Journal of Crop Improvement

ISSN: 1542-7528 (Print) 1542-7536 (Online) Journal homepage: https://www.tandfonline.com/loi/wcim20

Legume seed production for sustainable seed
supply and crop productivity: case of groundnut in
Tanzania and Uganda
Essegbemon Akpo, Geoffrey Muricho, Gerald Alex Lukurugu, Hellen Opie,
Chris O. Ojiewo & Rajeev Varshney
To cite this article: Essegbemon Akpo, Geoffrey Muricho, Gerald Alex Lukurugu, Hellen Opie,
Chris O. Ojiewo & Rajeev Varshney (2020): Legume seed production for sustainable seed supply
and crop productivity: case of groundnut in Tanzania and Uganda, Journal of Crop Improvement,
DOI: 10.1080/15427528.2020.1740368
To link to this article: https://doi.org/10.1080/15427528.2020.1740368

Published online: 26 Mar 2020.

Submit your article to this journal

View related articles

View Crossmark data

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=wcim20

JOURNAL OF CROP IMPROVEMENT
https://doi.org/10.1080/15427528.2020.1740368

Legume seed production for sustainable seed supply and
crop productivity: case of groundnut in Tanzania and
Uganda
Essegbemon Akpoa,b, Geoffrey Murichoa, Gerald Alex Lukuruguc, Hellen Opied,
Chris O. Ojiewoa, and Rajeev Varshneya
a

Genetic Gains, International Crops Research Institute for the Semi-Arid Tropics, Patancheru, India;
Ecole de Gestion et de Production Végétale et Semencière, Université Nationale d’Agriculture, Kétou,
Benin; cNaliendele Agricultural Research Center, Tanzania Agricultural Research Institute, Mtwara,
Tanzania; dNational Agricultural Research Organization, National Semi-Arid Resources Research
Institute, Soroti, Uganda

b

ABSTRACT

ARTICLE HISTORY

Improving agricultural productivity and production is a prerequisite
to sustain rural livelihoods in developing countries of sub-Saharan
Africa (SSA). This requires increased use of quality seed of improved
and well-adapted crop varieties. Legumes are particularly critical in
ensuring food and nutritional securities of the majority of farming
households. However, their productivity has been constrained
because of limited availability of quality seed, jeopardizing henceforth food security and rural livelihoods. The lack of interest in
production of legume seeds by potential seed producers, especially
the private sector, is attributable to limited information on the cost
and profitability of producing these seeds. Using primary data collected from Tanzania and Uganda, we analyzed the cost structure of
improved groundnut (Arachis hypogaea L.) seed production to
assess viability. We adopted cost-benefit analysis framework to
evaluate different seed production models. Results showed that
groundnut seed price varied between 1 and 2 US$ kg−1 for certified
and quality declared seed and between 2 and 3.5 US$ kg−1 for early
generation seed. Overall, up to 50% increase in total seed production
costs resulted in reduced drop in the gross margin earned. However,
when production costs increased by 75–100%, the gross margin
dropped by about 18% and 50% in Tanzania and in Uganda, respectively. These findings indicated that groundnut seed could be provided to farmers in remote communities at an affordable price while
still keeping seed producers profitably in business. Availing these
seeds to smallholder producers is a major step in achieving food
security and nutritional health in developing countries in SSA.
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1. Introduction
Legume crops play a critical role in improving agricultural productivity, food
security, and nutritional security of many households in sub-Saharan Africa
(SSA) (Lanteri and Quagliotti 1997). Firstly, most of the soils in SSA are
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nitrogen-deficient and use of commercial inorganic fertilizers to ameliorate
this has proven to be an expensive undertaking by the resource-poor smallholders. Therefore, legumes come in handy, as they can replenish soil nitrogen through atmospheric nitrogen fixation in their root nodules. This fertility
improvement has spill-over effects, as it goes a long way in improving the
productivity of other crops (especially cereals) that are usually grown in
rotation or as intercrops with these legumes. Secondly, with increased overall
farm productivity, as a result of improved soil fertility through soil nitrogen
fixation, household incomes are bound to increase, and poverty is bound to
be reduced substantially. Lastly, malnutrition is widespread in SSA and
legumes are the cheap and easily available source of protein among the
poor rural and urban households. About a third of the children in SSA suffer
from stunted growth and the easiest and cheapest way to address this
problem is through availability of grain legumes to them.
Despite the critical role that legumes play in assuring the food security and
livelihoods of many households in SSA, production of legume grains is
limited because of low adoption of high-yielding well-adapted improved
legume varieties. Limited availability and accessibility to seeds of improved
legume varieties have been mentioned as some of the most constraining
factors that have led to low adoption. The legume seed supply-demand
paradox is that potential producers of these seeds cite lack of profitability
in production of these seeds, while on the other hand, grain producers have
attributed limited adoption of these superior seeds to high prices (FAO
2010). This is not withstanding the fact that past studies have emphasized
the substantial contributions of quality seed in agriculture and crop production (McGuire and Sperling 2013; Akpo et al. 2014). In fact, it has been
argued that seed is the most precious of all the resources in the hands of
resource-poor farmers (Akpo 2013). The limited adoption is further reinforced by the self-pollinated nature of legume crops. This is contrary to
hybrid varieties that have a clear productivity difference between recycled
and newly bought seed. With limited demand for new seed from grain
producers, the per unit cost of producing this seed across time is argued to
be prohibitive, given the heavy initial non-variable fixed capital investment.
However, there is not much empirical evidence to demonstrate profitability
and commercial viability of investing in legume seed production.
Like cereals, legume seed production and dissemination to smallholder
farmers in remote communities have extensively evolved during the past
three decades across countries in SSA. From full state control to private sector
involvement, the context of seed supply varies from one country to another and
is crop-specific. These different seed production models are aimed at stimulating seed demand through reduction in production costs that can be translated
into reduced price seed to smallholder grain producers in remote areas where
many of them fall under the poverty line and food insecurity. However,
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available evidence shows that more than 80% of smallholder farmers are still
unable to use improved seed and access planting materials from various
informal sources (GIZ 2014; McGuire and Sperling 2013, 2016).
To improve the current trends of smallholder farmers’ use of seed of
improved varieties, various seed production and delivery models have been
developed, tested, and implemented. These strategies have targeted not only
seed accessed directly by farmers but also the early generation seeds (EGS1).
More seed production stakeholders have been sensitized and encouraged to
actively participate in the value chain. For example, smallholder farmers in
rural areas have been encouraged and facilitated to produce seed of selected
improved varieties, leading to several empirical studies that have analyzed
profitability of seed production by smallholder farmers (Katungi et al. 2011;
Pal et al. 2016; Omonona 2006).
To make seeds of improved varieties readily available for smallholder farmers
and enhance food security in remote communities, there is a need to use seed
production models that lower production costs and ultimately seed price. While
many studies reported the high seed price as a major challenge hindering small
farmers from using improved varieties of a wide variety of crops (McGuire and
Sperling 2013; Akpo et al. 2012; McGuire and Sperling 2016; Monyo and
Varshney 2016; Bishaw, Makkawi, and Niane 2009), there is a knowledge gap
regarding a comprehensive analysis of seed production models that brings
down seed price. This research fills in these knowledge gaps by analyzing
groundnut seed production costs from different models, using primary data
collected in Tanzania and Uganda. In this paper, we analyze the cost structure
of different seed classes of groundnut in the two countries using cost-benefit
analysis (CBA) framework. The seed classes considered are breeder seed,
foundation seed,2 certified seed, and quality declared seed (QDS).3 The analysis
is conducted based on actors along the seed value chains and production
arrangements.4 It is plausible to assume that different seed classes and production arrangements may be associated with distinct production costs that could
avail quality seed to grain farmers at different prices. Therefore, understanding
the cost structure of different seed classes in different production arrangements
is likely to shed light on interventions that can unlock private-sector investments in groundnut seed production, thereby enhancing sustainable food
security.

2. Methodology
2.1. Study area and context
This study is based on groundnut seed production data in two Eastern Africa
countries of Tanzania and Uganda. These two countries were target geographies of Tropical Legume Project. Groundnut is a major cash legume crop
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for smallholder farming and livelihood systems in the two countries. For
example, in 2017, a total of 978,867 tons and 215,152 tons of groundnut were
produced in Tanzania and Uganda, respectively (FAOSTAT 2019). More
than 80% of this production is still delivered by smallholder farmers in
both countries (Mangasini et al. 2014). In each county, the study was conducted in the main agro-ecologies of groundnut production and where seed
producers are located, i.e. Eastern and Northern regions in Uganda, Southern
zone, Lake zone, and central zone in Tanzania.
2.2. Sampling of seed producers
Different categories of seed producers in each study country were included in the
sample frame. Research institutes, seed companies, farmer seed-producing
groups and cooperatives, and individual seed entrepreneurs were sampled.
Whenever enough seed producers existed in each sample category, a minimum
of 10 seed producers were randomly selected and interviewed. In categories
where there were 10 or fewer producers, all of them were sampled. As different
plots may carry different groundnut varieties, the lowest sampling unit was the
plot level. For example, for seed company with two seed production plots, data
were collected on each individual plot. A total of 127 plots were sampled in the
two countries, i.e. 49 and 78 plots in Tanzania and Uganda, respectively.
2.3. Data collection
This study utilizes data collected from different categories of actors involved in
groundnut seed production. They were researchers, seed companies, individual
seed entrepreneurs, farmer groups, and cooperatives for different seed classes
(breeder, foundation, certified, and QDS). We also collected data on different
groundnut seed production and delivery models (self-production; contract production), area planted, production quantities, and labor and nonlabor inputs that
went into production. Some of these costs included land rental value, cost of
various nonlabor inputs (EGS, herbicide, insecticide), labor cost of various
activities (land preparation, planting, weeding, pest and insect control, harvesting, threshing, packaging, transport, etc.), data on seed selling price, storage
costs, and other relevant costs.
2.4. Data analysis
The initial data, collected from the questionnaires the respondents submitted to,
were entered in Statistical Package for the Social Sciences (SPSS) software for data
management and analysis. Exploratory analysis of data using simple descriptive
statistics (means and frequencies) was conducted to characterize groundnut seed
production in the two study countries. Gross margins of different groundnut
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seed production models were computed using Eqn. (1). These gross margins were
compared across the seed production models.
MGi ¼ TRi  TCi

(1)

where MGi = the gross margins (US$/ha)
TRi = the total revenues (US$/ha)
TCi = the total costs (US$/ha)
The total costs were categorized into two main groups of labor and nonlabor
cost items. On the other hand, total revenue was computed as the yield of
seed (kg/ha) multiplied by per unit selling price of harvested seed (US$/kg).
After computing the gross margins for each seed production model, we
conducted sensitivity analysis to see how the profitability (proxied by gross
margins) of seed production will respond to increase in seed production
costs. We held all else constant and increased the cost of production by 10%,
25%, 50%, 75%, and then 100%. Corresponding gross margins are computed
under the five scenarios of varying groundnut seed production costs
(increase by 10%, 25%, 50%, 75%, and 100%).
We stretched the analysis further beyond simple characterization of
groundnut seed production by conducting the financial analysis of the
different groundnut production models using the CBA framework following the study by Gittinger (1982). This latter analysis was intended to derive
knowledge on the profitability and commercial viability of the different
groundnut seed production and delivery models in the study countries.
The CBA framework assists in answering two critical investment questions,
i.e. if the investment is viable or not and if faced with multiple projects to
choose from, then which one is more viable – in our case, here we refer to
seed production and delivery models. This framework has five main variants:
●
●
●
●
●

Benefit-Cost Ratio (BCR)
Incremental Cost-Benefit Ratio (ICBR)
Net Present Value (NPV)
Payback Period (PP)
Internal Rate of Return (IRR)

In the current study, we compute the BCR and conduct sensitivity analysis to
assess the robustness of the investment viability indicators under different
cost and revenue scenarios. The BCR is computed as a ratio of the present
value of investment benefits (revenue) to present the value of investment
costs. The present values of project revenues and costs are computed as
discounted values of revenues and costs using the discount rate. The discounting rate is usually the market interest rate of savings or lending rates.
The BCR is mathematically represented as
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P 
Bt

ð1þrÞt

BCR ¼  P 
Ct

(2)

ð1þrÞt

where Bi is the project benefits (revenue) at time t,
Ci is the project costs at time t,
r is the discounting factor (market interest rate on borrowed funds) at
time t.
There is no one single rule of getting the right discount rate. In the current
study, we rather use the interest rate on bank savings account in each
country, i.e. 6% in Tanzania and 9% in Uganda.
The final decision is based on the conclusion that if
BCR<1: then costs exceed benefits and the investment venture is not
viable,
BCR =1: the costs are exactly equal to benefits and this venture can
proceed with caution,
BCR>1: the investment costs are less than benefits and therefore the
investment is viable.
Basically, this approach assists in appraising the investment at hand and
requires three critical sets of data, i.e. the project costs, benefits and discount
rate, as shown in Eqn. (1).
Finally, because the two countries use different currencies, we have used
their equivalent in US$ to harmonize and facilitate readership of this paper.
During the period of data collection, the exchange rates for 1 USD were Tsh
2280 for Tanzania and Ush 3700 for Uganda.
2.5. Limitations to this study
Some of the groundnut seed production and delivery models did not have enough
respondents to sample from, forcing the study to use the whole population. This has
a limitation on the validity of inferences derived from the computed statistics. Also,
not all models of seed production were represented for the different seed classes in
both countries and, therefore, we were not able to consider all possible cases in this
study.
3. Results
3.1. Seed production models
The analysis of data collected showed two main groundnut seed production
and delivery models, i.e. self-seed production and contract seed production
and delivery models (Table 1). Under self-seed production model, we found
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Table 1. Seed production models.
Breeder
Actors
Farmer groups and cooperatives
Individual seed entrepreneurs
Seed companies
Research institutes

Foundation
seed

Self Contract Self
No†
No
No
No
No
Yes
No
No
Yes
Yes
No
No

Certified seed

Contract Self Contract
Yes†
Yes
Yes
No
Yes
No
Yes
Yes
Yes
Yes
No
No

Quality declared
seed
Self
Yes
Yes
No
No

Contract
No
No
No
Yes

†Yes indicates the case applies. No indicates not applicable.

about five sub-models of producing and delivering different groundnut seed
classes. First, breeder seed was the seed class produced only under self-seed
production and delivery model, with no production of this seed class under
the contractual arrangement model. Under this self-seed production and
delivery of breeder seed, we found that the breeder produced the seed at
the research station/site with his/her own resources (labor and nonlabor
inputs). Secondly, apart from the breeder seed, the breeder also produced
his/her own foundation seed at the research station without contracting.
Thirdly, seed companies also produced their own seed, i.e. foundation and
certified seeds, with varying levels on inputs, production, and thus profitability. These companies used their own labor and nonlabor inputs, and in
cases where they do not produce their own foundation seed, they bought this
foundation seed either from the producing breeder or from another company. Lastly, we also found that farmers produced their own QDS seed in the
communities where they live. QDS was a recent seed class introduced to
enhance access to seed of improved varieties to farmers in remote areas.
Farmer groups or cooperatives or individual seed entrepreneurs or local seed
businesses (dedicated term in Uganda) produced seeds that they avail to
fellow farmers in their communities. The quality seed produced with light
quality check could not be marketed beyond the lowest administrative unit
where it was produced. The EGS used to produce QDS could either be
certified or foundation seed received from research institutes or seed
companies.
On the other hand, contractual groundnut seed production did not involve
breeder seed, but instead, it was only for foundation, certified, and QDS. First, we
found that foundation seed was only produced under contractual arrangement by
breeders, who contract selected and trained farmers to produce this seed class and
under close supervision. In Tanzania, these contracted seed producers were usually
farmer groups, whereas in Uganda, they were individual seed entrepreneur farmers.
Seed companies also produced certified seed through trained and experienced
contracted individual seed-producing entrepreneurs or contracted farmer groups.
In this arrangement, the seed companies provided foundation seed to the contracted entities and supervised the production process. In most cases, QDS

8

E. AKPO ET AL.

produced under this contractual arrangement was used for setting up demonstrations and various awareness creation activities like field days within the farming
communities.

3.2. Characterization of groundnut seed production in Tanzania and
Uganda
In this section, we present the general characteristics of seed production in
Tanzania and Uganda. Within the sample, the average plot size of seed
production was 0.87 ha (P >0.05) in Tanzania (Table 2). On average, farmer
organizations obtained significantly higher yield (1363 kg/ha) compared with
research institute (1101 kg/ha) and individual seed entrepreneurs (815 kg/
ha). In Uganda, the size of the sampled seed production plot was 0.69 ha.
Farmer organizations and individual seed entrepreneurs owned significantly
smaller plot size (about 0.56 ha) compared with research institute. The
average yield in Uganda was 852 kg/ha (Table 2). Farmer organizations
and individual seed entrepreneurs had a statistically similar yield.
On average, farmer organizations and individual seed entrepreneurs sold
QDS at 1 USD in Tanzania, while certified seed that seed company produces
was sold at 2.2 USD (Table 3). At the same time, foundation seed that farmer
organizations produced was purchased at 3.5 USD, which was three times
that of QDS. Breeder seed that research institute produces was sold at twice
the price of certified seed at 4.4 USD.
In Uganda, QDS that farmers produced was sold at 1.6 USD on average
against 0.9 USD for certified seed and 1.9 USD for foundation seed. Individual
seed entrepreneurs sold foundation and QDS at about 2 USD and 1.6 USD,
Table 2. Average plot size and yield.
Categories of seed
producers
Tanzania
Farmer groups and
cooperatives (15)
Individual seed
entrepreneurs (22)
Private seed
companies (2)†
Research institutes (10)
Average (49)
F-statistic; P value

Average plot
Average
size (ha)
yield (kg/ha)
0.88 (0.66) a 1363(676) a
0.89 (0.89) a 815(389) b
0.80(0.00)

938(88)

0.85(0.33) a
0.87(0.70)
0.009;
P = 0.991

1101(74) ab
1046(508)
6211;
P = 0.004

Categories of seed
producers
Uganda
Farmer groups and
cooperatives (44)
Individual seed
entrepreneurs (27)
Private seed
companies (2)†
Research institutes (5)
Average (78)
F-statistic; P value

Average plot
Average
size (ha)
yield (kg/ha)
0.55(0.32) a

914(538) a

0.56(0.32) a

795(646) a

3.6(0.56)

1313(371)

1.48 (0.63) b 436(182) a
0.69(0.63)
852(571)
16.828;
1.731;
P = 0.000
P = 0.184

Aver. is average. FS is foundation. QDS: quality declared seed. CS is certified seed. BS is breeder seed. Bold
figures in brackets indicate the number of plots sampled. Non-bold figures in brackets are standard
deviation. † indicates the sample size was too low and was not considered for the statistical analysis. For
the same column, values followed by the same letter are not significantly different as established by the
Tukey-HSD test (P < 0.05).
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Table 3. Average seed selling price.
Categories of seed producers and seed
classes
Tanzania
Farmer groups and
FS (6)
cooperatives (15)
CS (0)
QDS (9)
Individual seed
FS (0)
entrepreneurs (22)
QDS (22)
Private seed companies (2) FS (0)
CS (2)
Research institutes (10)
BS (10)

Aver. price
(US$)
3.51(0.0)
1.04(0.28)
0.97(0.20)
2.19
4.39(0)

Categories of seed producers and
Aver. price
seed class
(US$)
Uganda
Farmer groups &
FS (13)
1.93 (0)
cooperatives (44)
CS (7)
0.89(0.32)
QDS (24) 1.61(0.0)
Individual seed
FS (13)
1.93(0.0)
entrepreneurs (27)
QDS (14) 1.61(0.0)
Private seed companies (2) FS (2)
1.31(0.33)
CS (0)
Research institutes (5)
BS (5)
2.57(0.0)

Aver. is average. FS is foundation. CS is certified seed. QDS: quality declared seed. BS is breeder seed. Bold
figures in brackets indicate the number of plots sampled. Non-bold figures in brackets are standard
deviation.

respectively. Under contract, farmer groups and cooperatives sold certified
seed back to seed companies at 0.9 USD, which was under the price they
market QDS. Researchers sold breeder seed themselves at 2.6 USD (Table 3).

3.3. Variation of seed costs in contracting vs. self-production scheme
In both Tanzania and Uganda, breeder seed production was conducted by
the researchers themselves. While the production cost per ha varied between
781 USD and 868 USD in both countries, the gross margin per ha in
Tanzania was higher than that in Uganda (US$ 253 per ha). Likewise, the
cost of producing 1 kg breeder seed of groundnut in Uganda (US$ 2.3) was
about thrice that in Tanzania (Table 4).
On average, the gross margin per ha for foundation seed production under
self-production scheme was 4507 USD per ha, which was around 100 USD
higher than that under contract in Tanzania. The cost of producing 1 kg
foundation seed of groundnut under contract scheme was 0.2 USD higher
than that in self-production (US$ 0.4). In Uganda, foundation seed production cost was higher than that in Tanzania and amounts to 0.8 USD.
Certified seed (self-production) was produced at much higher cost in
Tanzania (US$ 1.5), which was three times more expensive than that in
Uganda but produced under contract farming. QDS cost on average between
0.4 USD and 0.7 in Tanzania under self-production and contract schemes,
respectively. In Uganda, 1 kg of QDS was produced at around 0.5 in both
self-production and contract schemes.

3.4. Variation in seed cost across main categories of seed producers
In Tanzania, farmer organizations were the ones used to produce foundation
seed of groundnut. On average, the production of 1 ha foundation seed in

839(59)
527(60)

1422(43)
302(149)

4507(30)

5074(435)

5250(699)
680(38)

4411(640)
152(23)

633(151)
659(577)

4047(319)

4828(324)

2056(194)
960(642)

Aver. gross
margin/ha
(US$)

Aver.
revenue/ha
(US$)

0.57(0.04)
0.70(0.08)

1.52(0.1)
0.38(0.21)

0.38(0.25)

0.71(0.05)

Aver. cost of
producing 1 kg
seed
BS (5)

221(47)
410(45)

393(98)

451(140)

868(164)

Seed Aver. cost/
classes ha (US$)

FS
(28)
CS (0)
QDS
(28)
Contract (17) FS (0)
CS (7)
QDS
(10)

Self vs.
contract
scheme
Uganda
Self (61)

469(261)
1416(679)

1650(901)

1543(1272)

1121(467)

Aver.
revenue/ha
(US$)

248(250)
1005(687)

1257(838)

1091(1218)

253(530)

Aver. gross
margin/ha
(US$)

0.51(0.25)
0.57(0.30)

0.47(0.23)

0.77(0.47)

2.32(1.06)

Aver. cost of
producing 1 kg
seed

Aver. is average. BS is breeder seed. FS is foundation. CS is certified seed. QDS: quality declared seed. Bold figures in brackets indicate the number of plots sampled. Non-bold
figures in brackets are standard deviation.

Contract (7)

CS (2)
QDS
(28)
FS (4)
CS (0)
QDS
(3)

Self vs. contract
Seed Aver. cost/
scheme
classes ha (US$)
Tanzania
Self-production (42)
BS
781(39)
(10)
FS (2) 567(405)

Table 4. Variation of seed production cost under subcontracting vs. self-production schemes.
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Tanzania costs about 750 USD and yielded a gross margin of about 4440
USD per ha (Table 5). On average, the production of 1 kg of groundnut
foundation seed cost farmer organization 0.5 USD in Tanzania.
In Uganda, farmer groups and cooperatives, individual seed entrepreneurs
and private seed companies were all involved in foundation seed production
of groundnut. While farmer organizations and individual seed entrepreneurs
needed about 425 USD per ha to produce foundation seed of groundnut,
private seed companies spent about twice that amount (about 790 USD per
ha). However, private seed companies seemed to produce more efficiently, as
they had a lower cost than farmer organizations per kg of foundation seed
produced, 0.6 USD against 0.8 USD, respectively. Overall, the average gross
margin varied between about 940 USD and 1250 USD per ha for all categories of foundation seed producers, with individual seed entrepreneurs
making the highest gross margin (US$ 1253 per ha). In Tanzania, private
seed companies produced certified seed at 1.5 USD and earned a gross
margin of about 630 USD per ha against 0.5 USD per kg and a gross margin
of about 250 USD with farmer organizations in Uganda.
The cost of QDS production by farmer cooperatives and individual seed
enterprises was cheaper and the production of 1 ha required expenses below
450 USD in both countries, with lower cost in Tanzania. In both countries,
farmer cooperatives earned a higher gross margin, about 800 USD and 1400
USD per ha in Tanzania and Uganda, respectively. To produce 1 kg of QDS,
farmers spent about 0.4 USD in Tanzania against 0.5 USD in Uganda (Table 5).

3.5. Overall cost structure of seed production
Three main components that contributed to seed production cost were land, labor
costs, and other nonlabor inputs costs. Across all categories of seed producers and
seed classes, land contributed on average about 5% to seed production cost in
Tanzania (Table 6). Input expenses contributed to seed production cost by around
25%. The main component of seed production cost was labor, which made about
70% of total seed production cost. In Uganda, land cost was still minor in seed
production cost, with less than 5% of total seed cost in most cases. Labor and other
capital input costs contributed each to between 40% and 60% of seed cost in
Uganda. It came out clearly that land was not a major factor in the production of
seed of improved varieties.
The disaggregated cost components of seed production indicated that EGS, land
preparation, weeding, and harvesting labor were the main cost components that
made up the seed production cost (Table 7). For all seed classes and in both
countries, these cost components contributed to about 80% of seed production cost.

Aver.
revenue/ha
(US$)
5191(582)
1215(696)
818(554)
2056(194)
4828(324)

Aver.
cost/ha
(US$)

749(234)

392(170)

-

295(147)

1422(43)
781(39)

633(151)
4047(319)

523(562)

-

823(554)

4443(498)

Aver. gross
margin/ha
(US$)

1.52(0.10)
0.71(0.05)

0.44(0.25)

-

0.35(0.10)

0.50(0.15)

Aver. cost of
producing 1 kg
seed
Categories of seed Seed
producers
classes
Uganda
Farmer groups &
FS
cooperatives (44) (13)
CS (7)
QDS
(24)
Individual seed
FS
entrepreneurs (27) (13)
QDS
(14)
Private seed
FS (2)
company (2)
CS (0)
Research institutes BS (5)
(5)
792(133)
868(164)

318(66)

429(119)

221(47)
444(59)

421(87)

Aver.
cost/ha
(US$)

1784(917)
1121(467)

1165(494)

1682(1716)

469(261)
1836(916)

1366(749)

Aver.
revenue/ha
(US$)

992(1050)
253(530)

847(460)

1253(1640)

248(250)
1392(892)

945(708)

Aver. gross
margin/ha
(US$)

0.64(0.28)
2.32(1.06)

0.52(0.28)

0.77(0.51)

0.51(0.25)
0.48(0.23)

0.80(0.47)

Aver. cost of
producing 1 kg
seed

Aver. is average. FS is foundation. CS is certified seed. QDS: quality declared seed. BS is breeder seed. Bold figures in brackets indicate the number of plots sampled. Non-bold
figures in brackets are standard deviation.

Categories of seed Seed
producers
classes
Tanzania
Farmer groups & FS (6)
cooperatives
(15)
CS (0)
QDS
(9)
Individual seed
FS (0)
entrepreneurs
(22)
QDS
(22)
Private seed
FS (0)
company (2)
CS (2)
Research
BS
institutes (10)
(10)

Table 5. Average seed production cost per category of seed producers and classes of seed.
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Percent of land
cost
5.15(1.56)
6.43(2.90)
12.5(5.49)
1.95(0.07)
3.70(1.20)

Seed
classes

FS (6)
CS (0)
QDS (9)
FS (0)
QDS (22)
CS (2)
BS (10)

25.9(1.57)
24.9(12.1)
24.4(10.5)
31.8(0.14)
65.4(3.15)

Percent of nonlabor
inputs cost
68.9(0.42)
68.6(14.2)
63.1(11.0)
66.2(0.21)
30.8(2.14)

Percent of labor
cost

Seed
Percent of land
classes
cost
Uganda
FS (13)
3.32(5.35)
CS (7)
6.44(7.30)
QDS (24)
1.20(3.43)
FS (13)
1.12(2.74)
QDS (14)
17.9(14.5)
FS (2)
BS (5)
-

68.4(12.7)
57.3(9.76)
58.4(11.4)
57.5(7.75)
31.4(11.1)
55.4(6.43)
31.6(4.87)

Percent of nonlabor
inputs cost

28.3(9.38)
36.2(9.68)
40.4(10.4)
41.4(8.40)
50.7(14.2)
44.7(6.43)
68.4(4.87)

Percent of labor
cost

FS is foundation. CS is certified seed. QDS: quality declared seed. BS is breeder seed. Bold figures in brackets indicate the number of plots sampled. Non-bold figures in brackets are
standard deviation.

Individual seed
entrepreneurs
Private seed companies
Research institutes

Categories of seed
producers
Tanzania
Farmer groups and
cooperatives

Table 6. Cost structure of producing different seed classes.
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Table 7. Disaggregated cost components of seed production.
Detailed cost
components
Tanzania

Aver. cost
Aver. cost
Aver. cost
Aver. cost
(US$)
Percent
(US$)
Percent
(US$)
Percent
(US$)
Percent
Breeder seed
Foundation seed
Certified seed
Quality declared
seed
Land
30
3.58
37.5
4.56
27.5
1.93
32.5
7.73
Fertilizer
175
21.3
0
0
0
0
0
0
Packaging material
5
0.67
27.5
3.45
122.5
8.67
10
2.19
Pesticides
0
0
0
0
0
0
2.5
0.64
Seed
330
40
167.5
21
330
23.1
57.5
14.1
Fertilizer application
22.5
2.67
0
0
0
0
0
0
labor
Grading labor
0
0
2.5
0.25
40
2.89
10
2.52
Harvest labor
50
6.12
65
8.17
132.5
9.25
55
13.2
Insecticide
0
0
0
0
0
0.08
2.5
0.34
application labor
Land preparation
42.5
5.02
72.5
8.89
22.5
1.54
100
24.1
labor
Packaging labor
0
0
27.5
0
20
0
2.5
0
Planting labor
45
5.33
80
10.1
45
3.08
25
6.21
Security/guard
12.5
1.43
0
0
87.5
6.17
5
1.08
Seed certification
60
7.15
0
0
277.5
19.5
0
0
Weeding labor
45
5.33
45
5.47
45
3.08
47.5
11.3
Transportation
2.5
0.29
30
3.8
27.5
1.93
22.5
5.22
Threshing,
7.5
1.06
247.5
30.8
247.5
17.3
45
10.7
winnowing labor
Uganda
Land
10
2.03
15
5.95
25
5.38
Fertilizer
0
0
17.5
3.29
7.5
2.32
2.5
0.38
Packaging material
5
0.46
7.5
1.4
2.5
1.31
7.5
1.42
Pesticides
0
0
5
1.19
0
0
0
0.07
Seed
265
28.7
245
47.5
112.5
41.9
190
40.5
Fertilizer application
0
0
2.5
0.42
2.5
0.77
0
0.08
labor
Grading labor
12.5
1.41
0
0.05
0
0
0
0.15
Harvest labor
117.5
12.9
42.5
8.52
10
3.38
40
8.54
Insecticide
0
0
2.5
0.42
0
0
0
0.05
application labor
Land preparation
52.5
5.75
62.5
12.39
50
18.46
80
16.85
labor
Packaging labor
0
0
0
0.05
0
0
0
0.08
Planting labor
67.5
7.34
45
8.57
22.5
8.52
40
8.34
Security/guard
105
11.4
0
0
0
0
2.5
0.3
Seed certification
2.5
0.26
0
0.4
0.08
Weeding labor
227.5
24.7
62.5
12.1
37.5
14.3
67.5
14.4
Transportation
7.5
0.91
5
0.85
5
1.55
5
1.22
Threshing,
60
6.45
5
0.77
2.5
0.53
5
1.1
winnowing labor
Aver. is average. -: data not available.

3.6. Sensitivity analysis of the profitability of groundnut seed
production in the event of labor and other capital input costs increase
For foundation seed and breeder seed, an increase between 10% and 100% of
labor and other capital input costs did not result in a major drop in the gross
margin seed producers earn in Tanzania. Up to 50% increase of labor and other
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capital input costs resulted in less than 10% drop in the gross margin earned
from breeder and foundation seed production (Table 8). When labor and other
capital input costs hit 100% increase, the gross margin dropped by 16% for
foundation seed and 18% for breeder seed. For QDS and certified seed, on the
other hand, the scenario looked worse. When labor and other capital input
costs increased by 50%, the gross margin dropped by 25% for QDS production.
In the event of an increase in labor and other capital input costs of 100%, the
gross margin almost dropped by 50% for QDS. For certified seed, a 50%
increase in labor and other capital input costs resulted in negative gross margin
of 60 USD per ha. A 100% increase in labor and other capital input costs
resulted in negative gross margin of more than 750 USD per ha.
In Uganda, an increase in the labor and other capital input costs of 100%
induced a drop in the gross margin earned between 30% and 40% for
foundation seed and QDS for farmer groups and individual seed enterprises
(Table 8). Certified seed farmer cooperatives registered a 40% gross margin
drop when labor and other capital input costs increased by 50%. The gross
margin drop widened to 80% when an increase of 100% in labor and other
capital input costs occurred. Breeder seed production in Uganda could not
bear more than 25% increase in labor and other capital input costs. From
a 50% increase in labor and other capital input costs, the gross margin
became negative.

3.7. Analysis of viability of groundnut seed production
The benefit-cost ratio analysis showed the viability of groundnut seed production business with all ratios higher than 1 (Table 9). In most of the cases,
EGS production schemes showed the highest BCR. Overall, the BCR ratio
revolved around 3 for all seed classes and categories of seed producers.

4. Discussion
The high price of seed of improved and recently released varieties is one of
the main factors hindering the majority of smallholder farmers from using
new varieties to improve productivity in SSA, e.g. maize (Meughoyi 2018),
rice (Ghimire, Huang, and Shrestha 2015) and subsequently be food secure.
Having the right models that bring cost down and bring seed to scale is the
focus of many studies in the seed sector. The paper analyzes different models
of seed production by using CBA framework. It shows that seed cost can be
brought down by leveraging the different opportunities within the seed
sector. This would be a great way to boost seed of improved varieties to
farmers, the majority of whom buy grain from open market for planting
(McGuire and Sperling 2016).

1468(1144) 1370(1135) 1206(1120) 1042(1106) 878(1092)

369(405)

945(708)

248(250)

319(406)

3860(318)

253(530)

270(875)

59(897)

153(408)

3484(316)

70(410)

3294(316)

−646(979) −998(1024)

−294(936)

323(1919)

953(678)
645(1865)

1059(695)

966(1811)

1164(712)

1689(2601) 1517(2571) 1345(2542)

1903(1433) 1725(1426) 1548(1419)

236(407)

3672(317)

262(602)

0.80
(0.47)
0.51
(0.25)
0.48
(0.23)
0.77
(0.51)
0.52
(0.28)
0.64
(0.28)
2.32
(1.06)

2.56(1.17)

0.71(0.31)

0.56(0.29)

0.85(0.56)

0.53(0.26)

0.56(0.28)

0.87(0.52)

0.78(0.06)

1.68(0.11)

0.48(0.27)

0.38(0.11)

0.55(0.16)

2.91(1.33)

0.80(35)

0.62(0.31)

0.96(0.63)

0.60(0.29)

0.63(0.31)

0.99(0.58)

0.88(0.07)

1.90(0.12)

0.54(0.30)

0.43(0.13)

0.62(0.19)

Aver. cost
to
produce
1 kg seed
+ 25%
cost
increase

3.49(1.59)

0.97(0.42)

0.72(0.34)

1.15(0.75)

0.72(0.35)

0.75(0.37)

1.18(0.69)

1.06(0.08)

2.27(0.14)

0.63(0.36)

0.52(0.15)

0.74(0.22)

Aver. cost
to
produce
1 kg seed
+ 50%
cost
increase

6.60(3.01)

1.83(0.81)

1.34(0.61)

2.18(1.41)

1.36(0.66)

1.41(0.70)

2.22(1.30)

1.23(0.09)

2.64(0.17)

0.73(0.41)

0.60(0.17)

0.86(0.26)

Aver. cost
to
produce
1 kg seed
+ 50%
cost
increase

7.55(3.44)

2.09(0.92)

1.50(0.66)

2.48(1.60)

1.55(0.76)

1.61(0.79)

2.53(1.48)

1.40(0.10)

3.02(0.19)

0.82(0.46)

0.68(0.19)

0.98(0.29)

Aver. cost
to
produce
1 kg seed
+ 100%
cost
increase

Aver. is average. FS is foundation. QDS: quality declared seed. CS is certified seed. BS is breeder seed. Bold figures in brackets indicate the number of plots sampled. Non-bold
figures in brackets are standard deviation.

Private seed
companies (2)
Research
BS (5)
institutes (5)

Individual seed
entrepreneurs
(27)

3972(319)

−413(118)

−64(129)
1.52
(0.10)
0.71
(0.05)

4047(319)

285(140)

−762(107)

494(146)

328(590)

393(579)

454(439)

633(151)

458(570)

547(465)

497(565)

639(494)

0.50
(0.15)
0.35
(0.10)
0.44
(0.25)

3731(521)

523(562)

731(523)

3909(506)

786(542)

4087(497)

823(554)

4263(495)

4372(496)

4443(498)

QDS 1392(892) 2187(1445) 2081(1440)
(24)
FS
1253(1640) 1964(2650) 1861(2631)
(13)
QDS
847(460) 1332(740) 1269(729)
(14)
FS (2) 992(1050) 1480(1725) 1288(1757)

Categories of
seed producers
Tanzania
Farmer groups & FS (6)
cooperatives
(15)
QDS
(9)
Individual seed
QDS
entrepreneurs (22)
(22)
Private seed
CS (2)
companies (2)
Research
BS
institutes (10) (10)
Uganda
Farmer groups &
FS
cooperatives
(13)
(44)
CS (7)

Aver. gross Aver. gross Aver. gross Aver. gross Aver. gross
Aver.
margin
margin
margin
margin
margin
cost to
with 10% with 25% with 50% with 75% with 100% produce
Seed Aver. gross
cost
cost
cost
cost
cost
1 kg
classes
margin
increase
increase
increase
increase
increase
seed

Aver. cost
to
produce
1 kg seed
+ 10%
cost
increase

Table 8. Profitability analysis of seed production in the event of 10%, 25%, 50%, and 100% labor and inputs cost increase in Tanzania and Uganda.
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Table 9. Benefit-cost ratio (BCR).
Categories of seed
producers
Tanzania
Farmer groups and
cooperatives (15)
Individual seed
entrepreneurs (22)
Private seed companies (2)
Research institutes (10)

Seed
classes

Benefit-cost
ratio

FS (6)
CS (0)
QDS (9)
FS (0)
QDS (22)
FS (0)
CS (2)
BS (10)

8.04
3.09
3.26
1.45
6.2

Categories of seed
producers
Uganda
Farmer groups and
cooperatives (44)
Individual seed
entrepreneurs (27)
Private seed companies (2)
Research institutes (5)

Seed
classes

Benefitcost ratio

FS (13)
CS (7)
QDS (24)
FS (13)
QDS (14)
FS (2)
CS (0)
BS (5)

3.19
2.15
4.08
3.71
3.64
2.38
1.34

Bold figures in brackets indicate the number of plots sampled.

4.1. Seed production close to farming communities
Decentralized seed production, especially of non-hybrid legume crops, has been
advocated as one of the effective ways to get seeds of new and improved
varieties close to farmers in remote areas of developing countries (Setimela
and Kosina 2004, 2004; Bishaw, Makkawi, and Niane 2009; Ojiewo et al. 2013).
Usually, private seed companies and agro-dealer shops operate in areas that are
easily accessible, while on the other hand, majority of the targeted smallholder
farmers are in remote areas. The remote location and the small quantities of
seed demanded by them, mainly on account of high prices arising from high
production, marketing and distribution costs per unit of seed, make these
market segments not lucrative to profit-driven seed entrepreneurs. Reaching
these remotely located farmers requires alternative innovative seed production
and distribution models (Bishaw, Makkawi, and Niane 2009). This is why
community-level seed entrepreneur models (farmer groups, cooperatives,
and/or individuals) are better bets to run seed business in their areas to serve
their fellow seed/grain producers (Monyo and Varshney 2016).
Two classes of seed have been produced using close to community model,
i.e. the foundation seed and the QDS. Foundation seed is the second level of
EGS apart from the breeder seed. The latter class (breeder) is strictly under
the control of research institutions and established private seed companies.
For foundation seed, community seed producers have been used widely in
the two study countries Tanzania and Uganda. These producers are usually
under contract and under close supervision by research institutions and
private seed companies that have contracted them.
The second class of seed that is produced closely within the farming
communities is the QDS. Promoted by FAO since the early 1990s, the QDS
is seed produced only by farmer groups or cooperatives or individual seed
entrepreneurs at the community level with less stringent quality control
compared with certified seed. Even its marketing and distribution is limited
in the localities where it is produced. This seed production model has been
implemented in the two study countries where the results from the analysis
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show that it is the cheapest seed class to produce and more affordable to
smallholder farmers. For these reasons, this seed production model has been
very successful in enabling farmers, in remote area to access quality seed that
ensures superior yield compared with their own saved seed . This success has
motivated development organizations in SSA to facilitate many farmers
involved in production and marketing of QDS. It is not only successful in
Tanzania and Uganda, as demonstrated in this study, but it has also been
successful in India (Singh and Agrawal 2018).
These community foundation and QDS seed production and dissemination
models are effective in significantly reducing the cost of producing, marketing,
and distributing seed of groundnut in the two study countries. The reduced
costs can easily be passed on to grain farmers in the form of more affordable
seed prices. With more readily available and affordable quality seed, adoption of
improved groundnut varieties is likely to improve (Elsheikh et al. 2018), leading
to increased grain productivity and food security.

4.2. Seed production by subcontracting
Seed production through contract growers has gained popularity in East Africa.
This model of seed production has the advantage of guaranteeing the market to
contracted growers and assuring prerequisite volumes to the contracting seed
producer/entrepreneur. Results from this study show that contracting seed
production significantly reduces the cost of producing seed and, by extension,
increases the profitability of seed production business to the contractor compared with when they produce seed themselves. These findings support earlier
findings of more profitable ventures in contracting seed producers of legumes
(Katungi et al. 2011; Pal et al. 2016; Omonona 2006), cereals like maize (Tsegaye
2012; Guei, Barra, and Silué 2011), and even fodder crops (Papendiek et al. 2016).
Apart from enhancing profitability for growers, contract seed production has
been shown to have the potential of supporting technology adoption and enhancing productivity that results in improved welfare of farmers in remote areas
(Ragasa, Lambrecht, and Kufoalor 2018). Contracted farmers have opportunities
to access more affordable productivity-enhancing inputs, as empirically demonstrated in Laos (Chaovanapoonphol and Somyana 2018).
However, some of the challenges that arise in contract seed production are
associated with information asymmetry, such as failure to meet the quality
standard when the contract grower is unable to meet minimum quality requirements (Samatha 2011). Seed “poaching” is also another challenge befalling this
contracting model. This is where contracted growers sell the seed to seed
companies other than the ones that contracted them. The main motivation for
this kind of behavior from seed growers is that the alternative companies in most
cases offer better prices than the predefined contract price.
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4.3. Profitability of groundnut seed business, labor and inputs cost
volatility, and seed price
The profitability assessment of the groundnut seed business in the two study
countries of East Africa shows that it is a worthwhile venture. It was only in
a few cases where crop failure caused by drought led to negative gross
margins. Otherwise, contrary to common perception that groundnut or
legume seed business is not profitable, almost all studied cases returned
positive gross margins with affordable retail seed price for QDS, certified
seed, foundation seed, and breeder seed. The study showed that labor and
other capital input costs are the main contributors to seed production cost
structure and by extension they constitute a significant proportion of the
seed retail prices. Because agricultural production input prices have been
very volatile in East Africa, we investigated further on how sustainable the
seed business might be in the event of labor and other capital input cost
changes. To this end, we conducted sensitivity analysis of seed business
profitability under five scenarios: – 10%, 25%, 50%, 75%, and 100% cost
increase. This analysis showed that even if the current other capital input
costs were to increase by 50%, groundnut seed production can still return
positive gross margin in almost all cases studied. The risk of business failure
sets in when the costs increase by 100%.
Overall, seed production is a profitable business that has been demonstrated and widely reported for a variety of crops, including vegetables
(Manjunatha and Venu Prasad 2012; Sarkar, Rashid, and Sarker 2013),
cereals (Tsegaye 2012; Guei, Barra, and Silué 2011), legumes (Katungi et al.
2011), and root and tuber crops (Eyitayo, Anthony, and Theresas 2010; CIP
2011). This is a major prerequisite input for achieving food security in SSA.

5. Conclusion
Liberalizing the seed sector has been touted as the best option to lower the
cost of production and to avail seed to smallholder farmers in developing
countries at an affordable price. Affordable seed price plays an important role
in achieving food security in the developing world. This study used primary
data collected from Tanzania and Uganda to analyze the profitability of
investing in groundnut seed production. The findings showed that the selling
price of certified seed and QDS varied between 1 USD and 2 USD per kg and
while that of EGS varied between 2 USD and 3.5 USD per kg. On the other
hand, seed production cost is estimated to be about 0.35 USD to 0.5 per kg
for QDS and up to 2.3 USD per kg for breeder seed. Certified and QDS
producers can earn between 250 USD and 1400 USD gross margin per ha.
Furthermore, sensitivity analysis showed the stability and robustness of
groundnut seed business against the fluctuation of labor and other capital
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input costs. Therefore, seed of improved groundnut varieties can be produced and availed to smallholder farmers profitably at an affordable retail
price. We also find that different seed production models have a significant
variation in costs across seed classes, and contract farming is the most
profitable model of seed production in the two study countries. Overall,
this study finds that in a well-functioning seed system, groundnut seed of
improved varieties can be availed to farmers in remote communities at an
affordable price and in a profitable manner. This would be a great step
forward to sustainably build food security and nutritional health of the
millions of smallholder farmers in SSA.

Highlights
●
●
●
●

Legume seed, prerequisite to smallholder farming productivity in developing countries
Groundnut seed can be availed at affordable price to farmers in remote
communities
Groundnut seed production proved viable business in the dryland
agriculture
Affordable seed price enhances rural livelihoods and community
development

Notes
1. EGS include breeder and foundation seeds.
2. Breeder and foundation seed are normally classified as early generation seed. In this
paper, we use breeder seed and foundation seed as synonymous of pre-basic seed and
basic seed, respectively.
3. By quality declared seed (QDS), we mean a seed class produced and marketed at the
community level by farmers and farmer organization with simplified quality control
system and that uses certified seed as early generation seed. It is a decentralized
community-level seed production and dissemination model.
4. These include self-individual/corporate production or contractual production
arrangement.
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