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ABSTRACT 
 

Aims: Soil borne fungi such as Rhizoctonia solani are among the pathogens that infect cowpea 
(Vigna unguiculata) causing web blight which results in yield loss of 30% worldwide. Disease 
infection is mostly controlled by the use of chemicals, which occasionally reaches the level of 
toxicity thereby polluting the environment as well as killing beneficial microorganisms in soil. The 
present study was conducted to evaluate seven cowpea genotypes for their resistance to 
Rhizoctonia solani.  
Place and Duration: The study was carried out during the 2017 cropping season at the 
experimental fields of the University for Development Studies, Nyankpala, Northern Region of 
Ghana.  
Methodology: The field was laid in a randomized complete block design (RCBD) with seven 
treatments and each treatment replicated three times. Data was collected on disease incidence, 
severity and grain yield.  
Results: The results showed that IT99K-1122 had the least incidence and severity whereas Sanzi 
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recorded the highest disease incidence and severity. The results showed that IT99K-1122 was 
moderately resistant and also recorded the highest yield.  
Conclusion: It was recommended that farmers cultivate IT99K-1122 as it was found to be the most 
suitable genotype offering resistance to R. solani. Thus, IT99K-1122 which was also moderately 
resistant was suggested to be used as a source of resistance to R. solani in future breeding works. 
 

 
Keywords: Resistance; disease incidence; Rhizoctonia solani; susceptible; cowpea genotype. 
 

1. INTRODUCTION  
 
Cowpea (Vigna unguiculata (L.) Walp) is one of 
the most important legumes in the farming 
systems particularly in the Northern part of 
Ghana. It is mostly grown by smallholders in the 
hot, drought-prone savannas and very arid 
Sahelian agro-ecological zones where it is often 
intercropped with sorghum and pearl millet [1]. In 
comparison to cereals, cowpea is a cheap 
source of proteins and amino acids [2]. 
Depending on the variety or cultivar, the crop 
may exhibit different morphological features such 
as climbing, erectness, semi erect, prostate or 
creeping and usually indeterminate under 
favourable environmental conditions [3]. Due to 
its valuable and dependable nature, cowpea 
provides income to many small holder farmers 
and traders in sub-Saharan Africa [4]. All parts of 
the plant are used as food and provide nutrient 
such as proteins and vitamins [5]. Cowpea 
thrives very well in the tropics particularly Africa 
with Nigeria and Niger accounting for 66% of 
world production. Nigeria produced an average 
of 3.5 ton of cowpea followed by Niger with 1.6 
ton between 2010 and 2014 [6]. Cowpea is 
adapted to different soil types; and has been 
observed to grow well in sandy soils where root 
growth is not restricted [7]. The crop requires 
well-drained soils with a pH of 5.6 - 6.0 but can 
still produce reasonable yield in waterlogged and 
heavy soils [8]. The optimum rainfall conditions 
for cowpea range from 400 to 700 mm per 
annum [8]. 
 
Yields are significantly low despite the numerous 
significance cowpeas existence in regions such 
as sub-Saharan Africa. In Ghana, pests and 
diseases, low soil fertility, as well as drought, are 
the major constraints of cowpea production [9]. 
Also, the production of cowpea without the 
control of insect pests as well as various 
bacterial and fungal diseases are high in Africa 
which result in the severe damage by pests and 
diseases hence the reduction in yields [3,10]. 
Soil and seed - borne fungi are among the 
pathogens that infect cowpea causing web blight, 

stem rot, seedling decay and damping - off 
complex which result in low yield [10].  
 
The most frequently used control measure 
against pests and diseases is by synthetic 
pesticides usage whose intensive and 
indiscriminate use in agriculture has caused 
many problems to the environment [11]. Such 
problems include water, soil, animals, food 
contamination; poisoning of farmers; elimination 
of non-target organisms, selection of pest and 
weed tolerance to certain pesticides [12]. 
Alternative control measures of plant diseases 
include cultural, biological, regulatory and the 
use of crops resistant to certain pests and 
diseases [13]. The use of resistant crop varieties 
is the most economical, easiest, and safest and 
one of the most effective means of managing 
plant diseases in crops [13,14]. It is therefore 
important to give appropriate research attention 
to finding cowpea varieties resistant to stem rot 
so as to minimise losses caused by the disease 
in a manner that will not pose threat to the 
environment, human and beneficial animals. 
 
The present study was, therefore, set up to 
evaluate seven genotypes of cowpea for their 
resistance to web blight caused by wild relatives 
of Rhizoctonia solani. 
 
2. MATERIALS AND METHODS  
 
2.1 Study Area 
 
The study was conducted at the ‘‘Farm for 
Future’’ of the University for Development 
Studies (UDS), Nyankpala campus in the Tolon 
District of Northern Region, Ghana. Nyankpala is 
within the Guinea-Savanna zone with annual 
rainfall of about 1200 mm. It lies between latitude 
9º, 25 º North and longitude 0º, 25º West on 
altitude 183 m above sea level. The distribution 
of temperature is fairly uniform with a maximum 
relative humidity of 76.8% and minimum of 46%. 
The area has a monomodal rainfall pattern which 
starts in May and ends in October. The cropping 
season, therefore, starts in mid-June to October 



with the rest of the year being dry and hazy [15].  
The study was carried out between the months of 
August and November 2017. 
 

2.2 Experimental Design and Treatments
 

The experiment was laid in randomized complete 
block design with seven treatments replicated 
three times.  
 

2.3 Land Preparation and Layout 
 

The total area used was 351 m
2
 with 13 m x 27 

m dimensions. The plot size was 3 m x 3 m 
made up of 5 rows x 15 stands giving the total 
number of stands on each plot to be 75 per 
replicate and in the three replicates giving a total 
of 1575 plants. The plots and replications were 
separated by a distance of 2 m between 
replications and 1m between plots. Weeding was 
done regularly until maturity. 
 
Refilling was carried out 10 days after planting 
(DAP) as a result of poor germination of seeds. 
Plants were also thinned to two plants per
10 days after planting. At 30 DAP, Cypermethrin 
10 EC in 200 ml/200 L of water insecticide was 
foliar - sprayed using a Knapsack sprayer and 
was applied thrice at weekly intervals on all 
replications. Data on yield components, pod 
number per plot were collected at harvest and 
grain yield per plot was obtained after threshing.
 

2.4 Data Collection 
 

Data collection commenced three (3) weeks after 
seedling emergence. Five plants were randomly 
selected and tagged from each plot for data 
collection. The tagging was done by tying a 
coloured thread at the base of the selected 
plants for easy identification of the selected 
plants throughout the data collection period. The 
following data were taken on selected plants at 
three (3) weeks interval beginning fro
week after seedling emergence. 
 
2.4.1 Number of leaves 
 
Leaf numbers were determined by counting the 
number of leaves on 5 tagged plants in the two 
middle rows and the mean recorded.
 

2.4.2 Plant height  
 

Plant height was measured with a metre
5 tagged plants of each plot. Height was 
measured from ground level to the topmost leaf 
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Leaf numbers were determined by counting the 
number of leaves on 5 tagged plants in the two 
middle rows and the mean recorded. 

Plant height was measured with a metre rule on 
5 tagged plants of each plot. Height was 
measured from ground level to the topmost leaf 

axil of the main stem and the mean height was 
expressed in centimetres.  
 
2.4.3 Number of pods per plant  
 
This was estimated by counting the number of 
pods from the 5 tagged plants harvested from the 
two middle rows and the mean recorded.
 
2.4.4 100 seed weight 
 
A random 100 dried seed were taken from the 
harvested bulk and weighed to the nearest 0.1 g.
 
2.4.5 Seed yield 
 
The pods from the harvested plants from
middle rows were shelled and the weight of the 
seed recorded at 12% moisture content and later 
converted using the formula: 
 

Seed yield (kg/ha) = Seed yield (kg) 
Harvested area (m

2
) x 10000 m

 
Seed yield (t/ha) = Seed yield (kg/ha) × 1000

 
2.4.6 Disease assessment 
 
The web blight disease severity was recorded 
using Web blight disease severity rating scale (1
9) [16] with modification. The detailed rating 
scale was as follows: 1 = No lesions on leaves; 3 
= 1-25% area covered by lesions; 5 = 2
area covered by lesions; 7 = 50.1
covered by lesions; 9 = 75.1-100% area covered 
by lesions. 
 
Disease incidence (DI) percentage was 
calculated using the following formula:
 

 
Disease severity (DS) percentage was 
determined using the following formula:
 

 
Using the severity values, the cowpea genotypes 
were grouped into five different classes based on 
a modified scale of [17] where lines with severity 
(%) of; 
 
0 = immune, 1 – 15 = highly resistant, 16 
moderately resistant, 31 – 45 = moderately 
susceptible, > 45 = highly susceptible
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2.5 Statistical Analyses 
 

GenStat (18
th
 edition) statistical package was 

used to analyse all data taken by subjecting it to 
analysis of variance (ANOVA). Means were 
separated using the least significant difference 
(LSD) at 5%. 
 

3. RESULTS 
 

3.1 Incidence and Severity of Web Blight 
on Cowpea Genotypes 

 

Table 1 shows that significant differences (P < 
0.05) existed in disease incidence among the 
cowpea genotypes. At 3 WAP, Sanzi recorded 
the highest disease incidence (35.1%) which was 
significantly different from the remaining six 
cowpea genotypes. Genotype IT99K-1122 
recorded the least incidence (13.2%) which did 
not differ significantly from IT07K-299-6, 
Songotra and Zaayura. Padituya did not also 
differ significantly from Songotra and Zaayura. At 
6 WAP, IT99K-1122 recorded the least incidence 
of 20% which was significantly different from 
Padituya, Songotra, Apagbaala, IT07K-299-6, 
Sanzi and Zaayura. Sanzi recorded the highest 
incidence of 57.9% which was also significantly 
different from the rest of the cowpea genotypes 
evaluated. At 9 WAP, Sanzi again recorded the 
highest incidence of 75.5% which differed 
significantly from the remaining cowpea 
genotypes. Genotype IT99K-1122 recorded the 
least incidence of 25.6% which was also 
significantly different from the rest of the cowpea 
genotypes. The control (Apagbaala) did not differ 
significantly from Padituya and Zaayura whiles 
Songotra did not differ statistically from genotype 
IT07K-299-6. 
 

From Table 1, there was significant difference (P 
< 0.05) in disease severity in cowpea genotypes. 
At 3 WAP, Sanzi recorded the highest severity of 
36.7% which was significantly different from the 
remaining treatments. Genotype IT99K-1122 
recorded the least severity of 22.8% which also 
differed significantly from the remaining 
genotypes. Songotra did not differ significantly 
from IT07K-299-6 while Padituya did not differ 
significantly from the control (Apagbaala). At 6 
WAP, IT99K-1122 recorded the least severity of 
29.3% which was not significantly different from 
IT07K-299-6 and Zaayura. Sanzi recorded the 
highest severity of 55.6% which was significantly 
different from Padituya, Songotra, Apagbaala, 
IT07K-299-6, Sanzi and Zaayura. Padituya did 
not differ significantly from Songotra and 
Apagbaala (Control). At 9 WAP, Sanzi recorded 

the highest severity of 76.5% which was 
significantly different from the rest of the 
treatments. Genotype IT99K-1122 recorded the 
least severity (30.8%) which did not differ 
significantly from IT07K-299-6, Padituya and 
Songotra. Padituya was not also significantly 
different from Apagbaala (Control) and Zaayura. 
 

3.2 Yield Components, Yield and Disease 
Rating of Cowpea Genotypes  

 

At 3 WAP, Padituya recorded the highest plant 
height of 12.2 cm which was not significantly 
different from Songotra and Zaayura (Table 2). 
Sanzi recorded the lowest plant height of 7.8 cm 
which was not significantly different from IT0K-
299-6, Apagbaala (Control) and IT99K-1122. At 6 
WAP, IT0K-299-6 recorded the highest plant 
height of 20.3 cm which was not significantly 
different from the remaining six treatments. 
Apagbaala (Control) recorded the least plant 
height of 14.8 cm. There was no significant 
difference among the cowpea genotypes. At 9 
WAP, IT99K-1122 recorded the highest plant 
height of 29.7 cm which was significantly 
different from Zaayura, Padituya, Apagbaala 
(Control), IT07K-299-6, Sanzi and Songotra. 
Sanzi recorded the least plant height of 19.1 cm 
which was also significantly different from the 
rest of the genotypes. There was however no 
significant difference between Songotra and 
Apagbaala (Control) and also no significant 
difference existed between Padituya, IT07K-299-
6 and Zaayura. 
 

From Table 2, there was significant difference in 
the number of leaves among the cowpea 
genotypes. At 3WAP, Sanzi recorded the highest 
number of leaves which was significantly 
different from the rest of the treatments. Zaayura 
recorded the least number of leaves which was 
not significantly different from IT07K-299-6, 
Apagbaala (Control) and Padituya. At 6 WAP, 
IT99K-1122 recorded the highest number of 
leaves which was not significantly different from 
Sanzi. Padituya recorded the least number of 
leaves which was not significantly different from 
Apagbaala, Zaayura and IT07K-299-6. At 9 
WAP, IT07K-299-6 recorded the least number of 
leaves which was not significantly different from 
Songotra, Zaayura and Padituya. IT99K-1122 
recorded the highest number of leaves which 
was not significantly different from Sanzi.  
 

From Table 2, also, the number of pods per 
plant, number of seeds per pod and total grain 
yield varied significantly. IT07K-299-6 recorded 
the highest number of pods per plant which was 



 
 
 
 

Kankam et al.; AJRCS, 2(3): 1-7, 2018; Article no.AJRCS.44182 
 
 

 
5 
 

not significantly different from Padituya, Zaayura 
and IT99K-1122. Sanzi, on the other hand, 
recorded the least number of pods per plant 
which was not significantly different from 
Songotra, Apagbaala (Control) and IT99K-1122. 
 
Zaayura recorded the highest 100 seed weight 
which did not vary significantly from Padituya and 
IT99K-1122 (Table 2). Sanzi recorded the least 
100 seed weight which was significantly different 
from Songotra, IT07K-299-6, Zaayura, Padituya, 
Apagbaala and IT99K-1122. Songotra was not 
significantly different from Apagbaala (Control) 
and IT07K-299-6. 
 
In terms of grain yield, IT99K-1122 recorded the 
highest yield, which varied significantly from 
Zaayura, Padituya, Apagbaala (control) IT07K-
299-6, Sanzi, and Songotra (Table 2). Sanzi 
recorded the least grain yield which was 
significantly different from Zaayura, Padituya, 
Apagbaala (control), IT07K-299-6, IT99K-1122 
and Songotra. The yield Songotra was not 
significantly different from those of IT07K-299-6, 
Apagbaala (Control) and Zaayura. 
 

The cowpea genotypes were separated into 
different host reaction groups based on the scale 
described by [17]. The field evaluation showed 
that Padituya, Songotra, and IT07K-299-6 were 
moderately susceptible; Apagbaala (Control), 
Sanzi and Zaayura were highly susceptible while 
IT99K-1122 was moderately resistant (Table 2). 
 

4. DISCUSSION 
 
Rhizoctonia solani produced reddish brown 
lesions on the leaves and also on the stem at soil 
level resulted in stem girdled which agrees with 
the report of [18] that seedling infected with R. 
solani had reddish brown lesions on leaves and 
cankers on the stem and roots. The results show 
that no cowpea genotype tested was immune to 

the disease even though some genotypes 
showed different level of resistance to the 
disease. The study recorded significant 
differences in web blight incidence and severity 
among the cowpea genotypes evaluated and 
IT99K-1122 recorded the least web blight 
incidence and severity while Sanzi recorded the 
highest incidence and severity. It was observed 
during the study that cowpea genotypes that 
exhibited prostrate or indeterminate growth habit 
particularly Sanzi recorded the highest incidence 
and severity of web blight whereas cowpea 
genotypes that exhibited erect or determinate 
growth habit particularly genotype IT99K-1122 
recorded the least incidence and severity. This 
could be due to the fact that the leaves and 
branches of cowpea genotypes with 
indeterminate or spreading growth habit were 
almost touching the ground and so were exposed 
to R. solani pathogens in the soil. Also, splashes 
of soil during rainfall could easily get into contact 
with the branches and leaves of the plants which 
could lead to increased population of the 
pathogen hence increased severity of web blight. 
 

Incidence and severity of web blight could be 
associated to the fact that the cowpea genotypes 
were cultivated as a sole crop in the field which 
allowed for the quick increase in pathogen 
population which conformed to findings of [19] 
who also recorded high disease severity in 
cowpea caused by R. solani. Disease incidence 
and severity may also be attributed to the growth 
forms of the various cowpea genotypes. Also, 
higher incidences and severities recorded in the 
field could be attributed to the fact that the soil 
was not sterilised. The report of [20] showed that 
cowpea web blight and stem rot were caused by 
complex of soil fungi which included S. rolsii, R. 
solani and Pythium ultimum. Also [21] showed 
that cowpea stem rot caused by complex of soil 
borne fungi was more severe than those caused 
by a single fungus. 

 

Table 1. Incidence and severity of web blight on cowpea genotypes at three weeks interval 
after planting 

 

Treatments   Disease incidence (%) Disease severity (%) 
 3WAP 6WAP 9WAP 3WAP 6WAP 9WAP 
Padituya 21.13cd 37.93c 46.0c 34.23c 39.60c 44.3bc 
Songotra 18.10bc 26.63d 30.3d 29.67d 35.23cd 36.9b 
IT99K-1122 13.23b 20.00b 25.6b 22.87b 29.33b 30.8b 
IT07K-299-6 15.73b 24.90de 30.5d 28.40d 33.50bd 38.9bc 
Sanzi 35.10a 57.90a 75.5a 36.77a 55.60a 76.5a 
Zaayura 18.67bc 27.97d 51.9c 25.27e 29.57b 48.5c 
Apagbaala (Control) 24.20d 37.07c 47.0c 34.37c 43.07ce 48.6c 
LSD (0.05) 2.97 2.81 10.65 2.21 4.35 10.16 
CV (%) 8.00 4.60 13.90 4.10 6.30 12.50 

Figures with the same alphabets in a column are not significantly different (P ≥ 0.05) 
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Table 2. Yield components, yield and disease rating of cowpea genotypes at three weeks 
interval and at harvest 

 
Treatments Plant height Number of flowers Number 

of pods/ 
plant 

100 
seed 
weight 
(g) 

Grain 
yield 
(t/ha) 

Host 
reaction 
group 

3WAP 6WAP 9WAP 3WAP 6WAP 9WAP 

Padituya 12.23a 17.17a 27.07c 15.67c 49.7b  69.0b 9.67a 19.20a 0.907c MS 
Songotra 10.87a 16.70a 24.13d 17.33c 55.3ab  67.3b 7.67b 16.23c 0.803d MS 
IT99K-1122 9.60ac 19.33a 29.73a 17.67c 66.7a  93.3a  8.00ab 19.03a 1.023a MR 
IT07K-299-6 8.73ab 20.30a 26.57c 15.00c 49.7b  65.3b 10.33a 17.67ca 0.817d MS 
Sanzi 7.80b 15.93a 19.17b 20.33a 61.7a 88.0ac  4.67b 11.73b 0.627b HS 
Zaayura 10.23a 17.80a 28.17c 14.33b  54.0b 71.0b  8.67ab 21.37a 0.853cd HS 
Apagbaala 
(Control) 

8.47ab 14.83a 23.23d 16.67c  52.3b 78.0c  6.00b 15.70c 0.737d HS 

LSD (0.05) 2.30 7.14 2.13 2.77   9.32 11.03  3.40 3.30 0.09  
CV (%) 13.30 23.00 4.70 9.30   9.40 8.20  4.30 10.70 6.40  

Figures with the same alphabets in a column are not significantly different at 5% level of significance (P ≥ 0.05). 
Keys: MS = Moderately susceptible.  MR = Moderately resistant.  HS = Highly susceptible. HR=Highly resistant 

 
From the study, genotype IT07K-299-6 recorded 
the highest number of pods per plant. However, 
its superior performance might be due to the 
good agronomic practices on the field. The study 
recorded significant difference in number of pods 
per plant. Sanzi recorded the least number of 
pods per plant and this could be attributed to the 
fact that Sanzi recorded the highest incidence 
and severity of web blight. IT99K-1122 recorded 
the highest grain yield and this could also be 
attributed to the fact that this cowpea line 
recorded the least severity and incidence of web 
blight. The results showed that the number of 
pods and grain yield significantly decreased with 
an increase in incidence and severity. This 
shows that cowpea web blight caused significant 
reduction in yield. This agrees with [22] who 
reported a negative and significant correlation 
between cowpea scab severity and grain yield in 
Samaru Zaria. Also, [23] recorded significant 
negative correlation between yield of maize and 
severity of root and basal stem rots caused by R. 
solani. The present study has shown that 
cowpea web blight is a serious limiting soil-borne 
pathogen to cowpea production in Northern 
region of Ghana and calls for provision of 
concomitant management strategies for it by 
relevant stakeholders in the region. 
 

5. CONCLUSION 
 
There were significant differences in disease 
severity and incidence among the cowpea 
genotypes evaluated. Sanzi recorded the highest 
disease incidence and severity from the third 
week to ninth week while IT99K-1122 recorded 
the least incidence and severity. However, the 
superior performance of genotype IT99K-1122 
could be due to certain inherent abilities which 

could prevent damage from R. solani and also 
could withstand damage in case it occurred. The 
study revealed that among the seven cowpea 
genotypes used IT99K-1122 was the most 
resistant cowpea genotype, followed by IT07K-
299-6, Songotra, Padituya, Zaayura, Apagbaala 
(Control) and Sanzi. Genotype IT99K-1122 
could, therefore, form part of Integrated Disease 
Management (IDM) strategy for web blight of 
cowpea in areas where the disease is reported to 
cause yield loss. 
 

COMPETING INTERESTS 
 

Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
1. Dugje IY, Omoigui LO, Ekeleme F. 

Farmers’ guide to cowpea production in 
West Africa; 2009. 

2. Elhardallou SB, Khalid I, Gobouri A, Abdel-
Hafez S. Amino acid composition of 
cowpea (Vigna ungiculata (L.) Walp) flour 
and its protein isolates. Journal of Food 
and Nutrition Sciences. 2015;6:790-797. 

3. Timko MP, Ehlers JD, Roberts PA. 
Cowpea. In: Kole C (ed.) Genome 
Mapping and Molecular Breeding in Plants, 
Pulses, Sugar and Tuber Crops, Springer 
Verlag, Berlin. Heidelberg. 2007;3:49-67. 

4. Langyintuo AS, Lowenberg-DeBoer J, 
Faye M, Lambert D, Ibro G, Moussa B. et 
al. Cowpea supply and demand in West 
and Central Africa. Journal of Field Crops 
Research. 2003;82:215-231. 

5. Islam S, Cowmen RC, Ganer JO. 
Screening for tolerance of stress 



 
 
 
 

Kankam et al.; AJRCS, 2(3): 1-7, 2018; Article no.AJRCS.44182 
 
 

 
7 
 

temperature during germination of twenty-
five cowpea (Vigna unguiculata (L.) Walp) 
cultivars. Journal of Food, Agriculture and 
Environment. 2006;4(2):189-191. 

6. FAOSTAT. (Food and Agriculture 
Organization of the United Nations).  
Available:http://faostat3.fao.org/faostat-
gateway/go/to/download/Q/QC/E  
(On 4 May, 2018) 

7. Department of Agriculture, Forestry and 
Fisheries (DAFF). Production guidelines 
for Cowpeas. Compiled by Directorate 
Plant Production; 2011. 

8. Smith B. The farming handbook. South 
Africa: University of KwaZulu-Natal Press; 
2006. 

9. International Crops Research Institute for 
the Semi-Arid Tropics (ICRISAT). Cowpea 
farming in Ghana. Bulletin of Tropical 
Legumes; 2012. 
Available:www.icrisat.org/tropicallegumesII
/pdfs/BTL16-20122712 

10. Singh BB. Cowpea (Vigna unguiculata (L.) 
Walp. In: Singh RJ, Jauhar PP. (eds). 
Genetic resources, chromosome 
engineering and crop improvement. 
Volume 1, CRC Press, Boca. Raton, FL, 
USA. 2005;117-162. 

11. Bacmaga M, Wyszkowska J, Kucharski J. 
The effect of the Falcon 460 EC fungicide 
on soil microbial communities, enzyme 
activities and plant growth. Ecotoxicology. 
2016;25(8):1575-1587. 

12. Nidhi S, Trivedi PC. Screening of leaf 
extracts of some plants for their 
nematicidal and fungicidal properties 
against Meloidogyne incognita and 
Fusarium oxysporum. Asian Journal of 
Experimental Science. 2002;16:21-28. 

13. Agrios GN. Plant Pathology, 5th edn. 
Elsevier Academic Press, Oxford, UK. 
2005;593-599. 

14. Sharma HC, Ortiz R. Host plant resistance 
to insects: An eco-friendly approach for 

pest management and environment 
conservation. Journal of Environmental 
Biology. 2002;23:111-135. 

15. Savanna Agriculture Research Institute 
(SARI). Production guide on cowpea 
(Vigna unguiculata L. Walp); 2012. 

16. Stonehouse J. Assessment of Andean 
bean diseases using visual keys. Plant 
Pathology. 1994;43:519-527. 

17. Adejumo TO, Florini DA, Ikotun T. 
Screening of cowpea cultivars to leaf smut. 
Crop Protection. 2001;20:303-309. 

18. Olsen MW, Young DJ. Damping-off. 
Cooperative Extension. College of 
Agriculture and life sciences, the University 
of Arizona, Tucson, Arizona.  
Available:extension.arizona.edu/pubs/az10
29.pdf  
(On 2 August, 2018) 

19. Adandonon A, Aveling TAS, Tamo, M. 
Occurrence and distribution of cowpea 
damping off and stem rot and associated 
fungi in Benin. Journal of Agricultural 
Science. 2004;142:561-566. 

20. Adandonon, A, Aveling TAS, Labuschagne 
N, Ahohuendo BC. Pythium - Rhizoctonia 
complex causing damping off of cowpea in 
South Africa. African Journal of Plant 
Protection. 2001;7(2):111-113. 

21. Onuorah PE. Pythium seed decay and 
stem rot of cowpea (Vigna sinensis (Linn.) 
Savi) in southern Nigeria. Journal of Plant 
and Soil Sciences. 1973;39:187-191. 

22. Mbong GA, Akem CA, Alabi O, Emechebe 
AM, Alegbejo MD. Effect of sowing date on 
yield and yield components of cowpea 
infected with scab. Asian Journal of 
Agricultural Sciences. 2010;2(2):57-62. 

23. Soonthornpoct P, Trevathan LE, Gonzalez 
MS, Tomaso-Peterson M. Fungal 
occurrence, disease incidence and 
severity, and yield of maize symptomatic 
for seedling disease in Mississipi. 
Mycopathologia. 2000;150:39-46. 

_________________________________________________________________________________ 
© 2018 Kankam et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited.  
 
 

 Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sciencedomain.org/review-history/26785 


