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INTRODUCTION

Okra (Abelmoschus esculentus (L.) Moench) is a critically 
important plant in the Malvaceae family (Nizamani et al., 
2020). All of its parts (roots, stems, leaves, fruits, and seeds) are 
used for a variety of employs, including food, medicine, crafts, 
and industry (Marius et al., 1997). The plant is recognized for 

its high carbohydrate, protein, oil, potassium, magnesium, 
iodine, vitamin A, and vitamin C levels (Das et al., 2019). Okra 
is a powerful antioxidant due to its high lutein concentration 
(Maryam & Kasimu, 2016), has anti-ulcer and anti-carcinogenic 
qualities, and is an excellent regulator of hypoglycemia 
(Maryam, 2017). However, its oil is acceptable for use as a 
biofuel (Anwar et al., 2010).
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ABSTRACT
Abelmoschus esculentus is a plant with nutritional and medical properties, therefore environmental circumstances are 
progressively affecting production. The aim of this study was to contribute to the development of genetic variability in 
three okra varieties exposed to sodium azide (SA). In this study, sodium azide (0 g/L, 2 g/L, 4 g/L, and 6 g/L for 6 hours) 
was administrated to three okra seeds (Locale 1, Yellen, and Hire) in the field. Descriptors like seed germination rate, 
plant height (PH), stem diameter (SD), number of leaves per plant (NLP), foliar area (FA), number of fruits per plant 
(NFP), and number of seeds per fruit (NSF) were used to analyze genetic variability, broad-sense heritability (H²), and 
genetic advance (GA) in three okra varieties. The results showed that the Yellen variety had the highest percentage 
of seed germination (100% in M1 and M2 for control (T0), to 41.67% (M1) and 44.44% (M2) for T3) as well as POX 
(71.01% for M1 and 128.84% for M2) and CAT (198.03% for M1 and 125.80% for M2) activities. It also had the highest 
NFP in the T0, with values between 1.25±2.29 in M1, and 14.42±2.11 in M2 (p˂0.05). In terms of productivity, the 
Hire variety outperformed with elevated FW1F (16.21 g for M1, and 25.87 g for M2) and DW1F (15.44g for M1, and 
23.10g for M2) values. However, the explained variance of the induction of sodium azide was R²=0.101 for growth 
parameters, R²=0.377 for productivity parameters, and R²=-0.218 for enzymatic activities. Following M2 generations, 
characters FA and NFP displayed high genotypic coefficient of variation (GCV), phenotypic coefficient of variation 
(PCV), broad-sense heritability, and genetic advance as percent of mean (GAM) levels. Therefore, chemical mutagenesis 
offers a straightforward method for introducing mutations within plants through hybridization, which can increase 
favorable crop improvement programs.
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Despite its many advantages, a significant drop in production 
would be accompanied with a variety of biotic (Diallo et al., 
2022), and abiotic limitations that have a negative impact 
on it (Gnago et al., 2010). In addition to the 239 million 
undernourished people in Sub-Saharan Africa, an additional 
266 million people may face hunger by 2080 (Capot & Perus, 
2013), whereas regular consumption of this plant, while not a 
cure-all, could make a significant contribution to resolving this 
issue while also improving people’s overall health. The solution 
to the aforementioned problems obviously lies in the ongoing 
improvement of the genetic diversity within this plant via 
induced mutations. Mutation can be induced by physical and/
or chemical mutagens to create genetic variety, resulting in new 
varieties with better characteristics (Arulbalachandran et al., 
2009). However, plant breeding by crossing or mutation breeding 
has been studied to acquire good agronomical characteristics 
such as enhanced product quality and productivity, reduced 
vegetative phase, and resistance to pests and diseases (Dewi 
et al., 2016).

Traits emerging from induced mutagenesis may be heritable 
(Roychowdhury & Tah, 2013). Anthropogenic mutagenesis is 
separated into two axes: the use of radiation and the application 
of chemical substances. Physical mutagenesis employs 
radiation (gamma rays, X-rays, ions, etc.), whereas chemical 
mutagenesis mostly uses alkylating chemicals such as ethyl 
methanesulfonate, methyl methanesulfonate (Oladosu et al., 
2016), colchicine, and sodium azide (Misra et al., 2017). The 
findings of Bhat et al. (2005) revealed that chemical mutagens 
were more effective in Vicia faba L. than physical mutagens. 
Thus, using these might be promising for producing genetic 
variants in new individuals with specific desirable agronomic 
qualities (Aviya & Mullainathan, 2018; Sable et al., 2018). 
However, SA is a chemical mutagen that has been shown to 
be highly mutagenic in a variety of species, including plants, 
and can produce genetic diversity, affecting plant growth and 
productivity (Lunn & Sansone, 2012). Recently studies of Njock 
et al. (2024), showed that the application of mutagens to specific 
varieties of okra farmed in Cameroon resulted in a considerable 
increase of carbohydrates, proteins, and polyphenols.

However, SA is regarded as one of the most effective 
chemomutagens utilized to cause mutations in agricultural 
plants (Pour et al., 2023). As a result, the action of this chemical 
agent can have a favorable or negative effect on life (organisms), 
particularly their quantitative characteristics (Mosisa et al., 
2013). NaN3 has been used to select various plant species, 
including maize (Eze & Dambo, 2015), rice (Herwibawa & 
Kusmiyati, 2017), wheat (Srivastava et al., 2011), and tomato 
(El Kaaby et al., 2015). Furthermore, while considerable research 
has been conducted on the mutagenic efficiency of okra 
cultivars growing in Cameroon, their usage in the production 
of genetic variability remains inadequate from an agronomic 
and enzymatic aspect (polyphenol oxidase, peroxidase, catalase, 
and phenylalanine ammonialyase).

Quantitative genetic indices like phenotypic and genotypic 
coefficients of variation (PCV and GCV), heritability, and 
genetic gain are commonly employed to assess plant species 

genetic diversity (Sundari et al., 2022; Angel et al., 2024). 
Genetic variety remains an important requirement for any 
crop improvement activity, and the development of a trait is 
entirely determined by the amount of variability present in 
the base material. However, understanding a trait’s heritability 
and genetic advance would provide a genetic improvement 
advantage (Johnson et al., 1955; Patil et al., 2015). Both factors 
can be used in breeding plans for simple selection. To this end, 
selection is more effective when traits have a high heritability 
and GAM, and which indicate the fraction of genetic variance 
that might be offered down to the next generation (Patil 
et al., 2015). According to Angel et al. (2024), the additive 
genetic effect would play an important role in generating high 
heritability while also rendering selection an effective tool in 
afterwards separating generations. The current study aims to 
examine genetic diversity following sodium azide treatment 
in three okra varieties, in order to generate a population of 
high-yielders.

MATERIALS AND METHODS

Plant Material

The trials were conducted at FONDAF (Foyer Notre Dame 
de la Forêt) plots in Bipindi locality (N 2°58’8.97’’ and E 
9°56’9.08’’), Ocean Department, South Cameroon, across 
two cropping seasons in 2022 (M1: first generation  and 
M2: second generation). This area experiences a humid tropical 
equatorial environment with an average annual rainfall of 
1,700 mm. The vegetation type is low and medium-altitude 
dense humid evergreen equatorial forest, consisting of old 
secondary forests and forest fallows (Anonymous, 2015). Three 
Abelmoschus esculentus seed varieties were used: Locale 1 (high 
productive) from the experimental fields of the Plant Genetics 
and Improvement Unit (PGIU) of the Yaounde I, and Hire 
(productive) and Yellen (productive) from the Cameroon 
company Agri-Espoir.

Treatment of Okra Seeds with Sodium Azide (NaN3)

Sodium azide, a chemical mutagen was purchased in India from 
VWR Chemical and supplied to Cameroon via Biosciences 
and Technologies (BST). The okra seeds were treated with 
a chemical mutagen (NaN3) using the method described by 
Esson et al. (2018). Okra seeds from all three varieties were 
pre-treated by soaking them in distilled water for six hours 
(for destroy harmful microflora on the grains). After pre-
treatment, they were immersed in mutagen NaN3 solutions 
at various concentrations (0  g/L for treatment T0, 2  g/L for 
treatment T1, 4 g/L for treatment T2 et 6 g/L for treatment 
T3, which was only done in M1) (Table 1) for six hours before 
being deeply rinsed with distilled water to remove any mutagen 
residues. Finally, the seeds were wrung out and sowed in the 
field using an experimental set-up. Untreated seeds were used as 
control. The experimental design was a block model (3 blocks), 
completely randomized with three parameters (03 varieties × 4 
concentrations (g/L) of NaN3 × 01 period of mutagen exposure). 
Finally, following mutagen induction, seed germination and 
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agronomic parameters were measured during the first generation 
of mutants’ (M1) growth season. Plants from the M1 generation 
that are planted and treated with NaN3 generate to plants from 
the M2 generation, which will likewise be evaluated (growth 
traits, yields, and enzymatic activities) the following growth 
season (Table 1).

Agronomic Parameters Determination

Thanks to the procedures described by some authors, the 
growth parameters such as plant height (Maryam & Kasimu, 
2016), stem collar diameter (NGuessan et al., 2021), number 
of leaves (NGuessan et al., 2021), and foliar surface (Hoyt & 
Bradfield, 1962) per plant were evaluated in the Local 1, Hire 
and Yellen varieties at M1 and M2. However, the percentage 
of seed germination (%) was calculated depending on the 
concentrations of NaN3 used for treatment using the formula 
opposite: PSG (%) = (NEP/NSS) × 100. Where: PSG 
(%) = percentage of seed germination; NEP= number of 
emerged plants; NSS = number of seeds shown.

Likewise, at maturity, three okra varieties from each of the M1 
and M2 generations were assessed for all desired productivity 
parameters. For various doses of NaN3, alongside the T0 control, 
quantitative data were obtained, including number of fruits per 
plant (NFP), number of seeds per fruit (NSF), fresh weight of 
one fruit (FW1F), and dry weight of one fruit (DW1F).

Extraction of Total Soluble Proteins

The extraction procedure employed is slightly modified from 
that described by Lanaud et al. (1986). 400 g of fresh leaves 
(okra) were mashed in a mortar (with melting ice) with 
0.125  g of polyvinylpyrrolidone (PVP) for each variety. The 
crushed material was combined with 5 mL of phosphate buffer 
(pH 7.2-7.3). After 10 min of incubation on ice, the mixture was 
centrifuged at 3500 rpm for 10 min at 4 °C (Centrifuge 5702 R) 
and the recovered supernatant formed the crude enzyme extract 
was collected. Each trial was performed thrice.

Enzymes Essays

Determination of Phenylalanine ammonialyase (PAL)

PAL assay was conducted according to the method described by 
Okey et al. (1997) with minor modifications. The reaction mixture 
contained with 1 mL enzyme extract, 0.5 mL of L-phenylalanine 

(12 mM) and 0.5 mL of borate buffer (pH 8.8). The PAL activity 
was measured at 290 nm and expressed in nmol min/mL fresh 
weight. Experiments were conducted in three replicates.

Determination of catalase (CAT)

CAT activity was determined using the method Cakmak and 
Horst (1991), which involves a drop in optical density at 240 nm 
owing to H2O2 consumption. The reduction in absorbance was 
monitored for 3 min. The reaction mixture consists of 100 µL of 
0.1 M phosphate buffer (pH 7), 2 µL of 0.3% H2O2, and 30 µL 
of enzyme extract. The Cat activity was measured in triplicates 
and was expressed as ΔA 240/min/mg fresh weigh.

Determination of peroxidase (POX)

POX activity was assessed according to Rodriguez and Tames 
(1982). The reaction mixture contained 1  mL of 0.05 M 
phosphate-citrate buffer (pH 4.6), 1 mL of 40 mM guaiacol, 
0.5 mL of 26 mM H2O2 and 100 µL enzyme extract. The changes 
in absorbance at 470 nm were recorded at 30 s interval for 5 min 
using a Jenway 6305 spectrophotometer. The enzyme activity 
was expressed as ΔA470/min/g fresh weigh. All the experiments 
were repeated thrice.

Determination of polyphenol oxidase (PPO)

PPO activity was determined as described by Kemmenn and 
Broumer (1964). The reaction mixture consisted of 2.5 mL of 
0.1 M acetate buffer (pH 6.0) and 0.5 mL of 10 mM catechol. 
The activity was measured in triplicates and was expressed as 
change in absorbance (ΔA495/min/g fresh weigh) at 495 nm.

Estimating Genetic Parameters

Growth, productivity, and enzyme activity characteristics 
were calculated using phenotypic and genotypic coefficients 
of variation, broad-sense heritability, and genetic gain as a 
percentage of the mean.

Phenotypic and genotypic coefficients of variation

Johnson et al. (1955) proposed the following formulas for 
calculating phenotypic and genotypic coefficients of variation:

•	 Phenotypic coefficient variance (PCV):
 

×100
2p

PCV =
x
σ

•	 Genotypic coefficient variance (GCV):
 

100
2g

GCV = ×
x
σ

Where: σ2p = phenotypic variance, σ2g = genotypic variance, 
and x  = average value of character. However, PCV and GCV 
estimates collapse into three categories: low (> 10%), moderate 
(10-20%), and high (> 20%).

Broad-sense heritability (H2)

H2 was measured using the formula proposed by Imran and 
Kramer (1951):

Table  1: The different applications of sodium azide on two 
generations of okra
NaN3

Treatment (g/L)
Local 1 Hire Yellen

M1 M2 M1 M2 M1 M2

T0 (control) 0 0 0 0 0 0
T1 2 0 2 0 2 0
T2 4 0 4 0 4 0
T3 6 0 6 0 6 0

M1=first mutant generation; M2=second mutant generation; 
NaN3=sodium azide
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Where: σ2I = phenotypic variance, σ2i = environmental 
variance. Dabholkar (1992) classified broad-sense heritability 
values as high (>60%), moderate (30-60%), and low (>30%).

Genetic gain

Allard’s (1960) method was used to compute the genetic gain 
from selection based on the broad-sense of heritability and the 
phenotypic standard deviation (SD). The formula is as follows:

( ) and2 2 G
G=K×H  × p     GG= ×100

X
σ

Where: GG = genetic gain from selection, K= constant based 
on the selection intensity (top 3%=1.75), σ2p= standard 
deviation of the phenotypic variance, H2= broad-sense 
heritability. However, genetic gain from selection calculates 
collapse into three categories: high (>20%), moderate (10-20%), 
and low (>30%) (Johnson et al.,1955).

Data Analysis

The data obtained for the three parameters analyzed were 
treated to a one-way analysis of variance (ANOVA) using 
IBM SPSS software 25th  version (SPSS, Inc., Chicago, IL, 
USA). The difference between the various means±standard 
deviation was compared using the Tukey’s HSD test at 
0.05 levels. Multiple linear regression (MLR, software 
R version  4.1.2 (R Development Core Team 2022)) and 
principal component analysis (PCA, SPAD 5.5) were used to 
investigate the effect of sodium azide exposure on the growth, 
productivity, and enzyme activity parameters of three okra 
varieties in M1 and M2.

RESULTS

Growth Traits

Effect of NaN3 on seed germination

In generations M1 and M2, concentration T0 (control, without 
NaN3) had a nearly 100% seed germination rate, outperforming 
the other three concentrations of the three varieties tested (T1, 
T2 and T3, p˂0.05) (Figure 1). However, we discovered that 
increasing the concentration of NaN3 in the seeds caused a 
decrease in germination rate, regardless of the variety (p˂0.05) 
(Figure 1). Despite the reported drop, seed germination rates 
were higher in M2 than M1 (Figure 1). Although exhibiting a 
slightly greater germination rate than the other two varieties 
(Hire et Yellen), the Locale 1 variety sax a drop ranging from 
13.89 to100 % for M1 and 25 to 100 % for M2, with T1 to T3 
concentrations (Figure 1).

Figure 1: The effect of NaN3 on germination percentage of seeds from 
three different okra varieties at M1 and M2. Values (mean±SD, n=3) 
with same letters are not significantly different at p<0.05 

Effect of NaN3 on plant height

The control (concentration T0) of the three varieties superior 
to the other concentrations (T1, T2, and T3) in M1 and M2 

(Figure 2). Average plant height decreased in Locale 1 (46 to 
47 % for M1 and 18 à 34 % for M2), Hire (15 to 29 % for M1 
and 23 to 28 % for M2), and Yellen (27 to 41 % for M1 and 
24 to 40 % for M2) as the concentration of NaN3 increased 
(Figure 2). However, M2 recorded higher average plant heights 
than M1, with the exception of Yellen, where T3 concentration 
was somewhat higher in M1 (25.77 cm) than M2 (20.01 cm) 
(Figure 2).

Effect of NaN3 on stem diameter

In the T3 concentration of the Locale 1 variety, the average collar 
diameter was just non-existent, in contrast to the Hire (6.71 cm 
for M1 and 9.21 cm for M2) et Yellen (8.17 cm for M1 and 9.57 cm 
for M2) varieties at this concentration (Figure  3). Howbeit, 
regardless of the concentration T0 (18.33 cm), T1 (12.75 cm) 
T2 (10.92 cm) and T3 (9.57 cm) the average collar diameters 
of the Yellen variety were larger in M2 than those of the Locale 
1 and Hire varieties (Figure 3).

Effect of NaN3 on number of leaf per plant

Regardless of concentration or variety, M2 had a larger average 
number of leaves per plant than M1. Locale 1 and Yellen (M2) 
varieties have less average number of leaves per plant (Figure 4). 
There was no significant change between concentrations T1 and 
T2 for variety in M1 (p˂0.05), but Hire showed a small increase 
in the number of leaves per plant from T1 to T2 (4.93%) and 
T2 to T3 (5.02%), whereas Locale 1 and Yellen did not showed 
it in M2 (Figure 4).

Effect of NaN3 on foliar area

The average foliar area of Hire and Yellen varieties exceeded 
that of the Locale 1 variety (M1 and M2) (Figure 5). The Yellen 
variety had the highest percentage decreases in average foliar 
area due to T1, T2 and T3 concentrations, ranging from 63 to 
67% in M1, and 54 to 66% in M2 (Figure 5).
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Figure 4: The Effect of NaN3 on average number of leaves per plant 
from three different okra varieties at M1 and M2. Values (mean±SD, 
n=3) with same letters are not significantly different at p<0.05

Figure 3: The effect of NaN3 on average stem diameter from three 
different okra varieties at M1 and M2. Values (mean±SD, n=3) with 
same letters are not significantly different at p<0.05

Figure 2: The effect of NaN3 on average plant height from three different 
okra varieties at M1 and M2. Values (mean±SD, n=3) with same letters 
are not significantly different at p<0.05

Figure 5: The Effect of NaN3 on average foliar area per plant from 
three different okra varieties at M1 and M2. Values (mean±SD, n=3) 
with same letters are not significantly different at p<0.05

Productivity Traits

In the three okra varieties studied, and in the absence of NaN3, 
the treatment yielded relatively high values for number of fruit 

per plant (from 8.08 to 10.25 for M1, and 11.83 to 14.42 for 
M2), fresh weight of one fruit (from 14.22 to 22.13 for M1, and 
16.74 to 25.87 for M2), dry weight of one fruit (from 10.44 to 
15.44 for M1, and 19.36 to 23.10 for M2) and number of seeds 
per fruit (from 90.33 to 93.30 for M1, and 95.33 to 96.67 for M2) 
in M1 et M2, as opposed to T1, T2, and T3 which were treated 
with NaN3 (Table 2). As the concentration of NaN3 increases, 
the values of all four fruit descriptors decrease, regardless of 
variety (p˂0.05). However, we have observed a lack of value in 
the Locale 1 variety for the T3 treatment (Table 2).

Variations of enzymatic activities in the okra leaves

Figure 6 depicts the effects of different NaN3 doses (0, 2, 4, 
and 6 g/L) on enzymatic activity (PAL, PPO, CAT, and POX) 
in the leaf tissues of three okra varieties (Locale 1, Hire, 
and Yellen) investigated. In plants treated with SA, all the 
enzymatic activities were slightly increased when compared 
to the control (non-treated plant: T0). Whatever enzyme 
activity was investigated in our study, the NaN3-treated Yellen 
variety outperformed the other two varieties in M1 and M2 
[POX (0.34 to 0.59 ∆A420/min/g protein for M1 and 0.26 to 0.59 
∆A420/min/g proteins for M2), CAT (0.20 to 0.60 ΔA 240/min/mg 
of protein for M1, and 0.31 to 0.70 ΔA 240/min/mg of protein 
for M2), PPO (0.091 to 0.22 ΔA 290/min/mg of protein for M1, 
and 0.078 to 0.24 ΔA 290/min/mg of protein for M2), and PAL 
(0.12 to 0.36 nmol min/mL of protein for M1, and 0.15 to 0.31 
nmol min/mL of protein for M2)] (figure 6).

Relationship between Parameters Investigated

Multiple linear regression (MLR)

Table 3 indicates that the variance inflation factor (VIF) values for 
the variables contained in the model are less than 5 in yield and 
growth parameters, with the exception of NLP (8.24). Contrarily 
to VIF values higher than 5 for all of the enzymatic activities 
investigated (Table 3). However, NFP (0.409, p<0.01), FW1F 
(0.979, p<0.01) and CAT activity (0.356, p<0.01) displayed a 
positive and highly significant effect, but POX activity was highly 
significant and negative effect (Table 3).Therefore, the variation 
explained by induction sodium azide on three okra varieties in 
M1 and M2 was R²=0.377 for yield, R²=0.101 for growth, and 
R²=-0.218 for enzymatic activities (Table 3).

Principal component analysis (PCA)

A PCA was generated to visually represent the affinities between 
the three varieties as well as the relationships between all of the 
parameters (growth, productivity, and enzymatic) evaluated 
(Figure 7). For M1 (PC1: 75.69% and PC2: 24.31% of the total 
variability) and M2 (PC1: 82.08% and PC2: 17.92% of the total 
variability), the first two principal components represented 
100% of the total variability of all the characteristics investigated 
(Figure 7). In M2, the plant height and number of leaves per plant 
of Locale 1 variety were dominating features in the PC1, whereas 
the stem diameter, number of fruits per plant and peroxidase 
activity were the most prominent features in the PC2 (Yellen 
variety) (Figure 7). In contrast, in M1, apart from the dominance 
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Table 2: Productivity traits (means±SD) of okra varieties after NaN3‑treated 
Varieties Conc. NFP FW1F (g) DW1F (g) NSF

M1 M2 M1 M2 M1 M2 M1 M2

Locale 1 T0 8.08±2.40c 14.08±2.05d 14.22±1.12cd 23.70±2.19d 10.44±2.52cd 19.36±1.15c 91.00±3.21a 96.67±4.92a

T1 3.42±1.02a 10.27±1.60c 10.31±1.43b 27.51±1.82f 7.10±1.23b 24.02±2.02d 79.00±4.17b 80.33±2.78b

T2 3.17±1.50a 5.92±2.30a 7.88±2.11a 14.66±1.32a 5.87±1.18a 12.42±1.03a 71.67±1.02c 72.33±1.21c

T3 0 ‑ 0 ‑ 0 ‑ 0 ‑
Hire T0 8.25±2.99c 11.83±2.85c 16.21±1.33e 25.87±1.65e 15.44±2.01f 23.10±3.12d 93.30±2.14a 95.33±3.02a

T1 4.50±1.11ab 5.75±1.22a 13.52±2.24c 20.11±0.73c 9.55±1.52c 17.04±1.23b 83.33±2.55b 84.00±1.06b

T2 4.00±1.78a 5.67±1.35a 10.38±1.17b 19.95±1.19c 8.66±1.23bc 17.00±0.51b 84.33±2.09b 82.00±0.90c

T3 3.83±1.63a 6.25±2.01a 10.45±1.09b 20.82±1.32c 8.77±0.95b 17.02±1.81b 83.67±2.33b 84.67±1.08b

Yellen T0 10.25±2.90d 14.42±2.11d 16.74±1.88e 22.13±2.08a 13.00±1.12 e 19.52±1.16c 90.33±5.12a 96.33±6.98a

T1  3.92±1.33a 7.83±2.12b 12.13±2.06c 24.43±1.08d 9.65±1.02 c 20.86±2.42c 79.67±2.78c 80.67±2.02c

T2  3.67±1.51a 7.00±2.71ab 12.69±1.71c 23.05±2.22d 9.43±1.45 c 19.49±1.12c 66.00±4.11d 72.33±2.72d

T3  5.75±1.05b 6.90±3.01ab 10.18±1.05b 16.87±2.07b 8.22±2.45 bc 17.95±1.01b 84.00±2.12b 85.33±1.98b

NFP=Average number of fruit per plant; FW1F=Average fresh weight of one fruit; DW1F=Average dry weight of one fruit; NSF=Average number of 
seeds per fruit 
Con.=concentration in NaN3. The means followed by the same letter in the same column are not significantly different in the Turkey HSD test at 
(P˂0.05)

Figure 6: Effect of NaN3 on four enzymatic activities in three okra varieties in M1 and M2. M1: A1 (POX), B1 (CAT), C1 (PPO), D1 (PAL) and 
M2: A2 (POX), B2 (CAT), C2 (PPO), D2 (PAL). Significantly different at p<0.05
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of plant height in PC1, we observe significant enzymatic activities 
(POX, CAT, PPO, and PAL) in Locale 1, but the Yellen and 
Hire varieties were the most influenced by the other parameters 
(growth and productivity) that dominate PC2 (Figure 7).

Estimates of variability parameters for different traits

After analyzing the genetic variances in M2 generations of three 
okra varieties, we observed that the phenotypic coefficient of 
variation (PCV) was higher than the genotypic coefficient 
of variation (GCV) for all descriptors studied after different 

mutagen treatments (Table 4). The PH (60.66), PPO (56.32), 
and NFP (44.08) traits of the three studied, respectively 
growth, enzyme system, and yield parameters, were the 
highest in PCV (Table 4). The FA trait had the highest value 
in GCV (44.77), with a PCV value of 51.12 (Table 4). Broad-
sense heritability ranged from 12.01% (POX) to 77.40% (FA) 
(Table 4). The descriptors FA, SG, and NFP all had high broad-
sense heritability estimates with 77.40%, 72.66% and 64.76% 
respectively. In contrast, moderate estimates of broad-sense 
heritability were obtained for PAL, DW1F, PH, NLP, and SD, 
with percentages ranging from 30% to 60% (Table  4). The 

Table  3: Multiple linear regression analysis of variables (growth and yield parameters, and enzymatic activities) studied in 
generations M1 and M2

Yield parameters Growth parameters Enzymatic activities

Variables Estimate P(>|t|) VIF Variables Estimate P(>|t|) VIF Variables Estimate P(>|t|) VIF

Intercept 3.354 <0.001*** Intercept 1.619 <0.001*** Intercept 5.266 <0.001***
NFP 0.139 0.409** 3.49 NLP 0.276 0.134* 8.24 CAT 0.356 0.718** 5.750
FW1F 0.148 0.979** 3.49 FA ‑0.004 0.167ns 4.38 POX ‑21.32 w0.967** 5.800
DW1F 0.002 0.324* 2.65 PH ‑0.026 0.200* 3.09 PAL ‑6.477 0.863* 28.37

SG 0.020 0.494ns 5.20 PPO 7.088 0.373* 27.27
SD 0.361 0.411ns

R² 0.377 R² 0.101 R² ‑0.218

*=Significant; **=highly significant; ns=no significant; VIF=variance inflation factor; R²=coefficient of determination; NFP=average number 
of fruit per plant; FW1F=average fresh weight of one fruit; DW1F=average dry weight of one fruit; NLP=average number of leaves per plant; 
FA=average foliar area; PH=average plant height; SG=average seed germination; SD=average stem diameter; CAT=catalase, POX=peroxidase; 
PAL=phenylalanine ammonialyase; PPO=polyphenol oxidase

Figure 7: Principal component analysis based on growth traits, productivity and enzymatic activities from three okra varieties in M1 and M2
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Table 4: Estimates of variability, broad‑sense heritability, and genetic advance as a percent of mean for growth, yield, and enzymatic 
activities in okra generations M2

Character Mean Range Coefficient of variation Heritability in 
broad‑sense (H²)

Genetic advance
(GA)

Genetic advance as 
percentage of mean (GAM)Min. Max. GCV PCV

NLP 12.76 8.92 21.04 22.40 39.06 47.33 0.23 26.67
FA 312.96 245.57 657.16 44.77 51.12 77.40 0.38 80.77
PH 38.47 40.89 96.11 12.24 60.66 40.72 0.06 5.09
SG 63.78 41.22 100.00 30.60 38.27 72.66 0.36 50.42
SD 9.77 6.35 15.95 21.05 33.90 54.02 0.27 26.94
NFP 6.44 5.11 12.33 31.24 44.08 64.76 4.63 94.52
FW1F 15.78 8.67 22.12 16.13 28.19 22.03 3.06 26.36
DW1F 13.12 6.54 19.73 16.01 28.36 36.41 3.03 33.06
NSF 76.51 40.03 94.98 10.64 32.33 27.22 2.75 3.65
CAT 0.43 0.20 0.65 19.95 41.84 12.23 0.11 0.85
POX 0.37 0.09 0.59 6.94 50.85 12.01 0.00 1.95
PAL 0.23 0.06 0.33 11.28 42.44 33.07 0.01 6.18
PPO 0.12 0.09 0.22 8.13 56.32 18.10 0.05 2.02

Min.=minimum; Max.=maximum; GCV=genotypic coefficient variance; PCV=phenotypic coefficient variance; NFP=average number of fruit per 
plant; FW1F=average fresh weight of one fruit; DW1F=average dry weight of one fruit; NLP=average number of leaves per plant; FA=average foliar 
area; PH=average plant height; SG=average seed germination; SD=average stem diameter; NSF=average number of seed per fruit; CAT=catalase, 
POX=peroxidase; PAL=phenylalanine ammonialyase; PPO=polyphenol oxidase

genetic advance was given as a percentage of mean values that 
varied from 0.85 (CAT) to 94.52 (NFP) (Table 4). However, 
the FA and NFP traits revealed the highest levels of heritability 
(77.40% and 64.76%) and GAM (80.77% & 94.52%), respectively. 
We additionally noticed a high value of 4.63 in genetic gain 
(GA) for the NFP character (Table 4).

DISCUSSION

Three Cameroonian okra varieties were subjected to a chemical 
mutagen-induced mutation method in order to generate novel 
genetic diversity that could affect crop development and 
productivity. After induced mutagenesis, all of the resulting 
phenotypes are inherited. However, the M2 generation of the 
three varieties examined performed well in all of the traits 
investigated (growth, yield, and enzymatic activity), as opposed 
to the M1 generation (Locale1, Yellen, & Hire), which received 
various sodium azide treatments. It developed into necessary to 
focus efforts on a particular number of M2 generation (Srivastava 
et al., 2011). Our research demonstrated that the mutagen 
used during the intense cell division process of germination 
would have had an inhibitory action, slowly leading to partial, 
then total, inhibition of the seed germination rate depending 
on the dose of NaN3. In fact, emergence and germination are 
linked biological processes. Similarly, a progressive decrease in 
the values of this parameter was observed when the effects of 
increasing doses of this mutagen were observed on four distinct 
varieties of Lycopersicon esculentum (Adeosun et al., 2020). It 
was discovered in Capsicum annuum that large quantities of 
this mutagen gradually lowered physiological and biological 
processes to the point of preventing cell division (Omeke, 
2021). This finding is consistent with the results obtained 
in the T3 treatment (0% seed germination rate in Locale 1). 
Furthermore, the plant died as a result of applying sodium 
azide at high quantities, which was above the suggested dose 
(Zeinullina et al., 2023). According to research by Naaz et al. 
(2019), a change in the mitochondrial apparatus may result in an 

ATP deficit and an interruption in germination. NaN3’s activity 
would result in a decrease in emergence and a corresponding 
fall in germinate performance. Similar findings were reported 
by Viani et al. (2019), who highlighted that the O-acetylserine 
sulfhydrylase enzyme produced the molecule that conferred this 
mutagen its effectiveness. It is believed that this organic azide 
molecule, which enters the cell nucleus, interacts with genomic 
DNA to alter amino acids, changing the way that proteins 
that are probably made regularly function (Mosisa et al., 2013; 
Srivastava et al., 2019). This could account for the variation in 
the plant’s reaction that was noticed.

The reduction in leaf number per plant and leaf area of all 
three varieties in this study was caused by a decrease in the 
mechanisms associated with leaf renewal, which are related to 
leaf enlargement, as a result of the NaN3 treatments. Similar 
results were reported in the study of Yafigham et al. (2018), who 
indicated that increasing NaN3 concentrations ranging from 0 to 
1.60 mM will diminish leaf number production in C. annuum. 
Notwithstanding the current experiment’s outcomes, earlier 
research on plant species including L. esculentum, A. moschatus, 
and S. indicum showed that sodium azide improved leaf 
performance (Mensah & Obadoni, 2007; Aminu et al., 2017). 
Specifically, the reaction of all three varieties of L. esculentum 
subjected to this mutagen showed that sodium azide might 
promote the formation of leaf primordia, leading to a higher 
number of leaves in treated individuals in comparison to the 
control sample (Aminu et al., 2017). It was determined that 
chromosomal damage, disrupted enzymatic activities, and 
an accumulation of protein and mineral metabolism were 
the causes of the reduction in leaf development values (leaf 
abnormalities) (Grover & Virk, 2017).

However, as the stem girth in particular gives the plant 
tremendous strength to survive in the field, plant height is 
also an important characteristic of okra. In the three varieties 
we utilized, we observed a decrease in plant height and girth 
diameter in our data. It is believed that this decrease results 
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from NaN3’s detrimental effects on the processes involved in 
leaf production and the growth of leaf blades. These findings 
suggest a reduction in photosynthetic activity, which in turn 
suggests a reduction in the total amount of energy and organic 
matter produced, both of which are necessary for the plant’s 
growth in width (auxesis) and height (meresis). Our findings 
are consistent with those of (Mensah & Obadoni, 2007; 
Sheikh et al., 2012), who noted that the mutagen’s effect on 
S. indicum and T. aestivum would be due to sodium azide acting 
as a respiratory inhibitor and depriving the cells of the energy 
required for mitosis, which would cause a decrease in height. 
As per reference (Omeke, 2021), the induction of a reduction 
in stem diameter by sodium azide is ascribed to the obliteration 
of genetic material and the suppression of cell division, which 
subsequently hinders the expansion of stem thickness. When 
increasing NaN3 concentrations of 0-1.60 mM, 0-2.5 mM, 
0.5-2 mM, and 0-0.05% were applied to C. annuum (Yafizham 
et al., 2018), Oryza sativa (Dewi et al., 2016), T. aestivum 
(Türkoğlu et al., 2023), and Phaseolus vulgaris (Mosisa et al., 
2013), it was observed in a practical illustration that the plant 
specimens shrank in comparison to the controls. There are 
several reasons that could support the quantitative decrease 
in the percentage of plant material produced when sodium 
azide is used. These include perturbations in the stability of 
growth regulators and promoters, such as brassinosteroids, 
which result in altered plant development; and physiological 
disruption of chlorophyll production in mutants (Mitchum 
et al., 2006; Gnanamurthy et al., 2013). Similarly, two elements 
contribute to the shorter (semi-dwarf) plants that are produced 
when this mutagen is applied. First of all, it modifies gibberellin 
production, which is responsible for inducing stem elongation. 
Second, the final link in the electron transfer chain that 
influences breathing is inhibited by azide ions sativa (Dewi 
et al., 2016). On the other hand, an increase in plant height 
was noted for increasing amounts of 0-0.4% and 0-0.5% sodium 
azide applied, respectively, to Diospyros lotus (Mensah & 
Obadoni, 2007) and the Kvartet variation of Panicum miliaceum 
(Zeinullina et al., 2023).

The complex effects of NaN3 treatment on plants vary with 
concentration and involve a variety of interactions that can 
both accelerate and inhibit growth. The ability of some enzymes 
to react to biotic or abiotic stress is linked to their variety 
susceptibility and determines how they respond. In addition, 
sodium azide is a salt, which may induce abiotic stress (salt 
stress). As NaN3 concentration increased, POX, CAT, PAL and 
PPO were found to increase in Locale 1, in contrast to the fall 
in these parameters’ values that was noted somewhat in Hire 
and more prominently in Yellen. Differences in the mutagen’s 
absorption or metabolism in plant cells could be the cause of 
the diversity in these reactions (Yafizham et al., 2018). Jude 
et al. (2016) and Elian et al. (2021) showed that these enzymes 
are thought to be biochemical indicators of stress resistance, 
both biotic and abiotic. Sodium azide functions as a nitric 
oxide (NO) donor when H2O2 and catalase are present, as well 
as a catalase inhibitor. Here, we demonstrated how reactive 
nitrogen species produced by catalase-catalyzed oxidation of 
NaN3 can aid in tyrosine nitration when H2O2 is present (Ogino 
et al., 2001). Heme-containing enzymes such cytochrome 

oxidase, peroxidase, and catalase are inhibited by sodium azide. 
According to Khan et al. (2009) seedlings treated with NaN3 
yield mutant plants that have more capacity for antioxidation 
than normal plants. In particular, PPO activity is one of the 
plant’s most potent defensive tools because of its capacity to 
create quinones (Elian et al., 2017). They are useful markers 
for measuring the effects of the mutagen in this regard. With 
the intention of enabling the plants to subsequently have a 
continuous and sufficient production of fruit biomass as in 
M2, the increase observed in Locale 1 would be the result of 
the activation of new genes, enhancing the character associated 
to the creation of this enzymatic resource. Furthermore, 
the genetic uniqueness of this variety would promote the 
development of a self-regulating system aimed at mitigating 
or even eliminating the inhibitory, detrimental effects of 
NaN3. Thus, this situation would be to blame for the conflict 
observed between the morphological, agronomic and enzymatic 
responses recorded in Locale 1. Depending on the varietal 
specificity of the drug, the stress caused by its salty characteristic 
could result in disorders that cause an increase or decrease in 
the synthesis of these enzymes (POX, CAT, PAL, and PPO). 
Because peroxidases are physiologically ubiquitous and naturally 
play a significant role in plant protection, sodium azoture can 
easily increase the production of these enzymes (Diao et al., 
2019). Prior studies assessing the effects of increasing NaN3 
doses on peroxidase and catalase activities on P. sativum, 
Vicia faba, and Helianthus annuus have demonstrated that 
this mutagen is useful in gradually raising the values of these 
enzyme parameters (Elfeky et al., 2014; Hamouda et al., 2014). 
Moreover, P. sativum and Vicia faba showed a six-fold increase in 
peroxidase activity after being exposed to high concentrations 
of NaN3 in comparison to their controls (Hamouda et al., 
2014). Furthermore, in P. sativum and V. faba (Saad-Allah 
et al., 2014) and T. aestivum (Sheikh et al., 2012), an increase 
in total protein (including enzymes) was seen in proportion to 
the increase in NaN3 concentrations from 0 to 4 mM and then 
from 0 to 0.04%, respectively. As a carcinogenic salt, sodium 
azide induces metabolic problems, which are characterized 
by an excess of H2O2, which raises the activity of peroxidase 
(Elfeky et al., 2014). According to (Zeinullina et al., 2023), 
the genetic apparatus would be influenced by the increase in 
enzyme activity that results from the mutational effect of NaN3. 
This could increase plant resistance to harmful environmental 
factors and pathogens, resulting in higher yields and improved 
quantitative characteristics (plant weight, fruit weight, number 
of fruits, etc.). It is well known that chromosomal aberrations, 
or modifications to the DNA molecule’s structure (a disarray 
of the regular nucleotide arrangement), are the source of 
NaN3-induced mutations. These aberrations result in genetic 
information changes that are translated into various expressions, 
like the three varieties examined here (Yafizham et al., 2018). 
Sodium azide disrupts the enzymatic activity of the plant, 
according to (Liamngee et al., 2017).

Genetic variability is essential for any crop improvement 
initiative. The analysis of variance of three okra varieties for 
growth parameters (NLP, FA, PH, SG, and SD), yield (NFP, 
FW1F, DW1F, and NSF), and enzyme activities (CAT, POX, 
PAL, and PPO) reveals genetic variability in M2 generation 
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material. All of the characters resulting from treatment 
(sodium azide) under study displayed a wide range of values, 
indicating substantial possibility for exploiting the traits 
across the selection process. The analysis of variance for the 13 
descriptors of the three okra varieties revealed that PCV (60.66 
for plant height) was greater than GCV (44.77 for foliar area) 
for all features, showing that the environment influences the 
expression of the traits. These findings are consistent with those 
reported by Sundari et al. (2022), who discovered that the values 
of the agronomic characteristics tested on Sesamum indicum 
were more significant in PCV than GCV. This would suggest that 
the observed variation is due to both environment influences 
and genetics. According to Ramya et al. (2017)’s observations 
on restorer lines of Penniqetum glaucum, the GCV offers a 
valuable approach for examining the variability of different 
phenotypes since it depends the heritable genetic part of total 
variation. However, heritability in broad sense and predicted 
genetic advance as a percentage of the mean are essential 
genetic parameters of the trait characteristic under selection. 
This study found high estimates of broad-sense heritability 
(H²>60%) for foliar area (H²<77.40%), seed germination 
(H²<72.66%), and number of fruits per plant (H²<64.76%). 
These results are consistent with those of Singh et al. (2014) 
and Ramya et al. (2017). Dry weight of one fruit (H²=36%) 
recorded moderate estimates of broad-sense heritability. Yahaya 
(2015) reported comparable findings about grain yield per plant. 
The results of Mohammadi et al. (2012) also found that the 
descriptors fruit per plant and yield of fruit per plant are the 
most important in okra growing. The most significant values 
of genetic advance were for number of fruit per plant (94.52%), 
foliar area (80.77%), seed germination (50.42%), and dry weight 
of one fruit (33.06%), highlighting that these descriptors are 
governed by additive gene effects and that selection will benefit 
the enhancement of these characters in okra. Previous studies 
by Panigrahi et al. (2014) and Seck et al. (2023) yielded similar 
results on Vigna mungo and Oryza sativum, respectively. Genetic 
gain might be deemed the yearly efficiency improvement 
obtained through selective breeding. However, our research 
presented that foliar area (H² =77.40% and GAM=80.77%) 
and number of fruit per plant (H²=64.76% and GAM=94.52%) 
exhibited high estimates of broad-sense heritability and genetic 
advance as percent of mean, highlighting that these descriptors 
may be developed further using basic selection approaches. This 
would imply that the broad-sense heritability value linked to 
genetic advance as percent of mean was more trustworthy than 
heritability estimates alone for character selection (Vijay et al., 
2015; Ramya et al., 2017). Muluken et al. (2016), for example, 
demonstrated that combining high heritability and high GAM 
would offer more information than each parameter isolated, 
revealing how genes cooperate and are transformed.

CONCLUSION

Three different okra cultivars were treated to sodium 
azide (NaN3), and their genetic variability was examined 
in order to identify exploitable growth, productivity, and 
enzymatic characteristics. Through mutagenesis using varying 
concentrations of sodium azide on okra seeds, our varieties 

Locale 1 (plant height), Yellen (seed germination and number 
of fruits per plant), and Hire (weights of a fresh seed and a dry 
seed) demonstrated the best results, regardless of the M1 and M2 
generations. On the other hand, a number of growth and yield 
characteristics showed a negative correlation with sodium azide 
administration, indicating that the plant was doing better when 
it came to enzymatic indicators of resistance (bioprotection), 
such as PPO, CAT, PAL, and POX. The production process of 
the facility can incorporate these enhanced features. Likewise, 
quantitative genetic parameters (variability, heritability, and 
genetic advance) might be helpful in the selection of certain 
trait. Through hybridization, these enhanced characteristics 
can be integrated with other, sensitive, and untested varieties. 
Therefore, other plant species with high food intake that have 
not yet been examined for this mutagen should also be exposed 
to this genetic enhancement technique.
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