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ABSTRACT 

The current survey aimed to study the effect of exogenous salicylic acid (SA) application on salinity stress 
of grapevine cv. ’Sultana’. The leaves of hydroponically cultivated grapes that were under 0, 75 and 
150 mM salinity conditions treated with 0, 0.5, 1 and 1.5 mM SA and after two weeks, the factors such as 
Na+, K+, proline and MDA contents, leaf electrolyte leakage and enzymatic activities were measured. The 
results showed that all SA treatments were significantly effective at tolerance enhancement by reduction in 
Na+/K+ ratio, leaf electrolyte leakage, MDA and H2O2 values and promotion in proline content and the en-
zymatic activities (POD, APX, CAT and SOD) of grapes. These results indicated that SA application at sa-
linity condition could be applied as a promising method for increasing the salinity tolerance of ‘Sultana’ 
grapes. 
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INTRODUCTION 

Grape (Vitis vinifera L.), as the most widely culti-
vated perennial plant in the world, is exposed to ad-
verse environmental factors such as high salinity that 
negatively affects the plant growth [Yildirim et al. 
2008]. The reduction in plant growth in saline envi-
ronments could be due to either adverse water relations 
or the toxic effects of Na+ and Cl− ions on metabolism 
[Munns and James 2003]. Elucidation of the plant bio-
chemical and physiological mechanisms in response to 
abiotic stresses is very critical point for improvement of 
environmental stress tolerance in plants. Thus, salinity 
(NaCl), as an abiotic stress, is among most limiting 
factors of the plant growth, development and produc-
tivity [Yildirim et al. 2008]. Several studies have 
shown that salt stress induces the oxidative stress [Sai-
ram and Tyagi 2004, Munns and Tester 2008, Zhang 

and Shi 2013] by the mitochondria and chloroplast that 
are important intracellular generators of reactive oxy-
gen species (ROS) such as superoxide radical, peroxide 
radical, hydrogen peroxide and hydroxyl radical [Abd 
Elgawad et al. 2016]. Therefore, salinity as one of the 
most significant abiotic factors limiting the crop 
productivity and development of methods and strate-
gies to improve the toxic effects of salt stress on plants, 
has received great attention [Yildirim et al. 2008]. 

Salicylic acid is an endogenous plant growth regula-
tor and a derivative of phenolic compounds [Hayat and 
Ahmad 2007] that plays an important role in responses 
to biotic and abiotic stresses and regulation of plant 
growth and development [Yildirim et al. 2008, Wen et 
al. 2008, Hayat et al. 2010]. Salicylic acid has been 
recognized as an endogenous regulatory signal that 
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plays several roles in the plant response to adverse 
environment conditions, such as salt and osmotic 
stresses [Wang and Li 2006, Yildirim et al. 2008]. 
Moreover, SA may be linked to oxidative stress playing 
an essential role in preventing the oxidative damage 
[Wang and Li 2006]. The roles of SA in inducing the 
stress tolerance depend on species, developmental 
phase of plants, concentration of SA applied and also 
experimental conditions [Arfan et al. 2007]. Therefore, 
low concentration of SA exhibited growth promoting 
and high concentration of SA exhibited growth inhibit-
ing properties in grape (Vitis vinifera cv. ‘Sultana’) by 
increasing H2O2 concentration as a ROS in tissues 
[Szepesi et al. 2005]. The ROS content in plant cell is 
dependent on their producing systems and scavenging 
mechanism, both enzymatic and non-enzymatic ones 
[Apel and Hirt 2004]. Moderate doses of SA may acti-
vate the antioxidant mechanisms [Szepesi et al. 2005]. 

Several studies have reported positive effects of SA 
on the regulation of physiological processes. Addition-
ally, activation of antioxidant enzymes such as catalase 
(CAT), peroxidase (POD) and superoxide dismutase 
(SOD) was enhanced by SA treatment [Wallace and 
Fry 1999]. Salicylic acid might affect the acclimation 
process that allows plants to adapt to subsequent stress 
condition and high levels of exogenous SA have ad-
verse effects on plant growth and development includ-
ing extensive oxidative damage. Thus, some studies 
reported positive effects of SA application on stress 
tolerance [Shakirova and Bezrukova 1997, Senaratna et 
al. 2000, Tari et al. 2002, Khodary 2004, Wang and Li 
2006, Yordanova and Popova 2007, Wen et al. 2008, 
Yildirim et al. 2008]. 

At present, considerable interest has been provoked 
by the ability of SA to produce protective effects on 
plants under different abiotic stress. Therefore, the 
main aim of this paper was to study the effects of exog-
enous SA application on some plant physiological 
parameters and antioxidant properties under the salt 
stress in grape plant. 

MATERIAL AND METHODS 

Plant materials and experimental treatments 
The grape stem cuttings (cv. ‘Sultana’) were 

placed in plastic pots under hydroponic conditions, 

which were irrigated by Hoagland nutritional solu-
tion. Two months after planting, considering 
plant deposition, salinity (NaCl) stress of 0, 75 and 
150 mM was applied. After one month, foliar appli-
cation of salicylic acid solution at four levels (0, 0.5, 
1 and 1.5 mM) was applied onto the leaves. Two 
weeks after treatment, plant samplings were done to 
measure the enzymatic activity and other parameters. 
This experiment was carried out in a research green-
house at University of Tabriz at ambient temperature, 
humidity and light intensity of 15–30°C, 40–50% and 
500 µmol m–2 s–1, respectively. The growing beds 
were regularly watered with tap water in 10 days 
intervals to prevent the salinity accumulation in 
growing media. 

Assay of physiological properties 
Sodium and potassium concentration of the 

leaves. Plant samples were collected randomly from 
each treatment, washed, air dried and then dried in 
hot-air oven at 60°C for 18 h. The samples were 
ground in Willey mill. The powered plant samples 
were stored for nutrient analysis. The triacid diges-
tion extract was used for estimation of potassium 
(K+) and sodium (Na+) by flame photometry as out-
lined by Tandon [1998] and expressed in mmol kg–1. 
Thereby Na+/K+ ratio was determined. 

Leaf electrolyte leakage. Leaf electrolyte leakage 
was measured as described by Lutts et al. [1996]. For 
this purpose, an electrical conductivity-meter Jenway 
Model 4330 was used. Leaves were excised and 
washed with deionized water. After drying with filter 
paper, 1 g fresh weight of leaves was cut into small 
pieces (about 1 cm2) and then immersed in 20 mL 
deionized water and incubated at 25°C. After 24 h, 
electrical conductivity (EC1) and after 48 h (EC2) of 
the bathing solution was recorded of same samples. 
The results expressed as uS mg–1. 

Proline content. Proline content was calculated 
according to Bates et al. [1973]. Proline concentra-
tion was determined using calibration curve and ex-
pressed as umol/g FW (fresh weight). Plant material 
(0.5 g) was homogenized in 10 ml of 3% sulfosalicyl-
ic acid and the homogenate was filtered. The filtrate 
(2 mL) was treated with 2 mL ninhydrin reagent 
(1.25 mg ninhydrin in 30 mL of glacial acetic acid 
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and 20 mL 6 M H3PO4) and incubated at 95°C for 
1 h. The reaction was terminated by placing in an ice 
bath. The reaction mixture was vigorously mixed 
with 4 mL toluene. After warming at 25°C, absorb-
ance of the colored solutions was read at 520 nm. 
L-proline was used as a standard. 

Protein extraction. For biochemical study, grape 
leaves were immediately frozen in liquid nitrogen 
and transferred to laboratory, where they were lyoph-
ilized and stored at –80°C until analysis. Superoxide 
dismutase (SOD), ascorbate peroxidase (APX), pe-
roxidase (POD) and catalase (CAT) specific activities 
were determined in crude protein extracts prepared 
from 0.1 g of plant material stored and frozen at 
−80°C. Each sample was ground in a mortar in the
presence of liquid nitrogen and proteins were extract-
ed with 2 mL of extraction buffer [20 mM Hepes (pH
7.5), 50 mM KCl, 1 mM EDTA, 0.1% (v/v) Triton X-
100, 0.2% (w/v) polyvinylpyrrolidone, 0.2% (w/v)
polyvinylpolypyrrolidone and 5% (v/v) glycerol],
followed by addition of 0.2 mL of ‘high salt buffer’
(225 mM Hepes, pH 7.5, 1.5 M KCl and 22.5 mM
MgCl2). Homogenates were centrifuged and after
removing precipitated material, the final protein ex-
tracts were stored at −80°C until used for enzymatic
assays. The protein concentration in the extracts was
determined by the method of Bradford [1976] using
the Bio-Rad reagent and bovine serum albumin as
a standard.

Antioxidant enzymes assay 
Measurements of superoxide dismutase (SOD) 

activity. Total SOD activity was determined accord-
ing to Beyer and Fridovich [1987] by monitoring the 
inhibition of nitroblue tetrazolium (NBT) photo-
reduction using the following colorimetric assay: the 
reaction mixtures (1 mL) containing 50 mM potassi-
um phosphate buffer (pH 7.8), 9.9 mM methionine, 
58 µM NBT, 0.025% (v/v) Triton X-100, 2.4 µM 
riboflavin (as the source of superoxide radicals) and 
the protein extract. After adding riboflavin, the reac-
tion mixtures were irradiated (300 µmol m−2 s−1, 
provided by three 23 W Osram DULUX PRO com-
pact fluorescent lamps) for 10 min at 25°C, and the 
absorbance at 560 nm was measured, using a non-
irradiated reaction mixture as a blank. One SOD unit 

was defined as the amount of enzyme that causes 
50% inhibition of NBT photo-reduction under assay 
conditions. The results were expressed as units/min/ 
mg protein. 

Measurements of ascorbate peroxidase (APX) 
activity. The activity of APX was determined by 
measurement of the absorbance diminution of oxi-
dized ascorbate at 290 nm (using quartz cuvette) 
according to Nakano and Asada [1981]. The 2 mL 
reaction mixture contained ascorbate (0.5 mM), 
EDTA (0.1 mM), H2O2 (1.2 mM) and protein extract. 
Reactions were initiated by adding H2O2 and the 
decrease in OD was monitored until it became stable. 
Control reactions with no protein extract were incu-
bated in parallel to correct for non-enzymatic H2O2 
reduction. Activity was calculated using the extinc-
tion coefficient (2.8 mM–1 cm–1 at 290 nm) for ascor-
bate and results were expressed as µmol ascor-
bate/min/mg protein. 

Measurements of peroxidase (POD) activity. 
The peroxidase (POD) activity was determined using 
4-methylcatechol as a substrate. The increase in the 
absorption caused by oxidation of 4-methylcatechol 
by H2O2 was measured at 420 nm spectrophotometri-
cally. The reaction mixture contained 100 mM 
sodium phosphate buffer (pH 7.0), 5 mM 4-methy-
lcatechol, 5 mM H2O2 and 500 µL of crude extract in 
a total volume of 3.0 mL at room temperature. One 
unit of enzyme activity was defined as 0.001 change 
in absorbance per min under assay conditions and 
results were expressed as unit/mg protein [Ghamsari 
et al. 2007].

Measurements of catalase (CAT) activity. CAT 
activity was determined by monitoring the disappear-
ance of H2O2 at 240 nm according to the method of 
Aebi [1984]. The reaction mixture contained 50 mM 
K-phosphate buffer (pH 7.0), 33 mM H2O2 and en-
zyme extract. The results were expressed as µmol 
H2O2 min−1 mg−1 protein. 

Determination of Hydrogen peroxide (H2O2) 
concentration. To quantify H2O2 concentration, 
0.2 g fresh leaves were ground and extracted with 
1.5 mL cold acetone. After centrifugation (12,000 g, 
15 min), the supernatant was used to determine H2O2 
concentration according to the method of Patterson 
et al. [1984]. 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4163002/#PLU049C17
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Statistical analysis 
The experiment was conducted as factorial in a 

randomized complete block design with four replica-
tions. Experiment treatments included salinity of 
sodium chloride (NaCl) at three levels (0, 75 and 150 
mM) and SA foliar application at four concentrations 
(0, 0.5, 1 and 1 mM). Data analysis was performed 
by SAS software and the mean values were processed 
by Duncan’s multi-domain test at a probability level 
of P ≤ 0.05. 

Results and discussion 
Sodium and potassium contents. Sodium con-

tents of leaves significantly increased as the salinity 
increased (Fig. 1A), but decreased in the leaves at 
high concentrations of SA (1 and 1.5 mM). However, 
0.5 mM SA showed no significant change as com-
pared to controls (Fig. 1B). Unlike sodium, the potas-
sium concentrations of leaves decreased when salini-
ty stress increased (P ≤ 0.05) at all concentrations 
(Fig. 2A). At the highest concentration of SA, potas-
sium values significantly increased (Fig. 2B). The 
interaction of salinity and SA demonstrated that all 
SA treatments significantly affected the Na+/K+ ratio 
and the best result was obtained at 1.5 mM of SA 
(Fig. 3). Potassium plays an important role in balanc-

ing the membrane potential and turgor, activating 
enzymes and regulating the osmotic pressure, sto-
matal movement and tropisms. Potassium leakage 
normally happens as a result of NaCl induced mem-
brane depolarization under saline conditions [Shabala 
2003]. Given that intracellular Na+/K+ homeostasis is 
essential for cell metabolism and is considered a key 
component of salinity tolerance in plants, the interac-
tion of salinity stress and salicylic acid on sodium 
ratio was important. Salinity has been shown to in-
crease the uptake of Na+ and decrease the uptake of 
K+. Reducing Na+ content after SA treatments results 
in low membranes injury [Yildirim et al. 2008]. 
These results are in agreement with Gunes et al. 
[2005], who found that exogenously applied SA de-
creased Na+ and raised K+ contents compared to 
those of non-treated ones under salt stress. According 
to the results of present study, potassium content of 
grape leaves increased significantly, which was pre-
viously reported by Kaya et al. [2003] and different 
levels of salicylic acid reduced the Na+/K+ ratio of 
leaves compared to the control and caused tolerance 
enhancement of ‘Sultana’ cultivar during salinity 
stress. Also, the highest effect was observed at the 
highest (1.5 mM) level of salicylic acid. The results 
were also in agreement with Szepsi et al. [2005]. 

Fig. 1. Effects of salinity (A) and salicylic acid (B) on sodium (Na) concentration in grape leaves. Values marked with 
different letters are significantly different at P ≤ 0.05 
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Fig. 2. Effects of salinity (A) and salicylic acid (B) on potassium (K) concentration in grape leaves. Values marked with 
different letters are significantly different at P ≤ 0.05 

Fig. 3. Effects of salinity and salicylic acid on sodium to potassium ratio (Na/K) in 
grape leaves. Values marked with different letters are significantly different at P ≤ 0.05 

Leaf electrolyte leakage. This parameter was in-
cluded in order to get more information on membrane 
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meability caused the increase in electrolyte leakage. 
Enhancement at salinity levels caused electrolyte 
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ence and just when increasing salinity to 150 mM, 
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75 mM had not undesirable effects on the cell mem-
brane properties on grape leaves (Fig. 4A). Applica-
tion of SA on grape leaves caused significant de-
crease in electrolyte leakage and significant decrease 
was observed at 1.5 mM SA compared to the others 
(Fig. 4B). Electrolyte leakage causes cell membrane 
injury when plants are subject to salinity stress [Ste-
vens et al. 2006]. Furthermore, application of salicyl-
ic acid (SA) partly maintained membrane permeabil-
ity as SA application could influence membrane per-
meability [Yildirim et al. 2008]. Positive effect of SA 
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application on reduction of electrolyte leakage was 
previously reported by Shi et al. [2006]. 

Proline content of the leaves. The plants treated 
with salt had higher amount of proline as compared to 
the controls. At salinity conditions, the increase at con- 
centrations of SA caused the increase in proline content 
(Fig. 5). It was showed that 1.5 mM SA and 150 mM 
NaCl caused increase in proline content by supporting 
the defense mechanism of the plant. Some studies re- 
ported that this compound could have a defense mech- 
anism supporting the role for the plants under stress. 
Proline, as compatible solute, accumulates in plant cells 
under salinity condition and acts as a free radical scav-  

enger and enzyme protectant to be involved in stress 
resistance [Hare and Cress 1997]. Proline indirectly 
increased the metabolic activation by providing osmo-
regulation of plants under stress [Pesserakli et al. 
1989]. Based on the results of current study, all concen-
trations of SA increased in proline content significant-
ly, which improved the regulation of osmotic potential 
of the cell. It could be concluded that SA application 
might activate the metabolic consumption of soluble 
sugars to form new cell constitutes as a mechanism to 
stimulate growth and leading to the increased proline 
accumulation to reduce the injurious effects of salinity 
on the salt stress of plants [Szepsi et al. 2005]. 

Fig. 4. Effects of salinity (A) and salicylic acid (B) on electrolyte leakage in grape leaves. Values marked with different 
letters are significantly different at P ≤ 0.05 

Fig. 5. Effects of salinity and salicylic acid on proline content in grape leaves. Values marked 
with different letters are significantly different at P ≤ 0.05 
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Hydrogen peroxide (H2O2) and malondialde-
hyde (MDA). According to the results of present 
study, the significant increase was observed in H2O2 
levels (Fig. 6A) due to salinity stress, which indi-
cates oxidative stress. Salicilic acid application at 
concentration of 1 mM caused significant decrease 
in H2O2 values (P ≤ 0.05), but other concentrations 
showed no significant different in this regard (Fig. 
6B). High concentrations of H2O2 have toxicity 
effect and cause the cell death, however accumula-
tion of H2O2 to a certain degree in plants may indi-
cate a signaling role during acclimation to abiotic 
stress [Wang and Li 2006]. Thus, sharp increase in 

H2O2 values at high salinity might be hazardous and 
reduction in its amount after SA application might 
cause tolerance to salt stress. 

According to the results (Fig. 7), the MDA con-
tent, as a trait of oxidative stress, showed decreas-
ing trend as salicylic acid levels increased. The 
highest decrease was observed at highest concen-
tration of SA at the highest level of salinity stress. 
Also, application of SA (1 mM) was significantly 
effective at decreasing the MDA content (P ≤ 
0.05). Therefore, it could be concluded that salicyl-
ic acid reduces the oxidative stress caused by salin-
ity stress and induces the tolerance to it. 

Fig. 6. Effects of salinity (A) and salicylic acid (B) on H2O2 content in grape leaves. Values marked with different 
letters are significantly different at P ≤ 0.05 

Fig. 7. Effects of salinity and salicylic acid on MDA content in grape leaves. Values marked with 
different letters are significantly different at P ≤ 0.05 
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Enzyme activity. The results showed that salinity 
and SA increased the concentrations of all antioxi-
dant enzymes tested (POD, APX, CAT and SOD). 
The POD enzyme activity at low (75 mM) and high 
(150 mM) salinity significantly (P ≤ 0.05) increased 
as compared to the control (Fig. 8A). Moreover, POD 
activity at 1 and 1.5 mM increased significantly com-
pared to 0.5 mM SA and control (Fig. 8B). The APX 
increased significantly as salinity increased, so that 
75 and 150 mM salinity caused the same increase at 
APX activity compared to the control (Fig. 9A). 
Application of SA at 1 and 1.5 mM caused signifi-
cant enhancement at APX activity, but 0.5 mM SA 
had no significant difference as compared with the 
control (Fig. 9B). Likewise, CAT enzyme activity 
increased whenever the salinity increased. The high-
est activity was observed at 150 mM NaCl (Fig. 
10A). The SOD enzyme activity increased sig-
nificantly (P ≤ 0.05) at 150 mM salinity (Fig. 10A) 
and SA application increased the SOD activity at all 
concentration (Fig. 11). 

Plants with high levels of antioxidants have 
greater resistance to oxidative damage. Salt stress 
leads to the formation of reactive oxygen species 
that disturb normal metabolism through oxidative 
damage. Prevention of oxidative damage to cells 
during stress has considered as one of the mecha-

nisms of stress tolerance [Wang and Li 2006]. The 
improvement of stress tolerance is often related to 
enhancement of antioxidant activities in plants and 
it was reported that SA acts as an antioxidant 
[Agarwal et al. 2005]. Enhanced activity of certain 
antioxidant enzymes with SA applications under 
stress conditions including salinity has been ob-
served [Shi et al. 2006, Stevens et al. 2006]. Differ-
ent studies have reported the effect of SA applica-
tion on antioxidant activity of plants. For example, 
SA application decreased the apoplastic catalase 
(CAT) enzyme activity, increased apoplastic perox-
idase (POD) and polyphenol oxidase (PPO) activi-
ties [Tasgin et al. 2006]. SA application increased 
POD, CAT, SOD and APX enzyme activities 
[Agarwal et al. 2005]. Significant increase in POD, 
APX and SOD activities after SA application was 
also reported by Wang and Li [2006]. SA application 
might cause the induction of antioxidant response 
that increases the tolerance of plant to damage [Yild-
irim et al. 2008]. In conclusion, salicylic acid may 
mediate the acclimation of plants to environmental 
stress, and may interact with other cellular metabo-
lites and environmental factors in the regulation of 
stress responses [Yordanova and Popova 2007]. Our 
results are in agreement with above mentioned stud-
ies and could be described by them. 

Fig. 8. Effects of salinity (A) and salicylic acid (B) on POD activity in grape leaves. Values marked with different 
letters are significantly different at P ≤ 0.05 
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Fig. 9. Effects of salinity (A) and salicylic acid (B) on APX activity in grape leaves. Values marked with different letters 
are significantly different at P ≤ 0.05 

Fig. 10. Effects of salinity (A) and salicylic acid (B) on CAT activity in grape leaves. Values marked with different letters 
are significantly different at P ≤ 0.05 

Fig. 11. Effects of salinity and salicylic acid on SOD activity in grape leaves. Values marked 
with different letters are significantly different at P ≤ 0.05 
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CONCLUSIONS 

Salicylic acid (SA), as a plant regulator with great 
effects on biotic and abiotic resistance of plants, 
might be applied as a helpful turn to maintain toler-
ance during salinity stress. Thus, its application on 
grapes in the course of saline condition could de-
crease the negative effects of salinity. In general, SA 
application on grapes under salinity stress improved 
antioxidant enzyme activities (POD, APX, CAT and 
SOD) and proline content as desirable characters and 
decreased Na+/K+ ratio, leaf electrolyte leakage, 
MDA and H2O2 values as undesirable ones. The re-
sults of this work conclude that SA application may 
be a satisfactory routine that could increase the salini-
ty tolerance of grapes. 
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