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Abstract

Pepper (Capsicum spp.) is an important vegetable crop in the Eastern Africa region where it is grown mainly by small-scale farmers.
However, productivity of the crop is limited by many abiotic and biotic constraints. The abiotic constraints include high cost of seeds
and inputs, shortage of improved varieties, drought, low soil fertility and lack of technical knowhow among others, while biotic
constraints are dominated by diseases and insect pests. Numerous diseases especially those that are caused by viruses pose serious
threats in pepper production. Currently, over 68 viruses are known to affect pepper on a worldwide scale and have serious impact on
the quantity and quality of pepper produced. Out of the 68 viruses, 12 belonging to seven genera namely Potyvirus, Cucumovirus,
Tobamovirus, Polerovirus, Tospovirus, Alfamovirus and Potexvirus have been reported in Eastern Africa. Pepper veinal mottle virus,
Potato virus Y and Cucumber mosaic virus are the most widespread and damaging viruses in the region. Yield losses ranging from 10
to 100% in pepper production have been reported for various viruses namely; Pepper veinal mottle virus, Potato virus Y, Chilli veinal
mottle virus, Ethiopian pepper mottle virus, Cucumber mosaic virus, Pepper mild mottle virus, Tobacco mosaic virus, Pepper vein
yellows virus, Tomato spotted wilt virus, Alfaalfa mosaic virus and Potato virus X. This article provides an overview of the important
pepper viruses occurring in Eastern Africa with reference to their geographic distribution, yield-losses, symptoms, transimission,
management methods and research gaps that need to be addressed. It can be concluded that viruses are a major constraint to pepper
production in the target region.
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diseases cause significant economic losses by reducing both fruit
quality and quantity (Abdalla et al., 1991). This paper reviews
the important pepper viruses in Eastern Africa, their distribution,
symptoms, management and future research needs.

Introduction

Pepper (Capsicum spp.), sweet or pungent, belongs to the
Solanaceae family and is an important vegetable crop in the
world. The worldwide production of green and dry peppers in

2016 was estimated at 38,415,621 tons, out of which Africa Table 1. Pepper production in different countries in Eastern Africa

supplied 4,349,415 tons (FAOSTAT, 2016). Eastern Africa ranked Country Green pepper Dry pepper Total Production
3t after Western and Northern regions of Africa with production production (Tons) production (Tons) (Tons)
0f 453,592, 1,703,612 and 2,035,462 tons, respectively. The top Ethiopia 61,794 329,804 391,598
six pepper-producing countries in Eastern Africa in 2016 were Tanzania 16,470 7,860 24,330
Ethiopia, Tanzanla, South Sudan, Kenya, Malawi 'and Rwand.a South Sudan ) 8,037 8,037
as shown in Table 1 (FAOSTAT, 2016). In East Africa, pepper is

. . ) Kenya 2,840 4,140 6,980
mainly grown as a cash crop and contributes to the economy in .
various ways; as a source of income and employment generation Malawi ) 5,886 5,886
especially to the rural population and foreign income earner. Rwanda 4,460 - 4,460

. . . 3472 -
In view of the significance of pepper as a cash crop in Eastern Uganda 3472
Africa and in the world, the constraints to its production should Zimbabwe 2186 219 2405
be regularly reviewed with the ultimate goal of addressing Madagascar 351 2050 2401
them. Among these constraints include; high cost of seeds, lack Mauritius 1903 - 1903
of proper and adequate inputs, shortage of improved varieties, Reunion - 878 878
droughtf stress, .10w soil fer‘Flllty,. lack of storage fac111t%es, Zambia _ 652 652
fluctuations of prices, non-availability of credit, lack of technical
Djibouti 11 579 590

knowhow at the farm level and severe attack by diseases and
insect pests (Mohammed et al., 2016; Orobiyi et al., 2013; Tesfaw,

Source of data: FAOSTAT, 2016.

2013). Fungal, bacterial and viral diseases are reported as the most
serious threats in pepper production (Dagnoko et al., 2013). Viral

Pepper viruses in Eastern Africa: Currently, 68 viruses have
been reported to affect pepper in the world (Pernezny et al., 2003).
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Table 2a. Characteristics and distribution of viruses reported infecting pepper in Eastern Africa

Genus Virus name Common symptoms Transimission ~ Genome Country reported Reference
type

Potyvirus Potato virus Y  Leaf mosaic or mottling, vein- Aphids, ssSRNA Ethiopia, Uganda, Dafalla, 2001; Haskias

(PVY) clearing, dark green vein-banding, Mechanical Tanzania, Kenya, et al., 1999; Karavina et
small and deformed fruit Zambia, Zimbabwe, al., 2016 ; Ndunguru and
Malawi, Madagascar ~ Kapooria, 1999;

Potyvirus Pepper veinal ~ Leaf mosaic or mottling, vein Aphids, ssRNA Ethiopia, Uganda, Agranovsky, 1993;
mottle virus banding, leaf yellowing, leaf Mechanical Tanzania, Kenya, Dafalla, 2001; IPM
(PVMV) deformation Rwanda CRSP, 2008; Skelton et

al., 2018

Potyvirus Chilli veinal Mottling and dark green vein- Aphids, ssRNA Tanzania, Uganda, Dafalla, 2001;
mottle virus banding Mechanical Ethiopia IPM CRSP, 2008
(ChiVMV)

Potyvirus Ethiopian pepper Veinal chlorosis, leaf deformation Aphids, ssRNA Ethiopia Agranovsky, 1993;
mottle virus and leaf crinkling Mechanical Haskias et al., 1999
(EPMV)

Tobamovirus Pepper mild Mottling, puckering, malformed  Seed, ssRNA Zambia, Tanzania, Dafalla, 2001; Ndunguru
mottle virus leaves, small and deformed fruit ~ Mechanical Uganda and Kapooria, 1999; IPM
(PMMoV) marked by off-coloured sunken CRSP, 2008

areas, stunted growth

Tobamovirus Tobacco mosaic Leaf mosaic, leaf curling and Seed, ssRNA Zambia, Tanzania, Dafalla, 2001; Ndunguru

virus (TMV) stunted growth Mechanical Sudan and Kapooria, 1999; IPM
CRSP, 2008

Tobamovirus Tomato mosaic  Leaf mosaic, leaf curling and Seed, ssSRNA Ethiopia, Zambia Dafalla, 2001; Haskias

virus (ToMV)  stunted growth Mechanical etal., 1999; IPM CRSP,

2008

ssRNA - single stranded ribonucleic acid

Table 2b. Characteristics and distribution of viruses reported infecting pepper in Eastern Africa

Genus Virus name Common symptoms Transimission Genome Country reported Reference
type
Cucumovirus Cucumber mosaic Mild mosaic , dull-coloured leaves, Aphids, Seed, ssSRNA Ethiopia, Zambia, Agranovsky, 1993;
virus (CMV) mottling, shoe string and fern leaf, = Mechanical Zimbabwe, Kenya, Dafalla, 2001;
vein banding, vein clearing, leaf Tanzania, Sudan, Ndunguru and Kapooria,
deformation, stunted growth Malawi, Uganda, 1999; IPM CRSP, 2008;
Madagascar,Rwanda  Skelton ef al., 2018
Polerovirus  Pepper vein Leaf curling, deformation, reduced  Aphids ssRNA Rwanda, Sudan Alfaro-Fernandez et al.,
yellows virus leaf size, puckering, interveinal 2014; Skelton et al.,
(PeVYV) yellowing, vein clearing, or yellow 2018
patches on leaves
Tospovirus ~ Tomato spotted wilt Yellowing/browning of leaves, Thrips ssSRNA  Zimbabwe Nyamupingidza and
virus (TSWV) chlorotic or necrotic ringspots on Machakaire, 2001
leaves and fruits, necrotic streaks on
stems/terminal shoots/fruits
Alfamovirus Alfaalfa mosaic ~ Bright yellow or blotchy white mosaicAphids, Seed, ssRNA Zambia Kaitisha, 2001
virus (AMV) on pepper leaves Mechanical
Potexvirus  Potato virus X Mottling, severe necrosis of leaves ~ Mechanical ~ ssRNA  Ethiopia, Zimbabwe, Kaitisha, 2001;
(PVX) and stems Zambia Nyamupingidza and

Machakaire, 2001

ssRNA - single stranded ribonucleic acid

Among these viruses, 19 of them are found in Africa (Aliyu,
2014; Njukeng et al., 2013) out of which 12 belonging to seven
genera of Potyvirus, Cucumovirus, Tobamovirus, Polerovirus,
Tospovirus, Alfamovirus and Potexvirus are documented in
Eastern Africa (Table 2a, b).

Potato virus Y (PVY) is a single-stranded RNA virus belonging to
the genus Potyvirus and family Potyviridae. The virus is known
to occur on pepper in Zimbabwe, Zambia, Kenya, Tanzania,
Malawi, Madagascar and Ethiopia, East Africa (Dafalla, 2001;
Haskias ef al., 1999; Karavina et al., 2016; Ndunguru and
Kapooria, 1999). It is among the most widespread viruses in the
region. In spite of this, PVY as a virus infecting pepper has not

received much attention in region and other parts of Africa and
much of the research done has focused on PVY strains infecting
potato. Therefore, more work is needed on strains of the virus
that attack pepper. According to Singh ef al. (2008), isolates of
PVY from pepper do not infect potato and vice versa. Since the
virus is causing substantial losses on pepper, in the Eastern Africa
region (Dafalla, 2001), in-depth studies to identify the pathotypes
present, incidence, losses associated with PVY and management
within pepper fields are absolute necessity.

According to Avilla et al. (1997), PVY caused yield reductions
of 20 to 70% in pepper production. Plant stunting, systemic vein-
clearing, leaf mosaic or mottling, dark green vein-banding of
the leaves and smaller deformed fruit with a mosaic pattern are
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some of the symptoms associated with PVY infection on pepper
(AVRDC, 2004). The virus is spread non-persistently by several
species of aphids and also by mechanical means as demonstrated
by Schramn et al. (2011). Potato virus Y has a wide host range
and some of the hosts include potato (Solanum tuberosum L.),
tobacco (Nicotiana spp.), pepper (Capsicum annuum L.), tomato
(Lycopersicon esculentum Mill.) and several species of weeds.
Intercropping of maize with pepper was found to be effective in
management of potyviruses in pepper fields according to Mitiku
et al. (2013), and hence the approach was recommended.

Pepper veinal mottle virus (PVMV) (genus Potyvirus and
family Potyviridae) is the most widespread and damaging
disease affecting pepper in Africa (Dafalla, 2001). This virus
was first reported in Ghana in 1971 from C. annum and C.
frutescens (Brunt and Kenten, 1971) and since then, the virus
has increasingly spread to other regions in Africa. In East Africa,
PVMYV has been reported in Ethiopia, Kenya, Tanzania, Uganda
and Rwanda (Agranovsky, 1993; Dafalla, 2001; IPM CRSP, 2008;
Skelton et al., 2018). Information on incidence, symptoms, yield
losses and management of PVMYV disease in this region is scanty.

Unlike in the Eastern Africa region, extensive research work
on this virus has been done in West Africa especially in Nigeria
and Ghana on strain characterization, incidence, yield losses,
vectors, host range and management techniques. For instance,
yield losses of 54.5-64.3% and disease incidence as high as 100%
was observed in hot pepper fields in Nigeria (Alegbejo and Abo,
2002; Fajinmi et al., 2012). Several symptoms are associated
with PVMYV on infected pepper plants; mottle, mosaic, curling,
vein banding, ringspots, various types of necrosis, deformation,
leaf yellowing, blistering and severe stunting of the whole plant
(Fajinmi et al.,1998; Tsai et al., 2010). Eight species of aphids
have been shown to spread PVMYV in a non-persistent way, of
which Myzus persicae, Aphis craccivora, A. gossypii and A.
spiraecola are rated as efficient vectors in nature (Fajinmi et
al., 2011; Pernezny et al., 2003). Mechanical transmission has
also been demonstrated by Moury ef al. (2004) but the virus is
not known to be transmitted through seed. Intercropping pepper
with tall companion crops revealed a reduced PVMYV disease
incidence (<17%) and severity (15%) compared with the sole
pepper cropping that recorded a disease incidence and severity as
high as 75% and 72%, respectively (Fajinmi and Odebode, 2010).
Intercropping can therefore be recommended as a component of
integrated strategies of managing Pepper veinal mottle virus.

Cucumber mosaic virus (CMV) (genus Cucumovirus and family
Bromoviridae) occurs globally mainly in temperate, tropic and
sub-tropic regions of the world (Arogundade et al., 2012). It
is among the most widespread viruses in the region and was
identified in Uganda, Zambia, Ethiopia, Zimbabwe, Kenya,
Tanzania, Malawi, Madagascar, Sudan and Rwanda (Agranovsky,
1993; Dafalla, 2001; Ndunguru and Kapooria, 1999; IPM CRSP,
2008; Skelton et al., 2018). The virus has also been reported in
other parts of Africa (Afouda, et al., 2013; Appiah et al., 2014).
Rahman et al. (2016a) observed 10.56 to 36.96% reduction on
yield as a result of CMV infections on pepper plants. Symptoms of
naturally affected pepper plants vary widely and most prominent
ones are mild mosaic and dull-coloured leaves, mottling, shoe
string, fern leaf, vein banding, vein clearing, leaf deformation,
stunted growth and reduced fruit size (Kapoor ef al., 2018,;
Zitikaite and Samuitien, 2009).

More than 80 species of aphids transmit CMV in a non-persistent
way; Aphis. gossypii, and M. persicae are the most efficient in
transmitting CMV (Palukaitis, et al., 1992). According to Ali and
Kobayashi (2010), CMV is also seed-transmitted in pepper. The
virus infects over 1200 plant species from both monocotyledons
and dicotyledons (Zitter and Murphy, 2009). Resistant pepper
genotypes to CMV have been identified. For example, Rahman
et al. (2016b) observed genotype CA23 (Noakhali) as resistant,
while CA12 (Comilla-2) as moderately resistant to CMV both in
natural and inoculated conditions.

Pepper mild mottle virus (PMMoV) (genus Tobamovirus
and family Virgaviridae) was first described in USA in 1952
(McKinney, 1952) and since then it has spread worldwide.
PMMoV was reported in East Africa countries such as Zambia,
Uganda and Tanzania (Dafalla, 2001; IPM CRSP, 2008; Ndunguru
and Kapooria, 1999). PMMoV is also present in West Africa
(Appiah et al., 2014; Olawale ef al., 2015). This viral disease
causes considerable yield losses and significant damage on quality
of fruits. For instance, Martinez-Ochoa (2003) observed that
disease incidence of 20 to 80% on pepper plants, resulted in 50
to 100% yield loss. Similar studies by Guldur and Caglar (2006)
reported disease incidence of 60 to 95% resulted in 75 to 95%
yield loss. Details of symptoms associated with this disease, yield
losses and its management approaches are scanty in East Africa.

Various symptoms have been associated with PMMoV disease
elsewhere and includes; stunted growth, mottling, puckering,
malformed leaves, small and deformed fruits, marked by off-
coloured sunken areas (Guldur and Caglar, 2006; Nikolay, 2014).
The symptoms are far more pronounced in younger infected plants
compared with old infected plants (Sevik, 2011). The spread is
through seed and soil in the fields, and not transmitted by insects
(Genda et al., 2005). PMMoV persists in soil, on infected debris
which serve as a primary source of inoculum for subsequent crops
(Ikegashira et al., 2004; Lamb et al., 2001). Major host of this
virus is Capsicum spp., however, it has been shown to infect up-
to 24 species belonging to Solanaceae family and other species
in Chenopodiaceae, Cucurbitaceae, Labiatae and Plantaginaceae
through experiments (Wetter, 1984). Treatment of PMMoV
infected Capsicum seeds with 10% trisodium phosphate for 2.5
hours significantly reduced the incidence of the virus. However,
this approach was not able to completely eliminate the virus from
the seeds (Jarret et al., 2008).

Tobacco mosaic virus (TMV) (genus Tobamovirus and family
Virgaviridae) is the first ever virus to be identified (Scholthof,
2008). The virus was reported to infect pepper in Uganda,
Tanzania, Zimbabwe, Sudan and Zambia (Dafalla, 2001; IPM
CRSP, 2008; Ndunguru and Kapooria, 1999) in East Africa. It
is also reported in other parts of Africa (Appiah ef al., 2014;
Olawale et al., 2015). Heavy yield losses due to this virus
have been worldwide reported in tobacco, tomato and pepper.
According to Chitra et al. (2002) the yield losses of up-to 90%
have been recorded in bell pepper as a result of TMV infection.
Generally, infected pepper plants are stunted, deformed and show
chlorotic areas in the leaves (Pazarlar et al., 2013). Leaf mosaic,
leaf curling and stunted growth are other symptoms observed by
Kumar et al. (2011).

Like other tobamoviruses, TMV survives on infected plant
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materials for months or years (Moury and Verdin, 2012). It
is spread mainly through contact between plants and seed,
mechanical means, but not by insect-vectors. TMV infects at
least 125 crop species which include tobacco, tomato, pepper,
cucumber among others (Kumar et al., 2011). Use of resistant
cultivars to TMV infection has been demonstrated in Nigeria by
lgwegbe and Ogungbade (1985).

Tomato mosaic virus (ToMV) (genus Tobamovirus and family
Virgaviridae) is a single-stranded RNA virus present globally
and was reported in Uganda, Zambia and Ethiopia (Dafalla,
2001; Hiskias et al., 1999; IPM CRSP, 2008). Symptoms of
ToMYV in most cases resemble those of TMV. Kumar et al. (2011)
observed leaf mosaic, leaf curling and stunted growth on pepper
plants infected with ToMV. It is known to infect more than 150
economically important crop species, including vegetables and
ornamental flowers. It occurs more frequently on tomato and
pepper than TMV. The mode of spread is by contact, though it is
also transmitted mechanically (Kenyon et al., 2014).

Pepper vein yellows virus (PeVYV) (genus Polerovirus and
family Luteoviridae.) was first isolated in Israel by Dombrovsky
et al. (2010). In East Africa, it was first identified in Sudan
(Alfaro-Fernandez et al., 2014) and more recently in Rwanda
(Skelton et al., 2018). PeVYV was also reported in Benin
(Afouda et al., 2013), Tunisia (Buzkan et al., 2013) and Mali
(Knierim et al., 2013). Infection rates of up-to 100% have been
reported (Tomassoli ef al., 2016). However, little has been done
to determine the diversity, management and current levels of
damage caused by the disease in the recent years in East Africa
region. Leaf curling, deformation, reduced leaf size, puckering,
interveinal yellowing, vein clearing, or yellow patches on leaves
are among the commonly observed symptoms on cultivated
pepper plants (Alfaro-Fernandez et al., 2014; Murakami and
Kawano, 2017). This virus is spread in circulative and non-
propagative manner by A. gossypii and M. persicae (Dombrovsky
et al., 2010; Murakami and Kawano, 2017). Host plants include
Capsicum spp. (Alabi et al., 2015) and Solanum nigrum (Knierim
etal.,2013).

Chilli veinal mottle virus (ChiVMV) (genus Potyvirus and family
Potyviridae), is reported to affect pepper in Ethiopia, Uganda,
Tanzania (Dafalla, 2001; IPM CRSP, 2008). Disease incidence
range of 50 % that reduce yield by 50 % worldwide has been
documented (Shah et al., 2008). Typical symptoms caused by
this virus includes leaf mottle and dark green vein-banding.
ChiVMV is transmitted by several species of aphids and also
by mechanically, but not through seed (Shah ef al., 2008).
Information on symptoms associated with this disease, yield
losses and its management approaches are scanty in East Africa.

Alfalfa mosaic virus (AMV) belongs to the genus Alfamovirus
and family Bromoviridae. AMV is distributed worldwide and in
East Africa, it is most prevalent and widespread virus in Zambia
(Kaitisha, 2001). Disease incidence of 80-100% was observed
in pepper fields by Ndunguru and Kapooria (1999). Common
symptoms associated with this virus on pepper is bright yellow
or blotchy white mosaic on pepper leaves (Kenyon ef al., 2014).
Stunted growth with misshapen and blotchy fruits are also
observed especially if plants are infected with the virus at young
stage. AMV has wide host range and is transmitted through

mechanical and in a non-persistent manner by numerous aphid
species. It can also be transmitted through pepper seed (AVRDC,
2004).

Ethiopian pepper mottle virus (EPMV) (genus Potyvirus and
family Potyviridae), is endemic and important diseases of pepper
in Ethiopia (Agranovsky, 1993). Common symptoms associated
with EPMV infection include; veinal chlorosis, leaf deformation
and leaf crinkling (Alemu, 2004). This virus is transmitted in a
non- persistent manner by several species of aphids of which
Aphis gossypii, Myzus persicae, Lipaphis erysimi, Macrosiphum
euphorbiae, Huperomyzus lactucae and Uroleucon compositae
have been shown to successfully transmit this virus (Atsebeha
et al., 2009). EPMV is also mechanically-transmitted but not
spread through seeds (Alemu, 2004). According to Mitiku et al.
(2013) intercropping of maize with pepper lead to lower incidence
of potyviruses and unmarketable yields; and higher total and
marketable yields in pepper fields compared to mono-cropping.
Resistant genotypes to EPMV have been identified in Ethiopia
by (Alemu, 2004).

Tomato spotted wilt virus (TSWV) (genus Tospovirus and family
Bunyaviridae), is the most widespread of the tospoviruses. This
virus was reported to affect pepper in Zimbabwe (Nyamupingidza
and Machakaire, 2001). Typical symptoms associated with
TSWYV in pepper are yellowing/browning of leaves, chlorotic
or necrotic ringspots on leaves and fruits and, necrotic streaks
on stems, terminal shoots and fruits (Kenyon et al, 2014). The
virus is transmitted in a persistent and propagative manner by
several species of thrips, among which Western flower thrips,
Frankliniella occidentalis is the most efficient (Gallitelli ez al.,
2012). Tomato spotted wilt virus infects more than 1000 different
plant species from more than 80 botanical families. Some of the
main hosts of TSWV are pepper, lettuce, tobacco, tomato, and
various ornamental crops. Information on incidence, yield losses
and management of this virus in pepper is scanty.

Potato virus X (PVX) (genus Potexvirus and family
Alphaflexiviridae) is reported in Ethiopia, Zambia, Zimbabwe
(Alemu, 2004; Kaitisha, 2001; Nyamupingidza and Machakaire,
2001). The virus causes mottling, severe necrosis of leaves
and stems and, sometime defoliation of some cultivars. It is
transmitted mechanically but not by seed (Alemu et al., 2002).
Potato virus X is of minor importance in pepper production as
reported by Alemu (2004) and much of the work done is only on
its detection on pepper.

Other pepper viruses reported in Africa include: Pepper mottle
virus (PepMoV) reported in Central Africa (Njukeng et al., 2013);
Tobacco etch virus (TEV) in West Africa (Olawale et al., 2015);
Cowpea aphid borne mosaic virus (CABMYV) and Blackeye
cowpea mosaic virus (BICMV) in West Africa (Aliyu, 2014). All
these viruses belong to the genus potyvirus, family Potyviridae.
Tomato yellow leaf curl virus (TYLCV) has been reported in West
and Central regions (Leke et al., 2015) while, Pepper yellow vein
Mali virus (PepY VMLV) has been reported in West Africa (Séka
et al., 2017; Tiendrébéogo et al., 2008). Belonging to the genus
begomovirus, family geminiviridae. Tobacco mild green mosaic
virus (TMGMV) belong to the genus tobamovirus and family
virgaviridae, was reported in North Africa (Cordoba et al., 2009).

Viruses infecting pepper are diverse, new species and strains
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continue to be identified, posing a threat to resistance that may
have been developed in cultivars against particular viral diseases.
In the Eastern Africa region, 12 viruses are reported to infect
pepper of which the Pepper veinal mottle virus (PVMV), Potato
virus Y (PVY) and Cucumber mosaic virus (CMV) are the most
damaging and widespread. This review, has revealed that there
is scanty information concerning viral diseases of pepper in the
target region. This may be due to poor documentation which
makes it difficult to capture all information on what has been
done or lack of funds leading to little or no research conducted.
Thus, there is need for more investigations to generate valuable
information on various aspects related to these viral diseases in
pepper. The research may include: characterization of the isolates
from the East Africa region and comparing their relationships
with isolates from other parts of the world, yield-loss assessment,
finding new sources of resistance or tolerance among germplasm
collections, studies on transmission and host range, interactions
of vector-transmitted viruses with their vectors, effects of these
viruses on different phenological stages of pepper varieties and
development of more effective control strategies. This important
information will be valuable in the formulation of strategies of
reducing the huge losses incurred in pepper production due to
plant virus’ infections in Eastern Africa region.
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