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ABSTRACT 
 
Horticultural crops especially vegetables are most vulnerable to drought due to their higher irrigation needs. Hence, this study was 
undertaken to evaluate the adverse effects of drought stress and the beneficial effects of salicylic acid (SA) on physiological and 
biochemical attributes of okra plants under drought stress. For this purpose, a pot experiment was laid out in Complete Randomized 
Design (CRD) design. Okra seeds were primed with four different SA treatments i.e., 0 (control), 1, 2 and 3 mM and sown in pots (Ø 
20 cm). After 14 days of germination, the plants were subjected to two drought levels i.e., 25% and 50% field capacity (FC) and after 
20 days of germination regular foliar sprays of SA at 7 days interval were performed with aforementioned SA levels. Physiological 
parameters like fresh weight, dry weight, and length of plants along with biochemical attributes like chlorophyll (‘a’, ‘b’ and total), 
total carotenoids, total protein and proline contents, and electrolyte leakage were recorded. Results revealed that drought stress 
(25% FC) significantly reduced all the studied parameters and resulted in the lowest values of fresh weight (5.04 g), dry weight (1.33 
g), length of plants (11.68 cm), chlorophyll ‘a’ content (5.97 mg/g FW), chlorophyll ‘b’ content (8.86 mg/g FW), total chlorophyll 
(14.84 mg/g FW), total carotenoids (4.96 mg/g FW) and total protein (1.05 mg/g FW), except proline content (6.81 mg/g FW) and 
electrolyte leakage (77.31%) which was increased. Application of SA under drought stress reduced the harmful effects of drought 
and application of 2 mM SA produced the maximum fresh weight (8.60 g), dry weight (2.51 g), length of plants (16.23 cm), chlorophyll 
‘b’ content (14.47 mg/g FW), total protein (3.73 mg/g FW) and proline content (5.11 mg/g FW); whereas application of 3 mM SA 
showed the highest values of chlorophyll ‘a’ (8.91 mg/g FW), total chlorophyll content (23.20 mg/g FW) and carotenoids (7.93 mg/g 
FW), and the lowest value for electrolyte leakage (62.00%). 
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INTRODUCTION 
 
Okra (Abelmoschus esculentus L.) is a member of family 
Malvaceae and an important summer vegetable. It is favoured 
for its soft and tender green pods, which are commonly 
consumed as curries and as boiled vegetables (Mounir et al., 
2020). Despite of its astonishing beauty of blooms, okra is rich 
source of nutrients and medicinal properties. The fresh fruit of 
okra contains carbohydrates (9.6%), protein (2.25%), fibre 
(1.1%), fat (0.2%) along with many other important vitamins 
and minerals such as magnesium iron, potassium, calcium, 
sodium, zinc, nickel, and manganese (Khan and Rab, 2019). 
Soluble fibre in okra reduces cholesterol and risk of cardiac 
diseases, whereas insoluble fibre promotes healthy digestive 
track. Okra helps in slow absorption of sugar, hence can be 

consumed as anti-diabetic food (Nawaz et al., 2020).  
 
Adverse environmental conditions like drought have many 
harmful effects on plant growth and yield. Like any other abiotic 
stress, proline concentration also increases inside the plants 
under drought stress, which helps them to withstand the stress 
conditions (Lintunen et al., 2020). Drought decreases rate of leaf 
growth by making cell walls sclerotic and reduces plant biomass. 
Plants which are exposed to drought stress also exhibit lower 
levels of carbohydrates and starch (Qu et al., 2019). Under 
drought stress, protein degradation starts and reduction in 
chlorophyll takes place (Dawood et al., 2019). Drought stress 
mostly causes gathering of ROS (reactive oxygen species) which 
can lead to oxidative stress in chlorophyll and disrupts normal 
working of plant cells (Stanley and Yuan, 2019). ROS activities 
damage lipids, terpenoids, carbohydrates and nucleic acids (Guo 
et al., 2018). Accumulation of ABA, reduction in leaf area and 
closing of stomata was also noted in drought affected plants 
(Meise et al., 2018).  
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Salicylic acid (SA) had been categorized as plant hormone due to 
its important roles in carrying many physiological and 
biochemical processes. SA is crucial for improving abiotic stress 
tolerance and significant interests have been developed in 
scientific community on its use due to its capability to create 
defense mechanism in plants against abiotic stresses. Many 
studies support beneficial effects of SA on number of crops 
which were subjected to abiotic stresses i.e., salinity, drought, 
and heavy metal toxicity (Klessig et al., 2018).  
 
Okra is one of the most important summer vegetables commonly 
cultivated in tropical and subtropical plains of Pakistan 
including Haripur due to its higher nutritional values, ease of 
cultivation and resistance to harsh environmental conditions. 
Most of the cultivated land in Haripur region is rainfed and crops 
depends upon rains (mostly monsoon period) for irrigation and 
occasionally these areas face moderate to severe droughts 
during summer when rainfall is low. Despite of huge potential of 
okra production, above mentioned factors cause a great 
reduction in yield per unit area and total area under okra 
cultivation. Hence, the present study was conducted to evaluate 
the adverse effects of drought and beneficial effects of SA on okra 
under applied drought. 
 
MATERIALS AND METHODS 
 
Plant material and growth conditions 
 
Current study was conducted at Horticulture Nursery, 
Department of Horticulture, The University of Haripur during 
April-June 2020. For this experiment pots of 20 cm diameter and 
15 cm depth were used. Each pot was filled with 2 kg potting 
medium containing sand and clay (1:1). The pots were properly 
covered by rainout shelters during night-time and during rains 
to avoid entry of extra moisture to the pot medium. Seeds of okra 
cultivar Sabz Pari were collected from National Agricultural 
Research Center (NARC), Islamabad and planted during mid-
April 2020. Eight seeds were sown in each pot. Ten days after 
germination, plants were thinned to 5 plants per pot. The plants 
were irrigated up to full field capacity (FC) during 14 days after 
germination to achieve the maximum germination and 
equilibrium in plant growth. All the cultural practices were kept 
uniform for all the pots.  
 
Drought application 
 
After 2 weeks of seed germination, the plants were subjected to 
2 different levels of drought i.e., 50% (D1) and 25% FC (D2), 
which were maintained on each alternate day. Field capacity was 
calculated based on saturation percentage as described by 
Wilcox (1951).  
 
Salicylic acid treatment  
 
Okra seeds were washed and cleaned before SA application to 
remove any foreign material. Initially the seeds were primed 
with 0 (control), 1 mM, 2 mM, and 3 mM SA for 24 hours. Later, 
the seeds were sown in pots and the pots were kept in a lath 
house. After 20 days of germination, okra plants were sprayed 
with aforementioned concentrations of SA after every 7 days 
until the completion of experiment.  

Data collection 
 
After 5 weeks of drought application to measure data on physical 
and biochemical attributes, four plants from each treatment 
were uprooted and washed properly with tap water to remove 
any foreign contaminants like mud and dust. These washed 
plants were placed on tissue paper to absorb extra water and left 
to dry at room temperature. 
 
Fresh weight per plant (g) 
 
Plant samples were weighed to record their fresh weights by 
using an electronic weight balance separately for each treatment 
and then averages were calculated. 
 
Dry weight per plant (g) 
 
After recording fresh weights, the sampled plants were then 
kept in an oven at 60 ºC for a period of 24 hours. Then these plant 
samples were taken out and again weighed for their dry weights. 
 
Plant length (cm) 
 
Total length of plants was measure by adding the length of 
longest root and length of stem (from base to tip) for each 
treatment and then averages were computed. 
 
Chlorophyll and carotenoids contents (mg/g FW) 
 
Chlorophyll and carotenoids contents were measured by the 
method explained by Lichtenthaler (1987). Fresh leaves were 
plucked from each treatment and ground with the help of pestle 
and mortar. About 0.2 g of ground leaf paste was taken and 
mixed with 15 mL of acetone (80%) and then filtered by using 
Whatman No. 42 filter paper. Later, the absorption of filtrate was 
carried out at 470, 663 and 646 nm with the help of 
spectrophotometer (Cary-50, Germany). Acetone was used for 
regulation of device. Chlorophyll and carotenoids 
concentrations were then measured by employing the following 
formulas.  
 

Chlorophyll ‘a’ content = 12.25(A 663.2) - 2.79(A646.8)  
 

Chlorophyll ‘b’ content = 21.21(A646.8) - 5.1(A663.2)  
 

Total Chlorophyll content = chl ‘a’ + chl ’b’ 
 

Carotenoids = 
1000(A470) − 1.82chl ‘a’ − 85.02chl ‘b’

198
  

 

Total protein (mg/g FW) 
 

Method described by Lowry et al. (1951) was implemented to 
measure the protein content of okra plants. One gram of leaf 
paste was mixed with 5 mL HCl buffer (0.05 M) and the mixture 
was centrifuged for 20 min. After centrifugation, the supernatant 
was separated by process of filtration. The extract was used for 
evaluating the concentration of protein. For providing biuret 
agent, 0.1 g coumacyberylliant blue (G 250) was solved in 50 mL 
95% ethanol for 1 h. Later, 100 mL of phosphoric acid (85%) was 
added to the extract and then whole solution was shifted into 1 
L distilled water. For standard chart, 1.4 g of cattle protein was 



Ayub et al. / J. Hortic. Sci. Technol. 3(4): 113-119 (2020) 

115 

mixed in 1 L distilled water to make 25, 50, 200, 400, 600 mg/L 
solutions. Absorption of each sample was then carried out by 
using spectrophotometer at 505 nm wavelength. For specifying 
protein concentration of unknown samples, standard chart was 
used. Y = 0.0008X + 0.01 in this relation Y equals read absorption 
and X equals protein concentration according to milligram on 
litre. 
 

Proline content (mg/g FW) 
 

Method of Bates et al. (1973) was implemented to evaluate the 
proline content. Ground leaf sample (5 g) was mixed with 3% 
sulfosalicylic acid and the mixture was centrifuged (at 10,000 
rpm). The obtained supernatant was further utilized for proline 
calculation. For reaction, supernatant was mixed with acid 
ninhydrin (2 mL) and glacial acetic acid (2 mL), and the solution 
was boiled for 1 h at 100 ºC. The reaction was stopped by placing 
the tubes in ice bath. Then, 4 mL toluene was added to the tube 
for extraction. The organic phase of the sample containing 
chromophore was collected and the absorbance at 520 nm was 
read by using a spectrophotometer (Cary-50, Germany). 
 

Electrolyte leakage (%) 
 

Electrolyte leakage was measured by method of Lutts et al. 
(1995). Young okra leaves were harvested and washed with 
double distilled water (DDW) and placed in closed vials filled 
with 10 mL of DDW. These were incubated for 24 h on a rotatory 
shaker. After incubation, electrical conductivity (EC1) was 
measured. Then samples were autoclaved at 120 ºC for 20 min 
and after cooling, final electrical conductivity (EC2) was 
measured. The electrolyte leakage was calculated as per the 
following formula.  
 

Electrolyte leakage (%) = 
EC1

EC2
× 100 

 

Statistical analysis 
 

The experiment was laid out in a complete block design having 
four replications. The experimental data were subjected to 
analysis of variance (ANOVA) using windows software Statistix 
8.1. The effects of drought and SA were determined by the least 
significant difference test (LSD) at p ≤ 0.05, where the F test was 
significant (Steel et al., 1997). 
 

RESULTS  
 

Fresh weight per plant  
 
Results regarding fresh weight per plant depicted significant 

differences (p<0.01) between the applied drought and among SA 
treatments. It was noted that significantly greater fresh weight 
(9.44 g) was recorded when plants were subjected to 50% FC as 
compared to those subjected to 25% FC (5.04 g). SA treatments 
also showed prominent variation with respect to fresh weight of 
plants and SA (2 mM) produced the highest weight (8.60 g), 
while the lowest value (5.62 g) was recorded in control (without 
SA treatment). The combined results of drought and SA on okra 
plants revealed that okra plants which were subjected to 50% 
FC and treated with SA (2 mM) produced the maximum fresh 
weight (11.07 g), while the least fresh weight (4.1 g) were 
produced by okra plants subjected to 25% FC without SA 
treatment (Table 1). 
 
Dry weight per plant  
 
Statistical analysis of the data on dry weight per plant also 
revealed significant differences (p<0.01) for the drought and SA 
treatments. Significantly higher dry weight per plant (2.93 g) 
was recorded when plants were subjected to 50% FC than to 
25% FC (1.33 g). Results regarding SA treatment showed that SA 
at 2 and 3 mM were not statistically different and had similar 
value of dry weight (2.51 g). The lowest dry weights of 1.8 and 
1.71 g were recorded with SA 1 mM and control (without SA 
treatment), respectively. The combined effect of drought and SA 
on dry weight of okra plants demonstrated that okra plants 
which were subjected to 50% FC treated with 2 mM SA resulted 
in the maximum dry weight (3.45 g), while least dry weight (0.67 
g) were produced by okra plants subjected to 25% FC and under 
control treatment (Table 1). 
 
Plant length  
 
Length of okra plants significantly differed (p<0.01) between 
drought treatments, among SA levels and their interaction 
means. The maximum plants length (18.01 cm) was attained at 
50% FC, which was significantly greater than that at 25% FC 
(11.68 cm). Application of SA also showed prominent variation 
in plant length and 2 mM SA produced the longest plants (16.23 
cm), while the shortest length (12.98 cm) was recorded in plants 
without SA treatment. The interactive results of drought and SA 
on okra plants exhibited that the plants subjected to 50% FC and 
treated with SA 2 mM attained greater plant length (20.25 cm), 
while shortest plant length (9.77 cm) were produced in the 
plants under 25% FC with no SA treatment (Table 1).  
 
Chlorophyll ‘a’ content  
 
Chlorophyll ‘a” content of okra leaves was significantly (p<0.01) 
influenced by the applied drought and SA treatments (Table 1). 

Table 1: Fresh weight, dry weight and plant height of okra plants as affected by drought stress and salicylic acid treatments. 
Treatments Fresh weight (g) Dry weight (g) Plant length (cm) 

D1 D2 Mean D1 D2 Mean D1 D2 Mean 
SA0 7.15 d 4.10 h 5.62 d 2.60 d 0.67 h 1.64 b 16.20 d 9.77 h 12.98 c 
SA1 9.37 c 4.75 g 7.06 c 2.75 c 1.00 g 1.87 b 17.40 c 10.60 g 14.00 b 
SA2 11.07 a 6.12 e 8.60 a 3.45 a 1.57 f 2.51 a 20.25 a 12.22 f 16.23 a 
SA3 10.17 b 5.20 f 7.68 b 2.95 b 2.07 e 2.51 a 18.20 b 14.12 e 16.16 a 
Mean 9.44 a 5.04 b - 2.94 a 1.33 b - 18.01 a 11.68 b - 
Means sharing similar letter(s) in a group are statistically non-significant at p ≤ 0.05 (LSD test). D1 = 50% FC, D2 = 25% FC, SA0 = 
control, SA1 = 1 mM, SA2 = 2 mM, SA3 = 3 mM. 
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Chlorophyll ‘a’ content (10.13 mg/g FW) was significantly higher 
in the leaves of the plants subjected to 50% FC than of those 
subjected to 25% FC (5.9 mg/g FW). SA treatments also resulted 
in prominent variation in chlorophyll ‘a’ content of okra leaves. 
SA 3 mM resulted in the highest chlorophyll ‘a’ content (8.91 
mg/g FW), while lowest value (7.07 mg/g FW) was recorded in 
control. The combined results of drought and SA on okra plants 
revealed that okra plants which were subjected to 50% FC and 
treated with 2 mM SA had the maximum chlorophyll ‘a’ content 
(11.12 mg/g FW), while the least chlorophyll ‘a’ content (5.05 
mg/g FW) was recorded in leaves of the plants subjected to 25% 
EC and without SA treatment (Table 2).  
 
Chlorophyll ‘b’ content 
 
Results regarding chlorophyll ‘b’ content of okra plants depicted 
that the parameter was significantly (p<0.01) affected by the 
drought and SA treatments. Chlorophyll ‘b’ content (17.80 mg/g 
FW) was significantly higher in the leaves of the plants subjected 
to 50% FC than of those under 25% FC (8.86 mg/g FW). SA 
treatments also had prominent effect on chlorophyll ‘b’ content. 
SA 2 mM treated plants possessed significantly higher 
chlorophyll ‘b’ content (14.47 mg/g FW) than untreated control 
plants (11.66 mg/g FW). The combined results of drought and 
SA indicated that the plants subjected to 50% FC and treated 
with SA 2 mM had the maximum (19.20 mg/g FW) while those 
subjected to 25% FC and without SA treatment had the 
minimum chlorophyll ‘b’ (7.07 mg/g FW) in their leaves (Table 
2).  
 
Total chlorophyll content  
 
Total chlorophyll content of okra plant exhibited significant 
differences (p<0.01) between drought treatments and among SA 
levels. Total chlorophyll content (27.94 mg/g FW) recorded was 
significantly higher in the leaves of the plants under 50% FC than 
those subjected to 25% FC (14.84 mg/g FW). Among the SA 
treatments, the plants treated with 3 mM SA had higher 
chlorophyll content (23.20 mg/g FW) in their leaves followed by 

2 mM SA (23.13 mg/g FW), while lower concentration of total 
chlorophyll content (18.71 mg/g FW) was recorded in SA 0 mM. 
The combined effect of drought and SA on okra plants indicated 
that the plants subjected to 50% FC and treated with SA 2 mM 
had maximum total leaf chlorophyll (30.32 mg/g FW), while the 
least total chlorophyll content (12.12 mg/g FW) was found in the 
leaves of okra plants subjected to 25% FC and no SA treatment 
(Table 2). 
 
Carotenoids content 
 
Data analysis concerning carotenoids of okra leaves depicted 
significant differences (p<0.01) for applied drought and SA 
treatments. Carotenoids (8.88 mg/g FW) were recorded 
significantly higher in the plants subjected to 50% FC as 
compared with those under 25% FC (4.96 mg/g FW). 
Application of SA @ 3 and 2 mM resulted in significantly higher 
carotenoids (7.93 and 7.82 mg/g FW, respectively), whereas 
significantly lower concentration (5.55 mg/g FW) was recorded 
in untreated (control) plants. The cumulative effect of drought 
and SA on okra plants revealed that the plants subjected to 50% 
FC and treated with SA 2 mM contained the maximum 
carotenoids (10.15 mg/g FW), while the minimum carotenoids 
(3.40 mg/g FW) were produced by okra plants subjected to 25% 
FC and no SA treatment (Table 3). 
 
Total protein content 
 
Total protein content of okra leaves significant differed (p<0.01) 
due to applied drought and SA treatments. Significantly higher 
protein content (4.73 mg/g FW) was estimated in plants under 
50% FC than those under 25% FC (1.05 mg/g FW). SA 
treatments also showed prominent variation and the maximum 
protein content recorded at 2 mM SA (3.72 mg/g FW), while the 
minimum (1.77 mg/g FW) when no SA treatment was applied. 
The combined application of drought and SA revealed that the 
okra plants subjected to 50% FC and treated with SA 2mM had 
the maximum protein content (6.30 mg/g FW). On the other 
hand, the minimum protein content (0.37 mg/g FW) was found 

Table 2: Chlorophyll content (‘a’, ‘b’ and total) of okra leaves as affected by drought stress and salicylic acid treatments. 
Treatments Chlorophyll ‘a’ (mg/g FW) Chlorophyll ‘b’ (mg/g FW) Total chlorophyll (mg/g FW) 

D1 D2 Mean D1 D2 Mean D1 D2 Mean 
SA0 9.05 d 5.05 h 7.05 d 16.25 d 7.07 h 11.66 d 25.30 d 12.12 h 18.71 c 
SA1 9.57 c 5.62 g 7.60 c 17.35 c 8.50 g 12.92 c 26.92 c 14.12 g 20.52 b 
SA2 11.12 a 6.20 f 8.66 b 19.20 a 9.75 f 14.47 a 30.32 a 15.95 f 23.13 a 
SA3 10.80 b 7.02 e 8.91 a 18.42 b 10.13 e 14.28 b 29.22 b 17.17 e 23.20 a 
Mean 10.13 a 5.97 b - 17.80 a 8.86 b - 27.94 a 14.84 b - 
Means sharing similar letter(s) in a group are statistically non-significant at p ≤ 0.05 (LSD test). D1 = 50% FC, D2 = 25% FC, SA0 = 
control, SA1 = 1 mM, SA2 = 2 mM, SA3 = 3 mM. 

Table 3: Carotenoids, total protein and proline content of okra leaves as affected by drought stress and salicylic acid treatments. 
Treatments Carotenoids (mg/g FW) Total protein (mg/g FW) Proline content (µg/g FW) 

D1 D2 Mean D1 D2 Mean D1 D2 Mean 
SA0 7.70 d 3.40 h 5.55 c 3.17 d 0.37 h 1.77 d 1.15h 5.67d 3.41c 
SA1 8.52 c 4.25 g 6.38 b 4.27 c 0.97 g 2.62 c 1.72g 6.25c 3.98b 
SA2 10.15 a 5.50 f 7.82 a 6.30 a 1.17 f 3.73 a 2.10f 8.12a 5.11a 
SA3 9.17 b 6.70 e 7.93 a 5.17 b 1.67 e 3.42 b 2.87e 7.20b 5.03a 
Mean 8.88 a 4.96 b - 4.73 a 1.05 b - 1.96b 6.81a  
Means sharing similar letter(s) in a group are statistically non-significant at p ≤ 0.05 (LSD test). D1 = 50% FC, D2 = 25% FC, SA0 = 
control, SA1 = 1 mM, SA2 = 2 mM, SA3 = 3 mM. 
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in leaves of the okra plants subjected to 25% FC and without SA 
treatment (Table 3). 
 
Proline content  
 
Results regarding proline content of okra leaves exhibited 
significant variation (p<0.01) for applied drought and SA 
treatments. Proline content (6.81 µg/g FW) recorded was 
significantly greater in the leaves of the plants subjected to 25% 
FC than of those under 50% FC (1.96 µg/g FW). Pertaining to SA 
treatments, the maximum proline content was recorded in the 
leaves of the plants treated with 2 mM and 3 mM SA (5.11 and 
5.03 µg/g FW, respectively), while the minimum value (3.41 
µg/g FW) was observed in leaves of untreated (control) plants. 
The interactive effect of drought and SA treatments indicated 
that the okra plants subjected to 25% FC and treated with SA 2 
mM accumulated greater proline content (8.12 µg/g FW), while 
lesser proline content (1.15 µg/g FW) was noted when okra 
plants were subjected to 50% FC and no SA application (Table 
3).  
 
Electrolyte leakage  
 
Statistical analysis of the data on electrolyte leakage from okra 
leaves illustrated significant difference (p<0.01) between 
drought and among SA treatments. Electrolyte leakage was 
significantly greater (77.31%) from the leaves of the plants 
subjected to 25% FC than in those of subjected to 50% FC 
(60.87%). SA also showed prominent variation regarding 
Electrolyte leakage of plants and SA0 produced highest 
Electrolyte leakage was the maximum in the leaves of the control 
(untreated with SA) plants (74.87%) and the minimum 
(62.00%) in leaves of 2 mM SA treated plants. The interactive 
effect of drought and SA treatments revealed that 25% FC and 
no SA treatment resulted in greater electrolyte leakage 
(84.00%), while 50% FC and 2 mM SA resulted in the least 
electrolyte leakage (52.75%) from the leaves of okra plants 
(Table 4). 
 
DISCUSSION 
 
Reduction in morphological growth parameters is a clear 
indication of drought stress in plants and indicates their 
sensitivity towards waters deficiency. Our study also confirmed 
that at higher water stress, a decrease in plant growth 
parameters i.e., fresh, and dry weights per plant and plant length 
was observed. Wilting, closing of stomata to prevent 
transpiration and reduction in cell growth are some key 
responses of plants to drought stress which are produced due to 

lesser water content, reduced turgor pressure and lower water 
potential which causes reduced fresh and dry weights and plant 
height (Guo et al., 2018). Water deficiency also reduces cell 
division, cell differentiation and cell growth which also cause 
reduction in fresh and dry weight and height of okra plants. The 
dying of plant leaves under water deficiency reduces rate of 
photosynthesis, which makes plants unable to acquire desirable 
biomass and height, as suggested by Tanveer et al. (2019). Okra 
plants treated with SA showed more morphological growth as 
compared to untreated plants. SA accumulation in plants 
escalates their adaptation towards abiotic stresses (El-Shafey, 
2017). As SA increases cell division and number of cells, which 
cause increase in leaf area and hence produces more plant 
biomass and height (Elhakem, 2019). SA also reduces anti-
oxidant characteristics and therefore reduces oxygen radical 
activities (Li et al., 2019). Parveen et al. (2020) also suggested 
that application of SA on plants might increase the amounts of 
auxins and ABA and prevented the reduction of cytokinin under 
drought stress conditions, which in return increased the 
morphological attributes.  
 
Drought also affected the chlorophyll content of okra. 
Chlorophyll (a, b and total) pigments are responsible for 
collection and conversion of sunlight into food and energy. 
Structural and functional integrity of chlorophyll is directly 
related to water availability, and at higher drought a decreased 
pigment contents were observed as reported earlier (Peiró et al., 
2020; Hussain et al., 2019). Decrease in photosynthetic pigments 
can be attributing to lesser relative water content of leaves and 
lower water potential (Trueba et al., 2019). Similarly, stomatal 
impairment in water deficit plants is responsible for reduced 
chlorophyll pigment content (Dąbrowski et al., 2019). Drought 
stress also destabilizes the integrity of protein complexes and 
increases activity of chlorophyllase, a chlorophyll degrading 
enzyme. This eventually leads towards reduced chlorophyll 
concentration. Our results indicate that SA application increased 
the chlorophyll (a, b, total) pigments under drought stress; this 
increase in chlorophyll could be attributed to stimulatory effects 
of SA on Rubisco activity and photosynthesis (Farhangi-Abriz 
and Ghassemi-Golezani, 2018). Salicylic acid also enhances the 
synthesis of protein kinases, which play an important role in 
regulating cell division, differentiation and morphogenesis and 
hence cause increase chlorophyll concentrations (Faried et al., 
2017).  
 
Drought stress causes a series of physical and bio-chemical 
changes in plant organs and tissues. Carotenoids reduction is 
one of them which depend upon severity of drought, duration of 
exposure, phase of plant growth and genetic resistance of plants 
(Plazas et al., 2019). Khan et al. (2019) proposed that chloroplast 
degradation, photo-oxidation of chloroplasts, chlorophyll 
synthesis inhibition and increased chlorophyllase activity are 
major reasons of reduced carotenoids. Ahmad et al. (2019) 
suggested that activation of LOX (Lipoxygenase) and 
degradation of β-carotene caused the degradation of 
carotenoids under drought conditions. In this study it was noted 
that okra plants exposed to drought have lower carotenoids but 
application of SA increased carotenoids. SA may momentarily 
reduce the intensity of oxidative stress in stressed plants, which 
act as a hardening process, by enhancing the anti-oxidative 
capacity of the plant cells and tissues and help them to stimulate 

Table 4: Electrolyte leakage (%) from okra leaves as affected by 
drought stress and salicylic acid treatments. 
Treatments D1 D2 Mean 
SA0 65.75 e 84.00 a 74.87 a 
SA1 65.75 e 78.50 b 72.12 b 
SA2 59.25 f 75.50 c 67.37 c 
SA3 52.75 g 71.25 d 62.00 d 
Mean 60.87 b 77.31 a - 
Means sharing similar letter(s) in a group are statistically non-
significant at p ≤ 0.05 (LSD test). D1 = 50% FC, D2 = 25% FC, SA0 
= control, SA1 = 1 mM, SA2 = 2 mM, SA3 = 3 mM. 
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the production of protective compounds such as carotenoids 
(Ahmadi et al., 2020).  
 
Water deficiency causes decrease in protein content of plants 
because water shortage seriously affects nitrogen metabolism 
inside plants, this can be due to reduction in polysomal 
complexes in plant tissues because of lower tissue water content 
(Khan and Rab, 2019). Production of ROS (Reactive oxygen 
species) also causes collapses of protein structure, hence 
causing an oxidative stress which might be responsible for 
reduced protein content in drought affected okra plants. 
However, application of SA increased protein content under 
drought conditions. Faraz et al. (2020) suggested that SA 
application increases the activity and concentration of nitrate 
reductase and nitrate content which in turn enhances plant N 
levels and helps in production of more proteins. Similarly, SA 
also affects the hormonal system of plants which balances the 
protective reactions of plants and accelerates the repairing 
process of biochemical molecules and hence increases the 
protein content (Ahmadi et al., 2020).  
 
During this study, an increase in proline content was recorded in 
plants subjected to drought. Proline synthesis is greatly 
associated with the plant’s response towards stress. Production 
of osmolytes by plants is a common mechanism adopted to 
lower the stress. Proline is one of these osmolytes which in case 
of drought stress act as organic reservoir (Zhang et al., 2014). It 
is reported that increase in proline can protect turgor pressure 
and prevents membrane damage on plants. So, proline 
accumulation is an adaptation of plants which amplify the 
tolerance toward drought stress (Singh et al., 2019). SA 
treatment to drought stressed okra plants exhibited an increase 
in proline concentration. The protective action of SA during 
water deficit was demonstrated by the enhanced proline 
production in stressed plants. Many studies have reported that 
treatment of SA during stress condition increases accumulation 
of proline content which produces resistance against losing leaf 
water and increases plant growth under stress conditions 
(Ignatenko et al., 2019).  
 
Electrolyte leakage helps to assess the injury occurred to cell 
membranes due to applied stress. The integrity of cell 
membranes allows plant to survive during continuous or 
random water deficiencies (Oraee and Tehranifar, 2020). 
Decrease of electrolyte leakage in plants indicates the tolerance 
of plants towards drought stress (Jafarnia et al., 2018). Our 
results indicate that increase in drought stress increased 
electrolyte leakage from okra leaves which could be due to 
production of ROS, and oxidation of cell membranes which 
caused damage to membrane stability and integrity (Meena et 
al., 2017). On other hand, okra plants treated with SA showed 
lower electrolyte leakage from leaves under water deficit 
conditions. This response of SA can be attributed to the fact that 
it acts as facilitator for maintenance of membrane integrity. This 
facilitation helps in induction of antioxidant response and 
elevation of Ca2+ uptake by the plants that might protect them 
from oxidative damage by ROS (Elhakem, 2019). SA also helps in 
osmotic adjustment and maintaining of cell turgor, while ROS 
scavengers are involved in decreasing damage to cell 
membranes (Pourghayoumi et al., 2017). 
 

CONCLUSION 
 
Drought stress significantly reduced growth and 
biochemical attributes of okra cultivar Sabz Pari and induced 
prominent reductions in fresh and dry weights, plant 
length, chlorophyll , carotenoid and protein contents 
and increased proline content and electrolyte leakage. The 
application of salicylic acid at a level of 2 and 3 mM successfully 
reduced the harmful effects of drought.  
 
REFERENCES 
 
Ahmad, I., Kamran, M., Meng, X., Ali, S., Bilegjargal, B., Cai, T., Liu, T. and 

Han, Q. 2019. Effects of plant growth regulators on seed filling, 
endogenous hormone contents and maize production in semi-arid 
regions. Journal of Plant Growth Regulation, 38(4): 1467-1480. 
https://doi.org/10.1007/s00344-019-09949-2 

Ahmadi, S.Z., Ghorbanpour, M., Aghaee, A. and Hadian, J. 2020. 
Deciphering morpho-physiological and phytochemical attributes of 
Tanacetum parthenium L. plants exposed to C60 fullerene and 
salicylic acid. Chemosphere, 259: 127406. 
https://doi.org/10.1016/j.chemosphere.2020.127406 

Bates, L.S., Waldern, R.P. and Teare, I.D. 1973. Rapid determination of 
free proline for water stress studies. Plant and Soil, 39: 205-207. 
https://doi.org/10.1007/BF00018060 

Dąbrowski, P., Baczewska-Dąbrowska, A.H., Kalaji, H.M., Goltsev, V., 
Paunov, M., Rapacz, M., Wójcik-Jagła, M., Pawluśkiewicz, B., Bąba, 
W. and Brestic, M. 2019. Exploration of chlorophyll a fluorescence 
and plant gas exchange parameters as indicators of drought 
tolerance in perennial ryegrass. Sensors, 19(12): 2736. 
https://doi.org/10.3390/s19122736 

Dawood, M.G., El-Awadi, M.E.S., Sadak, M.S. and El-Lethy, S.R. 2019. 
Comparison between the physiological role of carrot root extract 
and β-carotene in inducing Helianthus annuus L. drought tolerance. 
Asian Journal of Biological Sciences, 12(2): 231-241. 
https://doi.org/10.3923/ajbs.2019.231.241 

Elhakem, A.H. 2019. Impact of salicylic acid application on growth, 
photosynthetic pigments and organic osmolytes response in 
Mentha arvensis under drought stress. Journal of Biological Science, 
19 (6): 372-380. https://doi.org/10.3923/jbs.2019.372.380 

El-Shafey, A.I., 2017. Response of soybean to water stress conditions and 
foliar application with salicylic and ascorbic acids. Zagazig Journal 
of Agriculture Research, 44(1): 1-22. 
https://doi.org/10.21608/ZJAR.2017.53922 

Faraz, A., Faizan, M., Sami, F., Siddiqui, H. and Hayat, S. 2020. 
Supplementation of salicylic acid and citric acid for alleviation of 
cadmium toxicity to Brassica juncea. Journal of Plant Growth 
Regulation, 39(2): 641-655. https://doi.org/10.1007/s00344-
019-10007-0 

Farhangi-Abriz, S. and Ghassemi-Golezani, K. 2018. How can salicylic 
acid and jasmonic acid mitigate salt toxicity in soybean 
plants? Ecotoxicology and Environmental Safety, 147: 1010-1016. 
https://doi.org/10.1016/j.ecoenv.2017.09.070 

Faried, H.N., Ayyub, C.M., Amjad, M., Ahmed, R., Wattoo, F.M., Butt, M., 
Bashir, M., Shaheen, M.R. and Waqas, M.A. 2017. Salicylic acid 
confers salt tolerance in potato plants by improving water 
relations, gaseous exchange, antioxidant activities and 
osmoregulation. Journal of the Science of Food and 
Agriculture, 97(6): 1868-1875. https://doi.org/10.1002/jsfa.7989 

Guo, Y.Y., Yu, H.Y., Yang, M.M., Kong, D.S. and Zhang, Y.J. 2018. Effect of 
drought stress on lipid peroxidation, osmotic adjustment and 
antioxidant enzyme activity of leaves and roots of Lycium 
ruthenicum Murr. seedling. Russian Journal of Plant 
Physiology, 65(2): 244-250. 
https://doi.org/10.1134/S1021443718020127 

Hussain, H.A., Men, S., Hussain, S., Chen, Y., Ali, S., Zhang, S., Zhang, K., Li, 
Y., Xu, Q., Liao, C. and Wang, L. 2019. Interactive effects of drought 

https://doi.org/10.1007/s00344-019-09949-2
https://doi.org/10.1016/j.chemosphere.2020.127406
https://doi.org/10.1007/BF00018060
https://doi.org/10.3390/s19122736
https://doi.org/10.3923/ajbs.2019.231.241
https://doi.org/10.3923/jbs.2019.372.380
https://doi.org/10.21608/ZJAR.2017.53922
https://doi.org/10.1007/s00344-019-10007-0
https://doi.org/10.1007/s00344-019-10007-0
https://doi.org/10.1016/j.ecoenv.2017.09.070
https://doi.org/10.1002/jsfa.7989
https://doi.org/10.1134/S1021443718020127


Ayub et al. / J. Hortic. Sci. Technol. 3(4): 113-119 (2020) 

119 

and heat stresses on morpho-physiological attributes, yield, 
nutrient uptake, and oxidative status in maize hybrids. Scientific 
Reports, 9(1): 3890. https://doi.org/10.1038/s41598-019-40362-
7 

Ignatenko, A., Talanova, V., Repkina, N. and Titov, A. 2019. Exogenous 
salicylic acid treatment induces cold tolerance in wheat through 
promotion of antioxidant enzyme activity and proline 
accumulation. Acta Physiologiae Plantarum, 41(6): 80. 
https://doi.org/10.1007/s11738-019-2872-3 

Jafarnia, S., Akbarinia, M., Hosseinpour, B., Sanavi, S.A.M.M. and Salami, 
S.A. 2018. Effect of drought stress on some growth, morphological, 
physiological, and biochemical parameters of two different 
populations of Quercus brantii. iForest-Biogeosciences and 
Forestry, 11(2): 212-220. https://doi.org/10.3832/ifor2496-010 

Khan, M.A. and Rab, A. 2019. Plant spacing affects the growth and seed 
production of okra varieties. Sarhad Journal of Agriculture, 35(3): 
751-756. 
http://dx.doi.org/10.17582/journal.sja/2019/35.3.751.756 

Khan, M.N., Zhang, J., Luo, T., Liu, J., Ni, F., Rizwan, M., Fahad, S. and Hu, L. 
2019. Morpho-physiological and biochemical responses of tolerant 
and sensitive rapeseed cultivars to drought stress during early 
seedling growth stage. Acta Physiologiae Plantarum, 41(2): 25. 
https://doi.org/10.1007/s11738-019-2812-2 

Klessig, D.F., Choi, H.W. and Dempsey, D.M.A. 2018. Systemic acquired 
resistance and salicylic acid: past, present, and future. Molecular 
Plant-Microbe Interactions, 31(9): 871-888. 
https://doi.org/10.1094/MPMI-03-18-0067-CR 

Li, Q., Wang, G., Wang, Y., Yang, D., Guan, C. and Ji, J. 2019. Foliar 
application of salicylic acid alleviates the cadmium toxicity by 
modulation the reactive oxygen species in potato. Ecotoxicology 
and Environmental Safety, 172: 317-325. 
https://doi.org/10.1016/j.ecoenv.2019.01.078 

Lichtenthaler, H.K. 1987. Chlorophylls and carotenoides: Pigments of 
photosynthetic biomembranes. Methods in Enzymology, 148: 350-
382. https://doi.org/10.1016/0076-6879(87)48036-1 

Lintunen, A., Paljakka, T., Salmon, Y., Dewar, R., Riikonen, A. and Hölttä, 
T. 2020. The influence of soil temperature and water content on 
belowground hydraulic conductance and leaf gas exchange in 
mature trees of three boreal species. Plant, Cell & 
Environment, 43(3): 532-547. https://doi.org/10.1111/pce.13709 

Lowry, O.H., Rosebrough, N.J., Farr, A.L. and Randall, R.J. 1951. Protein 
measurement with the Folin phenol reagent. Journal of Biological 
Chemistry, 193: 265-275. 

Lutts, S., Kinet, J.M. and Bouharmont, J. 1995. Changes in plant response 
to NaCl during development of rice (Oriza sativa L.) varieties 
differing in salinity resistance. Journal of Experimental Botany, 
46(12): 1843-1852. https://doi.org/10.1093/jxb/46.12.1843 

Meena, K.K., Sorty, A.M., Bitla, U.M., Choudhary, K., Gupta, P., Pareek, A., 
Singh, D.P., Prabha, R., Sahu, P.K., Gupta, V.K., Singh, H.B., 
Krishanani, K.K. and Minhas, P.S. 2017. Abiotic stress responses and 
microbe-mediated mitigation in plants: the omics 
strategies. Frontiers in Plant Science, 8: 172. 
https://doi.org/10.3389/fpls.2017.00172 

Meise, P., Seddig, S., Uptmoor, R., Ordon, F. and Schum, A. 2018. Impact 
of nitrogen supply on leaf water relations and physiological traits 
in a set of potato (Solanum tuberosum L.) cultivars under drought 
stress. Journal of Agronomy and Crop Science, 204(4): 359-374. 
https://doi.org/10.1111/jac.12266 

Mounir, S., Ghandour, A., Téllez-Pérez, C., Aly, A.A., Mujumdar, A.S. and 
Allaf, K. 2020. Phytochemicals, chlorophyll pigments, antioxidant 
activity, relative expansion ratio, and microstructure of dried okra 
pods: swell-drying by instant controlled pressure drop versus 
conventional shade drying. Drying Technology. 

https://doi.org/10.1080/07373937.2020.1756843 
Nawaz, A., Ali, H., Sufyan, M., Gogi, M.D., Arif, M.J., Ali, A., Qasim, M., Islam, 

W., Ali, N., Bodla, I., Zaynab, M., Khan, K.A. and Ghramh, H.A. 2020. 
In-vitro assessment of food consumption, utilization indices and 
losses promise of leafworm, Spodopteralitura (Fab.), on okra 
crop. Journal of Asia-Pacific Entomology, 23(1): 60-66. 
https://doi.org/10.1016/j.aspen.2019.10.015 

Oraee, A. and Tehranifar, A. 2020. Evaluating the potential drought 
tolerance of pansy through its physiological and biochemical 
responses to drought and recovery periods. Scientia 
Horticulturae, 265: 109225. 
https://doi.org/10.1016/j.scienta.2020.109225 

Parveen, N., Ali, Q. and Malik, A. 2020. Effect of salt and drought stress on 
growth related traits of maize seedling under salicylic acid 
applications. International Journal of Botany Studies, 5(1): 146-150. 

Peiró, R., Jiménez, C., Perpiñà, G., Soler, J.X. and Gisbert, C. 2020. 
Evaluation of the genetic diversity and root architecture under 
osmotic stress of common grapevine rootstocks and 
clones. Scientia Horticulturae, 266: 109283. 
https://doi.org/10.1016/j.scienta.2020.109283 

Plazas, M., Nguyen, H.T., González-Orenga, S., Fita, A., Vicente, O., 
Prohens, J. and Boscaiu, M. 2019. Comparative analysis of the 
responses to water stress in eggplant (Solanum melongena) 
cultivars. Plant Physiology and Biochemistry, 143: 72-82. 
https://doi.org/10.1016/j.plaphy.2019.08.031 

Pourghayoumi, M., Bakhshi, D., Rahemi, M., Kamgar-Haghighi, A.A. and 
Aalami, A. 2017. The physiological responses of various 
pomegranate cultivars to drought stress and recovery in order to 
screen for drought tolerance. Scientia Horticulturae, 217: 164-172. 
https://doi.org/10.1016/j.scienta.2017.01.044 

Qu, X., Wang, H., Chen, M., Liao, J., Yuan, J. and Niu, G. 2019. Drought 
stress–induced physiological and metabolic changes in leaves of 
two oil tea cultivars. Journal of the American Society for 
Horticultural Science, 144(6): 439-447. 
https://doi.org/10.21273/JASHS04775-19 

Singh, A., Kumar, A., Yadav, S. and Singh, I.K. 2019. Reactive oxygen 
species-mediated signaling during abiotic stress. Plant Gene, 18: 
100173. https://doi.org/10.1016/j.plgene.2019.100173 

Stanley, L. and Yuan, Y.W. 2019. Transcriptional regulation of carotenoid 
biosynthesis in plants: So many regulators, so little 
consensus. Frontiers in Plant Science, 10: 1017. 
https://doi.org/10.3389/fpls.2019.01017 

Steel, R.G.D., Torrie, J.H. and Dickey, D.A. 1997. Principles and Procedures 
of Statistics: A Biometrical Approach (3rd Ed.). McGraw Hill Book 
Co. Inc., New York, pp. 400-428. 

Tanveer, M., Shahzad, B., Sharma, A. and Khan, E.A. 2019. 24-
Epibrassinolide application in plants: An implication for improving 
drought stress tolerance in plants. Plant Physiology and 
Biochemistry, 135: 295-303. 
https://doi.org/10.1016/j.plaphy.2018.12.013 

Trueba, S., Pan, R., Scoffoni, C., John, G.P., Davis, S.D. and Sack, L. 2019. 
Thresholds for leaf damage due to dehydration: declines of 
hydraulic function, stomatal conductance and cellular integrity 
precede those for photochemistry. New Phytologist, 223(1):134-
149. https://doi.org/10.1111/nph.15779  

Wilcox, L.V. 1951. A method for calculating the saturation percentage 
from the weight of a known volume of saturated soil paste. Soil 
Science, 72(3): 233-238.  

Zhang, L., Peng, J., Chen, T.T., Zhao, X.H., Zhang, S.P., Liu, S.D., Dong, H.L., 
Feng, L. and Yu, S.X. 2014. Effect of drought stress on lipid 
peroxidation and proline content in cotton roots. The Journal of 
Animal and Plant Sciences, 24(6):1729-1736.

 

https://doi.org/10.1038/s41598-019-40362-7
https://doi.org/10.1038/s41598-019-40362-7
https://doi.org/10.1007/s11738-019-2872-3
https://doi.org/10.3832/ifor2496-010
http://dx.doi.org/10.17582/journal.sja/2019/35.3.751.756
https://doi.org/10.1007/s11738-019-2812-2
https://doi.org/10.1094/MPMI-03-18-0067-CR
https://doi.org/10.1016/j.ecoenv.2019.01.078
https://doi.org/10.1016/0076-6879(87)48036-1
https://doi.org/10.1111/pce.13709
https://doi.org/10.1093/jxb/46.12.1843
https://doi.org/10.3389/fpls.2017.00172
https://doi.org/10.1111/jac.12266
https://doi.org/10.1080/07373937.2020.1756843
https://doi.org/10.1016/j.aspen.2019.10.015
https://doi.org/10.1016/j.scienta.2020.109225
https://doi.org/10.1016/j.scienta.2020.109283
https://doi.org/10.1016/j.plaphy.2019.08.031
https://doi.org/10.1016/j.scienta.2017.01.044
https://doi.org/10.21273/JASHS04775-19
https://doi.org/10.1016/j.plgene.2019.100173
https://doi.org/10.3389/fpls.2019.01017
https://doi.org/10.1016/j.plaphy.2018.12.013
https://doi.org/10.1111/nph.15779

