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ABSTRACT

A. esculentus L. has wide genetic variability for desirable traits and this is significant for its
improvements. Okra enrichment based on morphological characteristics is essential for the
enhancement of its value. Variability studies on agro-morphological traits of okra
phenotypes cultivated in southern Nigeria were evaluated, to estimate the variability,
heritability, genetic advance of yield and yield components and to ascertain if there are
correlations between yield and yield components of the selected Okra Phenotypes. The
study was carried out during 2017-2018 cropping season. Ten Okra phenotypes were
assessed for selected qualitative and quantitative characters. Ten samples were collected
from two different towns each in Anambra and Delta States, from local farmers. The
experiment was laid out in a Randomized Complete Block Design with three replicates. The
analysis of variance showed that there were significant differences among all the selected
characters of the Okra phenotypes (p<0.05). The values showed that Phenotypic
Coefficients of Variation (PCV) and Genotypic coefficients of variation (GCV) were
consistently high with the highest values recorded for total number of nodes at fruiting
(100.73) and number of leaves at 50% flowering (101.57) respectively while the lowest
values were recorded for pedicel length (100.03) and total number of nodes (99.26). The
Heritability, genetic advance and genetic advance as percentage of mean were also high,
indicating genetic gain. The high PCV, GCV and heritability parameters indicated the
presence of significant variability and also suggested that these characters are likely under
the control of additive genes. The dendrogram from the cluster analysis showed that A.
esculentus formed three distinct clusters, clearly establishing the presence of intra-specific
genetic diversity within the Abelmoschus esculentus. Data obtained revealed the presence of
genetic variability in the characters evaluated and indicated that the observed phenotypes
will provide a good basis for selection as well as useful tool for yield improvement in Okra.
Keywords: Abelmoschus esculentus, variability, phenotypes, agro-morphological, traits,
improvement, heritability.

INTRODUCTION
Okra, (Abelmoschus  esculentus  L.) follows as the second largest producer
sometimes called gumbo, gombo in with an annual output of 1.8m tonnes [5-
French, bhendi in Hindu, or lady’s finger 7]. It belongs to the family Malvaceae and
in England, is currently one of the most is classified under the genus Abelmoschus
important and widely grown vegetable [8-9]. A. esculentus is a warm-season
crops cultivated throughout the tropics annual herbaceous vegetable species that
and sub-tropics [1-2]. This crop is suitable can be cultivated in a variety of soils and
for cultivation as a garden crop as well as it is a self-pollinated crop [10-11]. Okra is
on a large scale in commercial farms [3-4]. an important vegetable crop mainly
As at 2020, India was ranked as the grown for its soft, edible fruits which are
number one producer of Okra with over cooked, canned and consumed in various
6m tonnes cultivated annually, Nigeria forms. Nutritionally, it’s rich in different
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nutrients such as carbohydrate, fat,
fibers, oil, mineral, and several vitamins,
(B1, A, and C) [12-14]. The leaves are
sometimes used as animal feed.
Industrially, Okra mucilage has been
included as raw material in certain paper
used confectionary. The fibers have been
reported to be useful in making fishing
lines, game traps and sponges [15-16].
The whole body of the okra is a treasure.
The leaves and seeds are considered a
valuable traditional medicine [17-19].
Young immature fruits are usually
consumed cooked or fried as a vegetable
crop. In parts of West Africa, the
immature fruits are boiled in water to
make soups and sauces. The young leaves
are also used as spinach. Mature fruits
and stems containing crude fiber are used
in the paper industry [20-21]. The big and
beautiful flowers of okra can be used as
an ornamental plant. The stem is almost
large with bark and fibers which are
suitable for spinning into rope and for
paper and card board manufacturing. The
fibers are used to make fishing lines,
game traps and sponges [22-24]. Okra has
also been reported to have medicinal
value. [25-26] has noted that the soluble
fiber within okra helps naturally reduce
cholesterol and, therefore, can help
decrease the chance of developing issues
such as cardiovascular disease. He also
reported that Okra helps stabilize blood
sugar by regulating the rate at which
sugar is absorbed from the intestinal tract
[27-29]. The choice of the most suitable
breeding method for the rational
improvement of vyield and other crop
characteristics in any crop largely
depends upon the genetic variability,
correlations and association between
qualitative and quantitative characters,
heritability estimates, and adaptability
parameters in different environments
[30]. Genetic variability is a very
important component of plant breeding
and a proper understanding of the genetic
diversity and information on the genetic
diversity within and among closely
related crop varieties is essential for a
rational use of plant genetic resources
(Tesfa and Yosef, 2016). Previous studies
have shown that high degree of variability
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exists among accessions of okra
especially in West African [31]. [31-32] in
two different studies, both established
the presence of high genetic variability in
different vyield and vyield related
components of the Abelmoschus spp. A
different genetic variability study carried
out by [28], on fifty-three accessions of
Okra (Abelmoschus caillei), also showed
that there was relatively high genetic
variability among the selected
germplasm. They further noted that the
presence of intraspecific variability in the
accessions, suggested that Okra is a
complex of varieties. [19] in earlier
research, also reported that high degree
of wide morphological variation exists
among selected samples of okra,
especially in the West African type. [28],
in their research work, studied for
variability amongst selected species of A.
esculentus and they observed significant
levels of variability among the selected
samples for all the characters that were
selected for study, which included plant
height, plant spread, number of primary
branches per plant, leaf length, leaf
breadth, petiole length, number of pods
per plant, pod weight and total yield. It
has been severally highlighted by various
researchers that an in-depth knowledge
on genetic diversity and variability are
vitally important, prior to evaluation and
selection of crop species for plant
breeding endeavours [30]. Generally, any
progress in a breeding programme
depends on the magnitude of genetic
variability in a population and the extent
to which the desirable traits are heritable
(heritability). Therefore, it is wusually
necessary to evaluate the genetic stocks
acclimatized to local conditions for the
purpose of highlighting and maximizing
the inherent variabilities [32]. For several
breeding goals, selection of superior
sample treatments is often based on the
outward appearance (phenotype) hence
the evaluation of phenotypic variability
and diversity provides the necessary
information on different plant
characteristics that may be of interest to
breeders as well as permit the
identification of unique entries necessary
for both curators of germplasm banks and



other crop improvement endeavours.
Highly  central to any  effective
conservation programme, is a clear
understanding of the genetic diversity
present in the species of concern - its
structure and distribution in nature and
in the material conserved. Thus, it is
vitally important to analyze the existing
genetic variation among plants in natural
habitats, to assess the quantum and
range, and also to establish certain
genetic bases for selection [21]. This
research therefore, provide key

knowledge needed for genetic resource
selection amongst the Abelmoschus
esculentus species especially in southern
Nigeria, where wide genetic variations
exist amongst the okra species. The aim
of this present study is to carry out
variability studies on agro-morphological
traits of okra (Abelmoschus esculentus (L.
Moench) phenotypes and to estimate the
variability, heritability, genetic advance of
yield and vyield components of the
species.

MATERIALS AND METHODS
Area of Study

The experiment was conducted at the
research farm of the Department of
Botany, Nnamdi Azikiwe University Awka,
Anambra State (6° 12N/, 7° 04E’) during the
2017-2018 cropping seasons. Awka is
located in the tropical rain forest zone of

Nigeria with average temperatures, annual
rainfall and relative humidity of 29 °C,
2700mm and 87% respectively. Nnamdi
Azikiwe University Awka is located
between latitude 6.2220°N and longitude
7.0821°E.

Design of the Study

The experiment was laid out in a
Randomized Complete Block Design
replicated three times.

Climatic condition during the
experimental period

The cultivation of the okra plants was
carried out in the botany experimental
site at the Nnamdi Azikiwe University,
Awka, Anambra state. The climate
includes dry and rainy season, with the
dry season between November and March,

followed by rainy season between April
and October. Annual rainfall averages
2700 mm in Awka and is of bimodal
pattern with peaks between July and
September, punctuated by a short
stoppage during the month of August,
referred to as August break. The average
temperature during the 2017 and 2018
planting season ranged between 24-33
degreesCelsius.

Procurement and Identification of Plant Materials

A total of ten Okra (Abelmoschus
esculentus) phenotypes were used in this
study. Five samples were collected from
two different towns, each in Anambra and
Delta States, from local farmers. Anambra
state is located in the southern part of
Nigeria (South East) between Latitude 6°
20’ 00”’N and longitude 7° 00’ 00" E; the
state is positioned 65.84metres above sea
level. Delta State is one of the southern
most states in Nigeria, occupying a
position between longitude 5° 00’ and 6°
.45’ E and latitude 5° 00 and 6°.30N. The
state is generally low lying, with a height
just 13mtres above sea level. The four

locations where the okra samples were
collected are: Umutu, latitude 5.9166°N
and longitude 6.2264°E, Ugbodu, latitude
6.3793°N and longitude 6.4579°E for
Delta, Okpuno, latitude 6.2473°N and
longitude 7.0619°E and Anam latitude
6.2220°N and longitude 7.0821°E for
Anambra state. Okra is endemic and
widely cultivated crop in the selected
locations hence the choice of collection
from those places. The okra samples were
authenticated at the Department of
Botany, Nnamdi Azikiwe University, Awka
where the voucher specimens were
deposited.

Experimental Field Layout

The okra treatments from the selected A.
esculentus phenotypes were planted on
plots measuring 6 by 6metre square each.
Experimental units consisted of two- row

plots for treatments from the A.
esculentus treatments, with intra- and
inter-row spacing of 30 cm and 60cm,
respectively. Each plot had a maximum of



eight plants per row and thirty plants per

plot.

Data collection

Observations on eighteen characters
involving nine quantitative and nine
qualitative traits were recorded on five
randomly selected plants per plot, for
both species of the okra treatments. The
qualitative characters that were observed
included six vegetative and three
reproductive characters  while the

quantitative characters were pooled from
four vegetative and five reproductive
characters.  Qualitative  traits  were
described according to the International
Plant Genetic Resources Institute
descriptor list for okra species [7]. In each
plot, random plants were tagged to record
theseobservations.

Table 1: Names and locations of Abelmoschus esculentus Samples collected for planting

and evaluation

Okra Phenotypes Acronyms Place of collection Latitude Longitude
for
Local Name
statistical
analyses
Otukwuludmia(Anam) OOAl Anam, Anambra 6.4811°N 6.7906°E
state
IdaAnam IDA1 Anam, Anambra 6.4811°N 6.7906°E
state
Okuruénwa-ito 00A2 Anam, Anambra 6.4811°N 6.7906°E
(Anam) state
Akapop6(Okpuno) APO1 Okpuno, Anambra 6.2554°N 7.0736°E
State
NkapiOkpuné NKO1 Okpuno, Anambra 6.2554°N 7.0736°E
State
flaozo (Ugbodu) I0U1 Ugbodu, Delta State  6.3793°N  6.4570°E
flaéta (Ugbodu) IEU1 Ugbodu, Delta State  6.3793°N 6.4570°E
flaéérun (Ugbodu) [EU2 Ugbodu, Delta State 6.3793°N 6.4570°E
Ishimpama (Umutu) IMU1 Abavo, Delta State 5.9166°E 6.2264°E
Kpura-kpara (Umutu) KKU1 Abavo, Delta State 5.9166°E 6.2264°E

Data Analysis

The quantitative data collected were
subjected to Analysis of Variance (ANOVA)
using Statistical Package for Social
Sciences (SPSS) version 20. The significant
differences among all the treatments were
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tested by F-test using error variance.
Treatment means  were compared
statistically using Duncan Multiple Range
test at 5% level of probability [12].



Estimation of Variability and Variability components

The variability present in the population coefficients of wvariation (PCV, GCV),
was estimated by calculating the heritability (h?), genetic advance (GA) and
phenotypic and genotypic variances {(c?% genetic advance as percentage of mean
and (0%)}, phenotypic and genotypic (GAM).
Estimation of variance components

Phenotypic variances, genotypic Genotypic coefficient of Variation (GCV) =
variances, phenotypic coefficients of 1/ 6%x 100
variation and genotypic coefficients of
variation were estimated based on the X
formulae by [30].Genotypic Variance (o%c) Phenotypic coefficient of variation (PCV)
= GMS - EM/r Where GMS = genotype =/ 6%x 100
mean square

EMS = error mean square X

R = number of replications Where: o°; = Genotypic variance;

Phenotypic Variance (6%,) = [6% + (6°:/T)] o, = Phenotypic variance;
Where o¢% = environmental error mean x = grand mean for each character

square (same as error mean square from
analysis of variance)

Estimation of heritability in broad sense

Broad sense heritability (h?®) was Heritability (h?) = [(6%) / (6%)] x 100
calculated for all the quantitative Where ¢%; = Genotypic variance;
characters using the formulae by Johnson o, = Phenotypic variance.

et al. (1955):
Estimation of genetic Advance and genetic advance as percentage of the mean
Expected genetic advance (GA) and

genetic advance as percentage of the o,= phenotypic standard deviation
mean (GAM) for the different characters
under study were estimated using the Genetic advance as percentage of mean
formulae given below (Johnson et al, (GAM %) =GA x 100
1955):
Genetic advance (GA) = K (o») h? X
Where K = selection differential (K=2.06 at Where GA= genetic advance;
5% selection intensity); x = grand mean of a character

RESULTS
The mean values computed for the (2.33). The highest number of internodes
quantitative characters revealed that (6.67) was observed in KKU1 while OOA1
OOAZ2 and IMU1 had the highest fresh pod had the least (4.33).The highest total
weight (8.33) while the lowest were IDA1 number of internodes at fruiting (28.00)
and APO1 (6.67) (Table 1 below). The was observed in KKU1l while OOA1 had
highest pedicel length (4.00) was the least (19.00). The highest number of
observed in OOA2 while IMU1 had the days before flowering (55.67) was
least (3.53). The highest plant height at observed in IOU1 while IEU1 had the least
50% flowering (44.13) was observed in (50.00). The highest number of leaves at
IEU1 while OOA1l had the least (25.90). 50% flowering (24.33) was observed in
The highest number of branching at IMU1 while OOA1 had the least (6.67). The
fruiting (5.67) was observed in NKOI, highest pod length (7.97) was observed in
IEU2 and IMU1 while OOA1 had the least APO1 while IEU1 had the least (6.83).
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Table 2:

A. Fre Ped Plant No of No of Total No of No of Pod

escule sh icel height branch intern no of days leaves length

ntus pod len at50% ingat odeat nodes before at50%

phenot wei gth floweri fruitin fruitin at floweri floweri

ypes ght ng g g fruiting ng ng

00A1l 7.6 3.7 25.90° 2.33° 4.33° 19.00° 51.33%* 6.67° 6.97°
7bc 3a

IDA1 6.6 3.9 37.90® 3.67° 5.67%® 21.67° 50.00° 17.67° 7.132
7° 0°

OO0A2 8.3 4.0 38.60® 3.67° 6.33% 22.67° 55.67° 20.33" 7.57°
3e 0°

APO1 6.6 3.7 38.63® 3.33° 5.33%® 19.33° 53.67%® 16.00% 7.97°
7° 3°

NKO1 7.0 3.7 38.50* 4.00° 5.67%® 25.33° 54.00%® 17.67° 7.70°
Oab 7a

I0U1 8.0 3.8 40.13* 3.33° 6.00* 22.33° 52.33% 16.00% 7.27°
Obc 7a

IEU1 8.0 3.6 44.13" 3.33° 5.67%® 24.67° 54.33% 19.33° 6.83°
Obc 7a

IEU2 7.6 3.9 36.83* 4.00° 6.33% 21.33® 50.00° 18.33° 7.932
7bc 3a

IMU1 8.3 3.5 41.97*® 4.00° 6.33% 26.00° 51.67%® 24.33" 7.20°
3¢ 3°

KKU1 8.0 3.8 39.93%® 3.33° 6.67° 28.00° 52.67%® 21.00° 6.83°
Obc 7a

Mean 7.6 3.8 38.25 3.50 5.83 23.03 52.57 17.73 7.34
3 0

SD 0.8 0.4 8.47 0.90 1.15 6.31 2.94 6.27 0.96
1 0

Analysis of Variance (ANOVA) for quantitative characters in A. esculentus
The Analysis of variance result showed between all the quantitative characters of
that there was significant difference the 10 lines of A. esculentus (P<0.05).
Variability Study of Nine Quantitative Characters in A. esculentus
The results of the calculated genotypic advance as percentage of the mean for the
and phenotypic variances, genotypic and quantitative characters are presented
phenotypic coefficients variation, below.
heritability, genetic advance and genetic
Fresh pod weight
In terms of fresh pod weight, phenotypic below). High heritability (99.89%) in
variance (58.63) was higher than number of ridges on pods with genetic
genotypic variance (58.50). There was a advance value of 166.67 and genetic
narrow difference between phenotypic advance as percentage of the mean value
(100.35%) and genotypic (100.24%) of 2184.4 was observed.
coefficient of variation (see Table 2
Pedicel length
From the data, pedicel length has a heritability (99.76%) in pedicel length with
phenotypic variance (14.45) was higher genetic advance value of 80.14 and
than genotypic variance (14.38). There genetic advance as percentage of the
was a narrow difference between mean value of 2105.26 was observed
phenotypic (100.03%) and genotypic (Table 2).
(99.79%) coefficient of variation. High

292



Plant height at 50% flowering

It was revealed that Plant height at 50%
flowering has a phenotypic variance
(1484.30) was higher than genotypic
variance (1460.12). There was a narrow
difference between phenotypic (100.72%)
and genotypic (99.89%) coefficient of

variation. High heritability (99.17%) in
pedicel length with genetic advance value
of 1730.33 and genetic advance as
percentage of the mean value of 4523.73
was observed (Table 2).

Number of branching at fruiting

The result also revealed that number of
branching at fruiting has a phenotypic
variance (12.48) was higher than
genotypic variance (12.20). There was a
narrow difference between phenotypic
(100.85%) and genotypic (99.79%)

coefficient of variation. High heritability
(98.94%) in number of branching at
fruiting with genetic advance value of
183.43 and genetic advance as percentage
of the mean value of 5212.28 was
observed (Table 2).

Number of internodes at fruiting

The result also revealed that number of
internode at fruiting has a phenotypic
variance (34.43) was higher than
genotypic variance (34.00). There was a
narrow difference between phenotypic
(100.34%) and genotypic (100.01%)

coefficient of variation. High heritability
(99.67%) in number of internode at
fruiting with genetic advance value of
234.06 and genetic advance as percentage
of the mean value of 4014.75 was
observed (Table 2).

Total Number of Nodes at Fruiting

The result also revealed that total number
of nodes at fruiting has a phenotypic
variance (538.21) was higher than
genotypic variance (522.57). There was a
narrow difference between phenotypic
(100.73%) and genotypic (99.26%)

coefficient of variation. High heritability
(98.54%) in number of internodes at
fruiting with genetic advance value of
1280.88 and genetic advance as
percentage of the mean value of 5561.79
was observed (Table 2).

Number of days before flowering

The number of days before flowering has
a phenotypic variance (2766.41) which
was higher than genotypic variance
(2763.80). There was a narrow difference
between phenotypic (100.05%) and
genotypic  (100.00%) coefficient of

Number of leaves at

The number of leaves at 50% flowering
has a phenotypic variance (333.71) which
was higher than genotypic variance
(324.30). There was a narrow difference
between phenotypic (103.03%) and
genotypic  (101.57%)  coefficient of

variation. High heritability (99.95%) in
number of days before flowering with
genetic advance value of 605.33 and
genetic advance as percentage of the
mean value of 1151.47 was observed
(Table 7).

50% flowering

variation. High heritability (98.58%) in
number of leaves at 50% flowering with
genetic advance value of 1273.27 and
genetic advance as percentage of the
mean value of 7181.44 was observed
(Table 2).

Pod length

The Pod length has a phenotypic variance
(54.04) which was higher than genotypic
variance (53.68). There was a narrow
difference between phenotypic (100.15%)
and genotypic (99.81%) coefficient of
variation. High heritability (99.66%) in
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number of leaves at 50% flowering with
genetic advance value of 197.08 and
genetic advance as percentage of the
mean value of 2685.01 was observed
(Table 3).



Table 3: Genetic parameters of yield contributing characters and yield of A. esculentus

performed for nine quantitative traits of
A. esculentus phenotypes is presented
below (see Figure 1 below). From the
cluster analysis Abelmoschus esculentus

Quantitati Genotypi Phenotyp Genotypic Phenotypic Her GA GAM
ve C ic coefficient of coefficient of itab
Character Variance Variance Variation variation (PCV) ility
s (0%c) (6%) (GCV)
Fresh pod 58.50 58.63 100.24 100.35 99.8 166. 2184.4
weight 9 67
Pedicel 14.38 14.45 99.79 100.03 99.7 80.1 2105.26
length 6 4
Plant 1460.12 1484.30 99.89 100.72 99.1 1730 4523.73
height at 7 .33
50%
flowering
No of 12.20 12.48 99.79 100.85 98.9 183. 5212.28
branching 4 43
at fruiting
No of 34.00 34.43 100.01 100.34 99.6 234. 4014.75
internode 7 06
Total no 522.57 538.21 99.26 100.73 98.5 1280 5561.79
of nodes 4 .88
at fruiting
No of days 2763.80 2766.41 100.00 100.05 99.9 605. 1151.47
before 5 33
flowering
No of 324.30 333.71 101.57 103.03 98.5 1273 7181.44
leaves at 8 27
50%
flowering
Pod length 53.68 54.04 99.81 100.15 99.6 197. 2685.01
6 08
Cluster analysis
The dendrogram of the cluster analysis phenotypes formed  three distinct

clusters, with IDA1l, IEU2, APO1, IOUl,
NKO1, IMU1, KKU1 and IEU1 all forming a
single cluster while OOA1 and OOA2 each
formed a single cluster.

Qualitative Characteristics of Abelmoschus esculentus Phenotypes

Results of percentage frequencies of
qualitative characters in Abelmoschus
esculentus phenotypes presented in Table
3 below, shows that growth habit ranged
from erect at 50%, semi-erect at 36% to
procumbent at 14%. An observation of the
Stem pubescence showed that the highest
frequencies were recorded for slightly
prickly and prickly phenotypes at 44%
each, while glabrous phenotypes showed
a frequency of 12%. With respect to stem
colour, 80% of the observed phenotypes
were green while the other 20% showed
reddish green colouration. The frequency
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distribution observed with respect to fruit
colour showed that green at 66%,
recorded a higher frequency than light-
green at 34%. Fruit form showed three

distinct phenotypic categories, with
oblong at 68%, recording the highest
frequency, followed by fusiform and

Ovoid, both showing equal frequency
distribution at 16% each. The observed
phenotypes for fruit pubescence showed
that the highest frequency was registered
for slightly rough at 50% followed by
prickly at 26% and downy at 24%. For leaf
pubescence, the highest frequency was



observed for the slightly prickly
phenotypes at 82%, followed by glabrous
at 14% and downy at 4%. The percentage
frequency for leaf colour showed some
phenotypic variation as 76% of the leaves
were green while 24% were reddish-green

in colour. With respect to depth of lobing,
the frequency varied between medium at
70% to deep lobing at 30% (see Table 3
below). The qualitative traits observed for
A. Abelmoschus are highlighted in table 4
below.

Table 4. Percentage Frequency distribution for qualitative characters in Abelmoschus

esculentus

Descriptor

Frequency Distribution of Phenotypes (%).

Growth habit
Stem pubescence
Stem colour
Fruit colour
Fruit form

Fruit Pubescence

Leaf pubescence

Leaf colour

Depth of lobing

Erect: (50); semi erect: (36); Procumbent:(14 )
Slightly prickly: (44); Prickly: (44), glabrous: (12)
Green: (80) reddish green (20)

Green: (66); Light green: (34)

Oblong: (68); fusiform:(16); Ovoid: (16)

Slightly rough: (50); Prickly: (26), downy: (24)

Slightly prickly: (82); glabrous:(14); Prickly:(4)

Green: (76); reddish green: (24)

Medium: (70); downy: (30)

DISCUSSION

From the mean performance values and
Analysis of variance (ANOVA), statistically
significant variations (p <0.05) were
observed for all the nine quantitative
characters studied in A.esculentus (Tables
3).These variations showed that the
examined phenotypes of Okra contained
intra-specific morphological differences
for the characters studied. Results of
some authors agreed with these findings
thus indicating the presence of significant
variations among different quantitative
characters in A. esculentus [5, 7]. This
indicated that there is still a lot of
potential for Okra (A. esculentus) to be
improved by taking advantage of the
obvious wealth of inherent genetic
variations present among the selected
Okra species. In the estimation of the
Variability and Variability components for
the selected quantitative characters of A.
esculentus, it was observed that the
phenotypic variances (PV) and phenotypic
coefficients of variation (PCV) were
consistently higher than the genotypic
variances (GV) and genotypic coefficients
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of variation (GCV) for all the characters
examined. However, the differences
recorded between the  phenotypic

coefficients of variation (PCV) and the
genotypic coefficients of variation (GCV)
were not so much. Similar findings have
been reported by [2, 5].

The higher values of the phenotypic
variances as well as the narrow
differences between the phenotypic
coefficients of variation and the
genotypic  coefficients of variation,
indicates the considerable influence of
environmental factors in the expression
of the traits. These findings agreed with
those reported by [6]. High heritability,
genetic advance as well as genetic
advance as percentage of mean were also
recorded for all the quantitative
characters studied in A. esculentus. The
high PCV, GCV, heritability, genetic
advance (GA) and genetic advance as
percentage of mean (GAM) recorded for
these characters, suggest that these
characters might be under the control of
additive genes. This also agreed with



earlier findings by [3]. In addition, these
high values recorded for the variability
parameters (PCV, GCV, Heritability, GA
and GAM) also points to the need for
deliberate and prioritized selection of
these characters for further
improvements of the Abelmoschus
esculentus Okra species. [2] echoed
similar sentiments in their work and also
suggested that selections for desired
qualities whose characters are likely
controlled by additive genes can be based
with certainty on the phenotypic
expressions for those traits.

A cluster analysis was performed for A.
esculentus, to form suitable clusters of
the phenotypes showing similar
characteristics. The cluster dendrogram
showed that A. esculentus formed three
distinct clusters: IDA1, IEU2, APO1, IOU1,
NKO1, IMU1, KKU1 and IEU1 all formed a
single cluster while OOA1 and OOA2 each

formed a single cluster. This
demonstrated that intra-specific
variations exist among the selected

samples of A. esculentus. Although the
grouping of most A.  esculentus
phenotypes into one cluster indicates that
there is a considerable degree of
morphological similarities within the
species. [7], have also reported such
possible similarities within selected okra
accessions. The cluster analysis generally
showed that there is a very considerable
degree of intra specific variation within
the observed samples of A. esculentus.
Observation of the qualitative traits
showed that a wide range of variation
exist among A. esculentus phenotypes for
all the characters studied. Growth habit
in A. esculentus, showed three variations;
erect, semi erect and procumbent, with
most of the plants being erect. The
findings agreed with what was reported
by Omonhinmin and Osawaru (2005), who
reported variations in the stem growth
habit of A. esculentus. Stem colour in A.
esculentus showed variation ranging from
reddish green to green with majority of
the plants showing reddish green
colouration. A. esculentus showed no
phenotypic variation with respect to fruit
colour (all the fruits were green). From the

296

study, an observation of the leaf colour
showed a similar pattern of variation with
stem colour, with the shades ranging
from reddish green to green. This is in
consonance with the findings of [3], who
reported variations in colour ranging
from green to reddish-green, among the
Abelmoschus esculentus species. These
findings and those of other authors
mentioned above suggested that the trait
for colour in the okra species is likely
controlled by the same genes or alleles.
Fruit form in A. esculentus showed
different  variations ranging from
fusiform, oblong to ovoid. However, the
oblong phenotype occurred more
frequently. [5] also reported the presence
of wvariations in fruit form for
Abelmoschus esculentus although they
noted that fruit shape was predominantly
fusiform in A. esculentus. Data collected
and observed on stem and leaf
pubescence showed three different
variations; slightly prickly, prickly and
glabrous. Binalfew and Alemu (2016) also
highlighted the presence of similar
variations in stem and leaf pubescence
for various Abelmoschus accessions. Fruit
pubescence for the observed okra
phenotypes (A. esculentus) indicated the
presence of fruits with slightly rough
pubescence as the dominant phenotype in
the studied plant populations, with the
other two variations present for both
species being prickly and downy
pubescence. From the study, it was found
that A. esculentus had majority of their
leaves showing slightly prickly
pubescence, with the other two variations
present in the studied populations,
prickly and glabrous, occurring in fewer
plants. With respect to the depth of lobing
observed on the leaves, the Okra samples
showed variations ranging from medium
to deep lobing. Majority of the plants in
the studied population had leaves with
medium lobes. The presence of these
variations among the okra phenotypes in
the different traits studied, showed that a
wide range of intra phenotypic and
genetic variability are inherent within the
A. esculentus species and this also agrees
with the findings of [5].



CONCLUSION

The results from the descriptive statistics
as well as variability studies carried out
clearly indicated that the okra phenotypes
of A. esculentus possess enough variations
to suggest significant differences in the
genetic make-up of the species, hence,

creating the ample opportunity for
artificial selection and targeted crop
improvement in the okra species. The

cluster analyses which produced three
separate clusters in A. esculentus indicated
the presence of significant genetic
diversity among the selected okra
phenotypes and such phenotypes with

separately distinct Clusters, may be useful
as viable sources for accessing genetic
variability in okra improvement programs.
The research work generally revealed the
presence of significant differences among
the selected Okra phenotypes studied and
this clearly indicates the presence of
genetic variability in the characters
evaluated, and further shows that the
phenotypes studied hold very good
potential as solid bases for selection and
vital yield improvement programs in OKkra
(Abelmoschus esculentus).
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