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Bambara groundnut (Vigna subterranea (L.) Verdc.), a hardy legume renowned for its exceptional
drought tolerance and high nutritional value, faces significant challenges from pathogenic viral
diseases despite its resilience. Predominantly from the Potyviridae, Geminiviridae, and Secoviridae
families, these plant-infecting viruses cause mosaic symptoms and stunted growth in Bambara
groundnut, resulting in substantial yield losses and reduced seed quality. Although this crop offers
great promise for food security, research on the epidemiology and management of these viral
infections remains notably limited. This review provides an overview of viruses known to infect
Bambara groundnut, covering their biology, symptomatology, transmission pathways, detection
methods, potential threats, and current control strategies. Urgent research into and the development
of virus-resistant cultivars are essential to ensure the sustainable production of this underutilized
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Introduction

Bambara groundnut (Vigna subterranea (L.) Verdc.) is
a nutrient-rich African legume cultivated mainly for
subsistence. The seeds supply balanced amounts of protein,
carbohydrates, and micronutrients, making them an
important food for sustaining health and nutrition security
(Doloum et al., 2017). Being resilient, the groundnut
thrives in semi-arid, nutrient-deficient soils, contributing to
food security and promoting agricultural sustainability in
resource-limited regions (Mabhaudhi et al., 2019). The rich
nutritional profile of Bambara groundnut underpins its
suitability for cultivation in low-input farming systems
(Gruber, 2017). Although primarily cultivated and
propagated for subsistence and occasionally harvested
from the wild, the groundnut shows considerable potential
for further domestication, leading to commercialization.
Despite limited research on its agronomy and viral
resistance, it receives attention because it aligns with
several United Nations Sustainable Development Goals. It
is increasingly being recognized as a strategic crop for
promoting food security and farming resilience across
Africa and Latin America (Hendre et al., 2019).

The rising global demand for nutritious and health-
promoting foods has renewed scientific and commercial
interest in underutilized crops such as Bambara groundnut.
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Despite its nutritional value and environmental resilience,
pathogenic viral diseases affecting Bambara groundnut
remain poorly studied, with most research conducted by
institutions in developing countries (Tadele & Bartels,
2019). The crop’s rich protein, carbohydrate, and
micronutrient content reinforces its potential role in
addressing malnutrition. However, wider adoption is
limited by the lack of high-yielding, disease-resistant
Bambara groundnut varieties (Barbieri et al., 2014). It is
prized for its nutrient-dense seeds, playing a special role in
alleviating protein-energy malnutrition in resource-limited
regions. Its broad availability and affordability enhance the
groundnut’s role as an accessible source of plant-based
protein. Although primarily produced for food, Bambara
groundnut also contributes substantially to rural
livelihoods across tropical Africa. The seeds of Bambara
groundnut are made up of 61-69% carbohydrates, 17-27%
protein, 3.3-6.4% crude fiber, 3.1-4.4% ash, and 3.6-7.4%
lipids, with an average oil content of 6.5%, establishing it
as a nutritionally balanced legume (Murevanhema &
Jideani, 2013). Beyond its macronutrient composition, the
high concentration of essential amino acids, such as lysine
and methionine, further elevates its status as a vital
component of sustainable food systems.
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Bambara groundnut seeds are rich in essential minerals,
containing calcium (95.5-99.0 mg), potassium (5.1-
9.0mg), and sodium (2.9-10.6mg) per 100g, with
particularly high zinc levels (20.98+1.07 mg/100 g),
which support immune function and may help reduce the
risk of prostate cancer (Mazahib et al., 2013). The crop
supplies up to 80% of essential amino acids, comprising
arginine, leucine, valine, methionine, and lysine,
surpassing the levels found in cowpea (64%), soybean
(74%), and groundnut (65%) (Mazahib et al., 2013). This
favorable amino acid profile further enhances Bambara
groundnut’s value as a source of plant-based nutrition. Its
capacity to withstand low-input conditions, combined with
its cultural significance, particularly in Sub-Saharan
Africa, where it is consumed chiefly boiled or roasted,
makes the groundnut well-suited for climate-smart
agriculture and dietary improvement (Bamshaiye et al.,
2011).

Despite its outstanding resilience under low-input
conditions, Bambara groundnut is susceptible to several
plant viruses, particularly those belonging to the
Potyviridae, Geminiviridae, and Secoviridae (subfamily
Comovirinae) families. These pathogenic viral agents can
cause symptoms such as chlorosis, stunted growth, and
reduced pod yield (Zongo et al., 2018). The consequent
decline in yield diminishes the crop’s economic and
nutritional value. Current research on viral pathogens
affecting Bambara groundnut is limited, with sparse
epidemiological data and little progress in identifying
resistant germplasm (Zongo et al., 2019). Bridging this
knowledge gap necessitates an integrated research
approach that combines molecular diagnostics,
investigations of virus-host-vector interactions, and
modern breeding tools such as marker-assisted selection
and genome editing to develop virus-resistant cultivars and
implement sustainable disease management strategies.

Overview of viral diseases in Bambara groundnut

Bambara groundnut can be susceptible to a range of
plant pathogenic viral agents spanning several families,
including Potyviridae (genus Potyvirus), Bromoviridae
(genus Cucumovirus), Secoviridae (genus Comovirus),
Geminiviridae (genus Begomovirus), Tospoviridae (genus
Orthotospovirus), Tombusviridae (genus Luteovirus), and
Solemoviridae (genus Polerovirus). Notably, viral diseases
detected and threats include cowpea aphid-borne mosaic
virus (Potyvirus vignae; Potyviridae, CABMV), cowpea
mottle virus (Carmovirus CPMoV;, Tombusviridae,
CPMoV), and cucumber mosaic virus (Cucumovirus CMV
Bromoviridae, CMV).

Potyviridae, among the most economically significant
plant virus families, comprises filamentous virions (680—
900 nm) with a monopartite, positive-sense RNA genome
(~10 kb) encoding a single large open reading frame
(ORF). The OREF is translated into a polyprotein, which is
subsequently cleaved into 10 functional proteins, including
the frameshift-derived PIPO protein. Together, these
proteins facilitate viral replication, movement within the
host, suppression of host defense, and particle assembly
(Kumar et al., 2021). Infected plant cells often develop
characteristic pinwheel-shaped inclusion bodies, primarily
composed of the CI protein, which serve as diagnostic

markers. Economically significant pathogenic viral agents,
including CABMV and bean common mosaic virus
(Potyvirus phaseovulgaris, BCMV), have been reported to
cause substantial yield losses in legume crops (Jha et al.,
2023; Tang et al., 2022).

Secoviridae is a family of plant-infecting viral agents
with a positive-sense, single-stranded RNA genome,
typically organized into two genomic segments. The larger
segment, RNA1 (6-8 kb), encodes proteins essential for
viral replication, including a helicase (Hel), a 3C-like
protease (Pro), and an RNA-dependent RNA polymerase
(RdRp), arranged in the conserved Hel-Pro—RdRp motif.
RNA2 (24 kb) encodes a movement protein (MP) and one
or more coat proteins (CPs), with the number and size of
CPs varying among genera. Both segments feature a 5'-
linked viral protein genome-linked (VPg) and a 3'-poly(A)
tail, which facilitates viral replication and translation.
While most secoviruses have bipartite genomes, certain
genera, such as Waikavirus, have a monopartite genome
(approximately 10-12kb) that encodes all functional
proteins within a single polyprotein. Their virions are non-
enveloped, icosahedral particles with diameters of 25—
30 nm. Secoviridae transmission is vector-dependent and
varies by genus, with aphids, nematodes, and beetles
serving as primary vectors (Sanfagon, 2015; Thompson et
al., 2017). They infect a broad range of dicotyledonous
hosts. In Bambara groundnut, CPMoV is the most
commonly reported member, causing stunted growth, leaf
mottling, distortion, and mosaic patterns, which
collectively lead to significant reductions in yield and seed
quality (Kumar et al., 2007). CPMoV is primarily seed-
borne, but it can also be transmitted mechanically and by
beetle vectors (Attere & Thottappilly, 1983). Although
initially studied in cowpea, its detection and identification
in Bambara groundnut across Africa highlight concerns
about cross-host transmission and the viral agent's ability
to establish persistent infections (Thottappilly & Rossel,
1987). Given the current absence of comprehensive virome
analysis in Bambara groundnut, it is probable that other
Secoviridae members remain undetected and unidentified,
underscoring the urgent need for improved virus
surveillance and diagnostic strategies.

The Geminiviridae family comprises plant-infecting
viruses with circular, single-stranded DNA genomes,
encapsidated in distinctive twin icosahedral capsids
measuring approximately 18-30nm. Members of
Geminiviridae may have either monopartite or bipartite
genomes. Monopartite genomes, typical of the genus
Mastrevirus, are approximately 2.6-2.8 kb in length and
encode all essential proteins on a single DNA molecule. In
contrast, bipartite genomes characteristic of Begomovirus
comprise DNA-A and DNA-B components that together
encode proteins essential for replication, movement, and
capsid assembly. Replication of geminiviruses occurs in
the host nucleus via rolling circle replication (Yang et al.,
2022). Transmission of Geminiviridae is genus-specific:
Begomovirus members are primarily spread by whiteflies
(Bemisia  tabaci), whereas leafthoppers transmit
Mastrevirus  members. In  Bambara  groundnut,
Begomovirus, comprising cowpea golden mosaic virus
(CPGMV; Begomovirus vignamusivi) and mungbean
yellow  mosaic  virus (MYMV;  Begomovirus
vignaradiatae), have been reported (Hughes & Shoyinka,
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2003). These pathogenic viral agents cause symptoms such
as stunted growth, chlorosis, and leaf curling, which
negatively affect both yield and seed quality (Attere, 2019).
Given the limited research on Geminiviridae infections in
Bambara groundnut, in-depth research is urgently needed
to clarify the diversity, epidemiology, and economic
impact of these viruses on this underutilized legume. The
following are the known viral agents that infect Bambara
groundnut (Table 1).

Symptomatology

Members of the genus Potyvirus represent a major
group of plant pathogens infecting numerous crop species,
causing symptoms such as stunted growth, leaf curling,
chlorosis, tissue necrosis, and mosaics (Konaté et al., 2017,
Karanfil et al., 2022). These viruses interfere with several

vital functions in the plant (Zongo et al., 2019). Effective
management relies on early detection via molecular or
serological tests, combined with integrated strategies
including vector control, virus-free planting material, and
resistant cultivars to minimize losses and sustain yields
(Ivanov et al., 2014)

Members of the family Secoviridae (specifically,
subfamily Comovirinae) are known to infect a variety of
herbaceous plants, resulting in characteristic symptoms
such as vein clearing, foliar mosaic patterns, leaf
crumpling, stunted plant architecture, and localized
necrotic spots (Kammen & Jagger, 1978). These viruses
often  establish  systemic  infections, impairing
physiological processes across tissues (Sanfagon, 2015).
Beetles primarily mediate transmission non-persistently,
though some species spread via seeds or mechanically
(Zongo et al., 2019).

Table 1. Documented viral agents infecting Bambara groundnut

Virus Name Abbreviatio Scientific Name Family/Genus Genome  Transmissi Symptoms Reference
n Type on
Cowpea .. . . Bock & Conti
aphid-borne | CAPMV Potyvirus vignae Potyvz.rldae / +ssRNA Aphids or Leafm ottling, 1974; Zongo et
e Potyvirus seed-borne  stunting
mosaic virus al. 2019
Bean
common BCMNV Potywn{s Potyvz.rldae / +ssRNA  Aphids Chlor.051s, severe Konaté et al.
mosaic phaseoli Potyvirus mosaic 2017
necrosis virus
Ugandan . .. .
passiflora UPV Potyyzrus . Potyvz.rldae / +ssRNA  Aphids Leaf motthng, Fauquet &
virus passiflorafricanse Potyvirus necrosis Thouvenel 1987
Bean Potyvi Potyviridae / Aphidsor Leafmottling,  Zongo et al
common BCMV otyvirus ' otyw'rl ae +sSRNA phids o ea .0 g, ongo et al.
L phaseovulgaris  Potyvirus seed-borne necrosis 2018;2019
mosaic virus
Mild mottle, Konaté et al
P_eanut mottle PeMoV Potyw‘ru‘s Potyw'rzdae / +ssRNA Aphidsor  mosaic pattems, 2017; Zongo et
virus arachidis Potyvirus seed-borne  chlorosis, and al. 2019
stunting )
Mottling,
Cownea Gammacarmovir Tombusviridae / chlorosis, Shoyinka et al,
mo‘t)g:e virus CPMoV uS vienae Gammacarmovir +ssRNA  Beetles deformation, 1978; Zongo et
g us stunting, and al. 2018; 2019
retardation
Mild mottle, Brunt & Kenten
Cowpea.mlld CPMMV Carlavzms Betaﬂe)'czvzrzdae / +ssSRNA  Whiteflies  mosaic patterns, 1974; .
mottle virus vignae Carlavirus chlorosis, and Thottappilly &
stunting Rossel 1997
Voandzeia Tomovirus Tomoviridae / Mottle, mosaic Konate et al.
necrotic VNMV % . % . +ssRNA  Beetles patterns, and 2017; Fauquet &
o voandzeiae Tymovirus .
mosaic virus chlorosis Thouvenel 1987
Cowpea Comovirus Secoviridae / Mosaic patterns, - Van Kammen &
pea CPMV . . +ssRNA  Beetles leaf distortion, de Jager 1978;
mosaic virus vignae Comovirus -
chlorosis Zongo et al. 2019
Southern Sobemovirus Solemoviridae / Mosaic patterns, Tremaine &
bean mosaic | SBMV . +ssSRNA  Seed-borne leaf detortion, Hamilton 1983;
. SBMV Sobemovirus .
virus and chlorosis Zongo et al. 2019
. L. Mosaic, Francki et al.
Cucumbe?r CMV Cucumovirus Bromovzr{dae / +ssRNA  Aphids detortion, 1979; Zongo et
mosaic virus CMV Cucumovirus .
chlorosis al. 2019
Mungbean Begomovirus Gemniviridae/  ssDNA-A o Stunted‘ growth, Hughes &
yellow MYMV . . . Whiteflies  chlorosis, and Shoyinka, 2003;
L vignaradiatae Begomovirus ssDNA-B .
mosaic virus leaf curling Sastry et al., 2019
Cowpea Begomovirus Gemniviridae / Stunted growth,  Hughes &
golden CPGMV c8 .. . ssDNA-A Whiteflies  chlorosis, and Shoyinka, 2003;
L vignamusivi Begomovirus .
mosaic virus leaf curling Sastry et al., 2019
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Members of the Begomovirus genus of the family
Geminiviridae are transmitted mainly by the whitefly B.
tabaci and are suspected to infect Bambara groundnut
based on field symptoms and proximity to infected
legumes (Leke et al., 2015). Typical symptoms, such as
chlorosis, leaf curling, stunting, and poor pod
development, mirror those in geminivirus-infected cowpea
and common bean, suggesting a similar pathology
(Takahashi et al., 2025; Mangeni et al., 2020). However,
molecular diagnostics are essential for confirming
infection and clarifying Bambara groundnut’s role as a host
or virus reservoir (Konate et al., 2017; Zongo et al., 2019).

Symptoms of viral infection vary by virus,
environmental conditions, and cultivar susceptibility.
Common symptoms noted on Bambara groundnut include
mosaic or mottled leaves, chlorosis, rosette-like leaf
formation and curling, stunting, necrotic streaks, and poor
pod initiation (Hughes & Shoyinka, 2003). Synergistic
infections often exacerbate symptoms, leading to complete
crop loss under challenging conditions (Pruss et al., 1997).

Transmission

Viral agents spread through biological vectors (aphids,
beetles, thrips, whiteflies) and mechanical means with seed
transmission being less common but a key threat to
disease-free seed production. Aphids transmit viruses non-
persistently (e.g., for CABMV and CMV); beetles cause
tissue damage while carrying virions (e.g., for CPMV and
SBMV); thrips vector tospoviruses like tomato spotted wilt
virus; whiteflies transmit begomoviruses such as tomato
leaf curl virus; mechanical spread occurs via contaminated
tools or hands; and seeds rarely transmit viruses like
cucumber mosaic virus. Shared vectors across crops
amplify risks in polyculture systems (Viet et al., 2008).

Common Virus Diseases on Bambara Groundnut

Bean Common Mosaic Virus

BCMYV, a Potyvirus in the family Potyviridae, is
traditionally associated with common bean (Phaseolus
vulgaris) but is increasingly recognized as a threat to
underutilized legumes such as Bambara groundnut. Its
seed-borne nature enables long-distance dissemination,
heightening epidemiological risks particularly in mixed-
legume production systems (Viet et al., 2008). First
characterized in 1934 (Pierce, 1934), BCMYV has recently
drawn attention for its expanded host range, especially via
seed transmission. Studies in Egypt since the 1960s,
supplemented by detailed analyses, confirmed its presence
by detecting the virus in internal seed tissues, including
seed coats, cotyledons, and embryo axes, primarily through
DAS-ELISA (El-Sayed et al.,, 2023). Given the close
phylogenetic relationship between cowpea and Bambara
groundnut, comparable infection patterns are expected.

It has been reported that in BCMV, localization varies
across seed tissues, likely due to host or strain differences
(Aishwarya et al., 2020). Systemic internal infections
hinder detection and facilitate spread, emphasizing the
need for clean seed programs. (Escalante et al., 2024).
Molecular mechanisms of seed transmission remain
uncertain but may parallel aphid pathways, involving viral
coat protein and helper component-proteinase (Snihur et
al., 2025). Historical evidence shows BCMV persistence in

seeds for decades, sparking outbreaks from contaminated
lots, even in resistant cultivars (Pagan, 2022). Even though
underreported in Bambara groundnut, this internal seed
transmission poses a substantial threat, as it can evade
surface detection and initiate latent infections. Thus,
rigorous seed health testing and virus-free certification are
essential to protect Bambara groundnut production and
genetic resources.

Cowpea Aphid-Borne Mosaic Virus

CABMYV, a potyvirus, is a major pathogen of
leguminous crops such as soybean, cowpea, and mung
bean in tropical and subtropical regions (Rodriguez et al.,
2024). Extensively studied in cowpea, CABMYV poses an
emerging threat to Bambara groundnut, particularly in
West and Central Africa, where both crops are often grown
in proximity. First reported in cowpea in Europe in 1965
(Bashir et al.,2022) and later characterized in detail
(Konaté et al., 2017). The virus exploits physiological,
morphological, and genetic similarities between Bambara
groundnut and cowpea. Thus, cowpea findings offer
valuable insights into CABMYV epidemiology in Bambara
groundnut. Critically, enables long-distance spread via
infected germplasm and international seed exchange
(Hampton, 1992), a major issue for underutilized crops
such as Bambara groundnut that often lack certified virus-
free seed systems.

Seed transmission of CABMV in legumes occurs
through infection of reproductive tissues, including
gametes, pollen, anthers, and ovaries (Escalante et al.,
2024). In cowpea, virus concentrations are higher in
anthers than in ovaries, favoring male reproductive organs.
Effective transmission requires infection at least 20 days
before flowering, with pollen infectivity detectable from
17 days prior to that. CABMYV appears in plumules and
cotyledons, but not in seed coats, indicating internal rather
than surface contamination (Escalante et al., 2024).
Electron microscopy confirms its presence in meristematic
tissues and pollen grains, highlighting its persistence in
crucial generative zones and implying a parallel
transmission risk for Bambara groundnut. Field studies
reported natural seed transmission rates of 1.1% and 13.3%
(Hampton, 1992). Although Bambara groundnut data are
scarce, similar rates likely occur in susceptible genotypes
under field conditions.

Infected seeds provide the primary inoculum for early-
season infections (Aishwarya et al., 2020), which are rapidly
amplified by aphid vectors like Aphis craccivora via non-
persistent transmission (Gadhave et al., 2019). Symptoms of
viral diseases can include leaf deformation and stunting, and
they can affect pods and seed weight, severely impacting
Bambara groundnut seed quality and marketability. Although
seed transmission does not always directly correlate with yield
losses, even low transmission levels can cause substantial
damage (Escalante et al, 2024), with environmental
conditions affecting transmission rates and impacts (Sandra &
Mandal, 2024). With limited CABMYV studies in Bambara
groundnut, data from cowpea highlight elevated seed- and
aphid-borne risks (Zongo et al., 2019). Therefore, enhanced
seed diagnostics, the initiation of virus-free seed programs,
and effective aphid vector management are vital for
controlling CABMYV and safeguarding Bambara groundnut
production.
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Peanut Mottle Virus

PeMov a Potyvirus, with a ~9.5-10 kb positive-sense
RNA genome, infects legumes such as peanut, soybean,
and cowpea. It has been reported in several African
countries where Bambara is also grown. Li et al. (1991)
detected seedborne PeMoV in Bambara groundnut from
African production fields in Florida, causing systemic
mosaic symptoms, while Sibiya et al. (2002) reported the
first PeMoV infection in Bambara groundnut in
Zimbabwe. Due to its close phylogenetic relationship with
other susceptible legumes, Bambara groundnut faces
significant risk from PeMoV.

PeMoV spreads primarily through seed transmission,
making infected seeds a vital source of primary inoculum
for new outbreaks (Bradamante et al., 2021). It is also
transmitted non-persistently by aphids such as A.
craccivora and Myzus persicae during brief feeding
probes, without replication or prolonged retention in the
vector. Infected plants exhibit mosaic symptoms, leaf
distortion, chlorosis, and stunted growth, reducing seed
productivity and quality. Bambara groundnut is
particularly susceptible in mixed cropping systems with
cowpea, peanut, or soybean (Radhakrishnan et al., 2016).
However, limited virome profiling and host-range studies
in Bambara groundnut highlight key knowledge gaps.
Given PeMoV’s seed-borne and aphid-transmitted nature,
ongoing surveillance using RT-PCR, ELISA, and high-
throughput sequencing is essential to assess its presence
and impact.

Cucumber Mosaic Virus

CMV, a Cucumovirus in the family Bromoviridae,
poses a significant threat to Bambara groundnut
production. It spreads mainly via aphids such as M.
persicae and A. gossypii through rapid, non-persistent
transmission during brief feeding probes, enabling swift
dissemination across fields. Although CMV is seed-
transmissible in some hosts (Palukaitis et al., 1992), this
mode is likely infrequent or absent in Bambara groundnut.
Mechanical transmission via contaminated tools is possible
but uncommon in well-managed systems. CMV’s wide
host range, including numerous cultivated crops and weeds
near Bambara groundnut fields, facilitates its persistence as
a reservoir for infection (Byron et al., 2019; Rivarez et al.,
2021). Environmental factors such as warm temperatures,
high aphid populations, and high aphid activity further
accelerate the spread, particularly early in the season
(Karanfil et al., 2021). Effective management entails using
virus-free seeds, controlling aphids and suppressing weeds,
spatial isolation from susceptible crops, and deploying
resistant genotypes.

Cowpea Mild Mottle Virus

CPMMV, a Carlavirus in the family Betaflexiviridae,
represents an emerging threat to Bambara groundnut. It
spreads mainly by whiteflies (B. fabaci) through semi-
persistent transmission without replicating in the vector.
Warm, dry conditions boost whitefly populations and viral
dispersal. CPMMYV is seed-transmissible in various
legumes (Kemal et al., 2026), suggesting potential for
vertical transmission and long-distance spread in Bambara
groundnut, although this pathway requires further
investigation. CPMMYV can be mechanically transmitted

via sap under experimental conditions, but this is not a
major natural pathway. Its wide host range among legumes,
including adjacent crops and weeds, acts as a reservoir that
maintains viral inoculum. Vector movement and infected
hosts drive both primary and secondary field spread.
Integrated management for Bambara groundnut should
combine whitefly control, virus-free seeds, weed
management, and crop rotation to disrupt the virus-vector-
host cycle.

Cowpea Mosaic Virus

CPMYV, a Comovirus in the family Secoviridae), infects
legumes, including Bambara groundnut. It is primarily
transmitted by chrysomelid beetles through non-persistent
feeding, without replication in the vector. CPMV also
spreads mechanically via sap, tools, or handling. Seed
transmission has not been reported in Bambara or other
legume hosts. CPMV spread is influenced by infected
legume hosts, such as cowpea and wild legumes, that act as
reservoirs. Warm temperatures favor beetle vectors, while
continuous legume cropping, lack of rotation, and poor
field sanitation increase disease incidence. Effective
management involves integrated pest management,
sanitation, removal of infected plants, and crop
diversification to break the virus-vector-host cycle.

Viral potential threats to Bambara groundnut

Because Bambara groundnuts are closely related to
other legumes, some viruses that occur on the same host
may pose potential risks, even if not directly reported. In
plant virology, this is called host range-based risk
assessment. Specifically, cowpea, soybean, and bean
viruses are considered potential threats to Bambara
peanuts.

Potyviruses

Soybean mosaic virus

Soybean mosaic virus (Potyvirus glycitessellati, SMV)
primarily infects soybean (G/ycine max), posing a potential
threat to Bambara groundnut due to their close taxonomic
relationship. SMV is transmitted by more than 30 aphid
species, among which A. glycines is the most efficient
vector (Pedersen et al., 2007). Virus spread correlates with
aphid activity during flight periods (Burrows et al., 2005).
Although direct studies on SMV in Bambara groundnut are
lacking, its infection of related legumes suggests a likely
risk of aphid-mediated transmission in Bambara
groundnut-growing regions (Domier et al., 2007). Seed
transmission is crucial for SMV epidemiology, facilitating
long-distance spread and primary infection of new crops.
In soybeans, SMV infects floral tissues, immature seeds,
and pods, and can replicate in the seed coat (Jossey et al.,
2013). Its presence in embryos and cotyledons enables
vertical transmission, and infection rates vary by cultivar
and strain, generally below 5% but can reach 75% under
favorable conditions (Mishchenko et al., 2022).

Early SMV infection before flowering leads to higher
seed transmission rates (Lecoq & Desbiez, 2007), a trend
likely to be true for Bambara groundnut. Infected seeds
may yield weaker seedlings with altered composition, such
as reduced oil (Irwin & Schultz, 1981), increased protein
(Mishchenko et al., 2022). Aphid transmission relies on
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molecular interactions between viral HC-Pro and CP,
specifically the CP’s conserved DAG motif, enabling non-
persistent virus acquisition by aphids (Mattia et al., 2023).
These mechanisms, well-studied in soybean, likely apply
to Bambara groundnut as well. As Bambara groundnut
becomes a key drought-resilient legume (Khan et al,
2024), evaluating the risk of SMV and related potyviruses
is essential. The threat of seed-borne SMV (Song et al.,
2024) underscores the importance of rigorous seed health
testing and integrated vector management to ensure
sustainable production and minimize yield losses.

Pea seed-borne mosaic virus

Pea seed-borne  mosaic  virus (Potyvirus
pisumsemenportati, PSbMV) has not been widely reported
in Bambara groundnut, but its transmission mechanisms
suggest potential risk. It was noted that PSbMV affects
legumes such as lentil, chickpea, and faba bean (Beck-
Okins et al., 2021). The virus is primarily transmitted via
seeds and aphid vectors, especially Acyrthosiphon pisum,
in a non-persistent manner (Congdon et al., 2016). In peas
and lentils, PSbMYV infects embryos directly, bypassing the
seed coat for efficient seed transmission and long-distance
dissemination through trade and storage (Van Leur et al.,
2025). Bambara groundnut’s seed-only propagation and
co-cultivation with other legumes heighten the theoretical
risk of cross-host transmission. The lack of virological
surveillance and transmission studies means its
susceptibility remains unclear. However, its phylogenetic
proximity to known PSbMV hosts suggests potential
vulnerability, especially under favorable conditions and
when shared aphid vectors are present. Common African
aphids could facilitate local spread if Bambara groundnut
is a competent host. Although no experimental evidence
confirms PSbMV infection in Bambara groundnut, its
seed-based propagation and legume traits warrant
inclusion in risk assessments, emphasizing the need for
proactive screening and vector management.

Bean yellow mosaic virus

Bean yellow mosaic virus (Potyvirus phaseoluteum,
BYMYV) infects many legume species and is a major cause
of yield and quality losses (Abdelkhalek et al., 2022).
While well-studied in common bean, pea, faba bean, lima
bean, and green bean (Maina et al.,, 2023), BYMV’s
presence in Bambara groundnut is poorly documented.
Given the close taxonomic relationship and overlapping
growing areas, Bambara groundnut may be vulnerable to
BYMV, especially in mixed cropping systems or via
contaminated seed.

BYMV is primarily transmitted non-persistently by
more than 20 aphid species, including A. fabae and M.
persicae, which acquire and transmit the virus rapidly
without replication or long retention (Maina et al., 2023).
BYMV also spreads mechanically and via seed
transmission in several hosts, with efficiency influenced by
host genotype and infection timing (Duarte et al., 2021).
Infection causes mosaic patterns, leaf deformation,
chlorosis, stunting, flower abortion, and reduced seed yield
and quality (Farrag et al., 2022). These impacts are
especially harmful for seed-propagated crops like Bambara
groundnut, where infected seeds serve as key inoculum
sources, promoting virus spread through informal or
commercial seed exchanges (Majola et al., 2021; S.M et
al., 2022).

The epidemiology of BYMV in Bambara groundnut
remains poorly understood due to limited surveillance and
diagnostic data (Zongo et al., 2019). However, widespread
aphid vectors and increased cultivation alongside
susceptible legumes raise the risk of BYMV spillover
(Delmotte, 2025). The lack of high-throughput virome
studies in endemic regions highlights the need for targeted
molecular diagnostics (RT-PCR, ELISA), vector
monitoring, and seed health testing. Understanding BYMV
transmission in Bambara groundnut is essential for
effective disease management and yield protection.

Blackeye cowpea mosaic virus

Blackeye cowpea mosaic virus (BCNMV, Potyvirus
phaseovulgaris), a strain of Bean common mosaic necrosis
virus (BCMNYV), causes severe systemic necrosis in
susceptible legumes like cowpea and common bean. While
extensively documented in cowpea, its presence in
Bambara groundnut remains underexplored. Due to close
phylogenetic ties, Bambara groundnut may be susceptible
(Konaté et al., 2017). BCNMYV spreads primarily via seed
transmission, facilitating long-distance dispersal through
infected planting materials, and is also transmitted non-
persistently by aphids such as A. craccivora and M.
persicae, complicating vector control due to rapid virus
acquisition and spread (Tang et al., 2022). Symptoms,
including leaf mottling, mosaic, stunting, and necrosis,
cause substantial yield and seed quality losses in cowpea,
with similar effects possible in Bambara groundnut.
Although no confirmed BCNMYV infections in Bambara
groundnut have been reported, overlapping cultivation
rises risk via aphids and contaminates seeds. Targeted
surveillance with RT-PCR, ELISA, and high-throughput
sequencing is essential to clarify host status and guide
effective management.

Poleroviruses

Polerovirus, a genus in the family Solemoviridae, is
transmitted persistently by aphids, phloem-limited, and
causes yellowing, stunting, and large yield losses in
legumes and other crops (Makkouk et al., 2009). In
groundnut (Arachis hypogaea), the polerovirus cucurbit
aphid-borne yellows virus (Polerovirus CABYV) has
recently been reported for the first time in Kenya, with
disease incidence up to 74% and yield losses up to 80% in
other hosts (Mabele et al., 2022). Another polerovirus,
cowpea polerovirus 2 (Polerovirus CPPV?2), has been
detected in groundnut in Indonesia, co-circulating with
BCMYV and maintained in weed reservoirs, with high aphid
pressure driving epidemics (Kasim et al., 2024). Cowpea
polerovirus 1 (Polerovirus CPPVI) and CPPV2 have also
been reported in cowpea crops in Burkina Faso and Kenya
(Palanga et al., 2017), and a strain of CPPV1 (CPPV1-Pv)
was detected in common bean in Zambia (Patrick et al.,
2019). Bambara groundnut has already heavily affected by
aphid-borne viruses (Buhari et al., 2022). Aphids are
abundant in many Bambara growing systems (Bilali et al.,
2024), and closely related legumes (e.g., groundnut,
cowpea) in the same regions are now known hosts of
poleroviruses such as CABYV and CPPV2 (Kasim et al.,
2024). Peanut was identified as a host of turnip yellows
virus (Polerovirus TUYV) in Turkey for the first time
(Karanfil et al., 2022). Poleroviruses represent a credible
emerging threat to Bambara groundnut, even though no
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Bambara-infecting polerovirus has yet been formally
reported. If a polerovirus adapts to Bambara, experience
from groundnut and other legumes suggests it could cause
severe yellowing, stunting, and major yield losses,
particularly under early infection and high aphid pressure
(Kasim et al., 2024). Because Bambara groundnut is a
neglected, under-researched crop with limited breeding
and virus resistance resources (Pasipanodya et al., 2022),
the arrival of a Bambara-infecting polerovirus could be
difficult to manage. Strengthening virus surveillance,
including poleroviruses, resistance breeding, and aphid
management in Bambara is therefore justified as a
precaution, drawing on experiences from polerovirus
management in other legumes and cereals (Kasim et al.,
2024).

Luteoviruses

These viruses are characterized by a positive-sense
single-stranded RNA genome and are transmitted in a
persistent, non-propagative manner by aphid vectors.
While luteoviruses are well-documented in major cereal
and legume crops, their specific impact on Bambara
groundnut remains largely uncharacterized in the current
literature. In Africa, virus infections in leguminous plants
related to Luteoviruses and the closely related
Poleroviruses are major causes of yellowing and stunting
diseases. These viruses are restricted to the phloem and are
transmitted exclusively by aphid vectors in a persistent,
circulative, non-propagative manner (Karanfil, 2022;
Syller, 2011). Key luteovirus species bean leafroll virus
(Luteovirus phaseoli, BLRV) is widespread in North and
East Africa and is a primary cause of yellowing, leaf
rolling, and stunting in food legumes such as faba bean and
chickpea (Delmotte, 2025). Soybean dwarf virus
(Luteovirus glycinis, SBDV), documented in Sudan, is part
of the virus complex that induces severe stunting and
yellowing in legume crops (Lecoq & Desbiez, 2007).
Luteoviruses are not transmitted through seeds or
mechanical contact; their survival and spread depend
entirely on specific aphid vectors (Karanfil, 2022; Maina
& Jones, 2023). Once acquired by an aphid during feeding,
the virus circulates within the insect's body and remains
infectious throughout the aphid's life (Karanfil, 2022). The
most significant vector for legume-infecting luteovirids in
Africa is A. craccivora, with other important species
including Acyrthosiphon pisum and A. fabae (Delmotte,
2025). Infections by these viruses typically result in severe
physiological disruption. Infected plants exhibit interveinal
yellowing, leaf thickening, and an upward or downward
rolling of the leaf margins (Lecoq & Desbiez, 2007).
Because luteovirids are not seed-borne, management
focuses on disrupting the vector-host cycle.

Orthopospoviruses

Belonging to the family Tospoviridae,
orthotospoviruses are tripartite, negative-sense ssRNA
viruses primarily transmitted by thrips in a persistent-
propagative manner. In Africa, virus infections in
leguminous plants related to orthotospoviruses are an
emerging biosecurity concern due to their wide host ranges
and the expansion of their thrips vectors (Karavina &
Gubba, 2017; Maina & Jones, 2023). Key orthotospovirus
species documented in Africa include groundnut ringspot

virus (Orthotospovirus arachianuli, GRSV), one of the
primary orthotospoviruses, particularly in South Africa,
significantly affecting major grain legumes such as peanut
and soybean (Maina & Jones, 2023). Tomato spotted wilt
virus (Orthotospovirus tomatomaculae, TSWV), while
frequently studied in vegetable crops like peppers, is
known to infect over 1,000 plant species across 80 families,
including various grain legumes (Arogundade et al., 2020).
In Kenya, it has been detected in thrips within tomato

production  systems, indicating active circulation
(Macharia et al., 2015). Groundnut bud necrosis virus
(Orthotospovirus — arachinecrosis, GBNV), although

currently more prevalent in Asia, represents a high "entry
risk" for Africa and targets a wide variety of legumes,
including cowpea, common bean, field pea, mungbean, and
soybean (Maina & Jones, 2023).

Orthotospoviruses are transmitted exclusively by
several species of thrips (Michelotto et al., 2019). The virus
must be acquired by thrips during their larval stage to be
successfully transmitted by the adults (Lella et al., 2025;
McAvoy et al.,, 2011). Key vectors identified in the
literature include Frankliniella occidentalis, F. schultzei
and Thrips palmi (Maina & Jones, 2023).

Bambara groundnut is susceptible to orthotospoviruses,
which can cause severe physiological damage (Zongo et
al., 2019). Based on general pathology in legumes, these
infections manifest as typical symptoms, including ring
spots, chlorosis, foliar mosaic patterns, and necrotic
flecking (Maina & Jones, 2023). Severe infections lead to
developmental stunting with stunted plant architecture and
poor pod initiation, resulting in devastating yield losses or
complete crop failure (Zongo et al., 2018). In seed-
propagated crops, these infections significantly reduce
seed quality and marketability (Escalante et al., 2024).

The reported diversity of orthotospoviruses in Africa is
currently low, largely due to a lack of systematic surveys
and limited institutional capacity for virology research in
many regions (Karavina & Gubba, 2017). Because these
viruses are not typically seed-borne, their spread is heavily
dependent on the movement and population dynamics of
their thrips vectors (Maina & Jones, 2023). Effective
management relies on integrated strategies, including
vector control and the development of resistant cultivars
within local landraces (Raj et al., 2022; Satyanarayana &
Hein, 2022).

Detection methods

Diagnostic methods for plant viruses in Bambara
groundnut include ELISA, RT-PCR/PCR (using virus-
specific primers), electron microscopy, high-throughput
sequencing (HTS), and virus-associated nucleic acid
enrichment (VANA). These tools enable the detection of
both known and novel viruses, with accurate identification
being essential for effective virus management.

ELISA: Enzyme-linked immunosorbent assay (ELISA)
is a widely used serological method for detecting and
quantifying plant viruses in infected tissues or seeds. It
relies on specific antigen-antibody binding, where enzyme-
conjugated antibodies generate a measurable color change
upon substrate addition (Clark & Adams, 1977). Valued for
its high sensitivity, specificity, and capacity to process
large sample numbers efficiently, ELISA serves as a
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standard diagnostic tool (Tuzlali et al., 2021). In Bambara
groundnut, it enables rapid detection of viruses, aiding
early disease management and seed health certification
(Aishwarya et al., 2020; Hampton, 1992).

RT-PCR / PCR: Reverse Transcription Polymerase
Chain Reaction (RT-PCR) and Polymerase Chain Reaction
(PCR) are molecular techniques used to detect and amplify
viral nucleic acids from infected plants. RT-PCR targets
RNA viruses by first converting viral RNA into
complementary DNA (cDNA) before amplification,
whereas PCR directly amplifies DNA viruses or cDNA.
These techniques provide high sensitivity and specificity,
enabling early detection of low virus titers and accurate
identification of virus strains (Randa-Zelyiit & Karanfil,
2025). In Bambara groundnut virus diagnostics, RT-PCR
and PCR support precise detection and characterization,
facilitating effective disease management and breeding
efforts (Abhishek et al., 2024; Zongo et al., 2019).

EM: Electron microscopy (EM) enables direct
visualization of virus particles at high resolution in infected
plant tissues. By using electron beams to image samples,
EM reveals virus size, shape, and structural details, aiding
identification and classification. In Bambara groundnut
virology, electron microscopy has been used to visualize
filamentous virus particles, characteristic of potyviruses
(Sibiya et al., 2002; Zongo et al., 2019). Though labor-
intensive and equipment-intensive, EM remains a key
complementary tool to molecular diagnostics (Roingeard
etal., 2018;).

High-throughput sequencing (HTS): A sequencing
technology that enables comprehensive analysis of viral
genomes in plant samples without prior knowledge of the
viruses present. By sequencing total nucleic acids or
targeted viral sequences, HTS detects known, novel, and
mixed infections with high sensitivity and accuracy. In
Bambara groundnut, HTS facilitates detailed virome
profiling, virus discovery, and epidemiological studies,
supporting the development of precise diagnostics and
effective disease management (Villamor et al., 2019).

Virus-associated nucleic acids (VANA): It is an HTS
approach that targets nucleic acids protected within intact
viral particles, thereby suppressing host-derived and
microbial sources and signals. The VANA protocol
purifies virions from plant extracts using centrifugation or
filtration, followed by nuclease treatment to degrade free
nucleic acids. Viral RNA or DNA is then extracted,
reverse-transcribed (for RNA viruses), amplified, and
prepared for sequencing. This unbiased method enables the
detection of both known and novel viruses, including those
at low titers or previously uncharacterized. VANA is
especially valuable for crops such as Bambara groundnut,
where viral diversity remains largely unexplored. It aids in
comprehensive virome profiling, seed-borne virus
detection, and monitoring virus diversity across
agroecological zones. However, it may underdetect non-
encapsidated viruses and requires advanced bioinformatic
pipelines for accurate identification (Maliogka et al., 2018;
Moubset et al., 2022).

Management Strategies

Currently, control of viral diseases in Bambara
groundnut focuses mainly on prevention. Through

strategies such as virus-free seeds, cultural practices like
crop rotation, vector control (e.g., insecticides), breeding
for resistance, and extension services for farmer training.
Emerging approaches like CRISPR-Cas-based resistance
hold promise for future development.

Use of certified virus-free seeds: Using certified virus-
free seeds is crucial for managing seed-transmitted viruses,
such as those in the Potyviridae and Secoviridae families.
Such seeds are rigorously tested often via ELISA or RT-
PCR to ensure they are virus-free. This practice minimizes
the introduction of primary inoculum, reduces early-season
infections, and limits virus spread through vectors and
planting cycles (Aishwarya et al., 2020; Hampton, 1992).

Cultural practices: Cultural practices are vital for
reducing plant virus incidence and spread (Gullino et al.,
2020; Soni et al., 2024). Key methods include crop
rotation, rouging infected plants, weed control, adjusting
planting dates to avoid peak vector activity, and optimizing
spacing to restrict vector movement. Additional measures
like barrier crops, intercropping, and tool sanitation further
mitigate mechanical transmission and secondary spread.
Together, these practices form an integrated virus
management strategy for seed-borne and vector-
transmitted viruses (Jones, 2004; Soni et al., 2024;).

Vector control: Controlling insect vectors such as
aphids, whiteflies, beetles, and nematodes is crucial for
managing plant viruses. Effective strategies include
chemical insecticides, biological controls (parasitoids,
predators), habitat removal, and physical barriers like
insect-proof nets. Monitoring vector populations and
forecasting are essential to optimize control timing.
Effective vector management limits virus spread,
protecting crops such as Bambara groundnut (Garzo et al.,
2020; Zaffaroni et al., 2021).

Breeding for resistance: Breeding Bambara groundnut
for viral resistance is essential to secure yields against
viruses like CABMV and CPMMV. Efforts combine
conventional breeding with molecular tools such as
marker-assisted selection and CRISPR/Cas genome editing
to develop resistant cultivars. This approach reduces
reliance on chemicals and limits yield losses from viruses
and their vectors (Roy et al., 2025; Ahmar et al., 2020).

Extension services and awareness: Extension services
are vital for managing viral diseases in Bambara groundnut
by educating farmers on virus identification, transmission,
and control. Through training and outreach, they promote
best practices such as the use of certified virus-free seeds,
resistant varieties, vector control, and crop hygiene. This
raises awareness for early detection and integrated
management, supporting sustainable production and food
security (Kreuze et al., 2023; John et al., 2023). Currently,
no fully virus-resistant commercial Bambara groundnut
varieties exist, highlighting the need for genomics-based
breeding.

Knowledge gaps on viruses affecting Bambara
groundnut: Despite its resilience and nutritional value,
research on viral diseases in Bambara groundnut remains
limited. Only a few viruses have been identified, and the
lack of high-throughput virome profiling means many
potential pathogens remain undetected. Critical gaps
include understanding the longevity of the virus in seeds,
especially potyviruses, and the absence of effective
measures to prevent international spread via infected seeds.
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Most knowledge of virus transmission and vectors derives
from related legumes such as cowpea; however, Bambara-
specific diagnostics and vector identification are largely
lacking. Resistance screening is minimal, and no known
resistance genes have been identified, which hinders
breeding efforts. Furthermore, the economic and
agronomic impacts of viral infections are poorly
documented, limiting prioritization of control measures.
The lack of coordinated virus surveillance impedes early
outbreak detection and management, threatening
Bambara’s role as a sustainable crop for smallholders.
Addressing these gaps is vital to enhancing virus detection,
management, and protection of Bambara groundnut
production globally.

Future Directions

To address current knowledge gaps, comprehensive
virome profiling using high-throughput sequencing is
needed to uncover the full range of viruses affecting
Bambara groundnut. Research should focus on identifying
specific virus transmission pathways and developing
sensitive, crop-specific diagnostic tools. Systematic
screening of germplasm for virus resistance, aided by
molecular breeding techniques, will accelerate the
development of resistant varieties. Quantifying the
economic impact of viral diseases and establishing
coordinated surveillance programs are essential for
effective management. Strengthening farmer awareness
through extension services will support sustainable control
efforts and improve crop productivity.

Conclusion

Bambara groundnut is vulnerable to multiple plant
viruses, notably those in the families Potyviridae,
Secoviridae, and Geminiviridae. Enhancing diagnostics,
breeding for resistance, and implementing integrated
disease management are critical for ensuring the crop’s
sustainability and yield stability. Due to limited virome
profiling, other members may also be infecting Bambara
undetected, emphasizing the need for improved
surveillance and diagnostics. Effective management
requires an integrated approach involving vector control,
farmer awareness, virus indexing of seed stocks, and
resistance breeding. As interest grows in the crop's climatic
resilience and nutritional benefits, prioritizing virological
research is crucial for its sustainable production.
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