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Abstract: Genetic variability and inter-character association in 25 accessions of cowpea were studied through their expression of
qualitative morphological traits. Accessions were collected from the Genetic Resources Centre of the International Institute of Tropical
Agriculture (IITA), Ibadan and assessed in the field in a Randomized Complete Block Design (RCBD) with three (3) replications.
Twelve (12) qualitative traits were evaluated utilizing 10 plants for each accession per replication. Heritability and Genotypic
correlations were estimated with Plant Breeding Tools (PB-Tools) version 1.4. The information were exposed to cluster and Principal
Component (PC) analyses utilizing Palaeontological Statistics Software Package for Education and Data Analysis (PAST). All the 12
qualitative traits separated accessions successfully. Heritability for all traits was 100 percent, which showed that in cowpea, the effect
of environment on manifestation of qualitative fraits is insignificant. The most variable trait was immature pigmentation (84.24%) and
the trait with the least variability was leaf colour (20.92%). In the bi-plots, accessions in group | and Il which differed to accessions in
group IV in important traits such as growth pattern, plant hairiness, pod attachment to peduncle and leaf colour are recommended
together with these important traits in cowpea improvement programmes. Conclusively, combination of PCA, bi-plot, cluster analysis
and genotypic correlations were efficient in revealing significant relationships among characteristics of cowpea accessions for
selection purposes, and are therefore recommended.
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INTRODUCTION

Cowpea is one of the most important grain legumes in the tropical and sub-tropical regions of the world. It serves as a
source of protein in the diets of the people for its protein content of between 20 — 29%; and also has a remarkable capacity to fix
atmospheric nitrogen in soil [1, 2] for maintenance of soil nutrients. Compared to cultivation of cereals in terms of crop area, cowpea
occupies a smaller proportion, yet contributes significantly to domestic food security in many African countries [3]. Its choice among
the people of the drier regions of the world lies in its ability to tolerate drought, high temperatures and other abiotic stresses compared
with other crop species [4-6].

In spite of these great attributes of cowpea, coupled with the fact that many improved varieties expressing combination of
different traits, have been developed and released in many countries [7], productivity of the crop has been limited by factors such as
inadequate grain yields, poor grain feature and proneness to diseases and pests, and nonexistence of enhanced cultivars [1].
Inadequate knowledge of the level of genetic diversity of the existing germplasm has been responsible for the limited genetic
enhancement of cowpea. Selection of suitable genotypes for different environmental constraints is restricted by inadequate screening
techniques and absence of genotypes expressing clear phenotypic differences for environmental constraints [2]. Furthermore, cowpea
requirements on varietal basis in terms of combination of traits are region specific, hence making breeding programme for
improvement of the crop more difficult [8, 1].

The full knowledge of the level of genetic variability in a crop species for many traits is important prior to commencement of
any crop improvement programme. Information on the nature and degree of unevenness in the obtainable material of plant and
correlation among the various traits is indispensable for crop improvement. Consequently, records on germplasm collection and
diversity are highly desirable for successful plant breeding programme [1]. The over 15, 000 cowpea accessions preserved at the
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International Institute of Tropical Agriculture (IITA) Gene Bank, head quarter in Nigeria have been the precursor for newly improved
varieties [1]; still, little information on genetic diversity from Gene Bank records is available to the breeders in Nigeria, hence making
selection and improvement of the crop more difficult.

Worldwide, morphological traits have been exploited lengthily for studying variability and association of attributes in many
species of crop [2, 9] in establishing phylogenetic connections among and within species, but evidence available on diversity of
cowpea utilizing this approach in Nigeria is not enough. On the other hand, morphological features may be prone to environmental
influence, giving rise to fluctuating relationship patterns [10], nevertheless, they are reliable for selection [1]. Scoring of qualitative
traits in cowpea has been established to be a genuine alternative to molecular and biochemical techniques in studying genetic
variability of its germplasm collections and providing important information on genetic relationship of the crop desired for breeding
programmes [11]. The aim of this research was to determine the level of genetic diversity and inter trait association of accessions of
cowpea of different origins using qualitative morphological scoring methodology with the hope of utilizing outcomes of the study to
support breeding programmes of the crop.

MATERIALS AND METHODS

This research to study the genetic variation in 25 accessions of cowpea (Table 1) collected from the International Institute of
Tropical Agriculture (IITA), Ibadan was done between May and October, 2015 at the Department of Plant Science and Biotechnology
Experimental Field; Adekunle Ajasin University, Akungba-Akoko, Nigeria. The site of the experiment was located on Latitude 7.2°N,
Longitude 5.44'E and Altitude 423 m above sea level. These accessions were assessed in the field utilizing a Randomised Complete
Block Design (RCBD) and replicated three times. Dimension of each plot of accession per replicate was 5 m by 1 m with inter-plot
spacing of 1 m. Twenty (20) plants were sown per accession in each replicate at a spacing of 30 cm and 50 cm intra-row and inter-row
respectively making the total number of 1500 plants in the field. Data on qualitative traits (Table 2) were collected from 10 randomly
tagged plants per accession in each replicate in accordance with descriptors of cowpea, International Board of Plant Genetic
Resources [12]. Plant Breeding Tools (PB-Tools) version 1.4 (Biometrics and Breeding Informatics, International Rice Research
Institute) was utilized for Heritability and Genotypic correlation estimations. Cluster analysis, Principal Component analysis and Bi-
plots were done adopting Palaeontological Statistics Software Package for Education and Data Analysis (PAST), Hammer et al. [13].

Table -1: Names and origin of the 25 accessions of cowpea used for genetic variability

SIN | Accession Country of origin | Code
1 TVu-7362 Ghana ACO1
2 TVu-185 Nigeria AC02
3 TVu-199 USA AC03
4 Tvu-207 USA AC04
5 Tvu-218 USA AC05
6 Tvu-224 USA AC06
7 Tvu-235 Ghana ACO7
8 Tvu-236 Ghana ACO08
9 Tvu-239 South Africa ACO09
10 | Tvu-241 USA AC10
11 | IT98K-205-8 | Nigeria AC11
12 | IT98K-555-1 | Nigeria AC12
13 | Tvu-4886 Niger AC13
14 | Tvu-4866 Niger AC14
15 | Tvu-8660 Benin AC15
16 | Tvu-9225 Tanzania AC16
17 | Tvu-11986 Sudan AC17
18 | Tvu-9256 Burkina Faso AC18
19 | Tvu-9252 Burkina Faso AC19
20 | Tvu-11979 Sudan AC20
21 | IT97K-568-18 | Nigeria AC21
22 | IT89K-288 Nigeria AC22
23 | 1T96-610 Nigeria AC23
24 | 1T81-994 Nigeria AC24
25 | IT89K-391 Nigeria AC25
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Table-2: List of 12 qualitative traits examined in 25 accessions of cowpea

SIN | Trait Period | Scoring scale

1 Growth pattern Maturity | 1= determinate; 2 = indeterminate

2 Twinning tendency 5 WAP | 0=none; 3 = slight; 5 = intermediate; 7 = pronounced

3 Plant pigmentation 5 WAP | 0=none; 1= very slight; 3 = moderate; 5 = intermediate; 7 = extensive; 9 = solid

4 Terminal leaflet shape 5WAP | 1=globose; 2 = sub-globose; 3 = sub-hastate; 4 = hastate

5 Plant hairiness 5WAP | 3 =glabrescent; 5 = short hairs; 7 = pubescent to hirsute

6 Raceme position Maturity | 1 = mostly above canopy; 2 = in upper canopy; 3 = throughout canopy

7 Pod attachment to peduncle | Maturity | 3 = pendant; 5 = 30 - 90° down to erect; 7 = erect

8 Pod curvature Maturity | 0 = straight; 3 = slightly curved; 5 = curved; 7 = coiled

9 Immature Pod pigmentation | Maturity | 0 = none; 1 = pigmented tip; 2 = pigmented sutures; 3 = pigmented valves; 4 = splashes of
pigment; 5 = uniformly pigmented

10 | Leaf colour 5 WAP | 3 =pale green; 5 = intermediate green; 7 = dark green

11 Flower colour Maturity | 1 =white; 2 = violet; 3 = pink; 4 = other

12 | Pod colour (matured) Maturity | 0 =none1 = pale tan; 2 = dark tan; 3 = dark brown; 4 = black or dark purple; 5 = other

WAP = Weeks after planting

RESULTS

Variability among 25 accessions of cowpea based on qualitative traits

The variation among the 25 accessions established on mean scores of qualitative attribute is presented in Table 3. The most
variable traits included immature pod pigmentation (CV = 84.24%), plant pigmentation (CV = 76.25%) and pod curvature (71.56%),
terminal leaflet shape (CV = 46.35%), Pod colour (CV = 45.09%) and raceme position (CV = 45.09%). The least variable trait was leaf
colour (CV = 20.92%). Heritability was 100 % for all the qualitative traits.

Growth pattern (GTP)

Two (2) groups were obtained based on similar mean values: Group 1 had twelve accessions (AC01, AC02, AC03, ACO05,
AC12, AC13, AC14, AC15, AC18, AC19, AC23 and AC24) each with mean value of 1. These accessions had determinate growth
pattern. Group 2 consisted of thirteen accessions (AC04, AC06, ACO7, AC08, AC09, AC10, AC11, AC16, AC17, AC20, AC21, AC22
and AC25) with mean value of 2 each. These accessions had indeterminate growth pattern.

Twinning tendency (TWT)

Four (4) groups were obtained: Group 1 consisted of two accessions (AC04 and AC11) with value of 0 each. These
accessions had no twinning tendency. Group 2 consisted of six accessions (AC02, AC05, AC08, AC12, AC18 and AC23) each with
mean of 3. These accessions were twinned slightly. Group 3 consisted of eight accessions (AC01, AC03, AC06, AC09, AC13, AC14,
AC21 and AC24) each with mean of 5. These accessions had intermediate twinning. Group 4 consisted of eight accessions (AC10,
AC15, AC16, AC17, AC19, AC20, AC22 and AC25) each with mean of 7; with pronounced twinning.

Plant pigmentation (PP)

Six (6) groups were obtained for this trait: Group 1 consisted of three accessions (AC09, AC22 and AC25) each with mean
value of 0. These accessions had no pigments. Group 2 had six accessions (AC01, AC04, AC11, AC16, AC19 and AC21) each with
mean value of 1. These accessions were slightly pigmented. Group 3 consisted of four accessions (AC03, AC08, AC17 and AC20)
each with mean of 3. These accessions were moderately pigmented at the tips and bases of petioles. Group 4 consisted of four
accessions (AC02, ACO05, AC06 and AC10) each with mean of 5. These accessions were intermediately pigmented. Group 5
consisted of five accessions (AC07, AC12, AC13, AC14 and AC23) each with mean of 7 and extensively pigmented. Group 6
consisted of three accessions (AC15, AC18 and AC24) with mean value of 9 each. These accessions were solidly pigmented.

Terminal leaflet shape (TLS)

Four (4) groups were obtained for terminal leaflet shape: Group 1 consisted of nine accessions (AC01, AC07, AC08, AC09,
AC10, A17, AC20, AC21 and AC25) each with mean of 1, with globose leaflet shape. Group 2 consisted of eleven accessions (AC02,
AC05, AC12, AC13, AC14, AC15, AC16, AC18, AC19, AC23 and AC24) each with mean of 2, with leaflet shape sub-globose. Group 3
had three accessions (AC03, AC04 and AC06) each with mean of 3, with leaflet shape sub-hastate. Group 4 consisted of two
accessions (AC11 and AC22) each with mean of 4. These accessions had hastate leaflet shape.

Plant hairiness (PHR)

Three (3) groups were obtained for plant hairiness: Group 1 had thirteen accessions (AC01, AC03, AC04, ACO07, AC12,
AC13, AC14, AC15, AC16, AC18, AC19, AC22, AC23 and AC24) each with mean of 3. These accessions had glabrescent hairs.
Group 2 consisted of six accessions (AC02, AC05, AC06, AC08, AC10 and AC21) each with mean of 5, with short hairs. Group 3
consisted of five accessions (AC09, AC11, AC17, AC20 and AC25) each with mean of 7, with pubescent hairs.
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Raceme positions (RP)

Three (3) groups were obtained: Group 1 comprised ten accessions (AC08, AC11, AC16, AC17, AC18, AC19, AC21, AC22,
AC24 and AC25) each with mean of 1; with racemes above canopy mostly. Group 2 had four accessions (AC04, AC05, AC07 and
AC09) each with mean of 2. These accessions had their racemes mostly in upper canopy. Group 3 had eleven accessions (AC01,
AC02, AC03, AC06, AC10, AC12, AC13, AC14, AC15, AC20 and AC23) each with mean of 3. These accessions had their racemes
throughout canopy.

Pod attachment to peduncle (PAP)

Four (4) groups were obtained: Group 1 had two accessions (AC19 and AC22) each with mean value of 1; with absence of
pods. Group 2 consisted of five accessions (AC02, AC05, AC15, AC18 and AC24) each with mean of 3, with pendant attachment of
pods to peduncle. Group 3 comprised fourteen accessions (AC03, AC04, AC06, ACO7, AC08, AC09, AC10, AC12, AC13, AC14,
AC16, AC17, AC20 and AC25) each with mean value of 5, with pod attachment to peduncle in 30 to 90° down from erect. Group 4 had
five accessions (AC01, AC11, AC21 and AC23) each with mean of 7, with erect pod attachment to peduncle.

Pod curvature (PC)

Five (5) groups were obtained for this trait: Group 1 consisted of six accessions (AC01, AC02, AC05, AC11, AC20 and
AC22) each with mean of 0, accessions with straight pods. Group 2 consisted of one accession (AC19) with mean of 1, an accession
without pods. Group 3 consisted of eight accessions (AC04, AC06, AC07, AC08, AC09, AC13, AC14 and AC21) each with mean
value of 3. These accessions had slightly curved pods. Group 4 consisted of eight accessions (AC03, AC10, AC12, AC16, AC17,
AC18, AC23 and AC25) each with mean of 5, accessions with curved pods. Group 5 had two accessions (AC15 and AC24) each with
mean of 7, accessions with coiled pods.

Immature pod pigmentation (IPP)

Five (5) groups were obtained: Group 1 had five accessions (AC09, AC16, AC19, AC21, AC22 and AC25) each with mean
of 0, accessions without pigments on their pods. Group 2 had six accessions (AC01, AC02, AC07, AC10, AC13 and AC23) each with
mean of 1. These were accessions with pods which had pigmented tips. Group 3 consisted of six accessions (AC08, AC11, AC14,
AC17, AC20 and AC24) each with mean of 2, accessions with pods which had pigmented sutures. Group 4 had one accession (AC03)
with mean of 3; an accession with immature pods which were green at the sutures with pigmented valves. Group 5 consisted of five
accessions (AC04, AC05, AC06, AC12 and AC18) each with mean of 4, accessions with immature pods with splashes of pigment.
Group 6 consisted of one accession (AC15) with mean value of 5. This accession had uniformly pigmented immature pods.

Leaf colour (LC)

Three (3) groups were obtained: Group 1 consisted of two accessions (AC02 and ACO05) each with mean of 3. These
accessions had pale green leaves. Group 2 consisted of seven accessions (AC06, AC07, AC09, AC12, AC14, AC18 and AC19) each
with mean of 5, with intermediate green leaf colour. Group 3 consisted of sixteen accessions (AC01, AC03, AC04, AC08, AC10,
AC11, AC13, AC15, AC16, AC17, AC20, AC21, AC22, AC23, AC24 and AC25) each with mean of 7, accessions with deep green leaf
colour.

Flower colour (FC)

Four (4) groups were obtained: Group 1 had five accessions (AC01, AC03, AC11, AC19 and AC21) each with mean value of
1, with white flower colour. Group 2 consisted of eleven accessions (AC04, AC05, AC06, AC07, ACQ9, AC10, AC13, AC14, AC16,
AC24 and AC25) each with mean of 2, accessions with violet flowers. Group 3 had six accessions (AC12, AC15, AC17, AC18, AC20
and AC23) each with mean of 3. These accessions had mauve-pink flowers. Group 4 consisted of three accessions (AC02, AC08 and
AC22) each with mean of 4, with other flower colours.

Pod colour (PODC)

Five (5) groups were obtained: Two accessions were contained in group 1 (AC19 and AC22), each with mean of 0. These
accessions had no pods. Group 2 had three accessions (AC06, AC12 and AC13) each with mean of 1; accessions had pods with pale
tan or straw colour. Group 3 had twelve accessions (AC02, AC03, AC05, AC07, AC08, AC09, AC10, AC14, AC16, AC17, AC18, AC20
and AC23) each with mean of 2. These accessions had pods with dark tan. Group 4 consisted of six accessions (AC01, AC04, AC11,
AC21, AC24 and AC25) with mean value of 3 each. These accessions had pods with dark brown colour. Group 5 had one accession
(AC15) with mean of 4; an accession with pods which had black or dark purple colour.

Genotypic correlation analysis

The genotypic correlation among 12 qualitative traits of 25 accessions of cowpea is presented in Table 4. Growth pattern
was highly significant and positively correlated with plant hairiness (0.57). It was also positively correlated with pod attachment to
peduncle (0.43). Growth pattern was highly significant but negatively correlated with plant pigmentation (-0.58). Plant pigmentation
was highly significant and positively correlated with immature pod pigmentation (0.53); positively correlated with pod curvature (0.49).
It was also negatively correlated with plant hairiness (-0.43). Pod attachment to peduncle was highly significant and positively
correlated with leaf colour (0.52).
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Cluster analysis based on qualitative traits of accessions of cowpea

Dendrogram of the 25 accessions of cowpea established on the 12 qualitative attributes is shown in Figure 1. The 25
accessions were divided into four major clusters (I, Il Ill and V). Cluster | had two accessions (AC11 and AC04). Cluster Il consisted
of three sub-clusters (A, B and C). Sub-cluster A had two accessions (AC01 and AC20). Sub-cluster B had four accessions (AC16,
AC21, AC25 and AC09). Sub- cluster C had five accessions (AC08, AC17, AC10, AC06 and ACO03). Cluster Ill had only two
accessions (AC22 and AC19). Cluster IV had three sub-clusters (A, B and C). Sub-cluster A had two accessions (AC05 and AC02),
sub cluster B had two accessions (AC15 and AC24) while sub-cluster C had six accessions (AC18, AC12, AC23, AC14, AC13 and
ACOQ7). In cluster I, traits such as growth pattern, twinning tendency and plant pigmentation were responsible for the similarities of its
accessions. Accessions in cluster IIA were similar for traits like raceme position, plant pigmentation, leaf colour, and terminal leaflet
shape and pod curvature, while accessions in cluster [IB were more similar for traits such as growth pattern and immature pod
pigmentation.

Accessions in cluster [IC were similar for pod attachment to peduncle. Accessions in cluster Ill were similar for traits such as
plant hairiness, raceme position, twinning tendency and immature pod pigmentation and pod colour. Accessions in cluster VA were
similar for traits such as growth pattern, twinning tendency, plant pigmentation, and terminal leaflet shape, and plant hairiness, pod
attachment to peduncle, leaf colour, pod colour and pod curvature. Accessions in IVB were similar for such as plant pigmentation,
growth pattern, terminal leaflet shape, plant hairiness, pod attachment to peduncle, pod curvature and leaf colour. Accessions in
cluster IVC were similar for plant hairiness. Cluster Il had three accessions originated from USA, while two originated from Nigeria.
Also, three accessions in cluster IV originated from Nigeria, while two were from Niger.

Principal Component analysis established on qualitative traits of 25 accessions of cowpea

The Principal Components, Eigen values and percentage variability of the 25 accessions of cowpea based on qualitative
traits are presented in Table 5. Fourteen (14) Principal Component axes were extracted for qualitative traits out of which the first six
with Eigen values above 1.00 accounted for 84.19% of the entire variation. The first Principal Component axis explained 26.02% of
the whole variation. Traits such as growth pattern (0.45), plant hairiness (0.34), and pod attachment to peduncle (0.32) and leaf colour
(0.26) had the highest loadings with positive contributions to the over-all variation. The second Component axis accounted for 15.57%
of the over-all variation, and included traits such as twinning tendency (0.23), pod curvature (0.59), leaf colour (0.45) and pod colour
(0.47) with highest loadings and positive contributions. The third Component axis explained 13.52% of the entire variation and
included traits terminal leaflet shape (0.43), pod attachment to peduncle (0.41), immature pod pigmentation (0.32), and leaf colour
(0.22) and pod colour (0.33) with the highest loadings and positive contributions. The fourth Component axis explained 10.93% of the
entire variation and included traits such as plant hairiness (0.58), immature pod pigmentation (0.27) and pod colour (0.37) with the
highest loadings and positive contributions. The fifth component axis accounted for 9.26% of the total variation and included traits like
growth pattern (0.29), terminal leaflet shape (0.30), pod curvature (0.23) and flower colour (0.71) with the maximum loadings and
positive contributions. The last axis (PC6) explained just 8.89% of the entire variation with positive contributions from traits such as
raceme position (0.70), pod attachment to peduncle (0.48) and flower colour (0.40).

Bi-plot of qualitative traits based on Principal Component axes 1 and 2 is presented in Figure 2. The genotype (accession) x
trait bi-plot resulted in four different groups for the accessions. Group | consisted of seven accessions (AC25, AC21, AC17, AC16,
AC10, AC01 and AC08) on the right side of the curvex hul. Group Il consisted of five accessions (AC20, AC09, AC11, AC22 and
ACO04). Group Il consisted of eight accessions (AC19, AC06, AC07, AC13, AC14, AC12, AC05 and AC02). Group IV consisted of five
accessions (AC18, AC03, AC23, AC24 and AC15). Accessions in groups | and Il were positively correlated with traits such as growth
pattern, plant hairiness, and pod attachment to peduncle, twinning tendency, leaf colour and pod colour. Accessions in group Il were
positively correlated with raceme position, flower colour and terminal leaflet shape. Accessions in group IV were more positively
correlated with pod curvature, plant pigmentation and immature pod pigmentation. Positive correlations existed among traits such as
growth pattern, plant hairiness and pod attachment to peduncle. These traits were also positively correlated with pod colour, leaf
colour and twinning tendency, all of which were positively correlated too. Pod curvature was positively correlated with plant
pigmentation. Plant pigmentation was positively correlated with immature pod pigmentation and raceme position and flower colour.
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Table-3: Mean values of qualitative traits of 25 accessions of cowpea
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Min 0 0 1 3 1 0 3 1

SD 050 |209 |3.05 0.89 1.59 0.92 1.49 2.29 1.55 128 1092 092

CV (%) | 32.89 | 4444 | 76.25 46.35 | 37.15 45.09 30.58 | 71.56 84.24 | 20.92 | 40.35 | 45.09

H2B | 100.0 | 1000 | 100.00 | 100.0 | 100.00 | 10000 | 100.0 | 100.00 | 100.0 | 100.0 | 100.0 | 100.0
(%) 0 0 0 0 0 0 0 0

GTP: Growth pattern; TWT: Twinning tendency; PP: Plant pigmentation; TLS: Terminal leaflet shape; PHR: Plant hairiness; RP:
Raceme position; PAP: Pod attachment to peduncle; PC: Pod curvature; IPP: Immature pod pigmentation; LC: Leaf colour, FC: Flower
colour; PODC: Pod colour; SD: Standard variation; CV: Coefficient of variation; H2B: Heritability.

Table-4: Genotypic correlation among 12 qualitative traits of 25 accession of cowpea

GTP | TWT | PP TLS |PHR | RP | PAP | PC IPP LC FC PODC

GTP 0.03 | -0.58** | -0.09 | 0.57** | -0.39 | 0.43* | -0.13 | -0.31 | 0.34 | 0.03 | 0.04
TWT 013 |-034008 |-0.01]-015]021 |-037 |026 |0.03 |-0.20
PP -0.05 | -043* | 0.39 | -0.37 | 0.49* | 0.53" | -0.25 | 0.27 | 0.09
TLS 027 | -005|011 |-018 028 |0.01 |-0.02]|-024
PHR 020 | 015 | -0.24 | -017 | 0.00 | 0.02 | 0.18
RP 006 |-0.04 032 |-018 |0.03 |0.00
PAP -0.18 | -0.29 | 0.52** | -0.08 | 0.12
PC 024 1034 [0.03 |032
IPP 019 1014 | 023
LC -0.13 | 0.30
FC -0.20
PODC

GTP: Growth pattern; TWT: Twinning tendency; PP: Plant pigmentation; TLS: Terminal leaflet shape; PHR: Plant hairiness; RP:
Raceme position; PAP: Pod attachment to peduncle; PC: Pod curvature; IPP: Immature pod pigmentation; LC: Leaf colour, FC: Flower
colour; PODC: Pod colour
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Fig-1: Dendrogram (Euclidean distance) based on qualitative traits of 25 accessions of cowpea

Table-5: Principal Component analysis based on qualitative traits of 25 accessions of cowpea for 2015 planting season

Principal Components

PC1 | PC2 | PC3 | PC4 | PC5 | PC6
Eigen-value 312 | 1.87 | 162 |1.31 | 111 | 1.06
Cumulative Eigen-value 312 1499 |661 |7.92 |9.03 | 10.1
Variability (%) 26.02 | 15.57 | 13.52 | 10.93 | 9.26 | 8.89
Cumulative variability (%) 26.02 | 4159 | 55.11 | 66.04 | 75.3 | 84.19
Variables PC1 |PC2 | PC3 | PC4 | PC5 | PC6
Growth pattern 045 | 0.04 | 007 |019 |0.29 | 0.05
Twinning tendency 013 1023 |-0.56 | -0.28 | 0.00 | 0.12
Plant pigmentation -048 | 019 |-003 | 0.06 |0.12 | 0.13
Terminal leaflet shape -0.08 | -0.33 | 0.43 |-0.33 | 0.30 | -0.19
Plant hairiness 0.34 | -0.01 | -0.06 | 0.58 | 0.00 | 0.08
Raceme position -0.27 | -0.01 | 0.07 |-0.02 | -0.36 | 0.70
Pod attachment to peduncle | 0.32 | 0.05 | 0.41 | -0.19 | 0.00 | 0.48
Pod curvature -0.18 1 0.59 |-0.05 | -0.10 | 0.23 | -0.17
Immature pod pigmentation | -0.38 | 0.05 | 0.32 | 0.27 | 0.18 | -0.03
Leaf colour 026 | 045 |0.22 |-0.36 | 0.17 | 0.09
Flower colour -0.11 | -0.07 | 019 | 0.19 | 0.71 | 0.40
Pod colour 0.01 | 047 |033 |0.37 |-0.22 | -0.09
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Component 2

Component 1

Fig-2: Bi-plot of Principal Component analysis based on qualitative traits of 25 accessions of cowpea

DiscussIioN

A better understanding of the extent and nature of the existing genetic variability for various traits, the extent of character
heritability, inter character association and their effects directly and indirectly on yield among available individuals of a germplasm
collection, is a prerequisite for breeding new ones with improved characters. The level of variations showed by qualitative traits was
very high, as all the 12 traits studied were able to differentiate efficiently among the accessions. Heritability estimate for all traits was
100 percent, which demonstrated that environmental condition had insignificant impact on qualitative traits in cowpea. This is in line
with the findings of Ngompe-Deffo et al. [11]. The most variable trait was immature pigmentation, while the trait with the least variation
was leaf colour.

The observed growth pattern among accessions revealed that the growth pattern of 48 percent of accessions were
determinate, while 52 percent were of indeterminate growth pattern. Eight percent (8%) of the accessions did not twine, 28 percent
were slightly twinned, and 32 percent were moderately twinned, while 32 percent had pronounced twine stems. Twelve 12 percent of
the accessions were not pigmented, 24 percent were slightly pigmented, 16 percent were moderately pigmented, 16 percent were
intermediately pigmented, and 20 percent were extensively pigmented, while 12 percent were solidly pigmented. For terminal leaflet
shape, 36 percent of the accessions had globose leaflet shape, those with sub-globose were 44 percent, while 12 percent had sub-
hastate leaflet shape and only 8 percent had hastate leaflet shape. These forms of variability support the findings of Doumbia [14].
Glabrescent hairs were found in 56 percent of the accessions, hairs were short in 24 percent, whereas 20 percent had pubescent
hairs.

It was revealed that 44 percent of the accessions had their racemes throughout canopy, 40 percent had their racemes
mostly above canopy, while those which had their racemes in upper canopy were 16 percent. This agrees with the findings of
Nkouannessi [8]. Pod attachment to peduncle showed 20 percent of the accessions to have pendant pod attachment to peduncle, 56
percent had pod attachment of 30 — 90° to peduncle, while 20 percent had erect pod attachment to peduncle. Pod curvature revealed
25 percent of the accessions to be straight pod types, 32 percent had slightly curved pods, and 32 percent had curved pods, while 8
percent had coiled pods. Immature pod pigmentation showed that 25 percent of the accessions lacked pigmented pods, 24 percent
had pigmented tips, 24 percent had pigmented sutures, and 4 percent had pigmented valves, while 20 percent had splashes of
pigment. Immature pod pigmentation of all forms were not represented and variability for this trait was the highest (84.24%). These
results are similar to the findings of Nkouannessi [8] and Cobbinah et al. [15].

Eight (8) percent of the accessions had pale green leaves, 28 percent were of intermediate green leave types, whereas 64
percent had dark green leaves. Flower colour was highly variable (40.35%) among the accessions; 20 percent of them exhibed white
flowers, 44 percent of the accessions had violet flowers, 24 percent of the accession had mauve-pink flowers and 12 percent
belonged to other colours. All flower colours were represented according to cowpea descriptors of IBPGR [12]. This supports the
findings of Cobbinah et al. [15] and Doumbia [14]. Ajayi and Adesoye [1] also reported only violet flowers for the ten genotypes of
cowpea studied. High variability level (45.09%) was revealed in pod colour among the accessions. Dark tan mature pods were found
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among 52 percent, 12 percent had pale tan colour of pods, 24 percent had dark brown colour of pods, and then 8 percent had black
pods. Pod colour of all types were represented among the accessions.

Inter-character character association among qualitative traits

Majority of the accessions (83.33%) with determinate growth pattern were intermediate to highly pigmented, while the
majority (92.31%) of the indeterminate growth patterned accessions were either non pigmented or moderately pigmented. This
resulted to the negative genotypic correlations between growth pattern and plant pigmentation. Contrary to the findings of Msengi [9],
growth pattern did not have any significant correlation with immature pod pigmentation among the accessions of cowpea evaluated.
Eighty three percent (83%) of the accessions with determinate growth pattern had glabrescent hairs, while 16.67 percent of the same
accessions had short hairs and none had pubescent hairs. About 30.77 percent of the accessions with indeterminate growth pattern
had glabrescent hairs and short hairs, while 38.46 percent of them had pubescent hairs. Growth pattern was highly significant and
positively correlated with plant hairiness. This correlation indicated that as growth pattern increased in diversity, plant hairiness also
increased.

About 41.67% of accessions with determinate growth pattern had pendant attachment of pods to peduncle, 33.33 percent of
them also had their pods attachment in 30 to 90° down from erect, while 16.67 percent of them had erect pod attachment to peduncle.
Accessions with indeterminate growth pattern had 76.92 percent of its plants with pod attachment of the 30 to 909 down from erect
form, while 23.08 percent of them had erect attachment of pods to peduncle. Positive correlation among growth pattern and pod
attachment to peduncle suggested that more diverse growth pattern will positively affect pod attachment to peduncle.

About 66.67% of accessions without plant pigmentation had pubescent hairs, while 33.33% had glabrescent hairs. More
than sixty percent (66.67%) of accessions with very slight plant pigmentation had glabrescent hairs, while 16.67% had short and
pubescent hairs. Twenty five percent (25%) of the moderately pigmented accessions had glabrescent and short hairs, while 50% of
them had pubescent hairs. All extensively pigmented accessions and all solidly pigmented accessions had glabrescent hairs. Plant
pigmentation was significant and negatively correlated with plant hairiness. This suggested that accessions with higher plant
pigmentation had lower plant hairiness. Selection for plants with higher pigmentation will result in plants with low hairs. About 33.33%
of non-pigmented accessions had straight pods, slightly curved pods and curved pods. One third (33.33%) of slightly pigmented
accessions had straight pods and slightly curved pods, while 16.67% of them had curved pods. Twenty five (25) percent of the
moderately pigmented accessions had straight pods, 25% of them also had slightly curved pods, while 50% had curved pods. Fifty
(50) percent of intermediately pigmented accessions had straight pods, 25% of them had slightly curved pods and curved pods. Sixty
(60) percent of accessions with extensive pigmentation had slightly curved pods, while the remaining 40% had curved pods. One third
(33.33 percent) of accessions which were solidly pigmented had curved pods, while 66.67 percent of them had coiled pods. Plant
pigmentation was positively correlated with pod curvature. This suggested that accessions with lower level of pigmentation had less
curved pods while the ones with higher levels of pigmentation had more curved pods.

All accessions without plant pigment did not have pigmented immature pods. Fifty (50) percent of slightly pigmented
accessions had no pigmented immature pods too. One in six (16.67 percent) of them had pigmented pod tips, 16.67 percent also had
pods with pigmented sutures, and 16.67 percent with splashes of pigment on pods. Seventy five (75) percent of the moderately
pigmented accessions had pods with pigmented tips, while 25% of them had pods with pigmented valves. Fifty (50) percent of the
accessions with intermediate plant pigmentation had pods with pigmented tips, while the remaining 50% had pods with splashes of
pigment. Sixty (60) percent of accessions with extensive plant pigmentation had pods with pigmented tips, 20% of them had pods with
pigmented sutures, while the remaining 20% had pods with splashes of pigment. One third (33.33 percent) of accessions with solid
plant pigmentation had pods with pigmented sutures; another 33.33 percent of them had pods with splashes of pigment, while the
remaining 33.33 percent had pods that were uniformly pigmented. Plant pigmentation was highly significant and positively correlated
with immature pod pigmentation.

About 40% of accessions with pods which had pendant attachment to peduncle had pale leaf colour, 20% of these
accessions had intermediate green leaf colour, while the remaining 40% had dark green leaves. About 35.71 percent of accessions
with 30 to 900 down from erect form of pod attachment had intermediate green colour of leaves. About 64.28 percent of the same
accessions had dark green leaves. All accessions with erect attachment of pods to peduncle had dark green leaves. Pod attachment
to peduncle was highly significant and positively correlated with leaf colour. This suggested that accessions with mostly erect
attachment of pods had deep green leaves while accessions with mostly pendant attachment had pale green leaves. Both positive
and negative correlations among qualitative traits have been documented in cowpea and pigeonpea [9]. The use of all important
correlated traits in crop improvement programmes cannot be over emphasised.

Cluster analyses for qualitative traits

Simultaneous consideration of numerous traits for many accessions required the use of cluster analysis for adequate trait
representation. Cluster analysis provides a clear and more instructive display of the relative positions of accessions. Cluster analysis
shrinks the number of individual variable units by categorising such variation into groups which are converted into a dendrogram using
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the coefficient of similarity; it shows arrays of interactions between genotypes and rank equally exclusive grouping in which similar
descriptions are mathematically combined into same cluster [16, 17, 14, 1, 18, 11].

All accessions were distinct from one another at 0.00 genetic distances. Accessions were grouped in the same clusters
based on similar attributes. Accessions from the United States of America and Nigeria were combined in the same cluster, while some
accessions from Nigeria and Niger were also together in the same cluster. A high level of similarity was observed among two
accessions (AC21 and AC25) from Nigeria; three accessions (AC06, AC03 and AC10) from USA; two accessions (AC13 and AC14) of
cluster IV from Niger; and three accessions (AC12, AC23 and AC24) from Nigeria for most of the traits studied. This close similarity
indicated that these accessions may have originated from the same genetic background; it could also have resulted from the fact that
cowpea is a self-pollinated crop [19]. Variability in seed proteins of cowpea has been used to generate a high level of relationship
among them [20, 10]. Also classified cowpea based on qualitative traits.

Principal Components Analyses (PCA) for qualitative traits

Principal Component (PC) Analysis is an example of multivariate methods, and very effective at examining the relative
contribution of individual trait [21] under a prevailing condition for diversity study in crop species. The method identifies a small set of
variables that account for a large proportion of the total variance in the original variable. Information obtained from PCA may assist a
plant breeder to pinpoint limited traits for use in hybridization and selection programmes [14].

The PCA of the qualitative traits showed traits such as growth pattern, raceme position, plant pigmentation, plant hairiness,
pod attachment to peduncle, leaf colour, immature pod pigmentation, twinning tendency, terminal leaflet shape and pod colour as the
most important traits making high contributions to the total variability. The outcome of this study supports the findings of Doumbia [14].
Many workers have used this technique in classifying and discriminating variation forms in population of crop genotypes such as
ground nut [22], Tomato [23], wheat [24], rice [25, 26].

Bi - Plots of PCA for qualitative traits

Bi — plots of PCAs 1 and 2 for qualitative traits resulted in five groups. Accessions in group | and Il were similar with traits
like growth pattern, plant hairiness and pod attachment to peduncle, twinning tendency, leaf colour and pod colour. Group llI
accessions were correlated with traits like raceme position, flower colour and terminal leaflet shape. Group IV had accessions which
were correlated with plant pigmentation, immature pod pigmentation, and pod curvature. The results of this study support the findings
of Doumbia [14]. The first, second and fourth group accessions will be excellent genetic enhancement candidates. For instance, AC10
with indeterminate growth pattern, short hairs, 30-90° down to erect pod attachment to peduncle and dark green leaf colour and AC18
with determinate growth pattern, glabrescent hairs, pendant pod attachment to peduncle and intermediate green leaf colour would be
outstanding for the programme of cowpea improvement.

CONCLUSION

Every qualitative trait was able to differentiate accessions from one another; however, some had separating limit than
others. It would be very imperative to pinpoint ahead of time the privileged traits (those with high discriminative limit) before the task of
genetic diversity studies. Accessions in group |, Il which differed to accessions in group IV in important traits such as growth pattern,
plant hairiness, pod attachment to peduncle and leaf colour are recommended together with these important traits in cowpea
improvement programmes. The results of genotypic correlations were in perfect agreement with the outcomes of the bi-plot. It was
discovered that the combination of PCA, bi-plot, cluster analysis and genotypic correlations were efficient in revealing significant
relationships among characteristics of cowpea accessions for selection purposes, hence are therefore recommended.
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