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Abstract: Nigeria’s restricted data on trait associations in cowpea genotypes has required setting up a study in this
region to better understand the interactions between cowpea characteristics. The objectives of this study were therefore to
assess the level of genetic variability and inter-character association among accessions of cowpea. Eight selected
accessions from IITA were evaluated in the field in a Randomized Completely Block Design (RCBD) with three
replications between September and December, 2018. Each replicate comprised eight accessions in plots of 5 m x 1 m
dimension each; accessions were sown at 30 cm intra and 50 cm inter row spacing with 1 m separation between the
accessions. Sixteen (16) quantitative traits were evaluated using five plants per accession per replicate. Significant
differences were observed among accessions for most studied traits. Phenotypic variance was higher than genotypic
variance for traits evaluated. High broad sense heritability and genetic advance as percent of mean were observed for
emergence percentage, seeds per pod, seed weight; the seeds per plant had positive correlation with pod per plant and
seed yield, indicating that selection for these will result in increase in yield. PCs 1 and 2 (with eigen value >1) accounted
for more than 75.63% of the total variations among accessions. Different patterns of associations and genotype
(accession) by trait interactions were observed. The genotype X trait bi-plots consistently indicated that seed yield had
positive associations with most of the traits; especially peduncles per plant, seeds per plant, terminal leaflet length and
terminal leaflet width.

Keywords: Genotype x trait bi-plot, Cowpea, genetic variability, heritability, correlation, Principal Component
Analysis (PCA).

INTRODUCTION

Cowpea is an indispensable legume in Africa; it has a broad distribution in the tropics [23] in Africa, Central
and South America and Asia [21]. Africa produces around 5.2 million tons of dried cowpea globally, with Nigeria as the
largest producer and consumer accounting for 61 percent of Africa's production and 58 percent of its total production
worldwide [20]. It is one of the most valuable dried food and legume crops in a semi-arid tropic with high socio-
economic, cultural and nutritious value because of its tolerance to drought and ability to grow on poor quality soils [8,
17]. Despite cowpeas ' nutritional and economic importance, the yield potential has still not been fully exploited and
farmers are confronted with the problem of selecting the best variety of breeds for breeding program. Selection is an
integral part of the breeding system, through which high productive genotypes are selected in a given environment. The
complex nature of this function makes choice difficult for high yields. The output per unit area is the end product of
components with several characters contributing to the output (reference).

Knowledge on the type and extent variation of the existing plant material and the interaction between the
different characters are necessary for improving the yield [25]. Therefore knowledge of genetic variation, inheritance
and genetic advance is needed for a breeder to select the best genotypes of cowpea for improvement. The assessment of
genetic parameters reveals how relative the various types of genetic effects influence a difference in a plant's overall
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character. Genotypic and phenotypic coefficient of variation and heritability accompanied with genetic advance are very
significant criteria for the refinement of characteristics.

Multivariate analyses are used for multiple interdependent measurements made on several individuals within
similar environments and are effective tools for this purpose. Some breeders utilize multiple techniques for collecting
genetic diversity knowledge for plant species leading to sufficiently comparable techniques with the best method for
choosing some variants and illustrating the relative position of genotype included in such tests [30]. The Principal
component analysis is very useful in analyzing the relative contribution of individual characteristics as an indicator for
multivariate approaches [25]. This method describes a smaller number of variables which make up much of the overall
variance. The simple correlation analysis describes the relation between two variables. Several approaches have been
used to explain trait relations of different plants and the overall genotype profile.

A bi-plot of genotype by trait (GT), which is an implementation of the GGE bi-plot technique, has recently
become an effective tool for multi-trait information exploration [27]. It is distinguished by the multivariate
methodologies, since it evaluates genotypes based on several characteristics and identifies those that are superior with the
desired variables which can be employed in breeding program as parent or even as commercial cultivars [18]. The GT bi
plot analysis makes it possible to understand the genetic association between traits [28] which helps to analyze genotype
by trait relationships [15]. It also provides information regarding the usefulness of genotypes in production, helps to
detect features that are less important (redundant) and identifies those suitable for indirect selection of a target trait
[6].The objective of this study was to estimate the level of genetic variability among eight accessions of cowpea and to
assess the inter character association among traits using genotype X trait bi-plot analysis which may be used for cowpea
improvement program.

MATERIALS AND METHODS
Planting materials

A total of eight (8) cowpea accessions used for this research were collected from the Department of Plant
Science and Biotechnology, Adekunle Ajasin University, Akungba-Akoko Ondo State. (Table 1)

Study location and Experimental design

The research was conducted —between September and December, 2018 at the Experimental Field of the
Department of Plant Science and Biotechnology, Adekunle Ajasin University, Akungba-Akoko (Latitude 7° 37*N and
Longitude 5°44'N, Altitude 336 - 339 M above sea level) Ondo State, Nigeria. The eight accessions used in this research
were evaluated in the field in a Randomized Complete Block Design (RCBD) with three replications. Each accession was
regarded as a treatment by planting units in rows with each treatment consisting of 20 plants totaling 480 plants in the
field of a spacing of 50 by 30 cm and 1m between treatments. Weeding was done as and when necessary.

DATA COLLECTION AND ANALYSIS

Data on emergence percentage (10 days after planting), morphological and agronomical characters (at five
weeks after planting and at maturity respectively) were collected from 5 randomly selected plants and their means were
recorded for all observations. Data for all variables measured were subjected to analysis of variance (ANOVA) to
estimate the level of variability among the cowpea accessions, using SPSS Windows Version 20 (SPSS, Inc., Chicago
IL). For each evaluated trait the phenotypic variation was portioned into genetic and non-genetic factors and estimated by
the methods of Johnson et al. [13] and Uguru [24]:

Vp=MSg/r............ eq. 1
Vg = (MSg - MSe)/r...eq. 2

Where Vp and Vg are phenotypic variance and genotypic variance respectively; MSg, MSe and r were mean
squares of accessions, mean square error and number of replications respectively. To compare the variations among
traits, phenotypic coefficient of variation (PCV) and genotypic coefficient of variation (GCV) were computed according
to the methods of Burton [7] and Allard [5]:

PCV = (WVp/X) 100.....eq. 3
GCV = (\WWg/X) 100......eq. 4

Where, VP, VG and X are phenotypic variance, genotypic variance and grand mean respectively for traits under
consideration, and were classified according to [22].

as follows: 0 — 10% = low; 10 — 20% = moderate; 20% = high.
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Broad sense heritability (H2B) was expressed as the percentage of the ratio of VG to VP as described by Allard
etal. [5] as:

h’B=Vg/Vpx 100.............even... eqn. 5 and was categorized according [20].
As follows: 0 — 30% = low; 30 — 60% = moderate; 60% = high.

Genetic advances and Duncan multiple range tests were computed among all the measured traits. Correlation,
principal component analysis and Bi-plot were done adopting Palaeontological Statistics Software Package for Education
and Data Analysis (PAST) hammer et al.

Table-1: Names of the evaluated cowpea accessions
S/IN | CODES | ACCESSIONS
1 Al IT98K-555-1
2 A2 TVU-241
3 A3 TVU-8660
4 Ad TVU-224
5 A5 TVU-11986
6 A6 TVU-9256
7 A7 TVU-9252
8 A8 TVU-11979

Table-2: Means performance and standard error of the observed quantitative traits of the eight (8) accessions of

cowpea
TRT EM PH NL NMB TLL TLW NODFF PEDL

ITOBK-555-1 171 67+10.93° | 17.43+2.077 | 1.01+4.67® | 5.20+1.10% | 13.27+0.15% | 8.00+0.04® | 41.67+0.24® | 18.7645.43%
VU241 18.33+3.33% | 16.53+0.93% | 14.39+1.45%® | 3.93+0.587 | 11.30+2.15% | 7.96+1.52® | 46.16+2.03" | 16.20+5.60°
TVU-BS60 [ 9000+7.64% | 16.51+2.06% | 24.67+1.92° | 5.67+1.17% | 11.43+0.34° | 6.76+0.34° | 40.33+0.33* | 22.73+9.76%
TVU-224 18.33+1.67% | 13.38+1.82° | 23.00+3.79% | 5.00+0.58% | 11.08+0.30? | 8.24+0.34% | 44.43+2.45% | 19.90+7.92°
TVUTISE | 26.6746.01% | 13.67+2.43% | 19.77+3.83% | 4.97+0.89% | 11.19+0.36% | 7.63+0.17%® | 40.80+0.61* | 17.00+5.03
TVU-9256 1 26.67+1.67% | 17.36+1.16% | 23.11+1.57® | 5.89+0.11% | 11.09+0.72% | 8.67+0.48% | 43.20+2.56% | 13.46+5.34%
TVU-92521710.0042.89% | 15.67+1.59% | 17.73+4.71® | 4.89+0.11% | 13.03+0.52° | 8.57+0.44® | 46.87+0.69° | 24.10+8.58%
TVUIION 1 21 6746.01%° | 15.33+1.29% | 12.70+2.64° | 4.78+0.91% | 13.33+0.34% | 9.18+0.19° | 47.70+0.45° | 17.83+6.40%

Means with similar superscript within a column are not significantly different from one another Using Duncan
multiple Range Test at P=< 0.5. EM=Emergence percentage, PH= Plant height, NL= Number of leaves, NMB= Number
of main branches, TLL= Terminal leaflet length, TLW= Terminal leaflet width, NODFF= Number of days to first

flowering, PEDL=Peduncle length

Table-2: cont’d: Means performance and standard error of the observed quantitative traits of the eight (8)
accessions cowpea

TRT PEDPL PDPE PDL SPPD SPDL PDPL SW SYD
1T98K-555-1 | 31.00+1.91° | 2.73+0.27° | 15.95+1.88% | 12.06+1.91% | 74.93+10.75% | 6.13+0.17° | 153.33+3.33" | 114.35+14.70%°
TVU-241 15.23+2.58° | 2.10+0.10° | 19.63+1.78* | 15.43+0.80°° | 76.76+8.33° 5.02+0.21% | 163.33+6.67% | 126.28+17.75"
TVU-8660 22.73+4.40° | 2.33+0.33" | 13.96+2.43" | 10.58+0.41" | 39.83+7.58" 3.42+0.30° | 153.33+8.827 | 62.33+15.60°
TVU-224 16.00+2.27° | 2.53+0.30° | 17.36+0.14% | 17.22+1.56% | 70.22+7.42? 4.10+0.49° | 126.67+6.67° | 89.27+11.53®
TVU-11986 | 20.5045.22® | 3.00+0.57° | 16.47+1.24° | 14.46+2.12%° | 76.13+20.70° | 3.46+1.10® | 83.33+3.33° | 62.14+15.40°
TVU-9256 12.53+3.87° | 2.73+0.13% | 16.30+3.57° | 13.53+2.62" | 66.55+20.55° | 4.53+0.86° | 146.67+3.337 | 98.94+31.69" |
TVU-9252 16.60+4.55° | 2.67+0.33% | 16.50+0.50° | 13.93+1.73" | 59.33+8.96" 4.20+0.20° | 93.33+8.82® | 55.26+9.50°
TVU-11979 20.00+4.80° | 2.60+0.20° | 17.76+0.58% | 18.83+0.92" | 160.50+17.45° | 8.55+1.50° | 106.67+3.33° | 171.67+15.40°

Means with similar superscript within a column are not significantly different from one another Using Duncan
multiple Range Test at P=< 0.5. PEDPL= Peduncle per plant, PDPE= Pod per peduncle, PDL= Pod length, SPPD= Seed
per pod, SDPL=Seed per plant, PDPL= Pod per plant SW= Seed weight, SYD=Seed yield
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Table-3: Genotypic and phenotypic variance, genotypic and phenotypic coefficient of variation, heritability and

genetic advance as per cent mean estimates of observed quantitative characters of cowpea

TRAITS | GV PV GCV | PCV | H°B GAM
EM 329.76 | 416.66 | 68.1 | 76.55 | 79.14 | 122.88
PH 0.22 6.73 297 |16.48 | 3.25 1.02
NL 7.11 40.55 13.72 | 32.77 | 17.54 | 11.43
NMB -0.04 | 1.14 -3.97 | 21.18 | -35 1.19
TLL 0.38 2.50 515 |13.22 | 1517 | 4.01
TLW 0.12 1.26 427 11391945 2.59
NODFF | 6.40 10.88 576 | 752 |58.84 |8.95
PEDL 7.15 22.2 1427 | 25.15 | 32.21 | 16.54
PEDPL | 17.24 | 64.02 21.45 | 41.35 | 26.92 | 22.12
PDPE -0.03 | 0.27 -6.69 | 20.08 | -11.11 | -4.63
PDL 1.10 5.68 6.24 | 14.26 | 19.32 | 5.56
SPPD 6.05 9.14 16.96 | 20.85 | 66.19 | 28.28
SPDL 91.61 | 295.6 12.26 | 22.03 | 30.99 | 14.07
PDPL 1.91 3.88 26.75 | 38.13 | 49.23 | 38.14
SW 894.64 | 1010.71 | 23.31 | 24.77 | 88.52 | 44.89
SYD 1253 2188.44 | 36.29 | 47.96 | 57.26 | 56.31

EM=Emergence percentage, PH= Plant height, NL= Number of leaves, NMB=
TLL= Terminal leaflet length, TLW= Terminal leaflet width, NODFF= Number of days to first flowering,
PEDL=Peduncle length, PEDPL= Peduncle per plant, PDPE= Pod per peduncle, PDL= Pod length, SPPD= Seed per pod,
SDPL=Seed per plant, PDPL= Pod per plant SW= Seed weight, SYD=Seed yield.

Number of main branches,

Table-4: Correlation coefficient among fifteen quantitative traits of eight accessions of cowpea

E[PH [NL [NM [TL [TL NODF | PED | PEDP | PDP | PDL |SPP |[SPD | PDP | SW | SYD
M B L W F L L E D L L
EM 1[04 |- -0.08 | 026 | -0.07 | -0.26 -0.07 | 048 020 | -011 [-017 [ 003 [020 [025 | 015
0 0.01
PH 1 - -0.04 | 032 [ 031 |-027 0.16 | -0.03 010 [ -020 [-012 [-0.010 [003 [030 [o0.11
0.02
NL 1 069 | - -0.01 | -047 026 | 0.30 020 | -0427 |- -0.46° | -0.31 | 0.22 | -0.37
) 0.09 0.46"
NMB 1 0.13 | 0.19 | -0.43" 051" | 0.09 -0.06 | - - -0.24 | -0.07 | 0.08 | -0.20
0.58™ | 0.46
TLL 1 0.64" | -0.05 019 | o018 011 | -011 [009 [028 [034 |- 0.17
) 0.22
TLW 1 -0.01 022 |-013 026 | -007 [017 [025 [o025 |- 0.15
0.20
NODFF 1 -0.26 | -0.14 -0.14 | 050" | 057" | 0427 | 0.24 - 0.39
i 0.14
PEDL 1 0.22 012 | - - 026 | -008 |- -0.31
0.62™ | 0.48" 0.11
PEDPL 1 044 | 024 |- -0.04 [ 023 [009 [-003
041"
PDPE 1 004 [-022 [010 |[030 |- -0.09
0.31
PDL 1 0.63" | 044" | 031 0.07 | 054"
SPPD 1 0.707 | 0.37 - 0.60
026 |~
SPDL 1 0907 | - 0.87"
023 |~
PDPL 1 - 0.80"
016 |~
SW 1 0.26
SYD 1
EM=Emergence percentage, PH= Plant height, NL= Number of leaves, NMB= Number of main branches,
TLL= Terminal leaflet length, TLW= Terminal leaflet width, NODFF= Number of days to first flowering,

PEDL=Peduncle length, PEDPL= Peduncle per plant, PDPE= Pod per peduncle, PDL= Pod length, SPPD= Seed per pod,
SDPL=Seed per plant, PDPL= Pod per plant SW= Seed weight, SYD=Seed yield.
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Table-5: Principal Component Analysis based on quantitative characters of eight accessions of cowpea

Principal Components

PC PC2 PC3
EIGEN VALUE 5.69 3.20 2.45
CUMULATIVE EIGEN VALUE 5.69 8.89 11.34
% VARIABILITY 37.95 | 21.31 | 16.37
CUMMULATIVE VARIABILITY 37.95 | 59.26 | 75.63
VARIABLES PC1 PC2 PC3
EMERGENCE PERCENTAGE -0.08 | 0.48 0.02
PLANT HEIGHT 0.07 0.35 -0.34
NUMBER OF MAIN BRANCHES -0.25 | 0.13 0.16
TERMINAL LEAF LENGTH 0.16 0.36 0.25
TERMINAL LEAF WIDTH 034 |004 |0.14
NUMBER OF DAYS TO FLOWERING 0.36 -0.11 | 0.04
PEDUNCLE LENGTH -0.13 | 0.06 0.22
PEDUNCLE PER PLANT -0.12 | 0.44 |0.16
POD PER PEDUNCLE 0.05 0.08 0.53
POD LENGTH 0.33 -0.15 | -0.23
SEED PER POD 0.37 -0.17 | 0.09
SEED PER PLANT 0.37 0.15 0.14
POD PER PLANT 0.33 0.33 0.03
SEED WEIGHT 0.09 0.20 -0.56
SEED YIELD 034 |0.25 -0.17

U-11979

Component 2

Component 1

Fig-1: Biplot of principal component analysis showing inter character retionship among observed quantitative traits of eight
accessions of cowpea
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RESULTS AND DISSCUSSION

Analysis of variance and other genetic parameters help to formulate a suitable breeding parameter and being
prerequisites for any effective method of crop improvement [19]. ANOVA showed that the mean squares for all traits
were highly significant (Table 2) indicating the existence of high significant differences among the accessions. A wide
range of significant variations were observed in emergence percentage (10% to 71.7%), plant height (13.38 cm to 17.43
cm), number of leaves per plant (12.70 to 23.11), and number of branches (3.93 to 5.89), number of peduncle per plant
(15.23 to 31.00), peduncle length (16.20 cm to 24.10 cm), number of days to flowering (40 days to 48 days), number of
pods per peduncle (0 to 4), number of pods per plant (3.42 to 8.55), pod length (13.9 cm to 19.63 cm), terminal leaf
length (11 cm to 13.33 cm ), terminal width (6.67 cm to 9.09 cm) number of seeds per pod (10.58 to 18.83), number of
seeds per plant (39.83 to 160.50), seed yield (55.26 to 171.67) and 100-seed weight (83.30 g to 163.33 g). These patterns
of high variability were in conformity with the work done on cowpea by Adewale et al. [2] and Ajayi et al. [3].

Phenotypic variance was higher than genotypic variance in all the traits studied, similarly the phenotypic
coefficients of variation (PCV) was higher than genotypic coefficient of variation (GCV) in all the traits studied (Table
3). This involves the combination of environmental and genetic factors. Similar results have been reported by other
researchers in crops such as roselle and cowpea [12, 2, 1]. High genotypic and phenotypic coefficient of variance was
obtained for emergence percentage (68.10%), peduncles per plant (21.45%), seed yield (36.29%), pod per plant (26.75)
and seed weight (23.31 kg). This implies the combination of environmental and genetic factors. Moderate genotypic
coefficient of variation observed in number of leaves (13.72), peduncle length (14.27 cm) and seed per pod (16.96), seed
per plant (12.26) showed the presence of moderate variability among the genetic stock studied [25]. While genotypic
coefficient of variation observed in traits like plant height (2.97 cm), number of main branches (-3.97), terminal leaflet
length (5.15 cm), terminal leaflet width (4.27 cm), number of days to first flowering (5.76), pods per plant (-6.69), pod
length (6.24cm) show that these characters can be improved and enhanced by selection [25]. The closeness of
phenotypic and genotypic coefficient of variation means that genetic and partial environmental factors controlled the
characteristics studied. Through selection, in accordance with Fagwalawa [11] findings, the presence of greater
magnitude of genetic variability in them can aid their improvement. In order to draw conclusions on the level of genetic
variability, in addition to GCV values; heritability and genetic advance as per cent of mean estimates were computed.

Heritability values for the studied traits ranged from -11.11% for number of pods per peduncle to 88.52% in
seed weight (Table 3). High heritability estimate was recorded for seed weight (88.52%), emergence percentage
(74.14%) seeds per pod (66.19%), while moderate heritability was estimated for number of days to first flowering
(58.84%) and seed yield (57.26%), pods per plant (49.33%), peduncle length (32.21%) and seeds per plant (30.99%).
High genetic advance as per cent of means was estimated for emergence percentage (122.88%) seed yield (56.31%), seed
weight (44.89%), pods per plant (38.14%), seeds per pod (28.28%) and peduncles per plant (22.12%); moderate in
peduncle length (16.54%), seed per plant (14.07%) and number of leaves (11.43). In almost all the characteristics studied,
moderate to high heritability shows that the characteristics are less influenced by environmental effects, making them
transmitted effectively to the progeny. For heritability estimates to be reliable, it must be accompanied by high genetic
advance [12]. High estimates of heritability for emergence percentage, seed weight, seeds per pod coupled with their high
genetic advance as percent of mean (GAM) indicate additive gene effects, and suggest that effective progress in
improvement through selection could be achieved for yield. These results are in agreement with several workers on other
crops [16, 25, 12]. Moderate heritability coupled with moderate genetic advance as percent of mean (GAM) observed in
seed yield, pod per plant, seed per plant and peduncle length indicates that, by selecting these traits, a fair degree of
improvement could be achieved [31, 25]. Traits that showed low heritability and GAM, indicates that the traits are highly
influenced by environmental effects, a condition which may make selection for them ineffective [12]. The correlation
coefficient among measured revealed emergence percentage to be positively correlated with Peduncles per plant (0.48).
Plant height was positively correlated with terminal leaf length (0.32), terminal leaf width (0.31) and seed weight (0.30).
Number of leaves had a strong significant positive correlation with number of main branches (0.68) and was found to be
significant and negatively correlated to number of days to flowering (-0.47), pod length (-0.42), seed per pod (-0.46),
seed per plant (-0.46), pod per plant (-0.31) and seed yield (-0.37). Number of main branches was positively correlated to
peduncle length (0.51) and negatively correlated to pod length (-0.58), seeds per pod (0.46) and number of days to
flowering (-0.43). Terminal leaflet length was highly significant and positive correlated to terminal leaflet width (0.64)
and pods per plant (0.34). Number of days to flowering showed positive correlation with seeds per pod (0.57), pod length
(0.50), seeds per plant (0.42) and seed yield (0.39). Peduncle length was found to be significant and negatively correlated
with pod length (-0.62) and seeds per pod (-0.48). Peduncle per plant was positively correlated with pods per plant (0.44)
but negatively correlated with seeds per pod (-0.41). Pod length was positive and highly correlated to seeds per pod
(0.63), seed vyield (0.54), pods per plant (0.51) and seeds per plant (0.44). Seeds per pod were highly significant and
positively correlated to seeds per plant (0.70), seed yield (0.60) and pods per plant (0.37). Seeds per plant showed
positive correlation with pods per plant (0.90) and seed yield (0.87). Pods per plant had positive correlation with seed
yield (0.80). Most of the traits were found to be highly correlated among the tested genotypes (Table 4). Correlation
measures the intensity of association between traits in which selection for a trait results in progress for all traits that are
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positively correlated and retrogressive for traits that are negatively correlated [4]. The high significant genotypic and
phenotypic correlations between number of days to flowering and pod length, seeds per pod, and seeds per plant and seed
yield indicate that genotypes which flowered earlier produced more pods and seeds per plant. This agrees with the
findings of Ajayi et al. [3]. The high positive genotypic and phenotypic correlations between numbers of pods per plant,
number of seeds per pod, number of seeds per plant and seed weight indicates that selection for these will result in
increase in yield. Based on phenotypic and genotypic association between yield and yield contributing traits, it is
suggested that selection should be made for the characters, which are having positive significant association to improve
the seed yield per plant in cowpea.

The Principal Component analysis, eigen values and percentage variability of eight accessions of cowpea based
on quantitative traits are presented in Table 5. The information obtained from a Principal Component analysis helps
breeders to identify phenotypic characteristics that contribute great genetic variation among genotypes to select potential
parents to cross blocks for interest traits. Ten (10) principal component axes were extracted for all the evaluated
characters out of which the first three with the eigen value greater than 1 accounted for 75.63% of the total variation. The
first Principal Component axis accounted for 37.95% of the total variation. Characters such as terminal leaf width (0.34),
number of days to flowering (0.36), seeds per pod (0.37), seed per plant (0.37), pod length (0.33), seed yield (0.34), and
pod per plant (0.33) had the highest loadings with positive contributions towards the entire variation. Characters that
contributed more strongly to PC2, which accounted for 21.31% of the total variation, were dominated by traits such
emergence percentage (0.48), plant height (0.35), terminal leaf length (0.36), peduncle per plant (0.44), pod per plant
(0.33), seed weight (0.20), seed yield (0.25) with highest loadings and positive contributions. The third component axis
accounted for 16.37% of the entire variation and included traits such as pods per plant (0.53), terminal leaf length (0.25),
and peduncle length (0.22) with high loadings and positive contributions. The existence of wider phenotypic variability
among the cowpea genotypes studied was further explained by the PCA’s bi-plot (Figure 1). The PCA bi-plot gives an
overview of the similarities and differences between genotypes and the interrelationships between the measured
variables. The genotype x trait (GT) bi-plot resulted in four different groups. Group 1 comprised one genotype (TVU-
11979) on the right side of the curvex hul. Group 2 comprised three genotypes (TVU-241, TVU-9252 and TVU-221).
Group 3 consisted of one genotype (TVU-11986) and group four consisted of three genotypes (TVU-866, TVU-9286 and
TVU-555).

The bi-plots identified the best accession (s) for specific trait or group of traits. Vertex accessions show higher
values for the traits that fall within the same sector in the bi-plot [28]. Hence, in the first sector, TVU-1197 had the
higher seed yield and pods per plant; TVU-241 and TVU-224 had the highest pod length and seeds per pod and latest in
flowering; TVU-555 had the highest emergence percentage, peduncle per plant, plant height; TVU-8660 and TVU-9256
had the highest number of branches and TVU-9252 and TVU- 11986 had the longest peduncle length.

The GT bi-plot of mean performance of cowpea genotypes captured 59.30% of the total variation due to
genotype and genotype by trait interactions. As previously reported by Yan and Rajcan [26]. This result reflects the
complexity of the measured trait interrelationships. Nevertheless, the fundamental patterns among the traits could still be
captured by the bi-plots [14]. The first two Principal Components (PC1 and PC2) explained 37.95% and 21.31%,
respectively. The polygon view of the bi-plot helps identify genotypes with the highest values for one or more traits. The
vertex genotypes in bi-plot can be characterized for specific attributes, while those near to origin of bi-plot can be
considered as genotypes with a wide range of attributes. The vertex genotypes from these findings were TVU-11979,
TVU-241, TVU-9252, TVvU221, TVU 11986, TVU-866, TVU-9286 AND TVU-555. Vertex genotypes and their
corresponding genotypes are suitable candidates for heterosis in hybrid development in different sections of the bi-plot
[28]. These genotypes are the best or the poorest in some or all of the traits since they had the longest distance from the
origin of bi-plot. In view of this bi-plot, TVU-11979 fell in the sector of traits such as terminal leaf length, pods per plant,
seed yield, seeds per plant, terminal leaf width, pods per peduncle, suggesting that this genotype had the highest or near
the highest for this traits. Similarly, TVU-241 and the other genotype in this sector had the highest value for the number
of days to flowering, seeds per pod, and pod length. TVU-11986 had the highest value for peduncle length, whereas
TVU-866, TVU-9286 AND TVU-555 were the highest in number of main branches, seed weight, and plant height,
peduncles per plant and emergence percentage.

The vector angles in bi-plot represent the phenotypic correlation between attributes over all genotype values for
each attribute. The cosine of angle between a pair of morphological traits vectors approximates correlation between them
[26, 27]. An acute angle (<90°) indicates a positive correlation; an angle close to 90 degrees indicate the traits are not
correlated, whereas an obtuse angle close to 180 degrees represents a strong negative relationship. The distance on the
trait vector to the point where a perpendicular line falls from the plotting point of the genotype to the vector is
proportional to that attribute’s model (predicted) value [9]. In the figure 1, a cosine of the angle between vectors
approximates the correlation coefficient between any two elements. Since the angle cosine between the vectors of any
two traits approximates the correlation coefficient between them, this view of bi-plot is best for visualizing the
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interrelationship among traits and it is shown that the trait vectors help investigate the interrelationship between traits
[27]. This view of bi-plot suggests close associations among terminal leaf length, pod per plant, seed yield, seed per
plant, terminal leaf width, and pod per plant. From the other sector of the bi-plot positive correlation was observed
between number of days to flowering, seed per pod and pod length. There was positive association between number of
main branches, seed weight, and plant height, peduncle per plant and emergence percentage. Emergence percentage had a
positive association with peduncle per plant, plant height, seed weight, pod per plant and number of main branches. Seed
yield showed positive correlation with, seeds per plant, pods per plant, terminal leaf length, and terminal leaflet width.
Most of the measured traits were positively or negatively associated with seed yield. Only a few traits were apparently
independent of seed yield, and these include number of days to flowering and pod length as indicated by their near 90°
angles with seed yield (r = cos 90 = 0). From the bi-plot, traits such as seeds per pod, peduncle length, number of main
branches, seed weight and pod per plant were negatively associated with seed yield, as indicated by their near angle of
approximately 180 degrees (r = cos 180 = -1). Some discrepancies between the bi-plot predictions and original data were
expected because the bi-plot accounted for < 100% of the total variation (about 59.3%).

A vector is drawn from the bi-plot origin to each genotype marker in the GT bi-plot to help visualize
associations between and among traits and genotypes. The results obtained from the GT bi-plot of the genotypes
identified parameters that could be considered best in discriminating among the genotypes. A major advantage of GT bi-
plot analysis is the provision of data which helps identify less important trait and those which can be selected indirectly
for target characteristics such as seed yield [26]. GT bi-plot graphically displays the genotype by trait relationship and
allows the visualization of the associations among traits across the genotypes and of the trait profile of the genotypes
[27].

As observed from this study, it appeared possible to improve cowpea genotypes by selecting genotypes with
higher seed yield, seeds per plant, and pods per plant, terminal leaf length, and terminal leaf width. Since these measures
were highly correlated, there is no need to measure all of them. Any of these measures should be effective for indirect
selection for seed yield. Pods per plant and seeds per plant were closely associated with seed yield and it is therefore
recommended as a trait for indirect selection. This view of bi-plot can also be used to identify redundant traits in addition
to revealing traits that can be used for indirect selection. Obviously, much money and working time could be saved
without losing useful information by better understanding the interrelationships between different traits, i.e. by using bi-
plots.

CONCLUSION

This study had revealed that there is sufficient genetic variability among the tested accessions and this can be
exploited for use in cowpea improvement programme. The High estimates of GCV, heritability and genetic advance as
percent of mean for seed yield indicate the possibility of improving this most important trait through selection. Results of
the GT bi-plot analysis that captured 59.3% of the total variation indicated that selecting for seeds per plant, pods per
plant, terminal leaf length, terminal leaf width and number of days to flowering, results in genotypes that produce high
seed yield. In addition, this study demonstrated that the GT bi-plot is an excellent tool for visualizing genotype by trait
data. First, it effectively revealed the interrelationships among the cowpea traits. Secondly, it provided a tool for visual
comparison between genotypes based on multiple traits. Accession TVU-11979 proved to be the best accession
compared to others due to its association with desirable seed yield characteristics.  This accession is suggested for
further breeding evaluation and recommended as a suitable parental line that can be crossed with accession TVU-241,
TVU-224, TVU-9256, TVU-9252 and TVU- 11986 for seed yield improvement.
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