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Cultivation of okra in Ghana is challenged by low yield due to lack of improved varieties. Gamma irradiated okra seeds can generate
genetic variability to improve the crop. Samples of 150 seeds, each of okra genotype, UCCC6, were irradiated with 400Gy to
1000Gy using cobalt 60 source at a dose rate exposure of 121.58Gy/hr. There were 40 stands comprising single plant per stand
in three replications per treatment in a randomized complete block design outlay. Seedling survival, plant height, number of leaves,
stem diameter, number of branches, leaf length and width, days to 50% flowering, number of fruits, length and weight of fruit,
number of seeds, and 100-seed weight decreased significantly (𝑃 ≤ 0.05) with increasing doses of gamma rays. Seedling survival
was highest (88%) at 400Gy, followed by control (81%). However, 600Gy, 800Gy, and 1000Gy had 61%, 41%, and 17% seedling
survival, respectively, with LD

50
at 720Gy. Significant (𝑃 ≤ 0.05) correlations existed between growth and yield components.

Optimum growth and yield in okra were induced by 400Gy but the higher doses had growth retardation effects and the induced
variability can be assessed at M

2
generation.

1. Introduction

Okra (Abelmoschus esculentus L. Moench.) is a multipurpose
crop due to various uses of the fresh leaves, buds, flowers,
pods, stems, and seeds [1]. It is a fresh vegetable found in
almost all markets in Ghana due to its strong commercial
value for resource poor farmers and its importance as food in
rural and urban communities. Okra is a good source of many
nutrients including carbohydrates, proteins (rich in lysine
and tryptophan), vitamins A, B, and C, dietary fibre, calcium,
zinc, folic acid, and iodine [2–4]. It has potential mucilage
for medicinal applications [5], as a protective food additive
against irritating and inflammatory gastric diseases [6]. Okra
is also used as a blood plasma replacement or blood volume
expander and also binds cholesterol and bile acid carrying
toxins dumped into it by the liver [7, 8].

Despite the importance, the yield of okra in Ghana
is low due to lack of improved varieties to mitigate cli-
mate change, diseases, pests, and edaphic factors. However,
mutation breeding has proven to be a useful technique
in plant improvement. Gamma rays represent one of the
important physical agents used to improve the characters and
productivity ofmany plants such as rice,maize, bean, cowpea,
and potato [9]. Irradiation has also been successfully used to
inducemutation in breeding of various crops and ornamental
plants [10] and has proven an adept means of encouraging
the expression of recessive genes and producing new genetic
variations [10–12].

Doses of gamma irradiation positively affect growth and
seed yield of okra (Abelmoschus esculentus L.) [13]. Dubey
et al. [14] showed that plant height and branches per plant
were increased when okra (Abelmoschus esculentus) seeds
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were irradiated by different doses of gamma rays. It has
been indicated that the effect of interaction between doses of
gamma rays and okra genotypes was highly significant (𝑃 ≤
0.05) in the number of pods per plant and seeds per pod [15].
Despite its importance as a vegetable crop, okra has received
little attention in terms of breeding for yield and quality
improvement inGhana.Theneed to explore gamma radiation
technology to induce mutation in okra is to create variable
genotypes and identify desirable traits for improvement of the
crop.Themain objective of this study was to assess the effects
of gamma irradiation on growth and yield of okra.

2. Materials and Methods

Cobalt 60 source was used to treat okra seeds at the Radiation
Technology Centre, Ghana Atomic Energy Commission in
Accra, Ghana. The radiator has a pneumatic system which
carried the plaque source rack (1 × 1m2) containing CoS-
43HH source types from the rest position to the irradiation
position in the irradiation chamber and a transport system
for rotating the tote boxes to ensure a dose uniformity ratio
of approximately unity.The cobalt 60 category IV wet storage
gamma irradiation source has a current strength of 26Kci
with a dose rate of 1.55 KGy/hr around the shroud. The seeds
of okra genotype, UCCC6, were subjected to 0Gy, 400Gy,
600Gy, 800Gy, and 1000Gy doses of gamma irradiation.
Four (4) samples of 150 dry okra seeds were each treated at a
position of 71 cm from the floor and 110 cm from the gamma
irradiation source in the irradiation chamber. A dosimeter
was attached to each okra sample and exposed to gamma
radiation at a dose rate of 121.58Gy/hr. Ferrous ammonium
sulphate (Fricke) dosimeters were used to determine the
absorbed dose in the 400Gy treatment sample. The Fricke
dosimeters were removed from the okra sample after the
irradiation period. The absorbed dose was then determined
using a calibrated spectrophotometer (model UVD-3200,
Labomed, Incorporated). Ethanol-chlorobenzene (ECB)
dosimeters were used to determine the absorbed dose in the
600Gy, 800Gy, and 1000Gy treatment samples. The ECB
dosimeters were removed from the okra samples after the
irradiation period. The absorbed dose was determined using
a calibrated readout instrument (High Frequency Dosimeter
System, Model 2131, version 2.5, Sensolab Ltd.).

The treated seeds together with the control were sown
randomly in rows in five blocks. The field experiment was
carried out at the Teaching and Research Farm of the School
of Agriculture, University of Cape Coast. Sowing was done
at the rate of 3 seeds per hole at planting distance of 50 cm ×
50 cmwithin and between rows.Therewere three replications
arranged in a randomized complete bock design outlay. Hand
irrigation was carried out at the experimental site whenever
necessary.The seedlings were thinned out to one per stand at
6th week after sowing to ensure good establishment of single
plant per stand. The field was weeded with cutlasses and hoe
every 3 weeks. The NPK (15 : 15 : 15) fertilizer was applied at a
rate of 8mg per stand at week 6 after sowing.The insecticide,
PAWA 2.5 EC (NOVA AGRO, HK Ltd, South Africa), was
used to spray plants at the rate of 35ml/15 L water in the 9th,
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Figure 1: Percentage survival of okra seedlings in response to
gamma irradiation.

12th, and 15th week to control insects. Harvesting was carried
out when pods reached the marketable harvest index (when
the fruit appeared freshly bright green with small green
seeds).The effects of gamma irradiation on seed germination
or seedling survival, leaf production, stem diameter, plant
height, leaf length, leaf width, days to 50% flowering, number
of pods, length of fruit, weight of fruit, number of seeds, and
1000-seed weight were assessed.The number of seedlings that
emerged per treatment was obtained through daily counts
of emerging shoots above the soil surface at 5–21 days after
planting.

The seedling emergence or percentage survival was used
to predict the lethal dose for the okra genotype, UCCC6.
The fresh and dried fruits harvested were weighed using
an electronic balance (Radwag, WPT 12C1, Poland). All
the quantitative data were subjected to one-way analyses of
variance (ANOVA) using Minitab 15 release software and
the means were separated with Fisher’s Least Significant
Difference (LSD).

3. Results and Discussions

On the whole, growth and yield characteristics of okra were
significantly (𝑃 ≤ 0.05) retarded with increasing doses of
gamma irradiation. The effects of gamma irradiation signif-
icantly (𝑃 ≤ 0.05) reduced and delayed seed germination
in okra. The 600Gy, 800Gy, and 1000Gy retarded seed
germination and seedling survival significantly (𝑃 ≤ 0.05)
compared to the control. The highest rate of percentage
seedling survival was observed for 400Gy at 88%, which
was closely followed by the control (81%), while 600Gy,
800Gy, and 1000Gy recorded 61%, 41%, and 17%, respectively
(Figure 1). Indeed, the gamma raysmight have induced lethal-
ity in the okra with LD

50
determined as 720Gy (Figure 1).

Increasing doses of gamma irradiation was associated with
significant (𝑃 ≤ 0.05) corresponding low seed germination
probably due to the effect of mutagens on meristematic
tissues of the seed as well as chromosomal aberrations and
interruptions in DNA replications and growth regulators.
In okra, germination percentage decreased with increase in
dosages of gamma irradiation [16]. In the current study, low
germination reflected in low seedling survival as doses of
gamma irradiation increases. Low germination percentage
with increasing doses of gamma irradiation has been reported
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Figure 2: Effect of gamma irradiation on okra plant height.

in chickpea [17–19], okra [20], lentil [21], lima bean [22],
sweet potato [23], and cowpea [24].The influence of mutagen
on plant growth regulators caused a decrease in plant survival
[25]. Other scientists have also reported that increased dose
of gamma rays decreases the percentage survival of seedlings
in okra [26, 27]. The results obtained indicated that survival
of plants to maturity depends on the nature and extent of
chromosomal damage [28].

Plant height decreased significantly (𝑃 ≤ 0.05) with
increasing doses of gamma irradiation (Figure 2). In all,
600Gy, 800Gy, and 1000Gy reduced plant height signifi-
cantly (𝑃 ≤ 0.05) as compared to the control.The reduction in
the plant height may be attributed to damage to the process
of cell division and cell elongation as a result of mutagenic
treatment [29, 30]. On the other hand, the growth in average
plant height in response to 400Gy was significantly (𝑃 ≤
0.05) highest at 47.83 cm compared to the lowest mean plant
height of 9.99 cm induced by 1000Gy at 12 weeks after sowing
seeds (Figure 2). However, there was no significant difference
(𝑃 > 0.05) in mean plant height between 400Gy and control
plants. Other workers also obtained plants with maximum
height for 400Gy exposure compared to 300Gy and 500Gy
gamma ray exposure [13].High gamma irradiation doses have
deleterious effects on plant height [31–35]. The reduction in
plant height observed in the current study may be attributed
to reduction in mitotic activity of meristematic tissues [36].
Reduced growth has been attributed to auxin destruction,
changes in ascorbic acid content, and physiological and bio-
chemical disturbances [37]. However, the stimulating effect
of lower doses of gamma irradiation on growth of okra plants
might be due to stimulation of cell division and processes that
affect synthesis of nucleic acids [38]. Stimulating effects of low
doses of ionizing radiation have been reported in chickpea
[17]. In the present study, growth in plant height significantly
(𝑃 ≤ 0.05) correlated with leaf length (𝑟 = 0.988), leaf width
(𝑟 = 0.981), number of leaves (𝑟 = 0.954), stem diameter
(𝑟 = 0.959), days to 50% flowering (𝑟 = 0.967), and number
of seeds (𝑟 = 0.955). There were also significant (𝑃 ≤ 0.05)
correlations between mean plant height and weight of dried
fruit (𝑟 = 0.921), number of fruits (𝑟 = 0.956), weight of fresh
fruit (𝑟 = 0.995), length of fresh fruit (𝑟 = 0.959), and 100-
seed weight (𝑟 = 0.964) as shown in Table 2.

Irradiation doses of 600Gy, 800Gy, and 1000Gy signifi-
cantly (𝑃 ≤ 0.05) reduced leaf length and width as compared
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Figure 3: The effect of gamma irradiation doses on leaf length.
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Figure 4: The effect of gamma irradiation on mean leaf width.

to the control (Figures 3 and 4). Similarly, the inhibitory
effects of increased doses of gamma rays on leaf growth of an
okra variety Arka Anamika has been reported [39]. However,
lower doses of gamma rays had stimulatory effects on average
length and width of leaves while higher doses had inhibitory
effects. In this connection, it has been reported that increase
in plant sensitivity after gamma irradiation may probably be
due to reduced level of endogenous growth regulators, such as
cytokinins, as a result of breakdown or lack of synthesis [28].
The average leaf width significantly (𝑃 ≤ 0.05) correlated
positively with leaf length (𝑟 = 0.987) and plant height (𝑟 =
0.981) which may present plants with wider surface area for
photosynthesis.

The average number of leaves produced decreased sig-
nificantly (𝑃 ≤ 0.05) with increased doses of gamma
irradiation. Highest average number of leaves (30.67) was
observed for plants developed with 400Gy exposure and the
lowest (16.25) with 1000Gy exposure (Figure 5).These results
were consistent with those obtained by others [33, 40], and
the high levels of irradiation doses adversely reduced the
number of leaves. Production of the growth regulator, kinetin,
might have been stimulated, whichmay be responsible for the
increased number of leaves. Similarly, [14] showed an increase
in the number of leaves when okra seeds were irradiated
with different doses of gamma rays. Indeed, the number of
leaves positively correlated with leaf length (𝑟 = 0.970) and
leaf width (𝑟 = 0.931). Growth in stem thickness of okra
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Figure 5: The effect of gamma irradiation on mean number of leaf.
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Figure 6: The effect of gamma irradiation doses on mean stem
diameter.

in response to doses of gamma rays differed significantly
(𝑃 ≤ 0.05) among the treatments. The effect of 1000Gy
significantly (𝑃 ≤ 0.05) reduced the stem diameter as
compared with control, followed by 600 and 800Gy, respec-
tively (Figure 6). However, 400Gy induced the highest stem
thickness compared to the other treatments. The fact that
stem diameter positively correlated with plant height (𝑟 =
0.959), leaf length (𝑟 = 0.981), leaf width (𝑟 = 0.945), and
number of leaves (𝑟 = 0.997) suggests vigorous growth with
sustained stability against lodging.

Different doses of gamma rays induced different char-
acteristic branching in okra. The 400Gy plants exhibited
a Y-shaped branching. In response to 600Gy, 800Gy, and
1000Gy, the main shoot or stem bifurcated in two parallel
branches, which are further divided with repeated pattern
of Y-shaped branching. Mishra [41] noticed the peculiar Y-
shaped branching in okra plants derived from seeds treated
with 0.4 and 0.6 kGy doses. The control plants did not
show stem branching as observed in the current study. The
400Gy dose had average of 10 plants with the stem branched
whereas 600Gy, 800Gy, and 1000Gy had 35, 28, and 14 plants
associated with stem branching, respectively.

The okra plants differed significantly (𝑃 ≤ 0.05) in
response to days to 50% flowering among the various treat-
ments. The 400Gy significantly (𝑃 ≤ 0.05) decreased the
number of days (92) to attain 50% flowering. On the contrary,
600Gy, 800Gy, and 1000Gy increased the number of days
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Figure 7: Effect of gamma irradiation on number of days to 50%
flowering in okra.

to 50% flowering (Figure 7). A dose of 1000Gy induced
the longest number of days to 50% flowering (128 days)
compared to 400Gy (92 days) and the control plants (93
days) (Figure 7). However, a gradual decrease in days to
flowering occurs as radiation dose increased [42]. Days to
50% flowering had significant (𝑃 ≤ 0.05) positive correlation
with plant height, leaf length (𝑟 = 0.940), leaf width (𝑟 =
0.917), number of leaves (𝑟 = 0.890), and stem diameter
(𝑟 = 0.898).The late flowering responses could have also been
influenced by the delay in seed germination and growth of
plants with increasing doses of gamma irradiation.

On the whole, 400Gy significantly (𝑃 ≤ 0.05) increased
the number of fruits per plant up to 52.86, whereas 600Gy,
800Gy, and 1000Gy significantly (𝑃 ≤ 0.05) reduced the
number of fruits from 25.43 and 8.43 to 2.71, respectively
(Table 1). Increased number of fruits per plant as a result of
gamma irradiation has also been reported [14, 43–45]. It has
been observed that 400Gy exposure stimulated increase in
number of fruits per plant in the current study. Correlations
between number of fruits and leaf length (0.936), leaf width
(𝑟 = 0.929), number of leaves (𝑟 = 0.855), stem diameter
(𝑟 = 0.873), 50% flowering (𝑟 = 0.991), number of seeds
(𝑟 = 0.967), and weight of dried fruit (𝑟 = 0.953) were
positive and significant (𝑃 ≤ 0.05).

There were significant differences (𝑃 ≤ 0.05) in the length
of fresh fruits of okra in response to the different doses of
gamma rays. The 800Gy and 1000Gy significantly (𝑃 ≤
0.05) reduced the average length of fresh fruit. Maximum
fruit length of 7.88 cm was observed in response to 400Gy
exposure and lowest fruit length of 6.66 cm was in response
to 1000Gy exposure (Table 1). Indeed, 400Gy exposure was
found to increase fruit characters such as length [46]. A
significant reduction (𝑃 ≤ 0.05) in average fresh fruit weight
from 14.07 g, 12.72 g, and 9.51 to 7.16 g was observed with
increase in irradiation doses (0.0Gy, 600Gy, and 800Gy to
1000Gy), respectively (Table 1). In addition, therewere signif-
icant reduction (𝑃 ≤ 0.05) in fruit dry weight, 100-seed dry
weight, and number of seeds per pod with increasing doses
of gamma irradiation. However, weight of the fresh fruits per
plant (14.13 g) developed from 400Gy exposure was similar
to that of the control (14.07 g). The same pattern of response
was observed for fruit dry weight, 100-seed weight, and
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Table 1: The effects of doses of gamma irradiation on fruit and seed yield in okra.

Treatment
(Gy) Number of fresh fruit Fresh fruit length (cm) Fresh fruit weight (g) Dried fruit weight (g) Number of seeds

100-seed
weight
(g)

0.0 38.71 7.57 14.08 10.14 61.04 4.44
400 52.86 7.88 14.13 10.24 63.46 4.60
600 25.43 7.62 12.72 5.73 29.97 3.76
800 8.43 6.86 9.51 4.34 19.17 3.36
1000 2.71 6.67 7.17 3.90 9.00 1.68
(𝑃 < 0.05) 11.68 0.68 2.27 1.79 11.09 0.25

Table 2: Correlations of growth and yield component analysis in okra.

PH LL LW NOL SD 50% F NOS WDF NOF WFF LFF 100 SW
LL 0.988
LW 0.981 0.987
NOL 0.954 0.970 0.931
SD 0.959 0.981 0.945 0.997
50% F 0.967 0.940 0.917 0.890 0.898
NOS 0.955 0.946 0.971 0.842 0.867 0.935
WDF 0.921 0.904 0.943 0.778 0.805 0.910 0.994
NOF 0.959 0.936 0.929 0.855 0.873 0.991 0.967 0.953
WFF 0.995 0.978 0.968 0.964 0.961 0.952 0.924 0.885 0.932
LFF 0.959 0.919 0.887 0.910 0.902 0.979 0.874 0.839 0.946 0.964
100 SW 0.964 0.991 0.966 0.986 0.996 0.899 0.898 0.843 0.886 0.959 0.887
PH: plant height, LL: leaf length, LW: leaf weight, NOL: number of leaves, SD: stem diameter, 50% F: 50% flowering, NOS: number of seeds, WDF: weight of
dried fruits, NOF: number of fruits, WFF: weight of fresh fruit, and LFF: length of fresh fruit.

number of seeds per pod (Table 1). Indeed, Jagajanantham
et al. [39] observed a proportionate reduction or decrease
in fresh weight of bhendi variety of okra with increasing
level of gamma irradiation. Weight of fresh fruit revealed a
significantly (𝑃 ≤ 0.05) high and positive correlation with
the vegetative and yield components (Table 1). The effect of
400Gy may be due to the fact that mutagens stimulate the
role of enzymes and growth regulators responsible for growth
and yield. Exposure of seeds to high doses of gamma rays
has been found to result in 50% reduction in number of okra
seeds produced [46]. It has also been found out that the effects
of 400Gy increase fruit character such as number of seeds
per fruit [47]. There are also reports [48, 49] of increase in
yield of crops treated with mutagens. The effects of 400Gy
on 100-seedweight as observed in this study could have arisen
from changes in geneticmaterial which promotes growth and
yield of the plants. The positive and stimulatory effects of
mutagenesis on seedweight conformed to the finding of other
scientists [50–52]. A study on the effect of different doses of
gamma irradiation (10, 20, 30, 40, 50, and 60 KR) on okra
variety Arka Anamika revealed a proportionate reduction in
100-seed weight with increasing level of gamma irradiation
treatment [39].

4. Conclusions

Seedling survival decreased significantly (𝑃 ≤ 0.05) with
increasing doses of gamma rays given rise to LD

50
of 720Gy.

On the whole, 400Gy exposure had significant (𝑃 ≤ 0.05)
positive effects on germination, plant growth, and yield com-
pared to 600Gy, 800Gy, 1000Gy, and the control. However,
the effect of 1000Gy on okra seeds tested produced the least
desirable effects in almost all the evaluated characters of
the okra plants. On the whole, 400Gy was found suitable
for promotion of healthy growth but the damaging and
growth inhibitory effects of the higher doses could generate
variability which can be harnessed in an M

2
generation to

improve the crop.
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