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Genetic Variability Studies of Some Quantitative Traits
in Cowpea (Vigna unguiculata L. [Walp.]) under Water
Stress

Magashi A. I., Fagwalawa L.D. and Ibrahim M. B.

Abstract— A research was conducted to study genetic
variability of some quantitative traits in varieties of cowpea
(Vigna unguiculata L. [Walp.]) under water stressed from Zaria,
Nigeria. Seeds of seven varieties of cowpea (Sampea 1, Sampea 2,
IAR1074, Sampea 7, Sampea 8, Sampea 10 and Sampea 12)
collected from Institute for Agricultural Research (1AR), Samaru,
Zaria were screened for water stressed tolerance. The seeds were
then sown in poly bags containing sandy-loam arranged in
Completely Randomized Design with three replications for
quantitative traits evaluation. The result for quantitative traits
study indicated highly significant difference (P<0.01) in the plant
height, number of days to 50% flowering, number of days to
maturity, number of pods per plant, pod length, number of seeds
per plant and 100 seed weight; and significant (P< 0.05) at
seedling height and number of branches per plant. Similarly,
1AR1074 was found to have high performance in terms of most of
the quantitative traits under study. It was therefore concluded
that, all the seven cowpea genotypes were water stress tolerant
and produced considerable yield that contained significant
nutrients. It was recommended that IAR1074 should be grown for
yield while sampea 8 should be grown for protein supplements.

Keywords— cowpea, genetic variability, quantitative traits, and
water stress.

I. INTRODUCTION

One of the major global challenges of the millennium is food
security and how to address the phenomenon of malnutrition
among the teeming and ever rising population of poor rural
dwellers of the third world countries. There is need to promote
crops that could fix into global nutrient requirements. One of
such crop is cowpea. As a legume grain, cowpea is an important
source of human dietary protein and calories.

In most West African countries, development and release of
improved varieties that adapts well and yield better have been
slow in getting to the farmers (FAO, 2000). Development of
cultivars with early maturity, acceptable grain quality,
resistance to stress condition is necessary to overcome the ever
growing food shortage (Ehlers and Hall, 1997). Hence, there is
need to generate more information on variability among the
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existing germplasm and cultivars and also broadening the gene
pool of the crop for selection and development of more
improved varieties.

The study of variability and diversity in accessions of
cultivated crops could provide vital information for the
establishment of breeding programme, especially when
intraspecific hybridization are necessary for the incorporation
of new features or for mapping purposes. Assessment of
genetic diversity and variability in cowpea would enhance
development of cultivars for adaptation to specific production
constrain. Therefore, sufficient information is necessary on
genetic variability among the available germplasm to formulate
and accelerate breeding programme. Previous workers have
reported on genetic variability among different varieties of
cowpea (Omoigu et al,. 2006; Nwosu et al., 2013) and a humber
of reports on the nutrient analysis (Henshaw, 2008; Mamiro et
al., 2011; Odedeji and Oyeleke, 2011).

In order to achieve a successful breeding programme to
improve the yield potentials of the crop, should also be a pivot
concern. This enables the breeder to operate selection
efficiently and subsequently developed appropriate breeding
strategies to solve the problems of poor yield as well as improve
the nutritive quality of the crop. Effort was made to examine the
genetic differences among the studied cultivars to group them
into relatively homogenous groups of baseline parents for
breeding purposes.

The aim of the study is to assess the genetic variability
among Screened Water Stressed tolerant varieties of cowpea
for improved quantitative traits in northern Guinea savannah
zone of Nigeria.

Il. MATERIALS AND METHODS

A. Study Area

The experiment was conducted under screen house in the
Department of Biological Sciences, Ahmadu Bello University,
Zaria (lat: 11°,21'N and long : 7°,37* E, Alt: 550-700m above
sea level).

B. Sources of Materials

The experimental seeds were obtained from the cowpea
unit of Institute of Agricultural Research (IAR), Samaru,
Ahmadu Bello University, Zaria.

Screening for water stress.



The screening for water stress was conducted using box
screening method in a completely randomized design (CRD)
with three replications in a screen house. The box was half
filled with a soil in a ratio of 1:1 of top soil and humus, it was
watered to sufficiently moist it for planting, and two seeds were
sown per hole. The watering continued regularly up to three
weeks after sowing where a complete withdrawal of the water
was applied. The data collected at28 days after sowing, 34 days
after sowing and 40 days after sowing were the number of
wilted plants, number of dead plants and the number of healthy
plants.

Pot experiment for growth and yield

Polythene bag was used in place of pot and were filled with
a soil in a ratio of 1:1 humus and top soil, it was watered
sufficiently moist it for planting, and were arranged in
completely randomize design with three replications four seeds
were planted in each polythene pot and watered regularly up to
harvesting. The data collected include; Germination percent,
Seedling height (cm),Plant height at maturity(cm),Number of
branches per plant, Number of leaves per plant, Leaf area,
number of days to fifty percent flowering, number of days to
maturity, Number of pods per plant , Pod length , number of
seeds per pod,100 seed weight and a dry weight of the plant.

C. Data Analysis

All the data collected were subjected to analysis of
variance (ANOVA) with Duncan’s Multiple Range Test
(DMRT) used to separate the means. All tests of relationships
were done using Pearson’s Product Moment Correlation
Co-efficient.

I1l. RESULTS

The result for the analysis of variance obtained due to the
exposure of seven different cowpea varieties to water stress was
presented in Table 1. The result indicated a highly significant
difference (P<0.01) in the effects of water stress on the number
of wilted and dead plants at 40 days after sowing (DAS).
Similar result was obtained in the number of healthy plants. But
a significant difference was (P<0.05) was found in the number
of wilted plants at 34 DAS. While no significant difference was
found in the effects of water stress from 28 DAS to 34 DAS in
the remaining parameters. Furthermore no significant
difference was found in the interaction off the varieties to water
level.

However, Table 2 showed the results of the mean
performance of the seven cowpea varieties to water stress. The
result showed that sampea 10 has the highest mean
performance in terms of number of wilted plants at 34 DAS
while sampea 2 and IAR 1074 has the lowest mean
performance. However sampea 7 was found to have the highest
mean performance for the number of wilted plants at 40 DAS
and sampea 2 is lowest. Meanwhile the number of dead plants
at 40 DAS sampea 7 and sampea 10 has the highest mean
performance while the lowest was found in sampea 2, 12 and
IAR1074. But in the number of healthy plants sampea 1 showed
high mean performance while sampea 7 has the lowest mean
performance. At 34 DAS sampea 12 was found to be the
highest.
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The combine ANOVA of the mean performance for seven
cowpea genotypes to water stress was presented in table 3. High
mean performance was found in the water stressed plants for
the number of wilted plants at 40 DAS while the lowest mean
performance was found in the number of wilted plants at 34
DAS. But number of dead plants at 40 DAS a high mean
performance was found. While in the un stressed plants the high
mean performance was found in the number of wilted plants at
40 DAS and the lowest was obtained in the number of dead
plants at 34 DAS. Similarly a high mean performance was
found in the water stressed healthy plants while the lowest was
found in the un stressed healthy plants.

The results for the relationships between the seven cowpea
varieties to water stress was presented in table 4: the result
indicated that positive relationship (P<0.05) exist between the
number of wilted plants at40 DAS and number of wilted plants
at 34 DAS. Also positive relationships exist between number of
dead plants at 40 DAS and the number of wilted plants at 40
DAS. But negative relationship was fund in the number of
healthy plants and number of wilted plants at 34 DAS, also
between number of wilted plants at 40 DAS and number of
dead plants at 40 DAS. However no significant relationship
was found in the remaining.

Table 5 showed the results of analysis of variance for genetic
variability for growth and yield of seven cowpea varieties. The
result indicated that a highly significant difference (P<0.01)
was found in the plant height, number of days to 50%
flowering, number of days to maturity, number of pods per
plant, pod length, number of seeds per plant and 100 seed
weight. While significant difference (P<0.05 ) was found
seedling height and number of branches per plant. No
significant difference was found in the remaining.

The mean performance of seven cowpea varieties was
presented in table 6 which indicated that IAR1074 and sampea
2 has the highest mean performance in terms of germination
percentage the lowest mean performance was found in sampea
8. Similarly 1AR1074 was found to have the highest mean
performance in the seedling height and least is found in sampea
10. But sampea 1 has the higher mean performance in terms of
plant height and also sampea 10 is having lowest mean
performance. Meanwhile the number of branches per plant the
highest mean performance was obtained in sampea 10 and
sampea 7 happened to be the least. In terms of number of leaves
per plant the highest mean was found in sampea 1 while sampea
7 was the lowest. The highest mean performance in the leaf area
was found in the sampea 7 and sampeal has lowest mean
performance. However 1AR1074 has the highest mean in the
number of days to 50% flowering and the number of days to
maturity, while sampea 7 has the higher mean performance in
terms of number of pod per plant and in the pod length the high
mean was found in sampea 10 similarly in the number of seeds
per plants. But sampea 12 was found to have highest mean
performance in 100 seed weight and sampea 1 is found to be
lowest in all the yield parameters. Meanwhile sampea 1 was
found to be the highest interms of dry weight and sampea 10
was having lowest mean performance.

Table 7 showed the relationships between different



parameters of the seven cowpea varieties. The result indicated a
positive relationship between the number of days to 50%
flowering and number of days to maturity, similar relationship
exist between number of days to maturity and number of pod
per plant and also between number of days to 50% flowering
and number of pod per plant, pod length and number of days to
50% flowering , seed per pod and number of days to
50%flowernig, seed per pod and number of days to maturity,
pod per plant and pod length a positive relationship also exist.
Similarly in the result indicated that positive relationship exist
between 100 seed weight and number of days to flowering,
days to maturity, pod per plant, pod length and seed per pod. A
positive relationship was also found between leaf area and
seedling height, pod per plant and 100 seed weight. While no
relationship was found germination percentage and other
parameters. Similarly no relationship was found between leaf
area and days t050% flowering days to maturity.

However negative relationship was between plant and other
parameters. While no relationship was in the remaining
parameters.

IVV. DISCUSSION

The screening for water stress tolerance in cowpea is a vital
phenomenon that increases the potential of cowpea production
in Nigeria especially in areas were drought is rampant. The
significant difference and highly significant differences
exhibited for number of wilted plants at 34 days and at 40 days.
Number of dead plants at 40 days as well as number of healthy
stands would be as an evident that values of all the growth
parameters decreased with the period of growth as the water
stress increased. This is in conformity with the findings of
Okon (2013). The different (highest and lowest) mean
performances obtained in the different varieties under water
stress based on number of wilted, dead and healthy plants at
different days interval could be as a result of variation that exist
in the rate of decrease of growth parameters among the
different varieties (in different fortnight) with respect to
corresponding variation in water stresses. It was observed that,
under intense water stress conditions, there was a sharp changes
in the values obtained. Similar result was reported by Del
Rosario et al. (2003) in soya bean seedlings.

High differences in the mean performance was observed in
the different cowpea varieties to water stress at different days
based on the wilted, dead and healthy plants, with the highest
mean performance (8.97) obtained in the number of healthy
plants and lowest (0.02) obtained in the number of dead plants
at 34 days. This indicates the existence of a high degree of
genetic variability in the different cowpea varieties. However,
certain factors such as height of the culms, size of the leaves,
the distance between the veins and the stomata openings are all
affected when the varieties are developing under water stress.
This is in line with findings of Ahmed and Khaliq (2007) who
reported that water stress causes changes (significant
difference) in the different varieties.

The positive relationships that exist between number of
wilted plants at 40 days also between number of dead and
wilted plants at 40 days showed that traits might not be
independent in their action and are interlinked likely to bring
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simultaneous change for other characters. They can be
effectively used as selection criteria for cowpea yields
(varieties) under water stress conditions.

The negative relationships that exist between number of
healthy plants and number of wilted plants at 34 days, number
of wilted plants conditions can influence genetic interactions
among the traits as well as genetic variance in the traits
themselves. This is in line with the findings of Saro and
Hoffman (2004) who suggested exposure to water stress
conditions may induce positive relationships among the traits
and expression of new gene will break negative
correlations.The highly significant difference (P<0.01) and
significant difference (P<0.05) exhibited for the characters
(parameters) studied indicated the existence of sufficient
genetic variability among the selected traits for improve yield
in cowpea. While the non-significant difference (P<0.05)
exhibited for some few characters (parameters) is line with the
report of Manggoel et al. (2012) who suggested that traits with
such significant difference may be under genetic control rather
than environmental influence.

The differences (highest and lowest) in mean performance of
different cowpea varieties studies based on their different traits
measured could be as a result of durations of the experiment
which affects the differential changes that might occur in the
morphological features of the varieties of the plants at a given
time. The growth habits of different varieties studied also
varied which result to differences in the mean performance,
with highest mean performance in a particular trait such as
maturity and lowest in another trait in a given variety.

Results from this study are similar to those found by Lobato
and Costa (2011) where reduction in leaf relative to water
content was reported. The study also recorded reduced
vegetative growth due to water stress. This finding agrees with
that of Aguyoh et al (2013). Similar results on decrease in
growth and yield were reported by Aguyoh et al (2013) which
can be attributed to the effects water has on the physiology of
cowpea. The finding also agrees with that of Samson and
Helmut (2007) on cowpea that reduction in leaf area in cowpea
varieties (with sampea 1 had the lowest 34.47cm2) is a
mechanism adapted to avoid higher rate of transpiration and
reduced surfaces for radiation due to water deficit. The
reduction in number of pods result of increase in with the
lowest found in sampea 10 which is (4.33) could be as a result
of increase in reduction of soil moisture, thereby reducing the
number of seeds which may contribute to low yield in water
stressed cowpea. This is in line with the findings of who
reported reduction in number of pods in different cowpea
varieties Abayomi and Abidoye (2009).

The positive relationships that exist between yield traits or
parameters could be as a result of the fact that cowpea varieties
height studied contributed to yield as it leads to resulting
increase in the number of days to maturity, days to flowering,
number of pods and other yield traits. The result obtained is in
tine with the findings of taking (2002) who reported that plant
height contribute positively to different yield parameters or
traits. Also yield improvement would be possibly achieved by
selecting for the number of pods per plant, since the study
revealed that, number of pods per plants increased
significantly.



Correlations has used in indirect selection for breeding
characters (Lyman 1993). The highly significant difference
(P<0.01) and significant difference (P<0.05) obtained in the
ash, protein content and fibre contents showed that the range of
values were within the recommended values, this range of
values fall within the values reported for cowpea by Duke
(1931) and Longe (1980). In this study the Ash having 2-3%
protein: 20-27% and fibre 2-4%.

The negative relationship that exist showed that moisture
content had the highest relationship (0.63) and the least values
or relationships were found in fibre and protein (0.58). The
significance of the result would be better interpreted to mean
that the cowpea varieties cultivated under wide cultural
conditions such as soil compositions climate and agronomic
practices vary widely in moisture and carbohydrate, contents,
followed by the fibre and protein. These components are
important in determining nutritive quality and processing
quality of cowpea seeds. The content of fat was the least with
no relationship. The non-relationship that exist between fat
content and carbohydrate is an advantage during processing to
flour, since unlike other legumes such as soya bean, there is no
need for a defatting stage in flour production. Similar finding
was obtained by Henshaw (2008) who studied varietal
differences in physical characteristics and proximate
composition of cowpea (vigna unguiculata).
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TABLE I: MEAN SQUARES FOR WATER STRESS TOLERANCE SCREENING OF SEVEN DIFFERENT COWPEA GENOTYPES.

Sources of Number of Number of Number of Number of Number of Number of Number of health
variations Df  wiltedplants dead plants wilted plants dead plants wilted plants dead plants lants y
28 DAS 28 DAS 34 DAS 34 DAS 40 DAS 40 DAS P
Variety 6 0.00™ 0.00™ 0.21™ 0.02™ 1.22" 0.21™ 1.52™
Water level 1 0.00™ 0.00™ 6.72" 0.00"™ 10.89" 6.72" 72.00”
I\gsgllety and water , s 0.00™ 0.06"™ 0.00™ 0.06™ 0.06™ 0.17™
Error 32 0.00 0.00 0.92 0.03 1.09 0.92 7.34
Key: ns= no significant difference  *= significantly different (P=0.05) **= Highly significant difference (P=0.01)
TABLE Il: MEAN PERFORMANCE OF SEVEN COWPEA VARIETIES UNDER WATER STRESS.
Uv?lted of No of Dead No of wilted No of Dead \Tvﬁlted of No of Dead No of
Variety Plants (28 Plants (34 Plants (34 Plants (40
Plants (28 DAS) DAS) DAS) Plants (40 DAS) HealthyPlants
DAS) DAS)
Sampeal 0.00° 0.00° 0.50° 0.00% 0.83¢ 0.50¢ 10.178
Sampea2 0.00? 0.00? 0.67¢ 0.00? 0.67 0.67¢ 10.00?
IAR1074 0.00% 0.00% 0.67° 0.00% 0.83¢ 0.67¢ 0.83°
Sampea? 0.00% 0.00% 1.00? 0.00% 1.672 1.00? 8.83¢
Sampea8 0.00? 0.00? 0.83° 0.00° 1.00° 0.83° 9.33°
Sampeal0 0.00% 0.00% 1.00? 0.00% 1.00° 1.00? 9.00°
Sampeal? 0.00? 0.00? 0.67° 0172 1.00° 0.67° 9.50°
Means 0.00 0.00 0.76 0.02 0.93 0.76 9.52
SE(+-) 0.00 0.00 0.36 0.06 0.39 0.36 1.02

Key: a= higher mean followed by b, ¢, and d is the lowest mean
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TABLE |ll: MEAN PERFORMANCE OF (COMBINED ANOVA) OF THE SEVEN COWPEA GENOTYPES.

Water level NWP 28 | NDP28 DAS | NWP 34 | NDP34 NWP 40 [ NDP 40 | NHP
DAS DAS DAS DAS DAS

Water stressed | 0.00% 0.00% 1.222 0.032 1.56% 1.222 9.942

Control 0.00% 0.00% 0.64% 0.00% 0.76° 0.64° 8.00°

Means 0.00 0.00 0.93 0.02 1.94 0.93 8.97

SE(+) 0.00 0.00 0.89 0.00 0.41 0.71 0.89

Key: a= highest mean and b= lowest mean

TABLE IV: RELATIONSHIPS AMONG THE WILTED AND DEAD PLANTS AT DIFFERENT TIME OF WATER STRESS OF THE SEVEN COWPEA GENOTYPE

No of Wilted No of Dead \TV?I ted of No of Dead \slv?lte d of No of Dead No of
Plants(28 Plants(28 Plants(34 Plants(34 Plants(40 Plants(40 Healthy
DAS) DAS) DAS) DAS) DAS) DAS) Plants
NWP 28 1.00
NDP 28 0.00 1.00
NWP 34 0.00 0.00 1.00
NDP 34 0.00 0.00 0.20™ 1.00
NWP 40 0.00 0.00 0.65 0.31"™ 1.00
NDP 40 0.00 0.00 1.00™ 0.20"™ 0.65 1.00
NHP 0.00 0.00 -0.95" -0.31" -0.85" -0.95 1.00
Key: ns=no significant difference *= significant difference (P<0.05) **= Highly significant difference (P<0.01)
TABLE V: MEAN SQUARE FOR THE GENETIC VARIABILITY STUDIES AMONG SEVEN COWPEA VARIETY
Y] Df | G7 SH PH Blp | Lip LA D50%F | DM P/p PI Sip | sw DW (g)
(cm) (cm) (cm)
* * * *
variety | 6 | 149™ | 13.43* 149.34 5.74 2711 | 154.50™ 3679.56 2127.89 15.75 52.15 iz.eo }i4.96 52 44+
Error 14 [ 2.00 | 4.85 73.98 0.95 | 1457 89.38 3.09 2.24 1.95 1.63 0.95 | 0.19 1.24
Key: ns = No significant difference * = Significant difference (P<0.05) ** = Highly significant difference (P<0.01)
TABLE VI: MEAN PERFORMANCE OF THE SEVEN COWPEA GENOTYPES FOR GROWTH AND YIELD
Variety G % SH(cm) PH B/P L/P LA D DM P/P PL Slp 100 DW
(cm) 50%F SW
Sampeal  11.33% 3240 91.00° 6.00 19.33% 3447° 0.00° 0.00° 0.00°  0.00° 0.00° 0.00 16.90°
Sampea2  11.00* 36.23"* 67.33° 533" 1233% 4450™ 9433* 12567° 5.00™ 12.83® 10.00" 15.23° 10.33"
IAR1074  11.67* 36.63%  71.67° 567° 16.67® 47.63% 06.67° 132.00° 5.67® 14.00"® 9.33°¢ 19.30° 14.87°
Sampea7  11.33% 36.17% 70.67° 4.67° 1133 54.00° 96.33* 128.33° 7.33% 1367® 10.67® 1623 10.73"
Sampea8  09.67% 32.30" 49.00% 7.00® 17.00® 3957 91.00° 126.33° 5.67® 1233 867  16.93° 15.83°
Sampeal0 10.67% 31.73° 4367¢ 7.33% 1233% 3957® 8667° 121.67° 4.33° 1517% 12.33% 17.10° 6.57°
Sampeal?2 11.67% 34.43" 5950 533 1367" 5223® 7333° 10567 5.33% 8.83° 7.67¢ 21.07%  7.17°
Mean 11.05  34.27 6469 590 1467 4457 7733 10567 476 1098  8.38 1512  11.76
SE(+) 051 1.03 6.28 046 162 3.94 1255  1.69 093 192 1.46 2.49 1.54

Key: a = High mean followed by b a, b, b ¢, ¢, bcd, c d, and d = lowest mean
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