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Viral infections are a major challenge to sustainable cowpea production in sub-Saharan Africa (SSA). 
Nine cowpea (Vigna unguiculata L. Walp) genotypes were evaluated for resistance against viral 
infection in a field trial involving randomized complete block design with 4 replications. Viral disease 
severity was assessed at 2, 4 and 6 weeks after planting (WAP) based on disease symptoms. Double 
antibody sandwich-enzyme linked immunosorbent assay (DAS-ELISA) using antisera raised against 
cucumber mosaic virus (CMV), cowpea severe mottle virus (CPSMV), cowpea mosaic virus (CPMV) and 
southern bean mosaic virus (SBMV) was used to detect the viruses associated with diseased leaf 
samples collected from the field. Biometric and yield data were also taken. The mean disease incidence 
and area under disease progress curve (AUDPC) varied significantly (P < 0.05) among the cowpea 
genotypes, with 7 (Apagbaala, UCC-366, UCC-489, UCC-490, UCC-497, UCC-514 and UCC-523) out of 9 
cowpea genotypes showing field resistance whilst the other two (UCC-473 and UCC-484) exhibited 
moderate resistance. ELISA showed that all the 9 cowpea genotypes were infected with at least one of 
the three viruses namely CMV, CPMV and CPSMV, whereas SBMV was not detected. Co-infection by 
CMV, CPMV and CPSMV was observed in UCC-366. Mean plant height, canopy diameter and seed yield 
differed significantly (P < 0.05) among the cowpeas. UCC-473, UCC-316, and UCC-523 had high mean 
seed yields of 6.690, 4.922 and 4.144 t ha

-1
 respectively, above the overall mean seed yield of 3.63 t ha

-1
, 

emphasizing their resilient to viruses.  
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INTRODUCTION 
 

Legumes play important roles in provision of food 
security, generation of income, and maintenance of 
environment in most smallholder farming systems in sub-
Saharan  Africa  (SSA)   (Odendo   et   al.,   2011).  Africa 

produces about 8 million tonnes of grain legumes 
estimated at about 70% of the total global production, 
from 17.7 million hectares of land (IITA, 2007).Cowpea 
(Vigna unguiculata L.Walp) is a major staple  food crop in
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sub-Saharan Africa (SSA), especially in the dry savanna 
regions of West Africa (Asare et al., 2010; Dugje et al., 
2009).The seeds are a major source of plant proteins and 
vitamins for man, feed for animals, and also a source of 
cash income. Cowpea leaves and green pods are 
consumed as vegetable and the dried grain is used in 
many different food preparations (Dugje et al., 2009; 
Kyei-Boahen et al., 2017). 

Cowpea is  an essential component of the  cropping 
systems because it fixes atmospheric nitrogen and 
contributes to soil fertility improvement particularly in 
smallholder farming systems where little or no fertilizer is 
used (Kyei-Boahen et al., 2017). The crop is drought 
tolerant and adapted to stressful environments (Bisikwa 
et al., 2014; Ddamulira et al., 2015) such as the 
prevailing conditions of the dry savannah regions in 
Ghana. Cowpea is an important food security crop and a 
major source of income especially in the Northern and 
Volta regions of Ghana where the bulk of the crop is 
produced. 

Viruses are a major biotic constraint to cowpea 
production, reported to bring about yield losses ranging 
from 10 to 100% (Dhanasekar and Reddy, 2015). Over 
140 viruses worldwide have been reported to attack 
cowpea and at least 11 of these occur in Africa (Hughes 
and Odu, 2003). Viruses considered most damaging to 
cowpea in Africa are bean common mosaic virus-black 
eye cowpea mosaic (BCMV-BICM), cowpea aphid-borne 
mosaic virus (CABMV), cucumber mosaic virus (CMV), 
cowpea mosaic virus (CPMV), cowpea severe mosaic 
virus (CPSMV), southern bean mosaic virus (SBMV) and 
cowpea mottle virus (CPMoV) (Hampton et al., 1997). 
Others are cowpea mild mottle virus (CPMMV) 
(Jeyanandarajah and Brunt, 1993), cowpea golden 
mosaic geminivirus (CGMV) and cowpea chlorotic mottle 
virus (CCMV) (Hampton et al., 1997). Viruses so far 
reported to be infecting cowpea in Ghana include SBMV, 
CABMV, BICMV and cowpea mild mottle virus (CPMMV) 
(Jeyanandarajah and Brunt, 1993; Lamptey and Hamilton, 
1974; Zettler and Evans, 1972). The seed-borne nature 
of these viruses renders them very destructive to 
emerging seedlings and insect vectors can spread these 
further (Ndiaye et al., 1993; Bashir et al., 2002). 

Effective management of these viruses is important to 
improve yields and quality of cowpea. Managing these 
viruses with insecticides is not effective because they are 
transmitted by several insect species in a non-persistent 
manner (Umaharan et al., 1997). The most economical, 
practicable and effective method of reducing crop losses 
due to viral infection is through the use of resistant 
varieties (Taiwo, 2003; Mbeyagala et al., 2014). 
Development of resistant varieties against different type 
and strain of viruses entails screening of germplasm in a 
particular agro-climate for identification of resistance to 
the particular strain prevailing in that region. However, 
field screening for virus resistance based solely on 
symptoms   is   not  reliable  (Shoyinka  et  al.,  1997),  as 

 
 
 
 
different viruses display overlapping symptoms 
(Dhanasekar and Reddy, 2015). Moreover, plants can 
also exhibit virus-like symptoms when exposed to 
adverse weather conditions, soil nutrient imbalances, 
pest infestations and non-viral infections (Hughes and 
Odu, 2003). Nine out of thirty-two (32) cowpea genotypes 
that were screened against viral infection under natural 
conditions in Ghana during 2015 major cropping season 
(Essandoh et al., 2017) were observed to exhibit mild 
symptoms of viral infections, indicating field resistance. 
Viruses associated with these symptoms are unknown 
and the performance of these resistant genotypes under 
different environment is also unknown. This study was 
therefore conducted to evaluate the performance of nine 
cowpea genotypes and to identify the associated viruses. 
 
 
MATERIALS AND METHODS 

 
Study area  

 
Field experiment was conducted at the Teaching and Research 
farm of the School of Agriculture, University of Cape Coast (UCC), 
which falls within the coastal savannah agro-ecological zone of 
Ghana, from July to October 2016 during the major cropping 
season. This location (5°10’N, 1.2°50’W) has Acrisol soil type and a 
distinct bimodal rainfall behaviour, with a major rainy season (May-
June) and a minor rainy season (August - October) with an annual 
rainfall ranging from 750 to 1000 mm (Parker et al., 2010). 
Temperatures of the area range from 23.2 to 33.2ºC with an annual 
mean of 27.6°C (Owusu-Sekyere et al., 2011). 

 
 
Plant material 

 
A total of nine cowpea genotypes were used for the study. These 
included eight recombinant inbred lines (F1, F2 or F3 generations) 
from University of Cape Coast (UCC-366, UCC-473, UCC-484, 
UCC-489, UCC-490, UCC-497, UCC-514, UCC-523) and the 
genotype Apagbaala from Savannah Agricultural Research Institute 
(SARI), Nyankpala, Ghana. 

 
 
Experimental design and field layout 

 
The randomized complete block design with nine treatments 
(cowpea genotypes) and four replications was used. A total land 
area of 2880 m2 measuring 40 m x 72 m was ploughed and 
harrowed to render the soil loose. It was then divided into four 
blocks, spaced 1.5 m apart, and each block was further divided into 
9 plots, spaced 1 m apart, and a plot size of 4 m x 4 m. Three 
seeds were sown per hill with an inter row spacing of 40 cm and 
intra-row spacing of 60 cm and later thinned to two plants per hill. 
There were four rows per plot, with 17 plants in a row, making 68 
plants per plot. 

 
 
Cultural practices 
 
The study was under rain-fed conditions. Weeding was done 
manually using a machete and a hoe, as well as pulling out weeds 
by hands, when necessary. Fertilizer (NPK 15:15:15) was applied 
at a rate of 250 kg ha-1. 
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Table 1. Visual scale for assessing severity of cowpea viral disease. 
 

Scale Symptom description 

1 No symptoms on all leaves 

2 Slight symptoms (1 to 25% of the leaves infected) 

3 Moderate symptoms (26 to 50% of leaves infected) 

4 Prominent symptoms with stunting (51 to 75% of leaves infected) 

5 Highly severe symptoms with stunting (> 75% of leaves infected) 

 
 
 
Data collection 
 
Data was collected on disease incidence and severity, plant height, 
canopy diameter and seed yield. In each case data was taken from 
10 inner rows of each plot and the mean per plant determined. Data 
on disease incidence and severity were assessed at 2, 4 and 6 
weeks after planting (WAP), based on disease symptoms described 
by Gumedzoe et al. (1998). 

Incidence of virus disease for the various fields was calculated 
using the formula: 

 

Disease incidence = 
                         

                      
×100 

 
The severity of viral disease in each field was assessed based on 
the 1 to 5 symptom severity scale developed by Gumedzoe et al. 
(1998) as shown in Table 1. 
 
 
Detection of viruses from cowpea samples 
 
Symptomatic leaf samples were collected from six weeks old plants 
of each of the eight cowpea genotypes from the field in order to 
identify viruses associated with them. Between three and five young 
leaves were taken from each plant sampled. Virus identification was 
done using standard double antibody sandwiched enzyme-linked 
immunosorbent assay (DAS-ELISA) as described by Clark and 
Adams (1977) using polyclonal antisera raised against CPMV, 
CPSMV, CMV and SBMV (DSMZ, Braunschweig, Germany). 

The leaf samples were pulverized with mortar and pestle in an 
extraction buffer (8.0 g NaCl, 0.2 g KH2PO4, 1.1 g Na2HPO4, 0.2 g 
KCl/L, pH 7.4) containing 0.05% v/v Tween 20, and 2% w/v 
polyvinylpyrolidone at a 1:10 ratio (tissue weight: extraction buffer 
volume). The microtitre plates (96 wells Nunc, Maxisorp, Roskide, 
Dernmark) were coated with primary (coating) antibody (IgG, 1/200 
in coating buffer, Na2CO3, NaHCO3, NaN2) and incubated at 37°C 
for 4 h. After washing the plates four times with phosphate-buffer 
saline pH 7 with Tween 20 (PBS-T), the wells were loaded with the 
leaf extracts at 200 µL extract per well and incubated overnight (for 
18 h) at 4°C.The plates were then washed four times with PBS-T, 
and incubated with enzyme conjugate (alkaline phosphatase 
conjugate (Sigma-Aldrich, Inc.), diluted at 1/200 in PBS-
T+BSA+NaN2) at 37°C for 2 h. After washing the plates four times 
with PBS-T, they were incubated for 1 hour at room temperature 
with freshly prepared phosphate substrate solution (100 µL per 
well) composed of p-nitrophenyl phosphate tablet (ADGEN 
Phytodiagnostics) at 1.0 mg mL-1 in 9.87% diethanolamine, pH 9.8. 
Healthy leaf sample and purified individual virus samples from 
DSMZ were included as negative and positive controls respectively 
in order to test the specificity and efficiency of the various 
polyclonal antibodies used in the assay.  

The absorbance values at 405 nm (A405) were recorded using 
Anthos microplate reader (Biochrum Ltd, Cambridge, UK). 
Absorbance values of three uninfected leaf samples were also 
measured. A test sample was deemed to be positive when the  A405 

was higher than 3 times the mean absorbance of the uninfected 
leaf samples (threshold value). 
 
 
Data analysis 
 
Data on mean viral disease severity scores were used to calculate 
area under the disease progress curve (AUDPC) for each of the 
cowpea genotypes according to Shaner and Finney (1977):     
 

      ∑                            

 

 

 

 
where: Yi = disease severity at the ith observation; Xi = time (weeks) 
at the ith observation, and n = total number of observations 

The AUDPC, which is a quantitative summary of disease 
intensity over a period 10 weeks was used to measure disease 
resistance in each cowpea genotype. Data on disease incidence 
was arcsine-transformed in order to homogenize the variances 
before subjecting to analyses of variance (ANOVA). The other data 
(disease incidence and severity, AUDPC, plant height, canopy 
diameter, and yield) were also subjected to ANOVA and the mean 
separated by least significance difference (LSD) method at 5% level 
of probability. Pearson's correlation coefficients were calculated for 
the relationships between disease, biometric and seeds yield data. 
All statistical analyses were performed using GenStat Release 
version 12 (VSN International). 
 
 
RESULTS 
 
Viral symptoms observed on the field 
 
Varying degrees of symptoms were observed on the field 
(Figures 1a to e). These include stunted growth, yellow 
mosaic, vein clearing, mottling of leaves and necrotic 
lesions. 
 
 
Incidence and severity of cowpea viruses on selected 
cowpea genotypes 
 

Viral disease incidence showed significant differences 
among the cowpea genotypes at 2 WAP (F8, 24 = 43.08; 
P<0.001), 4 WAP (F8, 24 = 6.91; P<0.001) and 6 WAP 
(F8, 24 = 7.02; P< 0.001) (Table 2). At 2 WAP, the 
genotype UCC-484 had the highest mean disease 
incidence (90%) which was significantly different (P<0.05) 
from all the other cowpea genotypes. On the other hand, 
the genotypes,  ApagbaalaUCC-514  and  UCC-489  had  
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Figure 1. Viral disease symptoms observed on the field; a = 
stunted growth, b = healthy plant, c = mosaic, d = vein 
clearing and mottling of the leaves, and e = necrotic lesions   
(Photographed by Carlos Tettey). 

 
 
 

Table 2. Mean viral disease incidence at 2, 4 and 6 weeks after planting, final severity and AUDPC for eight cowpea genotypes. 
 

Genotype 
Incidence 

Final severity HR AUDPC 
2WAP 4WAP 6WAP 

Apagbaala 0.00
e
 7.24

b
 0.00

b
 1.00

e
 R 4.07

f
 

UCC-366 7.24d
e
 12.96

b
 21.21

b
 1.13

c
 R 4.40

cd
 

UCC-473 50.83
b
 68.58

a
 68.58

a
 1.37

b
 MR 5.40

b
 

UCC-484 90.00
a
 53.57

a
 58.68

a
 2.00

a
 MR 7.87

a
 

UCC-489 0.00
e
 12.96

b
 7.24

b 
1.07

cde
 R 4.20

def
 

UCC-490 18.43
cd

 12.96
b
 18.43

b
 1.13

c
 R 4.37

cde
 

UCC-497 26.57
c
 18.27

b
 12.96

b
 1.10

cd
 R 4.57

c
 

UCC-514 0.00
e
 7.24

b
 12.96

b
 1.03

de
 R 4.10

ef
 

UCC-523 18.43
cd

 12.96
b
 12.96

b
 1.13

c
 R 4.50

c
 

Mean 23.54 25.0 23.7 1.21  4.83 

LSD 13.30 24.63 25.99 0.09  0.22 
 

Means followed by the same letter in the column are not significantly different from each other (P>0.05). Host reaction (HR) 1 = no 
symptoms on all leaves (NS), 2 = slight symptoms (SS), 3 = moderate symptoms (MS), 4 = prominent symptoms with stunting (PSS), 5 = 

highly severe symptoms with stunting (HSS). 

 
 
 
mean viral incidence of 0% each which was not 
significantly different (P > 0.05) from the mean incidence 
of 7.24% recorded for the genotype UCC-366 (Table 2). 

At 4 WAP, the genotype UCC-473 had the highest 
mean disease incidence of 68.58% while  Apagbaala had 

the lowest mean disease incidence of 7.24% (Table 2). At 
6 WAP, the genotype UC-96-473 had the highest mean 
disease incidence (68.58%) while Apagbaala had 0%. 
Mean disease incidence declined between 4 and 6 WAP 
in Apagbaala, UCC-489 and UCC-497 (Table 2).  

 

  

    

 

 

 

 

 

a:Stunted growth      b:Healthy growth         c:Mosaic 

 

 

 

 

           d:Vein clearing                                    Mottling  e:  Necrotic spot 

  

 

 

 

 

 

a:Stunted growth      b:Healthy growth         c:Mosaic 

 

 

 

 

           d:Vein clearing                                    Mottling  e:  Necrotic spot 

  

 

(a)                     (b)                      (c) 

                            (d)                                                    (e) 
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Table 3. Mean plant height, mean canopy diameter and mean seed yield of selected cowpea genotypes. 
 

Genotype Plant height (cm) Canopy diameter (cm) Seed yield (t ha
-1

) 

Apagbaala 14.7
cd

 88.5
cd

 3.38
bc

 

UCC-366 41.8
a
 150.1

a
 4.92

ab
 

UCC-473 13.0
d
 67.1

d
 6.69

a
 

UCC-484 37.0
ab

 127.6
ab

 2.48
c
 

UCC-489 32.9
b
 97.4

bcd
 2.87

bc
 

UCC-490 17.8
cd

 122.7
abc

 2.44
c
 

UCC-497 20.4
c
 128.3

ab
 2.50

c
 

UCC-514 32.2
b
 102.6

bcd
 3.21

bc
 

UCC-523 32.9
b
 133.4

ab
 4.14

bc
 

Mean 27.0 113.1 3.63 

LSD(0.05) 6.74 36.29 2.4 
 

Means followed by the same letter in the column are not significantly different (P>0.05). 
 
 
 

The result also revealed that the mean final disease 
severity scores recorded for the cowpea genotypes 
varied significantly (P < 0.05) among them (F8, 24 = 
102.72; P<0.001) (Table 2). Apagbaala displayed the 
lowest mean disease severity score (1.00) which was not 
significantly different (P > 0.05) from the genotypes UCC-
514 and UCC-489 with mean severity scores of 1.03 and 
1.07 respectively but was significantly different (P < 0.05) 
from the remaining 6 genotypes. Conversely, genotype 
UCC-484 had the highest mean final severity score of 
2.00, which was significantly different (P<0.05) from the 
other genotypes. 

The area under disease progress curve (AUDPC) 
showed significant difference among the cowpea 
genotypes (F8, 24=168.16; P<0.001) as shown in Table 
2. Genotype UCC-484 had the highest AUDPC of 7.87 
which was significantly different from all the other 
genotypes, indicating that UCCC-484 accumulated the 
highest disease pressure during the entire growing 
period. On the other hand, the genotype Apagbaala had 
the lowest AUDPC score of 4.07 which was not 
significantly different (P > 0.05) from the genotypes UCC-
489 and UCC-514 with AUDPC of 4.20 and 4.10 
respectively, indicating that they experienced the lowest 
disease pressure during the entire growing period. 
 
 

Biometric characters and seeds yield 
 

ANOVA showed significant differences among the 
cowpea genotypes in respect of their mean plant heights 
(F8, 24 = 20.86; P<0.001), mean canopy diameters (F8, 
24 = 4.36; P<0.002) and mean seed yields (F8, 24 = 
2.98; P<0.018) as shown in Table 3. The highest mean 
plant height (41.84 cm) was recorded for the genotype 
UCC-366 which was not significantly different (P > 0.05) 
from the genotype UCC-484 with a mean plant height of 
36.96 cm. Genotype UCC-473 had the lowest plant 
height (13.03 cm) which was not significantly different (P 
>  0.05)  from   that   of   the   genotypes,   UCC-490  and 

Apagbaala with a mean plant height of 17.77 and 14.71 
cm, respectively. Similarly, the highest canopy diameter 
(150.1 cm) was recorded for genotype UCC-366 which 
was not significantly different (P > 0.05) from the 
genotypes UCC-484, UCC-490, UCC-497 and UCC-523 
with mean canopy diameters of 127.6, 122.7, 128.3 and 
133.4 cm, respectively. Also, genotype UCC-473 had the 
lowest canopy diameter (67.1 cm) which was not 
significantly different (P > 0.05) from the genotypes, 
Apagbaala, UCC-489 and UCC-514 with mean canopy 
diameters of 88.5, 97.4 and 102.6 cm, respectively (Table 
3). 

Genotype UCC-473 had the highest seed yield (6.690 t 
ha

-1
) which was not significantly different (P>0.05) from 

the genotype UCC-366 with a mean seed yield of 4.922 t 
ha

-1 
but significantly higher (P<0.05) from the other 

genotypes. The seed yield recorded for UCC-366 was not 
significantly different (P<0.05) from the genotypes UCC-
523, Apagbaala, UCC-514 and UCC-489 with mean seed 
yields of 4.144, 3.379, 3.208

 
and 2.87 t ha

-1
,
  
respectively 

(Table 3).  
 
 

Correlations among the variables 
 

Correlation coefficients among the variables studied are 
shown in Table 4. AUDPC is correlated significantly 
positive with initial incidence (r=0.9123; P<0.01) and 
initial severity score (r=0.9708; P<0.01) (Table 4).There 
was also a highly significant positive correlation between 
initial incidence and initial severity (r=0.9040; P<0.01) 
(Table 4). Further, there was a significant positive 
correlation between plant height and canopy diameter 
(r=0.4317; P<0.05). 
 
 
Viral detection by double antibody sandwiched 
enzyme-linked immunosorbent assay (DAS-ELISA) 
 

Three virus  species namely  CPMV,  CPSMV  and  CMV 
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Table 4. Correlation between disease incidence and severity and plant height, canopy diameter and seed yields.  
 

Initial incidence Initial incidence Initial severity AUDPC PH CD Seed yield 

Initial severity 0.9040** -     

AUDPC 0.9123** 0.9708** -    

PH 0.0027 0.1538 0.1580 -   

CD 0.0776 0.0971 0.0581 0.4317* -  

Seed yield  0.1418 -0.1601 -0.0349 -0.0460 -0.1644 - 
 

*’ ** Significant at P<0.05 and P<0.01; PH, Plant height; CD, Canopy diameter; AUDPC, Area under disease progress curve. 

 
 
 

were detected in the cowpea genotypes using DAS-
ELISA and each sample was infected with at least one of 
the three viruses (Table 5). It was observed that some 
viruses were associated with single or multiple 
infection(s) in the plant samples. The leaf samples had a 
high prevalence of single virus infection compared with 
multiple virus infections. In single virus-infected leaf 
samples, CMV was the most prevalent, infecting 87.7% 
of the samples tested, followed by CPSMV which infected 
25% whereas CPMV was the least prevalent, infecting 
only 12.5%. Co-infection by CMV + CPSMV + CMV was 
observed in one cowpea genotype UCC-366. SBMV was 
not detected in any of the plant samples tested.  
 
 

DISCUSSION  
 

The virus symptoms observed on cowpea on the field 
 

Symptoms observed in the field (mosaic, leaf mottling, 
vein clearing and necrotic lesion) were similar to 
symptoms reported elsewhere on legumes affected by 
viral diseases (Akinjogunla, 2005; Aliyu et al., 2012). The 
varying symptoms observed in the study are suggestive 
of different viruses which infect cowpeas in the study 
area (Aliyu et al., 2012). The variation in symptoms 
observed in the study could be attributed to the type of 
viral strains infecting the cowpea, cowpea cultivar, the 
time of infection, light intensity, environmental 
temperature, and mixed infections (Jones et al., 1991; 
Aliyu et al., 2012).  
 
 

Incidence and severity of viruses on selected cowpea 
genotypes 
 

The study to evaluate nine cowpea genotypes for 
resistance to viral infections under natural conditions 
showed variation in the disease incidence and severity 
among the cowpea genotypes at various sampling dates 
(WAP). Variation in the level of viral infection among the 
cowpea genotypes in the current study could be related 
to their genetic variability. This finding is in agreement 
with the work done by Orawu (2007) in his study on the 
occurrence of CABMV and prospects of improving 
resistance  in   local    cowpea    landraces    in   Uganda. 

Ojuederie et al. (2009) also reported that the reaction of 
various cowpea accessions to viral disease is genotype 
dependent. Variation in the incidence and severity of viral 
disease among the cowpea genotypes could also be due 
to the age of the plants at the time of infection. According 
to Picó et al. (1996), plants infected or inoculated at older 
age produce milder symptoms which may be wrongly 
considered as manifestation of genetic resistance. This 
corroborates the report of Ehinmore and Kareem (2010) 
which states that infection at a later stage results in 
reduced effects because at that stage, the plants are 
more mature and the virus has little or no deleterious 
effects on them. Lapidot (2007) also reported that the 
success of TYLCV infection of beans is highly dependent 
on the bean plant age.   

With the exception of UCC-473 and UCC-484, which 
exhibited moderate resistance, the other cowpea 
genotypes exhibited mild symptoms of viral infection 
(Table 2). In this study, genotypes Apagbaala, UCC-366, 
UCC-489, UCC-490, UCC-497, UCC-514 and UCC-523 
with low disease severity in terms of AUDPC and low 
final severity scores may offer single or multiple virus 
resistance, which is comparable to previous work 
(Essandoh et al., 2017), where these nine cowpea 
genotypes were found to exhibit field resistance. This 
finding also corroborates the report by Mbeyagala et al. 
(2014) when they screened 105 cowpea genotypes for 
resistance against viral infection under natural condition 
in Uganda. The ELISA serology revealed that genotype 
UCC-366 that also exhibited field resistance was co-
infected with CMV, CPSMV and CMV (Table 5), 
demonstrating multiple field resistance against these 
three viral species. On the other hand, the ELISA 
detected single viral species from the other genotypes 
(UCC-489, UCC-490, UCC-497, UCC-514 and UCC-523) 
suggesting that they offered single virus resistance.  

The differences in the levels of prevalence of CMV, 
CPSMV and CMV in the cowpea genotypes could be 
explained on the basis of antagonism, inoculum level, the 
age of the plant, climatic conditions and cultivar type 
(Orawu et al., 2015). The varying reactions of the cowpea 
genotypes to different cowpea viruses observed in the 
present study is quite valuable because it will enable 
breeders to breed for resistance against viruses that 
prevail   at   a     particular    location,    as    reported    by 
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Table 5. Viral detection by double antibody sandwiched enzyme-linked immunosorbent assay (DAS-ELISA). 
 

Genotype CPMV CPSMV CMV SBMV 

Apagbaala - - + - 

UCC-366 + + + - 

UCC-473 - - + - 

UCC-484 - - + - 

UCC-489 - + - - 

UCC-490 - - + - 

UCC-497 - - + - 

UCC-514 - - + - 

UCC-523 - - + - 

Control (+ve) + + + + 
 

+ indicates the presence of the virus in the sample, - indicates the absence of the virus in the sample. 

 
 
 
Dhanasekar and Reddy (2015). 

The presence of viruses in a combination may result in 
synergism or antagonism effects within the infected 
plants. For instance, viruses acting in a synergistic 
manner enhance their infection rate, thus leading to the 
development of complexes of diseases (Syller and 
Grupa, 2016; Syller, 2012; Fondong et al., 2000). When 
viruses are antagonised when in a combination with other 
viruses, their rate of infection may be affected compared 
with single virus infection (Syller and Grupa, 2016; Syller, 
2012). In the present study, genotype UC-366 was co-
infected with CMV, CPSMV and CMV yet it exhibited mild 
symptom severity and low AUDPC compared to 
genotypes UCC-473 and UCC-484 which were infected 
with only CMV. This suggests that the three viruses 
(CMV, CPSMV and CMV) which infected UC-366 
exhibited antagonism among them, in contrast with 
synergism as reported (Syller, 2012; Fondong et al., 
2000). Nonetheless,  it has been reported (Syller, 2012) 
that multiple infections may result in the generation of 
variants showing novel genetic features, and thus change 
the genetic structure of the viral population. Hence, 
understanding the interactions between CMV, CPSMV 
and CMV in cowpea may be of crucial significance for the 
understanding of viral pathogenesis and evolution, and 
consequently for the development of efficient and stable 
management strategies, as suggested by Syller (2012). 

There were variations in the prevalence of the three 
viral species (CMV, CPSMV and CMV) detected by 
ELISA from the cowpea genotypes. CMV was found to be 
the most prevalent virus species in the study area, 
infecting 88.9% of the cowpea genotypes compared to 
CPSMV and CPMV and which infected only 22.2 and 
11.1% of the cowpea genotypes respectively. The high 
infection rate of  CMV observed in the current study could 
be due to the fact that it is highly seed borne in many 
cowpea varieties as reported by Thottappilly and Rossel 
(1987). The finding of this study also agrees with the 
report of Van Regenmortel et al. (2000) which states  that 

Bromoviridae including CMV, is one of the most important 
widespread viruses in the world infecting the largest 
number (approximately 1000) of plant species. The 
higher infection rate of the cowpea genotypes by CMV 
compared to CPMV and CPSMV could suggest its 
relative persistence under adverse environmental 
conditions over the other viruses. 

Leaf samples for all the accessions tested negative for 
SBMV, although the samples were symptomatic. Similar 
result was obtained by Ojuederie et al. (2009) in their 
study of serological detection of seed borne viruses in 
cowpea regenerated germplasm using protein A 
sandwich-ELISA. This could be due to low virus 
concentrations in the leaf samples or the presence of 
serologically variable strains of the viruses and the non-
availability of antibodies specific to them (Aliyu et al., 
2012). 

Mean disease incidence declined between 4 and 
6WAP in Apagbaala, UCC-489 and UCC-497, suggest 
symptom recovery (Table 2). In the case of Apagbaala, 
there was total recovery with the emergence of 
asymptomatic leaves following a systemic infection. 
According to Goshal and Sanfacon (2015), symptom is 
generally accompanied with reduced virus titres and 
sequence specific resistance to secondary infection. 
Jovel et al. (2007) had earlier argued that induction of 
recovery does not require a reduction of virus titre, and 
suggest that viral proteins RNAs or virus derived siRNA 
function to counteract host defense responses. 
 
 
Average growth and yield performance of selected 
cowpea genotypes 
 
Significant variations in the growth and yield among the 
cowpea genotypes (Table 3) could be due to different 
host-virus interactions (Anneke et al., 2013), age of 
plants at which plants were infected (Taiwo et al., 2007; 
Sastry and  Singh, 1974) and genetic  constitution  of  the  
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cowpea genotypes. Taiwo et al. (2007) reported that viral 
infection of cowpea at early age results in more severe 
symptoms, sometimes resulting in death of the affected 
plants. This may explain why the genotype UCC-484 
which experienced early and 90% disease incidence had 
the highest severity score), highest AUDPC and had a 
low seed yield (2.482 t ha

-1
) (Table 3). Significant 

negative correlation between AUDPC and seed yield in 
the present study (Table 4) further indicates that as the 
disease pressure increases the yield of the plant reduces. 
Similar result was obtained by Orawu (2007) when he 
evaluated cowpea genotypes for resistance to CABMV 
infection in Uganda. This observation could be due to the 
fact that the cowpea plants infected by viruses activate 
sophiscated defense pathways which operate at different 
levels, often at significant fitness costs, resulting in yield 
reduction as reported by Syller and Grupa (2016). 
Similarly, in maize-maize dwarf mosaic virus (MDMV) 
pathosystem, it was reported that the virus infection in 
maize induce necrotic disease which results in up to 91% 
yield loss and death of many plants especially when 
infection occur early( Uyemoto et al., 1981).  

Although genotype UCC-473 that displayed early viral 
symptom, and had moderately severe infection and high 
AUDPC, it had a seed yield of 6.69 t ha

-1 
which was 

higher than the seed yield for all the cowpea genotypes 
(3.63 t ha

-1
). This observation could be due to the plant’s 

ability to tolerate viral infection or recover from the 
damage by the disease (Kessler and Baldwin, 2002; 
Teetes, 1996) or an infection by mild strain of the virus. 

Generally, genotypes UCC-473, followed by UCC-316,  
and UCC-523 had mean seed yields of 6.690, 4.922 and 
4.144 t ha

-1
 respectively, above the mean seed yield of  

3.63 t ha
-1

 for all the nine cowpea genotypes. 

 
 
Conclusion 

 
The study identified 7 (Apagbaala, UCC-366, UCC-489, 
UCC-490, UCC-497, UCC-514 and UCC-523) out of 9 
cowpea genotypes showing field resistance whilst the 
other two (UCC-473 and UCC-484) exhibited moderate 
resistance, in respect of their AUDPC values and final 
severity scores. ELISA serology revealed that each of the 
nine cowpea genotypes was infected with at least one of 
the three viral species namely CMV, CPSMV and CPMV, 
suggesting none was immune to virus infection. CMV 
was found to be the most prevalent virus species in the 
study area, infecting eight (8) out of nine (9) cowpea 
genotypes compared to CPSMV and CPMV which 
infected two and one cowpea genotypes, respectively. 
Genotype UCC-473, followed by genotypes UCC-316 
and UCC-523 had mean seed yields of 6.690, 4.922 and 
4.144 t ha

-1
, respectively, above the mean seed yield of 

3.63 t ha
-1

 for all the nine cowpea genotypes. Multi-
locational evaluation of these three cowpea genotypes 
could be carried out prior to their release as varieties. 
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