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Abstract

Okra (Abelmoschus esculentus) is one of the most important green fruit vegetables in Bangladesh and is grown in
all parts of the country. However, its production varies in the different agroecological regions.

(84.56 %)

(23.86g)
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INTRODUCTION
Okra (Abelmoschus esculentus (L.) Moench.)
is an important vegetable crop in family
Malvaceae. The popularity of its consumption
become increased due to its intrinsic nutritional
elements such as balanced essential amino
acids, dietary fibers, carbohydrates, vitamins
and minerals (Gemede et al. 2014; Petropoulos
et al. 2018). Its polyphenols and flavonoids
also acquire significant antioxidant and antifatigue constituents (Xia et al. 2015), which
can be act as therapeutics to reduce blood
cholesterol,
diabetes,
ulcers
and
neurodegenerative diseases (Elkhalifa et al.
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2021; Kamalesh et al. 2016; Mohammed et al.
2022a). So, increasing its production is a
crucial need to ensure global food security.
Vegetables in Bangladesh are grown mainly
in two seasons- winter and summer which are
not uniformly distributed throughout the year,
however, most of them are cultivated in the
winter season (Akter 2016). And only a few
vegetables are grown in the summer season
due to adverse climatic conditions (Hossain et
al. 2019) because their production depends on
soil and climate (Comas et al. 2010). In
addition, 75% of urban and 92% of rural
people in Bangladesh consumed fruits and
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vegetables which are much less than the WHO/
FAO recommended dose of a minimum of 400
g (Mustafa et al. 2021). Therefore, increasing
the production of vegetables per unit area is
important to fill the daily requirement as well
as more economic growth which ultimately
uplifts the farmers’ socio-economic condition
in the country (Rahman 2017).
In 2021-2022, the total production of okra in
Bangladesh was recorded as 928 thousand
metric tons from 473 thousand acres of land in
which Sylhet district alone produced 267.13
metric tons using 255 acres of land (BBS
2022). Comparing its countrywide acreage and
production, Sylhet district contributed a very
negligible amount as this region is covered
under one of the special AEZs (Agroecological Zone) of Bangladesh (AEZ-20:
Eastern Surma Kushiyara Flood plain) which
have typical soil properties, resulting in the
yield loss (Paul et al. 2021; Rahman et al.
2020). The soil of this region is acidic (pH 4.5
to 6.5) with high content of iron and aluminium
(Rahman et al. 2015; Tabassum et al. 2015).
Many researches have already been tested in
this region for different crops (Chy et al. 2022;
Monshi et al. 2015; Roy et al. 2016, Sarker et
al. 2022) but their performance was not up to
the recommendations. Therefore, crop-specific
intensive research needs to be assessed to
increase the productivity by selecting
appropriate genotypes for this region (Rahman
et al. 2020).
The introduction and adaptation of a specific
crop depends on the genetic as well as
environmental factors (Snowdon et al. 2021).
Cultivation of okra in this region is little
challenging due to low yielding local varieties,
insects, pests and diseases infestation with sub
optimal plant densities (Shawon et al. 2020;
Tanni et al. 2019). And yield of okra is a
complex character, which is dependent on a
number of morphological and
yield
contributing traits (Ansari et al. 2020;
Mohammed et al. 2022b; Ola et al. 2021).
Therefore, the present study was conducted to
assess the morphological characteristics and
reproductive variability of okra genotypes to
evaluate their performance in Sylhet Sadar
region, Bangladesh.

MATERIALS AND METHODS
Experimental site and materials
The experiment was conducted at the research
farm of the Department of Crop Botany &
Tea
Production
Technology,
Sylhet
Agricultural University, Bangladesh during
April to August 2018. The soil of the
experimental
fields
belongs
to
the
Khadimnagar soil series under AEZ-20
(Eastern Surma Kushiyara Flood plain) is clay
loam and acidic. The soil pH of the research
field was measured (4.81) by Soil pH meter at
the Regional Station of Soil Resource
Development Institute, Sylhet, Bangladesh.
Ten exotic okra genotypes (JO-1(JO; Japanese
Okra), JO-2, JO-3, JO-4, JO-5, JO-6, JO-7, JO
-8, JO-9 and JO-10) were collected from
Japan and one local cultivar namely BARI
Dherosh-1 was used as control.
Experimental design and layout
The experiment was laid out in a Randomized
Complete Block Design with three replicates.
The experimental field was divided into three
blocks representing three replications and
each block had four individual plots. The size
of experimental plot was 2.8m × 0.8m. The
adjacent blocks and neighboring plots were
separated by 0.70m and 0.50m, respectively.
The total number of plots were 33.
Recommended fertilization according to
Bangladesh Agricultural Research Institute,
Gazipur, Bangladesh guidelines (Urea, Triple
super phosphate, Muriate of potash, Gypsum,
Zinc sulphate and Borax @150, 100, 150, 40,
10 and 8Kg/ha, respectively), irrigation,
weeding, pest control, mulching and other
management operations were carried out as
per the crop requirement.

Data collection
Some morphological visible parameters
including stem color, leaf color, vein color,
petiole pubescence, pedicel color, epicalyx
color, ovary pubescence fruit color, fruit
length and fruit width were measure and
enlisted in the table 1. The number of days
taken to first flowering was recorded when the
first flower appeared in each treatment.
Similarly, the number of days for 50% of
flowering was recorded and from first days of
flowering to last flowering date i.e. flowering
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duration was also recorded. Fruit picking
duration varies genotype to genotype. To
evaluate the fruit growth in terms of size and
weight, fruits within common harvesting
dates are needed to be analyzed. Under this
consequence, ten randomly selected fruits
were harvested from five days after flowering
(DAF) to eight DAF. In case of fruit length
(cm), a meter scale was used to measure
length. Similarly, in fruit diameter (mm) data
were measured by a slide calipers at three
points (tip, middle and base) of fruit. Fresh
weight of the fruits (g) was recorded by using
digital weighing balance and after taking the
fresh weight fruits and kept in a fresh paper
bag and placed into the oven at 70ºC until
constant dry weight was found. After drying,
the samples were taken out from the oven and
cooled in a desiccator and the dry weight of
fruit (g) was recorded. The individual fruit
weight (g) and the number of fruits at each
harvest was counted and weighed. Then the
individual fruit weight was calculated through
dividing the total weight by total number of
fruits. Yield at the research farm was
calculated in ton per ha.
Statistical analysis
The quantitative parameters were statistically
analyzed. In case of reproductive features, the
mean of six flowers was calculated and in
fruit growth parameters, ten randomly
selected fruits were taken and mean was
calculated. The data were analyzed using RStudio statistical software (Developed by JJ
Allaire which was published by Chapman and
Hall/CRC; 2nd edition) and the differences
among the treatment means were compared
by Duncan’s New Multiple Range Test
(Gomez and Gomez, 1984) at the 5%
probability level.
RESULTS AND DISCUSSION
Morphological features
All the exotic genotypes produced erect plant
with no branching habit, palmatisect shape of
leaf, lanciolate shape of epicallyx segments,
large size flowers with yellow colour petal,
white colour style and staminal coloum and
green colour ovary with dark maroon colour
segment
of
stigma.
Other
visible
morphological traits and colour varied
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significantly among the exotic okra genotypes
(Table 1). Variations in growth and branching
habit, stem pubescence and epicalyx segment,
leaf shape and stem color, petiole color, petal
and fruit colour were reported by many
researchers in their previous studies in okra
genotypes (Eshiet and Brisibe, 2015; Ogwu et
al. 2018; Rajesh et al. 2018).
A significant difference (0.01% level) was
found in pedicel length and diameter, number
and size of flower epicalyxes, and size of
calyx and petal. The longest pedicel was
found in genotype JO-5 (3.07 cm) followed by
the genotype JO-1 (2.60 cm) (Figure 1A) and
diameter of pedicel (mm) of flower ranged
from 0.32 to 0.54 cm (Figure 1B). The highest
number of epicalyxes was found in JO-9
(10.33) (Figure 1C) and in case of the size on
epicalyx (cm2) ranged from 0.17 cm2 to 0.53
cm2 (Figure 1D). The largest and smallest
calyx size was recorded from JO-9 (12.68
cm2) and JO-3 (6.70 cm2), respectively
(Figure 1E). Moreover, the largest and
smallest average petal size was recorded from
JO-4 (22.30 cm2) and JO-8 (11.82 cm2),
respectively (Figure 1F). The obtained
variations among the studied okra genotypes
were happed due to the genetic diversity as
well as some environmental factors like
excessive rainfall and acidic nature of soil.
Variation of morphological characteristics in
okra genotypes was also reported by OppongSekyere et al. (2020) in pedicel length and
diameter, Binalfew and Alemu (2016) in size
and number of epicalyxes, Ashraf et al. (2020)
in petal size.
Reproductive features
For varietal development reproductive
features is important for maximum yield in
okra.
In the present study, significant
variations were found in reproductive features
among the okra genotypes. In case of stamen
number, variation was found among the
eleven okra genotypes ranged from 76.33 to
122.33. The highest number of stamens was
found in JO-1 (122.33) (Figure 2A). The
longest and smallest staminal column length
was recorded from JO-1 (2.53 cm) and JO-9
(1.62 cm), respectively (Figure 2B) and in
staminal column diameter (mm) of flower was

Maroon
patches
Light
Green
Light
Green
Dark
Green
Dark
Green
Green

Green

JO-5

JO-10

BO-1

JO-9

JO-8

JO-7

JO-6

Green

JO-4

JO-3

JO-2

JO-1

Leaf
color
Dark
Green
Dark
Green
Green

Vein
color
Light
green
Light
green
Light
green
Light
green
Dark
maroon
Light
green
Light
green
Light
green
Light
green
Light
green
Light
green

Table 1: Visible morphological features of different okra genotypes
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ranged from 0.30 to 0.52 mm (Figure 2C). In
case of ovary length (cm) of flower, it was
ranged from 0.61 cm to 1.50 cm. The longest

and smallest ovary length was recorded from
JO-3 (1.50 cm) and BARI Dherosh-1 (0.61
cm), respectively (Figure 2D) and their ranged

A

B

C

D

E
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Figure 1: Variation in reproductive features of okra genotypes.
(A) Pedicel length (cm); (B) Pedicel diameter (cm); (C) Epicalyx number; (D) Size of epicalyx
(cm2); (E) Size of calyx (cm2); (F) Size of petal (cm2). Vertical bars indicate 1 sem. B-1 = BARI
dherosh-1
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from 0.52 mm to 0.72 mm (Figure 2E). The
longest and smallest style length was recorded
from JO-4 (2.08 cm) and BARI Dherosh-1
(0.62 cm), respectively (Figure 2F). In the
studied genotypes it was found that in

staminal column length and number of
stamens has a positive relation. When
staminal length is maximum, the number of
stamens is highest in that genotype and this
difference exists due to their unique genetic
B

A

D

C

E

F

Figure 2: Variation in reproductive features of okra genotypes.
(A) Number of stamen; (B) Length of staminal column (cm); (C) Diameter of staminal column
(mm); (D) Length of ovary (cm); (E) Diameter of ovary (mm); (F) Length of style (cm).
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characteristics and environmental factors. The
present findings are corroborated with the
findings of Anusheel (2015) and Kumar et al.
(2015) stated that shape, size and number of
reproductive features can influence the okra
yield.
Flowering behaviors
Earliness in flowering, days to 50%
flowering, total flower number per plant and
flowering duration have been considered as
vital for the varietal development. The result
of the analysis pertaining to days to first
flowering revealed a significant difference in
days to first flowering. Among the genotypes
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the genotype JO-1 showed early flowering
(47.67 days) and the genotype BARI dherosh1 required longest time to produce first flower
(63.83 days) (Figure 3A). Among all
genotypes it was observed that the genotype
JO-5 produce 50% flower within short time
(8.33 days) and the genotype JO-7 required
long time to 50% flower (41.67 days) (Figure
3B). The flowering duration varied
significantly among the all okra genotypes
and genotype JO-10 (66.33) had to the highest
flowering duration and genotype JO-5 (26.33)
showed the lowest flowering duration (Figure
3C). Genotype JO-4 (14.33) was recorded the
highest number of flowers and the genotype

A

B

C

D

Figure 3: Variation in flowering behavior of okra genotypes. (A) Days to first flowering; (B)
Days to 50% flowering; (C) Flowering duration (days); (D) Flower no./plant.
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JO-5 (5.33) showed the lowest number of
flower plant-1 (Figure 3D).
There were significant (0.01% and 1%)
variations in flowering traits among the
genotypes which might be happened due to
genetical factors as well as environmental
interaction. Minimum days required to
produce first flower and comparatively fewer

days to 50% flowering were noticed in JO-1
which in turn showed inferiority in yield
(Figure 3A, 3B; 4D). Variation in flowering
behavior in okra was also reported by Joshi et
al. (2020), Shawon et al. (2020) and Rahman
et al. (2020) in days to first flowering; and
Oagu et al. (2018) in days to 50% flowering.
The genotype produced maximum flower
number plant-1 (JO-7) showed the highest

Table 2: Fruit length and diameter of okra genotypes at different ages
Genotypes
JO-1
JO-2
JO-3
JO-4
JO-5
JO-6
JO-7
JO-8
JO-9
JO-10
B-1
Sign. level

Fruit length (cm) at different days
after flowering (DAF)
5DAF 6 DAF 7 DAF
8 DAF
5.53g
7.67h
11.50g
12.03e
8.03cd
9.07e
10.40i
11.47c
8.70b
11.17c
16.18a
16.28abc
c
f
c
8.20
8.57
15.20
17.67ab
7.05e
8.00g
11.85f
13.23de
h
f
h
5.18
8.72
11.13
11.95c
6.03f
11.48b
13.20e
16.42abc
d
c
f
7.85
11.22
11.92
15.95bc
i
g
e
4.70
8.07
13.28
15.65c
6.80e
10.32d
13.93d
14.93cd
a
a
b
11.40
12.67
15.80
18.23a
***
***
***
***

Fruit diameter (cm) at different days
after flowering (DAF)
5DAF
6 DAF 7 DAF 8 DAF
0.88cd
0.98f
1.23f
1.55e
a
b
e
1.01
1.26
1.31
1.88c
0.87cd
1.14c
1.45d
1.85c
e
de
d
0.78
1.08
1.47
1.90c
0.90c
1.22b
1.44d
1.90c
b
a
a
0.96
1.40
1.85
2.15b
d
cd
b
0.86
1.12
1.80
2.18ab
0.71f
1.21b
1.88a
2.30a
h
g
h
0.38
0.85
1.08
1.50e
0.56g
0.88g
1.16g
1.70d
e
e
c
0.76
1.04
1.63
2.10b
***
***
***
***

Mean (s) within a column bearing similar letter (s) are statistically similar. *** indicates significant at 1% level of probability.

Table 3: Fresh and dry weight of okra in different genotypes
Genotypes
JO-1
JO-2
JO-3
JO-4
JO-5
JO-6
JO-7
JO-8
JO-9
JO-10
B-1
Sign. level

Fruit fresh weight (g) at different
days after flowering (DAF)
5 DAF 6 DAF 7 DAF
8 DAF
c
f
j
7.88
10.50
13.13
18.65g
8.57b
12.20d 14.67h
16.08j
a
b
a
9.93
14.20
32.35
38.40a
d
h
f
7.32
8.10
15.23
22.70d
7.48d
9.97g
15.62e
18.30h
h
c
d
3.58
13.00
17.10
18.95f
5.18f
17.05a 19.50b
26.83c
i
i
k
2.80
4.50
12.60
15.83k
4.50g
8.25h
13.37i
17.98i
e
d
c
6.92
12.05
19.02
29.50b
c
e
g
8.17
11.15
14.87
22.13e
***
***
***
***

Fruit dry weight (g) at different days
after flowering (DAF)
5 DAF 6 DAF 7 DAF 8 DAF
0.85b
1.12d
1.42f
1.55f
0.66c
0.87g
1.87b
2.10bc
a
a
a
1.14
1.58
1.95
2.33a
c
c
a
0.63
1.18
1.97
2.17b
0.48d
0.97e
1.23h
1.81e
d
f
e
0.46
0.94
1.63
1.91d
0.64c
1.27b
1.69d
2.12bc
e
j
j
0.38
0.54
0.84
1.88de
0.38e
0.75i
1.77c
2.31a
e
h
i
0.38
0.84
0.93
1.41g
c
gh
g
0.63
0.85
1.33
2.07c
***
***
***
***

Mean (s) within a column bearing similar letter (s) are statistically similar. *** indicates significant at 1% level of probability.
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yield positively influenced to gain maximum
yield (Figure 3C, 3D; 4D). Similar trend was
also noticed by Oppong-Sekyere et al. (2020)
and Shawon et al. (2020). The least number
of flower per plant was produced in present
research might be due to the heaviest rainfall
(650 mm in average), high temperature (320C
in average) during April to August and
continuous interruption in dark period by
artificial light during night in Sylhet region
assessed by the local meteorological station.
The superior genotype (JO-7) possessed

relatively the longest flowering duration and
showed the highest yield (14.08 tha-1). This
result is confirmed with the finding of
Rahman et al. (2020) and Temam et al.
(2020).
There was a significant variation between
genotypes for fresh and dry weight of fruits.
At eight days after flowering, the highest fruit
fresh weight was found in the genotype JO-3
(28.5 g) and the lowest fruit fresh weight was
recorded in the genotype JO-8 (15.83 g) and

B

A

C
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D

Figure 4: Variation in yield and yield attributes of different okra genotypes.
(A) Harvested fruit number/plant; (B) Fruit setting (%); (C) Individual fruit weight (g); (D) Yield (t/
ha).
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the highest fruit dry weight was found in the
genotype JO-3 (2.33 g) while the lowest fruit
dry weight was recorded in the genotype JO10 (1.41 g) (Table 3). As fruit size (fruit
length and diameter) and weight (fruit fresh
weight and dry weight), significant variation
was found within common harvesting
duration. Similar information was cited in
fruit size and fruit weight by Aboyeji et al.
(2021); Jangde et al. (2019); Singla et al.
(2018) and Temam et al. (2020).

The highest number of harvested fruits
recorded in the genotype JO-7 (14.1) and the
lowest number of harvested fruit per plant
showed in the genotype JO-5 (3.60) (Figure
4A). The highest fruit setting was found in the
genotype JO-7 (84.56 %) and the lowest fruit
setting recorded in the genotype JO-5 (67.93
%) (Figure 4B). The fresh weight of the fruit
was significantly different between genotypes
and the highest fruit weight was observed in
the JO-3 (23.86g) and the lowest fruit weight
was recorded in JO-1 (12.50 g) (Figure 4C).
The highest yield was found in JO-7 (14.08 t
ha-1) followed by JO-9 (11.92 t ha-1) and JO3 (11.22 t ha-1) and the lowest yield was
recorded in JO-5 (2.47 t ha-1) followed by JO
-2 (4.35 t ha-1) (Figure 4D). Number of fruits
depends on flower production and fruit setting
capability of the genotypes and the individual
fruit weight in okra which was also reported
by Alam et al. (2021); Asare et al. (2016)
Muluken et al. (2016). And positive relation
between fruit number and the yield was
noticed by Rahman et al. (2020) and Saleem
et al. (2018). The obtained superior
performance of JO-7 might be due to the
highest fruit setting (%), number of flower per
plant, longest flowering duration and number
of harvested fruits (Figure 4B, 3D, 3C and
4A, respectively). Variation in yield among
okra genotypes was reported by Anusheel
(2015), Kumar et al. (2015), Mohammed et
al. (2022b); Ola et al. (2021) and Shawon et
al. (2020).
CONCLUSIONS
Wide morphological variation and flowering
behavior were observed among the tested
exotic okra genotypes. All the studied
genotypes reveled almost similar types of

visible appearance like
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