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ABSTRACT

Eight cowpea (Vigna unguiculata L. Walp.) cultivars were evaluated for Cowpea aphid-borne
mosaic virus (CABMV), Southern bean mosaic virus (SBMV), CABMV+SBMV, and SBMV+CABMV
resistance under screenhouse conditions at the School of Agriculture and Agricultural Technology
Minna, Nigeria in 2016 (1at.9°40'N; long 6°30'E at an altitude of 220m.a.s.l). Virus infected plants
were evaluated independently using a Completely Randomized Design with three replications. In
single infections, cowpea seedlings were inoculated at 10 days after sowing (DAS) while in mixed
infections the second virus inoculation was performed at 21 DAS. Disease incidence, symptom
severity, plant’s growth and yield characters were recorded. The data were subjected to analysis of

*Corresponding author: E-mail: drwada2013@gmail.com;



Mamman et al.; AURCS, 2(1): 1-10, 2018; Article no.AJRCS.43107

variance and Duncan’s Multiple Range Test was used for mean separation. Results showed that
one hundred percent infection was obtained regardless of the cultivar. High disease severity with
the symptom score of 4.0 was recorded for all the cowpea cultivars infected with CABMV alone and
CABMV+SBMV, while moderate resistance with a symptom score of 3.0 was recorded only in
cultivars ITO9K-231-1 and IT10K-973-1 to SBMV, and in IT07K-299-6 and IT10K-973-1 to
SBMV+CABMV. Through the four virus treatments, seed weight per plant was significantly (p<0.05)
highest in IT10K-843 infected with CABMV which produced 3.5 g; cultivar, IT07K-299-6 inoculated
with SBMV produced 4.9 g, while IT10K-973-1 under CABMV+SBMV infections produced 4.9 g;
and ITO7K-298-9 infected with SBMV+CABMV produced 4.4 g. The cowpea cultivar ITO7K-299-6
which gave the highest seed weight under single and double virus infections can be exploited in
hybridization studies to develop resistant cowpea varieties for use by farmers.

Keywords: Cowpea; virus; severity; growth and yield characters.

1. INTRODUCTION

Cowpea (Vigna unguiculata L. Walp) is one of
the most important pulse crop globally and the
most widely used legume crop in the tropics [1]
and [2]. It originated and was domesticated in
Southern Africa. It was then cultivated in East
and West Africa as well as Asia and today, it is
grown mostly in semi-arid tropical zones across
Africa, Asia, Europe and the Americas [3]. It is a
major food for millions of people and also
ensures the availability of high quality hay for
livestock feed in dry and wet seasons [4].
Cowpea is commonly intercropped with cereal
crops such as maize and sorghum because it
fixes atmospheric nitrogen into the soil. In the
developing world where soil infertility is high; it
gives to the soil a huge supply of nitrogen and
permits its cultivation without the use of
nitrogenous fertilizer [5]. It also suppresses
weeds and prevents soil erosion [6].

Cowpeas are grown extensively throughout
savanna regions of the tropics and sub-tropics,
between 35°N and 30°S, especially in Western
and Central African countries, across Asia and
Oceania, the Middle East, southern Europe,
southern USA, and Central and South America.
In 2015, the African continent produced almost
95% of the global cowpea production on a land
area of more than 11 million hectares, followed
by Asia (3.2%), the Americas (1.3%) and Europe
(0.5%) [7].

Cowpea is susceptible to a complex of insect
pests and diseases and they attack the crop from
vegetative stage to storage [5], which forms part
of the most important impediments to its
profitable production [8]. Virus diseases are the
most damaging diseases of cowpea and
represent a significant proportion of losses

regarding the potential value of the crop in sub-
Saharan Africa [9].

Cowpea aphid borne mosaic virus (CABMV), a
member of the genus Potyvirus is an important
virus disease of cowpea and can cause a yield
loss of 13 — 87% depending on crop
susceptibility, virus strain and the environmental
conditions. It is readily transmitted by mechanical
inoculation, several aphid species and through
cowpea seeds [10].

Similarly, Southern bean mosaic virus (SBMV) a
member of the genus Sobemoviruses is highly
prevalent in cowpea fields causing severe yield
losses [11].

Mixed virus infections are not uncommon in
nature; as such cowpea plants may be infected
by more than one virus disease, resulting in
serious economic losses in  agricultural
production [11,12]. Mixed virus infections usually
result in a more severe disease symptom
resulting in significant reductions in quantitative
parameters such as plant height, weight and
subsequently yield and at times causing plant
death [13].

Mixed infections in crops involving two or more
unrelated or closely related viruses can induce a
series of within-host interactions and the
outcome may be synergistic or antagonistic [14].
A recent study in eastern Africa revealed that
Maize lethal necrosis disease is caused by a
synergistic interaction of Maize chlorotic mottle
virus (MCMV, genus Machlomovirus) and
Sugarcane  mosaic virus (SCMV, genus
Potyvirus) or other Potyviruses e.g. Maize dwarf
mosaic virus and Wheat streak mosaic virus.
This has resulted in huge losses to farmers and
seed companies [15].
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Differences in virus strains and types alongside
varying host plant system and other factors
influence the accumulation dynamics of the
interacting viruses in mixed infections and
disease severity in host plants [16]. Breeding
efforts for developing resistant cultivars against
diseases and evaluation of the locally adapted
cowpea cultivars against single and mixed
infections of cowpea viruses will provide useful
information for breeding cowpea cultivars with
double resistance to these viruses. Thus,
cultivation of these resistant cultivars can prevent
severe yield losses in case of disease outbreak
and also ensure food security. This study was,
therefore, conducted to determine the resistance
of selected cowpea cultivars to single and mixed
infections of CABMV and SBMV and to ascertain
the effects that these two viruses have on the
selected cowpea cultivars in single and mixed
infections.

2. MATERIALS AND METHODS

2.1 Study Location

The experiment was conducted at the
screenhouse of the Department of Crop
Production, Federal University of Technology,
Minna, Niger State (9° 40’ N and 6°30’ E) in the
Southern Guinea Savanna region of Nigeria.

2.2 Source of Cowpea Seeds

The eight cowpea cultivars used for the
experiment were obtained from the Genetic
Resource Unit, International Institute for Tropical
Agriculture, (IITA), Ibadan, Nigeria. These were
ITO7K-210-1-1, a susceptible check, ITO7K-298-
9, ITO7K-299-6, ITO9K-231-1, IT10K-817-7,
IT10K-843, IT10K-973-1 and IT11K-61-82.
These cultivars exempting the susceptible check
were selected because there is scarcity of
information of single and mixed infections with
CABMV and SBMV on them.

2.3 Source of Virus Isolates

The Cowpea aphid-borne mosaic virus (CABMV)
and Southern bean mosaic virus (SBMV) isolates
used were obtained from the stock in the
Department of Crop Production Federal
University of Technology (FUT), Minna. The
isolates are severe strains of CABMV and SBMV
that have been previously maintained on silica
gels in vial bottles at room temperature.

2.4 Soil Sterilization, Treatments and

Experimental Design

Sandy loam soil used for the study was sterilized
before it was used to fill the polyethylene bags.
Steam sterilization was done using the trough
method as described by [17]. The trough
consisted of the upper and the lower pieces. The
upper piece, perforated at the bottom served as
the soil container, while the lower or bottom
piece held the water. To set up the trough, the
bottom piece was positioned on a metal stand.
The piece was then filled half-way with water.
The upper piece designed to fit tightly was then
positioned on the bottom piece after which it was
filled with soil and covered with thick sacking,
followed by a moderately tight-fitting lid through
which a hole was made that permitted the
thermometer to be pushed into the top soil as
described by [17]. The covering was necessary
to ensure sterilization up to the soil surface.
Firewood was set in between the metal stand
and then set on fire. The steam produced by the
water in the bottom piece passed through the
perforations on the bottom of the top piece to
sterilize the soil to the temperature of 100°C.

Four independent trials were conducted
simultaneously, for single and mixed infections of
CABMV and SBMV. The treatments evaluated
were CABMV-infected (T,), SBMV-infected (T»),
CABMV + SBMV infected (T3) and SBMV +
CABMV infected plants (T4). The treatments
were laid out in a Completely Randomized
Design with three replications. In each frial, the
chosen eight cowpea cultivars were evaluated.

2.5 Sowing, Inoculation and Management

Three cowpea seeds were sown after dressing
with Apron-plus at the rate of 3 g per 10 kg seeds
in polyethylene bags of good drainage containing
sterilized soil of 8 kg and were later thinned to
one plant per bag at 8 days after sowing (DAS).
Each bag represented a cultivar and three bags
were used per treatment. These bags were
placed on iron benches with adequate spacing.
Extract for inoculation was prepared by triturating
(grinding) leaf isolate in extraction buffer at the
ratio of 1:10 w/v, that is, one gram of leaf in 10 ml
of the inoculation buffer, using pre-cooled
sterilized ceramic mortar and pestle as described
by [18]. Two micro-litres of beta-mercaptoethanol
were mixed with the extract just before use.
Cowpea seedlings were inoculated at 10 days
after sowing (DAS) by rubbing the virus infected
sap on the upper surface of the leaves dusted



Mamman et al.; AURCS, 2(1): 1-10, 2018; Article no.AJRCS.43107

with carborundum powder with 600-mesh. The
inoculated plants were rinsed with sterile distilled
water and thereafter left for symptom expression.

Seedlings of the first treatment were inoculated
at ten DAS with CABMV isolate, representing the
single infection trial for virus A, seedlings of the
second treatment were inoculated at 10 DAS
with  SBMV isolate, representing the single
infection trial for virus B, seedlings of the third
treatment were inoculated at ten DAS with the
isolates of Virus A (CABMV) and Virus B (SBMV)
at 21 DAS, representing type 1 double infections
and finally, seedlings of the fourth treatment were
inoculated at ten DAS with the isolates of Virus B
(SBMV) and Virus A (CABMV) at 21 DAS,
representing type 2 double infections. The
inoculated plants were sprayed at 2 weeks
interval until maturity with Cypermethrin 10% E.C

insecticide in order to prevent cross

contamination.

2.6 Data Collection and Statistical
Analysis

Disease incidence was assessed as percentage
of the total plants showing typical disease
symptoms after inoculation, which was observed
for the first and second weeks after inoculation
(WAI). Disease severity, plant height, and
number of leaves per plant were recorded at 8
WAL

Disease severity was evaluated based on a
visual scale of 1-5 as described by [19], where 1
= no symptoms or apparently healthy plants; 2 =
slight mosaic; 3 = moderate mosaic; 4 = severe
mosaic, leaf distortion and stunting; 5 = severe
mosaic, stunting and plant death. Plant height
was measured with a metre rule from ground
level to the highest leaf, and the mean values per
plot of the tagged plant were computed. The
number of leaves per plant was determined by
counting the leaves of the plant manually. Seed
weight per plant was determined at harvest. The
data were subjected to analysis of variance using
Statistical Analysis System [20] and means were
separated using Duncan’s Multiple Range Test at
5% level of probability.

3. RESULTS
3.1 Disease Incidence and Severity
Symptoms became visible on the leaves of

inoculated plants irrespective of the virus
treatments at 8 days after inoculation (DAI). At 2

WAI, 100% infection was obtained regardless of
the cultivar. Disease severity increased
progressively after inoculation and the symptoms
observed on the plants varied based on the virus
type they were inoculated with. The plants
inoculated with CABMV showed mottling, mosaic
and leaf distortion while those inoculated with
SBMV showed vein clearing, mosaic and leaf
distortion which were more pronounced on the
younger leaves (Plate 1). On the other hand,
uninoculated (control) plants were symptomless
(score = 1) (Fig. 1).

The symptoms observed on plants inoculated
with CABMV + SBMV were not much different
from those of CABMV alone, and the symptoms
observed on SBMV + CABMV plants were also
just like those of SBMV alone. It was observed
that in the four virus treatments, the disease
severity differed significantly (p<0.05) among the
eight cultivars investigated.

At 8 WAI, the cowpea cultivars infected with
CABMYV alone had the same severity score of 4
(Fig. 1). In the SBMV infected plants, cultivars
ITO7K-210-1-1, ITO7K-298-9, ITO7K-299-6,
IT10K-817-1, IT10K-843 and IT11K-61-82 were
the most affected with severity score of 4 while
ITO9K-231-1 and IT10K-973-1 had a severity
score of 3. In the CABMV + SBMV infected
plants, all the cultivars had the same severity
score of 4.

Plate 1. Symptoms of Cowpea aphid-borne
mosaic virus (CABMV) (A), Southern bean
mosaic virus (SBMV) (B), CABMV+SBMV (C)
and SBMV+CABMYV (D) on IT10K-843 at 8
weeks after inoculation of cowpea [Vigna
unguiculata (L.) Walp.] plants at Department
of Crop Production, Federal University of
Technology, Minna, Niger State in the
Southern Guinea Savanna region of
Nigeria in 2016
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Fig. 1. Disease severity on cowpea [Vigna unguiculata (L.) Walp.] cultivars infected with
Cowpea aphid-borne mosaic virus (CABMV), Southern bean mosaic virus (SBMV),
CABMV+SBMV and SBMV+CABMYV at 8 weeks after inoculation at Department of Crop
Production, Federal University of Technology, Minna, Niger State in the Southern Guinea
Savanna region of Nigeria in 2016
Note: Bars with dissimilar letter differ significantly by Duncan’s Multiple Range Test at p<0.05

In the SBMV + CABMYV infected plants, ITO7K-
210-1-1, ITO7K-298-9, ITO9K-231-1, IT10K-817-
1, IT10K-843 and IT11K-61-82 were the most
affected with a severity score of 4 while ITO7K-
299-6 and IT10K-973-1 had a severity score of 3
(Fig. 1). Through the four virus treatments,
ITO7K-210-1-1,  ITO7K-298-9, IT10K-817-7,
IT10K-843 and IT11K-61-82 were of the
same severity score of 4. Also, CABMV and
CABMV + SBMV induced high and the
same symptom severity score of 4 in all the
cultivars.

3.2 Effect of Virus Infections on Growth
Components

3.2.1 Plant height

Uninoculated plants exhibited heights that varied
between 37.1 (ITO9K-231-1) and 75.2 (IT11K-61-
82) centimetres (Fig. 2). At 8 WA, the heights of
the inoculated plants varied significantly (p<0.05)
from 27.3 to 36.8 cm for the CABMV infected
plants, 25.5 to 68.3 cm for SBMV infected plants,
20.0 to 65.2 cm for CABMV + SBMV infected
plants and 25.2 to 54.2 cm for SBMV + CABMV.
In the plants inoculated with CABMV, cultivar
IT11K-61-82 produced the tallest plants with 36.8
cm height, while height differences of the
remaining cultivars were not significant (p>0.05)

(Fig. 2).

In the plants inoculated with SBMV, IT11K-61-82
produced the tallest plants with 68.3 cm height,
followed by cultivar ITO7K-299-6 with 35.8 cm tall
plants. Cultivar IT10K-817-7 produced the
shortest plants measuring 25.5 cm, while the
height difference between cultivars ITO9K-231-1
and IT10K-973-1 was not significant (p>0.05).

In the plants inoculated with CABMV + SBMV,
cultivar 1T11K-61-82 produced the tallest plants
measuring 65.2 cm, followed by cultivar ITO7K-
298-9 with 39.2 cm tall plants, followed by
cultivar IT10K-843 with 33.2 cm tall plants. The
difference in height between cultivars ITO7K-299-
6 of 28.5 cm and IT10K-973-1 with 27.5 cm tall
plants was not significant (p>0.05). Cultivars
ITO7K-210-1-1  and ITO9K-231-1 were the
shortest and of the same height of 23.3 cm
(Fig. 2).

In the plants inoculated with SBMV + CABMYV,
cultivar IT11K-61-82 produced the tallest plants
measuring 54.2 cm, followed by cultivar ITO7K-
298-9 with 39.2 cm tall plants. The height
differences among cultivars ITO7K-210-1-1  of
28.3 cm, ITO7K-299-6 with 30.0 cm, ITO9K-231-1
with 28.8 cm, IT10K-843 with 28.3 cm and
IT10K-973-1 with 29.3 cm tall plants were not
significant (p>0.05). However, cultivar IT10K-
817-7 produced the shortest plants of 25.2 cm
height (Fig. 2). Through the four virus treatments,
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cultivar 1T11K-61-82 plants were observed to be
the tallest.

3.2.2 Number of leaves per plant

The healthy (control) plants of each cultivar
produced higher number of leaves than virus-
infected plants. Leaf number varied significantly
(p<0.05) between 39 (ITO7K-299-6) and 60
(IT10K-817-7 and IT11K-61-82) per plant (Fig.
3). The number of leaves per plant ranged from
31 to 38 for the CABMYV infected plants, 30 to 53
for SBMV infected plants, 32 to 53 for CABMV +
SBMV infected plants and 30 to 50 for SBMV +
CABMV infected plants (Fig. 3). In CABMV
infected plants, cultivar IT10K-843 produced the
highest number of leaves per plant of 38 which
was not significantly (p>0.05) different from
cultivar ITO7K-298-9 that produced 37 leaves per
plant. The next ones were cultivars ITO7K-210-1-
1 and ITO7K-299-6 which had the same number
of leaves per plant of 36, followed by varieties
ITO9K-231-1 and IT10K-817-7 that also produced
the same number of leaves per plant of 32.
Cultivars  IT10K-973-1 and IT11K-61-82
produced the lowest number of leaves of 31
(Fig. 3).

In SBMV infected plants, cultivar IT11K-61-82
produced significantly (p<0.05) the highest
number of leaves per plant of 53, followed by

cultivar ITO7K-298-9 with 42 then cultivar IT10K-
843 with 35 leaves. The differences in the
number of leaves per plant among cultivars
ITO7K-210-1-1 with 35, ITO7K-299-6 with 33,
ITO9K-231-1 with 32 and IT10K-973-1 with 35
leaves were not significant (p>0.05). On the
other hand, cultivar IT10K-817-7 produced the
lowest number of leaves per plant of 31 (Fig. 3).

In CABMV + SBMV infected plants, IT11K-61-82
produced the highest number of leaves per
plants of 53, followed by cultivars ITO7K-298-9
with 45 and IT10K-817-7 with 43 leaves which
were not significantly (p>0.05) different. The
differences in the number of leaves per plant of
cultivars IT10K-843 with 39, IT10K-973-1 with
39, ITO7K-210-1-1 with 37 and ITO7K-299-6 with
37 leaves were not significant (p>0.05), while
cultivar ITO9K-231-1 produced the lowest
number of leaves per plant of 32.

In SBMV + CABMV infected plants, cultivar
IT11K-61-82 also produced the highest number
of leaves per plant of 50, followed by cultivar
IT10K-843 with 35 and cultivars ITO7K-298-9 and
ITO9K-231-1 produced 33 leaves per plants.
However, cultivar 1T10K-817-7 produced 32
leaves per pant and it was not significantly
(p>0.05) different from those of cultivars ITO7K-
210-1-1 and IT10K-973-1 which had the lowest
number of leaves of 30.

Plant height (cm)

i ®ITO7K-210-1-1
= ITO7K-298-9
® JTO7K-299-6
u JT09K-231-1
B IT10K-817-7
IT10K-843
ITI0K-973-1
IT11K-61-82

Control CABMV SBMV

Treatment

CABMV SBMV
+ +
SBMV CABMV

Fig. 2. Plant height of cowpea [Vigna unguiculata (L.) Walp.] cultivars inoculated with Cowpea
aphid-borne mosaic virus (CABMV), Southern bean mosaic virus (SBMV), CABMV+SBMV and
SBMV+CABMYV at 8 weeks after inoculation at Department of Crop Production, Federal
University of Technology, Minna, Niger State in the Southern Guinea Savanna region of Nigeria
in 2016
Note: Bars with dissimilar letter (s) differ significantly by Duncan’s Multiple Range Test at p=0.05
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Number of leaves per plant

70

Control

CABMV

SBMV

Treatment

®ITO7K-210-1-1
m[TO7K-298-9
= ITOTK-299-6

® ITO9K-231-1
W IT10K 8177
= IT10K-843
# IT10K-973-1
" IT1IK 6182

CABMV SBMV

+ +
SBMV CABMV

Fig. 3. Number of leaves per plant of cowpea [Vigna unguiculata (L.) Walp.] cultivars
inoculated with Cowpea aphid-borne mosaic virus (CABMV), Southern bean mosaic virus
(SBMV), CABMV+SBMV and SBMV+CABMYV at 8 weeks after inoculation at Department of Crop
Production, Federal University of Technology, Minna, Niger State in the Southern Guinea

Savanna region of Nigeria in 2016
Note: Bars with dissimilar letter (s) differ significantly by Duncan’s Multiple Range Test at p=0.05

3.3 Effect of Virus

Character

3.3.1 Seed weight

Infections on Yield

A range of 3.9 (ITO9K-231-1) to 7.2 (IT10K-843)
grams of seed weight was observed among the

healthy (control) plants (Fig. 4). The seed weight
observed ranged significantly (p<0.05) from 0.2
to 3.5 g for CABMYV infected plants, 1.3 to 4.9 g
for SBMV infected plants, 0.9 to 4.9 g for CABMV
+ SBMV infected plants and 0.7 to 4.4 g for
SBMV + CABMYV infected plants (Fig. 4).

Seed weight per plant (g)

8.0

7.0 4

6.0

5.0 A

40

3.0 A

Control

SBMV

Treatment

®TO7K-210-1-1
m[TO7K-298-9
= ITOTK-299-6
m[TO9K-231-1
®T10K-817-7

mITI0K-843
®ITI0K-973-1
BITIIK-61-82
CABMV SBMV
+ +
SBMV CABMV

Fig. 4. Seed weight per plant of cowpea [Vigna unguiculata (L.) Walp.] cultivars inoculated
with Cowpea aphid-borne mosaic virus (CABMV), Southern bean mosaic virus (SBMV),
CABMV+SBMV and SBMV+CABMV at Department of Crop Production, Federal University of
Technology, Minna, Niger State in the Southern Guinea Savanna region of Nigeria in 2016
Note: Bars with dissimilar letter differ significantly by Duncan’s Multiple Range Test at p=0.05
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In CABMV infected plants, cultivar IT10K-843
had the highest seed weight per plant of 3.5g,
followed by cultivars IT11K-61-82 with 1.4 g and
ITO7K-210-1-1 with 1.0 g. However, cultivars
ITO9K-231-1 and IT10K-973-1 exhibited the
same seed weight of 0.9 g. The next ones were
the seed weights of cultivars ITO7K-299-6 with
0.5 g, ITO7K-298-9 with 0.3 g, while cultivars
IT10K-817-7 had the lowest seed weight per
plant of 0.2 g (Fig. 4). In SBMV infected plants,
cultivar ITO7K-299-6 had the highest seed weight
of 4.9 g followed by cultivar ITO7K-298-9 with 4.5
g. The next ones were seed weights of
cultivars ITO7K-210-1-1, IT10K-843 and IT10K-
973-1 with 3.9 g which were the same, while
cultivar IT10K-817-7 exhibited the lowest seed
weight of 1.3 g.

In CABMV + SBMV infected plants, cultivar
IT10K-973-1 produced the highest seed weight
of 4.9 g, followed by cultivars ITO7K-299-6 (4.6
g), IT10K-843 (4.3 g), ITO7K-298-9 (4.2 Q),
IT10K-817-7 (1.7 g), ITO9K-231-1 with 1.2 g,
ITO7K-210-1-1 with 1.1 g while cultivar IT11K-61-
82 had the lowest seed weight of 1.0 g. In SBMV
+ CABMV infected plants, cultivar ITO7K-298-9
exhibited the highest seed weight of 4.4 g,
followed by cultivars ITO9K-231-1 and IT11K-61-
82 with 3.8 g, IT10K-973-1 with 3.6 g, ITO7K-
210-1-1 with 3.5 g, IT10K-843 with 3.2 g, ITO7K-
299-6 with 1.4 g, while cultivar IT10K-817-7 had
the lowest seed weight of 0.7 g.

4. DISCUSSION

The single and double virus infections reported in
this study had significant and different effects on
the eight cowpea cultivars evaluated which can
be attributed to the different susceptibility levels
of the cultivars to the respective viruses. All the
inoculated plants exhibited disease symptoms
indicating their susceptibility to single and double
infections of Cowpea aphid-borne mosaic virus
(CABMV) and Southern bean mosaic virus
(SBMV). This is in agreement with the work of
[21], who reported the susceptibility of cowpea to
single and double infections of CABMV and
SBMV.

Disease severity observed in this study was
based on the cowpea cultivar, age at the onset of
the virus infection and the type of virus treatment.
High symptom severity exhibited by all CABMV
infected and CABMV + SBMV infected plants
implied that CABMV was more aggressive than
SBMV. This observation is supported by the

report of [22] who affirmed that high severity can
occur when one of the infecting viruses is a
member of the genus Potyvirus. Another reason
that could be responsible for the high symptom
severity can be that these plants were infected at
an early stage of ten days after sowing by
CABMV which agrees with the findings of [21]
who recorded higher symptom severity on
cowpea infected with CABMV ten days after
sowing than at 30 days after sowing.

The cultivars which exhibited moderate symptom
severity probably possess resistant genes to the
respective viruses. More so, it was observed that
some cultivars infected with CABMV + SBMV
exhibited high symptom severity and vice versa
when infected with SBMV + CABMV. This
suggests that the contrary response of these
cultivars to the two types of double infections
might be due to the order and time of entry of the
viruses involved in the double infections. It can
also be due to the synergistic reaction occurring
from the other virus within the cultivars as
reported by [14].

Most of the cultivars produced leaves and pods
of the appreciable number but hardly gave
appreciable seed weights which are in contrast to
their initial satisfactory growth. This is similar to
the findings of [21] who reported a cowpea
cultivar that produced more leaves than the
control plants but eventually hardly produced any
yield. The plants infected with CABMV alone
were the most affected as they gave the lowest
seed weight per plant. This is in agreement with
the findings of [21] who reported that there are
cases where single virus infections had more
devastating effects on the crop than in double
infections.

5. CONCLUSION AND RECOMMENDA-
TIONS

The present study has established that the
evaluated cowpea cultivars were susceptible to
single and double infections of CABMV + SBMV.
Cultivar ITO7K-299-6 can be recommended to
cowpea farmers as a guarantee against crop
failure in case of CABMV and SBMV attack. It
can also be used as sources of CABMV and
SBMV tolerant genes for breeding purposes.
Intensive biotechnological research that will
result in the development of cowpea cultivars
with  multiple resistance to economically
important viruses should be explored.
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