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African indigenous vegetables need to be improved for yield and nutrient enhancement. 'is can initially be done through
germplasm characterization to know the pattern of genetic diversity for germplasm collection, conservation, and plant breeding
programme.'is research work was carried out to elucidate the diversity present in forty genotypes of okra in Nigeria as regards their
qualitative and quantitative traits together with their mineral elements using cluster analysis and principal component analysis so as
to help breeders in crop improvement programmes to select appropriate parents to produce new and better varieties.'e experiment
was carried out at the Teaching and Research Farm of the Department of Crop, Soil and Pest Management, Federal University of
Technology, Akure, during the rainy season in 2019. Principal component analysis and cluster analysis were employed to study the
diversity present in the okra genotypes.'ere was great diversity among the forty genotypes of okra studied with respect to qualitative
traits. 'ere were highly significant differences (P< 0.01) for all the quantitative characters, which indicated the presence of a great
amount of diversity in all the characters studied. Single-linkage cluster analysis shows that, at 100% level of similarity, all the
genotypes were distinct from one another. Results of the principal component analysis showed that 76.30% of the total variability
among the okra genotypes evaluated in this study was accounted for the first five principal components.'is study suggests that there
is great diversity among the genotypes studied, which could be used by breeders for okra improvement.

1. Introduction

'e growing population of the world today brought about by
an increase in mortality rate necessitates the importance of
improved farming systems and adequate crop improvement
programmes. African indigenous vegetables need to be
improved for yield and nutrient enhancement. Okra is one
of the most important vegetable sources for viscous fibre, an
important dietary component to lower cholesterol [1]. Most
of the okra genotypes in Nigeria are adapted to particular
ecological zones and climate and are mostly low yielding
with a high rate of pest and disease infestation on the field.
'ey are also local landraces with long maturity duration,
nonuniform structure, and colour which make them un-
attractive for consumption and market utilization. Most of

the Nigerian okra genotypes have varied nutritional com-
positions such as ascorbic acid and calcium [2] and protein
and fat [3], which are essential to health in humans [4]. Most
of the nutrients in okra comprise soluble fibre in the form of
gums and pectins which help to lower serum cholesterol,
reducing the risk of heart diseases [5]. Habtamu et al. [6]
stated that potassium, sodium, magnesium, and calcium are
the principal elements in pods of okra. Moyin-Jesu [7] also
reported the presence of iron, zinc, manganese, and nickel in
okra. Calcium is required for vascular contraction and va-
sodilation, muscle function, nerve transmission, intracel-
lular signalling, and hormonal secretion [8]. 'e various
research questions of this work include the following: Do all
okra genotypes have the same fibre and elemental compo-
nents? Do they have the same performance in terms of
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growth habit, flowering, and yield? Are there differences in
the qualitative characters of the various genotypes? 'is
problem can be solved through germplasm characterization
to know the pattern of genetic diversity for germplasm
collection, conservation, and plant breeding programme.
'is will helps breeders in crop improvement programmes
in selecting appropriate parents to produce new and better
varieties.

Kiran and Ravisankar [9] and Ariyo [10] reported that
crop development through breeding is dependent on the
availability of genetic variability present in germplasm and
how variability could be set in genotypes without difficulty.
Ren et al. [11] stated that the diversity present in accessions
of okra will determine not only the number of accessions it
contains but the value of the germplasm. Aladele et al. [12]
also reported that the understanding of genetic variability
and associations among okra germplasm may play an
important role in breeding programmes to biotic and
abiotic stresses of okra. Ariyo [13] reported that there was a
significantly large variation among 30 within species of
African genotypes of okra based on phenotypic assessment.
Diversity derived from phenotypic and morphological
traits generally varies with environments, and assessment
of character is based on growing the plants to full maturity
before identification [12]. Ariyo and Odulaja [14] reported
that variability is more pronounced in the number of days
to flowering, plant height at maturity, and various fruit
characters among okra germplasm, which could be sig-
nificant to differentiate varieties of A. esculentus. Knowl-
edge of the genetic variability among directly related
genotypes is crucial for reasonable use of plant genetic
resources [15].

Principal component analysis (PCA) is a technique that
can be used to condense large variables to a minute set that
still retains most of the information of the large variable. It is
a method used to accentuate variation in the germplasm of
crops and reveal samples in a dataset. 'rough the use of it,
experimental data can be easy to investigate and envisage.
Cluster analysis is a statistical method used to group similar
signatures or characteristics from observed values of many
variables into a number of clusters.

Eshiet and Brisibe [16] reported that the development of
new cultivars is dependent upon the availability of variations
for morphological traits and yield-attributing characters
which are genetically based. Kyriakopoulou et al. [17] stated
that genetic diversity in okra has been measured using both
morphological and agronomic traits. Many researchers have
worked on the morphological characterization of okra using
different methods with different varieties of okra and they
have been able to exploit variability present in those
germplasm [16–20], but none of them has taken into con-
sideration the variation in their mineral elements which is an
important factor to consider in the characterization of
germplasm because the nutritive value of germplasm shows
its quality. In addition, varieties of okra other than the ones
used in the previous studies were incorporated into this
study so as to exploit, assemble, and produce more and
better germplasm for genebank conservation and for
breeding work. 'is study was carried out to determine the

diversity present in forty genotypes of okra in Nigeria as
regards their qualitative and quantitative traits together with
their mineral elements using cluster analysis and principal
component analysis.

2. Material and Methods

'e experiment was carried out at the Teaching and Re-
search Farm of the Department of Crop, Soil and Pest
Management, Federal University of Technology, Akure,
Ondo State, Nigeria, during the rainy season between May
and October 2019. Forty genotypes of okra were collected
from the genebank of the National Centre for Genetic
Resources and Biotechnology (NACGRAB), Ibadan, Oyo
State, Nigeria. A total land area of 140m × 3.9m was ac-
quired and cleared, ploughed to a fine texture for planting.
'e experiment was laid out in a single-row plot in three
replications in a randomised complete block design. Each
row was 3m long with a row-row distance of 0.5m. 'e
plant was spaced 30 cm within rows to give 10 plants per
row, i.e., 300 cm by 100 cm planting distance. Seeds of
various genotypes were sown at a depth of 1 cm with three
to four seeds per hole and later thinned to two per hill after
germination. Weeding was carried out manually three
weeks after planting and when necessary to keep the field
weed free.

2.1. Data Analysis. Mean values of data collected were used
for analysis of variance according to the procedures outlined
by Gomez and Gomez [21] and separated by Duncan’s
multiple range test (DMRT). Percentage contribution of
each trait to total genetic variability among the genotypes
was determined by using principal component analysis while
single-linkage cluster analysis was done to obtain a den-
drogram to show the genetic relationships among the ge-
notypes based on evaluation of the fourteen characters.

3. Results

3.1. Variation in Qualitative Characteristics of Forty Geno-
types of Okra. 'ere is great variation among the forty
genotypes of okra fruits studied with respect to qualitative
traits exhibited by the forty genotypes as shown in Figure 1.
Okra plant at vegetative, flowering, and fruiting stages is
presented in Figures 2–4.

From the results, okra genotypes showed a diverse level
of differences in stem and fruit pubescence (Figure 5), which
varies from prickly, downy, glabrous to slightly rough but
with the majority being downy, followed by slightly rough,
then prickly with glabrous being the least (Table 1).'e stem
colour ranges from green to purple, red-green to yellowish-
green, with the green stem being the most prominent. 'e
petal colour was yellow in all the forty genotypes of okra
studied. Fruit colour ranged from green to purple-green to
yellowish-green, but okra fruits with green colour were most
prominent.'e positions of the fruits on the main stem were
mostly erect while some were horizontal and few were
pendulous.
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3.2. Analysis of Variance and Mean Performance of Forty
Genotypes of Okra. 'e analysis of variance for different
traits is presented in Table 2.'emean sum of squares due to
replications was nonsignificant for all the characters except
for days to maturity which is significantly different from the
entire trait evaluated. 'e variation due to treatments was

highly significant for all the characters. Highly significant
differences for all the characters indicated the presence of a
great amount of variability in all the characters studied.

'e highest plant height was recorded in NGB00308
(171.80) while the lowest plant height was recorded in
NGB00297b (42.33) (Table 3). Accessions NGB00296A,

(a) (b) (c)

(d) (e) (f)

(g)

(j)

(h)

(k)

(m)

(i)

(l)

Figure 1: Variability in okra fruits: (a) NGB00386; (b) NGB00371; (c) NGB00486; (d) NGB00345; (e) NGB00470; (f ) NGB00378A; (g)
NGB00331; (h) NGB00356; (i) NGB00430; (j) NGB00299; (k) NGB00355; (l) NGB00304; (m) NGB00308.
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NGB00298, NGB00308, and NGB00326 were not signifi-
cantly different from one another but were significantly
different from other genotypes in height. NGB00293,
NGB00346, NGB00350, NGB00369A, NGB00360B,
NGB00409, and NGB00427 were significantly the same but
significantly different from others in height. All the geno-
types have different plant heights both at days to 50%
flowering and at marketable fruit maturity, which range
from 16.87 (NGB00340) to 110.90 (NGB00308) for days to
50% flowering and 42.33 (NGB00297B) to 171.80
(NGB00308) for marketable fruit maturity.

NGB00298 recorded the highest number of days to 50%
flowering (135.00) while NGB00430 recorded the lowest
number of days to 50% flowering (48.00). NGB00355,

NGB00356, and NGB00326 are not significantly different in
the number of days they flowered, while there were sig-
nificant differences among the genotypes in the number of
days they flowered.

A high range of variability occurs for number of seeds
per pod, number of pods per plant, and pod weight for all the
forty genotypes studied. Significant variability also occurred
in other characters studied such as number of leaves, petiole
length, internode length, number of locules, peduncle
length, fruit length, and fruit diameter.

3.3. Principal Component Analysis (PCA). 'e eigenvalues,
percentage variance of five principal components (PC) axes,
and the eigenvectors of fourteen morphological characters,

(a) (b)

Figure 2: Vegetative stage of okra on the field.

(a) (b)

Figure 3: Okra plant at flowering stage on the field.
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fibre content, and seven mineral elements of okra are pre-
sented in Table 4. 'e first three PC axes had eigenvalues of
6.28, 5.08, and 2.29, respectively, and jointly accounted for
62.04 percent of the total variation among the genotypes.
'e fourth and fifth PC axes explained about 7.31 and 6.96,
respectively, of the total variation. However, the five PC axes
explained 76.3% of the total variation among the forty ge-
notypes. 'e scores of the major characters describing the
first five principal axes are presented in Table 5. In this table,
quantitative traits, fibre content, and mineral elements with
eigenvectors >0.3 were significant in their contribution to
loading each PC axis. 'e first principal component axis
which accounted for the highest proportion (28.55%) was
mostly loaded by petiole length, number of pods, and pod
weight. 'e second principal axis was loaded by days to 50%
flowering, days to maturity, and mineral element (zinc). 'e
third principal component axis was loaded by fruit length,
potassium, phosphorus, and sodium, while the fourth
principal component axis was loaded by peduncle length,

fruit length, pod weight, calcium, and magnesium, and the
fifth principal component axis was dominated by number of
locules, fibre, and sodium.

'e configuration of the forty genotypes of okra along
the first principal component axes is illustrated in
Figures 6–8. 'e ordination of genotypes on axes 1 and 2
(Figure 6) which accounted for 51.64% of the total variation
showed genotypes NGB00326, NGB00298, and NGB00369A
as the distant genotypes while NGB00369B, NGB00302,
NGB00371, NGB00486, and NGB00470 were distinct from
others. Genotypes NGB00308, NGB00298, and NGB00369A
were the most distant genotypes in Figure 8.

3.4. Single-Linkage Cluster Analysis (SLCA). Genetic rela-
tionships among the forty genotypes of okra based on
fourteen quantitative traits are displayed in the form of a
dendrogram (Figure 9), generated using the single-linkage
cluster analysis. At 100% level of similarity, all the genotypes
were distinct from one another while at 28% similarity level,
all the genotypes have formed two clusters. Only genotypes
NGB00298A, NGB00323, NGB00339, and NGB00345 were
most similar to one another and different from others at 86%
level of similarity. At 84% level of similarity, NGB00465 and
NGB00340 had joined the first four genotypes to form
clusters. At 43% level of similarity, five clusters were formed
(I, II, III IV, and V). Cluster I comprises NGB00203, cluster
II comprises NGB00409, cluster III has twenty-seven ge-
notypes, cluster IV has NGB00308 and NGB00326 geno-
types, while cluster V comprises two subclusters. Subcluster I
has genotypes NGB00293 and NGB00304. 'e second
subcluster was further divided into various subclusters with
seven different genotypes. At 60% level of similarity, fifteen
clusters were formed. Ten clusters were solitary, while five
clusters consisted of more than one, up to seven genotypes.
Cluster III consisted of seventeen genotypes, cluster XV
consisted of seven genotypes, clusters V, IX, and XIV
consisted of two genotypes each while clusters I, II, IV, VI,
VII, VIII, X, XI, XII, and XIII are made up of one genotype

(a) (b)

Figure 4: Okra plant at fruiting stage on the field.
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Figure 5: Variation in fruit pubescence in forty genotypes of okra.
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each. In this study, the maximum genetic similarity index
was 85% recorded betweenNGB00339 andNGB00345 as the
closet pair of accessions.

4. Discussion

Highly significant differences for all the characters indicated
the presence of a great amount of diversity in all the
characters studied. 'is may be due to differences in the
genetic component of the various genotypes. 'is is in
accordance with the findings of Priyanka et al. [18], Sharma
et al. [22], Singh et al. [23], Ahiakpa et al. [24], and Aladele
et al. [12]. 'is also corroborates with the findings of Ariyo
[13] and Adeniji [25] who stated the role of differences in the
genetic makeup of different varieties in the yield determi-
nation of okra. 'e variability can be used to improve the
crop for the desired character through selection. No

significant differences were observed within replications
except for days to maturity, and this shows that there is
uniformity in the field which has no effect on the perfor-
mance of the genotypes for all the characters studied except
for days tomaturity.'is is in agreement with the findings of
Priyanka et al. [18], who also had no significant difference
within replication for all the twenty-nine genotypes of okra
studied.

'e very high level of coefficient of variation obtained for
pod weight and number of pods is an indication of wide
genetic variability among the forty genotypes of okra for
these traits, so any improvement of the crop for further
breeding work could be directed to these characters.

All the genotypes flowered and matured at different
times, and this shows they were genetically different from
one another and shows a high prospect for selection for these
characters. Genotypes such as NGB00430, NGB00331,

Table 1: Variation in qualitative traits of forty genotypes of okra.

Genotypes SP FP SC PC FC PFMS
NGB00378A Glabrous Downy Green Yellow Green Erect
NGB00299 Conspicuous Prickly Green Yellow Green Erect
NGB00302 Conspicuous Prickly Green Yellow Green Erect
NGB00298 Slight Slightly rough Green Yellow Green Erect
NGB00350 Conspicuous Prickly Green Yellow Green Erect
NGB00304 Conspicuous Prickly Purple-Green Yellow Purple-green Erect
NGB00346 Conspicuous Prickly Green Yellow Green Erect
NGB00355 Conspicuous Prickly Red-Green Yellow Green Erect
NGB00303 Glabrous Downy Purple-Green Yellow Purple-green Erect
NGB00331 Slight Slightly rough Green Yellow Purple-green Erect
NGB00356 Slight Downy Green Yellow Green Erect
NGB00293 Glabrous Glabrous Red-Green Yellow Yellowish-green Horizontal
NGB00347 Slight Slightly rough Purple Yellow Purple-green Erect
NGB00297 Slight Prickly Green Yellow Green Pendulous
NGB00369 Conspicuous Prickly Green Yellow Green Erect
NGB00326 Glabrous Glabrous Green Yellow Yellowish-green Horizontal
NGB00371 Slight Slightly rough Red-Green Yellow Green Erect
NGB00308 Glabrous Glabrous Green Yellow Yellowish-green Erect
NGB00378B Glabrous Slightly rough Green Yellow Green Erect
NGB00430 Glabrous Slightly rough Green Yellow Green Erect
NGB00296A Glabrous Downy Green Yellow Green Erect
NGB00297 Glabrous Slightly rough Green Yellow Green Erect
NGB00323 Glabrous Downy Green Yellow Green Erect
NGB00332 Slight Slightly rough Purple-Green Yellow Purple-green Erect
NGB00335 Glabrous Downy Green Yellow Green Erect
NGB00338 Glabrous Downy Green Yellow Green Erect
NGB00339 Conspicuous Prickly Purple-Green Yellow Purple-green Erect
NGB00351 Slight Prickly Green Yellow Green Erect
NGB00369 Slight Slightly rough Green Yellow Green Erect
NGB00383 Glabrous Downy Green Yellow Green Erect
NGB00386 Glabrous Downy Green Yellow Green Erect
NGB00340 Downy Downy Green Yellow Green Erect
NGB00427 Glabrous Glabrous Green Yellow Yellowish-green Erect
NGB00345 Slight Slightly rough Yellowish-green Yellow Yellowish-green Erect
NGB00409 Slight Glabrous Green Yellow Green Erect
NGB00465 Slight Downy Green Yellow Green Erect
NGB00470 Downy Downy Red-Green Yellow Purple-green Erect
NGB00480 Glabrous Downy Green Yellow Green Erect
NGB00486 Slight Slightly rough Red-Green Yellow Purple-green Erect
NGB00489 Downy Downy Green Yellow Green Erect
SP: stem pubescence; FP: fruit pubescence; SC: stem colour; PC: petal colour; FC: fruit colour; PFMS: position of fruit on the main stem.
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NGB00356, NGB00355, NGB00299, NGB00378b,
NGB00378a, and NGB00304 that flowered and matured
much more earlier than others could be selected as parents
when breeding for early maturity in okra because days to

flowering is significant and positively correlated with days to
maturity. 'is corroborates the findings of Ariyo and
Odulaja [14].

All the genotypes have different plant heights both at
days to 50% flowering and at marketable fruit maturity,
which range from 16.87 (NGB00340) to 110.90 (NGB00308)
for days to 50% flowering and 42.33 (NGB00297b) to 169.05
(NGB00326) for marketable fruit maturity. Plant height at
flowering has a lot of implications on plant breeding pro-
gramme. A very tall and slender stem will cause the lodging
rate near harvesting to be increased, thereby reducing the
yield of crops as a result of inadequate dry matter pro-
duction. 'is is in consonance with reports by Doku [26]
and Akinyele and Oseikita [27] who worked on rice and
okra, respectively.

High range of variability occurs for number of seeds per
pod, number of pods per plant, and pod weight for all the
forty genotypes studied. Seed and pod yield could be im-
proved by using genotypes with higher number of seeds per
pod, number of pods per plant, and pod weight as parents in
the hybridization programme.'is is in accordance with the
findings of Akinyele and Osekita [27], who stated that an

Table 5: 'e five principal component axes and their characters.

Character PCA1 PCA 2 PCA3 PCA4 PCA5
Plant height 0.24 0.29 0.10 −0.20 0.00
Number of leaves 0.17 0.24 0.25 −0.15 0.05
Days to flowering −0.03 0.42 −0.04 −0.06 0.03
Petiole length 0.30 0.14 0.05 −0.21 −0.21
Internode length 0.29 0.12 0.08 −0.16 −0.06
Plant height at flowering 0.28 0.17 0.04 −0.05 0.01
Number of locules 0.00 0.26 −0.07 0.04 −0.41
Peduncle length 0.25 0.09 −0.20 0.31 0.26
Days to maturity −0.03 0.41 −0.04 −0.08 0.03
Fruit length 0.19 0.13 −0.30 0.44 0.17
Fruit diameter 0.24 0.15 −0.06 0.13 −0.26
Number of seeds 0.28 −0.03 0.14 −0.02 −0.15
Number of pods 0.32 −0.08 0.19 0.26 0.12
Pod weight 0.31 −0.06 0.17 0.31 0.02
Fibre −0.22 0.08 0.25 −0.01 −0.31
Potassium −0.22 0.21 0.33 0.07 0.27
Phosphorus −0.12 0.24 −0.38 −0.07 0.17
Sodium 0.01 0.04 0.43 −0.20 0.49
Calcium −0.18 0.18 0.27 0.39 −0.04
Magnesium −0.21 0.16 0.25 0.41 −0.14
Iron −0.17 0.24 −0.01 0.09 −0.21
Zinc −0.12 0.32 −0.22 −0.05 0.28
Values in bold indicate traits with significant contribution to the total variation.

Table 4: Eigenvalues, percentage of total variation accounted for, and cumulative percentage by the first six principal component axes of
okra.

Principal component axes Eigenvalue Total variation accounted for (%) Cumulative percentage
1 6.28 28.55 28.55
2 5.08 23.09 51.64
3 2.29 10.39 62.04
4 1.61 7.31 69.35
5 1.53 6.96 76.30
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Figure 6: Configuration of the 40 okra genotypes under principal
component axes 1 and 2.

International Journal of Agronomy 9



4

4

2

2

0

0

–2

–2
Prin1

Pr
in
3

–4

–4–6

Figure 7: Configuration of the 40 okra genotypes under principal components 1 and 3.
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Figure 8: Configuration of the 40 okra genotypes under principal components 2 and 3.
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Figure 9: A dendrogram showing the genetic relationship among forty genotypes of okra based on quantitative traits using single-linkage
cluster analysis.
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increased number of seeds and per plant could lead to
improvement of seed yield.

Significant differences also occurred in other characters
studied such as number of leaves, petiole length, internode
length, number of locules, peduncle length, fruit length, and
fruit diameter, which shows that these characters can form
the basis of selection of these genotypes for hybridization
experiment depending on the trait of interest to breeders.
'is is in agreement with the reports of Saran et al. [28],
Rajeev et al. [19], Bhagasara et al. [29], Oluwa and Kehinde
[30], and Patel et al. [31].

Number of leaves is an important component in de-
termining the performance of any crop. Leaves serve as
organs of photosynthesis in the plant, and thus, the greater
the number of leaves a plant has, the higher the photo-
synthetic rate of that plant, which will result in higher
production of food particles (glucose) in the plant and
consequently higher crop yield. 'is is in collaboration with
the findings of Eshiet and Brisibe [16], who also observed
variation in the number of leaves, pod length, and one
hundred seed weight of the cultivars of okra they studied.

Results on qualitative traits obtained in this study
showed that okra genotypes exhibited different degrees of
fruit pubescence ranging from prickly, downy, slightly rough
to glabrous with the majority of the fruits being downy. 'is
result corroborates those of Bish et al. [32] and 'omas [33]
who found the downy type of fruit pubescence to be themost
pronounced, followed by slightly rough, while prickly fruits
were the least in the okra accessions they studied.

Petal colour was found to be all yellow in all the ge-
notypes of okra studied. 'is in agreement with the ob-
servation of Myanmar [34] who found petal colour to be
100% yellow for all 40 okra accessions examined. Akinyele
and Akinlosotu [35] also found similar results in their okra
research. 'is is in contrast to the findings of Ahiakpa et al.
[24] who reported that petal colour was either cream or
yellow with golden yellow flowers (cream) being the highest.

Most of the colour of the fruits was green followed by
purple-green colour while yellowish-green were the mi-
nority. 'is is contrary to the report of Ahiakpa et al. [24]
who found yellowish-green as the most predominant fruit
colour while green and green with red patches were least
observed among the accessions.

Diversity was also observed in the position of fruit on the
main stem of the crop. Most of the genotypes have their
fruits in an erect position on the main stem as against only
small number of them that were horizontal and pendulous.
'is is in accordance with the observation made by Ahiakpa
et al. [24] who is working on tomatoes.

'e authors in their research [13, 36, 37] stated that
principal component analysis (PCA) is a very important
multivariate statistical technique for species classification.
'e identification by principal component analysis of plant
height, number of leaves, days to flowering, petiole length,
internode length, plant height at flowering, number of
locules, peduncle length, days to maturity, fruit length, fruit
diameter, number of seeds, number of pods, pod weight,
fibre, potassium, phosphorus, sodium, calcium, magnesium,
iron, and zinc as the major components of variation among

the genotypes of okra indicated the reliability in the use of
these characters in characterizing okra genotypes.

Results of the principal component analysis showed that
76.30% of the total variability among the okra genotypes
evaluated in this study was accounted for the first five
principal components.'us, a greater percentage of the total
variation was explained by these components. 'is is in
agreement with the findings of Ogunbayo et al. [38], Torres-
Moran et al. [39], Amoatey et al. [40] who in their research
reported 76.62%, 75.77%, and 78.51%, respectively, of the
total variability. 'e total contribution of the five principal
component axes (76.30%) in this study was higher than
reports made by Moukoumbi et al. [41], Nwangburuka et al.
[42], and Campos et al. [43], who reported 64.32%, 66.37%,
and 64.5%, respectively, of the total variability. 'ey are
however lower than the total variability observed by Doku
[26] and Ahiakpa et al. [24] as 01.87% and 82.97%,
respectively.

Clustering is a multivariate technique that can conve-
niently show the pattern of genetic relationships or prox-
imity among accessions [44]. Cluster III consisted of
seventeen genotypes, cluster XV consisted of seven geno-
types, clusters V, IX, and XIV consisted of two genotypes
each while clusters I, II, IV, VI, VII, VIII, X, XI, XII, and XIII
are made up of one genotype each. 'is corroborates the
findings of earlier researchers [20, 45] who reported that
major clusters are made up of single cluster, and genotypes
in single clusters which are different from others may serve
as prospective parents for breeding programme [24, 46], and
this shows their distinctiveness and importance due to
different exceptional characters possessed by them [20]. 'e
genotypes grouped together in one cluster are less different
than those which are placed in a different cluster [47].
According to Andersson et al. [48] who stated that the
genetic similarity index (GSI) of two or more accessions
should be equal to or greater than 95% if they are to be taken
as genetically identical. In this study, the maximum genetic
similarity index was 85% recorded between NGB00339 and
NGB00345 as the closest pair of genotypes.

5. Conclusion

'e essence of variability studies in crop species is to reveal
differences in the genetic makeup and the pattern of it in
crop germplasm. 'e product of this assessment therefore
becomes the material for crop improvement. 'e very high
level of coefficient of variation obtained for pod weight and
number of pods is an indication of wide genetic variability
among the forty genotypes of okra for these traits, so any
improvement of the crop for further breeding work could be
directed to these characters. All the genotypes flowered and
matured at different times, and this shows they were ge-
netically different from one another and shows a high
prospect for selection for these characters. A high range of
variability occurs for number of seeds per pod, number of
pods per plant, and pod weight for all the forty genotypes
studied. Results of the principal component analysis showed
that 76.30% of the total variability among the okra genotypes
evaluated in this study was accounted for the first five
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principal components.'us, a greater percentage of the total
variation was explained by these components.
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