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ARTICLE INFO ABSTRACT

Keywords: Relative to the informal seed systems, quality declared seed (QDS) system provides higher quality seed. Thus, it
Quality Declared Seeds offers smallholder farmers an opportunity to access seeds of new and improved varieties more conveniently and
Smallholders

efficiently. However, various challenges limit growth of QDS production in many subscribing countries.
Therefore, this study assesses economic viability and sustainability of QDS system for common bean, groundnuts
and sorghum in Tanzania. We find that QDS production is profitable, with positive profit margins and a benefit-
cost ratio greater than one. QDS is primarily sold at the farmgate, with <10% sold through formal outlets or
shops, posing quality and traceability challenges. QDS system avails to smallholder farmers diverse and improved
varieties at affordable costs and in a timely manner. Weak regulations, inadequate inspections, low producer
license renewal or registration may slow gains in the QDS business. We recommend developing marketing
infrastructure to integrate private sector players like grain traders and processors, and enhancing public-private
partnerships for early generation seeds and certified seeds needed for QDS production. We also suggest revising
and updating the QDS training curriculum to include business entrepreneurship and marketing modules and
revising existing laws to support faster QDS sector growth.

Benefit-cost ratio
Expert opinions
Common beans
Sorghum
Groundnuts

1. Introduction

The role of smallholder farmers in food security and nutrition
enhancement is widely documented [1,2]. Therefore, the technologies,
innovations, and inputs used by smallholder farmers play a critical role
in shaping food and nutrition security. While it is well established that
seeds, for example, are sourced from both formal and informal systems,
the informal seed sector remains the predominant source in many
developing countries [3]. In a country like Tanzania, smallholder
farmers rely heavily on local markets for their seed supply, with over
97% of seeds being sourced through these informal channels [4,5] while
<3% of planting material comes from formal and semi-formal (referred
to as Quality Declared Seeds (QDS)) seeds systems. Informal seed
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systems flourish for less profitable crops and for open-pollinated crops
such as sorghum, common beans, and groundnuts. In contrast, informal
seed purchased from local markets is growing rapidly and organically,
displacing farm-saved seed as the predominant source of seed used by
smallholders in Africa mainly for OPV crops [4-6]. Thus, vast quantity
of planting material is provided regularly at acceptable prices by local
grain traders, aggregators and grain processors, who also sell seed after
recleaning superior lots of grain for sale “local seed’ during the planting
season [6].

Besides, grain traders provide market signals that create seed de-
mand pull in the value chain and seed actors such as seed producers
including QDS respond to the demand through increased seed produc-
tion to meet the seed needs of the farmers who supply them with grains
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[6,7] . They also thrive in areas where commercial seed is either un-
available or too expensive for smallholders to purchase [8]. Seed com-
panies consider these crops less profitable due to uncertain and
fluctuating demand caused by competition from farm-saved seeds [9,
10]. They have little or no incentive to invest in additional production
and sales.

Rural development initiatives have largely supported farmer seed
production in sub-Sahara Africa (SSA) [11,12]. Seed producers often
serve local markets or contract with development projects, government
agencies, non-governmental organizations (NGOs), or commercial seed
companies [13,14]. However, the extent of farmer involvement in seed
production and marketing varies across countries depending on existing
policies and regulatory frameworks [15,16]. In response to these dy-
namics, the Food and Agricultural Organization (FAO) introduced the
concept of quality declared seed (QDS) in 1993 as Plant Production
Paper 117 to enhance the value and marketability of seeds produced by
smallholder farmers [17]. Since then, the QDS approach has been
adopted by several sub-Saharan African countries such as Ethiopia,
Tanzania, and Uganda. Despite its adoption in Tanzania as
cost-effective, and easy way for the smallholder farmers to access
improved seeds, the scale of QDS production and dissemination remains
low in many countries due to limited added value for both seed pro-
ducers and buyers (farmers) since sales are only legally permitted within
the districts or localities [15,18]. As a result, QDS seed production re-
mains low, accounting for only 6% of all the quality sorghum,
groundnut, and common bean seed produced in the country during the
2022/23 production season, according to TOSCI database.

The QDS system has huge potential to address seed availability gaps
as it shifts seed quality assurance responsibilities from the government
to producers who could be individuals, small-scale enterprises, farmer
groups or project-based organizations on assumption that these pro-
ducers will maintain high quality standards to protect their reputation
and customer trust [19]. QDS offers a more open and flexible regulatory
framework compared to certified seed, making it easier for smallholder
farmers to enter the seed market and increasing the supply of seed
without compromising seed quality. Moreover, compared to formal seed
systems, QDS offers sustainability driven by the market, decentraliza-
tion of seed production to cater to regionally specific varietal prefer-
ences, possibilities of establishing linkages to formal institutions, and
production of quality seed. These advantages address difficult chal-
lenges in areas experiencing high pests and diseases, humanitarian
conflicts or crisis, and accelerated climate change [9,20]. Strengthening
seed marketing ultimately promotes broader adoption, improved vari-
eties produced and approved by farmers [12,21].

Production of quality seeds by smallholder farmers is challenging
and may require support from technical and market intelligence experts
and from public agencies providing production infrastructure, among
other parties. More often, communities have been supported by NGOs to
produce and sell QDS thus the enterprise can collapse when the NGOs
exit. This has led to the notion that investment in QDS is unsustainable in
the long term. In this study, we explore this notion with real data from
QDS-producing smallholder farm households from Tanzania. The study
combines in-depth interviews and qualitative approaches, such as expert
elicitation opinion (EEO). The focus crops include common beans,
groundnuts, and sorghum, all of which are open-pollinated crops. The
objective is to assess the profitability of QDS production and identify key
factors that either support or hinder the sustainability of smallholder
investment in QDS.

Tanzania is among the African countries that officially recognize
QDS in their policy framework. Other countries include Ethiopia,
Uganda, Senegal, Niger, South Africa, Zimbabwe, Zambia, Malawi,
South Sudan, and Rwanda [22,23]. In Tanzania, QDS was integrated
into the National Seeds Act of 2003 [24]. These systems were further
supported by seed rules, regulations, and procedures established in
2007, along with guidelines for seed production control. QDS is classi-
fied as semi-formal seed system, which is widely accepted for various
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crops including indigenous vegetables, pulses, and cereals [25].

The open pollinated varieties (OPVs) listed in the official national
variety catalogue [26,27] can be used to produce QDS seeds while they
cannot be used to produce F1 Hybrids. For instance, the production and
certification of common beans, groundnut and sorghum seeds are gov-
erned by the Seed Production Act of 2003/2007 and regulated by the
Tanzania Official Seed Certification Institute (TOSCI) under the Ministry
of Agriculture. Small-scale farmers cultivating these and other crops
produce QDS to help bridge the gap in seed availability and access.
Production and marketing of QDS are decentralized and limited to
specific Wards within districts where district extension officials, under
the supervision of the TOSCI, oversee inspection and compliance. The
inspection process is governed by the 2020 Seeds (Control of Quality
Declared Seeds) regulations. It involves notifying the QDS seed pro-
ducer, payment of the required fees by the producer, inspecting 10% of
the registered fields in the district, sampling, and testing to ensure the
seeds meet minimum quality standards [18]. However, under contrac-
tual seed production arrangement for example in Zambia and Niger,
seed companies conducted inspections themselves [14]. Across the
country, QDS production and marketing have largely been promoted
through project-based interventions, which may obscure the true prof-
itability and sustainability of the enterprise. Against this backdrop, the
study aimed to generate data-driven insights to evaluate the profitability
and sustainability of the QDS enterprise and identify factors such as
overreliance on donor-supported programs that may hinder its
long-term viability.

QDS producers are rational and would be motivated to undertake the
investment only when it is profitable. Profitability serves as a key in-
dicator of the viability of the enterprise and can be assessed using the
gross margin approach [28,29]. In this study, gross margin analysis was
used to determine the profitability of QDS production in common beans,
groundnuts, and sorghum among the smallholder farmers. A key
strength of this study is the use of comprehensive and systematic ap-
proaches. We combined multiple methods, starting with a literature
review, followed by a survey of QDS producers, expert consultations,
and qualitative in-depth interviews with stakeholders. This
multi-faceted approach allows us to identify critical success factors and
challenges within the QDS production system in Tanzania. Such a
methodology is particularly useful in contexts where data availability is
limited.

The rest of the paper is structured as follows: the next section outlines
the methodology, including data sources, collection methods, and
analytical approaches; Section 3 presents and discusses the results, while
Section 4 provides conclusions and recommendations.

2. Data and methodology
2.1. Survey data

The study used cross-sectional data from 148 quality declared seed
(QDS) producers of common bean, sorghum, and groundnut seeds across
five zones in Tanzania: Central, Lake, Northern, Southern Highlands and
Western, targeting the 2022/23 main cropping season in January 2024.
A list of trained QDS producers in the target regions was obtained from
the seed regulator, Tanzania Official Seed Certification Institute
(TOSCI), and randomly selected producers from the list for interviews
through research randomizer (see https://www.randomizer.org). The
final sample consisted of 93 QDS producers for common beans, 28 for
groundnuts, and 27 for sorghum. The interviews were conducted face-
to-face using semi-structured questionnaires. The survey team
collected information on farmer characteristics, QDS varieties produced,
incentives for QDS production, costs and revenues, access to marketing
information, sustainability of seed production, and challenges faced
[30]. analyzed other information, including access to digital devices,
level of digital literacy, the digital services accessed, communication
channels in seed business interactions, and information-seeking
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behavior of the QDS producers.

2.2. Elicitation of expert opinions

We used the elicitation of expert opinion (EEO) method to comple-
ment survey data for assessing the sustainability of the QDS business in
Tanzania. Several studies have used EEO to assess sustainability and
adoption of new varieties in agricultural systems [12,31,32]. EEO as a
systematic method uses repetitive and independent questioning of ex-
perts. This method is suitable for assessing sustainability of QDS in the
current context as producers themselves may lack the capacity to
determine its long-term viability with certainty making it necessary to
involve experts in the evaluation process. We conducted EEO in two
stages. In the first stage, questionnaires were emailed to 44 experts, and
data were analyzed. In the second stage, a national workshop was
convened on 10th December 2024 in Dodoma, Tanzania, that brought
together the 44 experts with diverse background knowledge, experience
and expertise in breeding, socioeconomics, seed systems and agronomy
or extension services (Table 1).

These participants included agricultural experts from national and
international research organizations, extension officers, seed producers,
seed regulators in the country, non-governmental organizations (NGOs)
staff, and grain traders. While engaging experts, we also broadened
participation to include QDS producers themselves, traders who depend
on QDS farmers for affordable and sustainable seed supplies, and NGOs
actively supporting QDS production across several regions of the coun-
try. The discussions were moderated by an experienced external expert
to avoid possible biases and/or domination by specific groups of experts.
The results are presented in Table 1a in supplementary material. This
approach ensured that conclusions based on interviews with QDS pro-
ducers met high quality and validity standards.

Based on a synthesis of information from experts or key informants,
we analyzed whether the QDS system meets the five principles of sus-
tainable seed systems shown in Table 2. As appropriate, QDS is evalu-
ated against farm-saved and certified seeds.

QDS producers and experts scored the three principles of sustain-
ability - quality, quantity, and affordability on a 5-point Likert scale.
Quality ratings were identified as very good to very poor. Quantity
ratings were designated as very low, low, average, high, and very high.
Affordability ratings were scored as very high, high, the same, low, and
lower. Lastly, data from TOSCI were used to analyze the trend in the
registration and renewal of QDS producers in Tanzania.

2.3. In-depth interviews

Finally, we conducted in-depth interviews with 19 QDS producers
who were interviewed using the questionnaire—ten with 5-10 years’
experience in QDS and nine with more than ten years’ experience. This
final interview aimed to gain a better understanding of what has sus-
tained their seed business. Of the ten producers interviewed with <10
years’ experience, five were individual producers, two farmer groups,

Table 1
Number of experts consulted in 2024.
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Table 2
Concept of sustainable seed systems.

Principle Description/Relevant Question

Quality Is the QDS system able to supply quality seeds to farmers?

Quantity Does the system supply enough quality seeds to meet the
demand?

Diversity Does the system provide adequate quantity and quality of diverse
varieties to meet the needs of the farmers?

Accessibility Does the system deliver the seeds in a timely manner in locations
that are convenient to the farmers?

Price/ Does the system supply seeds at affordable prices?

affordability

Source: Adapted from [33,34].

and three NGOs. The nine producers with more than ten years’ experi-
ence included five individual producers, three farmer groups, and one
NGO. The questions for the in-depth interviews focused on: whether the
producer had at one time stopped QDS production and the reasons why;
how she or he considered resuming their QDS business; the main factors
or pillars that have kept the business going; whether the business has
been growing or not; and factors contributing to the growth.

2.4. Analytical approach

The study used gross margin (GM) to analyze the profitability of QDS
production by the smallholder seed producers, using farm level data
from the 148 QDS producers from different regions of Tanzania. Gross
margin is defined as the difference between total revenue and total
variable costs associated with an enterprise. The novelty of using the GM
is its ability to show how much money may be reinvested in growing the
business. It is a measure of the growth potential of a business which is
useful for sustainability analysis. Monetary values are expressed as
Tanzania shillings (TSH). The gross margin is computed as follows:

GM = Q,P, — Y X;Py, €Y)

where GM = gross margin; Q, = total output of crop (kg); P, = price per
unit of output; X; = quantity of the input used; P,; = per unit price of
input; Q,P, = total revenue from the output; > X;Py; = total variable
cost. Therefore, the GM = gross total revenue (GTR) - the total variable
cost (TVC), where GM = gross margin (TSH/acre), GTR = gross total
revenue (TSH/acre), and TVC = total variable cost (TSH/acre). Using
GM, we assessed whether QDS meets the “cost-recovery” principle of a
sustainable seed system. From a business perspective, this is the most
important principle of a sustainable seed system. A positive gross margin
would serve as an incentive for producers to invest in QDS production,
ensuring its sustainability.

The benefit-cost ratio (BCR) was calculated as also used in [35]. We
analyzed survey data using STATA Software. A content analysis
approach was used to analyze data from in-depth interviews and expert
opinions.

Experts™* Total number of Breeding  Seed Socio Agronomy or Others (trader, seed
experts systems economics Extension producers)

Development Practitioners/NGOs 4 - - - 4 -

NARS Research Scientists 11 2 3 4 2 -

CGIAR Research Scientists/University 12 3 5 4 - -

Seed producers (seed companies and 5 - - 5

QDS)

TOSCI 2 - 2 - - -

Traders 10 - - - - 10

Total 44 5 10 8 6 15

™ QDS-Quality Declared Seed; TOSCI- Tanzania Official Seed Certification Institute; NARS- National Agricultural Research System; CGIAR- Consultative Group on

International Agricultural Research.
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3. Results and discussion
3.1. Descriptive results

Survey data were collected from 148 QDS producers in Tanzania,
covering three crops—common bean, groundnut, and sorghum. Table 3
shows the summary statistics of the characteristics of these seed pro-
ducers organized by crop type and the producers’ level of experience.
Men dominate QDS production in all crops with the highest proportion
in common beans (62%), sorghum (55%), and groundnuts (51%). While
groundnuts have a more balanced gender representation, the overall
trends suggest that men are more engaged in QDS production than
women. Men may have better access to land, credit, and training op-
portunities, which are crucial for quality seed production. Women may
be more involved in other agricultural activities rather than seed busi-
ness, such as food production, particularly in rural areas where cultural
norms influence economic roles [36]. Lack of tailored support for
women in seed production, such as training, credit, land and financing,
might contribute to their lower participation [14]. The majority of the
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QDS producers in our survey had been in business for less than five years
(81% in beans, 69% in groundnuts, and 72% in sorghum). The high
percentage of new entrants indicates that seed entrepreneurship is
gaining traction, possibly due to increased awareness and policy sup-
port. For instance, initiatives of the Tanzania Agricultural Research
Institute (TARI), the Tanzania Official Seed Certification Institute
(TOSCI), and the Alliance of Bioversity International and the Interna-
tional Center for Tropical Agriculture (CIAT) to support seed production
and distribution have created opportunities for individuals to engage in
the seed sector. The influx of new producers shows promise for
expansion.

To capitalize on the potential growth of the QDS system, new seed
producers need comprehensive training and support. Our survey showed
that the majority of the trained QDS producers registered to produce
seeds, regardless of their experience in the business (at levels of 66% for
common bean, 83% for groundnuts, and 72% for sorghum). High
registration rates suggest that most QDS producers operate within
formal regulatory frameworks, which are crucial for maintaining seed
quality standards. The availability of registration services and

Table 3
Basic characteristics of Quality declared seed producers.

Variables Beans Groundnut Sorghum

<5 years > 5 years Overall <5 years > 5 years Overall <5 years > 5 years Overall

% % % % % % % % %
Sex of the QDS producer
Female 33 61 38 58 27 49 52 25 45
Male 67 39 62 42 73 51 48 75 55
Registered to produce QDS seeds after training (%) 63 78 66 92 64 83 86 37 72
System of QDS production
Farmer group 7 0 5 0 27 8 0 25 7
Farmer Cooperative 0 6 1 4 0 3 0 0 0
Non-governmental Organizations (NGO) 5 16 8 8 9 9 5 12 7
Grain trader (off taker) 1 0 1 0 0 0 0 0 0
Individual seed producer 87 78 85 88 64 80 95 63 86
Where producer sell the seed
Locally (within the district) 100 100 100 100 100 100 100 100 100
Outside the district 37 44 38 25 36 28 10 12 10
Promotion of produced seed
Communication materials (leaflets, brochures, posters) 5 0 4 0 9 3 5 25 10
Demo plots 45 72 50 38 45 40 48 25 41
Farmer field days 25 61 32 21 9 17 9 13 10
Agricultural shows 12 39 17 21 36 26 14 25 17
Mass media (radio, TVs) 1.3 0 1 0 18 0 25 7
In person gatherings 57 33 52 46 64 51 52 63 55
Traders 0 6 1 0 0 0 0 0 0
WhatsApp 12 28 15 13 0 8 5 25 10
Instagram 8 11 8 8 0 6 5 12 7
Facebook 7 22 10 13 0 9 5 12 7
M-kilimo' 1 11 3 8 0 5 5 0 3
Other specify 14 0 12 21 9 17 14 12 14
Distribution channel
Direct to farmers 87 100 90 100 100.0 100 100 100 100
Seed fair 0 9 1 0 0 0 0 0 0
Contractors 25 0 21 0 0 0 0 0 0
Agro dealer 5 9 6 0 0 0 0 0 0
Agricultural shows 4 9 4 0 0 0 0 0 0
Others (e.g., traders & schools) 4 0 3 0 0 0 0 17 7
Sources of parent seed
TARI* 66 72 67 54 73 60 48 38 45
ASA* 4 8 4 0 0 0 5 0 3
Seed company 1 11 3 4 0 3 0 0 0
Own production 1 0 1 4 9 6 0 25 7
Others specify 34 11 30 42 18 34 52 50 52
Enough knowledge for QDS production (%) 84 72 82 83 55 74 86 50 76
Able to sell all produce (%) 88 83 87 71 73 71 76 50 69
Able to meet farmers’ seed demand (%) 11 11 11 21 18 20 29 38 31
Adoption of new varieties (%) 20 28 21 25 64 37 9 25 14
Number of observations (n) 75 18 93 19 9 28 20 7 27

" TARI-Tanzania Agricultural Research Institute; ASA-Agricultural Seed Agency; QDS - Quality declared seeds. Source: Survey.
! M-Kilimo is a strategic initiative aimed at leveraging the near-ubiquity of mobile phones to transform agricultural practices. Farmers can access a wealth of services
including market information; real-time updates on commodity prices; buyer demand; direct buyer connections; agricultural advice; expert tips; and best practices to

improve yields and productivity. https://exts.kilimo.go.tz/.


https://exts.kilimo.go.tz/

J. Ochieng et al.

regulatory enforcement could drive this trend, ensuring that new and
existing producers comply with -certification requirements [37].
Groundnut producers registered at the highest rates (83%), possibly
indicating better organization or stronger incentives for compliance in
this crop compared to beans and sorghum. However, it is also important
to note that not every trained potential QDS producer eventually reg-
isters to produce. Others fail to join the production, which could justify
the need to train higher numbers because not everyone trained even-
tually takes up the business.

The most common QDS production system was that of individual
producers (85% in beans, 80% in groundnuts, and 86% in sorghum). A
few producers, however, produced QDS as groups or under NGO-
supported initiatives. This trend could be because individual pro-
ducers have full control over their production processes, from seed se-
lection to marketing, allowing them to make independent business
decisions [38].Operating individually allows producers to retain all
profits from their seed sales and adapt their production to market de-
mands without group constraints. Furthermore, in some areas there are
fewer farmer cooperatives or associations that support QDS production,
leading more farmers to operate independently. While the rules require
that QDS producers sell within their districts, 37% of common bean
producers, 29% of groundnut producers, and 10% of sorghum producers
sold some QDS beyond the district. This highlights the complexities and
challenges in enforcing QDS regulations. Limited access to quality seeds
in a location may drive cross-district trade, encouraging producers to
sell beyond their jurisdictions. It is possible that, at some point, pro-
ducers find better prices and larger markets outside their districts,
motivating them to bypass regulations. Details are available in Tablela
supplementary material.

The producers used different approaches to promote their products,
such as public gatherings and demonstration plots. This was true for all
producers surveyed, regardless of their experience in QDS production.
Public gatherings provide a platform for direct engagement with seed
producers, farmers and other stakeholders, which create awareness of
the benefits of QDS, delivering information on seed availability and
addressing farmer concerns in real time. While the demonstration plots
are particularly useful in seed marketing—because they allow farmers to
see and compare seed performance in real field conditions, they also
build trust and credibility, encouraging technology adoption [39]. A few
producers used social media applications to promote their products,
indicating a potential gap in the adoption of digital marketing [40].
Majority of the QDS producers sourced their parent seed (basic seed)
from TARI, and that they had sufficient knowledge for QDS production.
Over 87% of common beans producers, 74% of groundnuts and 69% of
sorghum producers sold all the QDS seeds produced, failing to
completely satisfy market demands. Although QDS seeds can be pro-
duced using Certified seed from seed companies, QDS producers
preferred to use EGS primarily the basic type sourced from TARIL The
reliance on TARI for sourcing parent seeds is indicative of the institu-
tional support that QDS producers receive, which is crucial for ensuring
seed quality. TARI—the primary government body responsible for
research and production of early generation seed (EGS)—ensuring that
the seed supplied to QDS producers meets high-quality standards. This is
vital for the integrity of the QDS system and for ensuring that farmers
receive seeds that are reliable for planting. However, it would be im-
pactful if TARI could supply early generation seeds (EGS) to other seed
companies for multiplication. This would guarantee production and
supply of enough certified seeds to meet the growing demand from QDS
producers. In Tanzania, EGS include breeder (pre-basic) and foundation
(basic) seeds [40].

Evidently, current producers cannot satisfy the enormous QDS
market. About 90% of the common bean producers, 80% of the
groundnut producers, and 70% of the sorghum producers said that they
were unable to satisfy the demand for their QDS. The inability to meet
market demand shows that the QDS sector is experiencing strong de-
mand from farmers and stakeholders who recognize the value of quality
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seeds. Farmers are more likely to adopt high-quality seeds when they
understand the benefits, including higher yield potential, better disease
and pest resistance, and improved market value [41]. The growing
preference for improved, high-yielding and disease-tolerant varieties
has contributed to the increased demand for quality seeds. Policies
aimed at improving agricultural productivity and food security, such as
those promoting access to certified seeds, could be driving the demand
for QDS. The main buyers of QDS were the farmers. All groundnut and
sorghum QDS producers (100%) and 90% of common bean QDS pro-
ducers sold their seeds directly to farmers whereas 21% of them also
marketed their seeds through contractors.

With respect to the adoption of new varieties (<10 years old), our
survey found that the QDS producers are hesitant in adopting new va-
rieties. About 80% of common bean producers, 63% of groundnut pro-
ducers, and 86% of sorghum producers said that they were not
producing new varieties (Table 3). QDS producers may be sticking with
old varieties because they are established in the market and may not
require investment in promotional campaigns. This underscores the
need for collaborations and partnerships in the promotion of the new
varieties because it would be challenging for the QDS producers to do
this on their own. Table 4 shows the main varieties developed by QDS
producers. Calima Uyole, Selian 13, and JESCA were the three most
popular bean varieties. For groundnuts, Naliendele 2016, Mnanje, and
Mangaka were the most popular varieties. For sorghum, Macia and Naco
Mtama 1 were the most popular varieties.

Despite recommendations that farmers adopt newer crop varieties,
QDS producers in developing countries often continue to grow varieties
that are over 10 years old [42] . For example, old common bean varieties
included Jesca (28 years old), Lyamungo 90 (35 years old), and Uyole

Table 4
Varieties of sorghum, common beans and groundnuts cultivated by smallholders
in Tanzania.

Variety Year of Variety Experience (% of QDS % of QDS
Release Age producers) producers
R ; (n =148)
<5 years >5 years
experience experience
(n=114) (n =34
Beans
Calima 2011 14 30 0 23
Uyole
JESCA 1997 28 13 22 15
Kipapi/TARI 2024 1
Bean 8
Lyamungo 1990 35 0 22 5
90
Selian 13 2018 7 13 33 18
Selian 14 2018 7 7 0 5
Selian 15 2018 7 3 0 3
Uyole 03 2003 22 10 0 8
Uyole 18 2018 7 0 11 3
Uyole 19 2018 7 3 0 3
Uyole 96 1996 29 7 0 5
Njano Uyole 2008 17 3 11 5
Groundnuts
Mangaka 2009 16 10 19 15
Mnanje 2009 16 20 25 23
Nachi 2015 2015 10 10 6 8
Naliendele 2018 7 50 38 42
2016
Narinut 2015 10 0 6 4
2015
Pendo 1998 27 10 6 8
Sorghum
Macia 1998 27 50 43 44
Naco Mtama 2008 17 50 14 22
1
Pato 1977 48 0 14 11
Tegemeo 1995 30 0 14 11
Wahi 2002 23 0 14 11

Source: Survey, TARI (2024); Ndimbo et al., (2022); Daudi et al., (2022).
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03, and Uyole 96 (22 and 29 years old, respectively). Old sorghum va-
rieties included Pato (48 years old), Macia (27 years old), Tegemeo (30
years old), and Wahi (23 years old). The groundnut variety Pendo is 27
years old.

Overall, 50% of the QDS producers introduced new varieties into
their portfolio, with >53% of them being bean farmers. Producers
highlighted mainly market-related factors that would make them
introduce a new crop variety into their QDS production portfolio
(Fig. 1). The results show that the QDS producers target the market.
Thus, varieties with high demand are the most preferred. Related to high
demand are high prices. Other important considerations include ease of
production, tolerance to pests and diseases, and resilience to climate
change. Thus, when these considerations change, QDS producers are
more likely to change varieties.

The key drivers that motivate QDS producers to increase investment
in production such as introducing new varieties into their portfolios and
expanding area under cultivation are presented in Fig. 2. For all the
crops surveyed, availability of EGS and building the capacity of QDS
producers were the most important interventions that would accelerate
the adoption of new varieties. Other important interventions suggested
by QDS producers were varietal promotional campaigns and favorable
policy changes. Production of EGS, which includes breeder and foun-
dation seeds, is essential for producing high-quality QDS. Many QDS
producers struggle to access EGS due to high costs, limited supply and
weak distribution networks. Public research institutions produce limited
EGS, while private sector involvement is minimal, leading to frequent
shortages. To curb this scenario, there is a need to strengthen public-
private partnerships (PPPs) that improve the production and distribu-
tion of EGS, and certified seeds for QDS producers [7]. Stakeholders
should encourage contract farming models where QDS producers’
partner with research institutions or seed companies. This model could
provide a consistent seed supply, decentralizing EGS production to
ensure better accessibility at regional levels.

3.2. Profitability of QDS production

To understand the profitability of QDS production enterprises, three
crops were considered: common beans, groundnuts, and sorghum.
Table 5 summarizes the results of the analysis of QDS farmer enterprises.
The costs and revenues arising from one acre of land under QDS pro-
duction were examined. Results show that land rental and purchase of
basic or certified seeds constitute the largest expenses in QDS bean
production, accounting for approximately 30% of the total cost. The cost
of renting production land is a major factor in determining the overall
expense of QDS production. Renting land can be costly if producers are
in areas where land is scarce or in high demand. This cost can be even
higher if the land rental price is seasonal. Threshing, winnowing, sort-
ing, and bagging follows as the second highest cost component.

For QDS production of groundnuts and sorghum, threshing, win-
nowing, sorting, weighing and bagging constitute the highest cost, ac-
counting for approximately 30% of the total cost for groundnuts and
32% for sorghum. This is followed by the cost of purchasing basic seeds
for groundnuts and inspection fees for sorghum. Overall, the total var-
iable costs were TSH 849,100 (USD 333) for common beans, TSH
1178,000 (USD 461.5) for groundnuts and TSH 1048,500 (USD 410.7)
for sorghum.

The revenue analysis indicates that producers earned a gross income
of TSH 2508,390 per acre for common beans, TSH 2774,600 (USD1,087)
for groundnuts, and TSH 2970,425 (USD 1163.8) for sorghum. All three
categories of producers achieved positive returns on their investments.
However, sorghum producers recorded the highest gross margin at TSH
1921,925 (USD 752.9), followed by common bean producers at TSH
1659,290 (USD 650), and groundnut producers at TSH 1596,600 (USD
625). Although the direct comparison of the margins made by QDS
producers to those made by producers of cereals was not made, it is
evident that the QDS producers use basic seeds from regulated seed
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sources, TARI being the main source of EGS. Such seeds are improved
and likely to be better suited for the changing climate, pests, and dis-
eases. Thus, it is plausible to assume that producers of QDS get better
returns on their investment than their counterparts who produce recy-
cled seeds [43,44].

All the three crop QDS enterprises surveyed yielded benefit-cost ra-
tios greater than one. They all promise positive profit margins and
profitable investments. However, in comparative terms, investment in
production of bean QDS is the most profitable, followed by investment in
sorghum. Thus, other factors being equal, a QDS producer would be
more inclined towards beans than either sorghum or groundnuts.
Although this paper did not collect data to compare the observed prof-
itability levels of QDS with grain production, studies elsewhere have
observed that the net return from seed production could be as high as 22
times that of grain production for a crop like rice and sesame [45] and
44% higher groundnuts [46].

If profitable, what limits QDS development? In-depth discussion with
more experienced QDS producers showed that production is indeed
profitable given the high market demand and the relatively high prices
of QDS compared to normal grain. However, several obstacles impede
faster development of the QDS sub-sector (Table 6). The dominant
challenges are inadequate supply of EGS and certified seeds, inadequate
market information, shortage of entrepreneurial skills among the QDS
producers, policy restrictions regarding market boundaries, size of land
per farmer producing QDS, and shortage of capital to invest in QDS
production. Additionally, most farmers are unaware of the benefits of
new varieties, such as higher yields, disease resistance, high nutritional
content in terms of iron and zinc, and drought tolerance [47]. Lack of
extension services and farmer training programs could be a major bar-
rier to adoption.

The production and supply of EGS are often inadequate, making it
difficult for seed producers to access foundation seeds for multiplication
[6,12]. Furthermore, farmers often grow what the market demands. If
consumers or traders prefer old varieties due to other qualities such as
taste, cooking qualities, or cultural significance, farmers may hesitate to
adopt new or improved varieties. Traders and processors plays an
important role in seed systems as they provide market signals to farmers
about the type of grains demanded thus creating seed demand pull in the
entire value chain where seed producers of early generation seeds,
certified and QDS respond to the demand by supplying quality seeds to
the farmers [6,7,48]. Additionally, smallholder farmers make liberal use
of local markets or traders for seeds in normal times and in stress periods
[5] with local markets proving to be more important for farmers’ getting
seed than emergency seed aid itself [49]. This helps in reducing the cost
of transportation, making QDS business more attractive.

3.3. Sustainability of QDS system

3.3.1. Is the QDS system sustainable?

First, positive profit margins and benefit-cost ratios greater than one
quantitatively show that QDS production is sustainable as its economic
benefits to producers are larger than costs (Table 5). In this section,
qualitative responses to the five evaluation questions for sustainability
are presented.

Eq 1. Does the QDS production system supply quality seeds to
farmers?

The results show that the QDS quality was largely good compared to
farm-saved seeds (Fig. 3). These results are consistent with those that
reported that latent Ralstonia solanacearum (Rs) infection was higher in
home-saved or local seed (21%) than QDS seeds (9%) of potato in
Ethiopia [50] and common bean seeds from trained seed producers were
free from bacterial and fungal pathogens [51].

Ninety-six percent of the key informants and experts listed in Table 2
indicated that the seed quality of common beans ranged from acceptable
to very good, with 27% rating it as acceptable, 64% as good, and 5% as
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* Sorghum (n = 27); Groundnut (n = 28); Beans (n = 93). Source: Survey

very good. About 4% of the key informants, however, felt that the
quality of QDS was very poor. It is, therefore, important to find out what
the reservations with the quality of QDS could be. The quality of
groundnuts produced was either good or very good, as indicated by 80%
and 20% of the key informants, respectively. For sorghum, 33% of the
respondents rated the quality of the seeds as being acceptable while 67%
rated the quality as being good.

Other aspects of seed quality include whether seeds are free from
seed-borne diseases and pest infections. Producers need seeds that are
clean, free from weed seeds and other materials, and whole (not broken,
not peeled off, and not damaged). Seeds should be of uniform size and
have germination rates of about 80% or higher.

Several factors could account for the observed quality of the seeds
produced under the QDS system. Most notably, majority of producers

interviewed reported having sufficient knowledge for QDS production —
including 82% of bean producers, 74% of groundnut producers and 76%
of sorghum producers. Moreover, all these producers have at least 3
years of experience in QDS production. They sourced basic seed from
authentic sources. In addition, 94% of bean QDS producers, 66% of the
groundnut QDS producers, and 74% of sorghum QDS producers
confirmed that their farms were regularly inspected by the regulator.
Over 85% of QDS producers confirmed that they received feedback from
their farmer clients. These factors must have ensured that the seeds
produced were of recommended quality. Furthermore, the majority of
the QDS producers stored their produce for 3 months, which may have
limited quality deterioration.

Discussions with sector experts indicated that for continued QDS
quality assurance, legal and licensed QDS market outlets would be
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Table 5
Gross margin analysis for quality declared seed (QDS) production.
Average Cost of production (TSH/ Crops
Acre) **
Common Groundnuts ~ Sorghum
Beans

Seed purchased (certified or basic) 100,000 140,000 10,500
Land preparation (ploughing) 60,000 70,000 70,000
Labor for planting 50,000 20,000 20,000
Planting fertilizers 10,000 70,000 70,000
Agrochemicals (for crop protection) 45,000 68,000 68,000
Labor for agrochemical application 44,000 10,000 10,000
Weeding 60,000 20,000 20,000
Harvesting (including transport) 54,000 30,000 30,000
Threshing, winnowing, sorting, 84,500 335,000 335,000

bagging
Polypropylene sheet 6000 25,000 25,000
Polypropylene Bags-100kgs 5600 30,000 30,000
Weighing and bagging-100kgs 10,000 10,000 10,000
Transport to market 60,000 60,000 60,000
Preservation during storage 10,000 45,000 45,000
Cost of inspection /inspection fee 120,000 120,000 120,000
Other costs specify (land renting) 100,000 100,000 100,000
Other costs, specify (clearing farm) 30,000 25,000 25,000
Total 849,100 1178,000 1048,500
Average Harvest & Sales per acre
Total harvest (kg) 880 750 1800
Yield (kg/acre) 880 600 1125
Quantity sold as seed (kg) 770 500 900
Price/kg (TSH) 3250 5000 3000
Quantity sold as grain (kg) - 100 300
Price/kg sold as grain (TSH) - 2500 500
Quantity lost postharvest (kg) - 90 525
Quantity used for other purposes - 60 75

kg)
Revenue from sale of seeds (TSH) 2502,500 2500,000 2700,000
Revenue from sale as grain (TSH) - 250,000 150,000
Value used for other purposes (TSH) - 15,000 112,500
Other specify-Post harvest loss (kg) 110 - -
Total value of QDS harvested 2508,390 2774,600 2970,425

(TSH)
Gross Margin 1659,290 1596,600 1921,925
Benefit-Cost Ratio (BCR) 3.0 2.4 2.8

" Notes: Exchange rate: 1 USD=TSH 2552.38; TSH =Tanzania Shillings.
Source: Survey.

Table 6
Challenges faced by surveyed quality declared seed (QDS) producers.

Challenges Crops (%)
Common Groundnuts ~ Sorghum
Beans
Limited access to early generation seed 42 40 38
(EGS) and certified seeds
Weak producers’ capacity (e.g. limited 30 26 21
entrepreneurial skills, infrastructure,
financial capital etc.)
Climate change 29 34 35
Poor business environment (e.g. limited 12 14 10
market and variety information)
Others (e.g. mismatch between seed 16 9 17
demand time)
QDS policy regulations 2 0 0
Plant Variety Protection Act not favoring 9 0 0
QDS producers
High incidence of fake seeds 2 3 0
Number of observations (n) 93 28 27

Source: Survey.

essential. Such outlets would ensure that desirable seed transportation,
packaging, and storage processes are implemented. These procedures
would also make it possible to trace the seeds to the different producers
and enforce strict adherence to quality standards.

Eq 2. Does QDS supply enough quality seeds to meet farmer
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demands?

Seed producers rated demand for QDS as high to very high. Notably,
91% of respondents said that producers were unable to meet the demand
for bean QDS, while 60% reported a similar challenge for groundnut
seeds. For sorghum seed, all key informants agreed that QDS producers
could not fully satisfy the demand. Despite these supply gaps at the local
level, some QDS producers extended their sales beyond their immediate
communities, reaching buyers from other districts and regions.

While QDS producers are currently unable to fully meet the growing
demand for seeds, it is encouraging to see an increase in the land area
under QDS production. TARI, CIAT, TOSCI, local government author-
ities in collaboration with Accelerated Variety Turnover for Open-
Pollinated Crops (ACCELERATE), Tropical Legumes I-III and Acceler-
ated Varietal Improvement and Seed Delivery of Legumes and Dryland
Cereals in Africa (AVISA)' projects drove this positive trend by raising
awareness and promoting production of early generation seeds (EGS),
certified and QDS seeds [7,38,52]. Development partners have also
made deliberate investments in promoting QDS production. Addition-
ally, development partners have made strategic investments to expand
QDS production, complementing the formal seed system in Tanzania. To
ensure the long-term sustainability of the QDS system, building farmer
capacity is essential. Strengthening their skills and knowledge will help
reduce reliance on short-term project-based support, creating a more
resilient and self-sufficient seed production system.

Eq 3. Does the QDS system offer varieties to meet the diverse needs of
farmers?

QDS producers cultivate a range of seed types, with certain varieties
being more common among those surveyed. For common beans the most
widely produced varieties were CALIMA UYOLE (23%), Selian 13
(18%), and JESCA (15%). Among groundnut producers the predominant
varieties included Naliendele 2016 (42%), Mnanje (23%), and Mangaka
(15%). For sorghum the most cultivated varieties were Macia (44%) and
Naco Mtama 1 (22%) (further details can be found in Table 4). Despite
continuous release of new open pollinated varieties of sorghum, com-
mon beans and groundnuts in the last decade, those new varieties
(Table 7) are not adopted by seed producers. The dominance of a few
varieties per crop suggests that seed producers focus on market demand.
QDS producers have a variety of options to choose from to serve the
varying needs of the market, to mitigate the risks associated with erratic
weather conditions, and to cope with changing plot-level conditions.
Over the past decade, 27 improved varieties of common beans, 10 of
groundnuts, and 9 of sorghum have been developed and released in
Tanzania (Table 7. This diversification is important in ensuring that
farmer preferences are met by QDS suppliers. Unfortunately, diversifi-
cation could limit QDS supply if insufficient quantities of each variety
can be produced. Despite this, QDS producers are always willing to
adopt new varieties so long as market signals indicate that they will be
able to sell large quantities to farmers at better prices.

Thus, to address this, the availability of EGS for newly released va-
rieties should be assessed to ensure consistent and sufficient production.
Strengthening promotion and farmer awareness campaigns can help to
expand the adoption of improved varieties that offer better yields,
climate and disease resistance.

Eq 4. Does QDS system deliver seeds in a timely manner and in lo-
cations convenient to the farmers?

Expert discussions highlighted QDS production as a reliable way to
improve seed accessibility and replace older varieties. Cultivating old

! Details on AVISA project can be found at https://www.cimmyt.org/projects
/avisa-transition-investment/ while ACCELERATE at https://alliancebioversit
yciat.org/projects/accelerate and Tropical legumes I-III at https://tropicalle
gumeshub.com/
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Table 7

Varieties of common beans, groundnuts, and sorghum developed and released in Tanzania.
Beans Groundnuts Sorghum
Variety Year of Release Variety Year of Release Varie Year of Release Variety Year of Release
Kabanima 1979 Uyole 16 2016 Nyota 1983 1983 Serena 1960
Uyole 84 1984 Uyole 17 2018 Johari 1985 1985 PATO 1977
Lyamungo 85 1985 Uyole 18 2018 Pendo 1998 1998 TEGEMEO 1995
Lyamungo 90 1990 Selian 09 2018 Sawia 1998 1998 MACIA 1998
Uyole 90 1990 Selian 10 2018 Mnanje 2009 2009 WAHI 2002
Selian 94 1994 Selian 11 2018 Naliendele 2009 2009 HAKIKA 2002
Uyole 94 1994 Selian 12 2018 Mangaka 2009 2009 Sila 2008
Uyole 96 1996 Selian 13 2018 Nachingwea 2009 2009 NACO Mtama 1 2008
JESCA 1997 Selian 14 2018 Masasi 2009 2009 PAC 537 2014
Selian 97 1997 Selian 15 2018 Nachi 2015 2015 PAC 501 2014
Uyole 98 1998 TARIBEAN 1 2021 Kuchele 2015 2015 PAC 537 2014
Wanja 2002 TARIBEAN 2 2021 Narinut 2015 2015 Rakodzi 2019
Uyole 03 2003 TARIBEAN 3 2021 Naliendele 2016 2018 SC Shaku 2019
Uyole 04 2004 TARIBEAN 4 2021 Tanzanut 2016 2016 Shirikule 2019
Bilfa Uyole 2004 TARIBEAN 5 2021 Mtwaranut 2016 2018 Vumba 2019
Selian 05 2006 TARIBEAN 6 2024 TARIKA 1 2024 TARI SOR 1 2021
Selian 06 2007 TARIBEAN 7 2024 TARIKA 2 2024 TARI SOR 2 2021
Cheupe 2007 TARIBEAN 8 2024 Shinje 2019 NACO SH1 2013
Njano Uyole 2008 TARIBEAN 9 2024 SC Orion 2019 NACO SH2 2013
Calima Uyole 2011 TARIBEAN 10 2024 Red Mwitunde 1976 TARISOR 3 2025
Pesa 2006 TARIBEAN 11 2024 TARISOR 4 2025
Urafiki (Msafiri) 2007 TARISOR 5 2025
Nyeupe Uyole 2016 Kikatiti 2024 TARISOR 6 2025
SUABRL9 2021 Kware 2019
SUABRL4 2021 Rojo 1997
SUA Kalima 2021 Tlomba 1990
SAKILA20 2021 Mshindi 2006
Sc Bounty 2019

Sources: TARI (2024); Ndimbo et al., (2022); Daudi et al., (2022); TOSCI Data base (2025).

and obsolete varieties farmers the desired benefits that they could get
from using new or improved varieties [42]. Since QDS producers operate
within the local farming communities, they play a crucial role in raising
awareness about new or improved varieties, including their benefits,
market potentials, agroecological suitability and recommended farming
practices. This localized approach should enhance the adoption of su-
perior varieties among farmers. Additionally, farmers’ proximity to QDS
producers allows them to access seeds conveniently and cost-efficiently,
eliminating transportation expenses and other transaction costs.
Notably, over 70% of the key informants confirmed farmers can obtain
seeds as needed without significant delays.

Eq 5. Does the QDS system offer seeds to farmers at affordable
prices?

Key informants (82%) indicated QDS is more affordable compared to
certified seeds of the same varieties. For instance, common beans cost
TSH 3216 (USD 1.26) per kilogram versus TSH 4500 (USD 1.74) for
certified seed (40% difference). Groundnut QDS costs TSH 5000 (USD

1.93) compared to TSH 7000 (USD 2.71) for certified seed (also 40%
higher). Sorghum QDS costs TSH 3000 (USD 1.16) per kilogram, while
certified seed costs TSH 4000 (USD 1.55), a 33% difference. This price
disparity shows how QDS offers a more affordable alternative for
farmers, particularly in regions where cost is a major barrier to seed
access. The lower cost of QDS could potentially enable small-scale
farmers to afford high-quality seeds, thus improving crop productivity
and enhancing food security. Additionally, the cost-effectiveness of QDS
is likely to encourage wider adoption, especially in low-income farming
communities where affordability plays a critical role in decision-making.
However, while QDS is more affordable, its availability and other
quality factors should also be monitored to ensure that farmers are still
receiving reliable seed quality despite the lower cost. Key informants
emphasized that QDS remains affordable given the economic conditions
of farmers in the production areas. Additionally, since QDS is locally
available, farmers can save on transportation costs that would otherwise
be incurred when sourcing certified seeds from distant locations.
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3.3.2. Drivers of sustainability of the QDS system

Although QDS was formalized in 2003, the regulatory body TOSCI
initially focused on training QDS producers and issuing certificates to
enable them to produce seeds. In 2020, TOSCI began systematically
tracking production. They introduced a requirement for seed producers
to register after training and have their farms inspected before produc-
ing seeds. We examined the QDS production trend from 2020 to 2024 to
assess the sustainability of the system among registered farmers who are
legally authorized to produce QDS. Registration of the fields to produce
QDS is low at 31% of all the trained QDS producers (Table 8). A sig-
nificant number of registered producers failed to renew their licenses,
with 98% failing to renew their registration or licenses between 2019
—2024 (Table 8) despite registration being free. This indicates that, after
receiving training, majority of farmers choose to produce QDS without
registering or obtaining licenses from the seed regulatory authority. The
failure to register after training or to renew registration may be attrib-
uted to several factors, including limited awareness, difficulties navi-
gating online registration systems that are not user-friendly for all
producers, and restricted access to regulatory authorities, who are often
located far away and are not easily reachable. Additionally, QDS pro-
ducers cited other challenges that may also contribute to low renewal of
registration or licenses include limited producer capacity such as weak
entrepreneurial skills, inadequate infrastructure, and insufficient
financial capital as well as the impacts of climate change, and an unfa-
vorable business environment (Table 6). As a result, the regulator lacks
accurate data on the actual volumes of QDS produced nationwide, which
may pose challenges in ensuring quality control and proper seed supply
planning. This situation does not necessarily indicate the unsustain-
ability of the QDS system itself, but rather highlights weaknesses in the
regulatory process responsible for ensuring that producers renew their
licenses. To address this challenge, TOSCI can be equipped to authorize
private third parties to conduct field inspections and seed testing as
recognized in the Seeds Act 2003 and Regulations 2007 and regional
seed initiatives, coupled with development of clear guidelines and
inspector training programs [53].

QDS producers stop production: While the QDS system aligns with
the characteristics of sustainable seed systems, in-depth discussion with
more experienced QDS producers revealed that even the most seasoned
producers may have occasionally had to pause production. Only a few
producers have consistently remained active in the business. The rea-
sons for these periodic interruptions include those provided in Table 6
above. Specifically, producers may lack foundation seed or certified
seeds for sorghum, common beans, and groundnuts (e.g. [6,10,12].
Producers may also pause production due to erratic weather and the
high cost of inputs. Other reasons hindering continuity and/or expan-
sion of QDS systems include end of supportive projects run by NGOs that
push them to register their fields for production, restrictions on the kind
of plots that may be used for QDS production, and shortage of land,
especially for producers who depend on rented land and limited business
skills of QDS producers and inadequate training curriculum for QDS
training module (Table 1a-suppementary material provide details). One
of the QDS producers explained: “Land access and security pose a challenge
as many producers are renting land. This makes it difficult to secure larger

Sustainable Futures 11 (2026) 101848

plots of land, ultimately hindering management and production efficiency”.
High costs arising from TOSCI packaging and labeling requirements and
certification could be another hindrance. One QDS producer said: “The
cost of QDS production is high, especially TOSCI certification. Previously a
project subsidized our production but that came to an end. Many of us
stopped production as a result but I hope to resume next season when I secure
funds and in partnership with NAFCO Farms, which will facilitate TOSCI
visits.”

QDS producers continue to produce: Despite the challenges facing
QDS production—particularly the low rates of registration and license
renewal, even though the process is free—production has continued to
increase steadily and gradually. This progress has been driven by several
factors. Promotional campaigns and demonstrated high yields increased
demand for quality seed [9,12]. NGOs and national and international
research organizations supported and trained QDS producers, reducing
some of their costs [12]. QDS production showed higher profitability
compared to grain production [10,29,47]. Newly released improved
varieties addressing biotic and abiotic stress provided resilience to
climate change and emerging pests and diseases. In the last 10 years, 32
new varieties (22 bean varieties, 8 groundnut varieties and 2 sorghum
varieties) have been released by the National Agricultural Research
System in Tanzania (Table 7). These variety releases demonstrate that
the system could be sustainable. Farmers could comply with the
recommendation that varieties grown should not be >10 years old,
except for certain unique situations in developing countries [42].

4. Conclusion

Wide access to improved seeds is important for inclusive agricultural
transformation. Typically, there are formal and informal seed systems.
While the formal seed system provides certified seeds, the informal
system is dominated by seeds whose quality is unknown. However, the
formal seed system is often unreachable, charging high prices, which
limit access to high quality seeds. Quality declared seed (QDS), which
lies between the formal and the informal seed systems, has been viewed
as a possible avenue for bridging the gap—ensuring that farmers obtain
seeds of assured quality at affordable prices. This study sought to
investigate the economic viability and sustainability of the QDS seed
system, using data collected from QDS producers themselves and expert
elicitation from seed value chain actors. The study found that:

a) The QDS seed system is profitable, yielding positive profit margins
and benefit-cost ratios (BCR) greater than one, indicating that QDS
production is potentially sustainable as the benefits outweigh the
costs.

The QDS seed system—being characterized by high quality seeds,
diverse varieties, increasing production and supply, timely and
convenient delivery of seeds to farmers, and more affordable pri-
ces—can enhance sustainable distribution and promotion of
improved varieties, especially of open pollinated varieties. The QDS
system can drive regular use of quality planting materials in
marginalized areas.

b)

Table 8

QDS producer training, registration to produce seeds, renewals of registration or license.
Details 2019 2020 2021 2022 2023 2024 2025 Total
Number of QDS producer trained 888 391 120 586 681 953 888 4507
Registration to produce QDS 787 82 123 43 317 55 0 1407
No. due for registration renewal - - 787 82 123 43 317 1352
Cumulative due for renewal - - 787 869 992 1035 1352 1352
Renewed registration/license - - 0 0 24 0 0 24
Not renewing registration - - 787 869 968 1011 1328 1328
Not renewing registration/license (%) - - 100 100 98 98 98 98
Overall registration rate (%) 31

Data Source: TOSCI (2024).
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¢) QDS production is highly dependent on the external support pro-
vided by humanitarian and non-governmental organizations (NGOs).

d) The QDS producers who have sustainably produced seeds for >10

years are driven and motivated by profits from the business, quality

seeds that are adaptable to climate change, and support from public
and private sectors that often create markets for the seeds through
donor funded programs. The potential loss of these motivations poses

a risk to the sustainability of the system. Hence, there is need for

sustained effort from public and private commercial sectors to sup-

port variety promotion and outreach, working collaboratively with

QDS producers.

The QDS regulatory and certification system is relatively weak, with

limited reach to all the QDS producers in the country. Consequently,

producers produce QDS without registration, frequently abandon
their QDS production, or continue to produce without renewing
registration.

f) QDS is mainly sold at the farmgate. <10% of the sales are made
through formal outlets or shops, posing a challenge of ensuring
quality of seeds and traceability.

g) Trained producers often abandon QDS systems due to several chal-
lenges, including shortage of EGS and certified seeds from TARI and
licensed companies (which they prefer over other sources), erratic
weather that can result in total crop failure, high input costs such as
fertilizers and pesticides, and the discontinuation of supportive
projects. Moreover, the high costs of QDS production driven by
packaging, labeling requirements, and certification from regulatory
bodies, contribute to their decision to exit the sector.

e

~—

However, the sub-sector faces challenges such as the inadequate
supply of EGS, inadequate market information, the shortage of entre-
preneurial skills among producers, restrictive policies, shortage of cap-
ital, and the need for prolonged storage. The policy implications of these
findings include:

a) Efforts should be made to enhance the supply of EGS for sorghum,
common beans, and groundnuts, which could be achieved through
partnerships between the national agricultural research system (e.g.
TARI), the Agricultural Seed Agency (ASA), and seed companies.
Under public-private partnerships (PPPs), the National Research
Institute in charge of EGS production could sub-contract the seed
companies to produce EGS through variety licensing, which transfers
the ownership of a particular variety to the seed company in ques-
tion. In this case, the seed company would manage the production of
EGS for a particular variety. This system should allow pre-ordering of
EGS. Alternatively, TARI could scale up EGS production during the
off-season through irrigation.

Stakeholders should develop QDS marketing infrastructure and
market information systems. They should encourage QDS producers
to operate formal outlets or shops to sell the seeds, enhancing
farmers’ trust in QDS. Secondly, instead of supporting QDS through
NGOs, linking them with the private sector would enhance sustain-
ability of the system [6,54]. Additionally, the regulator needs to
develop suitable guidelines for compliance with rules and trace-
ability, without increasing the cost of QDS.

c) Authorities should review and revise existing laws and regulations to
allow faster development of the sub-sector. For example, laws
capping the land per farmer under QDS production to 5 acres could
be relaxed, enabling QDS producers to enjoy economies of scale. This
should be coupled with efforts to increase awareness of laws and
regulations among the actors.

Stakeholders should review and revise the QDS training curriculum
to include business entrepreneurship and marketing skills, as it
currently focuses solely on seed production. This enhancement will
significantly improve the capacity-building programs for QDS pro-
ducers, equipping them with a broader and valuable skill set for
sustainable production and impact. Improved training will help to
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increase registration to produce QDS, encourage renewal of licenses
and motivate producers to sustainably invest in QDS businesses.

5. Future research needs

This paper has examined the economic viability and sustainability of
Quality Declared Seed (QDS) production as a business, drawing on data
collected from QDS producers and industry experts. For future research,
it is essential to incorporate the perspectives of grain farmers who are
the primary customers of QDS producers across diverse geographic,
political, and policy contexts. Their insights on seed quality and the
long-term sustainability of the QDS enterprise are critical to draw more
robust and evidence-based conclusions about the overall viability and
sustainability of the QDS business model. Additionally, this study
included QDS producers from five regions, however, the results cannot
be generalized at the national level as the sample size is not represen-
tative of all the QDS producers in the country. Thus, future research
should employ a larger, more representative sample that also encom-
passes producers who attempted the QDS production but failed.
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