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 Summary
The importance of traditional African vegeta-

bles is increasing with the rising awareness of their 
contribution to food security, human nutrition and 
income diversification, particularly in economically 
and environmentally marginal areas. Under the im-
petus of renewed donor interest, more research and 
development organizations are engaging in activities 
along the African traditional vegetable value chain, 
and these crops are receiving greater improvement 
research. From its regional office for Eastern and 
Southern Africa in Arusha, Tanzania, AVRDC – The 
World Vegetable Center commenced vegetable re-
search and development in sub-Saharan Africa in 
1992. We highlight significant achievements in germ-
plasm collection, conservation, improvement and 
development activities regionally, and outline future 
breeding strategies for priority traditional African 
vegetables. The breeding strategy starts with selec-
tion within landraces or germplasm accessions and 
creation of genetic variability, and continues through 
to gender-disaggregated participatory plant breed-
ing, in which selections are made within the target 
environment with the participation of local users, 
ensuring that the target production environment and 
the needs of the end users are fully taken into account. 
This paper defines the roles of partners at various 
stages of the breeding program (germplasm develop-
ment, evaluation and cultivar release) and in subse-
quent development activities (cultivar deployment 
and seed systems) for more effective and sustainable 
research and development in traditional vegetables.
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Significance of this study
What is already known on this subject?
• Germplasm conservation, improvement and 

development activities for traditional African 
vegetables have been conducted on a regular basis in 
sub-Saharan Africa since the 1990s by AVRDC, and 
sporadically through projects conducted by other 
organizations in the region. 

What are the new findings?
• The paper presents brief reviews on major traditional 

African vegetables, their production constraints, 
past and present germplasm conservation efforts, 
improvement and development at AVRDC, human 
resource capacity building, priority crops and strategy 
for future breeding and development, and suitable 
partners for breeding programs and subsequent 
development activities. 

What is the expected impact on horticulture?
• Well-focused, gender-disaggregated participatory 

breeding and development programs in priority 
traditional African vegetables will generate improved 
cultivars adapted to target environments and 
acceptable to producers and consumers. This will 
increase the visibility of traditional African vegetables 
in agricultural systems and increase the horticultural 
sector’s contribution to nutrition, food security and 
income generation, particularly for resource-poor 
rural, peri-urban and urban households, mainly for 
women and children. 
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Introduction
AVRDC – The World Vegetable Center (AVRDC) informal-

ly classifies vegetables into two broad categories: (1) global 
or exotic vegetables such as tomato (Solanum lycopersicum), 
onion (Allium cepa), cabbage (Brassica oleracea) and pep-
pers (Capsicum spp.), which are grown and consumed world-
wide, and (2) traditional vegetables, cultivated in specific 

continents or regions. Traditional African vegetables include 
those native to Africa, as well as introduced vegetable crops 
that have been integrated into local food cultures and have 
become indigenized (Eteka et al., 2010). Examples of tradi-
tional African vegetables are given in Table 1. These vegeta-
bles include both leafy and fruit types, and have been impor-
tant in meeting the food and nutritional needs of Africans and 
others worldwide for millennia (Abukutsa-Onyango, 2010). 
Traditional vegetables always have been important for rural 
communities and are increasingly important in peri-urban 
and urban areas, especially for low-income populations that 
constitute the majority of town and city dwellers in sub-Sa-
haran Africa (Ruel et al., 2005; Mwangi and Kimathi, 2006; 
Onim and Mwaniki, 2008). Early maturing traditional African 
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vegetables can help resource-poor farm families bridge lean 
periods of food shortage, diversify farming systems and pro-
vide an additional cash source (Ebert, 2014). It was reported 
in Cameroon that the amount of protein, calories, Ca, Fe and 
vitamins obtained from traditional African vegetables by 
resource-poor households is higher than for all households 
in their study area (Gokowski et al., 2003). In Africa, Kenya is 
the largest consumer of vegetable with  147 kg person-1 year-1 
in urban areas and 73 kg person-1 year-1 in rural areas, while 
only about 25 kg person-1 year-1 in Ethiopia, 50 kg person-1 
year-1 in Ghana, and 40 kg person-1 year-1 in each of Malawi, 
Tanzania and urban Guinea (Ruel et al., 2005). Vegetable con-
sumption is higher in urban compared to rural areas (Ruel et 
al., 2005), which could be due to differences in the supply of 
vegetables and the purchasing power of consumers in the two 
areas: urban populations have more purchasing power and 

get supplies from different localities, while rural populations 
depend mainly on their own farm produce with less financial 
income and access to other supply sources. The prevalence 
of malnutrition and undernourishment remains high in sub-
Saharan Africa and South East Asia (FAO-IFAD-WFP, 2013, 
2015). Traditional African leafy vegetables possess high nu-
tritive value, including micronutrients (e.g., Ca, Fe, Zn,) and 
vitamins (e.g., vitamin A, C), which are vital components of 
balanced diets (Smith and Eyzaguirre, 2007; Schonfeldt and 
Pretorius, 2011; Kamga et al., 2013; Yang et al., 2013). Some 
fruit type vegetables such as African eggplant contain high 
levels of carotenoids that vary with harvest stage (Kamga 
et al., 2013). Moreover, many traditional African vegetables 
have substantive antioxidant properties (Yang and Ojiewo, 
2013). Because traditional African leafy vegetables in general 
are scale-neutral and command higher profit margins than 

Table 1.  Selected underutilized traditional African vegetables grown in different regions of sub-Saharan Africa1.

Crop Species Region of 
production

Part 
consumed Insect pests Diseases

African 
eggplant 

Solanum aethiopicum 
L., S. macrocarpon L., 
S. anguivi Lam.)

All regions 
of Africa

Fruits and 
leaves

Aphids (Aphis spp.); Flea 
beetles (Epitrex spp.); Spider 
mites (Tetranychus spp.); Leaf 
miners (Liriomyza spp.)

Wilt (Fusarium spp./Verticillium 
spp.); Gray leaf spot (Stemphylium 
spp.); Early blight (Alternaria 
solani); Southern blight 
(Sclerotiorum rolfsii)

African 
nightshade 

Solanum scabrum Mill, 
S. villosum Mill)

All regions 
of Africa

Leaves Aphids (Aphis spp.); 
Leaf beetles (Epitrex spp.); 
Spider mites (Tetranychus spp.); 
Leaf miners (Liriomyza spp.)

Early blight (Alternaria solani); 
Late blight (Phytophthora 
infestans); Bacterial wilt (Ralstonia 
solanacearum); Root-knot 
nematodes (Meloidogyne spp.)

Amaranth Amaranthus cruentus, 
A. hypochondriacus 
L., A. dubius (Mart. Ex 
Thell.), A. caudatus L. 
and A. hybridus L.

All regions 
of Africa

Leaves 
and grain

Leaf webber (Hymenia 
recurvalis); Stem weevils 
(Hypolixus spp.); Beet 
webworm (Spoladea 
recurvalis)

Choanephora rot or wet rot or stem 
rot (Choanephora cucurbitarum 
Berk. and Ravenel); Alternaria leaf 
spot (Alternaria spp.)

Ethiopian 
mustard 

Brassica carinata A., 
Braun

All regions 
of Africa

Leaves Aphids (Brevicoryne brassicae 
and Lipaphis erysimi)

Turnip mosaic virus (TuMV); Black 
rot (Xanthomonas campestris 
Pammel, Dowson); White rust 
(Albugo candida Pers. Ex Lev.)

Jute mallow Corchorus olitorius L. All regions 
of Africa

Leaves Spider mites (Tetranychus 
spp.); Flea beetles (Epitrex 
spp.)

Nematodes (Meloidogyne spp.)

Okra Abelmoschus 
esculentus L.

All regions 
of Africa

Pods Aphids (Aphis spp.); African 
bollworm (Helicoverpa 
armigera)

Early blight (Alternaria solani); 
Black mould (Stachybotrys solani); 
Fusarium wilt (Fusarium sp.); 
Powdery mildew (Erysiphe sp.); 
Yellow vein mosaic virus (YVMV)

Roselle Hibiscus sabdariffa L. Mainly 
in West 
Africa

Flower 
buds

Aphids (Aphis spp.); Spider 
mites (Tetranychus spp.) 

Wilt (Fusarium sp., Macrophomina 
phaseolina)

Spider plant2 Cleome gynandra L. All regions 
of Africa

Leaves Flea beetle (Phyllotreta 
mashonana Jacq.); Aphids 
(Aphis spp.); Hurricane bugs 
(Bagrada hilaris)

Nematodes (Meloidogyne spp.)

1 Abukutsa-Onyango (2007); Awurum and Uchegbu (2013); Ellis-Jones et al. (2008); Experimental protocol (AVRDC, unpublished data); Hassan 
et al. (2004); Pasquini et al. (2009); University of Nairobi (2009).

2 Cleome gynandra shares the common name ‘spider plant’ with an ornamental plant known as Chlorophytum comosum in the family of 
Anthericaceae/Asparagaceae.
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global vegetables like cabbage and tomatoes (Muhanji et al., 
2011), they could be a major source of income for low-in-
come households. An annual gross margin of US$ 5,274 acre-1 

(US$ 13,022 ha-1) from traditional vegetables compared to 
the average amount of US$ 1,213 acre-1 (US$ 2,995 ha-1) from 
global vegetables grown by the same farmers in Kenya has 
been calculated (Muhanji et al., 2011). However, traditional 
African leafy vegetables are produced on a small-scale main-
ly for home consumption and local open markets due to their 
short shelf-life. From our experience, however, most farm-
ers frequently replant the same or different leafy vegetable 
crops on the same plot several times per year. Vegetables like 
amaranth (Amaranthus spp.), for example, are uprooted and 
used for home consumption and/or markets every 21-30 
days after planting, and the plot is reused. The consumption 
of traditional African vegetables has been increasing in many 
countries (Mwangi and Kimathi, 2006; Smith and Eyzaguirre, 
2007; Karanja et al., 2012), mainly due to increased aware-
ness of people about the nutritional values of the crops, and 
this has resulted in increased consumption, and market price 
for producers. In Nairobi, Kenya, for instance, consumption 
of leafy vegetables increased from 31 t in 2003 to 6,000 t in 
2006 (Mwangi and Kimathi, 2006). This increase was accom-
panied by a willingness of consumers to pay premium prices 
(Chelang’a et al., 2013). 

There are a number of biotic and abiotic factors limiting 
the productivity of traditional African vegetable cultivars. 
Farmers in different localities grow local cultivars that differ 
from location to location. The performances of these culti-
vars across environments have not been assessed. Although 
it helps to maintain biodiversity, the growing of different 
cultivars in different pocket areas may not be conducive to 
streamline seed supply through the formal seed sector. The 
production of seed of many cultivars each only adapted to a 
small pocket area increases seed production costs and reduces 
the profit of seed companies. Regardless of the increasing 
importance of the traditional vegetables, they have received 
relatively little support from research and development 
programs. With the exception of the program at AVRDC, im-
provement and development programs on the vegetables 
in sub-Saharan Africa by various organizations have been 
sporadic and project based. AVRDC, as the sole international  
agricultural center fully dedicated to vegetable crops, con-
ducts a range of activities in vegetable research and devel-
opment (Ojiewo et al., 2010; Fufa et al., 2011; Afari-Sefa 
et al., 2012). The Center’s activities on traditional African 
vegetables in sub-Saharan Africa were initiated immedi-
ately after the foundation of the Regional Center for Africa 
in 1992 to support national programs, private seed compa-
nies, and its own breeding programs. Currently, improve-
ment of traditional and exotic vegetables is carried out from 
two regional offices, one located in Arusha, Tanzania for 
Eastern and Southern Africa, and one located in Bamako, 
Mali for West and Central Africa. During the past 20 years, 
AVRDC has worked on conservation, population improve-
ment (through mass or single plant selection within germ-
plasm collections) and nutritional analyses of traditional 
vegetables, while downstream activities have focused on 
awareness creation, technology adoption and dissemination, 
recipe development and organoleptic assessment. Table 2 
shows the list of cultivars released. Defining and constantly 
updating crop improvement and development strategies 
are essential as consumer preferences and market demands 
evolve, and farming systems and environments change. For 
example, African eggplant (Solanum aethiopicum) has been 

shifting from a low-input vegetable for home consumption 
to a high-input, market-oriented crop (Chadha and Mndiga, 
2007). Amaranth increased in popularity as a leafy vegetable 
and for its gluten-free grain that is used blended with cereal 
grain flour. Such changes have implications for breeding pro-
grams, necessitating the need for a sustainable supply of high  
yielding cultivars with resistance/tolerance to biotic and 
abiotic stresses and with excellent market characteristics. 
Because there are numerous traditional African vegetables, 
AVRDC can focus on only a few crops for improvement, and 
must prioritize traits for breeding. This paper presents a 
strategy for traditional African vegetable crops improve-
ment and related development activities at AVRDC Eastern 
and Southern Africa. A review is presented on production as-
pects of the vegetables, constraints, and past and present re-
search and development activities. The strategy looks to the 
future and discusses partnerships and collaborations sought 
at various levels to optimize traditional African vegetables 
improvement.

Production aspects and constraints
There are a number of important traditional African 

vegetables grown in many countries in sub-Saharan Africa. 
Based on a survey conducted in three regions in Tanzania 
(Dodoma, Tanga and Arusha), vegetable crops, including 
both global and traditional vegetables, cover 9% of all culti-
vated land area (Weinberger and Msuya, 2004). However, the 
share of vegetable area is different across locations, with the 
largest proportion (20% of cultivated area) being in Arumeru 
district in Arusha. This may be explained by the presence of 
national and international public research and development 
institutes around Arusha that promote vegetable cultivation 
and consumption. Seed companies enter into contracts with 
farmers to use their fields for seed production, and this may 
add to the area under vegetable production. Although the 
absolute area allocated to vegetables is highest with farm-
ers who have more land, those with small farm sizes engage 
more in vegetable production (Keller, 2004; Weinberger and 
Msuya, 2004). In Kenya, African nightshade (Solanum spp.), 
Cleome gynandra (known by various common names – spi-
der plant, African spider flower, African cabbage and cat’s-
whiskers), amaranth and vegetable cowpea are most pre-
ferred (Pasquini et al., 2009). Ethiopian mustard (Brassica 
carinata) is the most important traditional vegetable con-
sumed across all regions of Ethiopia (Ayana et al., 2014). 
Amaranth, African eggplant and roselle (Hibiscus sabdariffa) 
rank high in Benin (Pasquini et al., 2009). In Cameroon, tra-
ditional African vegetables stand second to tomatoes  with 
African nightshade, okra (Abelmoschus esculentus) and ama-
ranth considered very important (Table 2). African eggplant, 
okra and roselle are important in Mali (Ellis-Jones et al., 
2008). Pumpkin (Cucurbita spp.), amaranth, African night-
shade and African eggplant are widely grown in Madagascar; 
vegetables such as black jack (Bidens pilosa) are not cultivat-
ed in fields but grow wild and are harvested when available 
(Ellis-Jones et al., 2008).

Rapid urbanization has increased demand for food (Onim 
and Mwaniki, 2008), and traditional African vegetables, we 
believe, play an important role in supporting the diets of mil-
lions of people. It has been reported that traditional vegeta-
bles may become major future crops for a large proportion 
of the world’s population (Lobell and Gourdji, 2012). The 
increasing demand for these vegetables may require greater 
production in the future. Leafy traditional vegetables like 
amaranth that reach marketable maturity within 21–30 days 
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after planting may tend to escape intermittent weather con-
ditions. These vegetables and other neglected plant species, 
including those growing wild, are very useful during and 
after drought periods (Egeru, 2012). There is considerable 
scope to increase yield levels of traditional African vegeta-
bles in sub-Saharan Africa. The gap between farmers’ yields 
and results obtained from research sites is significant, with 
on-farm yield far less than on-station yield in most cases 
(Ellis-Jones et al., 2008). Yields in farmers’ fields also vary 
across different areas within a county. In Tanzania, veg-
etable amaranth yield ranges from 1.1 t ha-1 in Kilimanjaro 

to 6.3 t ha-1 in Mwanza, African eggplant from 0.1 t ha-1 in 
Kilimanjaro to 7.7 t ha-1 in Zanzibar, and okra from 0.5 t ha-1 
in Arusha to 4.4 t ha-1 in Kilimanjaro (NASC, 2008). Keatinge 
et al. (2014) reported differences in temperature among lo-
cations and among years within locations;  the big yield dif-
ferences observed among locations could be partly linked to 
these temperature differences.

Although traditional African vegetables are perceived to 
require less fertilizer, pesticide and other inputs, this may 
be true only for early maturing leafy vegetables grown for a 
one-time, clear harvest at 3–4 weeks after planting – a prac-

Table 2.  Traditional vegetables and legume crops cultivars registered in some countries in Africa since 1983.

Cultivar by crop Species Cultivar name Other name Release year Country released
African eggplant Solanum aethiopicum Tengeru White - 1999 Tanzania
African eggplant S. aethiopicum Mshumaa DB 3 2011 Tanzania
African eggplant S. aethiopicum Tessa Oval egg - - Tanzania/Uganda
African eggplant S. aethiopicum Cleo - - Tanzania/Uganda
African eggplant S. aethiopicum Soxna  - 2011 Mali
African eggplant S. aethiopicum L10  - 2011 Mali
African nightshade Solanum scabrum Nduruma BG16 2011 Tanzania
African nightshade S. scabrum Olevolosi SS49 2011 Tanzania
African nightshade S. scabrum Giant Nightshade SS52 2006 Kenya
African nightshade S. scabrum Medium leaf (long lasting) - - Kenya
African nightshade S. scabrum Managu BG24 2012 Kenya
Amaranth Amaranthus cruentus Madiira 1 Ex-Zim 2011 Tanzania
Amaranth A. cruentus Madiira 2 AM 38 2011 Tanzania
Amaranth Amaranthus spp. A2002  - 2011 Mali
Amaranth Amaranthus spp. A2004  - 2011 Mali
Amaranth Amaranthus spp. White Elma - - Uganda
Amaranth Amaranthus spp. Green Gina - - Uganda
Cowpea Vigna unguiculata Tumaini - - Tanzania
Ethiopian mustard Brassica carinata Rungwe ML-EM 1 2011 Tanzania
Ethiopian mustard B. carinata Arumeru ST 3 2011 Tanzania
Jute mallow C. olitorius Edeliana - - Uganda
Mungbean Vigna radiata Filsan VC 1168B (V 1411 x V 2272) 1987 Somalia
Mungbean V. radiata Imara V 1380 (EG-MG-6D) 1983 Tanzania
Okra Abelmoschus esculentus Spear/Victoria Spineless ARP1 2007 Uganda
Okra A. esculentus - ARP1 2007 Tanzania
Okra A. esculentus Sasilon  - 2011 Mali
Okra A. esculentus Batoumambe  - 2011 Mali
Okra A. esculentus Safi  - 2011 Mali
Roselle Hibiscus sabdariffa TSH22  - 2011 Mali
Roselle H. sabdariffa L28 - 2011 Mali
Roselle H. sabdariffa Samandah  - 2011 Mali
Grain soybean Glycine max GC 30229-8 (AGS 19) 1983 Zimbabwe
Grain soybean G. max Nyalab GC30229-8 1992 Zimbabwe
Vegetable soybean G. max VSS 1 AGS 292 1999 Mauritius
Vegetable soybean G. max VSS 2 AGS 339 1999 Mauritius
Vegetable soybean G. max AGS 292 2002 Sudan
Vegetable soybean G. max Edamame1 AGS 292 2006 Zimbabwe

Source: AVRDC, cultivar release record database (unpublished); Ojiewo et al. (2013); Ojiewo et al. (2010).
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tice that reduces fertilizer requirements over a long growing 
period and avoids late emerging insect pests and diseases. 
Other reasons why pests and diseases are considered to be 
less damaging to traditional African vegetables than when 
compared to global vegetables are that traditional vegeta-
bles are presently grown in small areas, and seldom as mono-
crops. A shift to intensive production of traditional vegeta-
bles over large areas in monocultures would likely result in 
greater pest and disease problems. Farmers already regard 
pests and diseases as an important production constraint; a 
socioeconomic survey in Tanzania indicated that 36–42% of 
respondent farmers consider them important (Keller, 2004). 
Damage caused by diseases and insect pests becomes more 
serious when the crop is grown for multiple harvests over a 
long time and/or for seed production. Table 1 shows some 
important insect pests and diseases of major traditional veg-
etables. The type and magnitude of damage caused by vari-
ous insect pests and diseases may need to be investigated, as 
there is little or no research available regarding the control of 
pests and diseases for these crops.

Traditional African vegetables are also thought to be 
tolerant to abiotic stresses like low soil moisture conditions 
and heat. In a study conducted in South Africa, amaranth 
was found to be more heat-tolerant when compared to Swiss 
chard (Beta vulgaris) and cowpea (Vigna unguiculata), yet 
the performance of cowpea was the best of the three crops 
under low moisture conditions (Backeberg, 2013). It was 
reported that higher biomass accumulation occurred in five 
species of amaranth under warm day/night temperatures 
(27/21°C) and lower accumulation under cool temperatures 
(21/15°C) (Modi, 2007). In a water-deficient screenhouse 
experiment conducted in Taiwan on some cultivars/species 
of three crops (African nightshade, amaranth and Ethiopian 
mustard), the fresh and dry stem and leaf weights of all spe-
cies/cultivars decreased in the water-deficient treatment, 
but amaranth (A. hypochondriacus) and African nightshade 
(S. scabrum) suffered less nutrient losses (Luoh et al., 2014).  
In another study, a mutant cowpea line that produced higher 
seed yield under reduced moisture conditions compared to 
adequate moisture conditions was identified, but gave ex-
tremely low overall yields under both conditions, and thus 
would not be directly useful for cultivation (De Ronde and 
Speeth, 2007), thus requiring  intervention from a breed-
ing program. From our observations in Tanzania, amaranth 
grown under low moisture conditions tends to flower within 
about three weeks after sowing – that is, before producing a 
harvestable biomass yield for use as a vegetable. This result 
points to the need for a detailed investigation on whether the 
abiotic stress tolerance demonstrated in various traditional 
vegetables is of economic value, or is only a survival mecha-
nism of the plant. Moreover, there is a need of exploring the 
differences among different genotypes (breeding lines and 
commercial cultivars) within each crop for their response to 
heat, moisture and biotic stresses when grown under diverse 
environments. For example, there are at least six released 
cultivars each of African eggplant and amaranth suitable for 
evaluation across different agroecologies and management 
practices to understand their performances and adaptation. 
There are two different vegetable producer target groups, 
commercial producers (we believe – expected to emerge 
sooner or later in traditional African vegetables) and small-
holder farmers, that the breeding program needs to target. 
Commercial producers are interested in cultivars that re-
spond to intensive management practices for high yield per 
unit area and then high profit margins, while small-holder 

farmers love to have those adapted to low input subsistence 
farming systems. It would be interesting, for both target pro-
ducers, to identify cultivars that perform well under low-input 
conditions and also respond to improved environments such 
as improved soil fertility and moisture regime. Results from 
genotype by environment interaction studies may not only 
help to identify potential parental lines for use in breeding 
programs for target environments and users, but also to clus-
ter environments for target germplasm collection, germplasm 
development, evaluation and technology dissemination.

Lack of improved cultivars constrains the production 
of traditional African vegetables. The majority of farmers 
grow low-yielding local cultivars using low fertilizer in-
put and other management practices. Cultivars released in 
some countries (Table 2) did not reach the wider commu-
nity of farmers owing to inadequate attention from national 
agricultural research and extension systems (NARES) and 
the private seed sector. Until recently, seed companies did 
not consider the production and marketing of traditional 
African vegetables seeds to be a profitable business. They 
are mostly interested in crops and cultivars grown in wide 
geographical areas that can capture sufficiently large market 
sizes (Afari-Sefa et al., 2012). In addition, most traditional 
African vegetables are open-pollinated, allowing farmers to 
save their own seed. This further reduces marketing oppor-
tunities for private companies; however, there are a number 
of specifically local origin seed companies now involved in 
the commercialization of the seed of vegetables. Yet, seed of 
improved traditional vegetable cultivars are often not avail-
able in seed stores in many countries, especially in less ac-
cessible remote villages. Most farmers, therefore, continue 
to use their own saved seeds of local cultivars that are usu-
ally less productive but adapted to specific local conditions. 
The tide is slowly turning because of increased demand for 
traditional vegetables in urban markets (e.g., Muhanji et al., 
2011; Karanja et al., 2012; Chelang’a et al., 2013), which will 
prompt farmers to grow improved cultivars in more inten-
sive management systems. Leafy vegetables have short shelf-
life that limits time available in marketing them. This reduces 
the bargaining power of farmers and/or local open market 
sellers, usually women, on market price, and this calls for 
multidisciplinary approach between breeders and posthar-
vest specialists to improve the shelf-life of the vegetables and 
storage conditions for increased income of the large majority 
of resource-poor people involved in the production and mar-
keting of the vegetables. 

Past and present germplasm conservation and  
improvement

Research on traditional vegetables has been supported 
by a range of projects at different scales and times. A project 
called ‘Promotion of Neglected Indigenous Vegetable Crops for 
Nutritional Health in Eastern and Southern Africa (ProNIVA)’ 
was conducted in Malawi, Rwanda, Tanzania and Uganda 
from 2003 to 2009 and focused on the collection and evalua-
tion of germplasm (ProNIVA, 2006, 2010). In another project 
known as ‘Vegetable Breeding and Seed Systems for Poverty 
Reduction in Africa’ the concept of ‘hub’ (lead) and ‘spoke’ 
(satellite) countries was initiated with Cameroon, Madagascar, 
Mali and Tanzania serving as hub countries. Here collabora-
tions were forged with NARES, private seed companies, uni-
versities and NGOs involved in both traditional and global veg-
etables research and development to reach out to the spoke 
countries. The project focused on establishing sustainable 
vegetable breeding and seed systems in sub-Saharan Africa. 
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1. Germplasm conservation and characterization. 
Vegetable germplasm collection and conservation have been 
among AVRDC’s major areas of focus. Collection of tradition-
al African vegetable germplasm is particularly important, as 
it is expected that some farmers will abandon landraces and 
grow commercial cultivars in response to urban market de-
mand for high quality, uniform produce. Traditional African 
vegetable germplasm collection was conducted from the 
early 1990s to the early 2000s. A large number of accessions 
were collected under the ProNIVA project from 2003 to 2009 
(ProNIVA, 2006, 2010). Other collection activities were sup-
ported by a project on germplasm collection, evaluation and 
improvement of African leafy vegetables funded by the 
United States Agency for International Development (USAID) 
and the United States and Israel Cooperative Development 
Research (CDR) from May 2002 to August 2007. Some collec-
tion activities were conducted during the ‘Vegetable Breeding 
and Seed Systems’ project from 2007 to 2010. In total, 760 
accessions were collected of 11 crops: African eggplant, 
African nightshade, spider plant, Ethiopian mustard, ama-
ranth, jute mallow (Corchorus olitorius), cowpea, okra, ro-
selle, pumpkin and hyacinth bean (Lablab purpureus). The 
accessions were collected from eight countries: Cameroon, 
Kenya, Malawi, Mali, Rwanda, Tanzania, Uganda and Sudan. 
Under the ‘Global Crop Diversity Trust’ (2009–2011) project, 
more than 700 accessions from AVRDC’s Mali and Cameroon 
offices were duplicated at the AVRDC Eastern and Southern 
Africa Seed Repository. A total of 1,800 vegetables accessions 
have been conserved at AVRDC Eastern and Southern Africa 
under short-term (about 5 years) storage conditions (AVRDC, 
unpublished data). Exploration for traditional vegetables 
still needs to be expanded in the central and southern part of 
Africa, as AVRDC’s collections have less material from these 
regions. Collection activities should focus on biodiversity 
hotspots in East Africa: the coastal areas of Tanzania and 
Kenya, Zanzibar Island, Ethiopia, Eritrea, Djibouti and 
Somalia.

Collections are characterized to facilitate utilization by 
breeders, other researchers and users. About 365 accessions 
were characterized from 2010 to 2012, of which 45 acces-
sions were African eggplant, 42 African nightshade, 28 veg-
etable cowpea, 18 mungbean (Vigna radiata), 85 amaranth, 
46 jute mallow, 11 pumpkin, 4 moringa (Moringa oleifera), 37 
roselle, 19 spider plant, and 30 sunnhemp (Crotalaria spp.). 
Moreover, 267 accessions were characterized in 2013 using 
various morphological and agro-biological traits (AVRDC, 
unpublished data).
2. Germplasm improvement. A number of advanced lines 
developed from the germplasm collections have been evalu-
ated for desirable horticultural traits and promising lines 
have been distributed to NARES, private seed and breeding 
companies, and academic institutions for direct release and/
or use in their breeding programs or in special studies. As a 
result, a number of cultivars have been released in different 
countries (Table 2). The national programs of Tanzania in 
East Africa, and Mali and Cameroon in West Africa are exam-
ples of NARES that have released improved cultivars or sub-
mitted elite lines for release in collaboration with AVRDC of-
fices in the respective country. Two improved cultivars each 
of African nightshade, amaranth and Ethiopian mustard 
were released in Tanzania in 2011. Similarly, a total of 10 cul-
tivars were released from four crops in Mali in the same year 
(Table 2). One African nightshade cultivar was released by 
East African Seed Company in Kenya in 2012. At least two 
African nightshade, and one each of spider plant, Ethiopian 

mustard, vegetable cowpea, jute mallow and sunnhemp cul-
tivars were registered in Kenya and have been commercial-
ized mainly by the Simlaw Seed Company.

Future improvement and development 
strategy

Priority traditional African vegetables for breeding
At AVRDC in sub-Saharan Africa, priority crops have been 

identified, in consultation with stakeholders, based on their 
importance in hectarage across countries (when such data 
are available), nutritional value, income generation poten-
tial and suitability to contribute to food security by bridging 
food shortage seasons. Priority crops are selected to include 
both leafy and fruit type vegetables. Table 3 shows the rank 
of commonly grown traditional African vegetables based 
on their importance in different countries. Amaranth (leafy 
type) and African eggplant (fruit type) have been selected 
as major strategic crops for breeding at AVRDC Eastern 
and Southern Africa. The two crops were identified as the 
top traditional African vegetables followed by spider plant, 
Ethiopian mustard and African nightshade (in that order) 
during a stakeholder priority-setting exercise conducted in 
2007/2008 (AVRDC, unpublished data). Amaranth is very 
important for its high leaf and grain nutritional value in many 
countries. The common use of African eggplant is as a fruit 
vegetable while its leaf is also used in some countries like 
Uganda in East Africa, and in Cameroon and other countries 
in West Africa. AVRDC does not ignore other traditional veg-
etables (African nightshade, Ethiopia mustard, spiderplant 
and vegetable cowpea); research and development on non-
priority crops is based on available resources and demand 
from partners. Okra and roselle are handled from Cameroon 
and Mali, respectively, at AVRDC Western and Central Africa.

Breeding objectives and strategy
A well-defined strategy is important for effective crop 

improvement programs. For most traditional African veg-
etable species, information on basic physiology and repro-
duction, genetics and traits for adaptation to different agro-
ecologies and various stresses need to be identified to help 
improve breeding efficiency. Yield components (traits that 
primarily contribute to yield) are not well characterized. 
There is a need to assess whether germplasm should be de-
veloped with different product profiles for different socio-
cultural settings and geographical regions. The germplasm 
and cultivar development strategy therefore involves breed-
ing research to identify yield and quality related traits, and 
morphological and molecular markers for use in selection 
programs. Breeding research also involves clustering pro-
duction environments and determining whether germplasm 
collected from different environments performs differently 
in their adaptation when grown across environments. This 
has implications for future germplasm collection, selection 
environment identification and in cultivar recommenda-
tions.

Specific breeding objectives differ according to pre-
vailing environmental conditions and consumer demand. 
Breeding objectives in traditional African vegetables also 
relate to the production cycle. Keller (2004), Weinberger 
and Msuya (2004) and Adeniji and Aloyce (2012) reported 
early maturity to first harvest and a long production cycle for 
repeat harvesting as important traits in traditional vegeta-
bles in Tanzania. An extended period of repeated harvests, 
however, may not work for areas with terminal low moisture 
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conditions in rainfed production systems. Selection for this 
trait depends on how long sufficient moisture is available in 
the target environment during a growing season. There are 
two main practices for harvesting traditional leafy vegeta-
bles in Africa: (1) one-time harvest with uprooting and (2) 
repeat cutting of growing tips of main stems and branches, or 
defoliation of leaves, and then allowing the crop to produce 
grain and seed. The repeat harvesting practice is exercised 
in amaranth, Ethiopian mustard, African nightshade, spider 
plant and vegetable cowpea. A one-time harvest offers farm-
ers many options to insert a short duration leafy vegetable 
in their cropping systems. Consequently, early vigorous 
growth resulting in high leaf yield per unit area is critical. 
Cultivars for multiple harvests should also show earliness to 
first harvest, while sustaining many harvests over a long pe-
riod. This strategy enables farmers to market their produce 
over a longer time, reducing risk from price fluctuations and 
supply gluts, and ensures a continuous supply of family food 
over a longer period. Multiple harvesting during a growing 
period is equally important in fruit type traditional vegeta-
bles like African eggplant, except for farmers who need con-
centrated fruit-set for a single harvest to capitalize on high 
market prices, or in areas with a short growing season. High 
and stable yield is valued by all farmers and is a major breed-
ing objective. Fruit quality is one of the major traits for selec-
tion in fruit type vegetables, as leaf quality is in leafy vegeta-
bles. However, leaf/fruit quality traits such as colors, shapes, 
sizes and tastes may vary among regional and local markets 
and require different cultivars, thus complicating the task of 
breeders.

The current AVRDC breeding strategy for amaranth and 
African eggplant is based on mass or single plant selection 
within existing genetic variability present in landraces or lo-
cal germplasm collections. Repeated selection and purifica-
tion is followed by farmers’ participatory cultivar selection. 
The strategy allows quick identification of promising lines 
for potential cultivar release and/or for use in breeding. This 
strategy heavily relies on the AVRDC genebank, from which 
accessions as sources of genes for resistance/tolerance to bi-
otic and abiotic stresses will eventually be required. The fu-
ture strategy will focus on identification of parental lines and 

creation of genetic variability for traits of interest in the pri-
ority crops. Emphasis will be given to gender-disaggregated 
participatory plant breeding to include farmers at the early 
stages of the breeding program, when more variability ex-
ists for selection. A gender-disaggregated participatory ap-
proach will be also used in identification of product profiles 
that may differ from country to country and/or location to 
location. This has been started for African nightshade and 
spider plant in 2014, when participating farmers were able 
to assess more than 250 lines of each crop. Participatory 
plant breeding exploits both specifically and widely adapted 
genotypes when decentralized participatory selection (selec-
tion in a target environment with participation of farmers) is 
applied, and aims at adapting genotypes to target environ-
ments as well as to target users. The importance of partici-
patory plant breeding has been described and models have 
been developed by many breeders, for example by Ceccarelli 
and Grando (2007), for crops and environments bypassed 
by conventional plant breeding. Decentralized participatory 
plant breeding helps maintain genetic diversity, stemmed 
from different areas preferring different genotypes, for sus-
tainable production (Fufa et al., 2007). The breeding strat-
egies of the two priority crops, African eggplant and ama-
ranth, are described in more detail.  
1. African eggplant. African eggplant is one of the leading 
traditional African vegetables (Chadha and Mndiga, 2007; 
Ellis-Jones et al., 2008) and it is grown throughout different 
regions in sub-Saharan Africa (Table 3). The fruit is con-
sumed in East Africa (Adeniji and Aloyce, 2012) while in 
West Africa both fruits and leaves are eaten (Chen et al., 
2001). The leaf is also consumed in Uganda in East Africa. 
There are many traditional recipes for preparing the imma-
ture fruit. Identification of various species of the crop grown 
in different countries and their uses are subject of further 
study. Among the several species of the crop, S. aethiopicum 
is commonly grown in many countries on the continent. S. 
macrocarpon is grown in Cameroon mainly as a leafy vegeta-
ble (Chen et al., 2001). The species S. anguivi is grown for its 
fruit in Tanzania and Uganda, as well as for its leaf in Uganda. 
‘Mshumaa’ (‘DB3’) and ‘Tengeru White’ (both S. aethiopicum) 
are two popular improved cultivars grown in Tanzania. ‘DB3’ 

Table 3.  Rank of traditional vegetables according to their importance by farmers in four   countries in sub-Saharan Africa1.

Crop Cameroon Mali Madagascar Tanzania
Amaranth 6 4 2 1
African eggplant 3 7 7
African nightshade 1 3 6
Okra 4 1 3
Pumpkin 1 2
Ethiopian mustard 8
Cowpea leaves 5
Spider plant 11
Jute mallow 8
Roselle 2
Cassava leaves 8 9
Sweet potato leaf 6 4
Wild cucumber 10
Black jack 5
Total number of major vegetables 4 4 7 11

1 Extracted from Ellis-Jones et al. (2008), in Cameroon, both global and traditional vegetables were ranked together while independently ranked in 
Mali, Madagascar and Tanzania. A low value indicates a high rank.
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has also been proposed for release in Cameroon. Farmers 
and consumers like both cultivars for their yield and their 
creamy to green fruit colors at marketable stage. The shape 
and taste of the fruit suits the preferences of different con-
sumers: fruit of ‘DB3’ has an oval shape and sweet taste, 
while fruit of ‘Tengeru White’ is round with a bitter taste. At 
least in Tanzania, ‘DB3’ is cultivated more than ‘Tengeru 
White’ (AVRDC, unpublished data).

Although further breeding research is required to define 
yield components, genetic variability creation and selec-
tion for high yield in the crop will primarily focus on high 
numbers of fruits and clusters per plant. Farmers prefer 
cultivars with early maturity to first harvest, but with long 
periods of repeat fruit harvest (Adeniji and Aloyce, 2012). 
Fruit quality (nutritional, taste, processing/cooking and 
physical characteristics) affect the perception of buyers and 
the marketability of the product. For African eggplant, long 
fruit shape, creamy to green fruit color, a thin skin layer and 
a low number of seeds per fruit are major quality traits, es-
pecially in Tanzania (Adeniji and Aloyce, 2012). However, 
selection for low seed number could affect seed production, 
and should therefore be considered carefully. Taste prefer-
ences vary from sweet, medium-bitter to bitter (Keller, 2004; 
Weinberger and Msuya, 2004; Adeniji and Aloyce, 2012). The 
breeding program collaborates with postharvest specialists 
in identifying traits associated with long fruit shelf life for 
use in breeding. Disease resistance breeding objectives will 
focus on wilt diseases (Fusarium oxysporum, Verticillium 
spp.) and early blight (Alternaria solani). Resistance to spi-
der mites (Tetranychus spp.) exists in different groups of  
S. aethiopicum (Seck, 2012). Understanding the mechanism 
of resistance and identifying sources of resistance to spider 
mites are long-term breeding objectives. The performances 
of existing cultivars, including farmers’ cultivars, across di-
verse environments need to be studied.
2. Amaranth. Amaranth is a major traditional leafy vegeta-
ble in many African countries (Table 3; Ellis-Jones et al., 
2008; Pasquini et al., 2009). The percentage of farmers grow-
ing the crop varies from country to country; for example, it 
ranges from 51–80% in peri-urban areas and 74–78% in ur-
ban areas of Nairobi and Kisumu in Kenya, to 73–89% in 
peri-urban and 94–100% in urban areas of Cotonou and 
Lokossa in Benin (Pasquini et al., 2009). There are different 
types of amaranth species, with some of the economically 
important ones being A. cruentus, A. hypochondriacus, A. hy-
bridus, A. dubius and A. caudatus. It is difficult to distinguish 
among different amaranth species. Sometimes, A. cruentus, A. 
hypochondriacus, and A. hybridus are grouped under the spe-
cies A. hybridus with ssp. cruentus and ssp. hybridus (Maundu 
et al., 2009). According to Sauer (1967), about 60 species of 
amaranth are native to the Americas (South America, Central 
and Mexico) and about 15 others to Europe, Asia, Africa and 
Australia. Further phylogenetic studies may be required to 
investigate in detail whether Europe, Asia, Africa and 
Australia are other centers of origin or routes of domestica-
tion of the crop; we observe different types of plants from 
weed forms to cultivated vegetable and grain types, for ex-
ample in Africa. Sauer (1967) postulated two hypotheses on 
the evolvement of the three common species of amaranth (A. 
hypochondriacus, A. cruentus and A. caudatus): (1) the mono-
phyletic hypothesis states that all the species [A. hypochon-
driacus (n = 16), A. cruentus (n = 16) and A. caudatus (n = 17)] 
originated from a single progenitor species A. hybridus 
(n = 16) through introgressive hybridizations of the early  
domesticate with other species, and (2) the polyphyletic  

hypothesis suggests that the three species originated inde-
pendently from different progenitors in the Americas – South 
America, Central America and Mexico. Previously, grain ama-
ranth species were mostly cultivated for their leaves in Africa 
(Grubben and Denton, 2004). The popularity of the grain, 
however, is on the rise, for example in Ethiopia, Kenya, 
Uganda and Zimbabwe (Achigan-Dako et al., 2014). The crop 
is grown on a large scale in Kenya for its grain, especially in 
the western region of the country; the grain is processed and 
mixed with cereal grain flours such as maize, and compen-
sates for cereal deficiencies in micronutrients including iron 
and zinc (Mugalavai, 2013). These flour mixtures have the 
potential to replace industrial product supplements. An 
emerging small-scale agro-processor female farmer group in 
Same in the Kilimanjaro region, Tanzania is processing ama-
ranth vegetable and amaranth grain into various products. 

The breeding program at AVRDC Eastern and Southern 
Africa develops three amaranth types: a leaf type, a dual 
type for leaf and grain, and a grain type. Development of 
nutrient-dense high leaf and grain yields are major breed-
ing objectives. Field evaluations are followed by quality as-
sessment, where lines with the best leaf and grain yields are 
subjected to nutrient quality testing. According to farmers, 
green to deep green leaves are signs of high essential nutri-
ent contents. Although the nutrient content must be verified 
by chemical analysis, trait selection does consider leaf color. 
Lines with rapid recovery after cutting and delayed flower-
ing are required for repeat-cutting production systems, but 
may not fit into the dual type category, as delayed flowering 
increases the chances of exposure to late coming diseases 
and other stresses that affect grain yield and quality. Grain 
type lines should have synchronized dry-down of the entire 
plant at maturity, reduced plant height to resist lodging, re-
duced branching, resistance to shattering, light or creamy 
color seeds, and high yield and protein content. Dual type 
lines must combine high leaf and grain yields with other de-
sirable agronomic and quality traits. Selection for dual type 
lines involves evaluation under 2–3 cuttings of side branches 
and leaves, usually at 2-week intervals starting from 3 to 4 
weeks after planting. The lines are then allowed to grow and 
produce grain. A genotype should be able to produce profuse 
leaves after every cut to support the production of high leaf 
and grain yields. In breeding for resistance to biotic stresses, 
the breeding program collaborates with other disciplines to 
establish the amount of yield loss incurred by Choanephora 
rot (Choanephora cucurbitarum) and Alternaria leaf spot 
(Alternaria sp.) diseases under different environments, and 
characterizes available germplasm for sources of resistance. 
Genotype by environment interaction is another area of re-
search to determine the adaptability of various amaranth 
genotypes across agroecologies and management practices. 
Released cultivars (Table 2), breeding lines, and farmers’ lo-
cal cultivars currently grown in different localities need to be 
evaluated across environments.
3. Other vegetables. To avoid duplication of effort, each 
AVRDC office in sub-Saharan Africa focuses on specific crops, 
and shares its breeding lines with the other offices as well as 
collaborators. Okra improvement is coordinated from 
Cameroon and roselle from Mali through the West and 
Central Africa office.  Research on okra had been coordinated 
from Niger until 2011 and then moved to Cameroon, cur-
rently focusing on evaluation of segregating materials and 
advanced lines. Okra breeding also took place in Mali, with 
five okra cultivars released from 2007 to 2011 (Table 2). 
Powdery mildew, okra leaf curl and okra yellow mosaic dis-
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eases are important constraints and remain major breeding 
objectives of the crop. Roselle improvement was spearhead-
ed from Mali since 2007. Local germplasm has been evaluat-
ed up to 2010, and as a result at least three roselle cultivars 
were released in 2011. Improvement activities for spider 
plant, African nightshade, vegetable cowpea and Ethiopian 
mustard are handled at the Eastern and Southern Africa of-
fice, based on demand from partners and resource availabil-
ity. High yield, quality and resistance/tolerance to biotic and 
abiotic stresses remain major breeding objectives. More than 
300 lines each of spider plant and African nightshade were 
developed through single plant selection since 2013, and 
more than 90 vegetable cowpea lines were developed during 
the same time (AVRDC, unpublished data). These lines are 
being characterized and evaluated for various horticultural 
and agronomic traits. 

Partners’ role in improvement and development of 
traditional African vegetables

AVRDC’s breeding program in sub-Saharan Africa works 
with vegetable value chain actors including farmers, gene-
banks, academic and advanced research institutions, NARES, 
private seed and breeding companies, public seed enterpris-
es, NGOs, and relief and rehabilitation organizations. These 
partners help AVRDC breeders identify or amend product 
profiles and breeding objectives for various environments 
and market types. For released cultivars to reach end us-
ers, the program must be linked to development programs. 
Figure 1 shows the flow chart of steps in the breeding pro-
gram, related activities and partners involved at each step. 
Anticipated roles of every partner in vegetable improvement 
and development are described below. Donors are key part-
ners across the value chain of the vegetables starting from 
technology generation to dissemination of improved tech-
nologies, and in capacity building.
1. Support for traditional African vegetables from 
NARES, academic and research institutions, the private 
sector and donors. Support for research and development 
of traditional African vegetables has been too weak from 
both national and international research and development 
programs (Afari-Sefa et al., 2012). However, recent attention 
for traditional vegetables from various organizations includ-
ing donors has led some NARES to include traditional vegeta-
ble improvement activities in their horticultural research 
programs. Examples in Eastern Africa include the NARES of 
Kenya, Tanzania and Uganda. Depending on the availability 
of funds, they work sporadically on identification of and so-
lutions to production constraints, local germplasm charac-
terization and evaluation, seed systems, agronomic trials and 
promotional activities. Academic and advanced research in-
stitutes are increasingly interested in the basic science of tra-
ditional vegetables and collaborate with AVRDC. Purdue 
University, Rutgers University and the University of California 
at Davis in the USA, Humboldt University and Hannover 
University in Germany, and the Commonwealth Scientific 
and Industrial Research Organization (CSIRO) of Australia 
have all partnered with the Center for research projects 
ranging from crop management studies to genetic and nutri-
tion analyses. Bioversity International also has been working 
to promote the conservation and utilization of underutilized 
crops. The International Center for Insect Physiology and 
Ecology (icipe) and CAB International (CABI) are studying 
pest identification and management for traditional vegeta-
bles. The Association for Strengthening Agricultural Research 
in Eastern and Central Africa (ASARECA) supported capacity 

building and local seed production (Karanja et al., 2012). 
CSIRO, in collaboration with Biosciences Eastern and Central 
Africa (BeCA), Jomo Kenyatta University of Agriculture and 
Technology (JKUAT) in Kenya, AVRDC and Sokoine University 
of Agriculture (SUA) in Tanzania, supported amaranth value 
chain research with a focus on nutrition and capacity build-
ing from 2011 to 2013. USAID, through the Horticultural 
Innovation Lab, has been supporting crop management, nu-
tritional studies and farmers’ capacity building activities in 
traditional vegetables in Kenya, Tanzania and Zambia; it is 
currently supporting AVRDC’s technology scaling-up activi-
ties in Kenya, Tanzania and Uganda, and vegetable posthar-
vest research in various countries. The German Federal 
Ministry of Research and Education (BMBF), and the Federal 
Ministry for Economic Cooperation and Development (BMZ) 
of Germany through the Gesellschaft für Internationale 
Zusammenarbeit (GIZ) is currently supporting the 
‘Diversifying Food Systems: Horticultural Innovations and 
Learning for Improved Nutrition and Livelihood in East 
Africa (HORTINLEA)’ project, focusing on the entire value 
chain of traditional African vegetables from generating basic 
information on species to germplasm development, seed sys-
tems, human capacity building and awareness creation 
among policy makers. Project partners in Africa include 
AVRDC, JKUAT, icipe, Kenyatta University and the University 
of Nairobi. 

A number of universities in sub-Saharan Africa, for ex-
ample JKUAT, Kenyatta University, University of Nairobi, 
University of Eldoret from Kenya, Sokoine University of 
Agriculture and St. John’s University from Tanzania, and 
Uganda Christian University from Uganda, work on charac-
terization, selection, nutrition, agronomic and/or pest man-
agement and promotional activities at different levels based 
on resource availability. JKUAT has been actively working on 
strategic repositioning of traditional African vegetables, hop-
ing to change their current status and include them in the 
mainstream agricultural research and development arena 
in order to harness their benefits for nutrition and food se-
curity, and livelihood improvement for smallholder farmers 
in sub-Saharan Africa (Abukutsa-Onyango, 2010). There are 
several medium and large-scale private companies in sub-Sa-
haran Africa currently involved in seed production and mar-
keting of traditional African vegetables (Table 4). Rijk Zwaan 
Afrisem (a multinational joint collaboration between Rijk 
Zwaan and East West Seeds) based in Arusha, Tanzania has 
started an African eggplant breeding program with a focus 
on hybrid production. Nongovernmental and relief and reha-
bilitation organizations have been involved in dissemination 
and promotion of traditional African vegetables at differ-
ent times and in different countries. Regardless of all these 
positive developments, the amount of resources available is 
not sufficient to address the numerous traditional vegetable 
crops and their research gaps. Support from donors remains 
very important for future research and development pro-
grams on the continent.
2. Partners in germplasm characterization and develop-
ment. There are many basic research areas to be addressed 
in traditional African vegetables. The breeding strategy in-
cludes academic and advanced research institutions as col-
laborators. These institutions provide high-tech tools in 
breeding research to generate basic information to help 
speed up the pace of germplasm development. Collaboration 
areas include gene mapping, marker assisted selection, iden-
tification of traits of interest, flower biology and pollination 
behavior, intra- and inter-specific crossability and crossing 
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Figure 1.  Partners sought at various levels of traditional African vegetables improvement and development at AVRDC Eastern 
and Southern Africa.
1 NARS – National Agricultural Research Systems; NARES – National Agricultural Research and Extension System; PSCs – 
Private Seed Companies; ARIs – Advanced Research Institutes; PSEs – Public Seed Enterprises; PBCs – Private Breeding 
Companies.
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barriers studies. University students are involved in specific 
areas of breeding research and germplasm development. 
Currently, two PhD students are conducting molecular and 
morphological characterization of spider plant accessions in 
collaboration with Hannover University, Germany and JKUAT, 
Kenya. The study program is financed through the 
HORTINLEA project.

Farmers (especially women’s groups), NARES, and pri-
vate seed and breeding companies are important partners in 
germplasm development. Farmers are key partners, provid-
ing valuable information about plant characteristics, tradi-
tional cultivation methods, and food, nutritional and tradi-
tional medicinal uses. Until very recently, traditional crops 
have been neglected by scientists, and were left to farmers 
for conservation, improvement and utilization. We will rely 
on farmers for germplasm in the years to come, as most na-
tional genebanks in sub-Saharan Africa do not have conser-
vation programs for such neglected and underutilized plant 
species. Gender-disaggregated participatory cultivar evalua-
tion will help ensure women and men can equally contribute 
to crop improvement.
3. Partners in germplasm evaluation and cultivar re-
lease. AVRDC’s breeding program not only develops and 
makes available improved germplasm to partners, but also 
supports NARES and private seed and breeding companies in 
germplasm evaluation and cultivar release. The collabora-
tion between AVRDC and the Tanzanian Horticultural 
Research and Training Institute (HORTI-Tengeru) is one of 
the best examples; this partnership has resulted in the re-
lease of a number of cultivars, including global vegetables 
(see Table 2 for traditional vegetables). AVRDC provided ad-
vanced lines, technical backstopping and financial support. 
Experimental plots for multilocation trials were accessed 
through HORTI-Tengeru, and the trials were conducted joint-
ly by AVRDC and HORTI-Tengeru. HORTI-Tengeru facilitated 
cultivar release procedures. Similar collaborations with 
NARES in Mali and Cameroon resulted in the release of im-
proved cultivars and the development of advanced lines for a 
number of crops. AVRDC also has strong partnerships with 
private seed companies in various countries in sub-Saharan 
Africa (Table 4). The companies produce and commercialize 
seeds, and also are involved in the evaluation and release of 
improved cultivars. The future breeding strategy will capital-
ize on these existing partnerships in germplasm evaluation 
and improved cultivars release.
4. Partners in cultivar deployment and improved availa-
bility of seed. Improved cultivars need to reach end users to 
justify investment in germplasm improvement. The breeding 
program strengthens and establishes its collaboration with 
NARES, private seed companies, public seed enterprises and 

other partners involved in technology deployment and seed 
systems. Basic or foundation seed is primarily made available 
by the public seed sector, while breeder seed is provided by a 
breeder in a NARES or a private seed/breeding company for 
a particular cultivar. The breeding program at AVRDC sup-
ports awareness creation activities and maintains breeder 
seed of cultivars released in its base countries. Multinational 
breeding/seed companies are less involved in traditional 
vegetables. Local private seed companies, although reluctant 
to invest in promotion of open-pollinated crops, do partici-
pate in demand creation activities such as seed fairs and field 
days, provided resources are made available to them. These 
companies are efficient in commercialization of popular cul-
tivars. Government seed certification agencies are important 
partners for cultivar release and seed quality control, as they 
are the decision-making bodies for cultivar release proce-
dures.

Relief and aid organizations involved in rehabilitation 
programs are also partners in improved cultivar deploy-
ment. AVRDC has developed a seed kit distribution system 
as a means of disseminating seed of improved cultivars with 
available production technologies to improve the availability 
of micronutrients and vitamins in the diets of people. The kits 
contain samples of seed of two or more vegetables, with one 
or more cultivars from each vegetable. The seed kits usually 
are distributed for use in home and school gardens, mainly 
for awareness creation. Distribution is mostly conducted 
through relief and rehabilitation organizations, or communi-
ty-based organizations. For example, up to 2008, more than 
10,000 healthy diet gardening kits composed of 14 vegeta-
bles rich in vitamins and minerals were distributed to various 
countries including South Sudan, Zambia, Tanzania, Uganda, 
Malawi and Rwanda in collaboration with UNICEF, BMZ/GIZ, 
USAID and NARES (Ellis-Jones et al., 2008). Some remote 
areas in Tanzania (Victoria Lake Island and its surround- 
ings) have been reached by a recent collaborative project 
between AVRDC and Helen Keller International, Tanzania; 
the project distributed a total of 3,600 vegetable seed kits, 
each containing six traditional vegetables, to 1,200 farmers 
from 2012 to 2013 (AVRDC, unpublished data). Although 
formal impact studies are yet to be conducted, we observe 
increased involvement of farmers who received seed kits in 
the production and marketing of the vegetables, creating a 
multiplier effect. In Sengerema and Ukerewe districts of 
Victoria Lake in Tanzania, for example, farmers previously 
not used to growing traditional vegetables have started pro-
ducing the vegetables for both home consumption and local 
markets after they received seed kits (Stoilova et al., 2014). 
In another recent activity, 4,500 seed kits were distributed to 
flood-affected farm households in Tanzania in 2012 in collab-

Table 4.  Private seed companies involved in commercialization of traditional African vegetables seeds in East Africa.

Company Country Crop commercialized
Similaw Seeds Kenya, Uganda Amaranth, African eggplant, African nightshade, spider plant, kale/Ethiopian mustard, 

cowpea leaf, jute mallow
Lagrotech Seeds Kenya Amaranth, African eggplant, African nightshade, spider plant, kale/Ethiopian mustard, 

cowpea leaf, jute mallow
Alpha Seeds Tanzania Amaranth, African eggplant, African nightshade
East Africa Seeds Kenya, Tanzania, Uganda Amaranth, African eggplant, African nightshade
Kibo Seeds Tanzania Amaranth, African eggplant, African nightshade
Africasia Seeds Tanzania Amaranth, African eggplant, African nightshade
Rijk Zwaan Tanzania African eggplant (breeding for hybrid variety)
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oration with FAO. A similar distribution, still with FAO, was 
made to another disaster-hit area in Tanzania in 2011/2012. 
The contributions of NGOs and relief and rehabilitation pro-
grams indicate their crucial role in reaching farmers and ar-
eas bypassed by public and private extension and seed sys-
tems. The breeding program at AVRDC Eastern and Southern 
Africa, therefore, strives to strengthen its partnerships with 
these organizations. Seed kits remain a vital means of intro-
ducing improved, newly released cultivars to producers, pri-
marily for awareness creation.

Despite the growing interest for traditional African veg-
etables seed by local private seed companies, the informal 
sector still remains important (Wekundah, 2012). Many less 
accessible villages have not been reached by the formal sec-
tor. The breeding program, in collaboration with partners in 
the seed sector, therefore trains individuals and/or groups 
of farmers in quality declared seed (QDS) production. QDS 
is seed that has at least a minimum quality standard set for a 
given crop by regulatory bodies, and was introduced by FAO 
to improve the availability of quality seed in areas where for-
mal seed systems are not strong (FAO, 2006). The roles of the 
public seed sector, private and farmers in such a small-scale 
seed system have been described (Minot, 2008).
5. Partners in vegetable production, marketing and con-
sumption. The acceptance of a new cultivar is determined 
by producers, consumers and other market actors. Currently, 
small-scale farmers are the sole producers of traditional 
African vegetables and more women than men are involved 
in their marketing. We believe improving vegetables im-
proves the income status of women, empowers them and im-
proves their self-reliance. Any research and development in-
terventions in traditional vegetables, therefore, may require 
partnering with farmers and with rural, peri-urban and ur-
ban women. The breeding program also liaises with market 
actors and consumers through gender-disaggregated partici-
patory approaches in germplasm development, technology 
deployment and seed systems. 

Capacity development as part of a strategy for 
traditional African vegetables

As land holdings per household continue to shrink, in-
creased production is expected to come from improved pro-
ductivity per unit area. This requires the use of improved cul-
tivars and cultural practices. Technology generation requires 
qualified human resources in different fields of specializa-
tion. The low number of professionals involved in the vegeta-
ble sector has resulted in weak or non-existent vegetable re-
search programs on the continent. Human resource capacity 
building of NARES and private seed and breeding companies 
in the vegetable sector has been one of the major objectives 
of AVRDC. NGOs have also been beneficiaries. Training pro-
grams have been given at different levels, from short-term 
training of farmers, extension agents and researchers, to 
postgraduate students through collaborative projects and 
special arrangements with partners. From 1992 to 2013 at 
least 360 people (48% female) from 34 African countries 
participated in 2–5 month-long training courses at AVRDC 
Eastern and Southern Africa, while 315 trainees (35% fe-
male) from 24 countries joined short-term (< 2 months) 
training programs. In-country training programs at AVRDC 
Eastern and Southern Africa from 1994 to 2013 drew 3,839 
participants, including farmers (66% female), and 94 interns 
and graduate students (35% female) (AVRDC, unpublished 
data). The training programs have contributed to the hu-
man resource capacity of NARES and private seed companies 

in vegetable research and development, and has improved 
knowledge of farmers in vegetable production and utiliza-
tion. Awareness of the importance of traditional vegetables 
on the part of governments, donors, professionals, farmers 
and consumers has improved, based on the increased use 
and consumption of traditional African vegetables in the re-
cent years (Mwangi and Kimathi, 2006; Chadha and Mndiga, 
2007; Chelang’a et al., 2013). The breeding program at 
AVRDC Eastern and Southern Africa attempts to strengthen 
existing training programs in collaboration with the Center’s 
other research groups. The program works with donors, uni-
versities, advanced research institutions and other partners. 
Researchers, extension agents, undergraduate and graduate 
students, and women’s and other farmer groups remain tar-
get beneficiaries to ensure this output is achieved.

Role of women in traditional African vegetables
Women dominate the traditional African vegetables val-

ue chain in many areas in sub-Saharan Africa. From our expe-
rience, smallholder rural, peri-urban and urban women not 
only handle the production, but also almost exclusively the 
marketing of traditional African vegetables in most African 
countries. This indicates that improving traditional African 
vegetables is improving the livelihood of resource-poor 
women and the nutritional status of their family members. 
Women have rich knowledge not only in production but also 
in nutritional, food and economic values of these vegetables. 
In many African countries, however, women and youth have 
been less consulted in communities on discussions regard-
ing production and other agricultural practices. Whenever 
they are involved, discussions are dominated by men making 
the needs, suggestions and ideas of women less reflected in 
final conclusions. Because women have been more involved 
than men in traditional African vegetables production and 
marketing, including them in farmers’ participatory research 
approaches would add value to the efficiency of the improve-
ment of the vegetables. Farmers’ participatory cultivar selec-
tion has been the main strategy of traditional African vegeta-
bles germplasm improvement at AVRDC, but the approach 
has not been gender-disaggregated until recently. Therefore, 
little information is available on the differences and similari-
ties of the needs and preferences of women and male farmers 
in traits required in an ideal cultivar. Similarly, there is a need 
of documenting similarities and differences between women 
and men farmers’ knowledge on the production and utiliza-
tion of these vegetables. Traditional vegetables’ technologies 
developed with less involvement of women, we believe, will 
be less adopted as it may not address the needs of women 
and subsequently the nutritional and income demands of 
their families. A future breeding strategy will need to include 
gender-disaggregated farmers’ participation.

Conclusions
Traditional African vegetables, underutilized and neglect-

ed until now, are gaining attention for their contribution to 
nutrition and food security, and for their income-generating 
potential, especially for smallholder farmers. In many coun-
tries in sub-Saharan Africa, women in rural, peri-urban and 
urban areas are the custodians of these vegetables. AVRDC as 
the sole international agricultural center exclusively involved 
in vegetables has been working on improvement and devel-
opment of traditional African vegetables since the establish-
ment of its regional center for Africa in Arusha, Tanzania in 
1992. This strategy paper has reviewed past and present 
activities and achievements, and described future strategies. 
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There are numerous important traditional African vegeta-
bles and it is not possible to give all equal attention due to 
limited human and financial resources available. Therefore, 
two crops, African eggplant (fruit type) and amaranth (leafy 
type), were identified as priority crops to focus on at AVRDC 
in Eastern and Southern Africa. Activities on other vegetables 
will depend on resource availability and interest of partners. 
The importance of collaboration with various partners at the 
various stages of research, germplasm development, evalua-
tion, improved cultivar release, seed availability, technology 
transfer and vegetable production has been described. Most 
of these activities need to include a  gender-disaggregated 
participatory approach. The strategy needs to focus not only 
on improved germplasm development but also on breeding 
research to generate basic information that is currently lack-
ing and that remains a hurdle for germplasm improvement. 
Germplasm development needs to target different environ-
ments as well as different end users – smallholder farmers 
who practice low input management as well as market-ori-
ented commercial farmers who use intensive management 
practices for high profit margin.
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