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Abstract 

Cowpea plays a vital role in diets of many households, primarily as a source of protein. Among the biotic 

stresses Ascochyta blight caused by Ascochyta phaseolorum reduces cowpea yields among the small-scale 

farmers. The University of Zambia (UNZA), developed cowpea derived mutational lines as a way of 

increasing genetic diversity among cowpea germplasm in the country. The objective of this study, was 

therefore i) to identify resistant cowpea mutational derived genotypes to Ascochyta phaseolorum, ii) to cluster 

cowpea genotypes into distinct groups and iii) identify the best parental set to utilize as a cross in a further 

breeding program. The experiment was laid at the University of Zambia and Mt Makulu as a randomized 

complete block design (RCBD) with three replications It was artificially inoculated with Ascochyta phaseolorum. 

Significant differences (P = 0.001) were obtained among genotypes with regards to disease severity score. The 

genotypes, BB 8 –1 - 5- 2, LT 4 -2- 4- 1, LT 11- 3 -3- 12 and MS 1- 1 -8 – 4 were identified as resistant genotypes 

to Ascochyta phaseolorum and also obtained higher yield than the genotypic mean value. In this study, 

principal component analysis revealed six distinct groups of cowpea genotypes. Detailed analysis revealed 

that a genotypic cross, LT 11-3-3-12 (From group A) x BB PRT (from group E) were most dissimilar genotypes 

with a similarity score level of 30.3 %. Thus, this cross (LT 11-3-3-12 x BB PRT) is expected to segregate and 

exhibit highest phenotypic variation in advanced generations. 
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Introduction 
Cowpea [Vigna unguiculata (L) Walp] is an 
important annual leguminous crop in Africa 
that belongs to Fabacea family (Langyintuo et 
al.,., 2003; Moalafi et al., 2010). It grows well in 
a wide range of soils with preference to sandy 
soils which has less restriction to root growth 
(DAFF 2011; Sankie et al., 2012). It develops a 
long tap root which makes it adapt better in 
light and sandy soils than other legumes and 
has many spreading lateral roots on the soil 
surface (DAFF 2011). Cowpea is heat and 
drought tolerant crop (Lucas et al., 2013). In 
addition, it tolerates water lodging and 
utilizes soil moisture efficiently. Cowpea can 
be produced with annual rainfall ranging 
between 400 mm and 700 mm even though 
adequate rainfall is essential during 
flowering/ podding stage. It is extensively 
grown for its nutritious source of protein for 
both humans and livestock (Agbogidi 2010a, 

Tembo et al., 2017).  All the plant parts of 
cowpea such as leaves, fresh and dry pods 
can be prepared differently and consumed as 
food (Ajeigbe et al., 2012; Dube and Fanadzo 
2013). Cowpea grains contain an average 
38.1mg/kg of zinc. (Boukar et al., 2011). Daily 
consumption of 100 – 135g of dry beans 
reduces the serum cholesterol level by 20%, in 
turn reducing the risk of developing heart 
disease by 40% (Adaji et al., 2007).  
 

The production constraints of cowpea 
production range from abiotic to biotic 
factors. The biotic stress factors are caused 
primarily by predators, parasites and 
parasitoids. Among the parasites, a fungus 
Ascochyta phaseolorum causes Ascochyta blight 
disease which leads to yield losses of about 50 
– 75% (Salam et al., 2011). Cultural control 
measures such as crop rotation with non-host 
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crops of the disease, field sanitation and 
mixed intercropping can be employed to 
manage the diseases (Than et al., 2008). In 
addition, chemical control method, by use of 
fungicides to eradicate the disease pressure 
can be employed, but they are not an 
economical and environmentally friendly 
approach.  The use of resistant genotypes to 
Ascochyta phaseolorum is not only the cheaper 
option but also a feasible one for small scale 
farmers.  
In this study, selected mutational derived 
lines generated by the University of Zambia, 
School of Agriculture Sciences, in 
corroboration with National Institute for 
Scientific and Industrial Research (NISIR) 
were evaluated for resistance to Ascochyta 
phaseolorum. Induced mutations generate new 
alleles and produce variants that are different 
from the parent, of which when advanced 
beyond M5 generation produce non-
segregating, distinct lines (Tembo et al., 2017).  
The benefits of host plant resistance, 
especially as a component of integrated pest 
management make it a worthwhile 
investment of time, effort, and resources. A 
resistant genotype can be released as a variety 
or used as a parental genotype in a breeding 
program. It must be noted that in cowpea, the 
more genetically distinct the parental 
genotypes are, the more diverse the 
phenotypic variations in the segregating 
population (Tembo et al., 2015). Multivariate 
approach techniques such as cluster and 

principal component analysis (PCA) have 
been previously employed to categorize 
genotypes into distinct groups (Simasiku et 
al., 2015).   
The objective of the study was therefore to i) 
to identify resistant cowpea mutational 
derived genotypes to Ascochyta phaseolorum, ii) 
to cluster cowpea genotypes into distinct 
groups and iii) identify the best parental set to 
utilize as a cross in a further breeding 
program.   
 

Materials and Methods 

Location of Study 
The experiment was conducted during the 
2018/ 2019 cropping season at two locations: 
The School of Agricultural Science field 
station at the University of Zambia in Lusaka, 
(15o23’S, 28o20’E) and at Zambia Agricultural 
Research Institute field in Chilanga (15o55’S, 
28o25’E). 
 
Germplasm used and conduct of experiment 
Sixteen (16) genotypes (Table 1) that included: 
thirteen (13) mutational derived cowpea lines 
and their three (3) respective parental 
genotypes were obtained from University of 
Zambia, Department of Plant Science. The 
mutational derived cowpea lines were 
developed as explained by Tembo et al.,. 2017. 
Approximately 3000 seeds per parental line 
were irradiated.

Table 1: List of cowpea genotypes used for the experiment 

No Genotype  Description  

1 BB  10 – 2 -2 – 3 Bubebe derived mutational derived line 

2 BB  3 – 9 – 7 -  5 Bubebe derived mutational derived line 

3 BB  8 – 1 – 5 -2 Bubebe derived mutational derived line 

4 BB  14 – 16 – 2 – 2  Bubebe derived mutational derived line 

5 BB  PRT Bubebe parent – released variety 

6 LT 3 – 8 –  4 -  6 Lutembwa derived mutational line 

7 LT  16 – 7 – 2 -  5 Lutembwe derived mutational line 

8 LT  11 – 5 – 2 – 2 Lutembwa derived mutational line 

9 LT  11 –  3  – 3 – 12 Lutembwa derived mutational line 

10 LT 11 – 3 – 3 – 13 Lutembwa derived mutational line 

11 LT  3 –  8 –  4 – 1 Lutembwa derived mutational line 

12 LT   PRT Lutembwe parent – released variety  
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13 LT  4 –  2 –  4 – 1 Lutembwa derived mutational line 

14 MS 10 – 11 – 1 – 1 Musandile derived mutational line 

15 MS  1 – 1 – 8 –  4 Musandile derived mutational line 

16 MS PRT Musandile parent – released variety 

BB- Bubebe, LT- Lutembwe, MS- Musandile 
 

Conduct and Experimental Design 
The experiment was laid as a randomized complete block design (RCBD) with three replications. 
Each replication consisted of 16 plots (with 3 rows each), giving 48 plots for the whole experiment. 
Land preparation was done with a hand hoe where planting furrows were made and seed planted 
at 2 cm depth. The plants were established using intra-row and inter-row spacing of 15 cm and 60 
cm respectively.  After two (2) weeks from planting, seedlings were thinned to 10 plants per row. 
Weed control was done manually using a hand hoe. Each block consisted of 48 lines. Plot area was 
2.7m2 that accommodated 3 rows of 1.5m long with the total experimental area being 137.6m2. The 
genotype was indirectly inoculated at 14 days after planting by placing diseased cowpea leaves and 
pods between the rows in each plot. The diseased cowpea leaves and pods, used as a source of 
inoculum was obtained from UNZA field station.  
 

Verification of the pathogen   
Samples of suspected infected leaves and pods used in the experiment were assessed to verify the 
existence of Ascochyta phaseolorum as done by Wamali (1984) (Plate 1 and Plate 2).  
 

 
Plate 1. Fungal growth (whitish stuff) of Ascochyta phaseolorum on PDA   at 9th day after 

inoculation. 
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Plate 2. Spores of Aschochyta phaseolorum as visualized on magnification X40 magnifying microscope 

on 18th day after inoculation 
 

Data Collection and Analysis 
Scoring for disease severity response among 
genotypes was done at 10, 20 and 30 days 
after emergence and the results recorded as 
D10, D20 and D30 respectively. The severity 
rating was scored on a scale of 1 to 9 scale 
according to Schoohonven and Corrales 
(1987). However, the genotypic characteristics 
associated with response to resistance was 
undertaken at D30. 
 

Data was taken from the middle row where 
the disease severity score per replicate was 
determined as a genotypic mean of plants and 
the crop was later harvested after 3 months.  
At harvest the above ground biomass was 
weighed and recorded and thereafter pods 
were then shelled and the grain was weighed 
separately and recorded accordingly. In this 
study, the scoring of genotypes were scored 
as done by Schoonhoven and Corrales (1987) 
where 1-3 Resistant, 6-9 Susceptible. 
 

Clustering of the genotypes was achieved 
using a multivariate analysis approach 
particularly using principle component 

analysis (PCA). A similarity matrix was 
generated using cluster analysis. Differences 
among genotypes with regards to disease, 
yield and biomass were computed using 
analysis of variance (ANOVA) assuming a 
mixed model with genotypes fixed and 
location random. The mean genotypic 
differences were separated using the Fisher 
protected Lsd (α= 0.05). All data was 
performed in GenStat 18 the edition (Payne et 
al.,. 2007). Harvest index (HI) for each 
genotype was computed as a percentage grain 
weight divided by total biomass. 
 

Results 
Evaluation of Germplasm  
Significant differences were obtained on 
genotypic responses on all measured 
parameters (P< 0.001) (Table 2). The 
interaction effect (Genotype [G] x Location 
[L]) was not significant for all measured 
parameters except at D10 and D20. With 
locational main effect, no significant 
differences among measured parameters were 
revealed except for yield (P < 0.001).
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Table 2:  Mean square for measured parameters on genotypic evaluation in two (2) locations 
during 2018/2019 planting season 

SOV df D10 D20 D30 BMS HI Yld 

L 1 11.8 4.94 0.13 11221842 0.78 6793688*** 

Rep/ L 4 1.7 0.9 1.6 507659 0.03 548 

Genotype 15 15.3*** 26.2*** 36.6*** 1831685*** 0.19*** 66139*** 

L x G 15 1.2*** 0.4*** 0.5 407798 0.04 40078 

Error 60 0.17 0.10 0.31 354158 0.04 14685 

*** Data significant at P=  0.001. df- degrees of freedom. D10, D20, D30- Disease score after 10, 20 
and 30 days emergency respectively. HI- Harvest index, BMS- Biomass. L- Location, G- Genotype, 

Rep - Replication 
 

Further analysis on genotypic response in Mt 
Makulu revealed that B 8-1-5-2, LT 11-3-3-12, 
LT 4-2-4-2, LT 3-8-4-1 and MS 1-1-8-4 as the 
most resistant genotypes exhibiting a score of 
1, significantly lower than their respective 

parental genotypes at all inoculation levels 
(D10 to  D30) (Table 3). With the exception 
LT 4-2-4-1, all the resistant genotypes 
exhibited higher yield than the overall 
genotypic mean value.

 

Table 3:  Genotypic mean response to infection Ascochyta phaseolorum at Mount Makulu 

Genotype D10 D20 D30 BMS HI Yld 

BB 10 - 4 - 2 – 3 3.50 4.83 6.46 1414 0.257 321 

BB 14 - 16 - 2 - 2 4.07 5.33 6.73 1444 0.213 292 

BB  3 - 9 - 7 -  5 2.33 4.67 5.80 1025 0.470 453 

BB  8 - 1 - 5 – 2 1.00 1.00 1.00 2000 0.197 395 

BB PRT  4.70 5.80 6.33 548 0.743 336 

LT 11 - 3 - 3 - 12 1.00 1.00 1.00 1636 0.307 489 

LT 11 - 3 - 3 - 13 1.00 4.00 5.20 2210 0.083 215 

LT 11 - 5 - 2 – 2 3.33 4.67 5.30 1667 0.18 245 

LT  16 -7 - 2 -  5 4.63 5.00 6.17 444 0.64 312 

LT 3 - 8 - 4  - 1 1.00 1.00 1.01 1593 0.37 500 

LT 3 - 8 - 4 – 6 3.50 4.67 5.17 1595 0.27 409 

LT 4 - 2 - 4 – 1 1.00 1.00 1.04 1722 0.25 357 

LT PRT  4.33 5.40 7.07 1673 0.16 273 

MS 1 - 1 - 8 – 4 1.00 1.00 1.00 1160 0.43 444 

MS 10 - 11 -1 - 1 3.67 4.67 5.00 1778 0.24 417 

MS PRT 4.23 5.50 6.50 879 0.59 394 

Overall Mean 2.77 3.72 4.42 1424.2 0.34 365.8 

LSD ( =0.05) 0.81 0.53 0.73 937 0.33 251.1 

df- degrees of freedom. D10, D20, D30- Disease score after 10, 20 and  30 days of inoculation 
respectively. HI- Harvest index, BMS- Biomass (g/ plot), YLD- Yield (Kg/ ha),  LSD – Least 

Significant difference. 
 

Table 4 below exhibit further analysis on 
genotypic response at UNZA and 
interestingly, results were similar to the 
genotypic response at Mt Makulu location 
(Table 3). Bubebe 8-1-5-2, LT 11-3-3-12, LT 4-2-

4-2, LT 3-8-4-1 and MS 1-1-8-4 were the most 
resistant genotypes exhibiting a score of 1, 
significantly lower than their respective 
parental genotypes at all inoculation levels 
(D10 to  D30). 
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Table 4: Genotypic response to infection Ascochyta phaseolorum at University of Zambia 

Genotype D10 D20 D30 Bms HI Yld 

BB 10 - 4 - 2 – 3 4.33 5.50 6.70 1552 0.46 664 

BB 14 - 16 - 2 - 2 4.62 5.67 6.50 1772 0.33 621 

BB  3 - 9 - 7 -  5 3.60 5.33 6.20 1574 0.50 731 

BB  8 - 1 - 5 – 2 1.00 1.00 1.00 1981 0.42 775 

BB PRT  4.77 5.73 6.38 780 0.75 543 

LT 11 - 3 - 3 - 12 1.00 1.00 1.00 2664 0.25 600 

LT 11 - 3 - 3 - 13 2.33 4.25 5.20 2463 0.22 476 

LT 11 - 5 - 2 – 2 3.60 4.67 5.18 2074 0.27 560 

LT  16 -7 - 2 -  5 4.82 5.60 6.50 660 0.81 570 

LT 3 - 8 - 4  - 1 1.00 1.00 1.01 2086 0.41 796 

LT 3 - 8 - 4 – 6 3.92 5.00 5.58 1717 0.35 562 

LT 4 - 2 - 4 – 1 1.00 1.00 1.04 2225 0.34 562 

LT PRT  4.83 5.90 7.30 2231 0.19 439 

MS 1 - 1 - 8 – 4 1.00 1.00 1.00 1481 0.54 634 

MS 10 - 11 -1 - 1 3.75 4.70 5.23 1735 0.43 739 

MS PRT 4.37 5.67 5.70 1260 0.59 672 

Overall Mean 3.12 3.94 4.47 1766 0.43 621.5 

Lsd (α=0.05) 0.47 0.35 0.64 687.3 0.23 140.0 

Lsd- Least significant difference, BB- Bubebe; MS -Musandile, YLD –Yield (kg/ ha), D10, D20, D30- 
Disease score after 10, 20 and 30 days emergency respectively. HI- Harvest index, BMS- Biomass (g/ 

plot). 
  

Application of multivariate analysis 
Five distinct cluster groups A, B, C, D and E 
were formulated (Figure 1). Principle 
component (PC) 1 and PC2 explained 60.2 % 
and 30.0 % of the percentage variation 
respectively giving a total of 90.20 %. The 

similarity matrix revealed that genotype LT-3-
3-4 from group A and BB PRT from group E 
were the most distinct genotypes exhibiting a 
similarity level of 30.30 % (Table 5)
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Figure 2. Scatter plot for Principal Component analysis with a percentage variation explained by PC 
1 and PC2 of 60.2 and 30.0 respectively. Three cluster groups A, D and E with singletons B and C 

were generated. BB- Bubebe; MS –Musandile, LT- Lutembwe, 
 

Table 5: Similarity matrix among germplasm derived from evaluated variables 

Genotype                          No.                                      Similarity Level (%) 

 
BB- Bubebe, LT- Lutembwe, MS- Musandile.  Highlighted in yellow- are genotypic pairs with low 

similarity levels 
 
Discussion 
Screening genotypes for response to plant 
disease require an understanding of the 
associated symptoms. The more consistent 
and accurate the scoring procedure is, the 
more reliable the phenotypic evaluation of the 
genotypes under investigation (Bock et al.,., 
2016). In this study the screened genotypes 
were classified as resistant, moderate resistant 
and susceptible as by Schoohonvan and 
Corrales (1987). 
 
Evaluation of Germplasm for Resistance to 
Ascochyta phaseolorum 
Mutational derived cowpea genotype were 
evaluated for resistance to Ascochyta 
phaseolorum under field condition. The 

analysis of variance revealed significant 
differences (p< 0.001) among responses of 
mutant derived genotypes evaluated at all 
three stages after germination to disease 
severity score. In this study identification of 
resistant genotypes was undertaken at the 
final (D3) stage. Mutational derived 
genotypes, BB 8 –1 - 5- 2, LT 4 -2- 4- 1, LT 11- 3 
-3- 12, LT 3-8-4-1 and MS 1- 1 -8 – 4 were 
found   to be resistant to Aschochyta 
Phaseolorum in both locations. They exhibited 
a significant lower mean score values than 
their parental genotypes. This entails that 
induced mutation may have created new 
alleles not present in the parental genotype 
but in the mutational derived genotypes. 
Previous reports also suggested that induced 
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mutation widens the genetic base by 
increasing the genetic variability that may 
help solve agricultural challenges 
(FAO/IAEA 2004: Singh 2007, Tembo and 
Munyinda, 2015, Olasupo et al.,. 2016). 
Interestingly, a susceptible mutational 
derived genotype LT 11 – 3 - 3 -13 to Ascochyta 
phaseolorum performed better than the parent 
(LT PRT) in both grain yield and biomass 
production (Table 4). This entails that the 
creation of an allele associated with one 
desirable trait is independently associated 
with other alleles. Implying that induced 
mutational approach in crop improvement is 
a random effect which requires a substantial 
number of offspring in earlier generation 
selection (M2) to increase chances of 
identifying mutational derived lines with 
desirable agronomic trait (Tembo et al.,. 2017).  
Multi-variate evaluation of genotypes 
Identified mutational derived resistant 
genotypes can be evaluated and released as 
varieties or employed as parents in cowpea 
breeding to generate genotypes that will be 
tolerant to Ascochyta phaseolorum. Multivariate 
analysis such as principal component analysis 
and cluster enables identification of closely 
related genotypes by grouping them into 
distinct groups and computes the level of 
similarity among genotypes respectively 
(Simasiku et al.,. 2021).   
 
In this study, PCA reaffirmed that mutational 
breeding may have created new alleles as 
evident by mutational derived lines, which 
fell in completely different clusters compared 
to their parental genotypes (Fig. 2). The use of 
molecular markers in genetic diversity studies 
has been advocated for (Edema et al.,. 2023; 
Tembo and Munyinda, 2015) as an accurate 
method of generating genetic diversity among 
genotypes. However, application of 
multivariate analysis utilizing phenotypic 
traits produce more reliable information 
especially where genotype by environmental 
effect is at play (Tembo et al.,. 2017, Simasiku 
et al.,. 2021). In this study PC1 and PC2 
contributed 60.2 and 30.0 % giving a total of 
90.2 % of variation indicating a higher reliable 
information with only 10 % unexplained.  
 

To wrap it up, parental genotype for a further 
breeding approach can be obtained from any 
of the distinct groups labelled as A to E but 
not from the same group. In this study one 
parent should be from group A as all resistant 
genotypes clustered together in that group. 
The parental cross with the least similarity 
percentage between them is expected to 
exhibit highest phenotypic variation among 
genotypes (Tembo and Munyinda 2015; 
Simasiku et al.,. 2021). Detailed analysis using 
the similarity matrix (Table 5) revealed that 
genotypic pair LT 11-3-3-12 and BB PRT were 
most dissimilar genotypes with a similarity 
score of 30.3 %. Further on, low similarity 
levels computed between a parental genotype 
and some of their derived mutational lines 
(e.g LT PRT and LT 3-8-4-1; p and BB PRT and 
BB 8-1-5-2) reinforces the concept that 
induced mutation can create a new genotype 
completely differently from the parent. 
 
Conclusion 
Five (5) cowpea mutational derived genotypes 
were identified as resistant to Ascochyta 
phaseolorum, Thus BB 8 –1 - 5- 2, LT 4 -2- 4- 1, 
LT 11- 3 -3- 12, LT 3-8-4-1 and MS 1- 1 -8 – 4. 
These genotypes can further be evaluated for 
varietal release and or used as parents in the 
cowpea breeding program for tolerant to 
Ascochyta phaseolorum and other desirable 
traits. In this study, Principal component 
analysis revealed six distinct groups, stated as 
A to E. Parental genotype can be obtained 
from any of the distinct groups labelled as A 
to E but not both parents from the same 
group. However, in this study one parent 
should be from group A as all resistant 
genotypes clustered in one group (A).  
Detailed analysis using the similarity matrix 
(Table 5) revealed that genotypic cross pair LT 
11-3-3-12 (From group A) and BB PRT (from 
group E) were most dissimilar genotypes with 
a similarity score level of 30.3 %. Thus, the 
cross (LT 11-3-3-12 x BB PRT) is expected to 
segregate and exhibit highest phenotypic 
variation in advanced generations.  
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