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ABSTRACT

Cowpea (Vigna unguiculata (L.) Walp) is a nutritionally rich and agronomically valuable legume
cultivated widely across tropical and subtropical regions. The present investigation was carried out to
evaluate the response of thirty-five cowpea genotypes under control and moisture stress conditions with
respect to morphological, physiological, biochemical, and genetic parameters associated with drought
tolerance. Four seeds of each accession were grown in pots. Water stress was imposed by withholding
irrigation until the relative water content reached 70% and a control set consisting of all genotypes was
maintained under well-irrigated conditions. Under control conditions, all genotypes recorded higher
values for growth-related traits compared to moisture stress conditions. Significant variation was
observed among genotypes under drought stress for root length, shoot length, root dry weight, shoot dry
weight, proline content, chlorophyll content, and superoxide dismutase (SOD) activity. Genetic
parameter analysis revealed high phenotypic and genotypic coefficients of variation for root dry weight,
proline content, root length, shoot length, shoot dry weight, and chlorophyll content. High heritability
coupled with high genetic advance was recorded for most traits, suggesting the predominance of additive
gene action and the scope for effective selection under drought stress. Superoxide dismutase showed
moderate heritability and genetic advance. Correlation analysis indicated strong positive associations
between root length and root dry weight at both phenotypic and genotypic levels. Chlorophyll content
showed a negative correlation with proline content, while proline content was positively correlated with
SOD activity. Based on higher proline accumulation under moisture stress, the genotypes CP-6, CP-8,
Vamban-3, DC-15, 1C-201079 and CP-12 were identified as drought-tolerant. These genotypes may be
utilized in future cowpea breeding programmes aimed at improving drought tolerance.
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Introduction

Cowpea (Vigna unguiculata (L.) Walp)is an
important grain legume crop with immense nutritional,
agronomic and economic value. It belongs to the
family Fabaceae, has a diploid chromosome number of
2n=22 and is widely cultivated as a crop of global
importance (Duraipandian et al., 2022). The crop is
also known by several other names, including southern
pea, black-eyed pea, and crowder pea (Aghora et al.,

2024). Cowpea is one of the most ancient crops known
to humanity and has been grown across tropical and
subtropical regions (Patel et al., 2022). It constitutes a
major portion of the daily diet for many populations in
Asia, Africa, Central and South America (Osiptan et
al., 2021). Cowpea is grown worldwide, covering an
extensive area of 15.19 Mha, yielding approximately
9.77 Mt annually, with an impressive yield of 6.4 t/ha
(FAOSTAT, 2024).
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The important components that contribute to
improving cowpea yield potential include the number
of pods per plant, pod length, seeds per pod and seed
size (Patil et al., 2015). Key traits such as the number
of seeds and pods per plant, plant height, seed size and
grain yield can be used as selection indices to guide
future yield improvement programs for cowpea (Thapa
et al., 2021).

A major constraint in cowpea production is the
occurrence of drought in semi-arid tropics primarily
due to erratic rainfall in the beginning and towards the
end of the rainy season. Cowpea is often exposed to
drought stress during both the early and late growth
stages leading to substantial reduction in grain yield as
well as biomass production (Nkomo et al., 2021).
Research suggests that the cowpea possesses a
relatively high level of drought tolerance compared to
other crops, enabling it to withstand dry environmental
conditions to some extent (Santos et al., 2020). To
develop superior cowpea varieties, breeders must have
a thorough understanding of genetic variability,
heritability, and genetic advance to make informed
selections (Senthilkumar et al., 2024). In this context,
the assessment of genetic parameters such as
phenotypic and genotypic variability, heritability,
genetic advance, and correlation among traits assumes
critical importance. Therefore, a systematic evaluation
of cowpea genotypes under drought stress conditions is
necessary to identify resilient and high-yielding
genotypes.

Materials and Methods

The experimental material comprised of thirty-
five grain cowpea accessions collected from the
AICRP on Pulses, Regional Agricultural Research
Station, Pattambi, Kerala Agricultural University. The
particulars of the accessions evaluated in the present
study are illustrated in Table 1. The experiments were
conducted at College of Agriculture, Vellayani located
8.5° N, longitude of 76.9°E and an altitude of 96 m
above mean sea level.

Table 1 : List of grain cowpea genotypes used in the
study

Genotypes Name of Genotypes Name of
genotype genotype
T1 Pant lobia-3 T23 Kanakamoni
T2 DC-15 T24 T4(AVT)
T3 Vamban-3 T25 CP15(IVT)
T4 CHESCP-17 T26 CP-6
T5 PGCP-6 T27 CP-7
T6 1C-201079 T28 CP-12
T7 CP-15 T29 CP-8
T8 CP-14 T30 CP-10

T9 PCP T31 CPo(IVT)
T10 T,(AVT) T32 TC-901
T11 To(AVT) T33 CP-3
T12 T.(AVT) T34 CP-11
T13 T,(AVT) T35 CP-1
T14 To(AVT)

T15 T5(AVT)

T16 T4(AVT)

T17 CPP-119

T18 KBC-4

T19 PGCP-63

T20 KBC-9

T21 CP,(IVT)

T22 CP-13

The pot experiment was carried out from March to
June 2025 using a Completely Randomized Design,
comprising thirty-five grain cowpea accessions with
three replications. Four seeds of each accession were
grown in pots. Water stress was imposed by
withholding irrigation until the relative water content
reached 70% as given by Hayatu et al. (2014). A
control set consisting of all genotypes was maintained
under well-irrigated conditions. Observations were
recorded on three randomly selected plants from each
genotype for various morpho-physiological
observations, including root length at drought stress,
shoot length at drought stress, root dry weight at
drought stress, shoot dry weight at drought stress,
proline content, chlorophyll content and super oxide
dismutase.

The data were analyzed using analysis of variance
(ANOVA,) following the procedure described by Fisher
(1935) for testing the significance of genotypic
differences. PCV and GCV were calculated as
suggested by Burton and DeVane (1953), whereas
broad-sense heritability and genetic advance as
percentage of mean were estimated using the formulas
of Allard (1960) and Johnson et al. (1955),
respectively. Correlation analysis among traits was
carried out following the method described by Falconer
(1964). Statistical analyses for the estimation of
genetic parameters and correlation among traits were
carried out using KAURAISINS software.

Results

Mean performance of thirty-five cowpea
genotypes for root length, shoot length, root dry
weight, shoot dry weight, proline content, chlorophyll
content, and superoxide dismutase (SOD) activity
under moisture stress is presented in Table 2.
Significant variation was observed among genotypes
for all traits studied.
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Table 2 : Variation among grain cowpea genotypes for morpho-physiological and biochemical traits under
drought stress condition in pot experiment
Sl Genotypes Root length (cm) Shoot length (cm) Root dry weight (g) Shoot dry weight (g)
No. Stress Control Stress Control Stress Control Stress Control
1. Pant lobia-3 20.18 11.09 57.68 72.77 0.23 0.16 2.35 1.77
2. DC-15 12.74 12.04 73.96 91.77 0.16 0.83 1.80 3.86
3. Vamban-3 29.57 24.05 57.33 72.91 0.45 0.35 2.16 5.56
4. CHESCP-17 34.00 12.97 82.10 126.18 1.05 0.30 2.45 4.72
5. PGCP-6 20.45 17.67 69.06 101.61 0.27 0.95 2.36 4.58
6. 1C-201079 14.69 11.97 99.21 108.64 0.19 0.54 2.38 3.97
7. CP-15 12.58 12.27 53.52 99.50 0.41 1.15 2.96 5.51
8. CP-14 15.55 28.77 52.82 79.07 0.17 1.13 3.87 7.29
9. PCP 16.82 15.30 32.20 37.28 0.18 0.17 0.98 5.96
10. | TH(AVT) 25.58 12.90 118.17 129.85 0.17 0.49 1.71 2.89
11. | To(AVT) 9.88 9.55 118.07 151.71 0.23 0.26 2.92 4.97
12. | T(AVT) 16.71 13.14 70.31 136.60 0.42 0.52 2.49 5.80
13. | T,(AVT) 41.25 30.71 71.83 93.41 0.59 1.23 2.90 6.16
14. | Tg(AVT) 23.66 13.94 65.80 73.57 0.42 1.08 3.03 5.46
15. | Ts(AVT) 23.56 10.82 62.31 88.41 0.20 0.78 2.37 8.29
16. | T5(AVT) 15.20 13.52 68.65 121.28 0.16 0.21 2.31 6.70
17. | CPP-119 36.08 28.94 52.80 89.57 0.47 0.99 2.26 4.35
18. | KBC-4 13.66 12.15 80.22 124.22 0.13 0.58 2.37 7.03
19. | PGCP-63 18.74 12.25 89.29 171.18 0.34 0.49 2.63 4.54
20. | KBC-9 31.02 23.76 61.10 76.38 1.06 1.22 2.73 3.64
21. | CP4(IVT) 20.62 18.38 101.43 132.31 0.66 1.14 2.86 4.03
22. | CP-13 21.46 17.73 92.56 124.38 0.26 0.60 2.23 4.00
23. | Kanakamoni 11.03 9.53 97.31 136.95 0.23 0.86 2.65 5.92
24. | T4AVT) 18.86 8.38 40.84 74.18 0.17 0.51 2.36 3.24
25. | CP(IVT) 22.95 12.01 88.35 135.34 0.18 0.41 2.16 4.83
26. | CP-6 26.47 12.14 95.88 125.72 0.64 0.28 3.24 2.82
27. | CP-7 18.93 14.59 51.08 95.94 0.33 0.50 3.47 2.36
28. | CP-12 28.87 23.05 60.01 92.37 0.70 1.00 3.05 5.65
29. | CP-8 14.93 21.72 59.90 169.71 0.25 0.20 2.70 4.02
30. | CP-10 19.74 16.29 52.13 86.03 0.19 0.81 3.35 5.55
31. | CPg(IVT) 16.95 11.76 71.01 116.91 0.17 0.52 3.26 4.90
32. | TC-901 20.26 12.46 86.67 101.67 0.35 1.33 2.16 3.62
33. | CP-3 23.88 16.89 50.77 72.01 0.69 1.01 2.76 5.44
34. | CP-11 18.55 17.23 72.39 82.72 0.33 0.55 1.84 3.68
35. | CP-1 18.58 20.43 54.33 85.65 0.31 0.15 0.25 1.72
Mean 20.97 16.01 71.74 105.07 0.36 0.665 2.49 4.708
SE(d) 0.72 3.05 0.06 0.09
C.D 1.43 6.08 0.12 0.17
C.V 4.19 5.2 20.16 4.24
Proline content Chlorophyll content Super oxide dismutase
SI. No. Genotypes (nmolg™) (pmolm™) (mg protein)
Stress Control Stress Control Stress Control
1. Pant lobia-3 3.97 1.14 1.15 1.58 1.82 1.56
2. DC-15 8.54 2.84 1.05 1.33 1.56 1.08
3. Vamban-3 8.65 3.23 0.83 1.24 1.99 1.86
4. CHESCP-17 1.71 1.41 1.50 1.71 2.11 1.73
5. PGCP-6 2.83 1.86 1.52 1.85 1.60 1.34
6. 1C-201079 8.36 1.49 0.84 0.97 2.14 1.76
7. CP-15 3.05 1.04 0.77 0.89 1.34 1.02
8. CP-14 3.65 2.12 0.97 1.36 1.67 1.13
9. PCP 3.01 2.17 1.07 1.54 1.57 1.44
10. T,(AVT) 4.19 1.59 1.25 1.63 1.46 0.96
11. To(AVT) 7.40 1.98 1.16 1.44 1.37 0.92
12. T,(AVT) 6.81 1.96 0.92 1.36 1.47 1.01
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13. T,(AVT) 4.43 3.20 2.07 2.15 1.75 1.38
14. Te(AVT) 4.15 2.23 1.23 1.55 1.45 1.13
15. T5(AVT) 3.87 2.04 0.72 1.10 1.54 1.15
16. T3(AVT) 7.96 1.07 1.06 1.27 1.49 0.14
17. CPP-119 2.93 1.12 0.68 1.24 1.53 1.35
18. KBC-4 5.06 2.08 0.85 1.18 1.89 1.73
19. PGCP-63 1.68 2.30 1.16 1.32 1.56 1.36
20. KBC-9 4.27 1.98 0.69 0.77 1.33 0.98
21. CP,(IVT) 2.84 1.26 1.17 1.48 1.58 0.83
22. CP-13 1.59 1.36 1.32 1.47 1.83 1.22
23. Kanakamoni 1.89 1.23 1.25 1.52 1.28 0.85
24, T4H(AVT) 2.89 2.11 1.82 1.96 1.56 0.94
25. CP35(IVT) 2.16 1.88 0.93 1.22 1.84 1.46
26. CP-6 9.18 1.37 0.83 1.04 2.06 1.76
217. CP-7 8.17 1.54 1.11 1.29 1.67 1.36
28. CP-12 7.64 1.53 1.35 1.58 1.44 1.28
29. CP-8 8.82 4.93 0.64 0.95 1.58 1.36
30. CP-10 411 2.76 0.94 1.18 1.44 1.24
31. CPy(IVT) 3.01 1.94 0.88 1.26 1.54 1.29
32. TC-901 2.23 1.30 0.83 1.19 1.74 1.30
33. CP-3 1.51 1.25 0.83 1.24 1.51 1.03
34. CP-11 7.07 1.77 0.65 1.36 1.70 1.26
35. CP-1 2.08 1.65 0.67 0.99 1.78 1.51

Mean 4.62 1.906 1.04 1.34 1.63 1.24

SE(d) 0.19 0.07 0.2

C.D 0.38 0.13 0.4

CV 5.1 7.85 14.94
Under moisture stress, root length wvaried PCP, T;(AVT), TAVT), Ts(AVT), T3(AVT),

significantly from 9.88 to 41.25 cm. The highest root
length was recorded in T,(AVT), which was
significantly superior to all other genotypes, while the
lowest was observed in Tg(AVT), which was
statistically similar to Kanakamoni. Twenty-two
genotypes recorded root length values below the
overall mean (20.97 cm). Shoot length ranged from
32.20 to 118.17 cm under drought stress. The longest
shoot was recorded for T-(AVT), which was
statistically similar to Ts(AVT). PCP recorded the
shortest shoot length. All genotypes recorded higher
shoot length under control conditions than under stress,
and twenty genotypes had shoot length below the mean
(71.74 cm) under moisture stress. Root dry weight
under moisture stress ranged from 0.13 g to 1.06 g,
with KBC-9 recording the highest value, which was
statistically similar to CHESCP-17. KBC-4 recorded
the lowest root dry weight, similar to several other
genotypes (Pant Lobia-3, DC-15, 1C-201079, CP-14,

Kanakamoni, T4(AVT), CP5(IVT), CP-10, CPy(IVT)).
Under stress, twenty-three genotypes had root dry
weight below the mean (0.36 g). Shoot dry weight
varied significantly from 0.25 g to 3.87 g under
moisture stress. CP-14 recorded the highest shoot dry
weight, whereas CP-1 had the lowest. Nineteen
genotypes exhibited shoot dry weight below the mean
(2.49 g) under moisture stress. Proline content ranged
from 1.51 to 9.18 pumol g%, with CP-6 recording the
highest, being statistically similar to CP-8. CP-3 had
the lowest proline content and was similar to
CHESCP-17, PGCP-63, CP-13, Kanakamoni.

Analysis of variance (ANOVA) revealed
significant differences among genotypes for all the
traits studied (Table 3). Estimates of phenotypic
coefficient of variation (PCV), genotypic coefficient of
variation (GCV), heritability (broad sense), and genetic
advance are presented in Table 4.

Table 3 : ANOVA of morpho-physiological and biochemical parameters under drought stress

Sl. No. Characters MSS of source | MSS of error F

1. Root length (cm) 154.99** 30.79 3.31**

2. Shoot length (cm) 1293.56** 6.84 394.86**
3. Root dry weight () 0.17** 0.00 194.15**
4. Shoot dry weight (g) 1.38** 0.04 173.58**
5. Proline content (umolg™) 19.41** 0.01 336.58**
6. Chlorophyll content (umolm™) 0.32** 0.01 51.04**
7. Super oxide dismutase (mg protein) 0.15** 0.01 46.97**

*Since the P-value in ANOVA table is <0.05, there is significant difference between atleast a pair of treatments.
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Table 4 : Estimates of genetic variability parameters of various characters in grain cowpea genotypes
SI. No. Characters Mean F();)\)/ (?0%/ H2(%) GA (%)
1. Root length (cm) 20.97 34.444 34.188 98.5 69.904
2. Shoot length (cm) 71.74 29.252 28.786 96.8 58.354
3. Root dry weight (g) 0.36 67.389 | 64.536 91.7 127.316
4, Shoot dry weight (g) 2.49 27.369 | 27.045 97.6 55.053
5. Proline content (umolg™) 4.62 55.209 54.971 99.1 112.751
6. Chlorophyll content (umolm™) 1.04 32.07 31.061 93.8 61.972
7. Super oxide dismutase (mg protein) 1.63 18.221 10.361 32.3 12.136

The PCV values ranged from 18.221 to 67.389,
while GCV values varied from 10.361 to 64.536. High
PCV and GCV were recorded for root length (34.444,
34.188), shoot length (29.252, 28.786), root dry weight
(67.389, 64.536), shoot dry weight (27.369, 27.045),
proline content (55.209, 54.971), and chlorophyll
content (32.070, 31.061), indicating substantial genetic
variability for these traits. Superoxide dismutase
exhibited moderate PCV and GCV values (18.221,
10.361), suggesting comparatively lower genetic
variability.

Heritability estimates ranged from 32.3 to 99.1%.
High heritability was observed for proline content
(99.1%), root length (98.5%), shoot dry weight
(97.6%), shoot length (96.8%), chlorophyll content
(93.8%), and root dry weight (91.7%). Superoxide
dismutase recorded moderate heritability (32.3%).
Genetic advance varied from 12.136 to 127.316. High
genetic advance was recorded for root dry weight
(127.316), proline content (112.751), root length
(69.904), chlorophyll content (61.972), shoot length
(58.354), and shoot dry weight (55.053), indicating the
predominance of additive gene action for these traits.
Superoxide dismutase exhibited moderate genetic
advance (12.136).

Phenotypic and genotypic correlation coefficients
among the studied traits were estimated, and the results
are presented in Tables 5 and 6, respectively.
Significant positive and negative correlations were
observed at 1% and 5% levels of significance. Root
length showed a high positive phenotypic correlation

with root dry weight (0.637), followed by chlorophyll
content (0.271) and superoxide dismutase (0.172).
Root dry weight exhibited a significant positive
correlation with shoot dry weight (0.186). Shoot dry
weight showed a positive phenotypic association with
root dry weight (0.186). Superoxide dismutase was
positively correlated with root length (0.172).
Chlorophyll content showed a significant positive
correlation with root length (0.271) but a negative
correlation with proline content (-0.199). Proline
content was negatively correlated with chlorophyll
content (-0.199). Genotypic correlation coefficients
revealed stronger associations compared to phenotypic
correlations. Root length exhibited a high positive
genotypic correlation with root dry weight (0.670),
superoxide dismutase (0.318), and chlorophyll content
(0.279). Shoot length showed a positive genotypic
correlation with superoxide dismutase (0.191). Root
dry weight was positively correlated with shoot dry
weight (0.199). Shoot dry weight exhibited a negative
genotypic correlation with superoxide dismutase (-
0.224). Superoxide dismutase showed positive
correlations with root length (0.318), shoot length, and
proline content (0.191), while a negative correlation
was observed with shoot dry weight (-0.224).
Chlorophyll content exhibited a significant positive
correlation with root length (0.279) and a negative
correlation with superoxide dismutase and proline
content (-0.209). Proline content showed a positive
genotypic correlation with superoxide dismutase
(0.191) and a negative correlation with chlorophyll
content (-0.209).

Table 5 : Phenotypic correlation of drought related traits in grain cowpea
RL SL RDW SDW SOD TC PRO
RL 1
SL -0.112 1
RDW 0.637** -0.018 1
SDW 0.038 0.038 0.186* 1
SOD 0.172* 0.114 0.034 -0.12 1
TC 0.271* 0.107 0.065 0.13 0.011 1
PRO 0.138 0.057 -0.079 0.159 0.115 -0.199* 1

*Significance at 5% level
RL- Root length (cm)

SL- Shoot length (cm)
RDW- Root dry weight (g)

**Significance at 10% level

RWC- Relative water content (%)
TC- Chlorophyll content (umolm™)
SDW- Shoot dry weight (g)

PRO- Proline content (umolg™)
SOD- Super oxide dismutase (mg protein)
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Table 6 : Genotypic correlation of drought related traits in grain cowpea

RL SL RDW SDW SOD TC PRO
RL 1
SL -0.111 1
RDW 0.67** -0.028 1
SDW 0.038 0.044 0.199* 1
SOD 0.318* 0.191* 0.115 -0.224* 1
TC 0.279* 0.114 0.081 0.135 -0.209* 1
PRO -0.137 0.06 -0.078 0.162 0.191* -0.209* 1

*Significance at 5% level
RL- Root length (cm)

SL- Shoot length (cm)
RDW- Root dry weight (g)

**Significance at 10% level

Based on biochemical parameters, particularly
proline content, the genotypes CP-6, CP-8, Vamban-3,
DC-15 and 1C-201079 were identified as drought-
tolerant under pot culture conditions.

Discussion

Significant genotypic variation for root length
under moisture stress indicated differential adaptive
responses among cowpea genotypes.  Several
genotypes exhibited increased root length under stress,
suggesting a compensatory mechanism for improved
water uptake under limited moisture availability.
Similar drought-induced enhancement of root traits in
cowpea has been reported earlier (Harshani and
Fernando, 2021).

Shoot length and shoot dry weight decreased
under moisture stress in all genotypes, though the
extent of reduction varied. Reduced shoot growth
under drought has been widely reported in cowpea and
other legumes and may reflect adaptive reallocation of
assimilates towards root development and water
conservation (Ranawake et al., 2011; Okon, 2013;
Sajitha et al., 2022). Genotypes maintaining higher
shoot biomass under stress are considered relatively
more tolerant.

Root dry weight showed marked genotypic
variation under stress, with higher values indicating
preferential biomass allocation to roots. Similar
responses have been reported in cowpea under drought
conditions (Santos et al., 2020), highlighting the
importance of root biomass in drought tolerance.

Moisture stress induced a significant increase in
proline  content, with  pronounced genotypic
differences. Enhanced proline accumulation under
drought has been consistently reported in cowpea and
reflects its role in osmotic adjustment and stress
tolerance (Zegaoui et al., 2017; Goufo et al., 2017;
Sanusi et al., 2025).

Chlorophyll content declined under stress,
although some genotypes retained relatively higher

RWC- Relative water content (%)
TC- Chlorophyll content (umolm™)
SDW- Shoot dry weight (g)

PRO- Proline content (umolg™)
SOD- Super oxide dismutase (mg protein)

levels, indicating better maintenance of the
photosynthetic apparatus. Similar drought-induced
reductions in chlorophyll have been reported in cowpea
and chickpea (Mafakheri et al., 2010; Tengey et al.,
2023).

Superoxide  dismutase  activity  exhibited
significant genotypic variation under moisture stress,
with increased activity in certain genotypes, reflecting
activation of antioxidant defense mechanisms under
drought. Comparable responses have been reported
earlier in cowpea and chickpea (Melo et al., 2024;
Keerthi et al., 2023).

Significant differences among genotypes for all
traits under moisture stress indicated substantial
genetic variability for drought-related characters, as
reported earlier in cowpea (Mwale et al.,, 2017,
Manneh et al., 2024).

Higher PCV than GCV for all traits suggested
environmental influence on trait expression. High PCV
and GCV were recorded for root and shoot traits,
proline content, and chlorophyll content, indicating
good scope for selection, while SOD activity exhibited
moderate variability. Similar trends were reported by
Olajide and Ilori (2017) in cowpea.

High heritability coupled with high genetic
advance for root length, shoot length, root dry weight,
shoot dry weight, proline content, and chlorophyll
content indicated predominance of additive gene action
and effectiveness of direct selection. These findings are
in agreement with earlier reports in cowpea under
drought stress (Mwale et al., 2017; Singini et al.,
2024).

Genotypic correlations were generally higher than
phenotypic correlations, indicating a strong genetic
basis of trait associations. Root length showed positive
correlations with root dry weight, chlorophyll content,
and SOD activity, emphasizing the importance of root
traits in drought tolerance. Shoot dry weight was
positively associated with root dry weight, while
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proline content was negatively correlated with
chlorophyll content. Similar associations have been
reported earlier in cowpea under drought stress (Mwale
et al., 2017; Poudel et al., 2025).

Overall, the positive association of root traits,
chlorophyll content, and antioxidant activity with
biomass under moisture stress suggests that these
characters can be effectively used as selection criteria
for improving drought tolerance in grain cowpea.

Acknowledgement

The authors sincerely acknowledge the
Department of Genetics and Plant Breeding, College of
Agriculture, Vellayani, Thiruvananthapuram, for
providing the requisite facilities, research resources,
financial assistance and continuous support necessary
for the completion of the research work.

References

Aghora, T.S,, Lal, H., Reddy, B.R., Mohan, N., Mahadevaiah,
C., Thangam, P., Dhananajaya, M.V., Patil, N.G., Indraja,
G., Dubey, R.K., and Rai, N. (2024). Cowpea: Breeding
and Genomics. Veg. Sci. 51(1), 1-10.

Allard, R.W. (1960). Principles of plant breeding. John Wiley
and Sons, New York.

Burton, G.W. and DeVane, E.H. (1953). Estimating heritability
in tall fescue (Festuca arundinacea) from replicated
clonal material. Agron. J. 45, 478-481.

Duraipandian, M., Poorani, K. E., Abirami, H., and Anusha, M.
B. (2022). Vigna unguiculata (L.) Walp: A strategic crop
for nutritional security, well-being and environmental
protection. Legume Res. 2, 225-236.

Falconer, D.S. (1964). Introduction to quantitative genetics.
Oliver and Boyd, Edinburgh.

FAO [Food and agriculture organization]. (2024). FAOSTAT

[online]. Available:
https://www.fao.org/faostat/en/#data/QC. [17 February
2024].

Fisher, R. A. (1935). The design of experiments. Oliver and
Boyd, Edinburgh.

Goufo, P., Moutinho-Pereira, J.M., Jorge, T.F., Correia, C.M.,
Oliveira, M.R., Rosa, E.A., Anténio, C., and Trindade, H.
(2017). Cowpea (Vigna unguiculata (L.) Walp)
metabolomics: osmoprotection as a physiological strategy
for drought stress resistance and improved yield. Front.
Plant Sci. 8, 586.

Harshani, H.K.A. and Fernando, K.M.C. (2021). Root system
attributes, morphology and vyield of cowpea (Vigna
unguiculata L. Walp.) under moisture stress. Trop. Agric.
Res. Ext. 24(3), 158-172.

Hayatu, M., Muhammad, S.Y., and Abdu, H.U. (2014). Effect
of water stress on the leaf relative water content and yield
of some cowpea (Vigna unguiculata (L.) Walp)
genotype. Int. J. Sci. Technol. Res. 3 (7), 148-152.

Johanson, H.W., Robinson, H.F., and Comstock, R.E. (1955).
Estimates of genetic and environmental variability in
soybean. Agron. J. 47, 314-318.

Keerthi, S.Y., Lakra, N., Manorama, K., Ahlawat, Y., Zaid, A.,
Elansary, H.O., Sayed, S.R., Rashwan, M.A., and
Mahmoud, E.A. (2023). Drought-induced morpho-

1351

physiological, biochemical, metabolite responses and
protein profiling of chickpea (Cicer arietinum L.). Agron.
13(7), 1814.

Mafakheri, A., Siosemardeh, A.F., Bahramnejad, B., Struik,
P.C., and Sohrabi, Y. (2010). Effect of drought stress on
yield, proline and chlorophyll contents in three chickpea
cultivars. Aust. J. crop Sci. 4(8), 580-585.

Manneh, N., Adetimirin, V.O., Dieng, I., Ntukidem, S.O.,
Fatokun, C.A., and Boukar, O. (2024). Response of
cowpea (Vigna unguiculata (L.) Walp) accessions to
moisture stress. Int. J. Plant Biol. 15(4), 1201-1214.

Melo, A.S.D., Costa, R.R.D., S4, F.V.D.S., Dias, G.F., Alencar,
R.S.D., Viana, P.M.D.O., Peixoto, T.D.C., Suassuna, J.F.,
Brito, M.E.B., Ferraz, R.L.D.S., and Costa, P.D.S. (2024).
Modulation of drought-induced stress in cowpea
genotypes using exogenous salicylic acid. Plants 13(5),
634.

Mwale, S.E., Ochwo-Ssemakula, M., Sadik, K., Achola, E.,
Okul, V., Gibson, P., Edema, R., Singini, W., and
Rubaihayo, P. (2017). Response of cowpea genotypes to
drought stress in Uganda. Am. J. Plant Sci. 8, 720-733.

Nkomo, G. V., Sedibe, M. M., and Mofokeng, M. A. (2021).
Production constraints and improvement strategies
of cowpea (Vigna unguiculata (L.) Walp) genotypes for
drought tolerance. Int. J. Agron. 2021, 1-9.

Okon, J.E. (2013). Effect of water stress on some growth
aspects of two varieties of cowpea (Vigna unguiculata
(L)) Walp) (Fabaceae). Bull. Environ., Pharmacol. Life
Sci. 2(5), 69-74.

Olajide, A.A. and llori, C.O. (2017). Genetic variability,
performance and vyield potentials of ten varieties of
cowpea (Vigna unguiculata (L.) Walp) under drought
stress. Legume Genomics Genet. 8(3), 17-25.

Osipitan, O.A., Fields, J.S., Lo, S., and Cuvaca, |. (2021).
Production systems and prospects of cowpea (Vigna
unguiculata (L.) Walp) in the United States. Agron.
11(11), 1-10.

Patel, C.G., Patel, P.T., Dharajiya, D.T., Patel, A.B., Zala, H.N.,
Khatri, A.B., and Tiwari, K.K. (2022). Morphological and
molecular characterization of cowpea (Vigna unguiculata
(L.) Walp) genotypes. Genetika 52(2), 633-648.

Patil, V., Sharma, S., Kachare, S., Dapake J., and Gaikwad, B.
(2015). Morphological characterization of cowpea
genotypes collected from different parts of India. An.
Plant Soil Res. 17(2), 133-136.

Poudel, S., Valsala Sankarapillai, L., Sivarathri, B.S., Hosahalli,
V., Harkess, R.L., and Bheemanahalli, R. (2025).
Characterization of cowpea genotypes for traits related to
early-season drought tolerance. Agric. 15(10), 1075.

Ranawake, A.L., Dahanayaka, N., Amarasingha, U.G.S.,
Rodrigo, W.D.R.J., and Rodrigo, U.T.D. (2011). Effect of
water stress on growth and yield of mung bean (Vigna
radiata L.). Trop. Agric. Res. Extension 14(4), 101-108.

Sajitha, B., Karthiyayini, R., and Samundeeswari, S. (2022).
Responses of mungbean to water deficit, water use
efficiency and drought resistance. Legume Res. 45(2),
154-161.

Santos, R., Carvalho, M., Rosa, E., Camide, V., and Castro, .
(2020). Root and agro-morphological traits performance
in cowpea under drought stress. Agron. 10(10), 1604.

Sanusi, B., Mutalib, M.O., Maiwada, F.S., Mannan, U.S,,
Bashir, M., Sadiq, I.Z., Adejor, J., Lema, A.A., and Umar,
M.L. (2025). Drought stress induces alterations in



1352

Genetic variability and morpho-physiological response of cowpea (Vigna unguiculata (L.) walp)

genotypes under moisture stress

photosynthesis, hormonal balance, water potential, and
metabolomic profiles in cowpea (Vigna
unguiculata). Discover Plants 2(1), 1-18.

Senthilkumar, T., Ejilane, E., Ramasamy, M., Chittibomma, K.,
Naorem, C., Kumar, R., Prasad, S.B., Dhanalakshmi, K.,
and Chitra, K. (2024). Exploring genetic divergence
in cowpea: A comprehensive review. Asian J. Soil Sci.
Plant Nutri. 10(2), 80-87.

Singini, M., Chipeta, M.M., Njira, K., and Fiwa, L. (2024).
Dissecting cowpea genetic variability under moisture
stress conditions and implications for drought tolerance
breeding. Int. J. Agron. 2024(1), 1-11.

Tengey, T.K., Gyamfi, R.A,, Sallah, E.K., Issahaku, M., Ndela,
D.N., Seidu, M., Senyabor, A.F., Affram, E.l., Amoako,

O.A., and Naapoal, C. (2023). Seedling stage drought
screening of candidate cowpea (Vigna unguiculata (L.)
Walp) genotypes. Cogent Food Agric. 9(1), 1-20.

Thapa, B., Adhikari, N.R., Darai, R., and Kandel, B.P. (2021).
Genetic variability of exotic cowpea genotypes for agro-
morphological traits in  mid-western region of
Nepal. Alinteri J Agric. Sci. 36(1), 47-54.

Zegaoui, Z., Planchais, S., Cabassa, C., Djebbar, R., Belbachir,
O.A., and Carol, P. (2017). Variation in relative water
content, proline accumulation and stress gene expression
in two cowpea landraces under drought. J. Plant Physiol.
218, 26-34.



