase 
their production. Both traders and farmers see TAV as a crucial source 
of income and employment.
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Consumers recognized TAV as a vital part of their diet, 
providing essential micronutrients such as iron, calcium, potassium, 
magnesium, and various vitamins. Most emphasized the nutritional 
and medicinal benefits of fruits and vegetables in general. 
Respondents viewed vegetables as protective foods and understood 
their health benefits, including improved eyesight and a reduced 
risk of disease, as well as the strengthening of the immune system. 
They identified three main benefits of vegetables: (i) nutritional: 
being dense in iron, supporting children’s growth, preventing 
anemia and being high in vitamins and fiber; (ii) medicinal: being 

rich in antioxidants, aiding digestion, treating infections and 
preventing or curing diseases such as typhoid fever and 
hemorrhoids; and (iii) economical: being easy to access 
and affordable.

Some statements illustrate Beninese consumers’ perceptions 
regarding the benefits of vegetables, such as “Vegetables provide a lot 
of blood to humans,” which refers to the rich iron content of vegetables, 
and “Jute mallow leaves are often used to treat typhoid fever and 
hemorrhoids.” These statements are based on consumers’ experiences 
and perceptions.

FIGURE 1

Study sites in Benin and Mali.

TABLE 1 Focus group discussions and individual interviews conducted in Benin and Mali.

Country Municipal area Focus groups 
vegetable producers

Individual interviews

Traders Consumers

Benin Parakou 2 6 10

Natitingou 2 0 0

Dangbo 1 0 0

Abomey-Calavi 1 8 8

Athieme 1 0 0

Total 6 14 18

Mali Bamako 3 6 8

Kolikoro 3 6 8

Total 6 12 16

Total 12 28 34
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3.2 Trait preferences of farmers, traders, 
and consumers

At the farmer level, the identified traits (Table 2) include seed 
and seedling characteristics (e.g., seed viability, germination and 
seed yield), yield components (e.g., leaf size, pod size and number 
of branches), and nutritional and organoleptic qualities (e.g., 
taste of amaranth leaves and mucilage content for jute mallow 
leaves and okra pods). In Benin and Mali, okra leaves are also 
consumed, and the key quality factors evaluated for these leaves 
include high mucilage content, large leaf size, and minimal or 
no hairiness.

A respondent in the Koutiala Region of Mali stated: “In our region 
of Koutiala, we usually eat okra leaves. Once harvested, we pound the 
leaves along with some parts of the stems. After pounding, the lignified 
parts are removed and the rest is used to make a delicious sauce.”

In amaranth, leaf quality—including color, ranging from green to 
dark green, and broad leaves —was also identified as an important 
trait by farmers. In leafy vegetables (amaranth and jute mallow), traits 
such as high branching, suitability for multiple harvesting (the ability 
of the stem to regenerate after cutting), and late flowering were highly 
desirable. In okra, early pod setting and a long duration of pod harvest 
were strongly preferred.

The preferred traits of traders were similar in Benin and Mali for 
the three target crops (Table 3). Overall, traders listed a larger number 
of preferred traits than farmers. Traders’ trait preferences for all crops 
were primarily related to organoleptic attributes (e.g., texture, flavor) as 
well as production systems (organic, conventional) (Table  3). 
Consumers prioritized organoleptic qualities, affordability (low price), 
leaf attractiveness (absence of disease or perforated leaves), color, and 
freshness of leaves and pods (Table 4). The comprehensive list of traits 
identified by farmers, traders, and consumers revealed the priority traits.

3.3 Priority-setting of trait preferences

Figure 2 presents the top five preferred traits for each category of 
actors and each target vegetable. Farmers’ priority trait preferences 
focused on agronomic factors (seed germination, duration of the 
vegetative cycle, yield, pest resistance, etc.) and climatic factors 
(drought tolerance). These traits are crucial for maintaining steady 
yields and facilitating easy cultivation. Traders prioritize the 
marketability of produce, which encompasses leaf attractiveness 
(absence of disease or perforated leaves), quality assurance such as 
organic or agroecological production, and sensory characteristics that 
enhance the product’s visual appeal. Consumers prioritize the overall 

TABLE 2 Farmers’ preferred traits for amaranth, okra and jute mallow.

Trait category Amaranth Okra Jute mallow

Seed and seedling traits  • High seed viability and germination

 • High seed yield

 • High seedling vigor

 • High seed yield per fruit

 • High seed germinability

 • High seed viability

 • Speed of seed germination 

in nursery

 • High seed yield

Yield component traits  • Late flowering

 • Long vegetative cycle

 • High branching

 • Plant height

 • High regenerative power of stems

 • High fresh biomass production

 • Earliness

 • Long duration for fruiting and harvest

 • High plant height

 • High number of pods per plant

 • High plant vigor

 • Short, medium, and long pods 

depending on the region

 • Pod shape

 • Spineless pod

 • Long duration of the 

vegetative cycle

 • High plant vigor

 • Rapid growth

 • Leaf size (width and length)

 • Late flowering

 • Biomass production

 • High stem branching

 • High ability to regrow after cutting 

(multiple harvesting)

 • Non-hairy leaves

Biotic traits  • Plant resistance to pests (defoliators)  • Plant resistance to pests (viral 

diseases, fungal diseases, nematodes)

 • Plant resistance to pests 

(broad mites)

Abiotic traits  • Tolerance to drought

 • Tolerance to heat stress

 • Tolerance to drought

 • Tolerance to low soil fertility

 • Tolerance to drought

 • Tolerance to low soil fertility

Nutritional and organoleptic traits  • High nutrient content

 • Long and broad leaves

 • Oval to obovate leaf shape

 • Leaf freshness

 • Green to dark green leaf color

 • High palatability

 • High mucilage content in the pod

 • High mucilage content in the leaves

 • High nutrient content in the pods 

and leaves

 • Green to dark green pod

 • Pod tenderness (non-hardened pod)

 • Peduncle tenderness

 • Broad leave

 • Non-hairy leaves and stem

 • Leaf color retention after cooking

 • High nutrient content

 • Green to dark green leaves

 • High mucilage content

 • Palmate or lanceolate leaves

 • Shining leaves
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quality of the products they purchase, which is reflected in factors 
such as freshness, visual appeal, and taste, along with an increasing 
interest in organic or safe products (Figure 2).

In the case of amaranth and jute mallow, broad leaf size and green 
to dark green color are identified as preferred traits, while pod size and 
color represent common attributes. There is some overlap between 
traders’ and consumers’ priorities, such as the importance of organic 
or agroecological production and the value placed on flavor. However, 
characteristics valued by farmers, such as long vegetative cycles or 
early seed germination, often differ from those that consumers 
prioritize. These differences point at the importance of including the 
perspectives of multiple value chain actors in setting breeding priorities.

4 Discussion

4.1 Study strengths and limitations

The unique value of our approach lies in the fact that we collected 
comparable data from farmers, traders, and consumers for three 

traditional vegetables across two countries. Our approach relies on 
qualitative data; we did not use metrics or benchmarks to quantify 
people’s trait preferences. Moreover, the study did not analyze the 
heterogeneity of trait preferences within groups, for instance, the 
association between socioeconomic and demographic variables and 
preferences. Complementing the current study with a quantitative 
preference elicitation will provide comprehensive information for 
developing and promoting preferred varieties. Another limitation is the 
snowball sampling method used to identify farmers, traders, and 
consumers along the TAV value chain, which may result in a sample not 
fully representative of these value chain actors. Despite these limitations, 
the study provides useful information on preferred traits to guide TAV 
breeding programs, which is important as such information is lacking.

4.2 Stakeholders’ perceptions of the 
importance of TAV

Farmers held a positive view of the importance of vegetables. 
Similar findings emerged in Tanzania, where farmers’ perceptions of the 

TABLE 3 Traders’ preferred traits for amaranth, okra, and jute mallow in Benin and Mali.

Amaranth Okra Jute mallow

 • Good taste  • Good taste  • Good taste

 • Green to dark green leaves  • Green to dark green

 • Low price

 • Green to dark green leaves

 • Safe product from organic production system  • High mucilage content

 • Organic produce

 • Pod aroma

 • Leaf earliness appearance

 • Low price  • Short, medium, and long pods depending on 

the regions

 • High mucilage content in the leaves

 • Conservation  • Pod shape  • Safe produce from organic system

 • Broad leaves  • Spineless pods  • Broad leaves

 • Leaf texture

 • Leaf cleanness

 • Leaf shape

 • Pod cleanness

 • Accessibility

 • Pod freshness

 • Leaf attractiveness (absence of disease or 

perforated leaves)

 • Leaf shape (lanceolate or palmate)

 • Leaf freshness

 • Number of leaves per stem

 • Leaf physical integrity

 • Pod tenderness

TABLE 4 Consumers’ preferred traits for amaranth, okra, and jute mallow in Benin and Mali.

Amaranth Okra Jute mallow

 • Taste  • Green to dark green pods  • Good taste

 • Green to dark green leaves  • Green to dark green leaves

 • Low price  • Low price  • Low price

 • Production cycle  • High mucilage content in the pod  • High mucilage content in the leaves

 • Healthy leaf (organic production)  • Healthy pod (organic production)  • Healthy leaf (organic production)

 • High nutrient content  • Good pod aroma  • Broad leaves

 • Broad leaves  • Short, medium, and long, depending on the region  • Leaf cleanness

 • Leaf freshness  • Pod cleanness

 • Leaf number of the stem  • Spineless pod

 • Leaf physical integrity  • Pod freshness

 • Good leaf aroma

 • Leaf cleanness
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nutritional value of TAV were a key factor in their integration into 
farming systems (Afari-Sefa et al., 2016; Kansiime et al., 2018a, 2018b; 
Ochieng et al., 2018). Respondents’ views on the nutritional benefits of 
TAV and the health advantages of vegetable consumption confirm other 
studies that have shown African leafy vegetables to be rich in nutrients 
and health-promoting bioactive compounds (Moyo et  al., 2020; 
Mwadzingeni et  al., 2021). Vegetables play a significant role in the 
human diet worldwide, contributing essential vitamins, minerals, 
dietary fiber, and phytochemicals (Yang et al., 2013; Mitchodigni et al., 
2017a; WHO, 2021). In addition to their nutritional benefits, consumers 
highlighted the health or sanitation aspects of vegetables as key traits 
influencing their purchasing motivation. Perceptions of farmers, 
consumers, and traders can be utilized to enhance the consumption of 
TAV through social behavior change communication tools. A study in 
Benin showed a low intake of leafy vegetables, and that jute mallow is 
the preferred leafy vegetable fed to infants during the complementary 
feeding period (Mitchodigni et  al., 2017a, 2017b). TAV have 
considerable potential to diversify agricultural systems and diets, which 
is essential for addressing the challenges of climate change (van 
Zonneveld et  al., 2020). In a region where the consumption of 
micronutrient-rich crops is already low, TAV can help bridge the 
nutritional intake gap (Okigbo and Anyaegbu, 2021).

4.3 Breeding implications of trait preferences

The priorities assigned to crop attributes depend on various factors, 
including cultural, socioeconomic, and agroecological considerations 
(Weltzien et al., 2019). Farmers stress the importance of agronomic 
performance traits that define successful crop establishment, such as seed 
germination, seedling vigor, and yield, alongside abiotic traits like 
drought and heat stress tolerance and biotic traits such as pest resistance. 

Combining tolerance to biotic and abiotic stresses with horticultural 
traits and seed production traits is essential for developing preferred 
varieties, which can enhance variety adoption.

This study provides insight into market segmentation for target 
crops. For instance, the okra market can be broadly divided into two 
categories: dual-purpose okra varieties (grown for leaves and pods) for 
northern Benin and Mali, and okra for fresh pods in southern and 
central Benin. Based on preferences for okra leaf consumption, this 
segmentation provides valuable insights into selecting leaf quality traits 
(color, hairlessness, tenderness) to meet consumers’ demands in the 
dual-purpose okra segment. While this study outlines trait preferences 
among farmers, traders, and consumers in amaranth, jute mallow, and 
okra, it does not capture the specific preferences of various 
socioeconomic groups.

Identifying preferred traits is crucial for successfully introducing 
varieties, as it guides the breeding of those that fulfill stakeholders’ needs 
(Donovan et  al., 2022; Voss et  al., 2024). Our findings revealed that 
consumers in West Africa would favor an okra variety with high mucilage 
content (Ahiakpa et  al., 2014; Agbenorhevi et  al., 2020; Ibitoye and 
Kolawole, 2022). In amaranth and jute mallow, late flowering was a 
valuable trait for farmers, enabling them to harvest high-quality leaves 
over a relatively extended period. However, late flowering can negatively 
affect seed production and increase seed costs (Dinssa et  al., 2018). 
Paradoxically, farmers cited seed yield as an important trait, indicating 
that breeders should make a trade-off between prolonged biomass harvest 
due to late flowering and seed productivity traits during the breeding of 
jute mallow and amaranth to ensure cost-efficient seed production and 
affordable seeds for farmers. Developing varieties that combine moderate 
seed yield, high vegetable yield, and preferred leaf quality attributes is 
essential to increase uptake. This can be achieved by combining early-
flowering and high-seed-yield parental lines with those that exhibit late-
flowering and high fresh biomass yield to develop base populations for 

FIGURE 2

Venn diagram of (a) amaranth, (b) okra, and (c) jute mallow traits preferences among farmers, traders, and consumers.
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selection. A better understanding of the genetic correlation between 
biomass yield and seed production will inform the choice of the most 
suitable selection method. The priority traits identified for each crop in 
this study can be essential in defining or refining target product profiles 
for jute mallow, amaranth, and okra. The product design process, during 
which target product profiles for specific market segments are defined, 
presents an opportunity to prioritize traits and make trade-offs based on 
what is biologically feasible, considering available genetic diversity and 
access to breeding technologies and infrastructure.

Not all traits listed by stakeholders can be  improved through 
breeding. The frequent mention of “healthy” produce associated with 
organic or agroecological production among traders and consumers may 
indicate a shift in the market towards more nutritious and eco-friendly 
options. By identifying and understanding these criteria, stakeholders 
can effectively convey the advantages of specific crop varieties. For 
instance, farmers might be  motivated to implement practices that 
improve traits appreciated by traders and consumers, which could result 
in higher market prices. A locally adapted certification and labeling may 
be required for farmers to fetch a premium.

5 Conclusion

This study employed a qualitative research approach to identify and 
prioritize trait preferences for three traditional African vegetables—
amaranth, jute mallow, and okra—in Benin and Mali. Participants were 
well aware of the importance of vegetables in general and TAV in 
particular. The trait preferences varied among value chain actors but were 
similar for the same type of actors across locations. Regardless of the 
crop, the attributes preferred by traders and consumers were similar. The 
priority traits identified in this study can be considered essential for 
defining or refining target product profiles in jute mallow, amaranth, and 
okra. The variation in trait preferences along the value chain underscores 
the importance of strengthening the connection between the demand 
and supply sides in the breeding process.
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