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  Abstract 
Salinity stress as a major environmental factor negatively impacts plant produc-
tivity. A wide range of adaptation strategies is required to overcome this stress. 
An alternative strategy could be exogenous application of plant growth regula-
tors. The present study was carried out to study the effect of seed pretreatment 
with salicylic acid on some growth parameters, volatile compounds and antioxi-
dant activity of salt-stressed two genotypes of okra plant. The results of this 
study showed that the salicylic acid is a valuable biological plant growth regula-
tor that could enhance salt tolerance in okra plant under 50, 100, 150, and 200 
mM NaCl levels resulting in an increase in plant growth and antioxidant en-
zymes activities, when compared with the NaCl-treated control groups. There-
fore, salicylic acid is a promising tool to improve plant growth and quality under 
harsh environmental conditions. 
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1. Introduction 

Vast majority of plant species exposed to environmental factors on a daily basis, and among them is the salinity stress. 
Salinity as abiotic stress constitutes a major threat to agricultural productivity worldwide and usually associated to var-
ious biochemical responses such as elevated free radicals content, which invariably leads to oxidative stress [1], with 
morphological, and physiological changes [2]. When plants root exposed to excess salts in the environment, they pro-
duce excessive amounts of reactive oxygen species (ROS) like hydrogen peroxide (H2O2) radicals’ superoxide (O2

●−), 
and singlet oxygen (1O2) [3]. During saline conditions, there is high accumulation of Na+ and Cl−, which are detrimental 
factors that may lead to ion imbalance, ion toxicity, and physiological disorder [4]. Salinity significantly affect okra 
(Abelmoschus esculentus) productivity in arid and semi-arid areas. Okra is a multipurpose crop grown for its fruits and 
seeds, which have numerous biological properties [5]. Okra growth and productivity affected by salinity as one of its 
major environmental factors [6]. 

Various techniques had been put in place to control salinity adverse effects on plants including but are not limited to 
utilization of transgenic plants and breeding programs [7], chemical priming [8], and salicylic acid [9]. Salicylic acid 
(SA) is a well-known signaling messenger that plays a pivot role in disease resistance, stress tolerance, and fruit yield 
[10]. Various studies indicate the ability of exogenous application of SA under saline conditions to increase the accu-
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mulation of osmolytes, enhance antioxidant protection, and maintain optimum Na+/K+ ratio, which is suggested as po-
tential mechanisms of salt tolerance in plants [11-12]. Our previous works indicated that SA minimizes the negative 
effects of salt stress by improving accumulation of compatible solutes, and increasing antioxidant activity [13-14]. The 
aim of this study was to investigate the impact of salicylic acid on some key biochemical and physiological parameters 
in salt-stressed okra. 

2. Materials and Methods 
2.1. Plant cultivation and Chemical treatments 

Seeds of okra genotypes LD-88 and NHe 47-4obtained from genetic resources Department in National Horticultural 
Research Institute Ibadan, Nigeria. The seeds were surface sterilized with 1% sodium hypochloride solution (NaOCl) 
for 2 minutes, and finally rinsed with distilled water. Seeds were soaked in a salicylic acid (SA) solution at concentra-
tions of 10-2, 10-4, and 10-6 mM respectively and distilled water to soak the seeds used as control for 24 hours in the dark 
at 25°C. Thereafter, the solutions were decanted off and seeds washed 2-3 times with distilled water, and vacuum dried 
for 1 hour. The seeds (n=5) were then sown in pots containing 10 kg of soil already treated with 0 (control), 50, 100, 
150, and 200 mM NaCl solutions. All pots for each genotype were irrigated with normal tap water on weekly basis to 
achieve soil water field capacity for the period of cultivation. The experiment was in a complete randomize designed 
and each treatment was replicated three times. Treatments were as follows: 

a) Control: 0 (tap water only) 
b) Salinity Level (4): 50, 100, 150, and 200 mM NaCl 
c) Salicylic acid Level (3): 10-2, 10-4, and 10-6 mM SA 

After eight weeks of germination, plant heights (cm) were measured then all plants were harvested. Flag leaf area per 
plant was measured and the fresh weight (g) was measured then the dry weight (g) was obtained following drying at 
room temperature (25°C) according to Elansary and Mahmoud [15]. Plants of each group were collected to investigate 
the biochemical changes. 

2.2. Growth Parameters 
2.2.1. Shoot length 

The length measurements were carried out from above soil surface until the end of growing tip of the plants and rec-
orded in centimeters with the aid of meter scale. 

2.2.2. Flag leaf area 
The leaf area (cm2) was determined by using the method of Elansary and Mahmoud [15] with the following proposed 

equation: 
𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝐿𝐿𝑎𝑎𝐿𝐿𝐿𝐿 = 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿ℎ𝑡𝑡 𝑥𝑥 𝐵𝐵𝑎𝑎𝐿𝐿𝐿𝐿𝐵𝐵𝑡𝑡ℎ 𝑥𝑥 0.75                                (1) 

2.2.3. Fresh and dry weight of shoot 
Plants from every treatment were weighed immediately after cutting and estimation of the fresh weight of shoot was 

carried out. The fresh materials were oven dried at 80°C to a constant dry weight. The fresh and dry weight of shoot 
were calculated (Elansary and Mahmoud) [15]. 

2.3. Enzyme extractions and assays 
The method described by Tejera et al. [16] was applied to prepare crude enzyme extract. A 1 g of plant sample was 

soaked in a buffer solution of potassium phosphate (0.1 M, pH 6) with 0.5 mM EDTA. The sample extract was centri-
fuged at 15,000 rpm for 20 min. The enzymes content of the supernatant was then determined. 

2.3.1. Ascorbate peroxidase assay 
Ascorbate peroxidase activity was estimated according to the method outlined by Yoshimura et al. [17]. The mixture 

of the reaction contained a buffer solution of potassium phosphate (50 mM, pH 7.0) with 0.1 mM of hydrogen peroxide, 
0.5 mM ascorbic acid and 200 μL of enzyme extract. The mixture was incubated for 5 min at 25 ºC. The activity of 
ascorbate peroxidasewas measured at 550 nm using UV/VIS Spectrophotometer. The enzyme activity was expressed as 
units’ mg-1 protein. 

2.3.2. Polyphenol oxidase assay 
Polyphenol peroxidase activity was estimated by using the method of Oktay et al. [18] with slight modifications. The 

mixture of the reaction contained buffer solution of 0.1 M potassium phosphate at pH 6.0 with enzyme extract (0.5 mL) 
and 0.1 M catechol (1.0 mL). The reaction medium was incubated at 25 ºC for 5min. After which, 1 mL of 2.5 N H2SO4 
was added to stop the reaction. The reading was taken at 495 nm using UV/VIS Spectrophotometer. 
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2.4. Total flavonoids determination 
The Parket al. [19] method was applied to determine the total flavonoid concentration in the sample. The mixture of 

the reaction contained 0.15 mL of 0.3 M aluminium chloride (AlCl3), 0.15 mL of 0.5 M sodium nitrite (NaNO2), 3.4 mL 
of 30% methanol, and 0.3 mL of the sample extract. The addition of 1 M sodium hydroxide (1 mL) was done after 5 
min. Incubation was done for about half an hour at 25°C. Quercetin served as the standard by using its standard curve 
for determining the flavonoids concentration. Then, the reading was taken at510 nm using UV/VIS Spectrophotometer 

2.5. Total phenolic determination 
The spectrophotometric method was employed to determine total phenolic content in the sample [20]. Approximately 

1 mL of Folin-ciocalteu’s phenol reagent was added to 1 mL of the sample. A 10 mL of 7% Na2CO3 solution was added 
to the mixture after 5 min. and thoroughly mixed with distilled water (13 ml) using a magnetic stirrer. The reaction was 
stored for 90 min at 25 ºC in the dark. The reading was then taken at 750 nm using UV/VIS Spectrophotometer. Gallic 
acid was used as the standard by using its standard curve for determining the phenolic concentration. 

2.6. Statistical analysis 
The data collected were subjected to three-way analysis of variance (ANOVA) using the Statistical Package for the 

Social Sciences (SPSS). Sample means were compared using Tukey-Kramer multiple comparison procedure at P< 0.05. 

3. Results 
3.1. Growth parameters 

In Tables 1 and 2, it was clearly observed that all morphological aspects of salt-stressed okra genotypes were reduced 
with increase in salt concentrations. But treatment of okra genotypes with the salicylic acid improved these morpholog-
ical values above the normal control for both genotypes. The individual concentration of salicylic acid, as well as the 
combined treatments of salicylic acid with different concentrations of salt stress significantly increased the shoot length, 
flag leaf area, fresh weight and dry weight values of the two genotypes as compared to both normal and negative con-
trols (Tables 3 and 4). 

Table 1. Effect of NaCl on growth parameters of okra (genotype 47-4) 

Treatment (NaCl) mM Shoot length (cm) Fresh weight (mg) Dry weight (mg) Leaf areas (cm2) 

0 37.18 ± 0.18 13.94 ± 0.25 2.75 ± 0.04 150.00 ± 5.00 

50 34.71 ± 0.07 10.70 ± 0.05 2.73 ± 0.02 203.00* ± 3.51 

100 29.50 ± 0.06 10.51 ± 0.06 2.66 ± 0.03 172.00* ± 1.17 

150 28.37 ± 0.08 9.73* ± 0.06 2.45 ± 0.04 125.56* ± 1.76 

200 21.31* ± 0.29 9.73* ± 0.04 2.43* ± 0.04 54.40* ± 0.56 

Values are the mean of three replicates mean ± SE (n = 3). 
* Significant differences at P = 0.05 when compared with normal control. 

Table 2. Effect of NaCl on growth parameters of okra (genotype LD 88) 

Treatment (NaCl) mM Shoot length (cm) Fresh weight (mg) Dry weight (mg) Leaf areas (cm2) 

0 34.99 ± 0.60 17.22 ± 0.22 2.51 ± 0.05 181.82 ± 1.45 

50 31.58 ± 0.59 10.48* ± 0.08 2.49 ± 0.07 175.56 ± 1.47 

100 31.15 ± 0.31 10.20* ± 0.10 2.43 ± 0.04 152.24* ± 1.50 

150 31.10 ± 0.20 9.91* ± 0.07 2.42 ± 0.04 148.00* ± 2.65 

200 28.20* ± 2.96 9.67* ± 0.03 2.37* ± 0.04 83.04* ± 2.09 

Values are the mean of three replicates mean ± SE (n = 3). 
* Significant differences at P = 0.05 when compared with normal control. 

3.2. Ascorbate peroxidase activity (APX) 
Table 5 shows a reduction in the ascorbate peroxidase activity with increase concentrations of salinity stress in 

salt-stressed okra 47-4 genotype. The ascorbate peroxidase activity increased with increase concentration of salinity 
stress, but with exception of the group treated with 150 and 200mM NaClin LD 88 genotype (Table 6). But under the 
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combined effect of salicylic acid and NaCl, the ascorbate peroxidase activity was observed to be steadily increased in a 
group treated with 10-4mM SA with exception of the group treated with 200 mMNaCl in genotype 47-4 (Table 5). In 
Table 6, increase in ascorbate peroxidase activity was observed in the combined effect of SA and NaCl in group treated 
with 10-4mM SA at 100, 150, and 200 mM NaCl respectively in LD 88. 

Table 3. Effect of SA and NaCl on growth parameters of okra (genotype 47-4) 

SA (mM)Treatment NaCl (mM) Shoot length(cm) Fresh weight(mg) Dry weight (mg) Leaf areas (cm2) 

10-2 

0 
50 

100 
150 
200 

39.18 ± 0.18 
36.68 ± 0.60 
36.52 ± 0.03 
31.55 ± 0.05 
31.00* ± 0.01 

13.94 ± 0.25 
13.42 ± 0.03 
12.26 ± 0.03 
11.07 ± 0.02 
10.33 ± 0.03 

3.54 ± 0.04 
3.54 ± 0.02 
3.42 ± 0.02 
3.12 ± 0.02 
2.53 ± 0.03 

150.00 ± 2.43 
167.33 ± 2.08 
175.53 ± 3.84 
176.87 ± 1.20 

195.74* ± 1.53 

10-4 

0 
50 

100 
150 
200 

40.12 ± 0.18 
38.48 ± 0.60 
30.12 ± 0.05 
30.05 ± 0.06 
10.00* ± 0.01 

15.44 ± 0.05 
15.12 ± 0.04 
13.56 ± 0.01 
11.00 ± 0.05 
10.43 ± 0.02 

4.25 ± 0.02 
3.72 ± 0.01 
3.22 ± 0.03 
2.98 ± 0.04 
2.47 ± 0.01 

153.05**± 3.32 
157.35 ± 2.08 
165.50 ± 4.04 
180.87 ± 3.02 

200.74* ± 5.53 

10-6 

0 
50 

100 
150 
200 

58.78 ± 0.38 
40.00 ± 0.50 
35.12 ± 0.05 
32.05 ± 0.06 
31.08* ± 0.02 

15.92 ± 0.05 
14.45 ± 0.02 
12.57 ± 0.03 
12.08 ± 0.05 
05.75* ± 0.04 

4.25 ± 0.02 
3.72 ± 0.01 
3.22 ± 0.03 
2.98 ± 0.04 
2.47 ± 0.01 

157.07**± 3.00 
162.25 ± 2.50 
170.50 ± 4.25 
183.85 ± 5.00 

195.74* ± 4.45 

Values are means ± SE (n = 3). * and ** Significant differences at P≤ 0.05 to the positive control, and within negative contr ols with SA respec-
tively determined by Tukey-Kramer multiple range test. 

Table 4. Effect of SA and NaCl on growth parameters of okra (genotype LD 88) 

SA (mM)Treatment NaCl (mM) Shoot length (cm) Fresh weight (mg) Dry weight (mg) Leaf areas (cm2) 

10-2 

0 
50 

100 
150 
200 

35.20 ± 0.32 
34.69 ± 0.14 
35.52 ± 0.24 
31.33 ± 0.14 

21.02* ± 0.22 

17.42 ± 0.03 
13.25 ± 0.02 
11.27 ± 0.02 
11.43 ± 0.03 
11.27*± 0.02 

3.67 ±0.02 
3.10 ± 0.01 
2.58 ± 0.02 
2.63 ± 0.03 
3.62 ± 0.02 

182.15 ± 4.10 
235.63** ± 3.01 
210.33** ± 5.50 
175.55 ± 6.07 
108.12 ± 7.05 

10-4 

0 
50 

100 
150 
200 

44.25 ± 0.23 
35.35 ± 0.21 
35.72 ± 0.13 
30.33 ± 0.22 

20.05* ± 0.23 

18.22 ± 0.06 
15.20 ± 0.03 
15.25 ± 0.05 
14.40 ± 0.02 
14.27± 0.05 

4.60 ± 0.03 
4.10 ± 0.02 
3.55 ± 0.03 
2.75 ± 0.04 
2.75 ± 0.03 

205.15 ± 4.45 
275.74 ± 7.01 

315.35** ± 5.75 
475.65** ± 10.07 
385.15* ± 7.05 

10-6 

0 
50 

100 
150 
200 

45.35 ± 0.12 
35.45 ± 0.23 
36.34 ± 0.34 
33.35 ± 0.27 
25.05 ± 0.13 

16.40 ± 0.07 
12.20 ± 0.03 
12.17 ± 0.05 
10.13 ± 0.04 
07.10*± 0.01 

4.55 ± 0.03 
3.72 ± 0.02 
3.25 ± 0.03 
2.98 ± 0.04 
2.45 ± 0.01 

165.05**± 5.00 
152.35 ± 4.50 
140.55 ± 4.75 

135.75* ± 5.05 
130.45* ± 5.45 

Values are means ± SE (n = 3). * and ** Significant differences at P ≤ 0.05 to the positive control, and within negative controls with SA respec-
tively determined by Tukey-Kramer multiple range test. 

3.3. Polyphenol oxidase activity (PPO) 
Salicylic acid had little or no effect on the polyphenol oxidase activity of salt-stressed okra (47-4 and LD 88 geno-

types) plant when compared with the normal control and NaCl-treated groups (Tables 5 and 6). However, improved 
activity of polyphenol oxidase was recorded in genotype LD 88 at different concentrations of salicylic acid under vary-
ing concentrations of salinity stress (Table 6). 

3.4. Total flavonoids and phenolic contents 
Tables 5 and 6 show that pre-soaked seeds treatment with salicylic acid had no significant effect (P<0.05) on total 

flavonoids and phenolic contents in salt-stressed okra genotypes 47-4 and LD 88 when compared with the normal con-
trol and NaCl-treated groups. However, total flavonoids and phenolic contents were increased in the control groups 
treated with varying concentrations of salicylic acid when compared with the NaCl-treated groups in genotypes 47-4 
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and LD 88. But significant increase in total flavonoids and phenolic contents were observed in LD 88 under the group 
treated with 10-4mM SA at different concentrations of salt stress (Table 6). 

Table 5. Effect of SA and NaCl on biochemical parameters of okra (genotype 47-4) 

SA (mM) 
Treatment 

NaCl 
(mM) 

APX 
(units.mg-1protein) 

PPO 
(units.mg-1protein) TF(mgQE-1gdw) TP (mgGAE 

100-1gdw) 

0 

0 
50 

100 
150 
200 

0.31 ± 0.01 
0.30 ± 0.01 
0.28 ± 0.01 
0.29 ± 0.00 
0.26 ± 0.02 

0.38 ± 0.02 
0.33 ± 0.01 
0.32 ± 0.02 
0.23 ± 0.01 
0.22 ± 0.01 

0.24 ± 0.02 
0.23 ± 0.01 
0.13 ± 0.01 
0.12 ± 0.02 

0.11* ± 0.01 

2.92 ± 0.02 
2.73 ± 0.01 
2.64 ± 0.02 
2.64 ± 0.01 

2.50* ± 0.01 

10-2 

0 
50 

100 
150 
200 

0.40 ± 0.02 
0.29 ± 0.00 

0.25* ± 0.01 
0.29 ± 0.00 
0.27 ± 0.01 

0.39 ± 0.02 
0.35 ± 0.01 
0.34 ± 0.02 
0.27 ± 0.01 
0.23 ± 0.02 

0.25 ± 0.01 
0.23 ± 0.02 
0.22 ± 0.01 
0.24 ± 0.02 
0.20 ± 0.02 

3.06 ± 0.02 
3.37 ± 0.01 
3.17 ± 0.01 
3.73 ± 0.02 
3.38 ± 0.01 

10-4 

0 
50 

100 
150 
200 

0.45 ± 0.01 
0.32 ± 0.01 
0.35 ± 0.01 
0.36 ± 0.00 
0.29 ± 0.01 

0.43 ± 0.02 
0.37 ± 0.02 
0.34 ± 0.01 
0.33 ± 0.02 
0.32 ± 0.01 

0.33 ± 0.02 
0.35 ± 0.01 
0.37 ± 0.02 
0.37 ± 0.01 
0.32 ± 0.01 

3.41 ± 0.02 
3.94** ± 0.01 

3.37 ± 0.02 
3.38 ± 0.01 
3.20*± 0.01 

10-6 

0 
50 

100 
150 
200 

0.25 ± 0.01 
0.31 ± 0.02 
0.29 ± 0.02 
0.30 ± 0.00 
0.27 ± 0.02 

0.34 ± 0.01 
0.33 ± 0.01 
0.35 ± 0.02 
0.33 ± 0.02 
0.32 ± 0.01 

0.23 ± 0.01 
0.18 ± 0.01 
0.22 ± 0.02 
0.24 ± 0.01 
0.17 ± 0.01 

3.00 ± 0.02 
3.17 ± 0.01 
3.37 ± 0.01 

2.75* ± 0.02 
2.30* ± 0.01 

Values are means ± SE (n = 3). * and ** Significant differences at P ≤ 0.05 to the positive control, and within negative controls with SA respec-
tively determined by Tukey-Kramer multiple range test. Where APX = Ascorbate peroxide, PPO = Polyphenol oxidase, TF = Total flavonoids, TP 
= Total phenolic. 

Table 6. Effect of SA and NaCl on biochemical parameters of okra (genotype LD 88) 

SA 
(mM)Treatment 

NaCl 
(mM) 

APX 
(units.mg-1protein) 

PPO 
(units.mg-1protein) TF(mgQE-1gdw) TP(mgGAE 

100-1gdw) 

0 

0 
50 

100 
150 
200 

0.40 ± 0.01 
0.54 ± 0.10 
0.63 ± 0.05 

1.26* ± 0.20 
1.31* ± 0.30 

0.45 ± 0.02 
0.30 ± 0.01 
0.29 ± 0.02 
0.21 ± 0.01 
0.20 ± 0.01 

0.27 ± 0.02 
0.23 ± 0.01 
0.25 ± 0.01 
0.25 ± 0.02 
0.20 ± 0.01 

1.90 ± 0.20 
1.70 ± 0.50 
1.67 ± 0.22 
1.64 ± 0.30 

1.30* ± 0.20 

10-2 

0 
50 

100 
150 
200 

0.41 ± 0.02 
0.52 ± 0.04 
0.55 ± 0.07 
0.29 ± 0.03 
0.57 ± 0.02 

0.49 ± 0.02 
0.45 ± 0.01 
0.44 ± 0.02 
0.47 ± 0.01 
0.43 ± 0.02 

0.26 ± 0.01 
0.24 ± 0.02 
0.22 ± 0.01 
0.24 ± 0.02 
0.23 ± 0.02 

2.35 ± 0.70 
1.35 ± 0.51 
1.25 ± 0.21 
1.23 ± 0.20 

1.20* ± 0.11 

10-4 

0 
50 

100 
150 
200 

0.62 ± 0.15 
0.69 ± 0.17 

1.23* ± 0.31 
1.32* ± 0.20 
1.32* ± 0.31 

0.55 ± 0.02 
0.45 ± 0.02 
0.37 ± 0.01 
0.35 ± 0.02 
0.34 ± 0.01 

0.63 ± 0.02 
0.60 ± 0.01 
0.57 ± 0.02 
0.57 ± 0.01 
0.52 ± 0.01 

3.95 ± 1.02 
3.94 ± 0.95 
3.67 ± 0.72 
3.48 ± 0.61 
3.40*± 0.01 

10-6 

0 
50 

100 
150 
200 

0.42 ± 0.02 
0.52 ± 0.04 
0.55 ± 0.07 
0.57 ± 0.03 
0.58 ± 0.01 

0.44 ± 0.01 
0.43 ± 0.01 
0.43 ± 0.02 
0.35 ± 0.02 
0.30 ± 0.01 

0.27 ± 0.01 
0.23 ± 0.01 
0.23 ± 0.02 
0.24 ± 0.01 
0.17 ± 0.01 

3.20 ±1.02 
3.15 ± 0.90 
3.10 ± 1.01 

2.95* ± 0.82 
2.35* ± 0.70 

Values are means ± SE (n = 3). * and ** Significant differences at P ≤ 0.05 to the positive control, and within negative controls with SA respec-
tively determined by Tukey-Kramer multiple range test. Where APX = Ascorbate peroxide, PPO = Polyphenol oxidase, TF = Total flavonoids, TP 
= Total phenolic. 
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4. Discussion 
It is evident from this study that okra plant growth was significantly inhibited with increasing salinity due to accu-

mulation of salts in plant tissues which reduced vegetative growth. These findings were in tandem with the reports of 
Shrivastava and Kumar [21] and Gupta and Huang [22]. The increase in shoot length, fresh and dry weights, vegetative 
growth and overall plant growth of salt-stressed okra plant following SA treatment shows the promising effect of SA 
during stress conditions. Increased in these physiological parameters show biosynthesis of carbohydrate, which is an 
indication of osmotic adjustment and stress tolerance in plants. This agrees with the previous observation of Yin et al. 
[23] who observed carbohydrate accumulation as an indice of osmotic adjustment. 

Most biotic and abiotic factors contribute greatly to overproduction of reactive oxygen species (ROS), which invaria-
bly result in oxidative stress [24]. Salinity causes oxidative damage through the production of free radicals [25]. Or 
through alteration of antioxidant molecules levels in plants [25]. Phytotoxic reactions such as lipid peroxidation, protein 
degradation and DNA mutation are triggered through excessive production of ROS [26]. The first line mechanism 
against environmental stresses is through antioxidative enzymes. Thus, their activity profiles are essential in the evalua-
tion of tolerance mechanisms. The results showed a significant decrease in ascorbate peroxidase (APX) activity in okra 
seedling with increasing NaCl levels, while the activity of polyphenol oxidase (PPO) showed no effect in genotype 47-4. 
However, in genotype LD 88 at different concentrations of salicylic acid under varying concentrations of salinity stress 
the increase activity of polyphenol oxidase was recorded. The increase of GSH and ABA synthesis in plant tissues 
might be responsible for APX and PPO activity in plant tissues. In this present study, mild and high salinity had no ef-
fect on both phenolic and flavonoids contents. But treatment with 10-4mM SA concentration improved total flavonoids 
and phenolic contents of salt-stressed okra plant in genotype LD 88. The increase in phenolic and flavonoids contents in 
different plant tissues under increasing salinity has also been reported in a number of plants [27].A similar result was 
also observed by Navarro et al. [28] who reported an increase in total phenolic content in red pepper plants under mild 
salinity levels. 

5. Conclusion 
In conclusion, our data to some extent revealed that salicylic acid helps okra plant to cope with the deleterious effects 

of salinity stress. Pretreatment of okra (genotypes 47-4 and LD 88) under salt stress conditions with SA stimulate the 
salt tolerance of okra plants via improved carbohydrate contents, which is evident in the growth rate. The accumulation 
of antioxidants, including phenolic and flavonoids, was enhanced by low or moderate levels of salinity but inhibited by 
severe levels.Thus salicylic acid could be adopted as a potential growth regulator to improve okra plant growth particu-
larly under mild and moderate NaCl salinity levels. This study will contribute to the sustainability impacts of salicylic 
acid on okra’s resilience to soil salinity. 
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