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Abstract: Bambara groundnut (Vigna subterranea [L.] Verdc.) is a nutritionally rich grain legume crop
indigenous to Africa. It is tolerant to drought stress and has become adapted to grow under low
input and marginal agricultural production systems in Africa and Asia. Bambara groundnut is an
orphan crop, and represents a neglected and under researched plant genetic resource. Modern crop
management, production technologies, and value chains are yet to be developed in Africa to achieve
the potential economic gains from Bambara groundnut production and marketing. In sub-Saharan
Africa (SSA) the production and productivity of Bambara groundnut is low and stagnant because
of diverse abiotic and biotic stresses and socio-economic constraints. Improved crop management
and post handling technologies, modern varieties with high yield and nutritional quality, value
addition, and market access are among the key considerations in current and future Bambara
groundnut research and development programs. This paper presents progress on Bambara groundnut
production, utilization, and genetic improvement in SSA. It presents the key production constraints,
genetic resources and analysis, breeding methods and genetic gains on yield, and nutritional quality
and outlook. The information presented will guide the sustainable production and effective breeding
of the crop in order to pursue food and nutrition security, and improve livelihoods through Bambara
groundnut enterprises.

Keywords: Bambara groundnut; breeding methods; genetic resources; nutrition security; Southern
Africa; orphan crops

1. Introduction

The lack of modern agricultural production technologies and improved varieties are
among the main factors affecting crop production and leading to food insecurity and
impoverished livelihoods in sub-Saharan Africa (SSA). A larger proportion of essential
human food is derived from only some ten crop plant species [1]. Most nutritionally rich
and unique hidden crop genetic resources are yet to be used, explored, and promoted for
human wellbeing and potential niche markets.

The current crop production systems in tropical and subtropical regions are depen-
dent on the cultivation and use of a very limited number of commodity crop species.
This means that most indigenous crop species remain neglected by researchers and lack
modern scientific advancements in both pre-harvest and post-harvest methodologies and
technologies. Most of the native or African “orphan” crop species such as Bambara
groundnut (Vigna subterranea [L.] Verdc.), groundnut (Arachis hypogaea L.) and cowpea
(Vigna unguiculata L.) have unique benefits in food, nutritional, and health security for
humankind [2]. Furthermore, neglected crop plant species have a long agricultural history,
are valuable components of the smallholder farming systems, and are considered as future
food security crops. These species have intrinsic eating quality attributes and resilience
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to the biotic and abiotic stresses associated with climate change. They have adapted and
co-evolved under the prevailing farming and environmental conditions, pest and disease
pressure, and low input farming systems in Africa. However, orphan crop species have
received limited research and development attention by researchers and policy makers
and, hence, their economic value, production methods, product development, and com-
mercialization have not yet been fully explored [1]. Due to a lack of systematic genetic
improvement, the grain yield of most orphan legumes is low (<0.85 t ha−1) and stagnant
compared to the limited number of food security crop species such as rice, maize, wheat,
barley, sorghum, etc.

Bambara groundnut (2n = 2x = 22) is one of the grain legume crops indigenous to
Africa. Bambara groundnut is known by different names in sub-Saharan Africa (SSA). For
instance, it is referred to as earth pea, jugo bean, nyimo beans, or ditloo in Southern Africa.
Figure 1 presents Bambara groundnut’s center of origin and diversity, major production
countries, and suitable regions for production in Africa. It is believed to have originated
from the Timbuktu areas in central Mali, West Africa [2]. However, the primary centre
of genetic diversity of Bambara groundnut is the north-eastern region of Nigeria and
northern Cameroon (Figure 1). Also, a secondary centre of diversity exists outside Africa
and includes Sri-Lanka, Malaysia, the Philippines, and India [3]. It is predominantly
self-fertilizing crop with cleistogamous flowers. It is cultivated extensively by small-
scale farmers in the drier regions of SSA under the traditionally low-input and marginal
agricultural production systems.

Figure 1. Bambara groundnut center of origin and diversity, major production countries, and suitable
regions of production in Africa [Figure by N. Majola].
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The annual production of Bambara groundnut is estimated to be 0.2 million tonnes
from an area of 0.25 million hectares worldwide [4]. Sub-Saharan Africa is the largest
producer of Bambara groundnut, while a small quantity is produced in Southeast Asia (e.g.,
Thailand and Indonesia), the United States of America (USA), and Australia. West Africa is
the main Bambara groundnut production region in SSA, where Burkina Faso, Niger, and
Cameroon are the leading producers, contributing to 74% of global production [4].

The grain of Bambara groundnut is regarded as a source of a complete and balanced
diet. It contains carbohydrates (51–71%), crude protein (18–24%), oil (4–12%), fibre (3–12%),
and ash (3–12%) [5]. Furthermore, it has essential and non-essential amino acids at 32.72%
and 67.28%, respectively, per 100 g of grain [6]. Lysine is the major essential amino acid
(10.3%) present in the grain. Due to higher protein and amino acid contents, Bambara
groundnut is an ideal food to complement most cereal-based diets in SSA [7]. The total
energy gains from Bambara groundnut grain consumption are the highest compared with
other legumes such as cowpeas, pigeon peas (Cajanus cajan L.) and lentils (Lens culinaris
L.) [8]. Bambara groundnut grain possesses some anti-nutritional factors (ANFs) that may
limit bioavailability. Hence, a variety selection with low ANFs, grain soaking and cooking,
and optimal consumption ensure nutritional benefits [9].

Bambara groundnut grain is consumed fresh or roasted and served as snack when
young and immature. During maturity, the grain develops a hard seed coat, hence it has
to be boiled prior to processing and consumption. In Benin, the grains are processed into
flour to make bread, cakes and dumplings. In eastern African countries, the crushed grains
are used to prepare soup. Moreover, Bambara groundnut flour is processed to make bread
in Zambia [10]. In South Africa and Swaziland, the grains are utilized to add flavour in
boiled cowpea grain [11]. It is also processed to produce milk similar to soybeans. The
derived milk is used as a weaning food in several African countries. Bambara groundnut
milk has a lighter colour compared with soybean milk [12]. The biomass (the stem, leaves,
and haulm) has been extensively used for livestock feed. Additionally, the seed cake is
used for livestock feed, while the grains are fed to pig and poultry. Young and succulent
leaves contain essential mineral elements, including nitrogen and phosphorus, which are
useful for animal health [13]. In Nigeria, tilapia fish are fed with Bambara groundnut leaf
protein [14].

Bambara groundnut has been used to prepare traditional medicines. Reportedly, white
grains are boiled with guinea fowl meat to treat diarrhea, while ground black grains are
mixed with water to treat sick children. Also, Bambara groundnut flour is used to cure skin
rashes, and grains are often chewed to relieve a swelling jaw [3].

Bambara groundnut is cultivated in altitudes ranging from 1100 m to 1600 m above
sea level with mean temperatures between 20 and 28 ◦C [15]. The crop is relatively drought
tolerant and requires limited agricultural inputs for production. It thrives with limited
rainfall and under poor soil fertility conditions where many crop species would fail to be
produced [16]. It requires from 110 to 150 days for growth and physiological maturity,
depending on the genotype and environment. Bambara groundnut prefers well-drained
soils. Sandy or loamy soils with a pH ranging from 5.0 to 6.5 are ideal for its establishment,
for high pod yields, and for ease of harvest (Figure 2A). Unshelled yields of 500–800 kg ha−1

were reported under poor soil conditions with reduced nutrients and without the use of
inorganic fertilizers. This is attributed to its ability to fix atmospheric nitrogen through
a symbiotic association with Rhizobium bacteria [17]. Bambara groundnut is grown as a
cover crop to protect the topsoil from erosion and to suppress weed infestations, making it
significant for crop rotation with major cereal crops [15].

Bambara groundnut consists of a highly established tap root system and a highly
branching stem bearing numerous horizontal branches where the leaves arise. The leaf
consists of an extensive petiole with a green or purple base. It has irregularly developing
flowers that arise from an elongated peduncle beneath the soil. The leaves with erect
petioles are alternate and trifoliate. The peduncles are auxiliary, extending from the stem
nodes and containing one to three flowers per peduncle (usually two). Pale yellow flowers
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appear on the freely branching stalks and, after fertilization, the stems extend towards the
soil along with the growing seed with them. The harvestable yield of Bambara groundnut
is a matured unshelled pod (Figure 2B) developed underground [17]. The pod is harvested
after the plants are dug out of the soil. In plants with a bunched growth type, the pod
remains attached to the root crown and is manually harvested. The growth cycle lasts
between 90 and 170 days, while pod maturity takes about 120–150 days under ideal
conditions. The flowers bloom 40–60 days after sowing and the pods matures 30 days after
pollination. The seeds reach maturity after 55 days and continuous production of seeds
occurs after every 30 days [18].

Figure 2. Bambara groundnut: (A) Field established crop stand at the Loskop site and (B) uprooted
plant with matured pods at the Roodeplaat site in South Africa (Photo by AS Gerrano).

Bambara groundnut pods are formed underground spanning some 4 cm deep in the
soil. Some Bambara groundnut genotypes bear a single seed per pod, while others can
produce two to three seeds. The pods are formed in a clump (Figure 2B) and are yellow
or dark red in colour. The grain colour is diverse and includes cream, yellow, brown, red,
purple and black colours [18].

The International Institute of Tropical Agriculture (IITA) maintains the majority of
Bambara groundnut germplasm accessions collected from various SSA countries [19]. In
SSA, the crop is still cultivated using genetically unimproved landrace varieties. There is
need for a concerted research effort on germplasm assembly, evaluation, product profiling,
and variety design and development. The Bambara groundnut genome has not been
fully explored, which is a key to utilizing the available genetic variation for breeding and
cultivar development.

Despite the various nutritional and economic significances of the crop, Bambara
groundnut is one of the most neglected and under researched plant genetic resources.
Modern production technologies and value chains are yet to be developed in Africa to
achieve economic gains from Bambara groundnut production, product development, and
commercialization. There is limited research and development efforts globally on Bambara
groundnut. The present grain yield of the crop is 0.85 t ha−1 despite a potential yield of
over 3 t ha−1 [20]. The main yield limiting factors include a lack of improved cultivars
with high yield and resistance to insect pests and diseases. In most SSA countries, the
crop is cultivated using unimproved varieties or landraces that were developed through
mass selection from wild relatives. There are no released cultivars emanated from modern
breeding programs in SSA. Improving the production methods, yield levels, nutritional
quality, processing and marketing of Bambara groundnut will enhance food and nutrition
security, improve livelihoods, and contribute to economic development in SSA. In light
of the above background, the aim of this paper was to document the progress made on
Bambara groundnut production, utilization, and genetic improvement in SSA through
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highlighting the key production constraints, genetic resources and analysis, breeding
methods, and gains on yield and nutrition. Information presented in this paper will guide
production and genetic improvement of the crop to pursue food and nutrition security, and
improved livelihoods from Bambara groundnut enterprises.

2. Production Status of Bambara Groundnut

Total global Bambara groundnut production was estimated at 0.2 million tonnes in
the 2018 production year [4]. A larger quantity of Bambara groundnut is produced by West
African countries, with a total production of 0.14 million tonnes in 2018 from an estimated
area of 0.18 million hectares [4]. The top three global Bambara groundnut producing coun-
tries are Burkina Faso, Niger, and Cameroon. The top six Bambara groundnut producing
countries in Africa include Burkina Faso, Niger, Cameroon, Mali, Togo and the Democratic
Republic of the Congo with a total production of 0.06, 0.05, 0.04, 0.03, 0.02, and 0.01 million
tonnes in 2018, respectively.

In SSA Bambara groundnut is mainly produced by small-scale farmers across frag-
mented and remote farm lands. Most production areas are inaccessible to collect production
and productivity data. This makes it challenging to accurately assess the total production
and size of production areas in SSA. The yield level of Bambara groundnut in Africa varies
from 0.6−1 t ha−1, depending on variety and production conditions. However, unshelled
mean yields of up to 3 t ha−1 were reported when cultivating some landraces in the transi-
tion agro-ecological zone in Nigeria [21]. A low mean yield of 0.85 t ha−1 was reported
in Ghana under good management practices close to yield levels of other legumes such
as cowpeas (0.80 t ha−1) and pigeon peas (0.78 t ha−1) [22]. There is an emerging need
for Bambara food due to population growth, urbanization, and life style changes in SSA.
Presently, there is limited market supply of Bambara groundnut, unlike other legumes
such as groundnut [23].

Figure 3 presents Bambara groundnut production status. The productivity of the
crop in SSA has remained stagnant and low and ranged from 0.65 t ha−1 to 0.78 t ha−1

from 1999 to 2018. This was mainly due to low yield gains associated with the use of
low-yielding varieties and the use of poor-quality seeds. Higher productivity (0.9 t ha−1)

was achieved in 1999 (Figure 3), notably through use of better management practices [24].
The production trend exhibited a significant improvement with a 10% increase in the area
harvested and 8% increase in yield from 2012 to 2018 (Figure 3). This was mostly attributed
to an increased area of production. The area of production has increased owing to its wide
acceptance by the farmers and the market place, signaling a higher scope for the expansion
of Bambara groundnut production in SSA [4].

Bambara groundnut is popularly cultivated and marketed in southern Africa. The
most suitable agro-ecologies for Bambara groundnut production in the region include
Swaziland, Botswana, Zimbabwe, Uganda, Zambia, and South Africa (Figure 1) [25].
Hillock et al. [26] estimated a market supply of 1500–4000 tons in 2005 in South Africa,
with a substantial amount imported from Zimbabwe. In southern Africa, Zimbabwe is the
largest exporter of Bambara groundnut, contributing to about 2000–3000 tons per year to
the southern African countries. Bambara groundnut is relatively the prominent legume
crop in Botswana, cultivated over an estimated area of 1500 ha with a total grain production
of about 400 tons since 2006 [26]. In South Africa, the main Bambara groundnut producing
provinces include Limpopo, Mpumalanga, North West, Gauteng, and KwaZulu-Natal.
Most production is undertaken by smallholder farmers for food and income generation [27].

2.1. Constraints to Bambara Groundnut Production

Productivity of Bambara groundnut is affected by a number of production chal-
lenges [7]. The leading production constraints include biotic stresses (e.g., diseases caused
by fungi, bacteria, and viruses, insect pests, and nematodes), abiotic stress (e.g., drought,
extreme temperatures, and poor soil fertility) and socio-economic factors [28]. The key
production constraints of the crop are outlined below.
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Figure 3. Total production (1000 tonnes), area of production (1000 ha), and yield (t/ha) of Bambara groundnut in sub-Saharan
Africa from 1999 to 2018 (Adapted from [4]).

2.1.1. Biotic Stresses

Field insect pests and diseases affect Bambara groundnut production. Bambara
groundnut pods are developed in the soil (Figure 2). Hence, it is self-protected from aerial
insect pests and diseases when compared with other common legumes. Pathogenic fungi,
viruses, insect pests, nematodes, and weeds inflict yield loss in Bambara groundnut [29].

Pathogenic Fungi

Several fungal pathogens attack Bambara groundnut crops under dry and humid
conditions. Fungal diseases of the crop in SSA comprises of the leaf spot caused by
Cercospora canescens (Ellis and Martin), Fusarium wilt (Fusarium oxysporum Schlechtend f.sp.
voandzeia), rust (Puccinia graminis f.sp. Tritici) and leaf blight (Colletotrichum graminicola
[Ces.] G.W. Wils) [18]. Leaf blotch caused by the Phomopsis sp. and powdery mildew
(Erysiphe sp) are key diseases reported in Zimbabwe, attacking mainly immature leaves [30].
In Malaysia, Bambara groundnut is reportedly affected by the dieback disease
(Lasiodiplodia theobromae [Pat.] Griff. & Maubl). Asiwe [31] reported Aspergillus genera as
the main fungus causing seed borne diseases on both Bambara groundnut and cowpea.
Sclerotium rolfsii (Sacc.) in South Africa [32] and powdery mildew (Erysiphe polygony) in
Ghana are other key pathogens of the crop [33]. Fungal pathogens reduce seed germina-
tion, seed quality, and lead to mycotoxin production, which is harmful to both humans
and livestock.
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Viral Diseases

Bambara groundnut is affected by viral diseases, especially in regions where other
grain legumes such as cowpeas are grown. Thottappilly and Rossel [34] reported some
common viral diseases ravaging Bambara groundnut production in Nigeria including
cowpea aphid-borne mosaic virus (CABMV), black-eye cowpea mosaic virus (BECMV),
peanut mottle potyvirus (PMV), cowpea mottle comovirus (CMV), and cowpea yellow
mosaic virus (CYMV). Rosette virus disease has also been reported in Tanzania, although
no drastic yield damages have occurred [35]. There is no yield loss data recorded due to
diseases on Bambara production [36]. However, disease severity is dependent on genotype,
the environment, and genotype–environment interaction [36].

Insect Pests and Nematodes

Bambara groundnut is less affected by field insect pests compared with other legumes
such as cowpeas. However, storage pests such as the cowpea weevil (Callosobruchus maculatus
F.) can cause severe damage on stored grains [37]. The cowpea weevil is classified as the
main postharvest insect pest affecting major legumes [38]. This pest reportedly caused
99% losses on pulse crops during storage. Bruchids (Callosobruchus maculatus Boh.) are the
most devastating insect pests of Bambara groundnut stored grains [39]. Akpalu et al. [3]
reported field crop losses due to leafhoppers [Hilda patruelis (Stal) and Empoasca facialis
(Jacobi). Aphids led to a 65% yield damage under high rainfall conditions [40]. Other insect
pests of the crop include groundnut jassid (Empoasca kerri Pruthi) and brown leaf beetles
(Ootheca mutabilis Schönherr) [41].

The root-knot nematode [Meloidogynae javanica Treub] is among the main field pests
leading to low yield gains on Bambara groundnut [42]. Severe damages by the root knot
nematode leads to leave chlorosis, slow growth, restricted root systems, and reduced pod
weight, thus inflicting yield loss. Nematode infestations have been reported in several
African countries including Botswana, Zimbabwe, and South Africa [43].

Management of Disease and Insect Pests in Bambara Groundnut Production

Bambara groundnut producers in SSA do not use crop protection chemicals due to
limited access and prohibitive costs. Instead, cultural practices such as crop rotation,
burning of previous season debris, and the application of ash on storage seeds are practiced
as preventative measures against several diseases and pests [13]. Earthing up after the
development of flowers had a positive effect on yield and facilitated easy harvesting. The
use and effectiveness of biological control agents has not been reported against Bambara
groundnut pests and diseases. Resistance breeding is the most economic and sustainable
approach to control common diseases and pests of legume crops including Bambara
groundnut. There is need to exploit the existing genetic variation to develop disease and
pest resistant cultivars [44].

2.1.2. Abiotic Stress

Bambara groundnut has become the favoured drought-tolerant crop. It has a unique
ability to grow in a wide range of agro-ecological zones that differ in soil conditions. It has
the ability to produce a significant amount of yield under moderate or extreme drought
stress. However, research has shown that drought stress on the crop leads to reductions
in pod dry matter and, ultimately, reduced grain yield especially if it occurs during the
flowering stage [45]. Feldman et al. [36] reported that groundnut and other traditional
legumes failed during dry spells, while Bambara groundnut produced relatively acceptable
yields. Despite the lack of detailed comparisons between legume species under drought
conditions, Bambara groundnut has unique drought adaptation, scoping the opportunity
for improvement programs. Jørgensen et al. [21] reported that the stress tolerance index
(STI) had a significant positive correlation with grain yield in both stressed and non-stressed
conditions when evaluating 28 Bambara groundnut genotypes. Thus, STI can be used as a
selection criterion for drought tolerance breeding in Bambara groundnut. There is limited
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research that has documented the degree of drought response on crop development, yield
response, and adaptation in Bambara groundnut.

The total minimum rainfall requirement of the crop is estimated to be 300 mm [15].
However, excessive rainfall conditions, especially during harvest, results in drastic yield
losses. Production is most suitable in regions with temperatures between 19 ◦C and 30 ◦C.
Singh and Basu [17] reported the highest seedling emergence at 30 ◦C. Temperatures above
30 ◦C result in heat stress.

Bambara groundnut grows well on well-drained soils such as sandy and sandy loam
soils. Some reports suggest that phosphorus mineral elements are crucial for the growth
and yield performance of the crop [46]. The use of superphosphate fertilizer was reported
to increase pod yields under poor soil conditions in Nigeria [47]. Bambara groundnut fixes
32 to 81 kg of nitrogen per ha−1, which is a sufficient amount for good pod set and grain
production. Several studies have shown that temperature, humidity, and day length have
variable effects on the vegetative, phenological, and reproductive developmental stages of
Bambara groundnut [36].

2.1.3. Socio-Economic Constraints

Bambara groundnut is yet a minor crop widely grown by women smallholder farm-
ers in SSA. The crop has not received research support on breeding, seed systems and
agronomic management methods. Bambara groundnut breeding projects are required to
develop farmer and market-preferred and superior cultivars for food security, enhanced
livelihoods, and for good return on investment [48]. Furthermore, farmers have limited
access to finances for expanding production through the use of new seed varieties, crop
inputs such as irrigation systems, fertilizers and crop protection resources, effective harvest-
ing systems, and postharvest storage facilities. Also, smallholder farmers should have the
access to regional markets for economic gains from Bambara groundnut production [10,49].

2.1.4. Lack of Coordinated Seed System and Market

Bambara groundnut farmers use farm saved and poor-quality seeds of low yielding
landraces [50] acquired from the informal sector via farmer-to-farmer seed exchange or from
local markets. This demonstrates the intricacy of the Bambara groundnut supply chain, as
well as the necessity to establish trading networks. Unlike the traditional legume crops,
there is limited formal Bambara groundnut breeding and improved seed delivery systems
in SSA hindering production and productivity of the crop [51,52]. Value-added products
are yet to be developed from Bambara groundnut. This will enhance human nutritional
benefits, and market and investment opportunities from Bambara groundnut enterprises.

2.1.5. Postharvest Constraints

Bambara groundnut has been overlooked by the research community both in Africa
and globally. Hence, the crop has several postharvest constraints such as a lack of modern
processing technology and storage and transportation problems. Due to the hard seed coat
of Bambara groundnut, its cooking time is relatively longer. Also, there are no modern
processing methods to separate the hard pod and grains. Mubaiwa et al. [11] reported that
several processing technologies were recommended for other major crops that could be
adapted to Bambara groundnut. However, most technologies were not adopted due to
limited application to rural communities who have poor access to electricity, alternative
power generators, and other resources. Hence, there is need to develop processing, stor-
age and transport methods that are compatible with the social needs and preferences of
local communities.

3. Genetic Resources and Genetic Analysis in Bambara Groundnut

Demand-driven variety development and product profiles are required for Bambara
groundnut breeding and product development. Bambara groundnut is an important source
of food products and cash income along the value chains. Genetic variation, germplasm
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acquisition and evaluation, new progeny development, and maintenance are critical com-
ponents required to design and release farmer-preferred varieties. The effective selection
of target traits and enhanced response to selection is dependent on genetic variation [53].
Also, adequate generation variation is required to select parental lines with complementary
traits for breeding. The key traits required in Bambara groundnut breeding include grain
yield and quality gains, disease resistance, heat and drought tolerance, early cooking time,
and low levels of antinutritional components such as phenolics, tannins, and phytates to
enhance digestion and bioavailability [54].

Genetically diverse Bambara groundnut collections are available in SSA for pre-
breeding and breeding programs. For instance, wild relatives of the crop have been
reported in north eastern Nigeria and northern Cameroon, which are regarded as the
centers of diversity for the crop. The International Institute of Tropical Agriculture (IITA)
has a large number of accessions collected from countries across sub-Saharan Africa.
In Nigeria, IITA maintained about 1815 accessions of Bambara groundnut. These were
largely sourced from farmers’ fields across various SSA countries (Table 1). Furthermore,
other accessions are maintained by various national gene banks of the Southern Africa
Development Community (SADC) member countries [55].

Table 1. Number of Bambara groundnut accessions collected from various countries or institutions
in Africa (Data from [27]).

Country/Institution Number of
Accessions

International Institute of Tropical Agriculture (IITA)/Nigeria 1815
National Plant Genetic Resource Centre (NPGRC)/Zambia 284

Genetic Resources and Biotechnology Institute (GRBI)/Zimbabwe 129
International Plant Genetic Resource Institute (IPGRI)/Cameroon 207

Information Centre for Genetic/Togo 139
Plant Genetic Resource Research Institute (PGRRI)/Ghana 120

National Plant Genetic Resources Centre (NPGRC)/Central African Republic 103
International Plant Genetic Resources Institute (IPGRI)/Burkina Faso 97

National Gene Bank of Agricultural Research Centre/Chad 70
Plant Genetic Resource Centre (PGRC)/Malawi 59

National Plant Genetic Resources Centers (NPGRC)/Congo 42
National Plant Genetic Resources Centers/Madagascar 49

National Research Laboratory on Plant Production/Senegal 36
National Centre for Genetic Resources and Biotechnology (NACGRAB)/Niger 33

National Plant Genetic Resource of Tanzania (NPGRT) 28
Bioversity International and International Center for Tropical

Agriculture/Mali 28

National Agricultural Research Institute (INRAB)/Benin 27
National Plant Genetic Resources Centre (NPGRC)/Swaziland 11

Agricultural Plant Genetic Resources Conservation and Research Centre
(APGRC)/Sudan 5

National Genetic Resource Centre (NGRC)/Botswana 5
National Centre for Agricultural Research (CNRA)/Côte d’ Ivoire 4

National Genebank of Kenya/Kenya 2
Agricultural Research Council (ARC)/South Africa 1

Ethiopian Biodiversity Institute (EBI)/Ethiopia 1

Various national and international research programs in Africa and southeast Asia
have been actively involved in the breeding, selection and, genetic advancements of
novel Bambara groundnut lines. This has resulted in the release of few varieties such
as ‘Mana’ and ‘Kazuma’ in Zimbabwe in 2004 [5]. Bambara groundnut populations
derived from the Kazuma variety as a founder parent enabled the development of a draft
Bambara groundnut genomic sequence [20]. Several Kazuma derived varieties were under
evaluation for future variety release and commercialization [56].
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Well-characterized germplasm collection is a pre-requisite for plant-breeding pro-
grammes. Bonny et al. [57] reported two genetic clusters when investigating the genetic
diversity among 101 Bambara groundnut accessions in Côte d’Ivoire using 13 morpho-
logical traits. The authors reported significant differences for days to 50% flowering,
days to 50% maturity, 100-seed weight, and seed yield. Phenotypic traits and molecular
markers have become complementary tools in genotype selection programs [58]. Several
molecular markers have been used to examine the genetic diversity in Bambara ground-
nut [59–62]. The key markers system reported were Random Amplified Polymorphic DNA
(RAPD) [63–65], Restriction Fragment Length Polymorphism (RFLP) [63,66–68], Simple
Sequence Repeats (SSR) [60,69,70], Single Nucleotide Polymorphism (SNP) [60,71,72] and
diversity array technology (DArT) [8]. These studies reported the presence of high genetic
variability and distinct genetic groups for marker-assisted selection. There are limited
reports on genetic analysis using SNP markers for Genome Wide Associations (GWAS)
studies on Bambara groundnut in Africa. Genetic linkage maps have been constructed
for Bambara groundnut based on wild and domesticated accessions [73]. The genomic
sequence of the crop has been recently published [74].

Bambara groundnut is one of the preferred research crops in the African Orphan Crop
Consortium (AOCC) which ensures effective research and development of the crop. The
AOCC comprises 101 traditional food crops with multiple economic traits and enhanced
nutrition [15]. Various studies reported nutrient compositions of Bambara groundnut [75–79].
Figure 4 summarizes key macronutrients present in the root, leaf, and seed of Bambara
groundnut. These included nitrogen (N), phosphorus (P), potassium (K), magnesium (Mg),
and calcium (Ca). The seed is a rich source of N, K, and P compared with leaf and root.
Bambara groundnut also contains micronutrients such as zinc, iron, calcium, and potassium.
These are vital for a balanced diet and to combat malnutrition prevalent in SSA.

Figure 4. Macro-nutrient composition of Bambara groundnut (Adapted from [79]).

4. Importance of Landraces and Traditional Varieties

Landraces are the majority of Bambara groundnut germplasm used by farmers in
SSA. Farmers benefit from the genetic variation present among landraces such as for food
quality, stable and reasonable yields, tolerance to biotic and abiotic stresses, and local
adaptation. The genetic diversity present among Bambara groundnut landraces signifies
its potential for effective breeding [78]. Farmers harvest acceptable yields during drought
stress when other major crops would fail. The majority of the presently grown traditional
varieties are landraces which were developed through mass selection. Small-holder farmers
cultivate landrace varieties of Bambara groundnut as a monoculture, intercropped with
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other staple crops such as maize for effective resource use and continuous household
food supply. Yield stability exhibited by landraces is viewed as a key farmer-preferred
trait for grain production and food supply. Furthermore, landraces are an ideal source
of genetic variation for high protein quality and quantity. There is high genetic variation
amongst landrace varieties in SSA useful for genetic improvement and analyses for diverse
economic traits [69].

5. Opportunity for Bambara Groundnut Breeding

Limited achievements are made on genetic advancement and gains on yield and
nutritional traits in Bambara groundnut [80]. The hitherto limited progress includes
breeding for yield potential [81], nutritional composition [82], drought tolerance [83],
adaptations to marginal soils [84], and N-fixation ability [85]. Breeding progress and
genetic gain on the crop is relatively slow when compared to other traditional legumes.
This is attributable to various challenges such as a lack of adequate genetic variation, poorly
coordinated or non-existent seed systems, complex flowering biology and pod formation,
a lack of value additions, and poor market systems of the crop.

The primary goal of Bambara improvement programs is to focus on seed yield and
nutritional quality traits. Oyeyinka et al. [86] compared nutrition and the functional and
phytochemical properties of different selections. The results exhibited high protein content
among the test genotypes. Similarly, high levels of essential fatty acids, thiamine, ribovin,
and vitamin K were recorded [87]. Moreover, Halimi et al. [88] examined the chemical
properties of starches in Bambara groundnut. The results revealed that seed source/origin
and crop management practices affected chemical composition [89]. Food fortification, the
use of artificial supplements, and food imports are among the strategies used to overcome
the problem of malnutrition in Africa. The adoption of traditional plant breeding methods
to enhance nutritional benefits of orphan food crops such as Bambara groundnut is an
economic and affordable strategy to decrease malnutrition in Africa [90].

Integrating conventional breeding with molecular breeding techniques can fast track
cultivar development and deployment, including for orphan crops. This could significantly
reduce the breeding cycles and enable varieties to be released rapidly. Rajendrakumar [91]
reported that morphological markers have been successfully used to select the best parents
in Bambara for the development of early maturing varieties. Morphological markers are
not expensive, less technologically demanding, and easy to analyse. Therefore, they can be
successfully used in Bambara groundnut breeding. However, phenotypic traits are subject
to genotype–environment interaction, limiting the reproducibility of selection gains [92].

The use of molecular markers and the development of genetic resources has improved
the understanding of genetic control of agricultural traits, leading to quality control, marker-
assisted selection, and genomics-enabled breeding [5]. Genetic linkage maps based on the
diversity arrays technology (DArT), simple sequence repeats (SSR), and single nucleotide
polymorphisms (SNP) markers have been designed for Bambara groundnut. Four founder
populations, including wild type and domesticated Bambara groundnut genotypes, were
used to develop progenies segregating for growth habit, drought resistance, and genomic
analysis [20,56,60,93].

Molecular markers overcome the majority of the limitations of biochemical and mor-
phological markers [94]. Some microsatellites markers were used to evaluate a population
of 80 Bambara groundnut landraces from Ghana [95]. Moreover, 32 Bambara genotypes
were genotyped using SNP markers in Burkina Faso. From this study, a total of 186 alleles
were detected with a mean of two alleles per locus and an average genetic similarity of
75.8% [96].

Diverse Bambara groundnut genotypes were finger printed to establish their genetic
purity and for estimation of residual heterozygosity using 20 selected SSR markers [60].
Ho et al. [56] reported quantitative trait loci (QTL) analysis and construction of linkage
map of Bambara groundnut using DArT and SSR markers. This has been regarded as a sig-
nificant milestone for integrated breeding of the crop [5]. Molecular markers complement
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phenotypic selection and reduce selection generation cycles. Marker-assisted breeding is
well recognized on traditional legume crops such as soybean, groundnut, and common
beans. Recent research interest has shifted to deal orphan crops such as Bambara ground-
nut due to its potential to cope with climate change and provide nutritional security [18].
Adaptation to local growing conditions, crop phenology, and market preferences are the
drivers of Bambara groundnut breeding and adoption in SSA [97,98]. The growing demand
for new cultivars of Bambara groundnut can be met using the conventional breeding and
genomic selection methods [99].

6. Conclusions

There is extensive genetic variation of Bambara groundnut in Africa for several agro-
nomic attributes including breeding, value adding product development, and marketing.
However, the crop is under-researched and under-utilized in SSA. The present review has
summarised progress on Bambara groundnut production and uses, breeding methods, ge-
netic resources to guide cultivar development, and germplasm conservation. There is need
for a concerted research on Bambara groundnut involving plant breeders, agronomists,
and food scientists in both African regions and globally. This will enable knowledge and
germplasm sharing and innovative research and product development. New generations
of Bambara groundnut cultivars should comprise of market preferred product profiles
including desirable agronomic, nutritional, and processing qualities that benefit the food
and feed industry.

7. Outlook and Recommendation

• There is a limited research progress on Bambara groundnut improvement and product
development in Africa. Furthermore, modern crop management, production technolo-
gies, and value chains are yet to be developed in SSA to achieve significant economic
gains from Bambara groundnut production and marketing.

• A lack of improved and commercial seeds represents a major set-back in Bambara
groundnut production, product development, and commercialization. Therefore,
establishing pre-breeding programs using the available genetic and genomic resources
is an initial step towards the genetic improvement of the crop. Information on the
genetic diversity, drought tolerance, and nutrient contents of diverse collections
of Bambara groundnut is crucial for strategic production and recommendation to
growers, the food and feed industry, and to government or non-government scientists.

• Research into processing techniques should be established to optimize the cooking time,
to prepare various food products, and for effective and durable postharvest handling.

• The unique nutritional and health benefits and resilience of the crop in performing
under unfavorable environmental and growing conditions in Africa provides an
opportunity for policy and investment support and for large scale production of the
crop compared with other major traditional legumes.

• Improved crop management and post handling technologies, modern varieties with
high yield and nutritional quality, and value addition and market access are among
the key research and development drivers of Bambara groundnut for improving food
security and to support the food systems in Africa or internationally.
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