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Abstract 

Despite its low integration into breeding programs in Africa, vegetable cultivation 

is increasingly seen as contributing to the achievement of several Sustainable 

Development Goals, including gender equality and women’s empowerment. Seek-

ing evidence of this, we analyze a genetic intensification activity offering improved 

tomato and African eggplant varieties to women and men farmers in southern Mali. 

We use a sustainable intensification assessment framework (SIAF), with a mixed 

methods approach, to conduct a gender analysis of this activity in five sustainability 

domains. Results and recommendations underline that breeding initiatives need to be 

accompanied by measures that transform the gender relations in which production is 

embedded. Equity emerges as a precondition for sustainable vegetable farming.

Author summary

Crop breeding efforts in Africa have largely focused on staples. Recently, how-
ever, vegetable breeding and cultivation have gained more attention and are 
increasingly seen as contributing to several Sustainable Development Goals, 
among them gender equality. In this paper, we follow up on a research-for- 
development activity in southern Mali, in which men and women farmers were 
offered improved African eggplant and tomato varieties. We use an assessment 
framework with five sustainability domains for a gender analysis of the activity 
and the household relations in which vegetable production is embedded. The 
results underline that vegetable breeding activities will only contribute to gender 
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equality if they are accompanied by measures that transform inequitable gender 
relations. We offer recommendations for more equitable and sustainable vegeta-
ble farming in southern Mali.

Introduction

Integration of indigenous vegetable crops into breeding programs in Africa has 
remained relatively low [1,2]. Investments of private and public research funds have 
focused on staple crops, vegetables often being perceived as supplementary in diets 
[2,3]. Despite this trend, home gardens have become privileged spaces for partici-
patory development initiatives over the past few decades. They serve as locations 
for training on improved vegetable varieties and practices, and on health- and 
nutrition-related benefits [2,4]. Multi-level contributions to the Sustainable Develop-
ment Goals are assumed, ranging from food security and improved health to income 
generation, women’s empowerment, and higher resilience of households and land-
scapes to climate change [5]. However, direct evidence of these outcomes is lack-
ing. This paper provides evidence on the gender outcomes of a vegetable breeding 
initiative in Mali. It assesses the sustainability and equity of the initiative’s innovations 
in selected communities. The research focuses on the specific trait preferences of 
women and men farmers, as well as the gendered conditions that shape vegetable 
production and use. The following outlines how our study connects to key concepts 
and approaches related to gender equity in breeding.

Framing gender equity within breeding initiatives

Genetic intensification is one of three pillars of sustainable agricultural intensification 
[6]. Sustainable agricultural intensification pursues multiple aims and adds to the 
achievement of several Sustainable Development Goals [7]. Gender equality and 
social justice should be among its contributions [8]. Where breeding efforts are  
gender-blind, they can reinforce existing inequalities or create new ones [9]. Where 
they take gender differences into account, they can contribute towards achieving 
equality outcomes and are likely to increase varietal adoption [9–11]. Two gen-
eral gender approaches can be discerned, that also apply to breeding, namely 
gender-accommodating (or functional) approaches and gender-transformative 
approaches [12,13]. The former approach acknowledges gendered constraints and 
may be effective at meeting immediate challenges. An example would be breeding 
drought-tolerant varieties for women who do not have sufficient access to irrigation 
[13]. However, this approach does not address underlying discriminatory norms that 
disempower women [14,15]. These discriminatory norms produce “disadvantages 
that prevent women and men, boys and girls from operating on a level playing field” 
[16]. The process of being fair is defined as gender equity with equality as an out-
come [16]. Gender inequities (often expressed in norms) relate to differential access 
to resources and imbalanced power relations. Gender-transformative approaches 
aim to shift inequitable norms and promote greater equity [17]. In breeding initiatives, 
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including those for vegetables, this requires action on two levels. First, it involves a nuanced understanding of the socio-
economic characteristics of crop users and their needs in relation to specific varieties [13]. It also requires considering the 
power dynamics that shape varietal preferences in different contexts [18]. Second, it calls for collaboration with actors who 
can address inequities beyond the scope of breeding research—such as through complementary agricultural technolo-
gies, partnerships with cooperatives, or more inclusive seed delivery systems [13,18–20]. Gender evaluations of vegeta-
ble breeding and its outcomes for learning and advancing equity in future initiatives remain limited. This paper addresses 
this gap using a gender-transformative lens and a sustainable intensification framework that supports a holistic analysis 
across five domains. The following section introduces this framework.

Weaving gender equity into a sustainability assessment

This study analyzes a research-for-development activity in southern Mali under the umbrella of Africa RISING (Africa 
Research in Sustainable Intensification for the Next Generation) West Africa, a sustainable intensification project with a 
participatory action research approach. Men and women farmers taking part in the activity tried out innovation bundles 
comprising improved tomato and African eggplant varieties, pesticides, and fertilizers. They also participated in exchange 
visits and training on good agricultural practices. This paper explores how sustainable and equitable these innovations 
were in the selected Malian communities. It does so by investigating (a) men and women farmers’ specific trait prefer-
ences, and (b) the equitable or inequitable conditions that characterize the production and uses of these vegetables. Third 
(c), we examine potential linkages between gendered trait preferences and these conditions. Following a gender- 
transformative approach, the recommendations offered in this paper focus on how to combine varietal improvement with 
other innovations that can turn production relations more equitable.

For the evaluation, we employed the sustainable intensification assessment framework (SIAF) [21] co-developed by 
Michigan State University, University of Florida, USAID, and Africa RISING. It became mandatory for Africa RISING eval-
uations in 2018. The framework consists of five sustainability domains (productivity, profitability, environmental, human, 
and social) each with suggested indicators. The multiple domains allow for a holistic investigation of innovations farmers 
have gained experience with at the pre-adoption state. Hammond et al. [22] praise SIAF for its flexibility: researchers can 
select indicators depending on topic and context and employ various data collection strategies. The framework has been 
used with a narrower focus on one set of specific innovations, for instance on groundnut varieties in Ghana [23] or forage 
choppers in Tanzania [24] and with a broader perspective, for instance on combinations of various innovations in Ethiopia 
[22] or integrated soil fertility management in Tanzania [25]. The original SIAF assigns gender analysis to only one of the 
five sustainability domains, namely the social domain. The authors outline that gender equity should be assessed through 
differences in men and women’s access to resources, decision-making power, time allocation, and market participation 
among others [21]. However, the limitation of equity to the social domain may stop scientists from conducting gender 
analysis in relation to indicators contained in other domains. An example would be the productivity domain in which gen-
dered productivity gaps could be established. Previous Africa RISING gender research [24,26] has therefore suggested 
that equity issues need to be woven into all five domains to live up to SIAF’s interdisciplinary and holistic aspirations. An 
integrated approach has been showcased for forage choppers in Tanzania [24] and maize leaf stripping in Ghana [26]. 
For the vegetable breeding study presented in this paper we conducted gender analysis in all five domains and selected 
a participatory mixed-methods approach. Fig 1 shows the identified indicators for each domain. During data analysis, the 
indicators allowed us to examine gendered trait preferences, inequities in production, and links between both.

Methodology

Context of the study

This study consisted of two phases: first, farmers’ experimentation during the 2017/2018 and 2018/2019 dry seasons; and 
second, a gender assessment, the results of which are presented in this paper. Apart from ensuring women’s participation 
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in experimentation, no specific gender measures were taken in the first phase. The gender assessment (decided upon at 
a stage where experimentation was already ongoing) was part of Africa RISING’s participatory action research approach 
and was meant to provide lessons for future improvements. The study involved nine communities distributed across the 
Koutiala and Bougouni administrative zones of the Sikasso region in southern Mali. Bougouni, in the Sudan Savanna 
zone, has more frequent annual rainfall (1081 mm/year) than Koutiala in the Sahelian zone (889 mm/year), which is char-
acterized by more erratic rains and severe environmental conditions. Several ethnic groups reside in the districts, among 
them Minianka, Senoufo, and Bamana, with the Bamana language serving as lingua franca.

Household land allocation for farming builds on the distinction between household fields, often jointly cultivated for food 
production under control of the man head; and individual fields as the production units of individual household members 
[27–30]. Heads typically allocate individual fields to their wives and adult sons, but not to their unmarried daughters. While 
daughters may be required to contribute labor across various fields, they are more often tasked with domestic responsi-
bilities and have only a limited role in agricultural activities until marriage [28,30]. Consequently, they are not prominently 
represented in this study.

For the individual fields, depending on the needs and obligations of the field manager, the harvest can be designated 
for consumption, personal income generation, or both [31]. Larger fields are generally farmed under rainfed conditions, 
but vegetables can also be cultivated during the dry season if irrigation is possible. Cropping decisions are usually taken 
by the plot manager. Varietal choices may depend on a range of factors, for instance exposure to the technology or the 

Fig 1.  Five SIAF domains and gender equity indicators identified for this study.

https://doi.org/10.1371/journal.pstr.0000200.g001

https://doi.org/10.1371/journal.pstr.0000200.g001
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capacity to afford inputs. As research on sorghum varieties shows, other household members can influence seed choices 
[32,33].

In the context of the study, vegetable fields are known as nako, a combination of two Bamana terms na (sauce) and 
ko (stream), designating irrigated (or lowland) spaces for the production of sauce ingredients [27,34]. These terms reflect 
gender norms: Bamana men heads are in charge of staple cultivation on household fields, and women farm “sauce-crops” 
on individual plots [27]. Vegetables are also grown in so-called community gardens, often held by farmers’ associations, 
where members are allocated one or several plots for individual or collective vegetable production and sales. At times, 
community gardens are equipped with boreholes for irrigation. Overall, vegetable production in West Africa has been 
described as an arena for gender negotiations on production and marketing. Economic crises, climate change and horti-
cultural development initiatives have not only intensified women’s garden activities but also attracted men’s competition. 
Opportunities in vegetable production are shaped by gender relations [27,34–38]. Experimentation with innovation bun-
dles containing improved vegetable varieties is therefore a topic especially suited for gender analysis.

Study design

Phase one: Farmers’ experimentation.  In 2017, the World Vegetable Center Mali (under the USAID-funded Africa 
RISING West Africa project) prepared innovation bundles comprising seeds of improved tomato and eggplant varieties, 
along with mineral fertilizer, biopesticides, and good agricultural practices, for participatory on-farm experimentation and 
evaluation. The activity aimed to promote knowledge exchange among farmers, and between farmers and scientists. 
Further dissemination of varieties that had already been released was also needed. For farmers’ comparison, breeders 
selected three varieties of each vegetable, some of which had been introduced to the national catalogue of improved 
vegetable varieties by World Vegetable Center Mali and Mali’s Institute of Rural Economy. Other varieties were known 
from the local seed market. One local variety for each vegetable species served as a control. Local varieties not 
originating from breeding programs were among the most farmed in the study sites. Breeders’ selection criteria for the 
varieties to be introduced in the experiment included: yield performance, nutritional intake, fruit size, taste, and storage 
life. Table 1 shows the names used in the Malian catalogue of vegetable varieties, in the market, and locally.

African eggplant (Solanum aethiopicum [L.]) and tomato (Solanum lycopersicum L.) are among the most farmed veg-
etable crops in Mali [27]. While African eggplant is considered a cultivar specific to certain areas of Sub-Saharan Africa, 
tomato is consumed globally [2]. The decision to focus on African eggplant and tomato for experimentation was guided by 
the fact that both vegetables are popular among small-scale farmers for income generation and household consumption. 

Table 1.  Selected varieties (names used in the participatory evaluation in bold).

Vegetable species Local name Other names

Tomato Kénéya AVTO0102

Kologuelen Rio Grande

Bèbi yèrèyé AVTO0103

Yerekasi Local variety

African eggplant N’gôyô djèma Neguetan

N’gôyô missèni Keur-bindaw

N’gôyô timiman L10

Yerekasi Local variety

Note to Table 1: Kénéya, Bèbi yèrèyé and L10 were all released in the 2012 Malian catalogue of vegetable  
varieties. World Vegetable Center was not involved in certification of Kologuelen, Keur-bindaw and Neguetan,  
which are known as commercial varieties in Mali.

https://doi.org/10.1371/journal.pstr.0000200.t001

https://doi.org/10.1371/journal.pstr.0000200.t001
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Mali’s national production of the two vegetables has sharply risen over the past years from 15,525 tons of eggplant in 
2010–99,841 tons in 2020 and from 41,293 tons of tomato in 2010–233,705 tons in 2020 [39–41].

For field demonstrations, two fenced technology parks, each measuring approximately 2 hectares, were set up in N’Go-
lonianasso and Madina, two of the nine selected communities in Sikasso region. They were equipped with a borehole with 
solar pump and a drip irrigation system, respectively. Field technicians managed the parks and used them for training, to 
which farmers from the neighboring communities were invited. At an inception meeting (which was attended by farmers, 
local chiefs, and extension agents) eligibility criteria for participation in experimentation were laid open: participants had 
to live in one of the nine selected communities and had to have a plot with adequate irrigation. A total of 121 farmers (82 
women and 39 men) engaged in training and subsequently experimented on individual plots inside and outside commu-
nity gardens. Farmers tested three improved varieties and one local variety of the two selected species. At the end of the 
experiments, field technicians collected yield data on the two technology parks of N’golonianasso and Madina, and on the 
fields of 75 farmers (56 women and 19 men) out of the original sample, who had maintained interest in collaborating with 
the field technicians. In the years preceding this activity, Africa RISING had initiated a collaboration with the farmers’ asso-
ciations in Koutiala and Bougouni regions, to which many of the involved men and women belonged. Yield data (produc-
tivity domain) from both technology parks and farmers’ fields are included in the results presented in this paper.

Phase two: Gendered sustainable intensification assessment.  Following the on-farm experimentation, a team of 
social and biophysical scientists, field technicians, and research assistants explored farmers’ experiences with the innovation 
bundles. Most team members had been involved in vegetable research and development in Mali before. Some had led previous 
activities related to farmers’ experimentation. The methodology to assess the bundles was designed based on the SIAF [21] 
with the modification that gender issues need to be assessed across all five domains. Part of research planning was therefore 
to identify questions relevant for gender analysis in each domain. This process took place during a two-day stakeholder 
workshop in February 2019. Following the SIAF-proposed approach for objective-oriented indicator selection [21], we invited an 
interdisciplinary group of scientists, research assistants, and field technicians and introduced them to the assessment framework, 
including its domains and indicators. Participants proposed and discussed indicators based on two criteria: 1. Relevance to 
the objective of conducting a gendered sustainability assessment of the innovation bundles, and 2. Feasibility, considering the 
team’s expertise, available funding, and time constraints. For the first criterion, the final selection was informed by participants’ 
observations during farmers’ experimentation (phase one), as well as by gender-related insights from other studies conducted in 
similar contexts in Mali. The two most important steps in the indicator selection process are outlined in more detail below.

In a first step, participants familiarized themselves with the indicators in each SIAF domain. The productivity domain 
captures cropping and livestock productivity, post-harvest losses, and cropping intensity (to mention the main indica-
tors). Profitability, labor, market participation, and market orientation are among the indicators in the economic domain. 
The environmental domain focuses on natural resources needed for agriculture (soil, water etc.) and pollution resulting 
from agricultural activities (pesticides, greenhouse gas emissions etc.). Nutrition, food security and the capacity to learn 
and adapt can be found in the human domain. Finally, the social domain deals with equitable gender relations, collective 
action, and the ability to resolve agricultural or resource management conflicts. More detailed information on domains and 
their indicators is contained in Musumba et al. [21].

In a second step, the team limited indicators to those relevant and feasible for the assessment of tomato and African 
eggplant varieties in the research communities. A gender perspective was woven into each domain. For instance, the 
productivity domain was amended to include questions on how gendered household land allocation interacts with crop-
ping intensity. This refers to the number of times a man or a woman farmer can cultivate a crop on the same plot in a year. 
A second example relates to the environmental domain: questions were established to reveal men and women farmers’ 
access to water for vegetable irrigation and their coping strategies in the face of shortages. Indicators for the five domains 
were then allocated to the different evaluation tools. Fig 1 provides an overview of the aspects raised in each SIAF 
domain through the mixed-methods approach.
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The evaluation consisted of a survey and focus group discussions (FGDs) with the same respondents. The survey was 
administered to individual respondents (in a private space) before commencement of focus group discussions. A participa-
tory matrix scoring tool, developed from the Participatory Action and Learning approach [42] and SIAF [21], was embed-
ded in FGDs based on Fischer et al. [43]. In terms of information gathering, the survey captured demographic and other 
information, such as challenges in access to resources (land, water, and farm inputs) and post-harvest management, as 
well as intra-household decision-making and labor allocation in vegetable production. The matrix scoring tool promoted 
discussions on selected varieties and gender aspects in each sustainability domain. During the matrix scoring exercise, 
participants compared the varieties they had experimented with (improved and local) and scored them against criteria 
associated with four of the five SIAF domains: yield (productivity domain); profitability (economic domain); resistance to 
diseases and pests (environmental domain); and home consumption (human domain). For tomato varieties, skin hardness 
was added as an evaluation criterion to the productivity domain, while taste represented an additional criterion for egg-
plant under the human domain. Scoring of each criterion was followed by discussions on farmers’ individual experiences 
with each variety. Also, men and women were prompted to analyze the overall results of their matrix scoring exercise. 
Other criteria in the four domains and those in the social domain (see Fig 1) were covered by questions in the survey 
and FGDs. All in all, the research team conducted 12 gender-separate FGDs with participants from all nine communities. 
Recordings from FGDs were transcribed and translated from Bamana to French and analyzed manually using qualitative 
content analysis. Results from matrix scoring exercises were collated and used to indicate tendencies. The study received 
ethical clearance from the Internal Review Board of the International Institute of Tropical Agriculture and followed Africa 
RISING’s engagement standards for participatory research (https://hdl.handle.net/10568/34830). An oral informed consent 
procedure, deemed adequate due to the low literacy rates in the research context, was approved and implemented before 
the focus group discussions were conducted or questionnaires administered. Oral informed consent was obtained from all 
study participants.

Sampling and sample description.  For this second phase of the study, the initial experimentation sample of 121 
farmers was reduced to 75 farmers (56 women and 19 men). This sample was considered feasible given the limitations 
in time and funding. In both phase one (experimentation) and phase two (gender assessment), the sampling process 
was purposive, with farmers engaging on a voluntary basis. Despite efforts to achieve a gender-balanced sample, more 
women than men took part in experimentation and evaluation. Off-season vegetable production is dominated by women 
in the study site. Results are in a strict sense non-representative, and descriptive statistics must be read with care. 
Comparisons between men and women in the analysis need validation through follow-up investigations with a larger 
sample including more men.

Survey data show diversity in terms of respondents and household arrangements. The sample comprised mar-
ried men and women (who identified as man heads and wives of the head), widows, and adult sons. The latter group 
included married men who lived in the compound headed by their father. Respondents belonged to polygamous house-
holds (73.33%) and monogamous households headed by men (MHHs) (18.67%). There was also a smaller number 
of woman-headed households (WHHs) (8%). Some widows in the study context controlled most of the farming pro-
duction including economic decisions formerly taken by their husband, while others identified themselves as “wife of 
household head” since they had been formally entrusted to a second husband. Among married women in man-headed 
polygamous households, 21 indicated they were the first wife, and 18 the second wife. Only one woman ranked herself 
as fourth wife. This is in line with national statistics presenting socioeconomic characteristics of domestic units in the 
Sikasso region, which record a higher incidence of polygamous households with two wives. Women living in polyga-
mous households with one other wife made up 40.2% of the sample as against 5.6% of women having two or more 
co-wives [44]. Intersectional aspects were considered in the analysis to the extent possible. However, the small sample 
size required caution and limited the depth of insights that could be drawn. Table 2 captures demographic information 
on the sample for this evaluation.

https://hdl.handle.net/10568/34830
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Although all men and 82.14% of the women respondents had cultivated both vegetable crops prior to the research 
activity, half of them had never farmed improved varieties of tomato or African eggplant. Men were more likely than women 
to have had experience with improved varieties of tomato (73.68% men versus 41.07% women) and eggplant (57.89% men 
versus 35.71% women). Six out of seven adult sons in the sample were well acquainted with improved tomato varieties, 
possibly suggesting age differences. More than one third of the participants (34%) were familiar with some of the varieties 
introduced through the innovation bundles. In the survey, respondents saw high prices as the most important reason for not 
buying seeds of improved tomato and eggplant varieties, followed by low availability of the seeds in the market, preference 
for the local variety, lack of knowledge about improved varieties, and low experience in vegetable farming.

Results

Men and women farmers’ varietal preferences (Tables 3 and 4), together with findings from the FGDs and the survey, 
underlie the following gender analysis. The presentation follows the five SIAF domains and selected aspects within each 
domain (Fig 1).

Productivity domain

Land availability and allocation.  Man-headed polygamous households in the sample had on average more farmland 
(17.2 ha) and more members (27.1) than other household types (WHH: 12 ha and 18.3 members; MHH monogamous: 

Table 2.  Demographic information on respondents by gender and household type.

Gender and household type Average age 
(years)

Number of participants

Marital status Education District

Married Widowed Primary Secondary College No formal 
education

Bougouni Koutiala

Women in man-headed households N = 50 43.3 44 6 4 2 6 38 28 22

Men in man-headed households N = 19 41.5 19 0 3 0 0 16 6 13

Women in woman-headed households N = 6 57.3 0 6 0 0 0 6 4 2

Total N = 75 47.3 63 12 7 2 6 60 38 37

https://doi.org/10.1371/journal.pstr.0000200.t002

Table 3.  Men and women farmers’ evaluation of tomato varieties based on matrix scoring (highest score bold).

Evaluation criteria (SIAF domains) Gender Tomato variety Total (%)

Kénéya (%) Kologuelen (%) Bèbi yèrèyé (%) Yerekasi (local variety) (%)

Yield Men 26.00 32.00 28.00 14.00 100

Women 25.49 37.25 27.45 9.80 100

Profitability Men 19.14 46.80 19.14 14.89 100

Women 28.57 44.89 18.36 8.16 100

Pest and disease resistance Men 25.00 20.45 36.36 18.18 100

Women 31.25 29.16 31.25 8.33 100

Consumption Men 15.21 39.13 21.73 23.91 100

Women 25.00 39.58 25.00 10.41 100

Hardness of skin Men 21.27 40.42 23.40 14.89 100

Women 20.40 53.06 18.36 8.16 100

Percentage calculated as per the total number of stones attributed by the group to each evaluation criteria associated with a variety disaggregated by 
gender.

https://doi.org/10.1371/journal.pstr.0000200.t003

https://doi.org/10.1371/journal.pstr.0000200.t002
https://doi.org/10.1371/journal.pstr.0000200.t003
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9.4 ha and 21.2 members). The mean amount of land allocated to tomato and eggplant production was 0.3 ha across 
all household types (equal to 5.1% of the total average available farmland). Cultivation of both vegetables can be seen 
as supplementary to grain and cash crops. The lowest average land allocation was among women heads (0.24 ha) and 
women in monogamous households (0.28 ha). Women and men in polygamous households used 0.32 ha and 0.33 
ha respectively. Men in monogamous households reported the highest share of land allocated to tomato and eggplant 
production (0.55 ha). Given that average land availability was the lowest among monogamous households in our sample, 
this result calls for further investigation. There was no case in which more than 1 ha was used for the two vegetable 
crops. In all MHHs, the head was identified as the decision-maker on household land allocation. Only four widowed 
women reported taking such decisions themselves. Asked about the responsible farm manager (after land allocation), 
women’s responses showed that in the majority of cases they had sole responsibility for production of tomato (83.93%) 
and eggplant (78.57%). Men’s responses often included other household members (such as wives or adult children) as 
vegetable farm managers. This likely reflects a delegation of labor responsibilities while retaining overall decision-making 
authority.

Cropping intensity.  Land allocation is related to the cropping intensity of vegetable production, namely how often 
a person can produce a crop on the same plot in a year. While 86.84% of men in the sample reported farming tomato 
and eggplant in both the dry and rainy seasons, this was only true for 49.07% of the women. The remaining 50.93% of 
women exclusively engaged in dry-season irrigated cultivation. Data from FGDs suggest that decisions on when and how 
frequently to farm vegetables in a year are contingent on the time a person has available and their access to suitable land. 
During the rainy season, most crop production is designated to staples and cash crops on household and individual fields. 
Women have to provide labor for household fields, cultivate their own fields, and attend to domestic tasks and occasional 
income-generating activities. Women who want to farm vegetables during the rainy season need to not only successfully 
manage various labor demands, but also negotiate on plot allocation (mainly with the man head). Adult sons may face the 
same problem, as a woman in Zanzoni explained:

“Access to land during the rainy season is difficult, even for men. If you do not own land, it is not easy” (Community of 
Zanzoni; Women FGD; April 22, 2019).

In dry-season vegetable cultivation, labor demands on other fields and land allocation represented lesser issues. 
However, access to water and transportation, the task of watering, and the need to protect farmed areas against animals 

Table 4.  Men and women farmers’ evaluation of African eggplant varieties based on matrix scoring (highest score bold).

Evaluation criteria (SIAF domains) Gender African eggplant varieties Total (%)

Neguetan (%) Keur-bindaw (%) L10 (%) Yerekasi (local variety) (%)

Yield Men 28.26 30.43 26.08 15.21 100

Women 22.91 45.83 22.91 8.33 100

Profitability Men 33.33 26.66 28.88 11.11 100

Women 32.00 38.00 22.00 8.00 100

Pest and disease resistance Men 40.00 20.00 20.00 20.00 100

Women 32.00 38.00 20.00 10.00 100

Consumption Men 24.48 30.61 24.48 20.40 100

Women 24.48 34.69 30.61 10.20 100

Taste Men 32.60 23.91 26.08 17.39 100

Women 32.65 28.57 28.57 10.20 100

See note to Table 3.

https://doi.org/10.1371/journal.pstr.0000200.t004

https://doi.org/10.1371/journal.pstr.0000200.t004
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appeared as new challenges and new labor demands. Membership in a farmers’ association was seen as a strong asset 
in terms of finding land within an infrastructure suited for vegetable farming in the dry period.

Yield.  Regarding production on the technology parks, yields of all improved tomato varieties in 2019 were significantly 
higher than the local variety, with Kologuelen performing best in N’Golonianasso-Koutiala (29.80 T/ha) and Bèbi yèrèyé in 
Madina-Bougouni (35.50 T/ha). The eggplant variety L10 yielded most in both technology parks, with significantly higher 
yields (22.78 T/ha) than the local variety (18.20 T/ha) (Table 5). Yield data from Bougouni, both from farmers’ fields and 
from the technology park of Madina, indicate overall higher productivity of both vegetable varieties in this administrative 
zone compared with data from Koutiala. This could relate to the more favorable climate conditions for vegetable 
production in Bougouni than in Koutiala.

In women’s and men’s evaluations, the tomato variety Kologuelen (men: 32.00%; women: 37.25%) and the eggplant 
variety Keur-bindaw (men: 30.43%; women: 45.83%) received the highest scores (Tables 3 and 4). In the discussion, 
several men expressed their preference for Kologuelen, referring to its long storage life as an advantage for marketing. 
Women pointed at agronomic features of Kologuelen, namely its fruit size, shorter growing cycle, and good adaptability 
to rains during the wet season. The eggplant variety Keur-bindaw received a high level of appreciation from women and 
adult sons in all FGDs. Two women linked the good yield of this variety to its adaptability to different seasonal conditions. 
Another eggplant variety, Neguetan, received the highest score in three FGDs with women, and in one with men. Women 
indicated that its large fruit size and resistance to plant diseases had a positive effect on yield. Men tended to associate 
their interest in different varieties’ yield with marketability. Yet fruit size and its link to higher market prices was mentioned 
irrespective of gender and age. Aspects related to farm management featured more clearly in women’s evaluations. 
Results from FGDs in which adult sons took part were more consistent with those of women. The importance women 
attributed to a variety’s adaptability to changing climate conditions can be explained by their limited access to inputs and 
resources to raise productivity, such as fertilizers, pesticides, water, and good soils. Adult sons, who are similarly subject 
to the household head’s authority over resources as their mothers, may experience comparable constraints. The selection 
of varieties with shorter growing cycles acts as a time-saving strategy for women who navigate multiple tasks.

Comparing farmers’ matrix scoring of varieties under the productivity domain with the average yield measurements on 
their fields, an alignment of results emerges for tomato varieties. Kologuelen stands out as the best performing variety on 
both men’s (25.64 T/ha) and women’s (23.42 T/ha) fields. It also received the highest score from both men and women 
during matrix scoring. Disaggregated by administrative zone and gender, women produced slightly higher yields with Bèbi 
yèrèyé in Bougouni (Table 5). There was less alignment of results for African eggplant varieties. Average on-farm yields 

Table 5.  Total yield (T/ha) measured in the technology parks of N’Golonianasso (Koutiala administrative zone) and Madina (Bougouni admin-
istrative zone) and average yield recorded in farmers’ fields (highest yield bold).

Experimental variety Yield in technology parks (T/ha) Yield in farmers’ fields (T/ha)

Women (N = 56) Men (N = 19)

N’golonianasso
(Koutiala)

Madina
(Bougouni)

Average Koutiala Bougouni Average Koutiala Bougouni Average

Tomato variety Kénéya 26.00 33.77 29.88 15.14 22.38 18.76 22.36 22.99 22.67

Kologuelen 29.80 32.12 30.69 21.59 25.26 23.42 24.94 26.34 25.64

Bèbi yèrèyé 28.50 35.50 32.00 18.14 25.99 22.06 23.55 24.73 24.14

Local variety 18.20 27.47 22.83 13.89 16.47 15.18 14.02 12.94 13.48

African eggplant variety Neguetan 18.58 24.57 21.57 14.31 21.21 17.76 14.44 20.97 17.70

Keur-bindaw 17.10 24.61 20.85 14.91 24.25 19.58 16.22 19.77 17.99

L10 20.14 25.43 22.78 15.70 22.80 19.25 18.18 19.66 18.92

Local variety 16.88 19.53 18.20 9.48 15.83 12.65 9.08 11.20 10.14

https://doi.org/10.1371/journal.pstr.0000200.t005

https://doi.org/10.1371/journal.pstr.0000200.t005
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indicate L10 as performing best on men’s fields (18.92 T/ha), and Keur-bindaw as yielding most on women’s fields (19.58 
T/ha). However, both men and women agreed on Keur-bindaw as the most productive African eggplant variety during 
matrix scoring. Table 5 captures further nuances: L10 had the highest productivity for both men and women in Koutiala. 
In Bougouni, women achieved highest yields with Keur-bindaw, and men with Neguetan. Yield results on farmers’ fields 
(disaggregated by gender) showed tomato yields on men’s plots slightly exceeding production on women’s plots (with the 
only exception of the local tomato variety), while African eggplant yield on women’s plots exceeded the production of this 
vegetable on men’s plots. However, the small sample size does not allow general conclusions to be drawn on differences 
in yield performance between fields managed by women and by men.

Skin hardness (tomato) and storage capacity.  Prolonging the storage life of vegetables was regarded as crucial for 
meeting sales schedules and limiting post-harvest losses. For tomatoes, generally more perishable than eggplants, we 
included an evaluation of skin hardness (Table 3). Both women and men chose the variety Kologuelen as performing best 
for this criterion. However, incautious management at the production stage was depicted as potentially compromising the 
shelf-life of tomato. Some women observed that excessive application of mineral fertilizer softens the skin and accelerates 
tomatoes’ ripening and rotting, an effect not found for manure. Men involved in vegetable sales reported that buyers 
travelling long distances for export appreciate hard-skinned tomatoes. On the other hand, a too hard skin was seen as 
rendering cooking more complicated, as tomatoes would have to be ground into paste instead of chopped.

During FGDs, participants discussed different storage environments to keep yields in good condition. Generally, 
protections from heat and animals were among the most mentioned aspects. Some women store their tomato harvest in 
perforated plastic baskets or paper boxes in their houses to keep the fruit uplifted, aerated, and well separated. The fact 
that thatched roofs are increasingly being replaced with corrugated iron was described as a challenge. As a woman from 
Madina said:

“If you store vegetables in metal-roofed storages, they will decay sooner. You need a well-aerated place” (Community 
of Madina; Women FGD; April 25, 2019).

One man from the same community circumvented heat-related problems by leaving fruit in the shade of trees. During 
the survey, farmers’ storage capacity was investigated through the question: “How many days can you wait until your 
tomatoes/eggplants are sold?”. Overall, men appeared to have more adequate storage facilities. They were able to wait 
longer than women, for instance more than 5 days for tomato (26.32% of men; 11.32% of women) or more than 1 week 
for eggplant (42.11% of men; 6.52% of women). A shorter storage life not only may reduce women’s productivity through 
post-harvest losses, but also can affect their ability to negotiate market prices.

Economic domain

Labor allocation in household vegetable production.  Data from FGDs point to little gender differentiation for labor 
in vegetable production (Table 6). Fertilizer application, planting, watering, weeding, and harvesting were considered 
tasks of the person in charge of the individual field, regardless of gender. Stronger gender connotations emerged for 
ploughing, pesticide application, and processing. Ploughing, partly mechanized, is usually performed by men in the study 
site. Processing of vegetables was conceptualized as a woman’s task. However, as several respondents emphasized, 
tomatoes and eggplants are mostly sold or consumed without further processing. Data from the survey and FGDs concur 
that in MHHs, it is mainly men heads or adult sons who apply pesticides. Asked about who usually does the spraying, 
men heads (37.68%) received most indications, followed by adult children (18.84%), and wives (17.39%). Less significant 
was joint labor, support by relatives, or by men members of the cooperative to which some women producers belonged. 
Causes and implications of men’s greater involvement in pesticide application are detailed under the environmental and 
human domains.
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Profitability.  When scoring the profitability of varieties, farmers highlighted characteristics that make them appealing to 
customers. Among tomato varieties, Kologuelen received the highest score from both women (44.89%) and men (46.80%) 
(Table 3). Men underlined its appreciable taste, its shade of red, and its large fruit size as justifications for a higher market 
price. Women mentioned Kologuelen’s attractive fruit pulp. The variety’s hardness of skin, as evaluated in the productivity 
domain, was again brought up as increasing sales. For eggplant, taste as well as fruit appearance (a combination of size, 
pulp, and color) were identified as major drivers for customers’ preferences. However, additional aspects were brought 
into play during scoring. As a result, men preferred Neguetan (33.33%) and women Keur-bindaw (38.00%) (Table 4). 
Neguetan was appreciated for its price stability during the year, and its good appearance in the eyes of clients. Women 
gave the highest score to Keur-bindaw despite its low market price (compared with other varieties), given its small fruit 
size. This preference was explained by Keur-Bindaw’s yield over a long period of time, which allows women to sell 
little by little to gain a steady income. In this respect, the secure availability of marketable produce outweighed other 
considerations.

Household decision-making on income from vegetable sales.  Survey data from MHHs (Table 7) suggest that 
individual field managers largely take sole decisions on the income they generate from tomato and eggplant sales. Men 
indicated that they involved spouses and adult children in decisions more frequently than women, a finding that could be 
explained by more joint management on men’s vegetable fields, as outlined under land allocation (productivity domain). 
This indication, however, was not confirmed in all FGDs. For instance, a group of adult sons from N’Golonianasso stated 
that their fathers hold sole control over vegetable income in spite of their labor contributions in the fields. In this scenario, 
adult sons appeared as helpers with little or no share in revenue-related decisions. It remains open how far women 

Table 6.  Household labor allocation in vegetable production (collated from FGDs).

Task Task of individual field 
manager

Task predominantly carried out by

Women Men

Ploughing X

Fertilizer application X

Planting X

Watering X

Weeding X

Pesticide application X

Harvesting X

Processing X

https://doi.org/10.1371/journal.pstr.0000200.t006

Table 7.  Decision-making on income from tomato and eggplant sales in man-headed households by gender of respondent.

Who decides on income from tomato/eggplant sales? Respondent

Women Men

Tomato Eggplant Tomato Eggplant

Husband 18.53 20.85 63.18 63.18

Husband; wife 3.70 4.16 5.26 5.26

Husband; wife; adult child 0.00 0.00 5.26 5.26

Husband; adult child 0.00 0.00 15.78 15.78

Wife 75.92 72.91 10.52 10.52

Wife; adult child 1.85 2.08 0.00 0.00

TOTAL (%) 100.00 100.00 100.00 100.00

https://doi.org/10.1371/journal.pstr.0000200.t007

https://doi.org/10.1371/journal.pstr.0000200.t006
https://doi.org/10.1371/journal.pstr.0000200.t007
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involve adult children in income decisions after having received their support. Generally, women reported having a high 
level of control over money from vegetable sales. A few of them, however, said they let their husband know about their 
revenue. This can be interpreted in different ways: showing the income could represent a gesture of transparency and 
deference towards the husband, who formally holds control over most household expenditures. Alternatively, it could result 
from a woman’s wish to demonstrate her ability to generate income. Meeting expenditure was regarded as a matter of 
personal pride, as a woman from Madina expressed:

[With our money] We purchase soap and meet the small needs of our children for them to not bother their fathers. 
Having money for ourselves makes us proud as it prevents us from humiliation (Community of Madina; Women FGD; 
April 25, 2019).

In farmers’ discussions, a strong correspondence emerged between expenditure using vegetable revenue and gen-
dered responsibilities within households. Condiments and clothes were commonly covered by women. Health consul-
tations and medicines were mentioned as within men’s responsibility. School kits could be paid for from either men’s or 
women’s pockets. In general, married women indicated that they rarely buy food with a market value exceeding that of 
condiments, except for occasional purchases of meat, fish, or spaghetti. Husbands were regarded as responsible for 
providing staple crops from household fields. All in all, income from vegetable sales was seldom used to meet basic 
consumption needs. This result is also seen in the human domain. Both women and men said that they give part of their 
vegetable harvest in kind to friends or relatives. This exchange creates benefits beyond income, and needs to be investi-
gated further.

Marketing strategies for tomato and eggplant.  With regard to how farmers determine sales prices, patterns for 
eggplant and tomato appeared similar. Also, there were no notable gender differences in decision-making on prices. 
Almost 80% of the women and 90% of the men indicated that they knew the crop’s price and negotiated for it. Members of 
producer cooperatives took decisions on sales prices at the group level.

In the survey question on marketing locations, response options included larger marketplaces, as well as sales to buy-
ers from the same or other communities (with multiple responses allowed). Among farmers who grow tomato and eggplant 
for sale, larger marketplaces were the most frequented sales locations, even more so for men (89.47%) than for women 
(67.94%). Same-community sales emerged as the second most important option (57.89% for men, 58.50% for women), 
while sales in other communities were least popular (10.52% for men, 16.99% for women). Mixed marketing strategies 
were common, the combination of same-community and larger marketplace sales leading the list (47.37% of the men 
and 32.08% of the women). Overall, women showed weaker engagement in larger markets. However, respondents from 
polygamous households had a stronger tendency to frequent larger markets than those from other household types. This 
could be explained by the larger household size of polygamous arrangements, with greater capacity to mobilize other 
members for support in vegetable sales or in overseeing domestic tasks.

For the physical act of taking vegetables to the market, women were most active across all household arrangements 
and vegetable crops. In a multiple response question, respondents from MHHs indicated the lowest involvement of the 
head (22.38%), stronger involvement of adult children (51.22%), and the highest involvement of the wife (65.51%), with no 
important differences for tomato and eggplants. Men producers tended to send an adult child or their wives, while women 
marketed themselves or sought help from adult children. Social norms may account for the high level of support children 
provide to their parents, and the low expectation towards men to help their wives compared with women’s support for their 
husbands. Information from FGDs lends nuance to the survey results. For instance, a group of women in Madina high-
lighted difficulties in accessing marketplaces further away, forcing them to sell within their own community.

Woman 1: It is not easy to access the market.
Facilitator: Where do you sell then?
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Woman 2: Here in the village.
Woman 3: This year, T. [a man from the same community] found a client for us in Bougouni. Finally, this man came but 
only once. This is why we [have decided to] harvest and sell among each other in our community.
Woman 4: A project had given us two donkey carts. We collected all our products and sent two people to go and sell 
and come back with the money for us all. But then the donkeys got sick, and the carts got damaged. We would wish to 
gain two tricycles for our sales.
(Community of Madina; Women FGD; April 25, 2019).

Women reported more constraints than men in terms of transport facilities. The attempt to arrange collective sales speaks 
to the difficulty of managing market sales on an individual basis. This suggests that women’s engagement in larger markets 
does not automatically imply smooth logistics. Sales and transport arrangements seemed precarious and likely to fail easily.

Environmental domain

Disease and pest resistance.  The matrix scoring exercise sheds light on women’s and men’s different perceptions 
of disease and pest resistance of the tomato and eggplant varieties. During tomato evaluations, most men and women 
considered Bèbi yèrèyé as most resistant against pests, diseases, and water shortages. Kénéya was equally appreciated 
by women (Table 3). When commenting on Kologuelen’s lower scoring, respondents pointed at this variety’s high 
susceptibility to pests and the need for precautionary measures to preserve it from rotting during the fruiting period. Also, 
several women and men mentioned Kologuelen’s vulnerability to a pest locally known as toumou (Helicoverpa armigera). 
Despite these shortcomings, some farmers regarded efforts at protecting Kologuelen against pests and diseases as 
compensated for at the times of sale. This is illustrated by the following quotation from a woman from Dieba:

“I give three stones to Kologuelen as the few fruits it yields despite its susceptibility bring some money” (Community of 
Dieba; Women FGD; April 24, 2019).

This corresponds with farmers’ evaluation of Kologuelen as the most profitable variety (see economic domain). For 
eggplant, women established Keur-bindaw as the most resistant variety, although it is more susceptible to water short-
ages than other varieties. Men attributed a higher score to Neguetan (Table 4). Two respondents from Madina underlined 
Neguetan’s remarkable resistance to a common spider mite known as n’guaragua bleni (Tetranychidae), a type of arach-
nid that can be identified through careful inspection of the eggplant leaves. How these assessments of resistance relate to 
pesticide use is outlined below.

Use of pesticides.  Chemical pesticides (pyrethroid insecticides) as well as biopesticides (prepared with neem leaf 
extracts) were commonly used in the study sites. Farmers’ pesticide use patterns were similar across both vegetable 
crops. Asked whether they spray chemical pesticides, biopesticides, both, or none, only a few women reported no use 
of pesticides at all (12.96% for tomato; 8.33% for eggplant). Approximately one third of the women employed chemical 
pesticides, while another third used biological pesticides. Among men, a combination of chemicals and biopesticides was 
more common (47.37% for both vegetables) than among women. How the selection of pesticides relates to men’s more 
frequent participation in training and practical involvement in spraying needs further investigation (see economic and 
human domains). Data from the FGDs indicate that men are regarded as holding the knowledge in that field. On the other 
hand, women were perceived as having the ability to better detect plant diseases or other threats to plant growth that 
might require pesticide application. This is shown by the following quotation from a discussion in Zanzoni:

It is the men who spray. But women usually make more considerations than men. Whenever they detect a [plant] dis-
ease they tell us, and we spray (Community of Zanzoni; Men FGD; April 22, 2019).
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For financial and health reasons, especially women farmers discussed alternatives to chemical pesticides. Biopesti-
cides were praised because materials for their preparation are easily procurable and cheap. Residues of biopesticides 
were seen as less harmful, especially when vegetables cannot be properly washed. Some women also mentioned that 
they prevent pests by staking tomato with dried sorghum stalks.

Access to water.  Access to water for vegetable irrigation was an important concern for respondents. In the study sites, 
water shortages often occur in March and April. Wells quickly dry out due to their shallowness. Farmers preferred water 
pumps, arguing that their depth would protect groundwater not only from evaporation, but also from polluting agents. 
However, the FGDs revealed that coping strategies against water shortages were gendered. Several men mentioned 
water purchases as a viable solution during drought peaks. In this case, water committees at the municipality level would 
sell water, a person’s purchasing power determining the amount that could be obtained. This option was not explicitly 
mentioned by women. Whether this relates to financial constraints would need further investigation. Most women reported 
accessing the closest pump with a donkey cart, sometimes in vain. Walking or driving longer distances and waiting at the 
pump was described as time-consuming, forcing women at times to temporarily suspend their farming activities:

We fetch the water from the pump, but sometimes we are too many and the water is not enough. If you cannot get to 
the pump today, [you will suspend your work and] tomorrow you will pick it from where you left it the day before. We are 
having this problem (Community of Madina; Women FGD; April 25, 2019).

Delayed irrigation was seen as a risk for vegetable growth. To limit this risk, some women decreased their vegetable 
production to a land size manageable for irrigation, despite the larger land sizes they had access to. Gendered coping 
strategies during drought peaks are related to access to income, time constraints, labor burdens, and access to fertilizers 
to increase soil moisture content.

Use of fertilizers.  Fertilizer options in the study sites included animal-based manure, plant-based manure, mineral 
fertilizer (urea, NPK), and combinations of these. Asked about fertilizer use under non-experimental conditions, most 
women and men said that they apply combinations of different fertilizer options, except for a small number of women in 
MHHs (10%) who made sole use of animal-based manure. None of the respondents cultivated vegetables with no fertilizer 
at all. Almost all men (94.74%) mixed mineral fertilizer with animal-based and/or plant-based manure. The same was 
true for only 55.36% of the women farmers, the remaining 44.64% exclusively spreading a mixture of animal- and plant-
based manure. Most adult sons said that they purchase mineral fertilizer. Women living in polygamous arrangements 
more frequently relied on mineral fertilizer than women in monogamous units, probably due to input sharing with other 
household members. In FGD discussions, both women and men complained about high prices of mineral fertilizers and 
described manuring as a cost-saving strategy. A group of men who formed part of a local cotton producer association in 
Zanzoni explained that their membership allowed them to request credits for fertilizer purchases. As none of the women 
respondents in this site belonged to the cotton producer association, they could not benefit from this opportunity. However, 
in the same community, widowed women resorted to collective purchases of mineral fertilizer during the dry season (when 
market prices are low) to cut costs.

Human domain

Consumption.  In the survey, respondents were asked to indicate whether they cultivate vegetables for home 
consumption, cash income, or both. Almost all women and men farmed for both purposes (93.15% for tomato; 97.01% for 
eggplant). The proportion of the harvest allocated to consumption was 41.56% for tomato and 39.77% for eggplant. For 
these results, there were no important differences between genders, or between respondents living in various household 
arrangements. A stronger sales orientation of men (see productivity domain) or consumption orientation of women based 
on their obligation to provide sauce crops was not confirmed at this point.
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When tomato varieties were evaluated in terms of consumption, most women and men preferred Kologuelen (Table 3). 
This was explained by the high versatility of this variety in meal preparation. Kologuelen was reported to be consumed 
raw and cooked, used to season salads and sauces, and was very much praised for its taste. On the other hand, some 
women commended the local variety for its pulp density, which made it particularly suitable for sauce preparation. In some 
cases, these preferences were less important for determining the variety most consumed: for example, a group of women 
from Dieba mainly consumed Bèbi yèrèyé because of low market prices due to the good harvest of this variety. Among 
eggplant varieties, Keur-bindaw received the highest score from women as well as from men (Table 4). They also appre-
ciated Neguetan and L10 for their multiple uses in domestic meals. One woman pointed at Neguetan’s high market price 
as making it more attractive for sales and less for consumption. Keur-bindaw was lauded for the soft consistency it gained 
during cooking.

Taste preferences (African eggplant).  Matrix scoring of taste in eggplants aimed at assessing the degree of 
bitterness of each variety and its relative appreciation. Women and men scored Neguetan as the tastiest among all 
varieties, agreeing on its sweeter flavor and lower degree of bitterness (Table 4). When discussing the variety Keur-
bindaw, women in Madina reported that bitter varieties are mainly consumed in sauces, probably because the bitterness 
can be reduced during processing and counterbalanced with other ingredients. Taste was also considered as an important 
driver for client’s eggplant preferences, as a woman pointed out:

If clients buy eggplant from you one time and they realize that it is too bitter, next time they will go to another seller. 
They will tell that those eggplants don’t taste good (Community of N’Golonianasso; Women FGD; April 23, 2019).

At this point a relationship emerged between taste preferences, household consumption, and market-oriented pro-
duction, as the case of Neguetan shows. As the most popular variety in terms of taste, Neguetan is highly profitable in 
the market. Farmers trade-off home consumption of this preferred variety against increases in income, taking additional 
aspects into account. As outlined in the economic domain, men scored Neguetan as the most profitable, while women 
appreciated a lower yet steadier income from Keur-bindaw (Table 4).

Participation in training on pesticide use.  In the SIAF, the capacity to experiment at the household level (based on 
training) is allocated to the human domain. At the start of the vegetable activity, most of the participating men had already 
received training on pesticide production and application as part of a long-standing local cotton farming project. Africa 
RISING introduced and trained farmers on the preparation and use of biopesticides based on neem oil. When this specific 
training for vegetable farming was evaluated, a gender bias again became visible. A multiple response question on who in 
the household had attended the training resulted in 56.00% of indications for men heads, 25.34% for women, and 21.34% 
for adult children (MHHs only). In polygamous households, there was more participation by women, and specifically 
more joint participation by men and women from the same household, than in monogamous arrangements. A possible 
explanation for men’s stronger engagement in pesticide training as compared to women could be underlying gender 
norms that also inform task allocation in farming (see economic domain). This aspect was raised several times during 
FGDs and was particularly supported by men:

The men usually do [spray pesticides], but not always the same person. But we don’t accept that women do that. Some 
women have been trained on pesticide application techniques, but we believe that anything that is dangerous shall be 
handled by men (Community of Zanzoni; Men FGD; April 22, 2019).

The perceived danger of pesticide application and supposed “inability” of women to deal with it accounts for the fact 
that spraying is one of the exceptions to the allocation of labor tasks to the field manager irrespective of gender (Table 6), 
as the following quotation illustrates:
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Man 1: The one who farms also does the spraying.
Facilitator: Ok. And what if it is a woman?
Man 1: In that case, she will look for a man to do it.
Man 2: A woman doesn’t use pesticide here in our place.
(Community of N’Golonianasso; Men FGD; April 23, 2019)

Men who highlighted the danger of pesticide exposure reinforced their superiority in the normative order and refused 
to acknowledge women’s experience and knowledge in this field. As a result, participation in training does not guarantee 
women hands-on involvement in pesticide application. In contrast to men, women had a more nuanced understanding of 
their own abilities and knowledge. While often relying on men for spraying, most of the women claimed to possess knowl-
edge in pesticide production and use, specifically for biopesticides. Even exclusion from training was not seen as a valid 
justification for being considered inexperienced in this field, as a woman pointed out:

“We haven’t received any (formal) training but the instructions we receive are a training as well” (Community of 
N’Golonianasso; Women FGD; April 23, 2019).

Despite this, many women expressed their wish to be included in formal training opportunities to complement their knowledge.

Social domain

Participation in farmers’ associations.  All except two women and two men were members of local farmers’ 
associations. Membership was considered an advantage since associations often hold larger community gardens. Smaller 
plots are allocated to members for vegetable production. Where associations are in need of additional land, requests to 
the local administration can be put forward by the group.

[To get access to land] we ask the mayor to give us some space for gardening […] What we produce normally belongs 
to us, but not the land. It’s a request. (Community of N’Golonianasso; Women FGD; April 23, 2019)

Also, members of associations can collectively purchase fertilizer and pesticides. Gains from collective vegetable sales 
are partly reinvested in the gardens’ maintenance, and divided among group members for private use. Two women 
from Madina pointed at the additional advantage of pooling money within the group for farming and other expenses:

Woman 1: After the sales we wanted to pool our money to meet given expenditures and to loan ploughs to clear the 
plots together.
Woman 2: We do the tontine [money pooling system] within our association to support each other and keep us united.
(Community of Madina; Women FGD; April 25, 2019).

Although group membership was seen as an asset in terms of access to resources and inputs, not all respondents 
seemed to benefit equally from the collectives’ opportunities. Limited access to household income may put women into 
a situation where reduced input prices for association members are still unaffordable (see environment domain). Social 
dynamics and gender relations in households and farmers’ associations at the community level – and the interactions 
between both – would merit further investigation.

Discussion

For an overall discussion of the gender implications and sustainability of the vegetable innovation bundles, we build upon 
the gender-transformative approach for breeding outlined in the introduction. This approach actively seeks to address 
inequalities by placing an emphasis on the traits that women demand and combining varietal improvements with other 
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innovations that increase equity within gendered production relations [13]. A similar distinction between evaluating a tech-
nology (e.g., a variety, a machine) through a gender lens, and assessing the enabling or limiting production conditions for 
women and men, has been applied for the SIAF [24]. Here we discuss gendered trait preferences, conditions – conducive 
or constraining – in terms of equity, and linkages between preferences and conditions, wherever they became visible. We 
then offer recommendations for development initiatives that want to pursue a gender-transformative approach to scaling 
innovation bundles for vegetable farming in the specific Malian context. The idea of bundling technical and social innova-
tions for improved scaling and sustainability is in line with Sartas et al. [45].

Productivity domain

Analysis in the productivity domain reveals that women and men preferred the same tomato and eggplant varieties in terms 
of yield. However, underlying drivers for the same preferences may be different [19]. While men emphasized Kologuelen’s 
(tomato) and Keur-Bindaw’s (eggplant) advantages for marketing, women praised the same varieties’ favorable agronomic 
features. Men’s preferences for market-related benefits of high-yielding varieties could indicate a higher interest in vege-
table sales. Women’s preferences mirror gender norms that limit their room to maneuver to achieve higher yields, such as 
shorter growing cycle and resistance to abiotic stress. At the household and community levels, norms allow men to fare 
better in competition for (fertile) land. In MHHs, heads are the primary decision-makers on land allocation for agricultural 
production. Other scholars describe men farmers’ successful appropriation of low-lying vegetable gardens (with access 
to irrigation) and their better access to resources that increase productivity [27,34,35]. Imbalanced power relations and 
labor burdens constrain cropping intensity on women’s vegetable fields. Women’s inadequate storage facilities may lead 
to post-harvest losses. How far intra-household discussions and power relations influence individual plot managers’ seed 
variety selection has not been addressed by this study and remains an important topic for future research.

Recommendations:

•	 To address women’s constrained access to land, the introduction of high-yielding tomato and eggplant varieties should go 
hand-in-hand with transformative innovations, such as negotiations of intra-household land tenure arrangements.  
Stiem-Bhatia and Koudougou [46] showcase how land use rights for women in Burkina Faso can be secured through 
innovative village level negotiations that build upon existing systems of land governance. The MAST (Mobile Applications 
to Secure Tenure) suite of tools [47], developed and piloted by USAID in Burkina Faso and other countries, could also be 
considered. Mobile applications support and simplify participatory processes of land registration with a specific focus on 
women’s land rights. Better access for women to communal vegetable gardens should be strengthened through collective 
action groups.

•	 To reduce women (and men) farmers’ post-harvest losses, low-cost storage facilities for vegetables should be developed 
and disseminated. They should meet differential demands and be easy to build after training. Clay pot coolers made from 
locally available inexpensive materials are an example that has been tested with vegetable producers in Mali [48].

Economic domain

Drivers for varietal preferences were less distinctive in the economic domain. However, in terms of eggplant varieties, men 
preferred Neguetan for its price stability and attractiveness for customers, while women favored Keur-Bindaw that allows 
for a long seasonality of picking to generate small income amounts. The latter result could be interpreted in the light of 
Turrittin [49] and Baden [50]. They describe how especially younger women engage in regular small-scale trade of their 
own produce, while elderly women – freed of domestic chores – tend to have a larger portfolio of income-generating activ-
ities. Overall, cultural norms governing appropriate marketing activities are to the advantage of men, and are compounded 
by men’s better access to transport, as our data show. Inequitable production relations manifest themselves in a paradox: 
women’s high autonomy to initiate their own activities and control income is confronted with multiple constraints (high 
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labor burden, limited access to resources, inadequate storage) and often results in low profitability. Limited income is still 
ploughed back into the household to meet gendered responsibilities, a situation also described by Simard [51] a quarter 
of a century ago. Adult children contribute labor to their parents’ individual vegetable fields and help with taking produce to 
the market. However, their gains and voice in these processes remain contested. The commercial potential of the investi-
gated initiative after two years of experimentation would have to be assessed through a follow-up study. Important ques-
tions would be how far women or men farmers have maintained or increased their production and sale of the tomato and 
eggplant varieties within the enabling or limiting conditions described.

Recommendations:

•	 To raise women’s profitability of vegetable production, initiatives should foster collective action groups for gaining credit, 
purchasing inputs, marketing produce, and arranging transport [50,52]. However, Baden’s [50] evaluation of such groups 
in Mali shows that the majority of group members still sold produce on an individual basis. Women’s financial household 
responsibilities required more regular and flexible income flows than common groups could provide. Initiatives should 
generate space for existing or new groups to assess how they could better align with the demands of different women 
members, including small-scale traders.

•	 To transform inequitable household relations with respect to income and labor, household methodologies such as the 
Gender Action Learning System (GALS) should be used. GALS jointly engages men, women, and adult children in 
reflections on how more equitable income and labor contributions to their households could be achieved [53]. With 
regard to women, lower labor burdens, more own income, or access to other household members’ income to buy inputs 
could make their gardening activities profitable in a sustainable way. Purchases of improved seeds (regarded as expen-
sive by our respondents) could become affordable. In the long run this could lead to new varietal preferences among 
women (and men) vegetable farmers.

Environmental domain

In the environmental domain, women and men agreed on the most resistant tomato variety in terms of pests, diseases, 
and water shortages – Bèbi yèrèyé. Although Kologuelen was scored as the highest yielding, tastiest, most profitable, and 
most consumed variety, it was seen as more susceptible to pests and diseases than Bèbi yèrèyé. This is an important 
trade-off for farmers that breeders should consider. Men and women disagreed with respect to the most resistant eggplant 
variety, a result that needs further investigation. All in all, women appeared disadvantaged compared with men when look-
ing at the natural resource base available to them for vegetable production, including pest management and fertilizers. As 
other studies indicate, women in Mali often farm on less fertile land [9] or compete unsuccessfully with men for gardening 
spaces suitable for irrigation [34]. Women’s limited purchasing power undermines efforts to compensate for this – an inter-
connection between the economic and environmental domains. Access and use of chemical fertilizers emerged as lower 
among women than men farmers. Some men in in the sample benefitted from credits for inputs issued by a local cotton 
company [cf. 9]. Several men pointed at water purchases as a viable solution in the face of drought. Women’s coping 
strategies did not envisage any financial outlay of this kind. For financial (and health) reasons, women preferred biopesti-
cides. Men are strongly involved in formal pesticide training, while women rely more on informal sources to acquire knowl-
edge in this field, a result which is in line with Christie et al. [35], and is further discussed below under the human domain. 
Amidst these constraints, women may be less able than men to adopt climate adaptation strategies [54].

Recommendations:

•	 To improve women’s access to fertilizers, initiatives that support varietal improvement should include collective arrange-
ments for fertilizer purchases and the production of biofertilizers. Decisions should be taken for specific contexts on 
whether women-only or mixed gender groups are best suited for this purpose [50].
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•	 To respond to women’s demand for biopesticides, training in biopesticide production and application from locally avail-
able, affordable resources should be further promoted. Skills may be beneficial beyond immediate use in the fields 
of those who participated in training: for example, Tamò [55] provides examples of how women’s groups, NGOs, and 
start-up enterprises can generate income from local biopesticide production. He also calls for the development of appro-
priate training materials to ensure quality control of products.

Human domain

In the human domain, the high prevalence of vegetable production for both home consumption and income generation 
creates room for trade-offs. For both vegetables, around 40% of the harvest was allocated to consumption. Taste and 
versatility in meal preparation, as well as customer demand, mattered for both men and women farmers’ decisions 
on whether to consume or sell a variety. There were indications that Neguetan, considered the tastiest African egg-
plant variety, was sometimes more likely to be sold than consumed at home. Some women used the tomato variety 
Bèbi yèrèyé for meal preparation at home because they could not get good prices for it in the market. Bèbi yèrèyé is 
a variety bred for high vitamin A content, which customers find hard to accept for its orange-colored skin. Wooten [34] 
fears that the commercialization of vegetable production in Mali may lead to changes in local culinary patterns, and a 
situation in which especially men producers forfeit the nutritional value of their own meals for income. These fears could 
not be confirmed by our data in a straightforward manner; however, the question Wooten raises remains important for 
further investigation. Overall, improving producers’ and customers’ diets through incorporating vegetables demands not 
only broader dissemination of information on nutritional properties, but also sufficient levels of income security (espe-
cially among farmers). Future studies should also address gendered preferences for nutritional outcomes of different 
varieties. Another important result of the human domain is that gender norms favor men’s stronger involvement in pes-
ticide training and application. Emphasizing the dangers of pesticide exposure and the supposed “inability” of women to 
deal with it allowed men respondents to claim their superiority and to justify the exclusion of women from formal training 
opportunities.

Recommendation:

•	  To transform inequitable gender norms concerning pesticide application, new pesticide training formats should be 
developed to which husbands and wives, or several household members, are invited. GALS tools or other household 
methodologies [53] can be used to combine reflection sessions on restrictive gender norms with sessions on pesticide 
production and application. This will not only reduce women’s dependence on men’s labor for pesticide use, but also 
strengthen men’s trust in women’s abilities. To be truly accessible, new formats must consider women’s educational lev-
els, their daily routines, and conducive venues. Where women-only groups constitute a preferred platform for learning, 
existing women’s organizations could be an important entry point [35,56].

Social domain

In the social domain, our results suggest that membership in farmers’ associations can result in advantages in terms of 
access to land, inputs, collective sales arrangements, and rotating funds. However, gendered constraints at the household 
level may restrict women from taking full advantage of opportunities in their association. Gender dynamics in farmers’ 
associations were not investigated in this study, but merit further attention.

Recommendation:

•	  To support women and men farmers in an equitable manner, farmers’ associations should embark on processes 
to combat institutional gender inequalities. A current example is the Dou Toulouma project in Mali (launched in 
2021), through which Canada Aid in cooperation with partners seeks to strengthen the gender capacities of farmers’ 
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cooperatives and their unions [57]. The overall aim is to improve leadership and representation of women in decision- 
making bodies, and to provide products and services that are better adapted to women farmers.

Conclusion

This study explores genetically intensified vegetable production in southern Mali, linking varietal preferences to the gender 
relations in which production is embedded at the household, community, and market scales in order to arrive at recom-
mendations for future work. Questions of social justice, such as the equitable allocation of agricultural resources, emerge 
as central for the sustainability of vegetable farming. Large-scale processes, such as climate change and population 
pressure, lend further significance to the link between equity and sustainability. Building climate resilience depends on fair 
household decision-making, balanced labor burdens, and access to agricultural resources.

Farmers’ gendered preferences make visible how varieties fit with existing inequitable structures. To make breeding 
transformative, varieties have to be developed with gender equality in mind and packaged with innovations that create 
production, consumption and income-generating opportunities previously beyond the reach of disadvantaged groups, 
particularly women [13,18–20]. Further research should explore how transformative measures at multiple scales, including 
policy and government, can contribute to equity and resilience in Malian farming communities. Where transformative mea-
sures and breeding go hand-in-hand, progress towards the Sustainable Development Goals can be achieved.
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