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Abstract

Production of cowpea ( Vigna unguiculata (L.) Walp.), a staple legume crop in
Sub-Saharan Africa, faces challenges due to biotic and abiotic constraints.
Induced mutagenesis was deployed to create genetic variation in two cowpea
varieties (KVX396-4-5-2D and Moussa local). The radio-sensitivity tests led
to determe the lethal dose 50 (LDs) corresponding to 230 Gy and 220 Gy for
KVX396-4-5-2D and Moussa local varieties, respectively. Dried seeds (MO0) of
each variety were gamma-ray irradiated with LDs, — 50, LDsp and LDso + 50.
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M1 seeds were advanced to generate M2, M3 and M4 mutants using the sin-
gle-seed-descent method. M4 mutant lines were evaluated in rain-fed condi-
tions using a randomized complete block design to assess phenotypic dif-
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ferences. Data on seven qualitative and eleven quantitative traits were collected.
The results indicated that the mutation induced variability in three qualitative
traits: in KVX 396-4-5-2D mutant lines, with flower and seed color frequen-
cies at 2.61% and 0.56% respectively, and pod dehiscence at a frequency of
0.24%. While in Moussa local mutants, a pod color changed at a frequency of
17%. ANOV A results revealed significant differences between mutants of both
varieties for all quantitative traits, including photosynthetic parameters. Posi-
tive correlations were observed between leaf diameter and 100-seed weight, and
between branch number and 100-seed weight. Hierarchical clustering revealed
three clusters among KVX 396-4-5-2D mutants and six clusters among Moussa
local mutants. Early maturity and high foliage were induced traits in Cluster
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3 of KVX 396-4-5-2D mutants while high hundred-seed weight was induced
in Cluster 6 of Moussa local mutants.
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1. Introduction

Cowpea ( Vigna unguiculata (L.) Walp.) is a legume largely grown in arid and
semi-arid zones in Africa. Its nutritional traits include high proteins, vitamins,
carbohydrates, fatty acids and antioxidant contents [1]. Consumption of cowpea
contributes to food and nutritional security, thereby improving human and an-
imal health [2]. Cowpea-based cropping systems also enhance soil nutrient con-
tent through their biological ability to fix atmospheric nitrogen [3]. Cowpea grain
production is estimated at 8.9 million metric tons per year on a cultivated area of
14.4 million ha [4], with majority coming from Africa, particularly Nigeria, Ni-
ger, and Burkina Faso, which together account for 74.3% [5].

In Burkina Faso, cowpea is cultivated across all agroecological zones and ranks
as the leading legume and the fourth staple food crop, after sorghum, maize, and
pear millet [6]. The average grain yield is estimated at 4.18 t-ha™!, which is con-
siderably low compared to the global average yield (6.16 t-ha™') [4]. This lower
yield can be attributed to the low productivity of local cowpea varieties [7] and
various abiotic and biotic constraints [8]. It has been postulated that the low
productivity of varieties could be linked to the low genetic variability within cul-
tivated cowpea germplasm [9] [10], resulting in a narrow genetic base for cow-
pea breeding programs. Hence, there is an interest in enhancing genetic variabil-
ity in cowpea varieties to exploit promising genotypes. One of the effective tech-
nologies for achieving this is induced mutagenesis, which can induce genetic vari-
ability in cowpea varieties [11] and enable the selection of genotypes with desired
phenotypic traits, such as resistance to diseases and pests, drought tolerance, pho-
tosynthetic efficiency and high yield potential [12]. Mutagenesis therefore pro-
vides a strong genetic basis for breeding programs, having led to the develop-
ment and release of 3402 varieties of crops of which only 16 cowpea mutant va-
rieties have been developed and released (https://mvd.iaea.org). In Burkina Faso,
induced mutagenesis has been successfully applied in cowpea, sorghum, and rice
to identify Striga-resistant and drought-tolerant genotypes [13] [14] as well as
drought-tolerant mutants in cowpea [15]. The aim of this study was to assess the
phenotypic and photosynthetic variability induced by mutation breeding in cow-
pea for desirable agro-morphological traits.

2. Materials and Methods
2.1. Study Site

The development of mutant populations and their agro-morphological assess-
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ment were carried out at the Institute of Environment Agricultural Research
(INERA)/CREAF experimental station at Kamboinsé, located at 12°27 North lati-
tude and 1°32 West longitude, 296 m above sea level. It lies in the North Suda-
nian phytogeographical sector with an annual rainfall of 600 - 900 mm [16]. The
rainfall recorded at the station from May to October 2021, which corresponds to

the rainy period, was 775.6 mm.

2.2. Plant Material

The plant material consisted of 448 cowpea genotypes including 446 M4 mutants,
and their two parents (KVX396-4-5-2D and Moussa local) which are considered
as preferred farmers’ cowpea varieties. The seeds of both parents were supplied
by INERA’s cowpea breeding program. KVX396-4-5-2D is an improved varie-
ty whereas Moussa local is a local variety. KVX396-4-5-2D has white seeds with
a semi-erect habit. Grain yield varies from 1.5 to 2 t-ha™!, and the maturity dura-
tion is 70 days. The Moussa local ecotype has a creeping habit with white seeds
and a maturity duration of 85 days.

Genetically, uniform cowpea seeds of the two parents were used for seed

gamma-ray irradiation.

2.3. Methods

2.3.1. Generating Cowpea M4 Mutant Lines

1) Optimization of Gamma-ray irradiation doses on cowpea variety seeds

The viable seeds of the two cowpea varieties with moisture content of 12% -
15% were irradiated with five doses of gamma-rays (75, 150, 300, 450 and 600 Gy)
along with control (0 Gy) using 180 seeds per dose. Irradiation was done using
Cobalst-60 (®Co) radioactive isotope source with an activity of 202 Gy/min, at
the Plant Breeding and Genetics Laboratory of the International Atomic Energy
Agency (IAEA), Seibersdorf in Austria.

To determine the optimum irradiation dose that can cause optimum mutation
frequency with least possible and unintended damage, twenty mutagenized seeds
(M1) of each Gy dose along with 20 seeds of control (0 Gy) were planted on a
growth medium consisting of peat, sand, and vermiculate at a ratio of 2:1:1. Ad-
ditionally, 33 g phosphate and 27 g urea were also added. This was carried out,
in a greenhouse using seedling trays at a temperature of 28°C and a 12 h photo-
period. The experimental design consisted of a completely randomized block with
three replications for each Gy dose. Seedlings were watered twice per week to
ensure adequate soil moisture. Seed germination rate and plant mortality and
height were recorded weakly. The plant height measured at 21 days after sowing of
seeds (DAS) served as an indicator to estimate damage caused by mutagenic treat-
ments. Data were subjected to analysis of variance (ANOVA) using linear models
in SAS version 9.1. The means were separated using the Student-Newman-Keuls
multiple-range test at a significant level of 5%. The lethal dose (LDs) for each
cowpea variety was estimated using a simple linear regression model by fitting

the equation y= mx + ¢ where yis the response variable (plant height), x is the
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independent variable (irradiation dose), and m and crepresent the slope and con-
stant, respectively.

2) Development of cowpea M4 mutant lines

Cowpea seeds generated by single seed descent (SSD) method for each variety
were irradiated at LDsy — 50, LDsy and LDso+ 50. Approximately 300 irradiated
seeds (M1) from each Gy dose (treatment) were sown at Kamboinsé Research
Station (plot, 12°27°42.2"N and 1°32’9.58"W), Burkina Faso during the cropping
season of July-October 2019 along with respective parents following a random-
ized complete block design (RCBD). Each block comprised of one replication
from each of the 8 treatments totaling 8 plots (9.6 x 7.2 m). Planting spacing was
maintained at 0.40 m (seed to seed) within a row and 0.80 m between the rows
within each plot (Ze. 100 seeds per plot). The M1 plants were individually har-
vested and 10 healthy M2 seeds from each harvested plant were sown in the 2020
rain-off season, using the one single-seed-descend method (on a plant progeny
row basis), to obtain M3 seeds. Based on agronomic traits such as yield com-
ponents, flowering time; and new morphological/color traits, 550 M3 mutant
lines were selected and screened for Striga gesnerioides resistance during the
2020 cropping season in farmers’ field with natural heavy Striga-infestation.
From this field screening, 446 M4 mutants either with few Striga emergence
(results not reported in this article) either other agronomic traits were rec-
orded and then agro-morphological phenotyping. The distribution of M4 mu-
tants according to the irradiation dose and cowpea variety is shown in Table
1.

Table 1. Number of cowpea M4 mutant lines selected per irradiation dose and variety.

Cowbea variet Gamma ray irradiation Number of selected
v
wP ¥ doses (Gy) mutant lines
180 294
230 81
KVX396-4-5-2D
280 7
Total 382
170 12
Moussa local 220 52
Total 64

2.3.2. Phenotyping of the Cowpea M4 Mutant Lines

The evaluation of the mutant lines was performed during the 2021 cropping sea-
son for phenotypic differences with parental varieties. The experiment was laid
in an alpha lattice design. The trial consisted of 7 blocks of 65 lines. Each parent
(MO seeds) was replicated 3 times in each block. Each genotype was planted in five
hills within a 4 m long row. Rows and holes were spaced 1 m apart for optimum
expression of the traits. Two seeds were planted per hill and plants were thinned

to one single-plant along with incorporation of NPK fertilizer (100 kg/ha) two

DOI: 10.4236/ajps.2024.158044

654 American Journal of Plant Sciences


https://doi.org/10.4236/ajps.2024.158044

M. T. Dabiré et al.

weeks after the planting. Apron Star fungicide (20% Thiamethoxam + 20% Met-
alaxyl + 2% Difenoconazole) was also applied at a dose of 5 g/1. The rainfall rec-

orded on the experimental site was 775.6 mm with 550 mm, while the average

daily temperature ranged from 22°C to 30°C, during the cowpea growth period.

2.3.3. Data Collection

The agro-morphological data of seven qualitative and 11 quantitative variables

(Table 2) were collected from each plant of each row.

Table 2. Qualitative and quantitative traits recorded on cowpea plants.

N° Qualitative traits Code Collection method
1  Plant growth habit Plant habit Noted at flowering: Erect, semi-erect, spreading
2 Flower color FlCol = White, white with purple outline, purple
3 Shape of median leaflet Shaleaf Globular, sub-globular, lanceolate, sub-lanceolate, oval
4 Branch pigmentation BranPig Noted at maturity: Green, reddish, brown
5 Pod color PodCol Noted at maturity: Yellow, brown, reddish, dark red
6 Seed coat color SeedCol White, whitish, maroon, brown
7  Seed hilum color HilCol Brown, dark black, maroon, reddish
N° Quantitative traits Code Collection method
8 Days to 50% flowering DaFl ~ Number of days from sowing to first flowering
9 Plant height PIHeight Measured from soil to plant apex
10 Branch number NumBr Counted primary branches at flowering
11 Leaflet diameter LeafDia Measured with a ruler on three median leaflets
12 Leaflet length LeafLen Measured with a ruler on three median leaflets
13 Petiole length PetLen Measured with a ruler on three petioles
14 Days to grain maturity DaMa  Number of days from sowing to 95% grain maturity
15 Peduncle length PdLen ﬁzajrcrfi r:fgi;isi;isisure at maturity on three
16 Pod number PodNum Pods/plant with seeds were counted at the harvest
17 Podlength PodLen Measured on five randomly selected pods
18 100-seed weight 100-SW  Weight of 100 seeds

Chlorophyll fluorescence and relative chlorophyll content (SPAD) were meas-
ured as physiological parameters using the MultispeQ v1.0 handheld device,
which works in connection with the photosynq platform (Photosyng, Michigan,
USA) [17]. The measured fluorescence parameters included the quantum yield
of photosystem II (Phi2), quantum yield of Non-Photochemical Quenching
(PhiNPQ) and, the yield of non-regulatory energy dissipation (PhiNO). Meas-
urements were recorded from 8 a.m. to 11 a.m. during the period when the plants
reached the reproductive development stage between flowering and pod for-
mation. These measurements were recorded on the three central plants of each

genotype, at the healthy median leaflet level of the third leaf located on the main
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stem from the apex.

Phi2 assesses the plant’s ability to convert the light received by photosystem II
into carbohydrates, considered as a good indicator of a plant’s photosynthetic
performance.

PhiNPQ represents the excess energy dissipated in the form of heat by the plant
to prevent damage to photosynthetic structures. PhiNO indicates the unregulat-

ed energy lost by the plant.

2.3.4. Statistical Analysis

Analysis of variance was performed to compare the mutant lines to the parents
(controls). Significant difference between the parent and mutant means was de-
termined using the Student-Newman-Keuls test at the 5% threshold. The rela-
tionship between quantitative data was established using Pearson’s correlation
coefficients, followed by principal component analysis to identify quantitative
traits influencing phenotypic variation. Next, hierarchical ascending classifica-
tion was used to assess the structure of the mutant population. These analyses
were performed using the R software [18]. Qualitative data were used to calculate

the frequency of occurrence.

3. Results
3.1. Determination of Lethal Dose 50 (LDso)

A significant (P < 0.0001) interaction was observed between the cowpea varieties
and gamma radiation doses. The gamma-ray treatments significantly reduced
survival rate above 200 Gy. Plants height decreased drastically with increasing
irradiation doses in both varieties (Figure 1). According to the linear equation,
the LDs, values of Moussa local variety and KVX396-4-5-2D variety were 223.87
Gy and 230.64 Gy respectively (Figure 2). For subsequent experiments, LDs,
was considered to be 230 Gy for the KVX396-4-5-2D variety and 220 Gy for the

Moussa Local variety.
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Figure 1. Effect of gamma ray irradiation on the seedling height of cowpea varieties
KVX396-4-5-2D (A) and Moussa local (B) seeds irradiated with 0, 75, 150, 300, 450 and
600 Gy doses at 21" days old.
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Figure 2. Seedling height and fitted straight line to estimate the LDso in cowpea varieties
KVX396-4-5-2D and Moussa local.

3.2. Frequency Distribution of Qualitative Traits in Cowpea M4
Mutant Lines

Gamma irradiation induced varijability in some qualitative traits of cowpea (Table
3). White and purple flowers appeared with frequencies of 2.14% and 0.47%, re-
spectively, in the KVX 396-4-5-2D variety, where white with a purple outline
color was dominant (97.39%) (Figure 3). No difference in flower color of was
observed with the Moussa local mutant lines. The mutation also induced varia-
tion in growth habit in both varieties. The majority of KVX 396-4-5-2D mutant
lines (96.12%) showed a semi-erect habit similar to their parent, compared to
3.40% of mutants which have an erect growth habit and 0.47% with a creeping
growth habit. Semi-erect, erect, and creeping growth habit appeared in the Moussa
local mutant lines with frequencies of 47.33%, 1.53% and 51.14% respectively.

Lanceolate and globular median leaflet shapes were observed in mutant lines of
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both varieties, with some KVX 396-4-5-2D mutants exhibiting an oval shape. Most
of KVX 396-4-5-2D mutants (99%) and Moussa local mutants (52%) retained

the pod color of their parents. However, color variations were observed in some

mutants. The pods of some KVX 396-4-5-2D mutants showed a brown color at a

frequency of 0.48%, and a reddish color at 17.18% in Moussa local. Dehiscent

pods appeared only in the KVX 396-4-5-2D variety at a frequency of 0.24% (Figure

3). Some differences in seed color (whitish, brown, and maroon) were noted in
some KVX 396-4-5-2D mutants.

Table 3. Frequency of variations in qualitative traits of cowpea KVX396-4-5-2D and Moussa local M4 mu-

tant lines.
Qualitative Kvx396-4-5-2D Moussa local
. Phenotypic variation
traits Number Frequency (%) Number Frequency (%)
White with purple outline 1230 97.39 - -
Flower color White 27 2.14 262 100
Purple 6 0.47 - -
Semi-erect 1214 96.12 124 47.33
Plant growth
. Erect 43 3.40 4 1.53
habit
Spreading 6 0.47 134 5114
Sub-lanceolate 1035 81.95 259 98.86
Lanceolate 22 1.74 1 0.38
Sh f
1ape o Sub-globular 189 14.96 2 0.76
median leaflet
Globular 9 0.71 - -
Oval 8 0.63 - -
Green 1234 97.70 - -
B h
| oranad Reddish 23 1.82 262 100
pigmentation
Brown 6 0.48 - -
Yellow 1257 99.52 - -
Brown 6 0.48 136 51.91
Pod color
Reddish - - 45 17.18
Dark red - - 81 30.92
Indehiscent 1260 99.76 262 100
Pod dehiscence
Dehiscent 3 0.24 - -
White 1256 99.44 262 100
Whitish 1 0.08 - -
Seed coat color
Maroon 3 0.24 - -
Brown 3 0.24 - -
Brown 1243 98.42 253 96.56
Dark black 15 1.19 - -
Seed hilum color
Maroon 1 0.08 - -
reddish 4 0.31 9 3.44
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Figure 3. Effect of gamma rays on qualitative traits induced in cowpea M4 mutant lines.
(A) Flower color of parent KVX396-4-5-2D; (B) White flower; (C) Purple flower; (D)
Sub-lanceolate leaflet of parent KVX396-4-5-2D; (E) Lanceolate leaflet; (F) Oval leaf-
let; (G) Globular leaflet; ((H) (I)) Leaf anomalies in some Moussa local mutants; (J)
Kvx396-4-5-2D parent branch pigmentation; (K) Reddish branch pigmentation; (L)
Brownish pigmentation; (M) KVX396-4-5-2D yellow pod; (N) Brown pod; (O) Dehis-
cent pod; (P) Reddish and brown pods in Moussa local mutants; (Q) White seed of
KVX396-4-5-2D; (R) Brown pods; (S) Whitish seed with maroon hilum; (T) Maroon seed;
(U) Red hilum.
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3.3. Descriptive Analysis of Recorded Morphological Traits

The coefficient of variation for mutant lines generated from KVX 396-4-5-2D and
Moussa local varieties was high (>20%) for pod number, plant height, branch
number, and peduncle length, moderate (10% - 20%) for the other parameters,
except for days to flowering and days to grain maturity, which was low (<10%)
(Table 4 and Table 5). ANOVA results showed significant differences between
the mutant lines of both cowpea varieties and their parents for all the quantita-
tive traits assessed. Flowering time ranged from 36 to 68 days after the sowing
(DAS) for KVX 396-4-5-2D mutant lines, with a mean of 46 DAS compared to
the parent’s (Table 4). For the Moussa local mutant lines, flowering time ranged
from 43 to 70 DAS, with similar mean flowering time (49 DAS) as the parent
(Table 5). The minimum time of pod maturity for the KVX 396-4-5-2D mutant
lines exhibited an earlier maturity of 59 DAS, which stood out of the parent of
which the pod maturity was delayed of 70 DAS. The pod maturity time for the
Moussa local parent was 71 DAS while that of the mutant lines ranged from 65
to 83 DAS. The highest branch numbers recorded for Moussa local mutant lines
were 11 compared to seven for the parent. KVX 396-4-5-2D mutant lines showed
branch numbers ranging from 1 to 9 branches whereas the parent was five branch-
es. The means of leaflet diameter and length of KVX 396-4-5-2D mutant lines
were 5.50 cm and 10.08 cm respectively, while those of the parent were 5.24 cm
and 9.98 cm, respectively. The means of leaflet diameter (4.08 cm) and length
(8.40 cm) of Moussa local mutant lines were higher than that of the parent (3.70
cm and 8.24 cm). The petiole length of the KVX 396-4-5-2D mutant lines ranged

from 2 to 15 cm, with an average of 8 cm, similar the parent, whereas Moussa

Table 4. Results of analysis of variance of quantitative traits recorded from KVX 396-4-5-2D
mutant lines at M4 generation.

Parent Cowpea M4 mutant lines

Quantitative traits
Mean Min. Max. SD CV (%) Mean

Days to 50% flowering 47.63 36.00 68 3.82 8.26 46.307*
Plant height (cm) 14.63 5.00 30.50 3.25 21.98 14.79%**
Branch number 5.26 1 9 1.20 21.28 5.65%**
Leaf diameter (cm) 5.24 2.70 9.40 0.75 13.66 5.50***
Leaf length (cm) 9.98 2.40 16 1.31 12.95 10.08***
Petiole length (cm) 7.79 2 15.50 1.40 17.33 8.09***
Days to grain maturity 69.89 59 86 4.10 6.02 68.09***
Peduncle length (cm) 16.33 1.50 32.50 4.35 26.59 16.34%*
Pod number 27.53 2 93.00 15.51 51.71 29.99%**

Pod length (cm) 14.27 4 19.50 2.04 14.14 14.42%**
100-seed weight (g) 14.71 9 23.14 2.39 16.65 14.32%**

Note: Min: Minimum; Max.: Maximum; SD: Standard deviation; CV: Coefficient of varia-
tion. ***Significant at P < 0.001 probability levels.
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Table 5. Results of analysis of variance of quantitative traits recorded from Moussa local
mutant lines at M4 generation.

Parent Cowpea M4 mutant lines
Quantitative traits
Mean Min. Max. SD CV (%) Mean

Days to 50% flowering 48.50 43 70 3.12 6.28 49.67%*
Plant height (cm) 10.83 4.50 21 2.46 20.4 12.05**
Branch number 7.83 2 11 1.48 20.7 7.15%%%
Leaf diameter (cm) 3.70 2.15 6.70 0.53 13.1 4.08%**
Leaf length (cm) 8.24 4.70 10.75 1.10 13.1 8.41%%*
Petiole length (cm) 7.40 3.25 12.25 1.24 17.5 7.07%%%
Days to grain maturity 71 65 83 2.82 3.96 71.17*%*
Peduncle length (cm) 10.16 3.67 18.67  2.81 28.4 9.91%**
Pod number 32.50 3 92 15.50 50.1 31.55%%

Pod length (cm) 15.75 7.56 17.90 1.90 13.2 14.43**
100-seed weight (g) 16.11 1.32 22.77 3.08 20.6 14.93%**

Note: Min: Minimum; Max.: Maximum; SD: Standard deviation; CV: Coefficient of varia-
tion. %, **, and *** are significant at P < 0.05, 0.01 and 0.001 probability levels, respectively.

local mutants varied from 3 cm to 12 cm, with an average of 7 cm. Average pe-
duncle length was 16 cm for KVX 396-4-5-2D mutant lines and their parent, and
10 cm for Moussa local mutant lines and their parent. The maximum pod num-
ber for the KVX 396-4-5-2D and Moussa local mutant lines were higher than
that of their parents, with 93 and 92 pods, respectively. The mean pod length was
14 cm for the KVX 396-4-5-2D mutant lines and parent with maximum length
of 19 cm. Moussa local mutant lines and the parent had a mean pod length of 15
cm. KVX 396-4-5-2D mutant lines exhibited a maximum peduncle length of 32
cm, which is longer than that the parent (16 cm). Moussa local mutant lines
showed maximum peduncle length ranged from 3 to 18 cm while that of parent
had peduncle length of 10 cm. Hundred-seed weight for the KVX 396-4-5-2D
mutant lines and the parent ranged from 9 to 23 g and 15 g, respectively, where-
as those for Moussa local mutant lines were between 1 and 22 g, compared to the

parent with a weight of 16 g.

3.4. Variation of Photosynthesis Parameters in Cowpea Mutant
Lines

The result of analysis of variance showed a significant difference between the mu-
tants of both varieties according to the photosynthetic parameters, except of the
unregulated quantum yield of lost energy PhiNO of Moussa local mutant lines
(Table 6). The quantum yield of photosystem II (Phi2), ranged approximately
from 0.29 to 0.69 in the mutants of both varieties. The mean of PhiNPQ was 0.15
for KVX 396-4-5-2D mutant lines and 0.12 for the Moussa local mutant lines.
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The chlorophyll content ranged from 4.56 to 70.34 with KVX 396-4-5-2D mu-
tant lines and from 2.99 to 71.33 in the Moussa local mutant lines. The coefficient
of variation was low to moderate with KVX 396-4-5-2D mutant lines (5.27% -
27.92%) whereas the coefficient of variation of Moussa local mutant lines was
low to high (6.94% - 45.10%).

Table 6. Variation of the photosynthetic parameters in KVX 396-4-5-2D and Moussa lo-
cal mutant lines at M4 generation.

Parent Cowpea M4 mutant lines
Genotypes Traits
Mean Min. Max. SD CV (%) Mean
Phi2 0.58 0.29 0.69 0.04 5.27 0.56***
KVX 396-4-5-2D PhiNO 029 009 033 0.02 7.00 028
mutant lines PhiNPQ 0.11  0.02 060 0.05 27.92 0.15%*

Chlorophyll content 67.22 456 70.34 4.26 6.13 66.41*

Phi2 057 027 0.69 005 694 0.58%%
Moussa local PhiNO 027 0.3 034 028 990 0.28ns
mutant lines PhiNPQ 0.14 0.02 0.54 0.06 45.10 0.12%%

Chlorophyll content 60.57  2.99 71.33 13.18 18.99 62.66*

Note: Phi2: Quantum yield of Photosystem II; PhiNPQ: Yield of non-photochemical quench-
ing; PhiNO: Yield of non-regulatory energy dissipation; CV: Coefficient of variation. ns: Not
significant; * and *** are significant at P < 0.05 and 0.001 probability levels, respectively.

3.5. Correlation between the Quantitative Variables

According to Pearson’s coefficients strong positive and negative correlations
were observed in the mutant lines of both varieties. In KVX 396-4-5-2D mutant
lines, a strong and positive correlation was noted between peduncle length and
leaf dimensions (leaflet diameter and length, and petiole length). Leaf diameter
was highly correlated with the number of plant branches and all other quantita-
tive traits, except the days to grain maturity, which was negatively and highly cor-
related with pod number and length (Table 7). The number of pods was highly
and positively correlated with the pod length and 100-seed weight.

Table 7. Pearson’s correlation coefficients of quantitative traits with respect to yield in KVX396-4-5-2D mutant lines.

DaFl PlHeight NumBr LeafDia LeafLen PetLen DaMa  PdLen NumPod PodLen 100-SW

Days to 50%
flowering

Plant height ~ —0.096 1
Branch number —0.497*** (0.218***
Leaf diameter —0.383***  0.037
Leaflength  —0.404***  0.094
Petiole length —0.338*** —0.078

1
0.419%** 1
0.3657**  0.621*** 1
0.317%%%  0.502%%*  0.427*** 1
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Continued

Days to grain
. 0.706**  0.006 —0.368*** -0.088 -0.085 -0.168*** 1
maturity

Pod length  —0.407*** 0.058  0.461*** 0.574*** 0.497*** 0.415*** —-0.083 1

Pod number —0.507*** 0.067  0.440*** 0.435%** 0.446*** 0.315%** —0.239%%* 0.598*** 1

Podlength  —0.325%%* 0.121* 0.344%%* 0.361*** 0.392%%* 0.311*%** —0.195%** 0.457*** 0.476%** 1
100-seed weight —0.198%**  0.071  0.272%%* 0.221*%** 0.261*%* 0.291*** —0.022 0.288*** 0.146** 0.296*** 1

Note: DaFl: Days to flowering; PIHeight: Plant height; NumBr: Branch number; LeafDia: Leaflet diameter; LeafLen: Leaflet length;
Petlen: Petiole length; DaMa: Days to grain maturity; PdLen: Peduncle length; NumPod: Pod number; Podlen: Pod length; 100-SW:
One seed weight. *, ** and *** are significant at P < 0.05, 0.01 and 0.001 probability levels, respectively.

In the Moussa local mutants, only the correlation between cowpea plant height
and mean of pod length was negative (Table 8). The correlations between days
to grain maturity, days to flowering, branch number per plant, hundred-seed
weight, peduncle length and pod number were positive and highly significant
(Table 8).

Table 8. Pearson’s correlation coefficients of quantitative traits with respect to yield in Moussa local mutant lines.

DaFl PlHeight NumBr LeafDia LeafLen PetLen DaMa PdLen NumPod PodLen 100-SW

Days to 50% flowering 1

Plant height 0.102 1
Branch number —-0.137  0.041 1
Leaf diameter -0.167 0.126 0.579*** 1
Leaf length —0.085 0.185 0.390** 0.636*** 1
Petiole Length -0.159  0.018 0.091  0.377** 0.589*** 1
Days to grain maturity 0.605*** 0.136  -0.091 0.046 -0.014 0.145 1
Pod length -0.160 -0.170 -0.091 0.039 0.043  0.250*  0.133 1
Pod number 0.021 -0.024 -0.092 0.085 0.057 0.183  0.387** 0.629*** 1
Pod length -0.153 -0.344** -0.010 -0.152 -0.068 0.121 0.036  0.446*** 0.452**%* 1
100-seed weight -0.060 -0.096 0.427*** 0.361** 0.232  0.265* 0.127 -0.050 -0.117 0.016 1

Note: DaFl: Days to 50% flowering; PIHeight: Plant height; NumBr: Branch number; LeafDia: Leaflet diameter; LeafLen: Leaflet
length; Petlen: Petiole length; DaMa: Days to grain maturity; PdLen: Peduncle length; NumPod: Pod number; Podlen: Pod length;
100-SW: 100-seed weight. *, ** and *** are significant at P < 0.05, 0.01 and 0.001 probability levels, respectively.

3.6. Clustering Analysis of Cowpea M4 Mutant Lines

3.6.1. Principal Components Analysis

Principal components analysis (PCA) was performed to better understand and
identify the parameters that explained the source of variation between mutant
lines. This graph examines the relationships between the quantitative variables
collected. In the correlation circle, the size of the vectors reflects the quality of

the variable representations.
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With KVX 396-4-5-2D mutant lines, PCA revealed that the first three dimen-
sions contributed to 62.25% of the total variation. Dimension 1 contributed 39.36%
and was positively and strongly correlated to the number of branches (0.69), leaf
diameter (0.73), peduncle length (0.76), pod number (0.73), leaf length (0.71),
petiole length (0.62) and pod length (0.63) (Figure 4). Dimension 2 explained
12.87% of the variation and was highly correlated to days to grain maturity
(0.83) and days to 50% flowering (0.55). Dimension 3 contributed 10.02% of the
total variation and highly correlated to plant height which was the major con-
tributor of this axis. Thus, axis 1 contributed to plant productivity while the axis
2 was related to the cycle length of the crop genotype.

9
& 1.0
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(=]
0.5
LeafDia
X100.SW
Le,
PodLen
B s R A IR A S BN NomPod
0.5
1.0

1.0 05 0.0 10
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Figure 4. Principal components analysis showing associations between traits in KVX
396-4-5-2D mutant lines at M4 generation.

With Moussa local mutant lines, PCA showed that the first three dimensions
explained 60.9% of the data variance (dimension 1: 24.4%, dimension 2: 20.6%,
dimension3: 15.9%). Dimension 1 is positively correlated with branch number
(0.65), leaf diameter (0.84), leaf length (0.81) and petiole length (0.66), while di-
mension 2 is positively correlated with peduncle length (0.81), pod number
(0.83) and pod length (0.72) whereas dimension 3 is positively correlated with
days to 50% flowering (0.81) and days to grain maturity (0.83). Axis 2 and axis 3
represent the productivity and cycle length of the mutants, respectively (Figure
5).
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Figure 5. Principal components analysis showing associations between traits in Moussa
local mutant lines at M4 generation.

3.6.2. Hierarchical Classification of Cowpea M4 Mutant Lines

Hierarchical ascending classification was used to cluster cowpea mutant lines and
their parents. A dendrogram was constructed based on the average population
linkage for each variety. This classification revealed three clusters in KVX
396-4-5-2D mutant lines (Figure 6). Cluster 1 contained the highest number of
genotypes (198), including the parent and Clusters 2 and 3 composed of 93 and
92 mutant lines, respectively. Moussa local mutant lines were classified into six
clusters (Figure 7). Cluster 1 contained the highest number of genotypes including
the parent (30), followed by Cluster 2 with 12 lines. Clusters 3, 4, 5, and 6 involved
fewer mutant numbers (6, 5, 8, and 4, respectively).

The characteristics of each cluster for the quantitative traits are presented in
Table 9, along with the corresponding test values (V-tests). Test values for KVX
396-4-5-2D mutant lines showed positive values for days to flowering and days
to grain maturity, and negative values for the other variables in Cluster 1. The
mean values for days to flowering and days to grain maturity for this cluster
were 50 and 71 DAS, respectively, which were higher than the overall means of
46 and 68 DAS. Cluster 2 showed only negative V-test values for pod and branch
numbers, peduncle length, plant height, and leaflet diameter. In Cluster 3, the
V-tests were positive for yield components and leaf dimensions and negative for

days to flowering and days to grain maturity. This cluster had the highest 100-seed
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Figure 6. Dendrogram of cowpea KVX 396-4-5-2D mutant lines based on quantitative traits at M4 generation.
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Figure 7. Dendrogram of cowpea Moussa local mutant lines based on quantitative traits at M4 generation.

weight (14 g) and pod number (40 pods/plant) compared to the two other clus-
ters. For the Moussa local mutant lines, the test values in Moussa local 1 were all
negative for 100-seed weight, plant height, branch number, and leaf size (Table
10). The average weight of hundred-seeds in this cluster was 13.75 g and the
plant height was 11 cm. Cluster 2 showed positive V-tests for days to grain ma-
turity, flowering date, and plant height. They were negative for the branch
number and 100-seed weight. The average height of the individuals in this clus-
ter was 14 cm, compared to the overall average of 12 cm. Cluster 3 showed nega-
tive V-tests for the yield components. In Cluster 4, pod length had a positive

V-test, with an average of 15 pods greater than the overall average. In this clus-
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ter, V-tests of petiole and leaflet lengths were also positive. Cluster 5 showed all
positive V-tests for yield components. Cluster 6 consisted of mutant lines with the
highest 100-seed weight of 17 g and a positive V-test result. Leaf size and the
branch number also showed positive V-tests. The pod length in this cluster, with
an average of 13 cm, had a negative V-test result. The clustering diagram using
K-means clustering showed a distribution of KVX 396-4-5-2D mutant lines in
the three clusters (Figure 8) and a distribution of Moussa local mutant lines in
six clusters (Figure 9). The distribution of these different mutant lines supports
the hierarchical classification, which divided the mutant population into three and

six groups for KVX 396-4-5-2D and Moussa local, respectively.

Table 9. Characteristic means of three cluster groups of cowpea KVX 396-4-5-2D mutant variables at M4 generation.

Variables

Days to 50% flowering

Days to maturity

100-seed weight

Pod Length

Branch number

Pod number

Petiole length

Pod length

Leaf diameter

Leaf length
Plant height

Cluster 1 Cluster 2 Cluster 3
Overall mean

V-test  Cluster mean V-test Cluster mean  V-test Cluster mean
12.23 50.84 -10.06 44.38 46.51
8.42 71.65 -6.97 66.72 68.35
-5.79 13.02 3.28 14.71 14.28
-8.31 12.72 7.11 15.23 14.38
-9.29 4.65 -2.15 5.52 9.47 6.22 5.62
-9.47 16.28 -3.90 27.31 11.45 39.90 29.97
-9.53 6.92 7.71 8.62 8.07
-9.59 12.52 -2.94 15.78 10.53 18.85 16.34
-9.65 4.856 -2.08 5.44 9.69 5.90 5.50
-10.07 8.85 9.23 10.74 10.07
-3.79 14.35 3.62 15.36 14.81

Table 10. Characteristic means of six cluster groups of cowpea Moussa local mutant variables at M4 generation.

Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Cluster 6
Variables Cluster Cluster Cluster Cluster Cluster Cluster Overall
V-test V-test mean V-test mean V-test mean V-test mean V-test mean mean
Days to 50%
flowering 3.76 52.06 -3.79 48.32 49.6
Days to maturity 431 7437 -3.68 6853 -232 7033 71.22
100-seed weight -2.07 13.75 -2.60 13.29 5.06 17.69 15.08
Plant height -2.44 10.95 4.25 14.08 -2.38 11.42 12.05
Petiole length  —4.50  5.90 297 747 7.06
Leaf diameter = —5.39  3.38 3.93 4.44 4.05
Leaf length -6.29  6.88 2.06 8.64 2.12 8.77 8.37
Peduncle length -424 698 233 10.83 411 13.72 9.97
Pod number -3.42 18.85 5.21 58.24 32.09
Pod length -2.15 13.64 287 15.08 3.67 1637 -2.59 13.73 14.49
Branch number -3.35 6.06 -2.27 6.37 1.96 8.14 3.4 8.14 7.20
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Figure 8. Clustering diagram of cowpea KVX 396-4-5-2D mutant lines at M4 generation.
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Figure 9. Clustering diagram of cowpea Moussa local mutant lines at M4 generation.

4. Discussion

Induced mutagenesis is an established means for diversifying gene pools in crop
varieties. However, in addition to having positive effects, electromagnetic irradi-
ation can simultaneously affect seed germination rates, seedling survival and
growth rates, and fertility of plants [19]. The radio-sensitivity test showed that
plant height and germination percentage decreased significantly with increasing
gamma irradiation doses. This decreasing of germination percentage was noted
by [20] in gamma-irradiated cowpea studies. Indeed, high irradiation doses have
a high impact on the genome of cowpea varieties, causing chromosomal aberra-
tions, lethality, and sterility [21] [22]. Therefore, these anomalies could be re-
sponsible for the observed reduction in plant height [20]. LDs, determined in
this study were 223 Gy and 230 Gy for Moussa local and KVX 396-4-5-2D, re-
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spectively. These optimal doses for both Cowpea varieties are almost similar but
weaker than those determined by [19] (300 Gy), [23] (800 Gy) and [24] (500 Gy)
for other Cowpea varieties. The LDs, may depend on the plant tissue, seed mois-
ture content, and seed characteristics of each genotype [25].

Gamma rays induced morphological variations in the mutants of both Cow-
pea varieties. Some mutant lines exhibited morphological traits such as the shape
of the median leaflet, branch pigmentation, flower characteristics, seed traits,
hilum color, pod color, and growth habits different to those of the parents. These
changes were likely due to the induced mutation. Similarly, oval, sub-globular
and lanceolate leaflets were noted, differing from the sub-lanceolate form of the
parents. This change in leaf morphology has been observed by some authors
[26]-[28]. [29] indicated that the mutation affects the genes controlling the shape
of cowpea leaves. Some KVX 396-4-5-2D mutants showed reddish and brownish
branch pigmentation, differing from the greenish pigmentation of the parent.
Similar results were reported by [27]. The semi-erect habit was dominant in KVX
396-4-5-2D mutant lines while the creeping habit was dominant in Moussa local
mutant lines. The induction of erect growth habit is, generally growth-determining.
This trait enables cowpea varieties to be grown at higher plant densities [30]. In
addition, this type of growth habit makes harvesting less arduous and facilitates
farming mechanization. The appearance of growth habit is due to a change in
the monogenic gene-controlling growth habit of cowpea [31]. The mutation in-
duced changes in flower, seed, pod, and hilum coloration in KVX 396-4-5-2D
mutant lines. For Moussa local mutant lines, only a change in pod color was ob-
served. These variations in flower color were recorded by [32] on mung bean
and [27] on cowpea. These results indicate that gamma rays induce damage to
chromosomal material which exhibited new phenotypic characters [33]. These
mutations affect floral color at high irradiation doses. Variety seed color is a de-
sired selection trait driven by consumers’ preferences. Seed color mutation oc-
curred only in few KVX 396-4-5-2D mutant lines, resulting in brown, maroon,
and whitish colors that were different from the white color of the parent. These
different colors of seeds were observed in brown pods of some mutants while the
yellow pods exclusively showed white seeds. Several authors have used muta-
genesis to induce seed and pod color changes in cowpeas [12] [27] [28] [32].
Seed color has been studied in many crops and has often been linked to loci that
control anthocyanin biosynthesis [34]. These color changes are due to mac-
ro-mutations governed by a few major genes or oligo-genes [35]. The results also
showed that mutants with pod dehiscence were only found in KVX 396-4-5-2D
mutant lines. Pod dehiscence is very common in wild species, enabling them to
spread naturally. Mutants with this trait are not agronomically beneficial as it leads
to grain yield loss. However, wild species are endowed with resistance genes
against some biotic and abiotic factors [36]. Mutations linked to pod dehiscence
are caused by a change in the twisting force of the pod walls or the structural
strength of the pod dehiscence slit zone [37]. Gamma irradiation caused changes
in the dominant NSH gene controlling pod indehiscence in cowpea [38]. These
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dehiscent pod mutants are a source of information that could help breeders un-
derstand the mechanism of dehiscence. Dehiscence of legumes is often positively
correlated with aridity [39]. Breeders should consider this trait in the context of
climate change.

According to quantitative parameters, the mutation induced earlier flowering
and grain maturity in some KVX 396-4-5-2D mutants. This earliness helps to
avoid late drought and to minimize insect and disease infestations in a context of
climate change. Previous studies have used EMS [40] and gamma rays [41] to
select early cowpea varieties. [42] reported that genetic control of earliness in
cowpea is governed by complementary and duplicated epistasis, showing that
mutagenesis has improved the yield component (number of pods, pod length,
and seed weight) of some mutant lines whereas other mutants showed reduced
yield components compared to the parents. Yield increasing resulting from in-
duced mutagenesis has been noted in [12] [27] [35] [43]. However, mutagenesis
can also induce a decrease in yield components of mutant lines compared to the
parent [28] [44]. This could be due to genetic alterations at the chromosomal
and molecular levels caused by irradiation, which could result in either an im-
provement or a reduction in yield. The 280 Gy dose induced a reduction in plant
height in some KVX 396-4-5-2D mutants which would help to control lodging.
Similarly, [45] showed that reduced-size mutants induced by gamma irradiation
had a high nitrogen-fixing capacity. [26] [45] and [27] also generated cowpea
mutant lines with reduced plant height compared to the parental varieties. The
230 Gy dose in KVX 396-4-5-2D induced an increase of peduncle length. Thus,
increased peduncle length favors mechanized pod harvesting. The mutation also
induced variability in the leaf size. The diameter of the median leaflet increased
in Moussa local mutants with doses of 170 and 220 Gy. In the KVX 396-4-5-2D
mutant lines, average diameters up to 9 cm and lengths up to 15 cm were rec-
orded. These wide, long leaflets have also been noted by [26] as having enhanced
photosynthetic activity. Light penetration can be deeper in the leaf canopy, im-
plying a high leaf area index.

Measuring chlorophyll fluorescence helps to highlight the process of energy
use by the plant and the dissipation of excess energy through photosystem II
[46]. The Phi2 quantum yield of Photosystem II measures its efficiency, that is,
the fraction of light energy captured by PSII that is directly used for photosyn-
thesis. Therefore, Phi2 is an indicator of the photosynthetic performance [47]. The
chlorophyll fluorescence parameters (Phi2, PhiNPQ, and PhiNO) varied signifi-
cantly in the mutant lines. Similar results were recorded for Eleusine coracana (L.)
Gaertn. irradiated with gamma rays [48]. The low Phi2 values shown by some
mutants indicate a reduction in photosynthetic performance, whereas the high
values show an improvement. Under fluctuating light intensity conditions, PhiNPQ
enables the identification of mutants with a high photoprotective capacity against
excess energy [49]. High PhiNPQ values indicate a high photoprotective capacity
[50]. The loss of unregulated PhiNO energy is a loss for the plants. Mutants with
low PhiNO values are of interest in breeding programs. Variations in fluorescence
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parameters could be due to the different leaf characteristics (chemical and phys-
ical composition of the leaves) of the mutants, as well as to environmental con-
ditions. Biotic and abiotic factors therefore can lead to a drop in Phi2. Therefore,
chlorophyll fluorescence is used for early detection of deficiency or pathogen at-
tack [51] [52].

Correlations between the traits of mutant lines are significant in breeding
programs. The agronomic value lies in determine which traits are highly corre-
lated before selection [53]. This study showed a strong positive correlation be-
tween branch number and hundred-seed weight in mutants derived from both
varieties. This correlation indicates that the increasing number of branches leads
to the improvement of yield components. Similar trait associations have been
found in a mutant cowpea population treated with EMS [54]. In addition, strong
links between yield components (number of pods, pod length, and hundred-seed
weight) and leaf size were noted with KVX 396-4-5-2D mutants. This suggests
that lines with large leaves would contribute to increase seed weight. However,
these correlations were not observed in the Moussa local mutants. According to
[55], mutagens also alter correlations between certain traits.

Principal component analysis and hierarchical ascending classification are two
techniques frequently used to cluster genotypes according to their similarity
which can be used to select desired traits in mutant populations [56]. Principal
component analysis allowed to identify some traits leading to phenotypic varia-
bility among the mutant lines. Pod and peduncle length, number of pods and
branches, and leaf dimensions were therefore correlated with axis 1, which ex-
plained 39% of the variation in the KVX 396-4-5-2D mutants. Thus, the selec-
tion for these traits could occur within mutant genotypes with a desirable high
average performance. With Moussa local mutants, 100-seed weight and leaf size
contributed predominantly to axis 1 and pod number and pod length to axis 2.
These traits are well-suited for the selection of forage and grain yields. Based on
these results, the first component was the major contributor to diversity in the
mutant lines, as emphasized by [48], who found that the first axis accounted for
traits associated with phenotypic variation. These highly variable traits can be
selected in breeding programs to achieve a high level of trait segregation [43].
The hierarchical classification resulted in three clusters in KVX 396-4-5-2D mu-
tant lines and six clusters in Moussa local mutant lines showing a high variability
among the mutants. The positive test values (V-tests) recorded within the dif-
ferent clusters showed that the average of the traits in that cluster was higher
than the overall average of the trait in the total lines. Similarly, negative V-tests
indicate that the average value of the trait in the cluster is lower than the overall
mean [57]. In Cluster 3 of KVX 396-4-5-2D mutant lines, V-tests for the date
to flowering and the date to grain maturity were negative and those for hun-
dred-seed weight and pod number were positive. Thus, this cluster includes both
early- and high-yielding mutant lines. Moussa local mutant lines in Cluster 4
showed some early grain maturity while in Cluster 6, high foliage and 100-seed

weight were observed. Within Cluster 6, the selection should be made for the dual

DOI: 10.4236/ajps.2024.158044

671 American Journal of Plant Sciences


https://doi.org/10.4236/ajps.2024.158044

M. T. Dabiré et al.

use of cowpea for forage and yield.

5. Conclusion

Radio-sensitivity tests determined the LDs, for each cowpea variety. The gam-
ma-ray irradiation induced genetic variability in both cowpea varieties, result-
ing in induced variation in qualitative and quantitative cowpea traits, such as
growth habit, leaf size and seed color. These variations enable the selection of
mutant lines that meet consumer preferences. Gamma rays improved the seed
weight, pod length, pod number, and photosynthetic efficiency, thereby contrib-
uting to improved cowpea productivity. Pearson’s correlation analysis revealed a
strong and positive correlation between pod number and branch number. Prin-
cipal component analysis indicated that pod number and leaf size accounted for
most of the phenotypic variation among the mutant lines. Hierarchical cluster-
ing showed heterogeneity in the distribution of the mutant lines from both vari-
eties. By clustering the mutant lines based on their similarities and differences,
genotypes of interest with earliness, high hundred-seed-weight and high poten-
tial forage production were identified. These mutant lines will be further ad-
vanced to stabilize genotypic traits, which can be utilized for cowpea improve-

ment.
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