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ABSTRACT
Background and Objective: Okra (Abelmoschus esculentus) is an annual vegetable crop belonging to the
family Malvaceae; with several cultivated species of economic importance, such as Abelmoschus esculentus
and Abelmoschus caillei. This study aimed to identify the interplay between Ultra-Violet C and the
morphogenic  characters  of  two  okra  accessions:  Green  stem  accession  (GSA)  and  red  stem
accession (RSA). Materials and Methods: Seed exposure to UV-C was conducted at various time intervals:
40, 80, 120 and controls, for both accessions. Data were collected on a weekly basis and analyzed using
the Statistical Package for Social Scientists (SPSS) Version 2022, while the level of significance was
determined by Tukey’s HDS test at a 0.05% confidence level. Results: No significant UV-C effect on the
germination of GSA and RSA seeds, including control. The UV-C did not significantly (p>0.05) affect the
growth pattern of both test varieties from weeks 1-10. Microscopic examination of pollen morphology
revealed bright-pale yellow, trigonal-irregular-shaped grains tapered at the end, with RSA 120 having the
highest  pollen  size  (29.1  µm).  The  highest  leaf  number  was  recorded  at  GSA80  (16.33±9.24)  and
RSA80  (16.87±3.84)  at  week  10.  Petiole  length  was  highest  at  GSA120  (24.67±2.60),  followed  by
RSA120 (22.33±0.67). Capsule number and yield increased with an increase in UV-C doses from 40 to 120,
with the lowest recorded among the controls. Conclusion: The UV-C irradiation at 120 min or more
should be used for high-yielding okra varieties. This will promote both nutritional and nutraceutical
qualities of the test crop and help in the fight against nutrient-deficiency diseases; especially in rural
communities.
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INTRODUCTION
Okra (Abelmoschus esculentus) is one of the most important vegetable crops with tremendous nutritional
values1,2. The origin of okra is traceable to the old world and is generally grown in tropical regions under 
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hot weather conditions3. Okra is grown extensively in Nigeria and other African countries for its numerous
nutritional and medicinal benefits as well as income generation1,4. To meet the demand for nutritionally
balanced food for the world’s increasing population and relieve the intense pressure on the valuable food
supply chain, food crops must be diversified through appropriate scientific protocols that will meet human
nutritional needs and create a sustainable environment5. Ultraviolet (UV) radiation has been identified as
an important type of mutagen because it is easily absorbed by the genetic materials of living cells to
induce mutation6. Ultra-violet radiation is divided into three groups based on their wavelengths. The first
category is UV-A, which has a wave length between 315 and 400 nm and constitutes 95% of UV radiation
that penetrates the ozone layer. Gentili et al.7 noted that UV-B (280-315 nm) constitutes 5% of UV
radiation and it’s also called burning radiation, due to the formation of photoproducts that damage the
DNA while UV-C (200-280 nm) has a short wavelength, which is completely absorbed by the ozone layer.
It is characterized by its high ability to kill microorganisms and is therefore used for sterilization purposes8.

Exposure to UV radiation for a long time may lead to the formation of free radicals and thus cause DNA
damage4. The absorption of UV rays by plant cells can lead to metabolic, biochemical and morphological
alterations, as well as changes in the genetic materials9 to produce genetically distinct cultivars of the
same crop. The numerous cultivars vary in time to maturity, color of leaves, stem length, shape of the fruit
and other characteristics10. The morphological characters such as number, dimensions and persistency of
the epicalyx segment, form and dimensions of the fruit (including the pedicel) and characteristics of the
integuments are unique11. For example, the main okra types are short-and long-duration yielding cultivars,
which have numerous accessions within them12. Despite numerous efforts by scientists, the available okra
varieties are yet to meet local and global demands, such as early maturity, high-yielding potential,
mucilage viscosity and climate resilience, among other desired and desirable traits. Therefore, this
experiment was designed to investigate the morphogenic effect of UV-C light on two okra accessions.

MATERIALS AND METHODS
Study location: The experiment was conducted in a greenhouse measuring 8×8 ft long and 10 ft high,
belonging to the Department of Biology, Federal University of Technology,  Owerri,  Imo  State,  Nigeria
(5E2333.6876”N and 6E5910.5504”E); from February to July, 2023.

Source of test crops (okra seeds): Dry fruit pods (50 seeds) of the two okra accessions identified as Red
Stem Accession (RSA) and Green Stem Accession (GSA) were bought from a rural farmer in Ihiagwa
Community Market, Owerri West LGA, Imo State.

Experimental procedure
Seed viability test (SVT): Dry fruit pods of the test okra accessions (RSA and GSA) were manually broken
to recover their respective seeds. Prior to the viability test, seeds were first sorted out to select healthy-
looking ones, which were labelled accordingly2. The second stage of viability assessment was conducted
using the flotation method8. Sorted seeds were later transferred into two separate plastic plates, each
containing 15 CL of tap water13 and were allowed to stand for 10 min. Non-floating seeds were recovered,
while floating ones were assumed to be non-viable and discarded14.

Experimental  design:  The  experiment  was  conducted  in  a  Completely  Randomized  Design  (CRD).
The 10 viable seeds each of RSA and GSA were put in 4 Petri dishes representing treatment levels (min),
including control, marked as RSA40, RSA80, RSA120 and control (RSAC) and GSA40, GSA80, GSA120 and
control (GSAC), respectively2.

UV-C irradiation: The UV irradiation was conducted in the general laboratory of the Department of
Biology,  FUTO,  the  day  after  the  viability  assessment  was  conducted.  The  aim  was  to  enhance
integument permeability as well as break  dormancy  for  easy  penetration  of  UV-rays8,13,15.  The  A  UV-C
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germicidal lamp of 280 nm wavelength, fitted in a hood, was deployed for the irradiation. The 10 selected
seeds, each of RSA and GSA, spread in each codified Petri dish were placed at a distance of 22 cm from
the  lamp15.  The  time  of  exposure  varied  at  a  40  min  interval  for  all  treatment  levels,  except  the
controls.

Soil preparation and planting: Two-ridge rows, measuring 2 m (approximately 6.6 ft) each, were
prepared after clearing and observance of necessary cultural practices14. The 3 replicate viable seeds per
treatment, per accession, were selected from the pool of 10 irradiated seeds and planted 4 cm apart in
a planting hole of 5 cm depth and an inter-treatment distance of 15 cm16. Weeding was conducted at
weekly intervals prior to the measurement of stipulated vegetative parameters15.

Germination parameters
Determination of germination duration: This was determined by observing the emergence of epicotyls
on the day of planting (DOP) and recording accordingly, as reported by Dias et al.17.

Germination percentage: The percentage of seed germination was calculated on the basis of the total
number of seeds germinated against the total number of seeds sown as reported by Olawuyi et al.13 and
expressed as:

  Number of seeds germinatedGermination % = ×100 Number of seeds sown

Measurement of agronomic characters: The following agronomic characters of the test okra accessions
were determined as follows:

C Shoot length: With the aid of a calibrated measuring tape, the crop height was determined by the
method of Sargheini et al.15. Measurements were taken from the base of each plant stand to the shoot
tip. This was done weekly for 10 consecutive weeks. The mean shoot length was calculated in
centimeters (cm)18

C Leaf number: The leaf number was determined manually by counting the leaves weekly for a
cumulative period of 10 weeks. Young or not well-developed leaves were not counted15,17

C Leaf area: The leaf area was calculated by using the transparent grid paper method16. The leaf was
placed on a grid graph sheet. Boxes covered by the leaf were counted while areas covered by less
than half of the leaf were not counted15. The mean leaf area of each treatment and control was
calculated and expressed in centimeters squared (cm2)18

C Petiole length: This was determined using a transparent ruler calibrated in centimeters. The
measurement was taken from the point of attachment on the stem to the leaf base and was done
weekly. The mean petiole length was calculated and expressed in centimeters19,20

C Inflorescence, emergence and color: The inflorescence emergence was determined by closely
monitoring the aerial stalk for young inflorescence development, while inflorescence color was
determined in broad daylight after flowers were fully blossomed following eye examination, as
reported by Nwangburuka et al.21. Color changes were closely monitored and recorded accordingly22

C Pollen morphology: The pollen morphological parameters were determined by gently shaking the
flower over a clean surface of a microscopic slide, covered with a cover slip with a drop of glycerin,
before being examined and micrographed under a digital research microscope (Celestron LCD Digital
Microscope. Warsaw, Poland) at x400 magnification22-24

C Capsule yield: Fresh okra capsules were harvested according to their accessions and treatment levels
and weighed separately using a Camry LED display digital weighing balance, Zhongshan Jinli, China;
according to the method of Olawuyi et al.13

https://doi.org/10.3923/tasr.2024.213.224  |                 Page 215



Trends Appl. Sci. Res., 19 (1): 213-224, 2024

Data analysis: Data obtained in the course of this investigation were statistically analyzed using One-way
Analysis of Variance (ANOVA) and mean separation was carried out by Tukey’s HSD at p<0.0525.

RESULTS AND DISCUSSION
The results of the morphogenic effect of UV light on two okra accessions were presented below.

Germination percentage: The result of the germination percentage for GSA and RSA below shows that
all treatment levels recorded 100% germination, including control (Table 1). This implies that the
germination of both okra accessions and their control were not affected by the UV light. Although seed
germination was recorded between the 2nd and 4th days after planting (DAP) to reach full epicotyl
emergence  above  the  soil,  there  was  variation  in  the  test  seed,  irradiation  pattern  and  dosage.
Sripong et al.26 and Khan et al.27 reported a gradual decrease in  pea  (Pisum  sativum)  germination  after
UV-C irradiation for a period of 30 to 60 min per day for 7 days. They reported germination percentages
of 86.00 and 60.0 in the UV treatment doses for T1 and T2, respectively. The reason for the lack of a
significant effect of the mutagen on the germination of both okra accessions could be due to a low or
non-repeated dosage of UV irradiation on the okra seeds26. They further revealed that seed germination
and 50% epicotyl emergence took 1-2  and 2-3 days, respectively, in controls. The reduction in
germination percentage of the treated seeds could be attributed to disturbances in the genetically
controlled bio-physiological metabolic pathways necessary for seed germination that may include enzyme
activity, hormonal imbalances and inhibition of the mitotic process27. It was also documented that the
inhibition of DNA synthesis due to the induced mutations by certain mutagens may be the reason for
reduced seed germination28,29. The 100% germination recorded in this experiment differs from that of
Çavuşoğlu et al.30 in Allium cepa. The observed difference could be due to variations in test plants,
irradiation type or dosage31.

Plant growth for both okra accessions: Results showed that the growth pattern of both GSA and RSA
(Fig. 1a-b) at all treatment levels of the experiment was significantly different (p>0.05) from weeks 1-10.
However, both okra accessions maintained a regular exponential growth pattern with time for all
treatment  levels  of  both  accessions,  including  their  controls,  except  the  GSA120  and  RSA120,
where plant growth was retarded. This result confirmed the earlier studies by Zuk-Golaszewska et al.31,
who studied the effects of UV-B radiation on plant growth and development using Avena fatua and
Setaria viridis. They reported that increased UV-B irradiation delayed plant growth during the experiment.
The differences in mean plant height at 0, 4 and 8 kJ/m2/d UV-B radiation were non-significant and only
for  12  kJ/m2/d  significant  plant  height reduction was  observed.  This  further  confirmed  the  result
of AL-Jarrah and AL-Qazwini32, who also reported that prolonged exposure to UV-C affects plant height
and relative growth rate in some rice cultivars. In this research, both okra accessions showed normal
growth in their response to UV light, even though phenotypic changes were observed mostly in their
height upon terminating the experiment.

Plant height for both okra accessions: The results of plant height in both okra accessions (GSA and RSA)
as shown in Fig. 2a-b below were significantly different (p<0.05) as a result of the effect of the different 

Table 1: Germination percentage of GSA and RSA okra accessions
Treatment Germination (%)
GSAC 100
GSA40 100
GSA80 100
GSA120 100
RSAC 100
RSA40 100
RSA80 100
RSA12 100
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Fig. 1(a-b): Growth pattern of, (a) GSA and (b) RSA

Fig. 2(a-b): Plant height for, (a) GSA and (b) RSA

doses of UV radiation. This was in agreement with the work of Techavuthiporn et al.2, who worked on the
mutagenic effects of UV irradiation on growth and agronomic characters in maize cultivars. From their
investigation,  the  effects  of  UV  irradiation  on  the  first-order  interaction  between  weeks  after
planting (WAP) and treatment were only significant (p<0.05) on plant height. It showed a reduction in
height at 10 WAP. This is due to the interval of exposure periods, which was 20 min and the genetic
stressors of maize cultivars. However, UV light seems to have induced uniform height in both okra
accessions, with GSA and RSA at 40% irradiation having the tallest heights. On the other hand, controls
of both test okra varieties were shorter than other treatment levels. The regular variation in the height of
both test crops conforms to the report of several workers who maintained that mutagenesis has been
widely used as a potent method of enhancing variability for crop improvement32. Induced mutation, using
physical mutagens, is one of the ways to generate genetic variation, resulting in the creation of new
varieties with better characteristics33. The above results imply that the longer the duration of UV-light
irradiation, the shorter the height of both okra accessions34.

Leaf number: The effect of UV light on the leaf number of okra is a multifaceted phenomenon shaped
by genetic, physiological and ecological factors. From the study (Table 2), the leaf numbers of both test
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accessions are not significantly different from week 1-10. Studies on the effect of UV light on okra leaf
number have yielded mixed results. Some studies have reported a decrease in leaf number under UV
exposure, indicating a potential inhibitory effect on leaf initiation or expansion5.

Conversely, other studies have documented an increase in leaf number, suggesting a stimulatory effect
of UV light on leaf primordial development20. Apparently, this study shows no statistical difference in the
leaf number of two okra accessions irradiated at different times. These divergent responses highlight the
complexity of UV-leaf interactions and the importance of considering factors such as UV intensity,
exposure duration, growth conditions or even exposure distance19. The effect of UV light on okra leaf is
likely mediated through physiological mechanisms involving hormone signaling, metabolic pathways and
nutrient availability35,36. The intricate interplay between these factors determines whether UV light
enhances or suppresses leaf numbers. However, different okra varieties may exhibit varying responses to
UV light in terms of leaf number. Some varieties could possess genetic traits that confer UV tolerance and
lead to consistent leaf production under UV exposure, while others may be more sensitive26.

The effects of UV light on okra leaf number extend beyond individual plant growth. Leaf number
influences resource allocation, carbon assimilation and overall plant performance. Altered leaf
development under UV exposure could affect the competitive ability of okra in mixed plant communities.
Additionally, herbivore interactions and plant-microbe relationships may be influenced by UV-mediated
changes  in  leaf  number.  Altered  leaf  development  can  impact  plant  competition  dynamics,  nutrient
cycling and energy flow within ecosystems.

Effect of UV light on the leaf area of GSA and RSA treatments: Results on the total leaf area of the
studied okra accessions indicate that UV light had no significant effect on the leaf area of both okra
accessions (Table 3).

This study was in conformity with research carried out by Ahandani et al.37 on the effect of Ultraviolet (UV)
radiation on the growth of Dracocephalum moldavica, grown in a uniform environment in the culture
room and exposed to UV rays (20 min of UV-A daily and UV-C for 10 min) at a 10 day interval for 6 weeks.
Indices of leaf area were investigated and results of the comparison of the mean of the studied traits
showed that there was a significant difference between treatments, so that the highest amount of leaf area
was related to the control. Jarerat et al.33 and Derebe et al.38 reported that the Colocasia esculenta plant
at high altitude showed a significant morphological response, especially on the leaf area index (LAI),
petiole length and specific leaf area, due to the high level of radiation.

This study shows that leaf area was not affected by UV rays at the dosage levels to which both okra
accessions were exposed. This result supported the findings of  Darras  et  al.39,  who  suggested  that  the
UV-C radiation was powerful enough to give maximum benefits so that plants did not need to expand
their leaf area to capture more light radiation. The non-significant effect of UV light on the okra leaf area
implies that gibberellins, which promote cell elongation and expansion, were not equally altered in both
okra accessions39. The observed insignificant effect of UV irradiation on the studied crops could depend
on a number of factors, such as dose, method of irradiation, UV type or even the test plant factor40.

Petiole length: The interplay between UV light and plant petiole length in both okra accessions showed
that GSA120 and RSA 40 had the longest mean petiole lengths of 24.50±0.29 and 27.00±2.65, respectively
(Table 4). Generally, there was no significant difference in the petiole length of the studied okra accessions
compared to their controls. This result is contrary to the report that UV light can significantly affect petiole
length  in  okra  plants.  It  also  disagreed  with  the  report  of  Kamal  et  al.18,  which  maintained  that
UV exposure can trigger shifts in gene expression patterns.
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Table 5: Inflorescence emergence and colour for both okra accessions
Treatment Week 6 Week 7 Week 8 Week 9 Week 10
GSAC NI NI NI + +
GSA40 NI NI NI + +
GSA80 NI NI NI + +
GSA120 NI NI NI NI +
RSAC NI NI + + +
RSA40 + + + + +
RSA80 + + + + +
RSA120 + + + + +
NI: No inflorescence and +: Presence of inflorescence

A report has it that exposure of okra to UV-B radiation has led to alterations in petiole length20. Studies
have further shown both stimulatory and inhibitory effects, depending on factors such as UV dose,
exposure duration and growth conditions19. Studies by Dukowic-Schulze et al.41 and Yamaga et al.42 found
that UV-B exposure resulted in d ecreased petiole length in okra plants, suggesting that UV-B may have
a negative impact on elongation processes. In contrast, a study by Zhang et al.35 observed increased
petiole length in response to moderate UV-B exposure, indicating a potential role of UV-B in promoting
elongation under certain conditions. As expected, petiole length increased with time (week 1-10),
conforming to the general growth rule2,13. The insignificant UV-C effect on the petiole compared to the
reports by Darras et al.39 could be due to differences in UV wavelength, time of exposure or distance
between the material and radiation source.

Inflorescence  emergence  and  color  for  both  okra  accessions:  Results  from  the  table  below
show  that  the  inflorescence  of  both  GSA  and  RSA  produced  flowers  with  bright  yellow-colored
petals for all treatment levels, including control38. This implies that UV light did not affect flower color in
both   accessions  at  all  treatment  levels,  including  control.  This  was  contrary  to  the  report  by
Abdul Kareem et al.8 that UV-C can induce oxidative results and genetic mutations in plants that in turn
have strong negative effects on plant morphology, flowering, pollination, transpiration and
photosynthesis.

Similarly, Valenta et al.43 observed phenotypic changes in the inflorescence color in Zinnia. They noted that
the UV reflectance on flower color could aid pollination by attracting pollinators43,44. The RSAC produced
flowers from week 8, while GSAC, together with GSA40, had flowers emerge from week 9 and GSA120
from week 10 (Table 5). This was contrary to the work of Eskins45, who found that flower morphology is
adversely affected by elevated UV-C radiation in soybeans. It was further observed that RSA40-120
treatment levels had flowers emerge  at  week  6,  while  none  were  recorded  among  all  the  GSAs  until
week 8. The observed disparity in flower emergence among both okra accessions could be attributed to
differences in their genotype20 and not the treatment or treatment levels.

Pollen morphology of GSA and RSA: The results showed that UV light did not significantly affect the
color of the pollen grains of both okra accessions; hence, all pollen grains maintained a bright yellow
colouration trait, including those of the controls (Fig 3a-h) Similarly, the shape of pollen grains was not
significantly affected  by  the  mutagen.  All  maintained  a  trigonal-irregular  shape  with  a  tapered  end.
An increase in the UV irradiation dosage from 40 to 120 min observably increased the size of pollen grains
in both okra accessions. Several studies have investigated the effect of UV-C radiation on pollen
morphology in okra seeds. Although the present study did not take into consideration the viability of
pollen grains, it partly agreed with the study by Kumar et al.46, which found that exposure to UV-C
radiation led to a decrease in the germination rate of okra pollen grains. This decrease in pollen viability
could hitherto be linked to the variation in pollen shape as recorded in this study29. These findings
suggested that UV-C radiation can have a significant impact on pollen morphology in okra seeds. A similar
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Fig. 3(a-h): Effect of  UV-C  on   the  pollen  morphology  of  the  test  okra  accessions,  (400x),  (a)  GSAC,
(b) GSA40, (c) GSA80, (d) GSA120, (e) RSAC, (f) RSA40, (g) RSA80 and (h) RSA120

Table 6: Pollen morphology of GSA and RSA accessions
Treatment Colour Shape Size (µm)
GSAC Bright yellow  Trigonal-irregular 23.6
GSA40 Bright yellow  Trigonal-irregular 27.6
GSA80 Bright yellow  Trigonal-irregular 27.4
GSA120 Bright yellow  Trigonal-irregular 27.7
RSAC Bright yellow  Trigonal-irregular 24.4
RSA40 Bright yellow  Trigonal-irregular 28.6
RSA80 Bright yellow  Trigonal-irregular 28.8
RSA120 Bright yellow  Trigonal-irregular 29.1

Table 7: Capsule yield (g) of the two okra accessions
Treatment Number of fruits per treatment Total yield (g)
GSAC 18 318.84
GSA40 27 406.20
GSA80 29 564.84
GSA120 32 571.65
RSAC 21 147.71
RSA40 34 600.00
RSA80 38 665.41
RSA120 44 727.64

observation was made in RSAC-120. Contrary to the work of Alafiatayo et al.47, which maintained that
exposure to UV-C radiation led to a decrease in the size and viability of pollen grains in okra plants, the
results revealed a significant increase in pollen size from 23.60 µm in GSAC to 27.70 µm in GSA120, while
a similar increase between 24.40  and 29.1 µm was recorded in RSAC and RSA120, respectively (Table 6).

Effect on yield of the two okra accessions: The UV-C treatment affected the capsule number and yield
of both okra accessions (Table 7). The lowest and highest yields were recorded in the control and 120 min
irradiation doses, a similar result previously reported by Techavuthiporn et al.2. The results clearly showed
that an increase in UV irradiation enhanced both capsule number and weight, which was recorded as yield.
This result confirmed the earlier studies by Yoshikawa et al.48, who worked on the ‘Improvement of Plant
Growth and Yield’ and concluded that UV-C treatment  at  lower  dosages  enhances  the  yield  of  plants.
The amount of yield produced by the control of the two accessions was significantly low, indicating that
the UV-C treatment boosted the yield of the okra accessions. By treating soybean  seeds  at  various  levels
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of UV-C, a positive hormetic response was triggered that resulted in enhanced yields of harvested seeds48.
The increase in capsule number and yield of both okra accessions, with 120 min giving the highest,
suggests that the optimum UV-C dosage was yet to be realized in this present study. This further suggests
that higher doses, above 120 min, could give a better yield response in both okra accessions19.

CONCLUSION
Ultraviolet light (UV-light) is considered one of the most important types of mutagens, due to its ability
to penetrate genetic materials of living cells thereby causing mutation. This study aims to improve the
agronomic qualities of two okra accessions using UV-irradiation. It was observed that the physical
mutagen significantly changed the growth and yield patterns of both okra accessions with increase in
irradiation time doses. The resultant variant (M1) of both accessions at the 120 min irradiation dose should
be studied at the second mutant generation (M2) level prior to their adoption. Therefore, the study will
set a new record in the breeding program of okra, foster collaboration among researchers and open a new
vista for future studies in the agricultural sector.

SIGNIFICANCE STATEMENT
This study focuses on the effect of UV-C on two okra accessions. The study aimed to improve capsule
quality and enhance yield. The treatment had no significant effect on the growth pattern, pollen
morphology and other studied vegetative parameters, but showed a strong increased effect on their
capsule number and yield. The study indicates that pretreatment of okra seeds using UV-C has a strong
potential to boost production and supply of the vegetable crop as well as stabilize recurrent price
dynamics due to seasonal availability. This will no doubt enhance food security and create more jobs along
the value chain. Lastly, the study will set a new record in the breeding program of okra, foster
collaboration among researchers and open a new vista for future studies in the agricultural sector.
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