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ABSTRACT

Cowpea (Vigna unguiculatal.. walp.) is one of the most widely adaptable grain consumed
for its high-quality plant protein and low-fat content as well as favorable amino acid
sequence. Despite these importances, its productivity in typical Sub-Sahara Africa
farmers’ fields is very low due to low diversity and narrow genetic base of the crop. Thus,
the study was carried out assesses the impacts of gamma irradiation on the growth
performance of cowpea plants. A total of three genotypes cowpea mostly consumed,
designated as White, Black and Brown were irradiated with gamma ray at dosage of 100,
200,300,and 400 Gy. The non-irradiated cowpea seeds served as the control. Three seeds
each of the treated genotypes and their control were sown and laid out using a
Randomised Completely Block Design (RCBD) with three replications. The germinated
seedlings were thinned to two per stand at 2,4.6 and 8 weeks after emergence (WAE) and
evaluated for morphology from two weeks after emergence till it reach maturity and
biochemical parameters at 8 weeks. The results of morphological parameters decrease
significantly with increasing irradiation doses. At 8WAE, 200Gy irradiated plant had
significantly highest height of 96.59 cm and the lowest (90.34 cm) was recorded in
400Gy. Among the irradiated plants highest mean number of leaves per plant (54.11) and
leaf area (193.8 cm?) were recorded in 100Gy plants at 8WAE. In terms of yield
parameters, the highest number of pods, seed per plant, Weight of pod as well as weight
of seed per plant and weight of 100 seed per plant with the mean values of 23.67g, 237.78,
27.67 g, 25.89 gand 22.16 g were recorded at 100Gy irradiated plant. These values were
not significantly different from yield of the control but differed from that of all other
irradiated plants. In contrast, biochemical assays revealed a positive trend, as irradiation
enhanced the activities of superoxide dismutase (SOD), catalase (CAT), and peroxidase
(POD), alongside increases in total soluble sugars (TSS) and proline content. Among the
genotypes, the Brown cowpea recorded the highest enzyme activities with the value of
58.77u/gFW and metabolite accumulation, followed by White with 47.70u/gFW. while
Black 49.79u/gFW exhibited the lowest biochemical response. Thus, gamma irradiation
had a reduction effect on germination and yield traits of Cowpea plants, it simultaneously
triggers strong antioxidants responses.
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INTRODUCTION:

Cowpea (Vigna unguiculata [L.] Walp.) is
one of the most important grain legumes
cultivated across the tropics and
subtropics, serving as a staple source of
dietary protein, income, and food
security, particularly in sub-Saharan
Africa. Nigeria remains the largest
producer and consumer of cowpea
globally, accounting for over 45% of
world production (1); (2). The crop
plays a dual role, both as a subsistence
food for rural communities and as a
commercial crop with high market value.
Its grains contain 20-35% protein, 50-
60% carbohydrates, and essential
vitamins and minerals, making it a cheap
alternative to animal protein for low-
income households (3). Beyond its
nutritional value, cowpea contributes
significantly to soil fertility through
nitrogen fixation, thereby reducing the
dependence on synthetic fertilizers (4).
Despite its socioeconomic and
nutritional significance, cowpea
production is constrained by several
challenges that limit yield potential and
quality. Prominent among these
constraints are viral diseases, insect
pests, poor soil fertility, and limited
genetic diversity in cultivated varieties

(2).

Gamma irradiation is a physical mutagen
widely used in crop improvement to
induce heritable mutations that broaden
genetic variability without
compromising the integrity of the
existing genome. It has been successfully
employed in the improvement of several
legumes, cereals, and vegetables,
resulting in the release of high yielding,
stress tolerant, and disease resistant
varieties (5) (6). In cowpea, mutation
breeding has been shown to induce
beneficial variations in traits such as
plant height, number of branches, pod
characteristics, seed size, seed weight,
and flowering time (7). However, these
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challenges still linger due to continue
cropping and inadequate conventional
variety. Additionally, induced mutations
can alter biochemical responses,
including enzymatic antioxidant systems
(superoxide dismutase [SOD],
peroxidase [POD], catalase [CAT]) and
metabolites (amino acids, soluble
sugars), which play crucial roles in stress
mitigation and pathogen defence, thus,
study was carried out.

MATERIALS AND METHODS

Collection of seeds and irradiation of
seeds

A total of three cowpea (Vigna
unguiculata) genotypes used for the
research were donated by local farmers
in Minna, Niger State. The viable seed
were grouped into five, of equal weights
(100g) for irradiation at dosage of
100Gy, 200Gy, 300Gy, 400Gy using a
cobalt-60 (¢9C0) and un-irradiated seeds
(0Gy) serve as the control using Gamma
rays’ source at Centre for Energy and
Research Training (CERT), Ahmadu
Bello University Zaria, Nigeria.

Experimental Treatments Design and
layout

The factorial experiment consists of five
(5) irradiation doses and three (3)
cowpea genotypes and to give 15
experimental combinations of (5 X 3).
The experimental set up was arranged in
a Completely Randomized Design with
three replications to total of 45
experimental pots. The experimental
sets up were watered twice daily in
absence of rainfall to ensure adequate
soil moisture for growth.

Growth Parameters:

Plant height (cm): Height of each plant
was measured using measuring tape
from the base to the tip of the main shoot
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at two (2) week intervals, four times (at
2.4 6 and 8 weeks).

Number of leaves per plant: This was
done by direct counting of the number of
leaves produced per plant at two (2)
weeks interval.

Leaf area (cm?): This estimated using a
non-destructive method by measuring
the length and breadth using measuring
tape. The area is estimated as the
product of length and breath as well as
correction factor using the formula
below;

Leaf area= Leaf length X Leaf width X
0.75

Yield and Yield-Related Parameters

Days to flowering: Number of days from
sowing to first flower appearance is
being noted i.e at 40 days, the flowers
start.

Number of pods per plant, This was
determined by counting the total
number of pods produced by each plant.

Weight of pod per plant, the weight (g) of
the harvested pod per plant was
determined by using sensitive weighing
balance (Melter PM2000, England) after
harvest.
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Total weight of seed per plant, The
weight (g) of the harvested seed per
plant was determined using sensitive
weighing balance (Melter PM2000,
England) after harvest and peeling of the
pod.

Number of seeds per pod; this as
determined by counting the total
number of seeds per pods produced by
each plant.

Weight (g) of 100 seed per plant, the
weight (g) of the harvested of 100 seed
per plant was determined by using
sensitive weighing balance (Melter
PM2000, England).

RESULTS

The effect of gamma irradiation on the
germination of the selected cowpea
showed that at 100Gy dose had the
highest percentage across all the cowpea
seed types (Table 4.1). Gamma
irradiation has a dose-dependent
negative effect on cowpea germination,
100-200Gy has mild to moderate effects,
300-400Gy has strong inhibitory effects.

Table 4.1: Effects of Gamma Irradiation on the Germination percentage (%) of Three Cowpea Genotypes

Doses (D) w BL B
Control 100 100 95
100Gy 90 95 80
200Gy 85 70 75
300Gy 75 75 75
400Gy 70 85 70

Key: Dose (D), White(W); Black (BL); Brown(B)

The result revealed that gamma
irradiation exerts a dose-dependent
effect on cowpea growth, with low to
moderate doses (100-200Gy) enhancing
plant height, while higher doses (300-
400Gy) are inhibitory. Significantly (p <
0.05) highest plant height was recorded
at 100Gy throughout the study period
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with the value of (23.00, 51.06, and
72.48) cm at 2, 4 and 6 WAE, respectively
while the shortest plant was obtained in
300Gy with the height of 19.94 (2 WAE),
43.66 (4 WAE) and 71.22 (6 WAE). At 8
WAE, the tallest plant was due to 200Gy
while the shortest was obtained in
400Gy with the value of 90.34 cm. These
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values were significantly (p < 0.05)
different from one another and from the
values of all other irradiated dose plants.
Among the genotypes, the white
genotype had the highest plant height
throughout the experimental period
with the value of 23.63, 51.15, 74.67 and
9519 cm at 2, 4 6 and 8 WAE,
respectively. These highest heights at 2
and 4 WAE were not significantly (p >
0.05) different from the value of 22.63
and 48.97 cm obtained in Brown
genotype but differed significantly from
that of black with the height of 19.53 and
38.87 cm, respectively. Similarly, highest
height at 6 and 8 WAE were not
significantly (p > 0.05) different from
the value of 72.45 and 94.52 cm recorded
in Black genotype but differed
significantly (p < 0.05) from that of
brown with the height of 67.26 and 88.33
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The interaction of the doses and
genotypes were significantly different (p
< 0.05) for all the treatments throughout
the study period. The highest height
(27.33cm) was produced by interaction
of 100Gy and white genotype and the
least height of 18.67cm recorded in
interaction of both 200*BL and 300*BL
at 2 WAE. At 4 WAE significant highest
height (63.33cm) was due to the
interaction of 100Gy and white genotype
and the least height of 35.67cm recorded
was due to 300*BL interaction.
Significant (p < 0.05) highest height
(78.33cm) at 6 WAE was due to the
interaction of produce by 100Gy*White
and the least height of 63.53cm was
obtained in interaction of control*Br
genotype. Similarly, interaction of
200Gy*W had the highest height
(99.43cm) and the least height of

cm, respectively. 84.93cm was due to the interaction
400Gy*Br
.Table 2: Effects of Gamma irradiation doses on Plant height (cm) of irradiated Cowpea genotype at different Weeks After Emergence
(WAE)
2WAE 4WAE 6WAE S8WAE

Doses (D)
Control 22.72® 46.502 70.402 91.622
100 Gy 23.000 51.062 72.482 93.66°
200 Gy 21.56% 45.602 71.642 96.59¢
300 Gy 19.942 43.667 71.22a 91.18eb
400 Gy 22.44b 44.832 71.56a 90.34a
SE (%) 091 2.36 1.16 1.03
Variety (V)
w 23.63b 51.15b 74.67° 95.19b
BL 19.532 38.872 72.45b 94.52b
BR 22.63b 48.97° 67.262 88.33a
SE (%) 0.70 1.82 0.89 0.79
Interaction (D*V)
Control*W 24.502 52.672 73.002 94.83a
Control*BL 20.002 40.17° 74.672 94.10°
Control*BR 23.672 46.672 63.53¢ 85.93¢
100*W 27.332 63.332 78.332 98.57a
100*BL 20.002 42.17° 72.832 93.43b
100*BR 21.672 47.672 66.27° 88.97¢
200*W 22.672 47.47= 76.002 99.432
200*BL 18.67> 39.17v 71.43a 97.172
200*BR 23.332 50.172 67.500 93.17b
300*W 21.002 45.302 74.33a 91.73¢
300*BL 18.67> 35.67° 69.17b 93.17b
300*BR 20.172 50.002 70.17> 88.63¢
400*W 22.672 47.002 71.672 91.37¢
400*BL 20.332 37.17v 74.172 94.73a
400*BR 24.332 50.332 68.83P 84.93d
SE(®) 1.57 4.09 2.01 1.78
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Means with same letters along the column are not significantly (p<0.05) different using DMRT; S.E (Standard Error); WAE (Weeks

After Emergence); W (White); BL (Black); BR (Brown).

The results in (Table 3) of the number of
leaves per plant showed that there were
not significant differences in number of
leaves among the different doses used
throughout the study period. The
number of leaves decreased with
increase in dosages from 100Gy with
8.22 to 6.89 in 300Gy and subsequently
increase at 200Gy (8.11) at 2 WAE
(Weeks After Emergence). At 4WAE the
control plant had the highest number of
leaves of 16.33 and 300Gy produced the
lowest height with the value 15 69 per
plant. The highest and lowest were not
significantly (p < 0.05) different from
one another and the number of leaves of
all other treatment doses Similarly at
6WAE, 100Gy irradiated plant had the
highest number of leaves of 39.00 and
300Gy produced the lowest height with
the value 32.78 per plant. The white
genotype had significantly highest mean
number of leaves at 2 and 4 WAE with
the value of 8.13 and 17.67 per plant,
respectively while the least of 6.93 and
14.80 per plant was due to Black
genotype. At 6 WAE, White genotype had
highest number of leaves 37.07 per plant,
followed by Brown (35.33 per plant) and
the least of 35.33 per plant in the black
genotype. This value of White and Black
are not significantly different from one
another but differed significantly (p <
0.05) from that of brown genotype. At

8WAE 300Gy irradiated plant had the
highest number of leaves of 55.56 and
control produced the lowest height with
the value 51.00. The highest and lowest
were not significantly different from one
another and from the number of leaves in
all other treatment doses.

The interaction of doses and genotypes
resulted in significantly (p < 0.05)
different mean number of leaves among
the treatment; with highest number of
leaves (9.00 per plant) produced by
100Gy*W and the least of 6.00 per plant
recorded in interaction 300*Bl at 2ZWAE.
At 4WAE, the interaction 400*W had the
highest number of leaves (18.33 per
plant) and the least mean number of
leaves; 14.00 per plant was obtained in
interaction of 200*BL. The highest
number of leaves (40.67 per plant)
produced by 100Gy*Br and the least
number of leaves of 29.33 produced in
interaction 200*Bl at 6WAE. Interaction
of higher dose 300Gy and brown
genotypes at 8WAE resulted in highest
average number of leaves (57.67) and
was due to Control*BL genotype with the
mean value of 48.67 per plant. This
highest mean number of leaves was
significantly (p < 0.05) different from
the number of leaves in all other
treatment doses

Table 3: Number of leaves of Gamma Irradiated Cowpea at different Weeks After Emergence (WAE)

2WAE 4WAE 6WAE S8WAE
Doses (D)
Control 7.782 16.332 33.222 51.002
100 Gy 8.222 15.782 39.000 54.112
200 Gy 8.112 16.002 35.33 53.892
300 Gy 6.892 15.672 32.782 55.562
400 Gy 7.222 15.892 35.11a 51.562
SE (1) 0.44 0.58 0.87 1.71
Variety (V)
w 8.13b 17.67v 37.07° 52.802
BL 6.932 14.802 32.872 52.872
BR 7.872b 15.332 35.33b 54.002
SE(d) 0.34 0.45 0.67 1.33
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Interaction (D*V)

Control*W 8.332
Control*BL 6.67°
Control*BR 8.33a
100*W 9.002
100*BL 7.332
100*BR 8.332
200*W 8.672
200*BL 7.332
200*BR 8.332
300*W 7.672
300*BL 6.00>
300*BR 7.002
400*W 7.002
400*BL 7.332
400*BR 7.332
SE(®) 0.75

17.332 36.672 52.33b
14.67° 30.33b 48.67¢
17.002 32.67° 52.00°
17.672 37.332 52.67°
14.33b 39.002 53.67°
15.332 40.672 56.00°0
18.002 37.332 52.33b
14.000 29.33b 54.00°
16.002 39.332 55.33b
17.002 36.002 53.67°
15.672 31.67° 55.33b
14.33b 30.670 57.672
18.332 38.002 53.00°
15.332 34.00° 52.67°
14.000 33.33b 49.00¢
1.01 1.49 0.29

Means with same letters along the column are not significantly (p<0.05) different using DMRT; S.E (Standard Error); WAE (Weeks

After Emergence); W (White); BL (Black); BR (Brown).

The results (Table 4) of the leave area at
2 WAE (Weeks After Emergence)
showed leave area decreases with
increase in dosages from 100Gy with the
area of 37.50 cm? to 24.46 cm? in control
and subsequently increase at 200Gy
(35.64 cm?). The highest leave area at
100Gy and the lowest height at control
were significantly different from one
another and from the value of other
treatment doses. At 4WAE 100Gy
irradiated plant had significantly highest
leaf area of 79.21cm? and control
produced the lowest area with the value
61.10 cm?. Similarly, the leaf area at
6WAE revealed that the control plant
had the highest leaf area of 103.07 cm?
and 200Gy produced the lowest area
with the value 83.19 cm?. At 8WAE the
control plant had the highest leaf area of
193.89 cm? and 400Gy produced the
lowest area with the value 126.44 cm?.
These values are significantly (p < 0.05)
different from one another and the
number of leaves recorded in all other
treatment doses.

Among the varieties, at 2 and 4 WAE the
black genotype had the highest leaf area
with the area value of 37.20 cm? and
76.87 cm?, respectively while the white
had the least area of 29.97 cm? at 2 WAE
and Brown at 4 WAE with the value of
58.51 cm?. The highest leaf area on black
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genotype is significantly (p < 0.05)
different from the leaf area of the least
and all other treatment doses. Similarly,
significant highest leaf area of 108.72 cm
was obtained in black genotype at 6 WAE
while the brown had the least with the
area of 72.85 cm. At 8WAE, the highest
leaf area with the area value of 194cm
was recorded in the white genotype
while the brown had the least area of
100.67cm. The highest leaf area on White
genotype is significantly (p < 0.05)
different from the area of the least and all
other treatment doses.

The interaction of the doses and
genotypes also revealed great variability
for all the treatment with significantly (p
< 0.05) highest leaf area of 43.47 cm?
produced by 300Gy*BL and the least leaf
area of 18.47 cm? recorded in Control*Br
at 2 WAE. Significantly highest (p <
0.05) leaf area of 88.40 cm? was obtained
in 200Gy*BL while least leaf area of
43.47 cm? produced by interaction of
Control and Brown genotype. At 6 WAE
interaction of Control*White resulted in
significantly (p < 0.05) highest of leaf
area of 120.50 cm? and the least leaf area
of 62.37cm? was recorded in 200Gy*Br.
Also, control*BL produced significantly
(p < 0.05) highest leaf area of 279.67cm?
at 8 WAE and the least leaf area of 79.00
cm? was obtained 200Gy *Br.
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Table 4: Effects of Gamma irradiation doses on Leaf area (cm?) at different Weeks After Emergence (WAE)

2WAE 4WAE 6WAE 8WAE
Doses (D)
Control 24.46° 61.102 103.074 193.89¢
100Gy 37.500 79.214 101.234 184.33¢
200Gy 35.63b 66.27¢ 83.192 131.002
300Gy 35.64b 64.01° 95.51¢ 157.00>
400Gy 35.58b 64.37bc 90.36P 126.442
SE (1) 0.64 0.69 0.66 6.02
Variety (V)
w 29.972 65.59P 102.44b> 194.87¢
BL 37.20¢ 76.87¢ 108.72¢ 180.07>
BR 34.12b 58.51= 72.852 100.672
SE (1) 0.49 0.53 0.51 4.66
Interaction (D*V)
Control*W 20.77° 69.70P 120.502 168.67
Control*BL 34.132 70.13b 106.172 279.672
Control*BR 18.47° 43.474 82.53¢ 133.33¢
100*W 34.332 88.272 106.332 266.672
100*BL 39.802 78.30P 118.472 172.67°
100*BR 38.372 71.07° 78.90¢ 113.67¢
200*W 36.272 72.27° 81.00¢ 145.33b
200*BL 34.472 80.400 106.202 168.67°
200*BR 36.172 46.134 62.37¢ 79.004
300*W 20.27° 35.674 110.072 238.332
300*BL 43.472 88.202 106.302 145.33b
300*BR 43.202 68.17° 70.17¢ 87.33d
400*W 38.202 62.07¢ 94.30b 155.33b
400*BL 34.132 67.33b 106.472 134.00¢
400*BR 34.402 63.70¢ 70.30¢ 90.004
S.E (1) 1.11 1.19 1.14 10.42

Means with same letters along the column are not significantly (p<0.05) different using DMRT; S.E (Standard Error); WAE (Weeks

After Emergence); W (White); BL (Black); BR (Brown).

The results of the yield parameters
showed that there was reduction in yield
and yield traits with increase in the
irradiation dosage. The plant of seed
irradiated at 100Gy had the highest
number of pods per plant, seed per plant,
weight of pod and weight of seed per
plant as well as weight of 100 seed per
plant with the mean value of 23.67 pods,
237.78 seeds, 27.67 g, 25.89 g and 22.16
g, respectively. These yield traits values
differed significantly (p < 0.05) from the
value obtained in all other treatments
except for weight of 100 seed that was
not significant to that of the control
treatment with the value of 21.22 g.
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Among the genotypes, the white
genotype had the highest mean number
of pods per plant (18.60 pods) and
weight of pod per plant (20.82 g) which
is not significantly different (p > 0.05)
from that of black genotype with the
value of 18.53 pods and 20.35 g,
respectively. The he highest means
number of seeds per plant (182.07
seeds) and weight of seeds per plant
(20.35 g) were obtained in Black
genotypes which differed significantly (p
< 0.05) from the values obtained in the
Brown genotype but not significantly
different (p > 0.05) from that of White
black genotype with the value of 181.20
seeds and 19.97 g, respectively. Highest
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weight of 100 seeds per plant was
obtained in White genotype (19.79 g)
followed by 18.60 g in black genotype
and the least of 18.10 g was recorded in
Brown genotype.

The interactive effects of dosage-
genotype showed that significant (p >
0.05) highest mean pods per plant was
obtained in 100*White genotype (24.33
seeds) while the least of 11.00 seeds was
obtained in 400*Brown. Similar trend
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was recorded for seed per plant, weight
of pod per plant, weight of seed per plant
and weight of 100 seed per plant with the
highest mean value of 243.33 seeds,
28.24 g,25.91 gand 23.41 g, respectively
for 100*White genotype. However,
significantly (p > 0.05) least interaction
of seed per plant (108.33 seeds), weight
of pod per plant (13.55 g), weight of seed
per plant (13.34 g) and weight of 100
seed per plant (13.39 g) were obtained in
400*Brown

Table 5: Effects of Gamma irradiation on Yield parameters of Cowpea Genotypes

No. pod/plant No. of seed/ Weight of Weight of Weight of 100
-pod/p plant pod/plant (g) seed/plant (g) seed/plant (g)

Doses (D)
Control 20.334 203.334 23.774 23.444 21.274
100Gy 23.67¢ 237.78¢ 27.67¢ 25.89¢ 22.164
200Gy 17.89¢ 171.33¢ 19.31¢ 19.31¢ 19.25¢
300Gy 14.89» 141.22b 16.99» 16.99» 16.35b
400Gy 12.672 122.222 14.372 13.622 15.12a
SE (1) 0.37 4.07 0.52 0.38 0.40
Variety (V)
w 18.60 181.20° 20.91b 19.972b 19.79b
BL 18.53b 182.07° 20.82b 20.35b 18.602
BR 16.532 162.272 19.54a 19.232 18.102
S.E (1) 0.28 3.15 0.40 0.29 0.31
Interaction (D*V)
Control*W 20.33bc 203.33b 24.33b 23.33b 21.14°
Control*BL 21.000c 210.00v 22.49bc 22.49bc 21.06P
Control*BR 19.67bc 196.67° 24.51b 24.51b 21.61>
100*W 24.332 243.332 28.242 2591a 23412
100*BL 23.332b 236.672 27.572b 25912 21.39»
100*BR 23.332b 233.332 27.182 25.852 21.69>
200*W 17.67< 170.00¢ 20.66¢< 20.66¢< 19.94¢
200*BL 19.33bc 182.67¢ 20.49¢d 20.49¢d 19.16¢
200*BR 16.674 161.33¢d 16.77de 16.77de 18.65¢«
300*W 16.334 156.00¢d 16.66d¢ 16.66d¢ 17.96¢d
300*BL 16.334 156.00<d 18.644 18.644 15.934
300*BR 12.00¢ 111.674 15.68¢ 15.68¢ 15.164
400*W 14.33¢ 133.33¢ 14.65¢f 13.29f 16.50
400*BL 12.67¢ 125.004 14.91¢f 14.23¢f 15.474
400*BR 11.00¢ 108.33¢ 13.55f 13.34f 13.39¢
S.E (1) 0.63 7.05 0.90 0.65 0.70

Means with same letters along the column are not significantly (p<0.05) different using DMRT; S.E (Standard Error); W (White); BL

(Black); BR (Brown).

Biochemical response to gamma
irradiation is presented in table six (6)
SOD showed that there was significant (p
< 0.05) different among the doses used
the SOD decreases with increase in
dosage from 200Gy (2.88) to 2.10 in
control and subsequently increase at
400Gy (2.83). The highest SOD at 200Gy
and the lowest SOD at control were
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significantly different from one another.
Among the genotypes, the Brown
genotype had the highest SOD with the
value of 3.33 while the black had the least
SOD of 1.93. The SOD brown genotype is
significantly different from the SOD of
the least genotype. The interaction of the
doses and genotypes was significantly (p
< 0.05) different for all the treatment
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with the highest SOD (3.97) produce by
100*Br and the SOD of 1.41 recorded in
interaction 300*Br.

The results of catalase (CAT) showed
that the 300Gy plant had the highest CAT
of 14.76 and control produced the lowest
CAT with the value of 8. 41.The highest in
300Gy is not significantly (p > 0.05)
different from the catalase recorded in
100, 200 and 400Gy with the value of
12.67, 12.69 respectively. Among the
genotypes, the Brown genotype had the
highest CAT with the value of 15.85 while
the black had the least with the CAT of
9.18. The highest CAT in brown genotype
is significantly different (p<0.05) from
the CAT recorded in all other genotypes.
The interaction of the doses and
genotypes was significantly different for
all the treatment with the highest CAT
(19.62) produce by 300*Br and the least
CAT of 6.66 recorded in interaction
control*BL

The results of POD showed that the
200Gy plant had the highest POD of 1.27
and control produced the lowest POD
with the value 0.86 The highest and
lowest was significantly different from
one another and from POD of all other
treatment doses Among the genotypes,
the Brown genotype had the highest POD
with the value of 1.38cm while the white
had the least POD of 0.86. The POD
recorded brown genotype is significantly
different (p<0.05) from the POD
Obtained in all other genotypes The
interaction of the doses and genotypes
was significantly different for all the
treatment with the highest POD (1.74)
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produce by 400*Br and the least POD of
0.69 recorded in interaction 100Gy*W.

The results of TSS showed that the
400Gy plant had the highest of 59.36 and
control produced the lowest TSS with the
value 41.19. The highest and lowest were
significantly different from one another
and from the value of all other treatment
doses Among the genotypes, the Brown
genotype had the highest TSS with the
value of 58.77 while the white had the
least with the TSS of 47.70. The TSS
brown genotype is significantly different
(p<0.05) from the TSS of all other
genotypes. The interaction of the doses
and genotypes was significantly different
for all the treatment with the highest TSS
(67.48) produce by 400*Br and the least
TSS of 37.52 recorded in interaction
control*W.

The results of Proline showed that the
control plant had the highest Proline
value of 16.51 and 300Gy produced the
lowest Proline with the value 14. 77.The
highest and lowest was not significantly
different(p>0.05) from one another and
proline value of all other treatment
doses. Among the varieties, the Brown
genotype had the highest Proline with
the value of 16.87 while the white had
the least with the Proline of 14.42. The
Proline brown genotype is significantly
different from the Proline value of both
other genotypes. The interaction of the
doses and genotypes were significantly
different for all the treatment with the
highest Proline (20.24) produce by
control*Br and the least Proline of 12.24
recorded in interaction 300Gy*W.

Table 6: Biochemical response of cowpea Genotypes to Gamma irradiation

SOD CAT POD TSS Proline

U/ gFW) (U/ g FW) (U/ g FW) (umol/g FW) (U/ g FW)
Doses (D)
Control 2.102 8.412 0.862 41.192 16.51a
100Gy 2.61b 12.67° 1.03b 57.084 15.462
200Gy 2.88b 13.490 1.274 52.48¢ 15.622
300Gy 2.76b 14.78b 1.09¢b¢ 50.18b 14.772
400Gy 2.83b 12.690 1.23cd 59.36¢ 15.55¢2
SE (1) 0.16 0.97 0.07 0.70 0.60
Variety (V)
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w 2.64° 12.200 0.862 47.702 14.42a
BL 1.932 9.182 1.05b 49.71b 15.462
BR 3.33¢ 15.85¢ 1.38¢ 58.77¢ 16.87
SE (£) 0.13 0.73 0.04 0.54 0.47
Interaction (D*V)

Control*W 2.75b 11.72¢ 0.93b 37.52¢ 14.66¢
Control*BL 1.62¢ 6.66¢ 0.84¢ 40.65¢ 14.62¢
Control*BR 1.92¢ 6.86¢ 0.82¢ 45.41¢ 20.242
100*W 2.22b 8.24¢ 0.69¢ 51.81b 15.31¢
100*BL 1.60¢ 7.88¢ 0.84¢ 54.69> 17.22b
100*BR 3.972 21.902 1.562 64.742 13.85¢
200*W 2.38b 10.16¢ 0.84¢ 48.13¢ 13.85¢
200*BL 3.112 14.15b 1.652 51.53b 16.06>
200*BR 3.172 16.17° 1.332 57.78b 16.95b
300*W 3.072 16.98v 0.96b 47.08¢ 12.24¢
300*BL 1.41¢c 7.73¢ 0.87b 45.01¢ 12.89¢
300*BR 3.822 19.622 1.462 58.43b 19.17-
400*W 2.81b 13.91b 0.87b 53.98b 16.02v
400*BL 1.90¢ 9.49¢ 1.07b 56.61b 16.51b
400*BR 3.782 14.680 1.74 67.482 14.13¢
S.E (1) 0.28 1.68 0.09 1.22 1.04

Means with same letters along the column are not significantly (p<0.05) different using DMRT; S.E (Standard Error); W (White); BL

(Black); BR (Brown).
DISCUSSION

The plant height of the cowpea
genotypes was greatly influenced by the
gamma irradiation across different
growth stages (2-8 WAE). At early
growth (2 ~WAE) stages, the
enhancement of seedling vigor by the
moderate doses (100Gy and 200Gy) and
reduction at higher doses (300-400Gy)
compared to the control could be
attributed to the hermosis effects of
gamma irradiation doses, on the cells of
plant. The concept of radiation hormesis
revealed that small doses stimulate
growth, while excessive exposure causes
detrimental effects (8). This observation
aligns with reports that low to moderate
gamma irradiation stimulates cell
division and elongation, whereas higher
doses impose physiological stress that
limits growth (9)(10). Similar to the
findings of (11), who observed increased
plant height in cowpea and soybean at
low irradiation doses (<200Gy)
consistent tallest heights was recorded
in 100Gy at 4-6 WAE relative to other
doses, suggesting that this dose may
have activate and enhanced the effects of
growth stimulatory hormones. (11),
reported that higher doses suppressed
growth due to damage in meristematic
tissues. The decline in height at 300-400
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Gy in the present study agrees with the
studies in other legumes, where high
irradiation  impaired  physiological
activities, reduced chlorophyll content,
and slowed biomass accumulation (12)
(13). The variation in the responses of
the genotypes to the irradiation doses in
term of growth with white-seeded
genotype generally outperforming the
brown and black varieties, is an
indication of the differences in their
genetic make-up. This suggests that
genotype background plays important
role in determining sensitivity to
irradiation. Previous studies have shown
that cowpea genotypes vary in their
tolerance to mutagenic treatments, with
some lines exhibiting improved vigor
under low radiation while others are
more sensitive (14)(15).

Gamma irradiation is known to induce
physiological and biochemical changes

that can alter cell division and
differentiation. Lower doses often
promote  metabolic activity and

meristematic cell division, leading to
enhanced vegetative growth, including
leaf formation. Conversely, higher doses
generate oxidative stress and DNA
damage that suppress growth processes
(9) (16). The number of leaves is a
critical agronomic parameter in cowpea
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because it directly contributes to
photosynthetic  efficiency, biomass
accumulation, and ultimately yield
performance. In this study, gamma
irradiation significantly influenced leaf
production across different doses,
genotypes, and their interactions at
various growth stages. The reduction in
number of leaves at higher dose of
gamma irradiation suggests that the
number of leaf’'s was dose dependent.
This revealed a stimulatory effect of low-
dose gamma radiation (hormesis) and an
inhibitory effect at higher doses,
consistent with earlier findings in
legumes (17)(13). This indicates a
genotype-dependent  radiosensitivity,
where inherent genetic makeup
determines how varieties respond to
irradiation. Similar findings have been
reported in cowpea (18) and soybean
(5), where varietal differences in
radiosensitivity influenced leaf
production and other vegetative traits.
The superior performance of the white
and brown varieties may be linked to
better adaptive responses in terms of
antioxidant  activity, DNA  repair
efficiency, and metabolic stability, which
confer tolerance to gamma-induced
stress (6).

Gamma irradiation significantly
influenced the leaf area of cowpea at all
stages of growth. This suggests that low
to moderate doses of gamma irradiation
stimulated early cell division and
expansion, thereby enhancing leaf area
development. Similar findings were
reported by (11), who noted that low
irradiation doses in legumes improved
morphological growth parameters due
to stimulatory effects on meristematic
activity. This trend is consistent with the
principle of radiation hormesis, where
low doses enhance growth, while high
doses cause inhibitory or deleterious
effects due to damage in the
photosynthetic apparatus and impaired
cell elongation (10) (19). Among the
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cowpea varieties, the black-seeded
genotype (BL) consistently exhibited the
highestleaf area across all growth stages.
This indicates genetic variability in
radiation response, where some
genotypes possess better tolerance to
oxidative stress induced by irradiation,
thereby maintaining higher
photosynthetic efficiency and leaf
growth (20)(21). The interaction effect
showed that 100Gy combined with the
black-seeded variety (100*BL) produced
the highest leaf area far exceeding the
control, this agrees with the findings of
(22), who observed that high irradiation
doses suppressed vegetative growth
traits in cowpea due to DNA damage,
reduced chlorophyll content, and
impaired water balance.

Leaf area is a critical determinant of
photosynthetic capacity and ultimately
biomass accumulation. The increase in
leaf area at low irradiation doses
suggests enhanced physiological activity,
which may translate into higher
productivity. In contrast, reductions at
high doses imply oxidative stress,
membrane damage, and reduced turgor
pressure in leaf cells (16). Therefore, the
results underscore the importance of
selecting both an optimal irradiation
dose (100-200Gy) and genotype-
specific tolerance for effective mutation
breeding in cowpea.

Gamma irradiation significantly affected
cowpea yield parameters, including
number of pods per plant, pod weight,
seed weight, number of seeds per plant,
and 100-seed weight. The reduction at
>300Gy may be attributed to radiation-
induced sterility and impaired flower
development. Similar trends of pod
reduction at higher doses were reported
in cowpea and mungbean by (17) and
(18). Pod weight and seed weight
followed a similar trend. This decline is
likely due to reduced assimilate
partitioning to reproductive organs and
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impaired seed filling, a common outcome
of irradiation-induced metabolic stress
(19)(20). Moderate doses (100-200Gy)
maintained reasonable seed set (=190-
200 seeds/plant), suggesting that plants
could withstand some irradiation stress
without major reproductive penalty.
This observation aligns with the
hormetic effect reported in legumes,
where low doses maintain or slightly
stimulate reproductive capacity, but high
doses drastically reduce fertility (9).
Seed size, expressed as 100-seed weight,
showed similar dose-dependent
responses. Reduced seed size at higher
doses suggests compromised assimilate
translocation and radiation-induced
damage to endosperm development,
consistent with findings in irradiated
soybean and cowpea (21) (22). Dose-

genotype interaction highlighted
genotype-specific responses. This shows
that brown (BR) is the most

radiosensitive genotype in terms of yield
traits, while white (W) exhibits stronger
resilience. These findings corroborate
earlier reports that cowpea genotypes
vary widely in radiosensitivity, with
some maintaining higher yield stability
under irradiation (23); (24).

The observed reductions in yield at
higher doses are consistent with the
biochemical responses. At moderate
doses (100-200Gy), increased
antioxidant enzyme activity (SOD, POD,
CAT) and metabolite adjustments
(sugars, amino acids) likely supported
reproductive performance. However, at
>300Gy, oxidative stress overwhelmed
cellular detoxification systems, leading
to impaired pollen viability, ovule
abortion, and reduced assimilate
allocation to seeds. Similar biochemical
links between oxidative stress and yield
decline under irradiation have been
reported in legumes (25) (20). This
pattern indicates that moderate doses
(100-300Gy) stimulated ROS-
scavenging capacity, enhancing the first
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line of oxidative defense. However, the
plateau at 400Gy suggests that ROS
production exceeded the capacity of
enzymatic detoxification, as reported in
irradiated legumes (25)(26). This
suggests that CAT, which decomposes
H,0, into water and oxygen, was most
effective at moderate doses but partially
inactivated at higher doses due to
protein  oxidation. Similar  dose-
dependent peaks in CAT activity have
been reported in soybean and mungbean
under gamma stress (21). It indicates
that POD maintained functional stability
even at higher doses, possibly as a
compensatory mechanism for the
decline in CAT. This agrees with the
findings of (18), who observed increased
POD activity in mungbean under
irradiation as part of adaptive oxidative
stress management.

This accumulation suggests a stress-
adaptive mechanism, where sugars act
as Osmo protectants and signaling
molecules under irradiation stress.
Increased sugar levels at higher doses
also reflect reduced utilization due to
impaired growth. These results agree
with (27), described TSS accumulation
as a hallmark of radiation-induced
metabolic adjustment. The relatively
stable proline concentration suggests
that cowpea primarily relied on
antioxidant enzyme activity and sugar
accumulation rather than proline
buildup for stress mitigation. However,
the modest rise at 300Gy supports its
known role in osmotic adjustment and
ROS scavenging (24). For non-enzymatic
metabolites, BR showed slightly higher
proline content suggests, that BR relied

more on proline-mediated stress
tolerance. TSS was highest in BL,
reflecting differential metabolic

adjustments among genotypes. These
findings align with (28) and (29),
reported significant biochemical
variability among cowpea genotypes
under mutagenic stress.
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CONCLUSION

The findings from the research revealed
that responses of cowpea to irradiation
is dose-dependent, with both
stimulatory and inhibitory effects
depending on dose intensity. The
findings indicate that 100-200Gy doses
are suitable for generating useful
variability in cowpea without drastically
compromising yield; thus, can be
exploited in cowpea improvement
programs to enhance vegetative growth,
particularly in white and brown
genotypes. The White genotype is more
promising for mutation breeding due to

its higher yield stability under
irradiation, @ whereas the Brown
genotype may require more
conservative dose management.

Moderate doses (100-200Gy) enhanced
antioxidant enzymes (SOD, CAT) and
metabolites (TSS, proline), contributing
to improved stress defense and yield
maintenance. Therefore, 100 - 200 Gy
are optimum dose for inducing valuable
mutation in Cowpea for agronomic and
biochemical improvement.
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