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Abstract

Limited access to quality seed constrains vegetable productivity and food security in
Uganda, where informal seed systems remain central to farmers’ access to seed but are
inadequately documented and largely unregulated. This study documented vegetable seed
production and management practices, identified opportunities and constraints within
informal seed systems, and examined the role of community seed banks in strengthening
seed security. Using a mixed-method approach, quantitative surveys and key informant
interviews were conducted with seed producers, seed traders, and community seed bank
leaders across Uganda. Study respondents were predominantly men, with most respon-
dents aged >35 years, despite women’s and youth’s primary role in vegetable production.
Respondents reported key seed management constraints of seed storage pests, low-quality
seeds, inconsistent market supply and price fluctuations, limited capital, and weak regula-
tory oversight. Seed treatment practices primarily consisted of sun-drying and plant-based
pesticides, while seed quality assessment relied largely on experience and visual inspection,
using cues such as seed color, size, and cleanliness, with limited use of standardized testing.
Given that most vegetable growers obtain seeds through community-based seed channels,
strengthening actors’ capacity to produce and supply high-quality seed is essential for
sustaining vegetable production, improving farmer incomes, and enhancing food and
nutrition security.

Keywords: local seed business; seed production; seed saving; seed bank; seed quality

1. Introduction

Food and nutritional insecurity remain significant concerns in low-income developing
countries, particularly in Sub-Saharan Africa [1]. In Uganda, approximately 46% of the
population is food insecure [2], with high rates of undernutrition, low dietary diversity,
and subclinical micronutrient deficiencies [3]. Overreliance on starchy staple crops as
primary foods, driven by limited nutrition knowledge, cultural preferences, and economic
constraints, contributes to undernutrition [4]. Increasing vegetable production offers an
important pathway to improving dietary quality and household nutrition; however, it
is constrained in Uganda by farmers’ limited access to high-quality seed [5,6]. Access to
high-quality vegetable seed is critical for enhancing crop production, conserving traditional
crop varieties and cultivar diversity, increasing household income, and improving overall
food and nutritional security [7].
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Seed is the foundation of vegetable production; however, seed insecurity remains
a major challenge in Uganda due to a weakly developed seed sector characterized by
limited research investment, inadequate regulatory frameworks, and weak monitoring
and quality assurance systems [8]. Although Uganda’s seed sector is largely informal [7],
vegetable farmers increasingly prefer improved cultivars that are high-yielding and re-
sistant to extreme weather and pests [9,10]. Most certified vegetable seeds are imported,
and seed repackaging, marketing, and distribution are largely carried out through in-
formal channels involving individual seed producers, local seed businesses, and seed
traders [11]. The formal certified seed sector faces constraints, including high supply chain
costs, insufficient infrastructure, inadequate seed laws and regulations, particularly in field
inspection, quality control services, and overall affordability [12]. Certified seeds are often
costly and inaccessible to smallholder rural farmers [13], resulting in continued reliance on
community-based seed production. The Uganda National Seed Policy [14] advocates for
an integrated seed sector that strengthens linkages between formal and informal systems.
The policy aims to serve most farmers by strengthening capacity development, improving
access to quality seed, strengthening connections with research institutions, and estab-
lishing quality assurance frameworks to enhance seed security. Within this framework,
individual seed producers, local seed businesses, and community seed banks have become
key intermediaries, connecting formal and informal seed sources and ensuring growers’
timely access to quality vegetable seeds [8].

Although community-based seed sources play a crucial role in providing seed se-
curity in rural farming communities, seed quality remains a persistent challenge. Our
study contributes to efforts to improve the availability of high-quality of vegetable seed
within community-based seed systems in Uganda. Most research efforts associated with
seed in Uganda have focused on major staple crops, such as maize (Zea mays L.), soy-
bean (Glycine max (L.) Merr.), peanut (Arachis hypogaea L.), cowpea (Vigna unguiculata (L.)
Walp.), and common bean, eaten fresh or dry (Phaseolus vulgaris L.) [15], with minimal
attention to the seed of vegetable crops. This study examined vegetable seed production
and management practices among individual seed producers and local seed traders and
identified the opportunities and constraints of vegetable seed production and marketing.
It also assessed the establishment of community seed banks and their role in providing
farmers with timely access to high-quality seeds. The study aimed to: (1) identify current
informal vegetable seed production and management practices by local seed producers
and seed traders in Uganda, (2) assess the opportunities and constraints associated with
vegetable seed production, management, and marketing in relation to seed security, and
(3) examine the role of community seed banks in improving vegetable seed security for
rural farming communities.

Conceptual Framework

This study is guided by a conceptual framework informed by the integrated seed
systems model and agricultural market coordination theory. Together, they explain how
seed access, quality, and use are shaped by institutional, market, and knowledge dynamics
within smallholder farming systems. The integrated seed systems model suggests that farm-
ers obtain seed through multiple, interconnected formal and informal seed channels [7,16].
These systems coexist and complement each other, with farmers often relying on both to
meet their diverse seed requirements in terms of availability, quality, affordability, and
varietal preferences [17]. In this study, individual seed producers and seed traders obtain
seed from various sources, reproduce it, and repackage it for sale to smallholder farmers
within their communities. In such cases, strengthened integrated seed systems enhance
functional performance, ensuring seed security while preserving cultivar diversity and
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farmer relevance [18]. This study is further guided by the normative Seed Security Con-
ceptual Framework (SSCF) [19,20], which conceptualizes seed security as the condition
in which all farmers have sustained access to sufficient quantities of good-quality seed of
preferred and adapted seed cultivars to their agroecological conditions and socioeconomic
needs at all times, including during periods of stress or shock. The SSCF extends the
seed security framework by describing five interrelated dimensions: seed availability, seed
access, seed quality, varietal suitability, and seed system resilience.

The market coordination theory highlights how weak vertical and horizontal linkages
among seed producers, traders, extension services, and farmers limit the flow of seed-
based information, increase transaction costs, and constrain access to timely, high-quality
seed [21]. In Uganda, such coordination failures contribute to a continued reliance on
informal seed markets and trust-based transactions, despite existing challenges of limited
seed quality assurance and inconsistent supply. The framework conceptualizes key seed
system characteristics, including seed sources and quality assurance mechanisms, seed
storage and seed treatment practices, and market reliability, as structural factors influencing
farmers’ seed access and seed-use decisions. Agricultural extension services are positioned
as key intermediaries that facilitate knowledge exchange, enhance farmer capacity, support
the functioning of the seed systems, and strengthen linkages among farmers and other
seed system actors [22]. Extension approaches, including training, demonstration fields,
resource support, farmer-to-farmer learning, and seed advisory services, influence farmers’
awareness of seed quality attributes, seed storage and treatment practices, and cultivar
selection [23]. Individual characteristics of seed system actors, including sex, age, education
level, experience, and resource availability, further influence seed use behavior, the adoption
of improved seed management practices, and overall seed security.

2. Materials and Methods
2.1. Study Area and Study Design

This study was conducted between May and September 2025 in selected districts
across central, eastern, and western Uganda that are characterized by substantial vegetable
production and active informal seed markets. The study districts included Buikwe, Mukono,
Mityana, and Wakiso in central Uganda; Buyende, Iganga, Luuka, and Kamuli in eastern
Uganda; and Mubende, Kibaale, and Hoima in western Uganda (Figure 1). A cross-
sectional, mixed-method design was employed to examine vegetable seed production,
management, storage, and marketing practices among individual seed producers, local
seed traders, and community seed banks (CSBs).

2.2. Study Population

The study enrolled three groups of participants, including community-based indi-
vidual vegetable seed producers, vegetable seed traders, and leaders of community seed
banks with vegetable seed. The study targeted adult individuals (>18 years) involved
in vegetable seed production, management, and/or trading in four districts in Eastern
Uganda (Buyenda, Iganga, Luuka, and Kamuli), or in community-based seed management
in eight districts across Uganda.

For the first study group, a non-probabilistic purposive sampling approach, comple-
mented by snowball sampling, was used to identify community-based seed producers
with direct experience in vegetable seed production and management [24]. A total of
67 individual seed producers were purposively selected at the household level based on
their documented engagement in vegetable seed production and management for their
own use, informal seed exchanges, and/or sale. Initially, 23 seed producers were identified
through farmer networks and referrals from registered seed traders who supplied seed for
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multiplication and repackaging for sale to vegetable growers. To increase the sample size
beyond referrals, an additional 44 seed producers were identified through purposive and
snowball sampling [25], bringing the total to 67 seed producer respondents.
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Figure 1. Map of Uganda showing the 10 study districts from which community-based seed actors
were selected, including 67 seed producers from four districts in Eastern Uganda, 98 seed traders from
four districts in Eastern Uganda, and 24 community seed bank leaders in eight districts across Uganda.

For the second study group, local seed traders were purposively selected among
registered seed business operators holding valid trading certificates in Eastern Uganda.
Ninety-eight seed traders were interviewed, primarily located in trading centers where
smallholder farmers commonly purchased vegetable seed.

For the third study group, CSBs were purposively selected based on their history
of vegetable seed production, saving, distribution, and, in some cases, sales. A CSB
may have managed seed crops other than vegetables, such as cereals and grains. CSBs
operate as informal, farmer-managed, seed-saving initiatives, often supported by non-
governmental organizations (NGOs) with limited regulatory oversight [26]. Twelve CSBs
were selected across the study in eight districts, and the districts with CSBs included
Buikwe (1 CSB), Mukono (2 CSBs), Mityana (1 CSB), Wakiso (2 CSBs), Iganga (2 CSBs),
Mubende (1 CSB), Kibaale (1 CSB), and Hoima (2 CSBs). Two key leaders from each
CSB were interviewed. These respondents, specifically the chairperson, vice chairperson,
treasurer, and/or seed bank secretary, provided information on the CSB’s establishment,
governance, vegetable seed production and storage practices, dissemination mechanisms,
and overall performance.

2.3. Data Collection

Two structured survey tools, one for seed producers and one for seed traders, were
developed to collect both quantitative and qualitative data. A separate structured key
informant guide was used to collect information from CSB leaders on CSB institutional
arrangements, activities, and outcomes related to vegetable seed production and manage-
ment. Before data collection, quantitative survey tools were pretested with 15 vegetable
seed producers and five vegetable seed traders in Kamuli District Municipality to evaluate

https:/ /doi.org/10.3390/seeds5040041


https://doi.org/10.3390/seeds5040041

Seeds 2026, 5,41

50f21

the clarity and relevance of the survey content, as well as the validity and interpretabil-
ity of respondents” answers [27]. Feedback from the pretest informed minor revisions
to improve question flow and comprehension. Pretest participants were excluded from
the final survey. All surveys and interviews were administered in person by the senior
author. Data collected included respondents” demographic characteristics, vegetable seed
crops produced or traded, seed production and management practices, storage methods,
quality assessment approaches, and perceived benefits and challenges associated with seed
activities. Within the demographics, respondents used sex to classify themselves as men
or women based on biological distinctions. The CSB survey tool captured information
about establishment processes, organizational structure, seed production and distribution
activities, and institutional support mechanisms.

2.4. Ethics Approval

Study ethical approvals were obtained from Iowa State University’s Institutional Re-
view Board (IRB ID: 24-45), Makerere University College of Agriculture and Environmental
Sciences Research Ethics Committee (CAES-REC-2024-104), and the Uganda National
Council for Science and Technology (UNCST: A466ES). Informed consent was obtained
from all study participants before data collection. No personally identifying information
was collected to ensure confidentiality.

2.5. Data Analysis

Quantitative data were entered, cleaned, and coded in Microsoft Excel (Microsoft
365 MSO (Version 2606 Build 16.0.20131.20154) 32-bit), then exported to IBM SPSS Statistics
(Version 29.0.1.1 (244)) for analysis. Descriptive statistics, including frequencies, percent-
ages, means, and cross-tabulations, were used to summarize respondent characteristics
and seed system practices. Qualitative data from CSB leader interviews were analyzed
using thematic analysis techniques [28]. Interview notes were coded inductively following
the procedures outlined by [29]. Codes were developed based on recurring, unique, or
unexpected words and phrases, particularly where themes overlapped across CSBs or were
repeatedly emphasized by respondents. Thematic categories were refined through iterative
comparison and synthesis to capture key patterns related to CSB functionality, benefits,
and challenges.

Limitations of the study include that the findings represent only the population from
which the sample was drawn, and that all analyses rely exclusively on questionnaire
and interview responses. This study’s analysis focuses on the current community-based,
informal vegetable seed systems. Although seed traders and CSBs may obtain some
seed through the formal seed channels, the study does not extensively examine how the
formal seed actors, including seed companies, certification bodies, research institutions,
and regulatory agencies, interact or integrate with the informal system.

3. Results

This study examines Uganda’s informal vegetable seed system, encompassing veg-
etable seed producers, traders, and community seed bank leaders. It introduces current
information on how community-based seed actors produce, manage, store, and distribute
vegetable seed within local networks, thereby shaping local vegetable seed security.

3.1. Community-Based Seed Producers and Seed Traders
3.1.1. Demographics of Seed Producers and Seed Traders

The study found that seed production and trading were largely dominated by men,
who comprised 68.7% of seed producers and 52% of seed traders. Women represented
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31.3% of seed producers and 48% of seed traders. Demographics also showed that most
respondents were adults (>35 years) (57.1% of seed producers and 68.7% of seed traders)
and were married 74.6% of seed producers and 78.6% of seed traders. Most seed producers
had attained some primary education (65.7%), while smaller percentages had completed
secondary (25.4%) or tertiary (9%) education. In contrast, nearly half of local seed traders
(48%) had attained tertiary education, 29.6% had attained secondary education, and fewer
(22.4%) had attained primary education, indicating higher levels of formal education
completed among traders than producers.

3.1.2. Vegetable Seed Source and Production Practices

Vegetable seed producers primarily obtained seed for seed crop production from their
own saved seed (49.3%) and from local seed traders (31.3%). An additional 19.4% relied
on both their own-saved seed and purchases from local seed traders. Study respondents
highlighted that these sources were trusted and consistent (51.1%), easily accessible (34%),
and offered seed in desired quantities at affordable prices (12.1%). Most individual seed
producers (70.2%) owned the land used for seed production, while 19.4% rented land and
10.4% relied on a combination of owned and rented plots. The most common vegetable
seed crops grown were fresh common bean (Phaseolus vulgaris L.), eggplant (Solanum spp.),
pumpkin (Cucurbit spp.), tomato (Solanum lycoperscum L.), leafy amaranth (Amaranthus
spp.), collard green (Brassica oleracea var. viridis L.), green pepper (Capsicum annuum L.),
onion (Allium cepa L.), and leafy African nightshade (Solanum nigrum L.) (Figure 2).

Vegetable seed crops grown by seed producers

Eggplant [, 74.6%
Common bean |,  74.6%
Pumpkin | 5137

Tomato | N 847

Leafy amaranth || NN 164
Leafy cowpea [N 104%
Collard green [ °0%
Green pepper [ 7-5%

Onion [ 47%

Leafy African nightshade [JJJj 4-5%

Figure 2. Common vegetable and legume crops grown for seed, as reported by 67 seed producers
across the four study districts of Buyende, Iganga, Luuka, and Kamuli in Eastern Uganda.

The majority of seed traders (78.6%) relied entirely on external suppliers, while a few
(21.4%) produced the seed they sold. Seed traders obtained vegetable seed mainly from
other seed traders (93.5%), individual seed producers (39%), and seed companies (31.2%),
indicating a complex, interconnected supply network at the community level. Traders in
the study handled a wide range of vegetable crops, with tomato, eggplant, bulb onion,
collard green, common bean, pumpkin, leafy amaranth, cabbage, and carrot accounting for
the majority of vegetable seed traded (Figure 3).
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Figure 3. Common vegetable and legume crops sold as seeds, as reported by 98 local seed traders
across the four study districts of Buyende, Iganga, Luuka, and Kamuli in Eastern Uganda.

3.1.3. Seed Marketing Practices Among Vegetable Seed Producers and Traders

More than half of the seed producers (55.2%) reported being able to differentiate
among cultivars available on the market for seed multiplication, based on field-observable
characteristics (78.3%), including growth habit, uniformity in color and size, input require-
ments, and seed source (21.3%). Despite that, seed actors (50% of seed producers and 62.3%
of seed traders) identified low seed quality and non-true-to-type cultivars as challenges in
seed production, with more than half of seed traders (51%) engaged in seed multiplication
and repackaging.

Seed producers produced vegetable seed crops and extracted seed primarily for
household use to be planted in subsequent seasons (49.3%), or for sale (44.8%), while 5.9%
used extracted seed for both their own use and sale. Locally produced seed was sold to
local seed traders (62.2%) for resale and to other farmers (37.8%) for vegetable production.
Most seed traders (89.8%) operated from fixed shops or permanent retail stores, while a
smaller proportion (10.2%) sold seed through mobile arrangements. Although all vegetable
seed traders sold factory-packed seed supplied by suppliers, more than half (51%) reported
reproducing and repackaging vegetable seed into smaller quantities to allow farmers to
purchase affordable, preferred quantities.

Study respondents identified several major seed storage challenges associated with
vegetable seed handling and management, including rodent damage (80.6% of seed pro-
ducers and 67.3% of seed traders), seed rot (40.3% and 23.6%, respectively), insect pest
infestations (22.4% and 13.3%, respectively), and theft (14.9% and 7.1%, respectively). Col-
lectively, these challenges illustrate the multifaceted postharvest risks associated with
informal seed systems and their potential impacts on seed availability and quality. Man-
agement of unsold or low-quality seed varied among seed traders: 35.7% reused it for their
own crop production and seed production for resale, 35.7% discarded it, 33.7% returned it to
suppliers, and 4.1% minimized losses by stocking small quantities. Additional constraints
included limited storage space and containers (11.9% of producers and 2.0% of traders),
limited capital (10.4% of producers), and limited infrastructure, such as road networks and
seed testing services (3.0% of producers and 5.2% of traders).
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3.1.4. Seed Storage Management and Seed Treatment Practices

Most seed producers (97.1%) reported sun-drying seeds before and during storage,
while only a small proportion used shade-drying (2.9%). During storage, seed producers
reported using polyethylene bags (100%), sisal bags (74.6%), recycled metallic or plastic
containers (32.4%), and unused plastic containers, such as jerrycans (26.5%), for seed
storage, largely due to their low cost, availability, and accessibility. Seed producers in this
study employed a variety of pest management techniques, including mixing seed with
wood ash (83.3%), maintaining consistent sun drying (52.3%), applying synthetic pesticides
(55.6%), and using dried plant-based insect repellents (33.3%). The latter included materials
such as red pepper (Capsicum spp.), bottle brush (Melaleuca spp.), Lantana (Lantana camala
L.), hemp (Cannabis spp.), neem (Azadirachta indica A. Juss.), and cypress (Cupressus spp.).

Seed traders stored seed in sisal bags (35.7%), and unused plastic containers, such as
jerrycans and silos (13.3%), before repacking it into saleable units. Most traders (86.7%) used
wooden shelves and raised pallets to store containers with seed and to reduce moisture
exposure and pest damage compared to ground storage; however, nearly one-third (30.6%)
still placed seed directly on the ground, a practice associated with higher risks of moisture
absorption, pest infestation, and seed quality loss. Seed traders employed a broader yet still
largely informal set of assurance mechanisms they deemed necessary for seed quality and
marketability. During seed storage, all seed traders reported assessing seed quality through
routine inspection and repeated sun-drying (51.2%) and relied on post-sale feedback from
farmers who purchased seeds from them (50.2%). In addition, traders relied on visual
and physical indicators, including the absence of insect damage (91.7%), uniformity in
seed color and size (94.1%), seed cleanliness (19.4%), and, to a lesser extent, germination
ability (10%).

3.1.5. Motivations and Recommendations for Improved Seed Security Among
Community-Based Seed Systems

Seed producers and traders reported multiple motivations for engaging in vegetable
seed production, management, and trade. Income generation was the dominant driver for
both seed producers (73.1%) and traders (85.7%), underscoring the commercial importance
of local seed enterprises. Food security was also a key motivation, particularly among seed
producers (76.1%), while a smaller proportion of traders (10.2%) cited food-related benefits.
Women seed traders emphasized seed security for improved household food consumption
(70%) and networking benefits (56.7%).

Study respondents highlighted several interventions to improve seed security and
seed market performance in community-based seed systems. Establishment of stronger
seed quality monitoring systems to ensure that vegetable seed cultivars reaching the
market meet farmers’ expectations was reported by 74.3% of producers and 75.7% of
traders. Subsidized seed pricing was also widely recommended (40.3% of producers and
47.0% of traders), highlighting the affordability constraints faced by vegetable producers
and the role of price support mechanisms in improving access to improved vegetable
seeds. Capacity-building interventions and the consistent availability of preferred cultivars
emerged as important priorities. Furthermore, 38.8% of producers and 44.9% of traders
identified training and field demonstrations as critical strategies for increasing awareness
and adoption of high-quality seed available in the market.

Local seed production was emphasized by respondents to ensure a more reliable and
consistent seed supply, as certain cultivars were reported to be inconsistently available in
the seed market. Field demonstrations were particularly important in vegetable production
systems, where farmers often rely on observed field performance to assess seed quality,
adaptability, and suitability under local growing conditions. Access to financial support
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was more frequently emphasized by producers (22.4%) than traders (7.1%), reflecting
producers’ greater capital constraints in seed multiplication, storage, and quality manage-
ment. Respondents also cited infrastructure improvements, including roads and storage
facilities, which limit efficient seed distribution and post-harvest handling in rural seed
markets [30]. Both producers (11.9%) and traders (8.2%) emphasized the importance of
forming or strengthening seed actors’ associations to pool resources for storage containers,
access to quality seed, training, and improved market linkages. Suggested collective action
models for seed producers and seed traders in vegetable systems could enhance their
bargaining power, improve access to extension services, and facilitate engagement with
regulatory and government institutions.

3.2. Community Seed Banks (CSBs)

All the studied CSBs were NGO-supported and used a community-managed seed
governance model. CSBs operated under an informal, centralized model of seed produc-
tion, management, and distribution, limiting their operations to members of their local
communities. CSBs provide seeds to community members facing seed shortages or seeking
to experiment with new crops or cultivars [26]. Seeds are borrowed at planting, grown,
then repaid at harvest time. The seed fund was built by purchasing seed from local growers
at harvest time, by members contributing seed, or by establishing member-managed seed
production fields within their communities [31]. Analysis of responses from leaders of
community seed banks (CSBs) revealed several attributes characterizing their approaches
to seed production and postharvest management. The following subsections provide a
detailed description of the recurrent themes identified during the study.

3.2.1. Origins and Institutional Development

The qualitative findings revealed that CSBs in Uganda largely emerged through
a combination of external institutional support and farmer-led initiatives. Most CSBs
were established by non-governmental organizations and government agencies, often
building on pre-existing farmer groups, farmer savings associations, or women’s groups.
Respondents consistently emphasized the importance of sustained partnerships with both
public and private institutions, including research institutions, universities, NGOs, and
government agencies, as critical enablers of CSB performance. In several cases, CSB
leaders reported that exposure visits to other better-performing seed banks catalyzed
farmer interest, leading to the localization, expansion, and adaptation of new seed-saving
models. CSBs evolved through incremental social organization supported by external
actors, combining formal technical inputs with local knowledge systems [8], over time,
transitioning from informal farmer groups to local seed-saving cooperatives and later
emerging as hybrid institutions that bridge informal and formal seed systems [31]. This
evolution was reflected in an exemplar quotation from a CSB leader, who stated, “We
were an already-existing women’s group operating projects, including tailoring, crafts making,
commercial vegetable production, saving groups, etc. In 2015, we were approached by an NGO
official, and with their support and training, we started a seed bank where we are now saving seed in
addition to other projects. We were later introduced to a seed company who purchase seed from us
at harvest”.

Across study sites, CSBs articulated multiple, overlapping objectives, including im-
proving household seed and food security, conserving indigenous and farmer-preferred
cultivars and seeds, promoting agroecological farming practices, and generating sup-
plementary income for members. Respondents emphasized that seed and its cultivars
produced and conserved through CSBs were primarily local, organic, and culturally accept-
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able, in contrast to commercially bred cultivars, which are perceived as costly, inadequately
adapted, and inconsistently available.

3.2.2. Organizational Structure and Operational Arrangements

CSBs exhibited relatively formalized internal governance structures, typically com-
prised of elected management committees with designated roles, such as chairperson,
secretary, treasurer, agronomist, and quality assurance officers, as well as a monitoring
team. Membership was geographically localized, with entry membership fees and annual
subscriptions to reinforce group commitment. “All members of our seed bank must be residents
within our subcounty with access to land for seed crop production and easy field monitoring,” stated
one leader of a CSB. Across all CSBs studied, key operational features included a seed
loan system, collective seed storage, and coordinated marketing for all members. The seed
loan system functioned as a form of seed credit in which seeds were loaned to individual
farmers who maintained active membership and subscription status within a seed-saving
group or CSB [32]. This seed arrangement was commonly summarized as “take 1 kg, return
2 kg,” requiring borrowers to repay twice the quantity of seed received. The system served
both as a mechanism for conserving and expanding seed stocks and as an internal credit
model that increased seed availability among members. In contrast, non-members were
generally able to access CSB seeds only through direct cash purchases.

Training and experiential learning emerged as central to CSB functionality. Mem-
bers reported receiving training in seed production, time- and space-isolation techniques,
grading, drying, storage, and pest management, as well as exposure visits to other CSBs
in Uganda. Such training has equipped seed producers with the technical capacity and
confidence necessary for seed production and management, enabling them to produce
and access quality seed through seed grading, sorting, and growing using plant-based
biofertilizers and biopesticides, as well as improved storage practices. One CSB leader
said, “We got trained in the best agronomic practices of use of home-made fertilizers, line cropping,
time and space isolation, seed grading, sorting seeds to uniformity, and hermetic seed storage, crop
demonstrations for others to learn, and profitable crop enterprise selection. I now serve as a trainer
to other seed producers in the community.” The reliance on training-of-trainers systems, farmer
field schools, and peer learning is consistent with evidence that informal quality assurance
systems, grounded in observation and shared experience, play a critical role in non-certified
seed systems [16]. While such seed systems may lack formal seed certification mechanisms,
they are often effective at building trust, facilitating networking, and promoting access to
and adoption of quality vegetable cultivars and seeds among smallholder farmers.

3.2.3. Contributions to Seed Security and Local Livelihoods

Community seed banks play a significant role in cultivar and varietal conservation,
seed multiplication, distribution, and improvement, and in adding value to seeds, primarily
for farmer-preferred open-pollinated cultivars through farmer-participatory crop improve-
ment [33]. CSB leaders reported that they primarily saved farmer-preferred cultivars across
seasons through seasonal seed collection and storage and facilitated farmer-to-farmer seed
exchange. Through collective and participatory cultivar selection, farmers identify and
multiply seed from crops with desirable agronomic and market traits, thereby maintaining
seed availability and genetic diversity within their communities. During cultivar seed
selection, CSB leaders prioritized cultivar traits such as disease and drought resistance,
high yield, good taste, cultural acceptability, short maturity periods, and low input re-
quirements. Some CSBs (10) had registered as community-based organizations so they
could benefit from other government initiatives to advance local seed and food sovereignty
while providing complementary services, such as access to affordable seed credit for rural
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households [26]. Vegetable seed producers enrolled in CSBs highlighted several benefits,
including timely access to cultivars and seeds, reduced dependence on inconsistent seed
markets, strengthened social networks, income from seed sales, and improved livelihoods
overall. Importantly, CSBs supported both in situ and ex situ conservation of vegetable
genetic resources, contributing to local agricultural biodiversity among seed producers.

3.2.4. Linkages Between Community Seed Banks with Formal Seed Systems

Five of 12 CSBs were formally registered and operated as out-growers for certified
seed companies and registered seed suppliers. In addition, these CSBs participated in
government-supported quality-declared seed (QDS) schemes, highlighting their capacity to
engage with and contribute to formal seed value chains. One of the respondents reported
that, “through our partnering NGO, we were introduced to Uganda’s National Agricultural
Research Organization (NARO) and National Crops Resources Research Institute (NaCRRI), who
reached out to us as a seed source of common bean for improvement to produce early generation
cultivar seed for farmers under the Quality-declared Seed Initiative”. QDS is an intermediary seed
initiative recognized under Uganda’s 2018 National Seed Policy, designed to complement
both the formal and informal seed systems by increasing the availability and affordable
access to quality seed of farmer-preferred cultivars [34]. QDS enables farmers and farmer
groups to produce and sell high-quality cultivars and seeds within their communities,
thereby improving seed security among smallholder farmers [35]. QDS initiative supports
seed producers’ technical capacity in applied seed production, promotes a market-oriented
approach that emphasizes producing seed aligned with customer demand, and links
seed producers with key input and service providers. These linkages include access to
improved foundation seed of farmer-preferred cultivars from Uganda’s National Crops
Resources Research Institute (NARO) and quality assurance services from the National Seed
Certification Service. One respondent explained, “NARO provided us with higher-yielding
foundation seed of improved, farmer-preferred common bean cultivars which we multiplied and sold
at a reduced price compared to prevailing market rates.”

Seed producers in CSBs primarily sold multiplied QDS seed in its raw form, with
minimal value addition, and transactions relied on personal trust and relationships rein-
forced through after-sales support, including agronomic guidance and technical advice
on seed quality [36]. Ref. [37] lists both open-pollinated and hybrid cultivars of a wide
range of crops, including cereals, legumes, oil crops, forage crops, industrial crops, and
vegetables, as eligible for QDS production. However, QDS in Uganda remains limited to
a narrow set of open-pollinated cereals, oilseed crops, and some legumes and root crops,
with minimal emphasis on commercial vegetables [34]. Despite this limitation, study re-
spondents operating under CSBs were engaged in vegetable seed production, in addition
to the QDS-recommended seed crops, leveraging their reputation as trusted local seed
producers and tapping into an existing community-level market for vegetable seed.

Vegetable crops grown for seed by CSBs included tomato, leafy amaranth, pumpkin,
potato, green onion, and eggplant, reflecting both local demand and producers’ familiarity
with these crops alongside staple grain seed. Individual seed producers utilized CSB
resources, including knowledge acquisition and training, seed storage containers and
space, and a marketing network, to ensure that quality seeds were produced, stored, and
marketed [8,38].

Recommended improvement strategies by CSB leaders included strengthening gover-
nance structures, regular training and exposure visits, market assurance for their locally
produced seed, and access to affordable seed management technologies such as triple-layer
bags for storage and driers. These recommendations align with calls for integrated seed
sector development, where CSBs are embedded within supportive policy, extension and out-
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reach, and research frameworks rather than treated as stand-alone interventions [17]. Policy
efforts should prioritize strengthening the institutional capacity of CSBs, expanding farmer
training on seed management and nutrition-sensitive agriculture, and integrating CSBs
into national seed system strategies to enhance seed security among smallholder farmers.

3.2.5. Sustainability and Operational Challenges

Despite their benefits, CSBs faced substantial and diverse sustainability challenges.
CSB leaders stated technical challenges, such as difficulties in maintaining seed quality
control and limited long-term storage capacity, were compounded by organizational issues,
including mismanagement, declining member motivation, theft, and weak record-keeping
systems (Table 1). Economic challenges also emerged, particularly limited financial re-
sources and seed producers’ preference for short-term income opportunities over collective
seed production. Several respondents noted that CSBs frequently collapsed or transitioned
into individually operated enterprises after external support was withdrawn, highlighting
a reliance on facilitation rather than durable institutional capacity. Competition from pri-
vate seed suppliers was reported to further undermine collective seed production efforts,
weakening the long-term viability of CSBs among CSBs in Uganda [26]. Overall, these
patterns are consistent with broader evidence that CSBs remain vulnerable in contexts
characterized by weak governance structures and irregular follow-up support [31]. The
practice of consuming seeds during periods of food scarcity by seed producers underscores
a structural tension between long-term conservation goals and households” immediate
livelihood needs in resource-constrained environments, which was reported to be minimal
during collective seed management under CSBs.

Table 1. Challenge themes reported by 24 leaders from 12 community seed banks (CSBs) across eight
districts in Uganda: Buikwe, Mukono, Mityana, Wakiso, Iganga, Mubende, Kibaale, and Hoima.

Theme Description Representative Quote(s) of Theme
“The chairperson and the mobilizer misused the group
Most respondents emphasized weak funds and started enrolling whoever they wanted without
Organizational leadership and misuse of group funds, following the group rules. Over time everybody no
governance even though CSBs operate under their longer followed rules fully, and later the CSB stopped
own internally developed bylaws. operating. . .We now only gather when we have visitors or
special occasions”
Insufficient record-keeping was a “Rats ate all the files with the records about the specific seed
challenge for most CSBs. Records were we had had in stock for over years”.
Organizational maintained in paper notebooks and/or
infrastructure forms stored in files. These materials were “Sometimes the secretary loses some of the loan forms. In
of records misplaced or damaged over time, making  such cases, members don’t pay the seed back after harvest.

it difficult for CSBs to track seed
descriptions and seed-loan information.

The bank then loses such seed and is left with none to loan
to other members in the following season.”

Seed storage
and quality

CSB leaders highlighted the challenge of
storage pests and loss of seed quality due
to long-term seed storage

“Seeds in stock must be used within the following season.
For the seed we have to keep for long, we use silos and apply
pesticides, which tend to be costly”.

“Sometimes, seed stored across seasons fails to grow

when planted.”

“Smaller vegetable seeds, like eggplants, amaranth, leafy
African nightshade, and tomatoes, are hard to keep. They
are so tiny to be kept in available materials like sacks and
silos and easily rot or won't germinate.”
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Table 1. Cont.

Theme Description Representative Quote(s) of Theme
Almost all CSBS were primarily supported “The funding NGO determined most of the operations of
by NGOs, which CBS leaders noted he seedbank. Once th . ded. and the NGO J
exercised substantial control. Many the seedbank. Once the project ended, and the NGO stoppe
Capacity - ith " ¢ following up, the seed bank activities slowed down”.
development of men.ll?ers joined with expectations of
members additional benefits beyond seed-saving “Farmers prefer to work individually and prefer to get quick

activities and subsequently lost interest
when those expectations were not met
over time.

money and not just save seed.” Most seed banks start as a
group initiative but end up being individual businesses”.

4. Discussion

The findings demonstrate that community-based vegetable seed systems comprise
interconnected actors rather than isolated seed channels. Individual seed producers, local
traders, and community seed banks collectively contributed to seed production, multi-
plication, storage, distribution, and access among rural farming communities. The study
supports the integrated seed systems perspective, which recognizes that farmers obtain
seed through multiple formal and informal channels that coexist and interact rather than
operate independently.

4.1. Characteristics of Community-Based Seed Producers and Seed Traders

The predominance of men among seed producers and traders indicates an important
gender dimension within community-based seed enterprises, consistent with broader
patterns in agricultural input markets, where men typically hold a disproportionate share
of commercial seed activities [39]. Ref. [40] similarly reported that men frequently control
the commercialization of seed and the management of specialized seed enterprises, even
though women contribute to substantial, yet often undervalued, roles in seed selection,
field management, and informal exchange systems. Despite men’s dominance in vegetable
seed control, women remain the primary actors in vegetable production in Uganda [10,41].
Despite being underrepresented among seed traders, women placed particular importance
on seed security to enhance household food consumption and strengthen social connections,
illustrating that seed trade provides benefits that extend beyond economic returns.

In terms of age distribution, most respondents were adults (>35 years), suggesting
that vegetable seed enterprises are primarily operated by older, and possibly more expe-
rienced, individuals, consistent with [42]. This pattern underscores persistent challenges
in attracting youth to seed enterprises without targeted incentives, training opportuni-
ties, and business development support. The Global Alliance for the Future of Food [43]
emphasizes that resilient seed systems rely heavily on intergenerational engagement and
meaningful youth participation. The study highlights the importance of considering sex
and gender dynamics in seed systems to strengthen the participation of women and youth,
as recommended by [44-46].

Educational levels differed markedly between seed producers and traders. The educa-
tional disparities between seed producers and traders influence seed management capacity,
the adoption of improved seed-handling practices, and participation in quality regulatory
processes [47]. These demographic and educational patterns reveal structural inequalities
within local vegetable seed systems and highlight the need for targeted capacity-building
efforts, especially for women, youth, and seed producers with limited formal education.
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4.2. Vegetable Seed Production, Management, and Marketing Practices

The study found that seed producers primarily used their own land for vegetable seed
production and sourced seed for multiplication and sale from both formal and informal
seed sources. Seed producers’ reliance on their own-saved seed and local seed traders
reflects the importance of seed availability, accessibility, trust, and consistency of seed
supply, as well as the ability of these sources to provide cultivars preferred by farmers.
Similar trends of high land ownership among seed producers have been observed in other
African vegetable systems, where secure land access increases producers’ willingness to
invest in long-term seed production [48]. Seed producers cultivated a diverse range of
vegetable and legume crops in intercropping systems, rather than in dedicated fields with
appropriate isolation distances, roguing, and quality-control measures, prioritizing seed
crops that are well adapted, marketable, and culturally important [49,50] The dominance of
common beans and eggplant aligns with patterns reported in Uganda and Tanzania, where
strong local demand and established production knowledge make these crops central to
farmer-managed seed systems [7]. Tropical pumpkin (Cucurbita spp.) has emerged as a
promising crop for enhancing nutritional food security and supporting income generation
among farming communities [51].

Vegetable seed traders play a critical role in distributing cultivars preferred by farmers,
sourcing seed from various certified formal and informal channels, including local seed
producers, local seed businesses, research institutions, and seed companies. Seed traders
play a central role as intermediaries between various seed sources and vegetable producers.
Similar dynamics have been documented in other African vegetable seed markets, where
informal traders act as central nodes linking farmers, local multipliers, and formal sup-
pliers, thereby influencing seed availability, price, and cultivar diversity [52]. The role of
community-based traders is particularly significant in contexts where formal seed distribu-
tion channels are limited [15]. The most traded vegetable seed crops of tomatoes, eggplant,
and onions dominate the vegetable seed trade due to their strong consumer demand and
high market turnover [53]. The combination of traders’ reliance on local networks and
their central role in distributing seeds of key vegetable crops underscores the importance of
strengthening their linkages with formal and informal seed actors to enhance seed quality
and ensure a consistent supply.

In addition to permanent retail outlets for seed trade, mobile arrangements were
reported to be used in most regions of Eastern Uganda, characterized by informal, spatially
flexible selling practices, in which traders use temporary or movable setups (market stalls)
and itinerant vending in marketplaces, relocating across trading points in response to
market dynamics and seasonal demand. The predominance of permanent retail outlets
suggests a relatively established local seed trade, consistent with findings from African
vegetable markets where fixed-location traders play a key role in ensuring consistent
seed availability for smallholder farmers [54]. Reported vegetable seed multiplication
and repacking practices reflect a growing retail strategy in vegetable seed systems across
Eastern Uganda, where repackaging seed into smaller amounts enhances seed accessibility
and affordability for resource-constrained farmers but may also expose seed to quality
deterioration under suboptimal handling conditions [55].

The findings emphasize the pivotal role of experiential learning in seed selection, as
farmers heavily rely on visible crop performance traits rather than formal certification
systems. Farmers prefer crops and seed cultivars that have demonstrated consistent
performance under local conditions, often through on-farm experience or observations
from neighboring fields [7]. Community-based seed producers typically grow seed locally
and sell it through informal channels to growers, operating with minimal certification
standards [56,57], and within weakly regulated seed systems [6]. Although Uganda’s
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National Seed Certification Service (NSCS) is mandated to regulate seed production, certify
seed, and monitor compliance with national seed standards, limited technical personnel
and financial resources constrain its ability to supervise the large number of community-
based seed actors effectively [41,57,58]. This regulatory gap is reflected in our findings,
as seed actors were involved in seed multiplication and repackaging for sale in smaller,
more affordable quantities with minimal seed quality assessment standards, practices
that may increase the risk of initial seed quality deterioration, and varietal impurity in
community-based seed systems [48].

4.3. Seed Storage and Seed Treatment Practices

Sun drying remains a common postharvest management practice among community-
based seed actors, in which direct sunlight reduces seed moisture content to prepare
seed for storage [59], despite evidence that excessive heat exposure can negatively affect
seed viability and vigor [60]. Exposure to direct sunlight and fluctuating temperatures
and humidity accelerates seed deterioration by causing repeated cycles of drying and
moisture uptake, leading to membrane damage, loss of seed vigor, reduced germination,
and shortened storage life [41,59]. During seed storage, traders relied on locally available
containers that balance cost, convenience, and space limitations [61,62]. The findings
reveal that community-based seed actors employ adaptive seed-handling practices that
vary in their effectiveness, highlighting opportunities to strengthen seed quality through
low-cost, context-appropriate interventions. Promoting improved seed-drying methods,
moisture-resistant storage containers, and farmer training in seed storage and postharvest
management attributes efforts to reduce seed deterioration and enhance the quality of seed
available in community-based vegetable seed markets.

Community-based seed producers employed locally available pest deterrents, demon-
strating their reliance on indigenous knowledge and readily accessible techniques, includ-
ing sun drying and the use of ash and botanicals widely used for pest control methods [63].
The phytochemicals released by these plant materials and ash help repel, irritate, or suffo-
cate pests, thereby extending seed storage life [64]. The combined use of diverse storage
containers and pest control methods reflects farmers’ strategic adaptations to protect seed
quality in resource-limited settings. Furthermore, dependence on farmer feedback as a
quality assessment mechanism is reactive and may fail to detect deterioration before the
seed reaches the market [41,65]. Most seed producers use local markets to manage seed
quality risks [66]; they sell seed at seed harvest and later repurchase it at the start of the
growing season to regrow, multiply, and sell again.

Similar practices have been reported in other African vegetable seed markets, where
traders combine trust-based sourcing, regulatory cues, and limited physical inspection to
manage quality risks in the absence of enforceable seed standards [67]. The reliance on
informal quality indicators by both producers and traders highlights systemic gaps in seed
quality assurance within community-based vegetable seed systems. While demonstration
plots and supplier trust help mitigate this risk, limited use of quality assessment and formal
verification may contribute to variable seed performance and reduce farmer confidence in
seed supplied by such sources. There is a broader need to strengthen seed actors’ technical
capacity by developing practical knowledge and skills in seed quality assessment, including
cultivar identification, varietal purity, seed health evaluation, physiological quality testing,
and appropriate postharvest handling and storage practices.

4.4. Challenges and Opportunities Associated with Vegetable Seed Management

The study highlighted that in current informal vegetable seed systems, seed producers
and traders often absorb quality-related losses themselves or repurpose low-quality seed
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because formal buyback arrangements and storage facilities are rarely available [54]. These
practices highlight structural vulnerabilities in the community-based vegetable seed trade,
particularly the absence of clear quality standards, inconsistent seed supply, limited seed
testing, and weak feedback loops among traders, producers, and suppliers [52]. In the
broader seed market, both producers and traders identified low seed quality, characterized
by low germination rates and cultivars not being true-to-type, as well as seasonal market
demand with price fluctuations, as major challenges. The presence of counterfeit seed in
Uganda’s seed market has been widely reported, attributed to farmers’ growing demand
for quality seed amid weakly regulated seed systems [58]. This level of “fake” seed is
increasingly undermining the formal sector, encouraging farmers to rely on trusted, locally
produced farmer-produced cultivars [68].

The strong emphasis on quality oversight reflects ongoing concerns about inconsistent
seed performance across vegetable seed systems in Africa, where inadequate seed quality
control has been shown to erode farmers’ confidence and hinder the adoption of improved
cultivars [69]. Vegetable growers largely rely on local seed producers and seed traders as
key sources of information on vegetable field production and postharvest management
practices. Their close interaction with farming communities positions them as important
channels for disseminating knowledge on seed selection, crop management, storage, and
quality assessment [8]. The study highlights the need for targeted training and capacity-
building interventions for local seed producers and traders to strengthen their technical
knowledge to improve vegetable crop and seed production for farmers. Similar collective
action models in African vegetable seed systems have been shown to enhance bargaining
power, improve access to extension services, and facilitate engagement with regulatory and
government institutions [70]. Overall, their recommendations emphasize the importance
of integrated interventions that combine quality assurance, capacity building, financial
support, and institutional strengthening to enhance the performance and resilience of
community-based vegetable seed systems.

4.5. Role of Community Seed Banks in Improving Vegetable Seed Security

The findings indicate that CSBs serve functions extending beyond seed conservation.
They improve access to seed, conserve farmer-preferred cultivars, support social networks,
provide opportunities for income generation, and, in some cases, connect local producers
to formal seed programs. This multifunctionality is consistent with evidence that CSBs
can contribute simultaneously to seed sovereignty, agrobiodiversity conservation, seed
access, and rural livelihoods. CSBs’ strong focus on indigenous vegetable seed crops,
including open-pollinated cultivars, and on saving seed for subsequent growing seasons is
particularly significant in Uganda, where formal vegetable seed markets are dominated by
imported, often inconsistent seed that remains financially and geographically inaccessible
to many smallholder vegetable producers in rural farming communities [71]. Efforts to
ensure a consistent market supply with farmer-preferred cultivars could enhance seed
security among farming communities.

Seed exchange arrangements through member contributions, seed credits, and direct
cash purchases from the CSBs have been documented across African CSBs as culturally em-
bedded strategies for sustaining seed stocks while reinforcing collective accountability [31].
However, their effectiveness depends on record-keeping, quality control, pre-distribution
inspection, and enforcement of organizational requirements, areas in which several Ugan-
dan CSBs later experienced difficulties. CSBs’ contribution to seed security was further
strengthened by linkages with formal seed systems, participating in certified seed multipli-
cation and Quality Declared Seed initiatives and maintaining relationships with agricultural
research institutions. Collectively, these findings demonstrate that community seed banks
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can complement formal seed systems by improving the availability, accessibility, and con-
tinuity of locally preferred vegetable seed while contributing to the conservation of crop
diversity and strengthening community resilience to seed shortages.

5. Conclusions

Community-based vegetable seed channels, comprising individual seed producers,
local seed traders, and community seed banks, play a central role in ensuring seed se-
curity among farming communities in Uganda. These complementary seed channels
produce and distribute a diverse range of vegetable cultivars, including locally adapted,
farmer-preferred, open-pollinated, hybrid, and improved cultivars, thereby enhancing seed
availability, household food security, income generation, and livelihood resilience. How-
ever, realizing their full potential remains challenging due to weak seed quality assurance
systems, inadequate postharvest storage, unstable market supply chains, limited access
to finance, and ineffective institutional governance. Respondents consistently identified
strengthened seed quality monitoring, regular training in commercial seed production
and seed quality management, improved storage technologies, field demonstrations, and
stronger institutional linkages as the highest priorities to improve the performance of
community-based seed systems. The study findings demonstrate that strengthening tech-
nical capacity and improving coordination among all stakeholders in the seed sector,
including farmers, seed producers, seed traders, research institutions, agricultural exten-
sion and outreach, and regulatory agencies, are fundamental to increasing the availability
of quality vegetable seed within local markets.

Strengthening Uganda’s vegetable seed system requires coordinated action that rec-
ognizes community-based seed actors as complementary to, rather than separate from,
the formal seed sector. Respondents identified several priorities for strengthening seed
systems, including more effective seed quality oversight to limit counterfeit and low-quality
seed, expanded outreach training and extension services for seed producers and traders
through public institutions, improved access to financial capital, and stronger seed actors’
associations to support collective seed production, information sharing, and access to
quality seed. Community seed banks emerged as important local institutions that conserve
farmer-preferred cultivars, enhance timely access to seed, strengthen social networks, and,
in some cases, facilitate the integration of seed producers into formal seed sector initiatives,
including Quality Declared Seed (QDS) production. Continued support through policy
recognition, research collaborations, extension services, and regulatory engagement could
strengthen synergies between informal and formal vegetable seed systems, thereby im-
proving seed quality, accessibility, local capacity, and the resilience of smallholder farming
communities in Uganda.

Overall, this study demonstrates that community-based seed systems are not periph-
eral components of Uganda’s seed sector but fundamental pillars of a pluralistic seed
system that complement formal seed supply channels. By integrating the perspectives
of individual seed producers, local seed traders, and community seed banks, the study
provides evidence that strengthening local seed enterprises, improving technical capac-
ity in seed quality management, enhancing institutional partnerships, and expanding
market-oriented support can substantially improve vegetable seed security among farming
communities. Further research should evaluate scalable models that strengthen linkages
between community-based seed actors and formal regulatory systems, and assess the long-
term impacts of capacity building, improved storage technologies, and decentralized seed
quality assurance mechanisms. Such efforts would provide valuable insights into strategies
to enhance the sustainability, inclusiveness, and resilience of seed systems, while ensuring
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that smallholder farmers have reliable access to high-quality vegetable seed adapted to
local agroecological conditions and farmers” preferences.
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