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Abstract
Fostering better access to more nutritious foods across sub-Saharan Africa will be critical to ending hunger and malnutrition. In
Asia, vegetable production and consumption have grown rapidly since the 1990s and the development of a dynamic vegetable
seed industry, led by the private sector, played a pivotal role in this process. The availability of locally-bred and adapted varieties
facilitated the rapid expansion of production and increased the supply of affordable vegetables to consumers. In contrast, the
vegetable seed sector in sub-Saharan Africa has been slow to develop and has received little attention in the development agenda.
Drawing from Asia’s experience, this paper outlines a four-point strategy to accelerate the vegetable seed sector in sub-Saharan
Africa. First, there is a need to strengthen the technical capacity of African seed companies to allow them to develop varieties that
are well-adapted to local conditions and consumer preferences. Second, seed regulations, originally designed with food grains in
mind, should be reviewed and revised to facilitate domestic vegetable breeding research and seed production. Third, more farmer
extension is needed to exploit improved varieties together with goodmanagement practices. Fourth, vegetable marketing systems
should be strengthened to reduce risks to farmers and traders. Investment in these four areas will help energize private sector
investment in the vegetable seed sector. Asian experience suggests that investment in locally adapted vegetable varieties is a
critical step in improving productivity, availability and ultimately consumption of nutritious vegetables.
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1 Introduction

Sub-Saharan Africa is not on track to meet its development
target of ending all forms of hunger and malnutrition by 2030
(FAO, ECA and AUC 2020). In fact, hunger in sub-Saharan
Africa is increasing across all regions, and almost 20% of the
continent’s population is undernourished, the highest in the
world (FAO, ECA and AUC 2020). There is an urgent need

to tackle these economic and nutritional challenges through
accelerated agricultural development. It is widely recognized
that seed systems have an important role to play in this process
because agricultural productivity remains low and the use of
improved varieties is limited in almost all food crops (Walker
and Alwang 2015). This deprives African farmers of the ben-
efits of modern plant breeding, both to them directly as pro-
ducers, and ultimately to the consumers they serve.
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The prevailing strategy for seed system development in
Africa is largely inspired by the experience of the Green
Revolution in Asia, which introduced high-yielding varieties
of rice and wheat linked to increased use of fertilizers and
other agricultural inputs. There is abundant evidence that seed
sector development for staple food crops was critical to in-
creasing production (Evenson and Gollin 2003; Pingali
2012). Much less documented is the dramatic growth of veg-
etable production in Asia since the 1990s. This “Revolution of
Greens”, was driven by the private sector, whereas the first
Green Revolution was led by the public sector. The growth of
Asia’s vegetable seed sector contributed significantly to ex-
panded production and wider availability of vegetables to con-
sumers at affordable prices (e.g., FAO 1999 for Thailand).
However, the role of the vegetable seed sector as a key driver
in this process has not been well-documented in the scientific
literature, perhaps because public institutions and internation-
al donors played a relatively minor role.

This paper compares the available evidence on vegetable
production, consumption, and seed sector development in
Asia and Africa. Asia is here defined as South, East and
Southeast Asia while Africa is defined as sub-Saharan
Africa excluding South Africa. The paper draws lessons and
suggests potential action points for strengthening the vegeta-
ble seed sector in Africa for the benefit of both farmers and
consumers. The paper is based on an extensive literature re-
view and on secondary data; it also draws from the personal
accounts of the authors, several of whom have decades of
practical experience working directly with leading seed com-
panies and farmers in Asia and Africa. As such, the paper is
intended to raise issues that may not have been properly con-
sidered before and warrant further discussion. It is not an
empirical analysis or a systematic review of Asian and
African vegetable seed sectors.

Much has been written about seed sector development in
Africa but the literature focuses almost exclusively on the staple
food crops and makes little or no mention of vegetables.
Sperling et al. (2020) pointed out that strategies for seed sector
development in Africa are often modeled on the maize seed
sector but do not recognize that other crops are very different
in terms of seed production and commercialization. This is also
the argument of Louwaars and de Boef (2012) who warned
against a linear approach to seed sector development in Africa
and assuming that improved varieties produced by the formal
sector will progressively replace farmers’ seed systems of the
informal sector. In fact, a widely-cited figure is that 80% of all
seed used in Africa is produced in the informal system
(Louwaars and de Boef 2012; Coomes et al. 2015). This paper
adds to the literature by showing that the vegetable seed sector
is very different from that of other crops and discussing the
options for its development.

First, the vegetable sectors of Asia and Africa are
compared and key factors affecting their different

trajectories are analyzed. Next, the roles played by the
private sector and the policy environment in vegetable
seed sector development are reviewed. Against this back-
ground, lessons are drawn and a four-point strategy is
proposed to stimulate the development of the vegetable
seed sector in Africa.

2 The vegetable seed sector in Africa and Asia

The role of the seed sector in agricultural development
became prominent with the introduction of high-yielding
varieties of rice and wheat in Asia in the 1960s. The focus
on staple grains at that time was understandable because
hunger and malnutrition were primarily understood in
terms of protein–energy shortage and the productivity of
food grains was low. Seed production and dissemination
of new high-yielding varieties of staple commodities were
largely handled by the public sector at that time. The
success of the Green Revolution in Asia in raising rice
and wheat yields reinforced the idea that seed production
was a public sector responsibility, a view that continued
to influence policies during the 1970s and 1980s.

Aiming to replicate the Green Revolution, African coun-
tries established public seed enterprises during the 1970s with
the support of international development agencies (Louwaars
and de Boef 2012). Varieties bred by national research insti-
tutes were passed directly to these enterprises, which enjoyed
a monopoly over seed production and distribution, but fo-
cused almost entirely on food grains and pulses (Tripp and
Rohrbach 2001). The first seed laws and regulations, in Asia
and in Africa, were prepared in the context of cereal crops and
introduced a complex regulatory system of variety testing and
registration, often followed by seed certification to ensure
seed quality and protect farmers.

Vegetable seed was not a priority at the time, in Asia or in
Africa. If public enterprises had vegetables in their portfolio,
these were mostly locally produced open-pollinated varieties,
or imports of old varieties from Europe and the United States.
In Asia, only South Korea, Japan and Taiwan had major pri-
vate seed companies active in vegetable breeding during the
1980s, and only Taiwan was producing varieties adapted to
tropical environments. In most of Asia, the burden of regula-
tions discouraged the entry of private companies and limited
regional seed trade. Vegetable seed companies based in more
developed economies were hesitant to enter the Asian market
because they did not have suitable varieties and were not con-
vinced that smallholder farmers would pay for quality seed.

The late 1980s and early 1990s saw a dramatic change in
economic policy as it was argued that markets and private
companies were more efficient in all areas of economic activ-
ity, including seed production (Cromwell et al. 1992). Seed
laws and regulations were liberalized in Asia and Africa,

512 Schreinemachers P. et al.



public seed enterprises were privatized in many countries and
in this more favorable climate, private companies started to
enter the seed business. India liberalized its seed sector in
1988 (Pray et al. 2001), Ghana in 1989 (Kuhlmann and
Zhou 2015), Tanzania in 1991 (Schreinemachers et al.
2017a), Philippines in 1992, Zambia in 1994 and Kenya in
1996 (Das et al. 2019). In China, the government gradually
released control of vegetable prices from 1984 and by the
early 1990s prices of all vegetables were determined by the
market and private companies were also allowed to engage in
the seed trade (Ma et al. 2000). Despite the commonalities in
policy reform, a clear divergence in seed sector development
could be observed, as described next.

In Asia, seed sector reform led to a rapid expansion of
private sector activity in a wide range of crops (Pray and
Nagarajan 2014). For example, India experienced rapid
growth in hybrid seed production of cotton, pearl millet, sor-
ghum, maize and vegetables (Kolady et al. 2012; Pray et al.
2001). Private seed production of non-hybrid crops such as
rice and wheat seed also benefited, but to a lesser extent
(Matuschke et al. 2007; Spielman et al. 2013). In India, it is
estimated that F1 hybrids now occupy about 70% of the veg-
etable market by value—beans, peas, eggplants and onions
being the exceptions (Advanta 2019). The value of the
Indian seed industry is about USD 2.8 billion and is expected
to double in the next 5 years (The Economic Times 2018);
within this total, vegetable seeds contribute about USD 0.63
billion. China, Thailand, Indonesia, and the Philippines, and
more recently Bangladesh and Vietnam, have also experi-
enced strong growth in the private seed sector with vegetables
being a major component.

In contrast, seed sector reform in Africa has not yet led to
an expansion of hybrid seed production with the notable ex-
ception of hybrid maize (Erenstein and Kassie 2018; Smale
et al. 2011). The use of improved maize varieties in sub-
Saharan Africa (excluding South Africa) was less than 5%
of the area in the early 1980s and increased to 57% in 2014
(36% hybrids and 21% open-pollinated varieties) (Abate et al.
2017). Average maize yields have grown by about 1.6% an-
nually from 2000 to 2016 (FAOSTAT 2019). During this
time, public sector support for maize production has been
substantial with improved varieties coming from the public
sector, and increasingly from the private sector. In some coun-
tries this was driven by generous subsidies for seed, fertilizers
and farmer extension (Abate et al. 2017; Gray and Kohl 2016;
Smale et al. 2011). Despite this support, formal seed systems
for staple crops remain weak in sub-Saharan Africa with only
35% of the area under food crops planted to improved varie-
ties and a slow rate of diffusion (Walker et al. 2015).

Seed sector reform in Africa has also led to the emer-
gence of vegetable seed companies, but at a much slower
pace than in Asia, and mostly in East and Southern
Africa rather than West and Central Africa. In

Tanzania, the first private seed company (Alpha Seed)
was established in 1994 and sold open-pollinated tomato
varieties. There are now about 25 vegetable seed compa-
nies operating in Tanzania and the total value of the
sector is expected to grow from USD 25 million in
2018 to USD 65 million by 2023 (Guijt and Reuver
2019).

Most of the new private companies in Africa have built
a business around trading and distributing seed but unlike
Asia, few have invested in R&D to develop their own
locally-adapted varieties (Afari-Sefa et al. 2012). There
is very little breeding of vegetables or other crops for
the domestic market in sub-Saharan Africa despite the
entry of several multinational seed companies (Access to
Seeds Index 2019a, 2019b). Much of the vegetable seed is
still imported from outside the continent, while local com-
panies continue to produce seed of open-pollinated varie-
ties. Some open-pollinated varieties have seen spectacular
adoption; for instance, two improved tomato varieties de-
veloped by the World Vegetable Center accounted for
82% of the tomato area in Tanzania in 2014, and one
improved African eggplant variety accounted for nearly
all of the area planted with that crop (Schreinemachers
et al. 2017a). Although impressive, the longevity of these
varieties in the market reflects the limited choice available
to farmers and the lack of competition.

A key difference between Asia in the 1990s and
Africa now is the greater availability of trained special-
ists in Asia. Countries such as China, India, Philippines
and Thailand had a high density of agricultural univer-
sities, often modeled on the United States model of
land-grant universities, that supplied many quality grad-
uates in plant breeding and other agricultural disciplines
(Mehta et al. 2017; Traimongkolkul and Tanpichai
2005).The lack of domestic breeding capacity in Africa
is not just an issue for vegetables but also for other
crops (see Beintema and Stads 2017 for an account of
public sector research). In countries where the public
system has qualified plant breeders, they mostly work
on staple food crops but rarely on vegetables. Afari-Sefa
et al. (2012) pointed out that the Tanzanian national
horticultural research institute did not have a single veg-
etable breeder in 2012.

The global vegetable seed market, excluding farmer-
saved seed and seed from public institutions, was valued
at USD 6.2 billion in 2018 (IHS Markit Agribusiness
Consulting 2019). It is estimated that on average seed
companies re-invest about 15% of their sales revenues
into research and development, which suggests annual
inves tments of USD 930 mi l l ion ( IHS Marki t
Agribusiness Consulting 2019). With only a handful of
seed companies doing vegetable research in Africa, we
estimate that only about USD 5 million is spent on
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vegetable R&D by the private sector in sub-Saharan
Africa. This would be 0.5% of global investments while
the sub-continent accounts for 14% of world population.

3 Vegetables, nutrition and economic
development

3.1 Africa’s nutritional challenges

For most of the twentieth century, the immediacy of hunger
required a focus on crops rich in energy and protein. Yet, this
narrow focus no longer serves the nutritional challenges facing
Africa and the rest of the world today. Current estimates for sub-
Saharan Africa show that hunger affects 23% of the population
(FAO,ECAandAUC2020)while 39%ofwomen (15–49years)
and 62% of children (6–59 months) in the whole of Africa are
anemic (WHO 2015). At the same time, 42% of Africa’s adult
population is either overweight or obese (WHO 2019).

These different forms of malnutrition have their origins in
suboptimal diets, which globally are causing more deaths than
any other risk factor (Afshin et al. 2019). The importance of a
balanced diet that fulfills all nutritional needs from a diversity
of food sources is increasingly recognized (Global Panel
2016; Willett et al. 2019). Vegetables are a vital source of
vitamins, minerals, phytonutrients and dietary fiber, while
low consumption of vegetables is an important risk factor
contributing to mortality (Afshin et al. 2019). Africa is the
only regionwhere the micronutrient density in the food supply
has declined since 1980 (Beal et al. 2017).

The cost of providing the recommended quantities of
micronutrients in the diet is relatively high compared to the
cost of providing energy (Herforth et al. 2019; Hirvonen et al.
2020; Masters et al. 2018). Increasing the consumption of
vegetables is considered one of the more sustainable ap-
proaches to address this nutritional challenge. Hence the avail-
ability and affordability of vegetables in particularly for poor
people needs to increase.

Mean vegetable consumption was similar in Africa and Asia
in the early 1990s, but steadily increased in most Asian coun-
tries over the next 25 years—with much room for improvement
still, while remaining relatively unchanged for most African
countries (Fig. 1). In sub-Saharan Africa in 2017, vegetable
consumption was less than 100 g per capita per day across
73% of the countries, compared with only 38% of Asian coun-
tries. This contrasts starkly with the recommendation of 240 g
daily consumption made in the dietary guidelines of the World
Health Organization and the Food and Agriculture
Organization (Kalmpourtzidou et al. 2020) and a recommenda-
tion of 300 g/day by the EAT-Lancet Commission on Food,
Planet, Health (Willett et al. 2019). In fact, per capita vegetable
consumption in Africa is the lowest of all regions in the world
(Afshin et al. 2019; Kalmpourtzidou et al. 2020).

Moreover, global projections of food security to the year
2050, incorporating the effects of income growth and climate
change, suggest that the greatest challenge will be to increase
the availability and affordability of foods that are more diverse
and richer in micronutrients (Nelson et al. 2018). The gap
between vegetable supply and demand is projected to remain
large globally, but particularly so for sub-Saharan Africa
(Mason-D'Croz et al. 2019).

The high cost of healthy foods such as vegetables is partly
the result of policies biased towards the production of staple
foods (Pingali 2015). Vegetable production in Asia expanded
rapidly from 73 to 185 kg/capita/year from 1990 to 2016, as
shown in Fig. 2 (FAOSTAT 2019). In comparison, annual
vegetable production in sub-Saharan Africa, increased only
from 32 to 47 kg/capita in the same period (FAOSTAT 2019).

Income growth, a rapidly expanding urban population, and
market reforms in countries such as China and Vietnam have
been key drivers of increased vegetable production and con-
sumption in Asia (Ali 2000). However, Africa is now the
fastest urbanizing region in the world with the urban popula-
tion likely to nearly triple from 2018 to 2050 (United Nations
Population Division 2019). With rapid income growth, super-
markets will play an increasing role for urban consumers in
Africa and several studies report a growing demand for health-
ier food items including fresh vegetables among the
expanding middle-class (Cernansky 2015; Staatz and
Hollinger 2016; Tschirley et al. 2015; Worku et al. 2017;
Zhou and Staatz 2016). These trends are expected to increase
Africa’s demand for vegetables.

To create a better nutritional balance, agricultural research
and development must shift its focus towards food systems
that serve the future nutritional challenges of sub-Saharan
Africa and address all forms of malnutrition. Our better un-
derstanding of the importance of diet diversity should be
reflected in stronger investment in food groups that are
under-consumed in order to increase their availability and
affordability.

3.2 Vegetable production, employment and income

While grain crops will always be important, farmers cannot be
lifted out of poverty by increasing yields of staple food crops
alone. The increased supply of rice and wheat turned several
Asian nations from net importers into net exporters of cereals
and removed the threat of famine. Increased cereal productiv-
ity freed up land and labor for economic diversification (Dawe
2000) but also led to a long-term decline in prices thus benefit-
ing cereal consumers (Timmer 2009). As a result, cereal
farmers in Asia continue to be relatively poor, although there
are far fewer of them now than in the 1960s.

To address this problem, smallholders need to diversify
their production into more profitable farm enterprises
(Birthal et al. 2013). Diversification into vegetable crops

514 Schreinemachers P. et al.



could play a key role in overcoming the economic challenges
of poverty and unemployment in rural areas. Vegetable pro-
duction can be profitable even on small farms; it generates a
regular income stream as production cycles are shorter and
less seasonally-bound, and consumer demand is rising
(Schreinemachers et al. 2018). Being more intensive and less
easily mechanized, vegetable production, processing and

marketing can create additional employment in rural and
peri-urban areas, which could benefit women and youth (UN
2015). However, market integration of smallholder farms is
essential for unlocking this economic potential. Major chal-
lenges are poor access to markets, credit, purchased inputs,
technology and extension services.

3.3 Vegetable seed as a business

It is important to recognize that in most Asian countries the
private seed sector is less active in self-pollinated food crops
such as rice, wheat, grain legumes and oilseeds (FAO 2020).
Variety development and formal seed production of these
crops remain to a large extent in the hands of the public sector,
while the informal sector, comprising farmer-saved and
community-based seed systems, continues to be the main
source of seed, even in countries with an advanced seed in-
dustry (Fig. 3). The reason is that it is much less profitable to
produce seed of self-pollinating grains and legumes. Market
demand is limited because these crops naturally exist as stable
pure lines and genetic quality therefore deteriorates only slow-
ly when farmers save seed (Cromwell et al. 1992). Moreover,
the market for these crops is relatively unsegmented, meaning
that there are few distinct groups of buyers that require differ-
ent products. These factors make self-pollinated field crops
less attractive for the commercial seed industry. The excep-
tions are field crops in which a hybrid option became avail-
able, notably for rice in China, and for genetically-modified
varieties, such as cotton in China, India and Pakistan. Hybrids
of maize, sorghum, finger millet, and sunflower are also at-
tractive as farmers buy seed regularly.

Fig. 1 Vegetable consumption in Africa and Asia, 1990–2017. Source:
Based on data described in Afshin et al. (2019) and obtained from the
authors. Notes: Data for 49 countries in Africa and 21 in Asia. Data refer
to adults aged 25 years and above. Boxes show the 25th and 75th per-
centiles (interquartile range) and the median. The whiskers are 1.5 times

the nearest quartile. The dots are countries outside this range. The solid
horizontal lines show the WHO/FAO-recommendation of 240 g/cap/day
(Kalmpourtzidou et al. 2020); the dashed lines show the mean recom-
mendation of the EAT-Lancet Commission on Food, Planet, Health
(Willett et al. 2019)

Fig. 2 Vegetable production per capita in Africa and Asia, 1961–2016.
Source: FAOSTAT (2019). Notes: Vegetables based on FAO definition.
Africa refers to sub-Saharan Africa but excludes South Africa. Asia refers
to East, South and Southeast Asia
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In contrast to most self-pollinated field crops, vegetable seeds
can provide a highly profitable business that enables companies
to invest and expand their portfolio of products and services. The
hybrid seed option is available for most economically important
vegetables such as cucumber, eggplant, pepper, tomato and
pumpkin. Hybrids give substantial benefits to farmers in terms
of higher yield and uniform product quality, which is a key
concern for modern retail outlets. Even non-hybrid vegetables
are an attractive business for seed companies as it can be chal-
lenging for farmers to maintain seed quality. For instance, seeds
of onion and some brassicas are difficult to produce because of
the nature of their reproductive cycle (i.e., most of them require a
second season under controlled climatic conditions to flower and
produce seeds) and require more intensive management than can
be done by farmers themselves. Moreover, many vegetables are
highly cross-pollinating and quickly loose genetic purity—
cucurbits being prime examples. Even in Asian countries with
a less-developed seed market, the private seed sector supplies
most seed of open-pollinated vegetables as shown in Fig. 3.
Hence, for many vegetable crops, regular seed purchase from a
trusted source is the preferred option for farmers. Once connected
to a reliable market, farmers are generally willing to repurchase
seed for each production cycle.

Several other factors make vegetable seed production an
attractive business. Vegetable seeds require little land and are
much less bulky, and cost less to store and transport in com-
parison with cereals and grain legumes. For example, planting
one hectare requires 40–100 kg of rice seed, but only 200 g of
tomato seed. For this reason, the initial investment in physical

facilities is much lower for a vegetable seed business, al-
though more attention must be given to drying and packaging
to maintain product quality and provide attractive presenta-
tion. Small seed packets can be easily sold by mobile traders
or local vendors offering a range of other inputs, thereby im-
proving access to vegetable seed.

In contrast to the cereal seed market, the vegetable seed
market is much more segmented by species and by cultural
preferences such as color, size, shape and taste, all of which
provide opportunities for companies to focus on distinct mar-
ket segments and establish their identity, thus reducing com-
petitive pressure. Likewise, the low volume of seed produc-
tion and low cost of transport allow companies to concentrate
vegetable seed production in certain locations with favorable
soil and climate conditions and where skilled labor is avail-
able. For India, it is reported that over one million people are
employed in vegetable seed production, particularly in the
manual emasculation and crossing for hybrid seed production,
which require skilled labor and is mainly performed by wom-
en (Koundinya and Kumar 2014).

These technical and economic factors make vegetable seed
production an attractive proposition for existing businesses to
diversify and for new entrepreneurs to enter the market. For
instance, seed companies in Africa that are breeding hybrid
maize could diversify their portfolio with key vegetables and
then gradually expand. This also happened in Asia where many
seed companies initially prioritized seed production of tomato
and chili pepper and then diversified their product portfolio into
other hybrid and non-hybrid vegetables, and to other crops.

Fig. 3 Seed production of food crops by private or public formal sector or
informal sector in Asia, by countries with a more- or a less-developed
seed sector and by crop category, 2018. Source: Based on data described
in FAO (2020). Notes: These are data from a questionnaire survey of
private seed companies and national seed associations in Asia. “More”
refers to countries with a more-developed seed sector (Bangladesh,
China, India, Indonesia, Republic of Korea, Pakistan, Philippines,

Thailand, Vietnam) and “Less” to countries with a less-developed seed
sector (Malaysia, Myanmar, Nepal, Sri Lanka). Respondents estimated
the percentage of seed produced by the private, public and informal sec-
tors for each crop category. Values shown are medians (not weighted by
country size) calculated over all countries in the data and scaled to 100%.
OP=Open-pollinated
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4 How to move forward?

To develop a strong vegetable sector in Africa, one that is
capable of delivering the nutritional and economic potential
outlined above, the experience of Asia suggests that it will be
important to strengthen the capacity of seed companies in
Africa to develop their own vegetable varieties that are better
adapted to specific growing environments in terms of resis-
tance to pests and diseases and suitability for local soil and
climatic conditions. While recognizing that Africa’s trajectory
of seed industry development will have its own distinctive
features, we believe that the Asian experience holds important
lessons. This section formulates four priorities to stimulate the
development of the vegetable seed sector in Africa.

4.1 Strengthen the capacity of African vegetable seed
companies

It is important for seed companies to strengthen their own
breeding programs and to gain their own identity in the market
place by meeting the needs of growers and consumers. The
goal should be a diverse seed market in which many compa-
nies compete for market share by developing better products
and services. However, it is challenging for small seed com-
panies to establish their own breeding programs and enter
hybrid seed production. Theywill face obstacles such as initial
investment costs and difficulties in obtaining loans, lack of
qualified specialists in breeding and hybrid seed production,
and limited access to a range of germplasm.

With regard to human resources, existing capacity
building programs in Africa are starting to embrace veg-
etable breeding alongside other crops. For instance, the
West Africa Centre for Crop Improvement (WACCI) at
the University of Ghana is training students in vegetable
breeding. Other regional centers of excellence in plant
breed ing such as the Afr ican Cent re for Crop
Improvement (ACCI) at the University of KwaZulu-
Natal in South Africa and Makerere University in
Uganda could put greater emphasis on vegetable crops.

One way to address these challenges is to form partnerships
with international companies that could strengthen in-country
vegetable breeding by infusing germplasm, know-how, equip-
ment, and funds. Seed policy liberalization in India during the
1990s resulted in successful joint ventures between domestic
and international seed companies that enabled Indian seed
companies such as Mahyco, Indo-American, and Namdhari
to become players in regional and global markets. Indeed,
some Asian seed companies could play pivotal roles in build-
ing up the African vegetable seed sector (Glover et al. 2015).

Public research institutes within Africa are unlikely to be-
come a major source of vegetable varieties for they are poorly
resourced and do not have specialized expertise in these crops.
Similarly, Asia’s public research institutes are not an

important source of vegetable varieties and they often lack a
mechanism to license their varieties to the private sector (FAO
2020). Consequently, vegetable varieties released by the pub-
lic sector often stay on the shelf (Schreinemachers et al.
2017b). A more suitable model, widely used in Asia, is
public-private partnerships to accelerate the development of
particular traits, for instance, those that address climate change
and evolving plant diseases. Individual seed companies are
naturally hesitant to invest in such complex traits with uncer-
tain payoff and entering this area of research will require ac-
cess to appropriate germplasm, reliable phenotyping plat-
forms, and use of modern breeding methods. The World
Vegetable Center, with regional offices across Asia and
Africa, is well-placed to contribute to this and has established
consortia with the private seed sector.

The Alliance for a Green Revolution in Africa (AGRA)
and its Program for Africa’s Seed Systems (PASS) has been
a major source of investment. AGRA disbursed USD 462
million in project grants from 2007 to 2017 but the focus
was entirely on staple food crops and pulses and none was
for vegetables (AGRA 2018). The impact of AGRA in the
targeted countries has been contested as its contribution to
food and nutrition security remains unclear (Wise 2020).
Nevertheless, the program did incubate many start-up seed
companies in the cereal sector and built human capacity in
plant breeding and other crop improvement disciplines. This
may ultimately benefit the vegetable sector as these compa-
nies broaden their portfolio to more profitable crops.

4.2 Create an enabling regulatory environment

Seed laws and regulations were introduced to protect farmers
from the risk of low-quality seed and to promote the adoption
of improved varieties (FAO 2020). These national
regulations—in Asia, Africa and elsewhere—were designed
with field crops in mind, where few varieties are released
annually and remain in the market for a decade or longer.
High yields and wide adaptation are key criteria for variety
evaluation and official release for these crops, a process that
typically takes two to three years. It is unhelpful if these reg-
ulations are applied directly to vegetables because the plant
breeding and market conditions are completely different
(Turner and Bishaw 2016). Key changes to create a more
favorable regulatory environment include the following.

Variety registration requirements The release of new varieties
may require tests for Distinctness, Uniformity and Stability
(DUS) and Value for Cultivation and Use (VCU), the latter
commonly involving multi-location trials. Such requirements
were originally intended to support the orderly marketing of
seeds by providing information about the identity and perfor-
mance of varieties in the major field crops (FAO 2020).
Subjecting vegetable varieties to VCU testing requirements is
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problematic because many attributes that may be relevant for
consumers (e.g., color, size, shape, texture, and taste) are not
easily measured in a conventional field trial. Furthermore, gov-
ernment agencies do not have the resources to carry out these
tests on a large number of varieties. Where these slow and
costly testing procedures apply, seed companies will be reluc-
tant to invest in vegetable research and will continue to rely on
imported seed of established varieties, which usually only re-
quires phytosanitary certification, but no registration. This has a
negative effect on domestic breeding and innovation.

Recognizing these problems, Asian countries such as
Thailand and the Philippines have adopted a simplified pro-
cess of variety registration for vegetables that does not require
VCU testing (FAO 2020). Thailand has an online registration
process that requires a seed quality certificate from an autho-
rized seed laboratory and the process takes less than a month
to complete (AgConAsia Agriculture Consulting 2017).
China and India do not even require variety registration for
vegetables. In Africa, regulatory authorities in Malawi and
Zambia do not require variety registration of vegetables in
practice, even though it is mandated by law.

Foundation seed production Countries such as Tanzania and
Mali mandate that foundation/basic seed (that is, seed used for
multiplication to produce commercial seed) of varieties coming
fromthepublicsector issuppliedbynationalseedagenciesorother
public institutessuchasuniversities.Toourknowledge,nocountry
in Asia imposes such requirements on public sector varieties.
Publicorganizations facecapacityconstraints todo thisworkprop-
erly and the consequences of poor management jeopardizes the
quality of the seed produced. It is therefore important that seed
companies are allowed toproduce foundation seedof all vegetable
varieties in their portfoliowhile holding themaccountable for seed
quality of the commercial seed. It is noted that this requirement
wouldbeunimportant if seedcompanieshad their ownproprietary
varieties instead of relying on public sector varieties.

Seed certification Some countries (e.g., Tanzania, Kenya and
Uganda) mandate that all seed produced domestically is cer-
tified by a seed certification agency. This can significantly
increase the cost of domestically produced vegetable seed
and create an incentive to import seed. Few countries have
the capacity to provide an efficient certification service for
vegetable seed so it may be better to rely on minimum seed
quality standards and not to require seed certification.
Zimbabwe and Zambia are examples that have exempted veg-
etable varieties from compulsory certification. China, India
and Thailand are examples of Asian countries with a success-
ful vegetable seed sector that do not mandate the certification
of vegetable seed (AgConAsia Agriculture Consulting 2017).

Addressing counterfeit seed This is a problem in both Asia and
Africa and particularly affects high-value hybrid seed of maize,

in which grain can be dyed to look like treated seed and then
sold as a hybrid. A study in Uganda found that 30% of the
marketed maize seed is counterfeit (Joughin 2014). High value
vegetable seeds are also at risk but regulatory agencies and law
enforcement authorities in Africa give low priority to
counterfeiting in vegetable seed as these are not considered stra-
tegic crops. However, without proper mechanisms to address
this threat, seed companies will be reluctant to invest and prefer
to do business in countries where they are better able to protect
their brands. There is a lack of data and analysis about the scale
of counterfeiting and low-quality seed of vegetables in Africa
but a study on indigenous vegetables in Kenya suggested that
the problem is significant (Croft et al. 2018). Hence, more reg-
ulatory attention needs to be given to point of sale inspection.

It is widely-cited that about 80% of all seed used in Africa
is produced in the informal system (Louwaars and de Boef
2012). This share will be much lower for vegetables, especial-
ly among commercial vegetable producers (Schreinemachers
et al. 2017a). Still, farmer-saved seed remains important for
many traditional vegetable crops for which the formal sector
offers few alternatives (Croft et al. 2018) and also for home
gardens and semi-commercial farms. It is therefore important
that the regulatory environment does not restrict the rights of
farmers to develop their own vegetable varieties and produce
and exchange seed. Farmer-saved seed does not limit the de-
velopment of the formal seed sector because most commercial
vegetable farmers will find it more profitable to purchase seed
than to produce their own.

4.3 Invest in extension systems and complementary
technologies

The switch from traditional to improved vegetable varieties and
hybrids in Asia did not happen suddenly, but took at least
20 years in most countries and still continues. Adoption of im-
proved varieties and hybrids is a process of behavioral change,
which requires time and investment. It involves intensive efforts
to demonstrate the benefits of improved varieties and good man-
agement practices. Irrigation, staking and trellising, plastic
mulches, seedling nurseries, and protected cultivation are now
commonly used by smallholders in Asia (Ali 2000), but are not
readily available to farmers in sub-Saharan Africa. Adoption of
these technologies allows improved varieties to express their
yield potential. Public extension staff are ill-equipped for this role
because they are mostly general-purpose extension officers who
have no specialized competence in vegetables (FAO 1999 for
Thailand). In Asia, some (but not all) vegetable seed companies
and other input suppliers have invested heavily in farmer exten-
sion in the vegetable sector. Companies doing this can gain cus-
tomer loyalty and increase seed sales. Government support of
such extension efforts could accelerate the adoption of vegetable
technologies.

518 Schreinemachers P. et al.



4.4 Strengthen vegetable supply chains

Farmers that grow for a defined market outlet are more likely
to adopt improved varieties and new management practices.
However, commercial vegetable production is risky for small-
holders because the produce is perishable, so the marketing
chain must be reasonably secure before farmers make these
investments. Better market integration and more secure mar-
keting chains will help to unlock the potential of vegetables to
improve nutrition, create jobs and generate income in rural
and peri-urban areas. Given the relatively sparse population
in much of rural Africa and the continuing migration to cities,
the main development in vegetable production will probably
be close to cities, where it can provide much-needed employ-
ment. In contrast, most of Asia is more densely populated and
has better roads so location close to markets is less important.

Key factors for improving vegetable marketing chains in-
clude better price information systems using communication
technologies that are now readily available, forward
contracting to hedge against fluctuating market prices, and
improved postharvest handling facilities. Some of these posi-
tive changes are already happening in Africa as there has been
rapid growth of small and medium-sized enterprises engaged
in wholesaling, logistics, and processing (AGRA 2019).

Segmenting vegetable markets is a key aspect of this pro-
cess. For example, in Tanzania, only one type of tomato is
widely traded and the price is therefore largely determined by
volume alone (Guijt and Reuver 2019). This makes the mar-
ket, and ultimately producers, vulnerable to short-term over-
supply and price instability. Segmenting markets according to
fruit type and other quality aspects such as organic produce
will help farmers to obtain better prices for their produce. It
will also give consumers more choice and benefit other market
chain actors, including seed companies. While this applies for
all crops, it is especially relevant to vegetables because con-
sumers are more alert to the quality attributes of fresh produce.
The use of appropriate packaging will increase produce shelf
life, reduce transport losses and create opportunities for local
manufacturers. Farmer producer organizations, other
aggregator models, and contract farming can also enhance
farmer bargaining power in the value chain.

5 Conclusion

Considering the nutritional challenges facing the African con-
tinent, and the economic challenges of poverty and unemploy-
ment, it is essential to give higher priority to developing the
vegetable sector. The rapid expansion of vegetable production
and consumption in many Asian countries since the 1990s
provides valuable lessons. One of the most important has been
the critical role of the private sector in stimulating domestic
breeding of well-adapted vegetable varieties so that farmers

and consumers have better products and more choice. This
will enable farmers to increase their production, thereby mak-
ing vegetables more affordable to consumers, and likewise
enable seed companies to assert their identity in the market
place with distinct products. The experience of Asia over the
past 30 years illustrates the need to create a favorable environ-
ment for private seed companies to develop their commercial
potential through investment in R&D. The key elements are
to: (a) strengthen the capacity of African vegetable seed com-
panies in research and seed production; (b) review and revise
seed laws and regulations to give seed companies more incen-
tive to invest in vegetable research and development; (c) pro-
vide extension programs to promote the adoption of improved
production technologies; and (d) support vegetable supply
chains to become more efficient, thus reducing the risk for
farmers and traders. Investment by governments,
international/regional organizations and donors in these key
areas will put more “greens” into Africa’s Green Revolution
and help to energize the private seed sector, stimulate small-
holder productivity and income growth, and help to address
the many nutritional challenges now facing African countries.
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