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No research has been done to assess the genetic diversity of Okra (Abelmoschus esculentus) genotypes in Ethiopia based on the
combination of agromorphology and biochemical traits of the crop. Such an assessment would assist in the development of high
fruit yield and nutritionally good cultivars. Therefore, 36 okra genotypes were evaluated for 29 agromorphological and bio-
chemical traits at the Melkassa Agricultural Research Center (Ethiopia) during the 2018 main rainy season, using a 6 x 6 simple
lattice design. Analysis of variance showed significant differences among genotypes for all the studied traits, except number of
flower epicalyxes and fruit diameter. Genotypic coefficients of variation and phenotypic coefficient of variation were high for
number of branches, internode length, fresh fruit weight, number of mature pods, fruit yield per plant, fruit yield per hectare, seed
yield per plant, seed yield per hectare, and seed protein content. Heritability values ranged between 33.63 and 99.81%, while the
genetic advance as percentage of mean ranged between 4.29 and 95.45%. High broad sense heritability was coupled with high
GAM for plant height, branch, internod length, fruit length, panicle length, fresh fruit weight, number of fruits per plant, number
of mature pods, seed yield per plant, seed yield per hectare, and fibre and protein content. In conclusion, this study showed the
presence of genetic variation among genotypes for fruit yield, seed yield, and nutritional content, indicating the potential success

of developing okra varieties for high fruit yielding and good nutritional content.

1. Introduction

Okra [Abelmoschus esculentus (L.) Moench] is one of the
most widely known and utilized species of the family
Malvaceae [1]. Okra is native to North Eastern Africa in the
area of Ethiopia and Sudan [2]. The plant is also cultivated in
tropical, subtropical, and warm temperate regions around
the world [3] and distributed throughout the world [4].
Okra has nutritional [5], economical, and industrial
values [6]. The nutritive value of okra comprises carbohy-
drate, protein, fat, iron, calcium, fibre, thiamine, nicotin-
amide, riboflavin, and ascorbic acid [7]. The dried seeds can
be used to prepare vegetable curds or roasted and ground
and wused as a coffee additive or substitute [8].

Characterization of okra has great importance for current
and future genetic improvement programs of the crop [9].

Proper management of crop diversity can produce a
permanent gain in the performance of plant, while high
heritability of the traits gives a better opportunity for
breeders to select directly for the traits of interest [10]. In all
crops, knowledge of genetic diversity is a prerequisite to
develop varieties or to identify parental lines to use in
combination breeding [11]. However, there is no complete
data on production area and productivity of okra in
Ethiopia, although it is a traditional crop in South Western,
Western, and North Western part of the country. The crop
has been considered a minor crop and has not been given
research attention [12]. The first improved variety
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(Bamya-Humera) for tender fruit yield has been recom-
mended for cultivation recently in 2016 [13]. Moreover,
there is no research conducted in Ethiopia on the oil content
of okra seed. Therefore, the utilization of the crop in Ethiopia
demands the assessment of the genetic diversity of okra
germplasms for agromorphology and biochemical traits.
Also, prior information on biochemical content or nutrient
compositions such as protein, fibre, and ash is necessary for
proper utilization of the crop. Yet, no attempt has been made
to assess the diversity of okra in Ethiopia based on the
combination of agromorphology traits and biochemical
contents of the crop.

Therefore, the aim of this research was to evaluate the
performance of genotypes for fruit yield and nutritional
content of the seed and estimate the variability of Ethiopian
landrace okra genotype along with exotic commercial va-
rieties based on morphology and biochemical traits.

2. Materials and Methods

2.1. Description of the Study Site. The experiment was con-
ducted at the Melkassa Agriculture Research Center,
Ethiopia, during the 2018 main cropping season (rainy
season). Melkassa is located at 8°24/59.20” N latitude and
39°19/15.19" E, with an altitude of 1548 m above sea level.
The area is characterized by low and erratic rainfall, with a
mean annual rainfall of 796 mm and peaks in July and
August. The dominant soil type of the centre is andosol of
volcanic origin with PH that ranges from 7 to 8.2. The mean
annual temperature is 21.2°C with a minimum of 14°C and a
maximum of 28.4°C [14]. The biochemical contents of the
seeds were determined at the Ethiopian Biodiversity Insti-
tute Nutrition Laboratory (total ash and crude fat), Debre
Zeit Agricultural Research Center (crude fibre), and Mel-
kassa Agriculture Research Center (total protein).

2.2. Experimental Materials and Design. Thirty-six okra
genotypes were used. Twenty-four landrace accessions
collected by the Ethiopian Biodiversity Institute from dif-
ferent okra growing regions of Ethiopia, three genotypes
from Humera Agriculture Research Center, and nine exotic
commercial varieties (eight from India and one from USA)
were included (Table 1). The genotypes were planted using a
6 x 6 simple lattice design with two replications. Three seeds
per hill were sown and thinned to one plant per hill when
plants reached 3-4 leaves’ stage.

2.3. Data Collection. Data were collected for phenology
traits (days to 50% emergence, days to first flowering, days
to 50% flowering, and days to 90% maturity) growth and
yield related traits (plant height, stem diameter, number of
primary branches per stem, number of internodes, inter-
nodes length, leaf length, leaf width, number of flower
epicalyxes, peduncle length, fruit length, fruit diameter,
average fruit weight, number of tender fruits per plant,
number of mature pods per plant, number of ridges on
fruit, fruit yield per plant, fruit yield per hectare, number of
seeds per pod, hundred-seed weight, seed yield per plant,
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and seed yield per hectare), biochemical content (total ash,
total fat, crude fibre, and total protein) and qualitative traits
(plant growth habit, flower color, leaf color, leaf petiole
color, immature fruit color, stem color, position of fruits on
the main stem, fruit pubescence, and leaf pubescence). Data
of quantitative and qualitative traits were recorded
according to the International Plant Genetic Resources
Institute [15] (IPGRI, 1991) descriptor list developed for
okra.

Total ash was determined at Ethiopian Biodiversity
Institute nutrition laboratory following the method of [16]
based on a wet weight basis. Crude fat content of okra seed
was determined at Ethiopian Biodiversity Institute nutrition
laboratory following the procedure of [16]. The fat content
was determined based on wet weight. Crude fibre was de-
termined at Debre Zeit Agricultural Research Center nu-
trition laboratory following nonenzymatic gravimetric
method [16]. Total protein contents were determined fol-
lowing the Kjeldahl method of protein determination and
the procedure of [16] at Melkassa Agriculture Research
Center. The biochemical traits were analyzed following a
completely randomized design (CRD) procedure.

2.4. Analysis of Variance. The quantitative data were sub-
jected to analysis of variance (ANOVA) and computed with
SAS statistical software (9.0) [17]. The quantitative data
were collected in a simple lattice (partially balanced or
incomplete block) design and analysis of variance was
computed considering the general linear model. The
qualitative data were presented in percentage. The mean
performance of genotypes comparison was done following
the significance of mean squares using Duncan’s Multiple
Range Test (DMRT) at P <0.05. The traits that exhibited
significant mean squares in general ANOVA were further
subjected to genetic analyses. Based on mean square ex-
pectations from the analysis of variance, phenotypic and
genotypic coeflicients of variations, heritability, and genetic
advance were calculated.

2.5. Estimate of Genetic Variability Components. The phe-
notypic and genotypic variabilities of each quantitative trait
were estimated as phenotypic and genotypic variances and
coeficients of variation. The genotypic variance was esti-
mated according to the method suggested by [18] consid-
ering mean square expectations from the analysis of
variance.

2.6. Heritability and Genetic Advance. Broad sense herita-
bility values were estimated using the formula adopted by
[19].

2.7. Expected Genetic Advance under Selection. Genetic ad-
vance in absolute unit (GA) and percent of the mean (GAM),
assuming selection of superior 5% of the genotypes, were
estimated in accordance with the methods illustrated by
[20].
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3. Results and Discussion
3.1. Analysis of Variance and Mean Performance of Genotypes

3.1.1. Phenology and Growth Traits. The results of the
analysis of variance for 13 phenology and growth traits
indicated the presence of significant differences among the
36 okra genotypes, and genotypes had nonsignificant dif-
ference for number of flower epicalyxes. Reference [21] also
characterized okra genotypes collected from Benishangul-
Gumuz reginal state of Ethiopia and reported that there were
no significant differences in numbers of flower epicalyxes
among the studied genotypes.

The presence of significant variations among genotypes
will allow the breeders to identify genotypes for varied crop
maturity and plant growth traits. The genotypes had a range
of 7 to 8 days to 50% emergence, 50 to 61.5 days to first
flowering, 54.5 to 66.5 and 74 to 87 days to 50% flowering
and maturity, respectively (Supplementary Materials Ta-
ble 1). The three genotypes 29407, 242440, and 240584
showed delayed days to first flowering. Also, 29407, 240584,
and 242439 had delayed days to 50% flowering and 29407,
240584, 242439, and 242450 had delayed days to maturity.
Meanwhile, the released varieties (Bamya-Humera) and
introduced commercial variety, Clemson Spineless, as well
as Humera 1 genotype, were early to flowering and maturity.
Having such a wide variation of phenology traits would help
to select or develop early maturing okra genotypes which can
escape drought and can be cultivated in drought prone areas
of Ethiopia. Similar results are reported by [12] that observed
37 to 65 and 50 to 101 days to first flowering and maturity,
respectively, in 25 okra genotypes collected from South-
western Ethiopia. Reference [22] also observed 53 to 62 and
84 to 104 days to first flowering and maturity, respectively, in
genotypes collected from three geographic regions of
Ethiopia and two introduced okra varieties evaluated at
Werer Agricultural Research Center, Ethiopia.

The plant height of genotypes was in the range between
70.5 and 162.03cm, with a mean of 114.2cm (Supple-
mentary Materials Table 2). The genotype had an average
stem diameter of 1.76 cm, which varied from 1.26 to 2.34 cm.
The highest mean values for stem diameter (2.34 cm) and
plant height (162.03 cm) were measured from 240581 to
242450, respectively. Reference [23] noted that okra geno-
types having high dry biomass can be used as livestock feed
during the dry season. Therefore, these tallest genotypes can
be selected for farmers for their feed for livestock besides
their fruit and grain yield. Reference [24] Indicated that okra
is an annual plant with robust stem and erect growth with
variable branching that grows to 0.5 to 4.0m in height.

A wide range of variation was observed among genotypes
for numbers of branches, number of internodes, and inter-
nodes length in the ranges between 0.7 and 4.15, between
12.21 and 20.93, and between 3 and 10.5 cm, respectively. The
genotypes overall mean values were 2.23 cm, 14.83 c¢m, and
5.33 cm for number of branches, number of internodes, and
internodes length, respectively. The mean ranges of leaf length
and leaf width of genotypes varied from 10.5 to 19 cm and
from 14.84 to 27.1 cm, respectively. The genotypes had overall

mean values of 14.41 cm and 20.18 cm for leaf length and leaf
width, respectively. Both the longest leaf and widest leaf were
observed from 29407. The highest number of branches (4.15)
and internodes length (10.5 cm) were registered form 240608
and Bamya-Humera, respectively. Those genotypes having
the largest leaf and widest leaf could be selected due to the fact
that leaves are the primary source of photosynthesis to
produce better yield and yield related traits.

3.1.2. Fruit Yield and Yield Components. The genotypes
exhibited highly significant (P <0.01) difference for fruit
length, weight, number of mature pods, number of fruits per
plant, fruit yield per plant, fruit yield per hectare, seed per
pod, hundred-seed weight, seed yield per plant, and seed yield
per hectare. However, the genotypes exhibited a nonsignifi-
cant difference for fruit diameter. Fruit length of genotypes
was in a range between 8.25 and 22.86 cm, while number of
fruit ridges was varied from 5 to 9.5 and fresh fruit weight
varied from 20.82 to 62.41 g (Supplementary Materials Ta-
ble 3). The genotypes had overall mean values of 15.45cm,
7.06, and 34.77 g for fruit length, the number of fruit ridges,
and fresh fruit weight, respectively. The genotypes 29407 and
242450 had the longest and shortest fruit lengths, respectively.
These genotypes, 29407 and 242450, also had the highest and
lowest fresh fruit weights, respectively. The three exotic
commercial varieties (Arka Anamika, Kiran, and Pocha) had
the lowest number of fruit ridges (5 to 5.6), while three
genotypes collected from Ethiopia (Humera 2, 240613, and
240589) had the highest number of fruit ridges (8.35 to 9.5).
The number of fruits per plant and number of mature pods of
genotypes varied from 19 to 33.86 and from 3.5 to 18.75,
respectively. The genotype had average number of fresh fruits
and number of mature pods of 27.4 and 9.09, respectively.
Genotypes 240612 and Bamya-Humera had the highest
number of fruits per plant, while genotypes 240610 and
240612 had the highest number of mature pods. Having wide
range of variation in mean values indicated the presence of
high variability for these characters, thus offering greater
scope for selecting desirable genotypes.

The wide variation between the performances of geno-
types for number of fresh fruits and number of mature pods
may be due to the frequent harvesting of immature green
fruits. This may encourage the production of more flowers
and fruits but not for harvesting of mature pods. Okra is
generally picked at a tender stage of maturity and directly
correlated with number of fruits produced per plant and
yield [25]. Okra plants continue to bloom and set fruit if all
pods are harvested at the proper early stage [26]. The short
picking interval encouraged the plant to produce higher
number of fruits per plant and long picking interval in-
creased the fruit size and weight [27]. The present result is in
agreement with two reports from Ethiopia [21, 22, 28]. A
similar result had also been reported from India [29, 30].
Reference [31] also reported a similar result from Pakistan.

The immature fruit attains a length from 8 to 20 cm and a
diameter of up to 3cm or more. The size of okra fruits is
related to maturity and quality because the crude fibre content
of the mature biggest pods will be higher (7.78%) than that in
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TaBLE 1: Description of okra genotypes and collection origin.

S/N Genotype District Geographic region

1 29407 Kurmuk Western Ethiopia

2 240581 Gambela South Western Ethiopia
3 240584 Akobo South Western Ethiopia
4 240589 Abobo South Western Ethiopia
5 240593 Gog South Western Ethiopia
6 240594 Gog South Western Ethiopia
7 240596 Gog South Western Ethiopia
8 240598 Gog South Western Ethiopia
9 240603 Gambela South Western Ethiopia
10 240208 Itang South Western Ethiopia
11 240610 Gambela South Western Ethiopia
12 240612 Gambela South Western Ethiopia
13 240613 Gambela South Western Ethiopia
14 240614 Gambela South Western Ethiopia
15 240782 Metema North Western Ethiopia
16 240783 Dangur North Western Ethiopia
17 242434 Metekel North Western Ethiopia
18 242436 Asosa Western Ethiopia

19 242438 Asosa Western Ethiopia

20 242439 Asosa Western Ethiopia

21 242440 Asosa Western Ethiopia

22 242442 Asosa Western Ethiopia

23 242446 Asosa Western Ethiopia

24 242450 Asosa Western Ethiopia

25 Bamya-Humera Humera Northern Ethiopia
26 Humera 1 Humera Northern Ethiopia
27 Humera 2 Humera Northern Ethiopia
28 Clemson Spineless USA

29 SOH 701 India

30 Dhenu India

31 Kiran India

32 Kraft India

33 Pocha India

34 MITHRA India

35 Arka Anamika India

36 Namdhari India

smaller sized immature fruits (2.27%) [32]. The fruits picked
at this stage have optimum fresh weight, length, and diameter
and are free from thick pericarp, thus making it consumable
[33]. Harvesting of medium size green fruits (18-20 c¢cm in
length and 28-30g in weight) has higher consumer prefer-
ence and produced higher yield of okra [34]. In the present
study, all genotypes had fruit length of 8.25 to 22.86 cm and 20
genotypes had fruit weight of 21.31 to 35.61 g and 16 other
genotypes collected from Ethiopia had fruit weight of 35.65 to
62.41 g. This indicated that most of the genotypes had ac-
ceptable medium fruit length and fruit weight, and the largest
proportion of genotypes collected from Ethiopia with high
fruit weight as compared to introduced commercial varieties
might be due to genetic differences for producing heavy
weight fruits. Selection of potential parents based on this
preferable fruit trait would be essential in okra breeding
programs to develop new cultivar in the country for sub-
sistence agrofarmers and commercial production.

The genotypes produced 0.57 to 1.86 kg and 11.865 to 38.85
tons of fruit yield per plant and fruit yield ha™' with an overall
mean of 0.96kg and 20.06 tons, respectively (Supplementary
Materials Table 4). The highest (1.865 kg/plant) fruit yield per

plant was obtained from 29407 (Ethiopian collection), while
the lowest (0.57 kg) was obtained from introduced commercial
variety (Pocha). Mean values of genotypes ranged from 62.62
to 128.16 for seeds per pod, from 5.32 to 8 g for hundred-seed
weight, from 23.95 to 116.3 g for seed yield per plant, and from
498.9 to 2,423 kg for seed yield per ha™". The highest number of
seeds per pod (128.17) and hundred-seed weight (8.0 g) were
registered from 2424446 and 240593, respectively. The lowest
and highest seed yields were obtained from 242439 and 240581,
respectively. The okra collections from Ethiopia had great
variation for all seed yield and seed yield related traits. This
suggests the higher chance of improving fruit and seeds yield
through selection among okra genotypes collected from
Ethiopia to produce a high amount of edible oil and for other
purposes such as seeds as a substitute for coffee and protein
source.

3.1.3. Biochemical Traits. The genotypes exhibited highly
significant (P < 0.01) difference for all biochemical contents
(moisture content, total ash, crude fat, crude fibre, and total
protein). Seeds moisture content and crude fibre content of
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genotypes were measured as 7.75 to 8.64% and 23.8 to
37.01%, respectively, while total ash, crude fat, and total
protein content were 3.82 to 4.95%, 13.135 to 17.2%, and 4.51
to 24.79%, respectively (Supplementary Materials Table 5).
The genotypes had overall mean values of 8.22, 4.29, and
15.35% for seed moisture content, total ash, and crude fat,
respectively, and the overall mean values were 30.37 and
11.06% for seed total fat and protein content, respectively.
The highest and lowest seeds moisture contents were
recorded from 240584 and 242434, respectively. The highest
seeds total ash and lowest seeds total ash were measured
from 242434 and 240484, respectively. The highest mean
values for crude fat, crude fibre, and total protein were
measured from 240598, 240589, and 240584, respectively.
The genetic variation that existed in these genotypes would
assist the breeders in the selection of potential parental okra
lines for the development of new okra cultivars with high
nutrient content. Due to the current prevalence of malnu-
trition in the world, particularly in Ethiopia, Africa, breeding
for higher nutritional quality crops is very important to
lessen malnutrition in the country.

Reference [35] reported that whole okra grain flour had
20.5, 14.73, 36.9, and 5.70% of protein, fat, fibre, and ash,
respectively. Besides, [36] reported that okra whole seeds
contain 24.24% of protein, 16.22% of fat, 23.43% of fibre, and
4.79% of Ash. Reference [23] reported that the crude protein
content of immature fruits of okra was analyzed and varied
from negligible amount (nitrogen was not detected in ge-
notypes) to 21.45%

3.2. Qualitative Characters of Okra Genotypes. This result
showed that almost all genotypes had similar growth habits
which are densely branched base (DBB) characters except one
genotype that had densely branched over (DBO) as per [15]
descriptors for okra. All genotypes showed similar flower
color (red on both sides) and immature fruit color (totally
green). The genotypes are grouped into three different stem
color categories, namely, green, green with red patch, and red.
The majority of the genotypes (42%) had green with red patch
of stem color, while 33% and 25% of genotypes had red and
green stem colors, respectively. The genotypes were grouped
in tototally green (92%) and green with red vein (8%) leaf
colors, while 1 (31%) genotype had green, 13 (36%) red above
green below, and 12 (33%) red petiole colors. Two distinct
positions of fruit on the main stem were observed, erect and
intermediate. The majority (94%) of accessions were erected
and only 6% were in an intermediate fruit position on the
main stem. Most (81%) of the genotypes had rough fruit
pubescence and 19% had smooth fruit, 22% had conspicuous
leaf pubescence, and 78% were glabrous leaf. The 24 landrace
okra genotypes collected from Ethiopia were distributed in all
categories of qualitative traits.

3.3. Estimates of Variability Components

3.3.1. Phenotypic and Genotypic Coefficient of Variations.
The estimates of phenotypic and genotypic coefficient of
variations were in the range between 4.83% (days to

maturity) and 46.35% (protein content of seed) and between
3.58% (days to 50% emergence) and 46.31% (protein content
of seed), respectively (Table 2). The crop phenology (days to
50% emergence, days to first flowering, days to 50% flow-
ering, and days to maturity), hundred-seed weight, and
biochemical contents (ash content and fat) had less than 10%
for both PCV and GCV. Genotypic coeflicient of variations
for number of internodes was also less than 10%. According
to [37], PCV and GCV could be categorized as low (<10%),
moderate (10-20%), and high (>20%).

Accordingly, low PCV and GCV values were computed
for phenology traits (days to 50% emergence, days to first
flowering, days to 50% flowering, and days to maturity),
hundred-seed weight, and biochemical contents (ash and
fat); low estimate of GCV coupled with moderate PCV for
number of internodes and [38] low GCV and PCV indicated
the existence of limited variability in the genotypes evaluated
for the traits showing low genetic variability in the genotypes
stock studied. Statistical parameters like PCV, GCV, and
ECV were measured, which determine the effectiveness of
selection for a particular trait in that genotype [39].

The estimates of GCV and PCV were moderate for stem
diameter, leaf length, leaf width, fruit length, number of fruit
ridges, number of fruits per plant, number of seeds per pod,
and crude fibre, while moderate GCV and high PCV were
estimated for plant height and peduncle length. The dif-
ference between the values of PCV and GCV was low for the
majority of these traits suggesting the genetic potential of the
genotypes to correspond to the phenotypic expression of
genotypes. Reference [40] also reported that the lower dif-
ference between GCV and PCV implies lower influence of
environmental factors for the phenotypic expression of traits
and selection on the basis of phenotype expression. This
might lead to improvement. In addition, the low PCV and
GCV values of traits suggest the higher influence of envi-
ronment on these traits; thus, selection on the phenotypic
basis would not be effective for the genetic improvement
[41].

Number of branches, internode length, fresh fruit
weight, number of mature pods, fruit yield per plant, fruit
yield per hectare, seed yield per plant, seed yield per hectare,
and seed protein content had high PCV and GCV val-
ues > 20%. This may suggest that most of the traits were less
influenced by environmental factors and selection based on
phenotypic expression of the genotypes could be applied as
breeding method to improve the traits. Reference [42]
suggested that the high phenotypic and genotypic coefficient
of variation is an indication of the less influence of envi-
ronmental factors on the expression of traits and the higher
chance to improve the traits through selection breeding.

3.4. Estimates of Heritability and Genetic Advance. The
heritability values ranged between 33.63 and 99.81%, while
the GAM value ranged between 4.29 and 95.45% (Table 2).
Lowest H?> and GAM were estimated for days to 50%
emergence, while highest H> and GAM were estimated for
seed protein content. As suggested by [20], heritability
values are categorized as low (<30%), moderate (30-60%),
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TaBLE 2: Genetic variability components for 27 traits of 36 okra genotypes evaluated at Melkassa in 2018.

Trait Range Mean ozg azp GCV (%) PCV (%) H? (%) GA GAM (%)
Days to 50% emergence 7-8 7.63 0.07 0.22 3.58 6.18 33.63 0.33 4.29
Days to first flowering 50-61.5 54.54 9.92 12.34 5.78 6.44 80.41 5.83 10.69
Days to 50% flowering 54.5-66.5 58.85 9.74 12.94 53 6.11 75.31 5.59 9.5
Days to maturity 74-87 79.25 10.42 14.68 4.07 4.83 70.98 5.61 7.08
Stem diameter (cm) 1.27-2.34 1.76 0.04 0.1 11.81 17.65 44.8 0.29 16.31
Plant height (cm) 70.5-162.03 114.16 449.98 703.53 18.58 23.23 63.96 35 30.66
Number of branches 0.7-4.15 2.23 0.92 1.07 43.03 46.33 86.25 1.84 82.44
Number of inter nodes 12.1-20.93 14.83 1.82 5.18 9.09 15.34 35.11 1.65 11.11
Inter node length (cm) 3-10.5 5.33 2.18 2.85 27.71 31.66 76.6 2.67 50.04
Leaf length (cm) 10.5-19 14.41 2.17 5.85 10.23 16.78 37.14 1.85 12.86
Leaf width (cm) 14.84-27.1 20.18 6.2 14.93 12.34 19.15 41.56 3.31 16.42
Peduncle length (cm) 1-3 1.9 0.12 0.16 17.52 20.23 74.96 0.62 31.29
Fruit length (cm) 8.25-22.86 15.45 5.99 7.66 15.84 17.92 78.1 4.46 28.88
Number of fruit ridge 5-9.5 7.06 0.64 1.05 11.3 14.49 60.85 1.28 18.19
Fresh fruit weight (g) 20.82-62.41 34.77 80.25 110.39 25.77 30.22 72.7 15.76 45.32
Number of fruit per plant 19-33.86 0.96 14.4 21.06 13.85 16.75 68.38 6.47 23.63
Number of mature pod 3.5-18.75 9.09 8.42 11.2 31.92 36.81 75.21 5.19 5712
Fruit yield per plant (kg) 0.57-1.86 0.96 0.05 0.1 23.97 32.69 53.78 0.35 36.27
Fruit yield ton ha™! 11.69-38.85 20.06 20.91 43.01 22.79 32.69 48.63 6.58 32.79
Number of seeds per pod 62.63-128.17  96.64 139.09 226.32 12.2 15.57 61.45 19.07 19.74
Hundred seeds weight (g) 5.32-8 6.61 0.24 0.44 7.35 9.99 54.06 0.74 11.14
Seed yield per plant (g) 23.95-116.31 58.53 391.84 562.16 33.82 40.51 69.7 34.09 58.26
Seed yield per hectare (kg) 498.9-2423 1219 170064.5 243990 33.82 40.51 69.7 710.27 58.25
Total ash (%) 3.82-4.96 4.3 0.05 0.05 4.96 517 92.24 0.42 9.83
Crude fat (%) 13.13-17.21 15.35 0.57 1.08 4.94 6.76 53.31 1.14 7.44
Crude fiber (%) 23.8-37.01 30.37 10.53 10.99 10.69 10.92 95.78 6.55 21.57
Total protein (%) 4.51-24.79 11.06 26.24 26.29 46.31 46.35 99.81 10.56 95.45

o”g and ¢”p represent genotypic and phenotypic variance, respectively; GCV (%) and PCV (%) represent genotypic and phenotypic coefficient of variation,
respectively; H” is heritability in broad sense; GA and GAM (%) are genetic advance and genetic advance as percent of mean, respectively.

and high (>60%) and GAM values are classified as low
(<10%), moderate (10-20%), and high (>20%).

Moderate H” coupled with low GAM was estimated for
days to 50% emergence and crude fat, and both estimates of
H” and GAM were moderate for stem diameter, number of
internodes, leaf length, leaf width, and hundred-seed weight,
while high H* and low GAM were estimated for days to 50%
flowering, days to maturity, and total ash. The estimates of H*
or GAM were either low or moderate for these traits indi-
cating the considerable influence of environment on the
expression of the traits. Selection of genotypes based on one
season may not be effective to identify best performing ge-
notypes [37]. Moreover, the estimated GCV was low for all
these traits except for fruit yield per plant and fruit yield ton
ha™' indicating the high environmental effects on the ex-
pression of the traits in genotypes. This confirms that the
selection is not rewarding to improve the traits. Reference [18]
suggested that GCV together with heritability estimates would
give the best picture of the extent of the advance to be
expected by selection. High heritability alone does not
signify an increased genetic advance; therefore, if GAM is
estimated to be low, then the traits are unsuitable for im-
provement through conventional selection [43]. Moderate
H? and high GAM estimated for fruit yield per plant and
fruit yield ton ha™" indicated that the high environmental
effects may be the cause of low H> but the high GAM
suggested that selection may be effective to identify geno-
types for high performance [37].

In this study, high heritability was coupled with high
GAM for plant height, branch, internod length, fruit
length, peduncle length, fresh fruit weight, number of
fruits per plant, number of mature pods, seed yield per
plant, seed yield per hectare, and fibre and protein
content.

Heritability provides evidence for genetic control for the
expression of a given trait and phenotypic reliability to
predict its breeding value. It also estimates genetic advance
that a breeder can expect from selection and which breeding
method to adopt [44]. Therefore selection of high per-
forming genotypes is possible for the improvement of these
traits. The high heritability would be a close correspondence
between the genotypic and phenotypic variations due to
relatively small contribution of the environment to the
phenotype expression of the trait [45]. Heritability estimates
along with genetic advance provide better information than
each parameter alone [20]. Reference [46] suggested that
selection based on phenotypic performance of genotypes
would be effective to improve the traits for which there is
high genetic advance as percent of mean coupled with high
heritability estimates.

4. Conclusion

Generally, the research results indicated the presence of
wide genetic variations among studied okra genotypes for
fruit yield and nutritional content. There was high
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heritability in most of the traits of the crop. The results
suggest that there is a high chance to develop high fruit
yield and good nutritional varieties through selection and/
or hybridization.
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