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ABSTRACT 

 

Cowpea is a dual-purpose protein crop which has a high nutritional value. However, many problems 

such as cowpea aphid-borne mosaic virus limit its production. This study aimed at assessing the resistance of 

varieties of cowpea to cowpea aphid-borne mosaic virus (CABMV). Thus, a complete diallel cross between 

five cowpea varieties was done in a partially balanced incomplete block plan (alpha design) with three 

replications. The F1 descendants obtained and their parents were evaluated using five characters. Results 

obtained reveal that all characters discriminate the parents and F1 descendants. All five parents tested revealed 

their resistance or susceptibility status to CABMV. The F1 descendants from the cross between local Gorom x 

KVx640, KVx30-309-6G x KVx396-4-5-2D, KVx61-1 x KVx640, KVx640 x local Gorom and KVx640 x 

KVx61-1 which have shown a low severity value and a high weight of one hundred seeds are the best. They 

could be used in Burkina Faso’ cowpea breeding program to develop resistant varieties to cowpea aphid-borne 

mosaic virus. 

© 2018 International Formulae Group. All rights reserved. 
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INTRODUCTION 

Cowpea (Vigna unguiculata (L.) 

Walp.) is one of the main legumes cultivated 

in Burkina Faso. It would hail from West 

Africa, which is considered to be the primary 

center of diversity and domestication (Ng et 

al., 1985). It adapts well to hot-humid climate 

and semi-arid climate (Pandey, 1987; 

Tignegré, 2010).  

As cowpea is a dual-purpose crop used 

for human and animal’s food. Its production 

contributes to fight against poverty. In 

Burkina Faso, cowpea is cultivated mainly for 

its seeds which are consumed in several 

forms. It is either prepared (boiled) directly or 

transformed into donuts, couscous, stew, etc. 

(Burkina Faso’ Ministry of Agriculture, 

2002). The mature cowpea seed contains 20.5 

to 31.7% protein (Onwuliri and Obu, 2002) 

and is also rich in essential microelements 

such as iron, calcium and zinc. Its leaves 

contain 13 to 17% of total nitrogenous matter 

http://indexmedicus.afro.who.int/
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(Tarawali et al., 1997) and constitute a quality 

feed for livestock (Akundabweni et al., 1991; 

Batieno, 2014). Its leaves and green pods can 

also be consumed and marketed. Thus, 

cowpea is now both a food crop and a cash 

crop. 

 Despite this importance of cowpea, 

some diseases hinder her production. One of 

the most dangerous diseases that significantly 

reduce its size and yield is Cowpea Aphid 

Borne Mosaic Virus (CABMV). This 

filamentous virus belongs to the genus 

Potyvirus and the family Potyvirideae which 

has been divided into six (6) genera (Fauquet 

et al., 2005). 

Nowadays, several research works are 

carried out in order to create varieties resistant 

to this virus (Neya, 2011; Barro et al., 2017) 

and meeting the expectations of producers and 

consumers. This study which is part of this 

framework aimed at evaluating the resistance 

level and performance of five cowpea parents 

and their F1 descendants against CABMV. 

 

MATERIALS AND METHODS 

Genetic resources 

Genetic resources used in this study are 

constituted of five release cowpea varieties 

from Burkina Faso and F1 hybrids from 5x5 

full diallel crosses. F1 populations were 

obtained from crosses after manual 

emasculation to ensure purity of the 

descendants. Lines used in these crosses were 

chosen based on their reaction against 

CABMV. The characteristics of five lines 

involved in the crosses are presented in Table 

1. They all come from the long-term storage 

germplasm of the cowpea breeding program at 

Kamboinsé, research station in Burkina Faso.  

 

Experimental site 

The tests were conducted in the 

Environmental, Agricultural and Training 

Research Center (CREAF) of INERA / 

Kamboinsé, located at 12 km from 

Ouagadougou on the Ouagadougou-

Kongoussi axis. It is located in the northern 

Sudanian sector (Guinko, 1984) at 12 ° 28 N 

latitude, 1 ° 32 W longitude and 296 m 

altitude. The soils are sandy, ferruginous, 

tropical, reworked and are very sensitive to 

erosion. Their texture is predominantly sandy-

clayey on the surface and deeply clayey 

(Tignegré, 2000). The annual rainfall at 

Kamboinsé during the season is 904.9 mm in 

66 days of rainfall (Figure 1). 

 

Experimental design 

Twenty (20) F1 hybrids and their 

parents were planted in pots and arranged in 

randomized blocks design with three 

replications. Each replication is composed of 

25 entries with 5 blocks and 5 entries per 

block making a total of 75 plots. Each pot 

contained one plant and the plants were 

sprayed to avoid contamination from aphids.  

Cultural operation  

Each plant received 45 kg of P2O5 per 

hectare from NPK fertilizer (14-23-14-6S-1B 

formula). Insecticide spray was done using a 

mixture of two weeks after planting at a dose 

of 2 ml per liter of water. One week after 

planting all the plants were inoculated   using 

extract of leaves from CABMV serotype D 

grinded based on weight/volume proportion 

(p/v) =1/10 (Neya, 2011). 

Mechanic inoculation  

The inoculum from infected seedlings 

of a CABMV susceptible cowpea variety, 

Gorom local was homogenized in sodium 

phosphate buffer 0.01M, pH 7.4 under a 

crushing ratio p / v 1/10. The extract was 

filtered through gauze and placed in melting 

ice. Before inoculation, the leaves of young 

plants cowpea older than a week of three 

replications were dusted with carborundum 

600 mesh, an abrasive product. Using a cotton 

swab dipped pestle or in the extract, the upper 

leaf surface was rubbed gently. The symptoms 

of CABMV were recorded between the 6 and 

21
th

 day after inoculation. The inoculated 

plants have evolved in the greenhouse, 

protected from insects including aphids. 

 

Parameters measured 

Five parameters related to cycle, yield 

and scope of the virus attack were determined. 

These are:  

- the number of days between sowing and the 

first flower (DAPF) for each variety; 
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- the number of days between sowing and the 

first pod (DAPG); 

- the weight of 100 grains (P-100gr); 

- the severity assessment using rating scale 6 

classes (0-5) which is a strength criterion in 

CABMV (Barro et al., 2016); 

- the area under disease curve progress 

(AUDPC) proposed by Shaner and Finnay 

(1977) using the following equation AUDPC 

= (Xi+1 + Xi ) / 2][ti+1 – ti], where n is 

total number of cases; Xi: the first observation 

of disease by day; Xi + 1: the second 

observation of disease by day; ti: time in days 

from the first observation of disease and ti + 

1: time in days for the second observation of 

the disease. It is a study of a disease 

development rate of a given culture. This 

parameter selects the best lines in terms of 

their ability to slow the progression of the 

disease. 

 

Statistical analysis 

The collected plant data was entered 

into an Excel 2007 spreadsheet and verified 

using PivotTables. This reduces the input 

errors. GenStat 15.1 was used to process 

collected or calculated data and for analysis of 

variance (ANOVA) in order to assess the level 

of variability of plant material. The area under 

disease curve progress (AUDPC) was 

calculated according Shaner and Finnay 

(1977) method and was analysed using the 

Genstat computer package. 

 

Table 1: List of genotypes and their characteristics. 

 

Varieties Status Weight of 100 seeds (g) Origin 

Gorom local Susceptible 15,45 Burkina Faso 

KVx30-309-6G Susceptible 17,21 Burkina Faso 

KVx61-1 Moderately susceptible 10,4 Burkina Faso 

KVx640 Resistant 15,97 Burkina Faso 

KVx396-4-5-2D Resistant 15,62 Burkina Faso 

 

 
 

Figure 1: Rainfall during the rainy season 2015 in Kamboinsé. 
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RESULTS 

Agronomic and resistance parameters to 

Cowpea Aphid-Borne Mosaic Virus of the 

five parents 

Data of Table 2 reveal that the five 

characters discriminate the five parents. 

KVx30-309-6G has the lowest value of the 

cycle while KVx640 has the longest cycle. 

Resistant parent KVx396-4-5-2D and 

susceptible parent Gorom local have 

respectively the lowest and the highest value 

of AUDPC and severity. High values of one 

100 seed weight were obtained with cowpea 

varieties KVx30-309-6G (17.21 g) and 

KVx640 (15.97 g). The severity ranged from 

0 for parent KVx396-4-5-2D to 4 for the local 

cowpea variety Gorom, evidence susceptible 

to cowpea aphid-borne mosaic virus with a 

mean severity of 2.26. 

 

Agronomic and resistance parameters to 

Cowpea Aphid-Borne Mosaic Virus of the 

F1 descendants  

The performances of F1 descendants 

presented in table 3 show that three traits 

discriminate them. The F1 descendants such as 

Gorom local x KVx640), KVx61-1 x KVx640 

(17.91 g), KVx640 x Gorom local (17.93 g), 

KVx640 x KVx61-1 (17.93 g), KVx30-309-

6G x KVx396-4-5-2D have the highest 100 

seeds weight. Their 100 seeds weight is 

greater than their parents. They have also 

relatively low value of AUDPC than their 

parents. All F1 descendants from the cross 

between resistant parent and susceptible 

parent or between resistant parents have a 

very low value of severity. Only 3% of F1 

descendants show a severity close to that the 

moderately susceptible parent KVx61-1 

(3.33). However, the highest values of 

AUDPC were obtained with the F1 

descendants resulting from the cross between 

the two sensitive relatives such as Gorom 

local x KVx30-309-6G (31.67), KVx30-309-

6G x Local Gorom (31.67). 

 

Comparison of all population 

Except characters related to the cycle 

which significantly discriminate parents and 

F1 descendants, the others characters 

measured are very significantly (Table 4). 

Except severity and AUDPC (area under 

disease curve progress), which showed high 

coefficient of variation (> 20%), the other 

three parameters have relatively low values 

(<20%). 

The F1 descendants and the most 

resistant parents were KVx640 x KVx396-4-

5-2D (0), local Gorom x KVx396-4-5-2D (1), 

KVx396-4-5-2D x KVx30-309- 6G (1), 

KVx396-4-5-2D (0), KVx640 (1) and the 

most sensitive were local Gorom x KVx30-

309-6-G (4), local Gorom (4). 

 

Table 2: Performance of the five parents for the five measured traits. 
 

Varieties DAPF AUDPC DAPG P-100 gr Severity 

Gorom local 44.33 38.33 45.33 15.45 4.00 

KVx30-309-6G 43.00 26.67 44.00 17.21 3.000 

KVx396-4-5-2D 46.00 8.33 47.00 15.62 0.000 

KVx61-1 46.67 25.00 47.67 9.50 3.333 

KVx640 48.67 15.00 49.67 15.97 1.000 

Mean 46 22.67 47 14.75 2.26 

Min 40 5 41 9.09 0 

Max 50 40 51 17.44 4 

Pr. (5%) 0.034* 0.001** 0.034* 0.001** 0.001** 

CV (%) 3.9 18.9 3.8 6.1 11.4 

(*): significantly at 5%; (**): significantly at 1% ; DAPF : Number of day between sowing first flower, DAPG : Number of 

day between sowing and first pod, AUDPC : area under disease curve progress; P-100gr : weight of 100 grains, CV : 

coefficient of variation, Pr. : probability, Min: minimum, Max : maximum. 
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Table 3: F1 descendants performance for five measured characters.  
 

Varieties DAPF AUDPC DAPG P-100gr Severity 

Gorom local x KVx30-309-6G 45.00 31.67 46.00 18.08 3.667 

Gorom local x KVx396-4-5-2D 44.33 16.67 45.33 17.48 1.000 

Gorom local x KVx61-1 45.33 25.00 46.33 14.94 3.000 

Gorom local x KVx640 44.00 18.33 45.00 17.57 1.000 

KVx30-309-6G x Gorom local 45.00 31.67 46.00 22.64 3.333 

KVx30-309-6G x KVx396-4-5-2D 47.33 20.00 48.33 19.05 1.333 

KVx30-309-6G x KVx61-1 46.33 21.67 47.33 13.28 1.667 

KVx30-309-6G x KVx640 47.67 18.33 48.67 16.10 1.333 

KVx396-4-5-2D x Gorom local 45.33 20.00 46.33 15.10 2.000 

KVx396-4-5-2D x KVx30-309-6G 47.00 15.00 48.00 17.78 1.000 

KVx396-4-5-2D x KVx61-1 47.00 23.33 48.00 13.89 2.000 

KVx396-4-5-2D x KVx640 42.67 11.67 43.67 14.11 0.667 

KVx61-1 x Gorom local 44.33 25.00 45.33 16.37 2.667 

KVx61-1 x KVx30-309-6G 44.67 21.67 45.67 12.39 2.000 

KVx61-1 x KVx396-4-5-2D 43.67 20.00 44.67 15.85 2.333 

KVx61-1 x KVx640 44.33 20.00 45.33 17.91 1.000 

KVx640 x Gorom local 47.33 15.00 48.33 17.93 0.667 

KVx640 x KVx30-309-6G 43.67 16.67 44.67 17.99 1.333 

KVx640 x KVx396-4-5-2D 45.33 15.00 46.33 14.55 0.000 

KVx640 x KVx61-1 44.00 18.33 45.00 17.93 1.333 

Mean 45 20,25 47 16,55 1,67 

Min 40 10 41 7,5 0 

Max 50 35 51 25 4 

Pr (5%) 0.078
ns

 0,001** 0.078
ns

 0,048* 0,001** 

CV (%) 4.2 22,3 4.1 18,1 48,6 

(*): significantly at 5%; (**): significantly at 1% ; DAPF : Number of day between sowing first flower, DAPG : Number of 

day between sowing and first pod, AUDPC: area under disease curve progress ; P-100gr : weight of 100 grains, CV : 

coefficient of variation, Pr. : probability, Min: minimum, Max : maximum. 

 

Table 4: Results of analysis of variance of parents and F1 descendants for the measured characters. 
 

Parameters DAPF AUDPC DAPG P-100gr Severity 

Mean 45 20,73 46 16,19 1,787 

Min 40 5 41 7,5 0 

Max 50 40 51 25 4 

Pr. (5%) 0,023* 0,001** 0,023* 0,002** 0,001** 

CV (%) 4,3 21,58 4,21 16,74 40,85 

(*): significantly at 5%; (**): significantly at 1% ; DAPF : Number of days between sowing and first flower, DAPG : 

Number of day between sowing and first pod, AUDPC : area under disease curve progress  ; P-100gr : weight of 100 grains, 

Min: minimum, Max : maximum. 
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DISCUSSION 

The existence of significant differences 

between varieties and descendants for all 

measured traits indicates the existence of 

diversity. In addition, the cycle sowing-

flowering of all individuals is less than 65 

days. Individuals tested would be short cycle 

because according to Pandey (1987), short 

cycle varieties have a number of days between 

sowing-flowering of 60 to 65 days. These 

varieties are increasingly requested because of 

climate change and irregular rainfall. 

Moreover, the viral attack would delay the 

appearance of flowers and pods. Indeed, the 

mosaic virus transmitted by aphids causes the 

fall of flowers, pods and stunting of plants 

(Tignegré, 2000; Neya, 2002; Barro et al., 

2016). According to Barro et al. (2016), the 

number of days between the date of 

appearance of the flowers and that of the pod 

remains constant. The F1 Descendants which 

have a faster apparition of flowers would be 

more resistant 

The high weight of the seeds of the 

majority of the F1 descendants would show a 

very important heterosis effect. Indeed, 

heterosis is very important when cross parents 

are genetically distant. However, the 

resistance level of cowpea is independent of 

the weight of one 100 seeds (Barro et al., 

2016). This is confirmed by the sensitivity to 

CABMV of local Gorom and KVx30-309-6G 

despite their high 100-seed weight. The low 

production found in some parents and F1 

descendants may be attributed in part to a 

decline in chlorophyll production. Singh et al. 

(1985) showed also that infected plants use 

less space and nutrients than healthy plants. F1 

descendants with low symptom severity could 

be considered resistant to CABMV and used 

in breeding programs. According to Tignégré 

(2010), the large seeded lines have a good 

yield and meet the market criteria. 

The highly significant difference 

between individuals for symptom severity 

would reflect different levels of CABMV 

resistance among parents and their F1 

descendants. The resistance of F1 descendants 

from the cross between resistant parents and 

between resistant and susceptible parents is 

explained by the intervention of a gene with a 

dominant effect. Previous studies (Barro et al., 

2016) reported too that cowpea resistance is 

controlled by two dominant non-allelic genes. 

The severity of all resistant varieties and 

descendants tested were in classes 0, 1, 2, 

which confirms that their status of resistance 

to virus (Neya, 2011). F1 descendants with a 

severity similar to KVx61-1 are also 

intermediate resistance varieties to CABMV. 

Varieties with the lowest values of 

AUDPC and severity are resistant varieties to 

CABMV. According to Neya (2002), the 

AUDPC is a component of epidemiology that 

takes into account the progression of the 

disease over time. It implies a notion of 

installation, growth and the final incidence of 

the disease. The AUDPC assessment is used 

to select the best varieties for their ability to 

slow the progression of the disease (Orawu, 

2007). Ndiaye et al. (2010) also used this 

parameter to evaluate the effects of compost 

on the development of Macrophomina 

phaseolina coal rot in cowpeas and showed 

that coal is more severe in the dry season than 

in the rainy season. 

 

Conclusion 

This study revealed resistance to 

CABMV of all F1 descendants from the cross 

of two resistant parents or a resistant and 

susceptible parents. It also showed that F1 

descendants have a high seed weight and a 

relatively low date of appearance of the first 

flower. The best F1 descendants are local 

Gorom x KVx640, KVx30-309-6G x 

KVx396-4-5-2D, KVx61-1 x KVx640, 

KVx640 x local Gorom, KVx640 x KVx61-1 

due to their good agronomic performance and 

their resistance to CABMV. 

The diallel analysis of the agronomic 

and resistance parameters in the parents and 

their F1 descendants would allow a better 

exploitation of the variability of the crossing 

on the basis of the genetic determinism of 

these parameters and their mode of 

transmission. 
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