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Traditional African Vegetables (TAV) play an important role in the livelihoods, food and
nutritional security of local populations. Access to high-quality seeds of improved varieties
is a foundation for increasing crop productivity. TAV seed systems have received little
attention. We systematically reviewed the literature to assess the sustainability (seed
quality, availability, accessibility, affordability, and profitability of seed businesses) of
TAV seed systems in Eastern Africa. The review revealed that the private sector mediated
seed system (i.e., formal) offered higher potential for seed quality, and profitability for
seed growers. The community-based seed system showed higher potential in ensuring
a better access to seeds. The quality of TAV seeds was partially addressed in the studies
with a focus on germination percentage and purity, which varied across systems, crops,
and geography. While there was a trend of poorer seed quality in the informal system,
seed quality in the formal and community-based systems was not necessarily better.
The affordability of seed from the various systems (private sector mediated, community
based and informal) needs further investigation. Because TAV seed systems are localized
and differ significantly among and within countries, tailored interventions are required
when promoting a given TAV seed system. We identified inter-regional gaps in TAV seed
systems studies, with all the studies concentrated in Eastern Africa, mainly in Tanzania
and Kenya. Filling these gaps will require more investment in other regions in sub-Saharan
Africa to document existing initiatives or initiate interventions seeking to promote access
to high-quality TAV seeds. This review sheds light on existing gaps in research on TAV
seed systems to guide future interventions.

Keywords: traditional vegetables, seed quality, orphan crops, neglected and underutilized species, seed system

INTRODUCTION

Food and nutritional insecurity are a significant concern in developing countries, especially in
sub-Saharan Africa, where 57% of the population cannot afford a healthy diet (FAO, 2020).
Food insecurity is aggravated by micronutrient deficiencies, also known as “hidden hunger,” a
major impediment to social and economic development (Nugent et al., 2020). High malnutrition
rates leading to non-communicable diseases such as hypertension, cancer, and obesity are public
health challenges (World Health Organization, 2020). In addition, the consumption of fruits and
vegetables is far below the recommended amount of 400 g/capita/day (FAO, 2020).
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Traditional African Vegetables (TAV) are “plant species
that are indigenous or naturalized to Africa, well adapted to
or selected for local conditions, whose plant parts are used
as a vegetable, and whose modes of cultivation, collection,
preparation, and consumption are deeply embedded in local
cuisine, culture, folklore, and language” (Towns and Shackleton,
2018). TAV [(e.g., amaranth (Amaranthus spp.), African eggplant
(Solanum spp.)] are micronutrient-dense and provide nutritional
balance to diets among populations whose main staple food is
carbohydrate-based (FAO, 2020). The promotion of sustainable
production and consumption of TAV is widely recognized as
an effective strategy to contribute to diet diversification and to
improve nutrition and food security in developing countries
(Grubben et al., 2014; Keatinge et al., 2014, 2015; Ojiewo et al.,
2015; Ochieng et al, 2018). Many TAV are rich in vitamins
and phytochemicals with antibiotic, antioxidants, and anticancer
properties and have the potential to reduce the occurrence and
severity of non-communicable diseases like hypertension, cancer,
and obesity (Yang et al., 2013; Keatinge et al., 2015; Ojiewo et al.,
2015). Some TAV are adapted to marginal environments and
require little external farm inputs (Ambrose-Oji, 2009; Ebert,
2014); hence, they are an asset for resource-poor farmers and
especially women who often lack access to fertile land (Doss
et al., 2015; Burke et al., 2018). TAV can contribute to adaptation
to climate change by increasing the resilience of local farming
systems. Leafy TAV have relatively shorter production cycles
(about 30 days for some species) and can be less risk-prone than
staple crops, which tend to be more vulnerable to environmental
stressors (Ojiewo et al., 2015).

In most African countries, TAV production uses local
landraces in low input systems and is intended for household
consumption or sale in nearby towns and villages. In some
countries, however, the production of certain TAV is shifting
into more input-intensive and commercial systems targeting
urban areas with high consumer demand (Cernansky, 2015;
Ojiewo et al,, 2015). Consequently, farmer demand for high-
quality seeds of improved TAV varieties that meet the
quality requirements of urban markets is also increasing.
Like other TAV research areas, breeding improved varieties
has received little attention. However, a few improved TAV
varieties are available that can be promoted and produced by
seed producers, including amaranth, African eggplant, African
nightshade, jute mallow, kale/Ethiopian mustard, cowpea leaf,
spider plant (Dinssa et al, 2016). The available varieties are
predominantly open-pollinated (Dinssa et al., 2016). Only one
private seed company has developed hybrid African eggplant
(Dinssa et al., 2016).

Despite the potential of TAV as a source of income and
in ensuring food and nutritional security (Schreinemachers
et al., 2018), their production faces several challenges. Lack of
a sustainable supply of quality seed is a primary constraint
limiting TAV production (Adebooye et al., 2005; Afari-Sefa et al.,
2013; Keatinge et al., 2015). Demand for TAV has increased in
recent years but, limited availability and accessibility of quality
seed of preferred varieties has constrained the ability of farmers
to deliver quality products to consumers (Afari-Sefa et al,
2013). The primary seed source of TAV is the informal sector

(Adebooye et al., 2005; Onyango, 2007; Coomes et al., 2015; Croft
et al., 2018; Pincus et al., 2018) in which seed quality (genetic
purity, germination, phytosanitary status) is highly inconsistent
(Keatinge et al., 2015; Pincus et al., 2018). Seed companies are
reluctant to invest in orphan crops such as TAV for several
reasons, including non-supportive seed legislation, perceived
low profit margin, low seed replacement rate, and fragmented
seed markets (Minot, 2008), as well as uncertain prospects for
development of hybrids of these crops and their demand on
the seed market. The need to invest in the TAV seed system is
equally underplayed by certification and quality control agencies
(Keatinge et al., 2015; Ojiewo et al., 2015). These challenges have
prompted increasing interest in developing alternative, farmer
participatory TAV seed production and delivery systems. These
include private sector mediated seed system (contracted seed
production) and community-based seed production systems to
make high-quality seed available to farmers (Karanja et al,
2011; Afari-Sefa et al, 2013; Kimenye, 2014; Kansiime and
Mastenbroek, 2016). The different smallholder participatory
seed production systems raise a question: Do private sector
mediated and community-based seed systems ensure better
seed quality, availability, accessibility, affordability, and higher
profitability than informal seed systems in sub-Saharan Africa?
A comparative analysis of the various studies in which TAV
seed production systems were tested is necessary to assess
their sustainability. Schreinemachers et al. (2021) provide an
excellent analysis of the vegetable seed industry and strategies
to strengthen the industry as a whole. Kuhlmann et al. (2021)
depict how seed laws and regulations affect the private vegetable
seed business in SSA. The present systematic review adds to the
literature on vegetable seed systems, focusing on TAV and the
sustainability of seed production systems in sub-Saharan Africa.

CONCEPT CLARIFICATION
Seed Systems

A seed system is a set of activities contributing to variety
development and seed production and delivery to farmers. Seed
systems are often categorized into three types: formal, semi-
formal, and informal. A formal seed system is characterized by
a well-regulated and organized set of activities, from breeding
to delivering certified seeds of known and registered varieties to
farmers (Louwaars, 1995). The key distinctive features between
formal seed systems and other systems are the registration of seed
producers or seed companies and the certification process, which
is usually controlled by a public regulatory body. The formal seed
system entails various types of arrangements among actors. This
review considers contracted seed production or a private sector
mediated seed system as part of the formal seed system. A private
sector mediated seed system involves individual smallholder seed
producers or their cooperatives producing certified seeds under a
contract with a private seed company (e.g., Simlaw Seed Limited,
East African Seeds, Alpha Seeds Plc) (Karanja et al, 2011;
Afari-Sefa et al., 2013; Kimenye, 2014; Kansiime et al., 2021).
The informal seed system is outside the control of government
agencies, with no external seed quality control. This system
includes farmer-saved seed, gifts, barter, and seed purchasing
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from local markets. The semi-formal seed system (termed
community-based) is at the interface of formal and informal seed
systems. A community-based seed production system involves
individual farmers or farmer cooperatives producing Quality
Declared Seed (QDS).

Quality Declared Seed

Quality Declared Seed is a category of seed produced by a
registered seed producer subject to quality control and complying
with the minimum standards for the crop species concerned
(FAO, 2006). The requirements for QDS are less stringent than
those of certified seeds while guaranteeing satisfactory seed
quality. QDS is an alternative seed quality assurance adapted
to contexts where official seed regulatory bodies have limited
resources to implement a complete certification scheme (FAO,
2006).

Sustainability of Seed Production

A sustainable seed production system ensures that “high-quality
seeds of a wide range of varieties and crops are produced
and fully available in time and affordable to farmers and other
stakeholders” (FAO, 2021). A sustainable seed production system
encompasses several components: seed quality, availability,
accessibility, and profitability of seed businesses. Seed quality
refers to genetic (adaptation, varietal purity), physiological
(germination, vigor), sanitary (absence of diseases), and physical
integrity (percentage of good seeds, free of stones and weed seed)
(Almekinders and Louwaars, 1999). Seed availability is the ability
to supply sufficient quantities of quality seed to meet the needs of
farmers. Seed availability is critical to ensure seed security. Seed
accessibility refers to the ability to deliver quality seed in locations
within reasonable proximity to farmers when the seed is needed.
Seed is affordable when it meets farmers’ purchasing power.
Profitability is the extent to which a business yields financial
gain. Profitability is at the heart of the seed business. In the
absence of government subsidies, it determines the viability of
the business entity since it influences the decision to participate
in seed production.

MATERIALS AND METHODS
Literature Search and Eligibility Criteria

We performed a literature search using a combination of the
following terms: formal seed system, farmer-led seed enterprises,
quality declared seed, community-based seed system, informal
seed system, seed quality, seed accessibility, seed affordability,
vegetable seed business, traditional vegetable, traditional African
vegetable, traditional leafy vegetable, indigenous vegetable,
neglected vegetable, underutilized vegetable, vegetable landrace
(Supplementary Table 1). We searched in English and French
(with translated search strings) without limiting the publication
date in various databases, including Web of Science, Scopus,
CAB abstract, Google Scholar, and AGRIS. The search in Web
of Science, Google Scholar, and Scopus was conducted using
Publish or Perish Software with functions “Title words” and
“Keywords” (Harzing, 2007). The eligibility criteria are presented
in Table 1. Our initial intent in this systematic review was to

cover sub-Saharan Africa, but the relevant studies were only
carried out in Eastern Africa, hence the focus on this region in
the subsequent sections.

Validity Assessment

Traditional risk of bias tools developed for randomized control
trials or observational studies in clinical settings or evaluations
of interventions (Moher et al., 2009) cannot directly be applied
to the studies on seed production systems. Instead, we used the
following four internal and external validity checklist elements
identified from West et al. (2002): Description of the study
population, sample size justification, application of appropriate
statistical, factual outcomes (conclusions supported by data).
We also assessed the strength of each paper following Koutsos
et al. (2019) ranking conference (papers) as “low”; case and
observational studies as “medium”; and experimental studies
as “strong.”

Data Extraction and Analysis

We carefully read the 13 papers included in the review and
extracted information relevant to our objective using a prepared
template. Besides the metadata (authors, title, source of title,
keywords, abstract, document type, authors affiliation), the
extracted information was related to the country of studies,
type of seed system, seed production system (i.e., private
sector mediated, community-based, informal), seed categories
(certified, QDS, non-certified), effects of the seed systems on seed
quality, availability, accessibility, affordability and profitability,
and production and marketing challenges. A data matrix was
prepared using these themes as column names and the studies
as row names. The extracted data were coded (one when a
paper addressed a theme or zero otherwise) and subjected to the
computation of frequencies and visualization. Two researchers
extracted data from the full texts, and a third researcher cross-
checked the extracted data for consistency.

RESULTS

Literature Search Results

We exported the search results as CSV files, and after removing
duplicates, we obtained 1,742 publications. These publications
underwent a screening using the inclusion and exclusion criteria
(Table 1). We first screened the titles of the papers and excluded
1,511 papers. The majority of the papers dealt exclusively with the
nutritional and economic importance of TAV, ethnobotany and
diversity studies, and utilization of TAV. After the first screening,
we retained 198 for abstract screening and excluded 165 papers
for geographical coverage, publication type (review article), and
focus. We read the full texts of 33 papers, and 20 were excluded
(Figure 1). Finally, 13 papers met the inclusion criteria and were
deemed relevant for the review (Figure 1).

Overall, the studies included in the review had good quality
reports, and the population was described. However, eight studies
(Onim and Mwaniki, 2008; Karanja et al., 2011; Afari-Sefa
et al, 2013; Kimenye, 2014; Kansiime et al., 2016; Rajendran
et al., 2016; Mvungi et al,, 2020; Ndinya et al., 2020) failed
to present the justification of the sample size. Five studies
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TABLE 1 | Inclusion and exclusion criteria of the papers in the review.

Criteria Inclusion

Exclusion

Language English or French

Type of research Primary research

Type of document

Peer-reviewed articles, book chapters, conference papers,

Other languages
Secondary data
Book review, note, erratum, opinion papers, review articles

proceedings, working papers, Project reports, online theses

Focus and content

availability, accessibility, affordability and/or profitability

Geographical coverage Areas within sub-Saharan Africa (SSA)

Main focus of the paper is seed systems of TAV Paper explicitly
addresses relationship between seed system and seed quality,

Seed systems of vegetables in general without explicit references to
TAV

Paper does not address relationship between seed system and seed
quality, availability or accessibility or affordability (e.g., Paper on topics
such as mode of pollination/reproduction, varietal preferences, diversity
studies, ethnobotany, economic importance, nutrient contents of TAV)

Studies carried out in other regions than SSA

e N
Records identified through database Additional records identified through
_5 searching handsearching
‘5 (n=1245) (n=125)
=
=
D
=
— A4 A4 Records excluded after title
Records after duplicates removed screening
(n=998) {n=B00)
)
=
5 Records excluded
o =165
g Records screinle;isfor abstract Focu S(I:)f the L aper,
(n=198) Geographical coverage
(n=165)
~—
- Full-text articles excluded
Full-text articles assessed for eligibility Papers focused on seed
g’ (n=33) production and storage
= P Vegetable seed systems as a
2 whole
M Review papers
(n=20)
E Studies included in final analysis
= (n=13)
<
=
FIGURE 1 | Modified preferred reporting items for systematic reviews and meta-analyses (PRISMA) flow diagram. Adapted from Moher et al. (2009).

(Onim and Mwaniki, 2008; Karanja et al, 2011; Afari-Sefa
et al, 2013; Kimenye, 2014; Kansiime et al., 2016) were
narrative and did not apply satisfactory analytic techniques. The
strength of evidence ranged from low (Onim and Mwaniki,
2008; Karanja et al, 2011) to strong (Croft et al, 2018)
(Supplementary Table 2). The remaining studies (Afari-Sefa
et al., 2013; Kimenye, 2014; Kansiime et al., 2016, 2018, 2021;

Rajendran et al., 2016; Pincus et al., 2018; Kimaru et al,, 2019;
Mvungi et al., 2020; Ndinya et al., 2020) had moderate strength
of evidence.

The studies on TAV seed systems were all carried out in
Eastern Africa, with seven of the studies conducted in Kenya
followed by Tanzania (6). The studies were primarily carried
out by researchers from the World Vegetable Center Eastern
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Independent Researcher

Catholic Relief Services, USA

University of Nairobi, Kenya

Technology Adoption Through Research Organisation (TATRO), Kenya

Lagrotech Consultants, Kenya

Catholic Relief Services, USA

Academic Model Providing Access to Health Care, Kenya

Tanzania Official Seed Certification Institute, Tanzania

Rutgers University, USA

Kenya Agricultural and Livestock Research Organization

Association for Strengthening Agricultural Research in Eastern and Central Africa (ASARECA)

INADES Formation Tanzania

Horticultural Research and Training Institute, Tanzania

CABI, Nairobi, Kenya

AVRDC — The World Vegetable Center (AVRDC), Tanzania

FIGURE 2 | Affiliations of the researchers working on TAV seed systems.
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and Southern Africa regional office in Tanzania and the Center
for Agriculture and Bioscience International (CABI) in Kenya
(Figure 2).

We found nine TAV species (Figure 3) covered by the seed
systems. African nightshade ranked first in terms of the number
of occurrences in the studies (nine studies), followed by amaranth
(eight studies), spider plant, Crotalaria, and jute mallow (five
studies) (Figure 3). Pictorial representation of TAV reported in
this study is given in Figure 3.

TAV Seed Categories Reported in the
Studies

In Tanzania, Quality Declared Seed and certified seed were the
predominant seed categories identified across the studies (Onim
and Mwaniki, 2008; Karanja et al., 2011; Afari-Sefa et al., 2013;
Kimenye, 2014; Kansiime et al., 2016, 2021; Rajendran et al.,
2016). Non-certified TAV seed was the most frequent TAV seed
category in Kenya (Onim and Mwaniki, 2008; Croft et al., 2018;
Pincus et al., 2018; Kimaru et al., 2019).

Seed production and distribution channels were context-
dependent and varied widely between and within countries. For
instance, Rajendran et al. (2016) reported an exclusive Quality
Declared Seed in the Dodoma region of Tanzania, while in Tanga
and Morogoro regions, non-certified seed was the only seed
category available to farmers.

Sustainability of Seed Production Systems
We evaluated the sustainability of the different systems using
five criteria: quality of seed produced and delivered, seed
availability, accessibility, affordability, and the profitability of the
seed systems (Reyes and Maredia, 2014; FAO, 2021).

Seed Quality

Seed quality is of utmost importance for the viability of seed
enterprises and food security as a whole. Good quality seed
strengthens the trust of farmers in seed producers and encourages
them to buy seed. Eleven studies addressed the effects of
different systems on components of seed quality. Germination
and genetic purity were the most common dimensions addressed
(Supplementary Table 3). None of the studies assessed seed
sanitary conditions.

Seed quality differs significantly within the same species,
depending on the seed systems (private sector mediated,
informal, community-based) (Supplementary Table 3). Seed of
TAV produced and marketed in informal seed systems was
generally of lower quality. In Kenya, Kimaru et al. (2019) found
that only certified seed met the International Seed Testing
Association (ISTA) standards, while non-certified and farmer-
saved seed of African nightshade and other seed sold in the
markets were of extremely low quality, with purity below 74%.
Similarly, germination rates ranging from 33% for spider plant
to 74% for slender leaf (Crotalaria brevidens) were reported in
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G- Cowpea (2)

H- African k
Photo Credit: World Vegetable Center

Cowpea (2), (H) African kale (Ethiopian mustard) (2), (I) Pumpkin (2).

[ 4
B- Amaranth (Amaranthus spp) (8)

FIGURE 3 | Overview of the TAV species reported in the studies. The values in brackets denote the number of occurrences of the TAV species in the studies included
in the review (A) African nightshade (9), (B) Amaranth (Amaranthus spp) (8), (C) Spider plant (5), (D) Slender leaf (5), (E) Jute mallow (5), (F) African eggplant (3), (G)

an eggpl

Western Kenya in the informal system (Pincus et al., 2018). Poor
quality of TAV seeds was also reported from seed companies
(Onim and Mwaniki, 2008). Likewise, in Kenya, the germination
percentage of amaranth and African nightshade seeds produced
by farmers (informal seed system) was about two times higher
than seed sourced from seed companies (Croft et al., 2018).

In Tanzania and Kenya, farmers involved in private sector
mediated and community-based seed systems improved their
seed quality (Karanja et al., 2011; Afari-Sefa et al., 2013; Kimenye,
2014; Kansiime et al, 2016, 2021). This improvement was
linked to training received by seed producers, which improved
their knowledge and technical know-how (Afari-Sefa et al,
2013; Kimenye, 2014). In Western Kenya, TAV seed producers
were trained and received seed for multiplication from the
Kenya Agricultural and Livestock Research Organization and its
partners (Ndinya et al., 2020). However, the seed produced by
those farmers was below the minimum required standards; it
was not of better quality in germination percentage and purity
than that produced by their non-trained counterparts (Ndinya
et al., 2020). The seed produced by the trained farmers was not
subjected to any quality assurance. In addition to the training

provided to seed producers, a close follow-up during production,
seed processing, and the certification process either through
certified seed or QDS would be critical to ensure seed quality.

Seed Availability for TAV Production

Eight studies addressed the effect of the various systems on
seed availability. In Tanzania, private sector mediated and
community-based seed systems improved the availability of TAV
seeds (Karanja et al., 2011; Afari-Sefa et al., 2013; Kimenye, 2014;
Kansiime et al., 2016, 2021; Rajendran et al., 2016) (Datasheet 1).
For example, from 2009 to 2010 in Kenya, through private
sector mediated seed production, there was an increase of the
quantity of amaranth seed from 2,134kg to 5,918 kg; African
nightshade from 3,832 kg to 27,997 kg; jute mallow from 1,770 kg
to 17,706 kg; and Crotalaria from 6,669 kg to 24,253 kg (Kimenye,
2014). In Western Kenya, the informal seed system failed to
ensure year-round seed availability for TAV, including amaranth,
spider plant, and slender leaf (Pincus et al, 2018). These
findings showed that the availability of TAV seed is context-
dependent, and private sector mediated and community-based
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seed systems tend to contribute to improved seed availability
(Datasheet 1).

Seed Accessibility for TAV Production

Seed accessibility is an essential component of the sustainability
of seed systems and was investigated in eight studies. Private
sector mediated and community-based seed systems improved
seed accessibility across the countries (Afari-Sefa et al., 2013;
Kimenye, 2014; Kansiime et al., 2016) (Datasheet 1). In Uganda,
TAV seed dealers in private mediated seed system failed to
meet farmers’ seed demand (Kansiime et al.,, 2018). Similarly,
farmers experienced challenges accessing TAV seed in the
informal system in Kenya (Pincus et al, 2018). In Tanzania,
the community-based seed system ensured higher accessibility of
TAV seed to farmers because the produced seed was sold within
the community, while in the private sector mediated system, the
seed was not readily available within the community (Kansiime
etal., 2021).

Access to TAV seed was found to be gender-biased in
Tanzania, where female-headed households and older farmers
were reported to have less access to certified TAV seed compared
to their male and younger counterparts, respectively (Rajendran
et al,, 2016). Identifying the underlying causes for the disparity
between male and female and young and adult farmers for access
to good quality TAV seed is critical to designing gender-and
age-appropriate seed interventions.

Seed Affordability for TAV Production

Seed affordability has not been addressed widely in the studies
included in this review. Only three studies (Onim and Mwaniki,
2008; Kansiime et al., 2016; Croft et al., 2018) assessed the effect
of seed systems on seed affordability. Seed from the informal
system was reported to be more affordable than certified seed
in Kenya (Onim and Mwaniki, 2008; Croft et al, 2018). In
Tanzania, Kansiime et al. (2016) reported that seed from the
private sector mediated seed and community-based seed systems
was affordable. It is worth noting that none of these studies
reported figures assessing the extent of seed affordability.

Profitability of TAV Seed Production

Providing evidence for the profitability of TAV seed could attract
investments in the sector. Interestingly, seed system profitability
was addressed in six studies (Afari-Sefa et al., 2013; Kimenye,
2014; Rajendran et al., 2016; Kansiime et al., 2018, 2021; Mvungi
et al., 2020). In Tanzania, a comparative study between contract
seed growers and community-based seed growers revealed that
farmers engaged in the latter system had lower input costs and
higher returns than contract seed growers (Afari-Sefa et al,
2013). Similarly, Kansiime et al. (2021) reported that farmers
in community-based seed production systems earned about
US$ 857 per ha while farmers in contract-based production
systems (private sector mediated) earned US$ 192 from TAV
seed. However, these findings were not in line with the report
of Mvungi et al. (2020) in Kenya, where contracted TAV seed
growers profitably produced seeds of a range of TAV species in
contrast with their counterparts in the community-based model,
who were only profitable in the production of spider plant seed.

Seed growers in private sector mediated systems had higher
yield and selling prices (Mvungi et al., 2020). More specifically,
farmers involved in private sector mediated seed system had a
higher profit margin ratio (>50%) than non-contracted farmers
who had a negative profit margin for African nightshade and
amaranth. An in-depth analysis of the profitability of the seed
production system through cost-benefit ratio (CBR) revealed
that one dollar invested by contracted seed growers in the
production of African nightshade and amaranth seed would yield
about US $ 7.92 and US $ 6.27, respectively (Mvungi et al,
2020). In the same way, Kimenye (2014) found that farmers
in the private sector mediated seed system (Kenya) had higher
revenue than community-based (QDS) seed growers (Tanzania).
Per cropping season, seed growers involved in private sector
mediated seed system earned on average a gross income of US
$ 4,500 producing amaranth, African nightshade, jute mallow,
and Crotalaria seed in Kenya. Community-based (QDS) seed
growers earned US $ 300 producing African eggplant, amaranth,
and African nightshade seed in Tanzania per cropping season
(Kimenye, 2014). Similarly, in Tanzania, income generated per
hectare per season from TAV seed was US $ 907.1, US § 892.6,
and US $ 576.5 for the contract seed growers, community-
based seed growers, and seed growers in the informal system,
respectively (Rajendran et al., 2016). Seed producers in a private
sector mediated system earned a gross margin of US § 1325 and
US $ 4500 per ha for Solanum aethiopicum and Amaranthus
lividus, respectively (Kansiime et al., 2018). A low profit margin
was reported for TAV seed producers in the informal seed
system in Kenya (Pincus et al., 2018). For instance, the average
annual income from selling TAV seed from the informal seed
system ranged from US $ 15 in Bungoma County to US § 28
in Kisumu County in Kenya (Pincus et al., 2018), which was
quite low compared to the values reported in Tanzania and Kenya
for private sector mediated and community-based seed systems
(Afari-Sefa et al,, 2013; Kimenye, 2014; Mvungi et al., 2020).

Factors Limiting TAV Seed Production and
Marketing

TAV seed production and marketing were constrained by
several biophysical, technical, organizational, and institutional
factors. On the production side, pest attacks, low accessibility
to improved TAV germplasm, access to land, availability of
irrigation water, and lack of technical know-how of seed
producers as well as efficient seed extraction methods were
major factors limiting TAV seed production (Onim and Mwaniki,
2008; Afari-Sefa et al., 2013; Kansiime et al., 2021). On the
market side, difficulty in exploring viable markets and poor
differentiation between informal seeds sold in the open market
and QDS were major constraints (Table 2). As a result, there was
competition between QDS and non-certified farmer-produced
seed (Afari-Sefa et al., 2013). Building seed producers’ capacity
concerning market research, branding, and packaging would
improve their market access. Lack of resources (human and
technical), understaffing in seed certification agencies, poor or
no collaboration between seed sector stakeholders, and non-
conducive seed legislation for TAV seed business in many
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TABLE 2 | Factors limiting TAV seed production and marketing.

Constraints of TAV seed production

Number of studies Authors

reporting the constraint

Pest attacks

Lack of technical know-how on seed production

Poor quality of farm saved seed
Low accessibility to improved TAV germplasm

Difficulty exploring viable markets in QDS

Rudimentary seed processing mechanisms
Poor processing and packaging of seeds from farmers
Lack of access to foundation seed and quality assurance for QDS growers

Climatic and other abiotic challenges

Access to water

Unavailability of adequate land for seed production

Delay in receiving complementary inputs (Contracted farmers)

Institutional bottleneck (understaffing in seed certification agencies)

Challenges in negotiating and adhering to contracts for farmers under contract farming
Lack of strong collaborative links between seed sector stakeholders

Fragmented markets for QDS

Competition between QDS and non-certified farmer-produced seeds

Insufficient attention given to TAV by private mediated seed sector

3 Onim and Mwaniki, 2008; Afari-Sefa et al.,

2013; Kansiime et al., 2021

Onim and Mwaniki, 2008; Afari-Sefa et al.,
2013; Kansiime et al., 2021

Onim and Mwaniki, 2008; Kimaru et al., 2019

Onim and Mwaniki, 2008; Afari-Sefa et al.,
2013

Onim and Mwaniki, 2008; Afari-Sefa et al.,
2013

Kansiime et al., 2018
Onim and Mwaniki, 2008

Kansiime et al., 2021
Kansiime et al., 2021
Afari-Sefa et al., 2013
Onim and Mwaniki, 2008
Afari-Sefa et al., 2013

Afari-Sefa et al., 2013
Kansiime et al., 2021
Afari-Sefa et al., 2013
Kansiime et al., 2021
Afari-Sefa et al., 2013

Afari-Sefa et al., 2013

- 4 4 4 4 a4 a4 a4

countries are institutional factors to be tackled to foster the
production and delivery of high-quality TAV seed to farmers.

DISCUSSION

Regional Gaps in the Implementation of
TAV Seed Systems

Research on TAV and especially on the development of viable
seed systems has received little attention (Afari-Sefa et al., 2013;
Dinssa et al., 2015), exemplified by the limited number of studies
relevant to be included in this review. Within Eastern Africa,
Kenya and Tanzania are predominant in the development of TAV
seed systems, for two main reasons:

Project interventions like the Good Seed Initiative funded
by Irish Aid through CABI (Kansiime et al, 2016, 2018;
Rajendran et al, 2016), and the Multi-Donor Trust Fund
(MDTF) to ASARECA (Kimenye, 2014). The majority of the
studies stemmed from these projects. This finding shows the
vital role of funding in disseminating improved varieties and
promoting access to good quality TAV seed. Implementing
interventions to improve farmers’ access to improved varieties
and good quality TAV seed in other regions of the continent
is imperative.

There is scarce or no reported information on promoting
access to good quality TAV seed in other countries, especially
in Western, Central, and Southern Africa where TAV contribute
to income generation and nutritional security. More attention is
needed to assess, develop, test, and scale promising TAV seed

systems, especially in the regions where no study was identified
for inclusion in this review.

Sustainability of TAV Seed Systems

As one can expect for a developing seed system, there
is still a pre-dominance of the informal seed system in
TAV—an indication of its critical role in providing farmers
with TAV seed (Adebooye et al, 2005; Onyango, 2007;
Coomes et al, 2015; Croft et al, 2018; Pincus et al,
2018). The TAV seed systems in Eastern Africa are at
stage one as per the Douglas scale (1980), a range that
describes seed systems. Stage one is characterized by a
predominance of farmer-saved seed with low availability of
improved varieties. In contrast, stage four depicts a well-
developed seed sector driven by commercial seed production and
marketing. Significant investment in varietal development and
creating a conducive policy environment is needed to enhance
the availability, accessibility, and affordability of high-quality
TAV seed.

The three TAV seed systems have some merits in delivering
seed to farmers. The studies we reviewed focused primarily
on seed quality (germination and purity), seed availability, and
accessibility. However, seed affordability to farmers has received
little attention. Seed affordability is a major driver of seed
purchase by farmers (Simtowe et al., 2019). We recommend that
future studies to assess the viability and sustainability of seed
production and marketing systems also address the demand side
by evaluating seed affordability for farmers. Such studies should
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investigate the decision-making process of farmers regarding
their willingness to invest more into seed purchases.

The informal seed system seems to be more limited in
producing and delivering high-quality seed. However, there were
instances where seed quality in the formal or community-based
system was either poorer or of the same quality as seed from
the informal sector (Coomes et al., 2015; Croft et al., 2018). This
system deserves special attention (Croft et al., 2018), especially
where the formal and the semi-formal seed systems are not
operational. Besides potential shortcomings in seed production,
processing, and storage from some seed companies, poor seed
quality reported from the private sector mediated seed system
could be due to the presence of “fake seed” injected into the seed
market—a challenge to farmers and seed companies alike. Poor-
quality seed from a private sector mediated seed system could
create distrust and encourage sourcing seed from an informal
system. Insufficient technical information is available on methods
to optimize seed production (ideal temperatures/rainfall, soil
types, isolation distances, crop management practices, avoidance
of seed-borne pathogens, seed extraction, seed drying) of many
TAV. Such knowledge is often specific for each TAV and should
be developed and publicized. The conditions under which TAV
are stored are critical for long-term seed health. Actors in TAV
seed systems may need to revisit their cultural and postharvest
practices, including seed harvesting, threshing or extracting,
drying, and storage.

The private sector mediated system with an outgrowing
scheme stands out in terms of profitability for seed growers
(Kimenye, 2014; Rajendran et al., 2016; Mvungi et al., 2020).
In the private sector mediated system, seed growers had access
to services, including credit, and improved technologies from
seed companies enabled them to realize high profit margins
(Mvungi et al., 2020). Those services would likely allow them
to improve their productivity, seed quality, and profitability. As
long as the producer complies with the contractual arrangement,
there is a guaranteed buyer (seed companies), which is not
often the case in the other systems (Afari-Sefa et al,, 2013).
For instance, seed producers engaged in community-based seed
systems had difficulty exploring viable markets and selling their
seed due to competition from the informal seed sector (Afari-
Sefa et al., 2013), and lacked access to foundation seed (Kansiime
et al,, 2021). It is worth noting that the private sector-mediated
system may be limited in facilitating farmers’ access to seed
(Kansiime et al., 2021). Private seed companies purchase seed
from out-growers but do not necessarily sell it within the
community where the seed is produced. As a result, TAV growers
in the community may have low access to high-quality seed
produced by their fellow farmers. Nevertheless, where a private
company is willing to invest in TAV seed production, it may
be more sustainable to promote contract-based seed production.
However, seed producers must carefully consider the challenges
involved in negotiating and complying with the terms of their
contracts (Kansiime et al., 2021). Seed quality requirements such
as varietal purity, germination, moisture content, etc. must be
clear to the seed producers, and seed companies must honor
the prices given in contracts so that both parties feel confident,
trustful, and secure.

Women play an important role in the production and
utilization of TAV. However, current TAV seed systems are not
sufficiently gender-responsive. In one example of the informal
system, male seed producers earned more than female producers
(Pincus et al., 2018). Females experience difficulty in getting
contracts with seed companies because of decision-making at
the household level and land ownership (Kansiime et al., 2021).
Development-oriented interventions in the TAV seed sector
should consider gender differences and promote the inclusion
of females and youth. Failing to do so would worsen gender
inequalities (Pincus et al., 2018).

TAV seed systems are diversified and the predominant
systems depend on the crop species and the location. Therefore,
one should observe caution in generalizing the information
on TAV seed systems. Before developing and implementing
seed interventions, a thorough situational analysis should be
conducted to achieve the desired impact and avoid disruption
in access to high-quality seed (McGuire and Sperling, 2016;
Almekinders et al, 2019). Where there is no private seed
company interested in TAV seed, promoting a community-
based seed system with Quality Declared Seed as quality
assurance, coupled with capacity building for seed growers
in production skills, management, and marketing would help
ensure sustainable TAV seed production. The choice of a system
to be promoted also depends on the objective of the intervention.
Interventions seeking to ensure seed availability at the national
level could promote the private sector mediated system; when
the emphasis is on a given community, it would be preferable
to support a community-based seed system with a QDS option
if regulations allow.

Diversifying Quality Assurance Options for
TAV

In COMESA, the regional harmonized seed regulations
(COMESA, 2014) have not made room for other seed systems
except for the formal seed system. This system is characterized
by centralized laboratory testing and requires complex logistics
and full-time inspectors for field inspections and laboratory
testing. These seed quality control services are often understaffed
with limited resources for timely field inspection, laboratory
testing, and delivery of certificates or tags (Afari-Sefa et al,
2013; Ayenan et al., 2017). Considering the low amounts of seed
produced by TAV seed producers, payment for the certification
process is almost prohibitive for many local seed companies
or seed producer cooperatives. The COVID-19 pandemic has
further exposed the low resilience of the system. During the
pandemic, lockdowns and other restrictions on movement in
many countries have undermined the ability of certification
officers to carry out their duties (field inspection, seed sampling,
and testing), which could compromise seed quality (Sperling
et al., 2020). In addition, there has been a limitation on seed
importation from other countries or seed transport within a
country, stressing the dire need to foster local seed production.
Sperling et al. (2020) rightfully pointed out the need for policy
change to redesign the seed system to serve farmers better, reach
farmers in remote areas (last mile), and function better under
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normal and stressful conditions. QDS as quality assurance is
gaining recognition, and grassroots stakeholders are embracing
it, even in challenging seed policy environments. For instance,
in Mali, seed regulations do not officially recognize QDS,
but initiatives for community-based seed production involve
improved and non-improved varieties with unofficial QDS
(Diallo and de Boef, 2012; Louwaars et al., 2013). National seed
legislation should create enabling conditions for farmers to
access quality seed for all crops, especially TAV, because of their
importance for improving nutrition and livelihoods.

In addition to QDS, Participatory Guarantee Systems (PGS)
used in organic farming for quality assurance could be tested
in TAV seed production. “Participatory Guarantee Systems
(PGS) are locally focused quality assurance systems. They certify
producers based on the active participation of stakeholders and
are built on a foundation of trust, social networks, and knowledge
exchange.” (IFOAM-Organic International, 2008, 2019). This
system integrates the simplification of the seed certification
process promoted by the QDS scheme and the principles of
participation, trust, and empowerment of stakeholders involved
in the system.

CONCLUSION

Studies on TAV seed systems in sub-Saharan Africa are recent
and mainly carried out in Kenya and Tanzania. Despite the
small number of studies reviewed, we identified interesting trends
that could guide future studies and interventions on TAV seed
systems. Even though seed quality varied widely within a system,
private sector mediated and community-based seed production
tends to provide better seed quality. Farmers involved in private
sector mediated seed and community-based seed systems had
higher profitability than their counterparts in informal systems.
The private sector mediated seed system was more profitable to
seed growers compared to community-based seed system. Private
sector mediated and community-based seed systems improved
seed availability. Community-based seed production systems
had a better effect on seed accessibility compared to private
sector mediated systems. The advantage of the private sector
mediated seed system over the community-based seed system
lies in the guaranteed market that the former offers to seed
growers. The available information from the studies could not
discriminate among the three systems based on the affordability
of the seed they delivered to farmers. We identified the private
sector mediated system as the most sustainable model. However,
the promotion of the private sector mediated system requires the
existence and willingness of a private seed company to venture
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