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Abstract 
Adaptation and defense responses are the consequences of exposure to drought stress in 
plants. Salicylic acid (SA) as a natural signaling molecule poses a significant impacts on 
various aspects of plant growth and development. This study investigates the effects of SA on 
carotenoids content, lipid peroxidation rate and antioxidant enzymes activities. A pot 
experiment was conducted using a factorial pattern based on a randomized complete block 
design with three replications under greenhouse conditions. The variables in the experiment 
included grapevine cultivars (‘Rasheh’ and ‘Bidane Sefid’), irrigation periods (5, 10 and 15 
day intervals) and SA concentrations (0, 1 and 2 mM). Results showed that with increasing 
the drought stress levels, increase in carotenoids, malondialdehyde (MDA) contents, catalase 
(CAT), ascorbate peroxidase (APX) and guaiacol peroxidase (GPX) enzymes activities were 
detected. Carotenoids content, catalase (CAT) and ascorbate peroxidase (APX) and guaiacol 
peroxidase (GPX) enzymes activities were higher in the Rasheh cultivar compared with the 
‘Bidane Sefid’ cultivar. Carotenoids content, CAT, APX and GPX enzymes activities 
increased by application of salicylic acid. . According to the obtained results, the Rasha 
cultivar showed a greater tolerance to water stress in comparison with Bidane Sefid cultivar, 
suggesting that SA is capable of   inducing drought stress  tolerance in plants. 
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Introduction 
Based on various observations, water stress 

induces oxidative stress in  plants 

(Manivannanet al., 2008). Reactive Oxygen 

Species (ROS) including  superoxides (O
2-

*); 

hydroxyls (OH*); perhydroxys (HO2*) and, 

alkoxys (RO*)) beside  non-radical 

(molecular) forms [hydrogen peroxide 
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(H2O2) and singlet oxygen (O2)] (Gill and 

Tuteja, 2010), adversely  affect the proteins, 

lipids, carbohydrates, and nucleic acids (Bian 

and jiang, 2009). Intensity of damage caused 

by ROS depends on the balance between the 

level of ROS and their degradation rate by 

antioxidant scavenging mechanisms (Azooz 

et al., 2009). On the other hand, it has been 

reported that the membranes of plant cells 

can be affected by the rapid damage 
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following exposure to water stress. 

Uncontrolled enhancement of free radicals 

which cause lipid peroxidation can lead to 

leakage of the membrane. Damage to fatty 

acids of membrane produces small 

hydrocarbon fragments such as 

malondialdehyde (MDA) (Moussa and Aziz, 

2008). Furthermore, MDA as a final product 

of plant cell membrane lipid peroxidation 

represent the  membrane system injury 

(Cunhua et al., 2010). During evolution, 

plants have developed unique defense 

mechanisms to increase their tolerance under 

adverse conditions which help them to 

survive under such unfavorable growth 

conditions (Xu et al., 2008). To do so,  plants 

alternatively synthesize the antioxidant 

enzymes involved in  defense mechanisms 

against different stresses.. The increased 

activity of antioxidant enzymes including 

catalase (CAT), ascorbate peroxidase (APX) 

and guaiacol peroxidase (GPX) consequently 

result in  delay of leaf senescence. However 

under severe drought stress condition, 

damages caused by  the active oxygen to the 

cells are not effectively reduced by   

antioxidant machinery.. Therefore, a wide 

range of compounds are utilized for 

decreasing the adverse impacts of stress on 

crops. SAis an endogenous growth regulator 

with phenolic nature and also an important 

signaling molecule which regulates 

physiological processes in plants such as 

photosynthesis and some other metabolic 

processes (Syeed et al., 2011; Nazar et al., 

2011; Khan et al., 2012). The significant role 

of SA in modulating the plant response to 

various abiotic stresses is supported by many 

studies (Hayat et al., 2008; Kadioglu et al., 

2011). In addition, it has been observed that 

plant exposure to SA generally caused a 

higher resistance against drought stress (Al-

Hakimi and Hamada, 2001; Hayat et al., 

2008; Kadioglu et al., 2011).  SA has been 

shown to be capable of generating a wide 

range of metabolic responses. Furthermore 

SA role in  plant-water relation has been 

proven (Hayat et al. 2010). It has been 

observed that  drought-stressed plants 

supplemented with exogenous SA are 

effective in modulating both enzymatic and 

non-enzymatic components of antioxidant 

defense system (Wang et al., 2004; Kadioglu 

et al., 2011). The aim of the present work 

was to investigate the effect of SA treatment 

on  morphological and physiological 

characteristics in two grapevine cultivars 

(Rasha and Bidanesefid) under drought 

stress. 

Materials and Methods 
Two- years old grape saplings were planted 

in plastic pots (20 cm in diameter, 24 cm in 

depth and 7 li capacity) containing 6 Kg 

soil, including  clay, sandy loam soil and 

sand  in a ratio of 1:2:1 respectively. The 

experiment was conducted during the 2012 

March- 2013 August season (6 month) at 

Research green house in the Faculty of 

Agriculture, Urmia University in Iran. 

Temperatures in the green house were 

adjusted on 40 ± 2_  C during day and 17 ± 

2_  C at night, with relative humidity of 

~45% and a photoperiod of 14 h. The 

experiment was carried out as a factorial 

based on randomized complete block 

design with three factors including 

irrigation periods (every 5, 10 and 15 

days), SA concentrations (0, 1 and 2 mM) 

and grape cultivars (Rasha and 

Bidanesefid) with three replications. 

The spraying of SA was conducted  

when the first irrigation cycle started (3 

month after seedling culture and adaption 

to greenhouse condition for 90 day). In 

addition, to prevent SA toxic effect, the 

next sprayings were done every 15 days 

interval.  

The height of the seedlings is measured 

at the beginning and end of the experiment 

and the longitudinal growth ratio of the 

seedlings at the beginning and the end of 

the experiment was measured using a ruler 

and ultimately the height difference was 

calculated. The following formula was 

used to create a uniformity between the 

comparisons (Cramer et al., 1986). 
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Longitudinal growth ratio= Secondary 

longitudinal growth- Primary longitudinal 

growth/ Primary longitudinal growth100 

In order to measuring leaf area, at the 

end of the experiment three leaves (small, 

medium, big) from each sapling were 

collected and the leaf area was measured 

by Leaf Area Meter (Model AM200) and 

was multiplied by number of all leaves in 

every correspond sample. The leaf 

thickness and length of roots were 

measured at the end of the experiment by 

ruler and caliper respectively. 

In order to measure the number of 

stomata, samples were prepared from the 

lower part of the leaf and from a similar 

place of the leaves with same size using 

covering the leaves by colorless nail polish. 

The dried layer of nail polish was removed 

and then checked by microscope and the 

numbers of stomata from eight similar 

points were counted and their average was 

calculated.  

Relative water content (RWC) was 

calculated by the following equation 

(Filella et al., 1998): 

RWC (%) = (Fresh weight – Dry weight) / 

(Turgid weight – Dry weight) × 100 

At the end of the experiment, Lipid 

peroxidation was determined by measuring 

Malondialdehyde (MDA) content (Heath & 

Packer 1968). Fresh leaf samples (0.2 g) 

were homogenized in 5 ml of 1% 

trichloroacetic acid (TCA) and centrifuged 

at 8000 g (model, company, city and 

country) (NüveFüj 650 model centrifuge) 

at 1,500 rpm for 10 min.  One ml of 

supernatant was mixed with 4 ml of 0.5% 

thiobarbituricacid (TBA) in 20% TCA and 

the mixture was incubated in boiling water 

for 30 min and   transferred to an ice bath 

to stop the further reaction. The absorbance 

was read at 532 nm using an Analytik Jena 

Specord 200 model spectrophotometer and 

adjusted for nonspecific absorbance to 600 

nm. MDA content was estimated by using 

an extinction coefficient of 155 mM
-1

 cm
-1

. 

The Chlorophyll a, b and carotenoid 

content was determined according to 

Lichtenthaler and Wellburn (1983). The 

weighed fresh leaf samples were extracted 

with 100% acetone and were homogenized 

with the B-Brawn type homogenizer at 

1000 rpm for one minute. The homogenate 

was filtered by two layer cheese cloths and 

was centrifuged using the NüveFüj 650 

model centrifuge at 1500 rpm for ten 

minutes. The supernatant was separated 

and the absorbance of acetone extracts was 

measured at 662 nm, 645 nm and 470 nm 

using an   Analytik Jena Specord 200 

model spectrophotometer. The Chlorophyll 

a, b and total content of carotenoids were 

calculated from the equations mentioned 

below (Lichtenthaler and Wellburn , 1983). 

Chl a = 11.75× A662 – 2.35× A645 

Chl b = 18.61× A645 – 3.96× A662 

Car = 1,000× A470 – 2.27×Chl a – 81.4 × 

Chl b / 227 

Soluble protein content was estimated 

by the method of Bradford (1976) and 

Bovine serum albumin (BSA) was used as 

a standard.  

Catalase activity (μmol H2O2 min
-1

 g
-1

 

FW) was assayed by measuring the initial 

rate of hydrogen peroxide disappearance 

(Aebi, 1984). The reaction mixture 

contained 2.5 ml of 50 mM potassium 

phosphate buffer (pH 7.4), 0.2 ml of 1% 

hydrogen peroxide and 0.3 ml of enzyme 

extract. The homogenate was centrifuged 

at 15000 g for 15 min at 4 ºC and the 

supernatant was immediately used for the 

enzyme assay. Decrease in hydrogen 

peroxide was measured as the decline in 

absorbance at 240 nm and the activity was 

calculated using the extinction coefficient 

of 43.6 mM
-1

 cm
–1

 for hydrogen peroxide.  

ascorbate peroxidase (APX) activity 

was determined by the method of Asada 

(1992). Samples  (fresh leaf) of 0.2 g were 

homogenized in 1 mL of 50 mM Na-

phosphate buffer (pH 7.8) containing 0.1 

mM ADTA, 1mM Na-ascorbate, 0.2 ml of 

10 mM hydrogen peroxide and 0.1 ml of 
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enzyme extract. The reaction was initiated 

by adding H2O2 to the solution. The 

decrease in absorbance was monitored at 

290 nm.  

Activity of guaiacol peroxidase (GPX) 

was determined in a reaction mixture 

consisted of 1 ml of 1% guaiacol, 1 ml of 1%  

H2O2, 2.5 ml of 50mM Na-phosphate buffer 

(pH=7) and 0.1 ml enzyme extract. Activity 

was determined by the increase of 

absorbance at 470 nm due to guaiacol 

oxidation (E= 26.6 mM–1 cm–1) (Updhyaya 

et al., 1985). Statistical analysis was carried 

out using SAS software version 9.1 (SAS 

Institute Inc., Cary, NC, USA) and 

Comparing averages were carried out by 

one-way ANOVA using Duncan test. 

Results  

Plant Height 
The results of data analysis, revealed a 

significant effect of drought stress levels, 

salicylic acid, variety, and interaction of 

varieties with drought   and SA on plant 

height. The results of comparing averages 

showed that by increasing drought, the plant 

height in both varieties, Rasha and 

Bidanesefid, decreased. The plant height in 

Rasha was more than Bidanesefid and SA 

application with 2 mM concentration in 

irrigation cycles of  every 10 and 15 days 

increased plant height in both varieties. 

Based on the obtained results the maximum 

plant height was observed in Rasha with 

watering cycle of  every 5 days containing 1 

and 2 mM concentration of SA and the 

minimum plant height was observed in 

Bidanesefid with watering cycle of  every 

15 days and 0 mM SA (Fig. 1).  

Leaf properties (number, area, 
thickness), number of stomata and root 
length 
Analysis of variance showed that the effect 

of variety, drought stress levels, SA 

treatment, interaction of drought with SA 

and interaction of variety with  drought on 

both leaf number and area were significant. 

However, increasing the severity of drought 

reduced  the leaf number and leaf area 

formed on treated plants of both varieties. 

Comparing the averages showed that by 

increasing irrigation intervals, leaf number 

and leaf area significantly  decreased. 

However, the number of leaves in Rasha 

was higher  than Bidanesefid, leaf area in 

Bidanesefid was more than Rasha (Fig. 2, 

4). SA application increased the leaf 

number and leaf area, and 2 mM 

concentration of SA had the most effect.. 

The results showed that the maximum and 

minimum leaf number and leaf area was 

respectively observed in  every 5 days 

irrigation regime (control) with 2 mM 

concentration of SA and those with every 

15 days irrigation cycle with 0 mM 

concentration of SA respectively (Fig. 3, 5).  

Also, the effect of SA treatment and 

interaction of variety and drought on 

stomata number and triple interaction of 

variety, drought and SA on leaf thickness 

were significant. The results of comparing 

averages showed that by increasing 

drought intensity, the number of stomata 

and leaf thickness in both varieties 

increased. However this increase was 

higher  in Rasha compare to the  Bidane 

sefid cultivar (Fig. 6, 7). Application of 2 

mM SA concentration in irrigation cycles 

of once every 10 and 15 days increased 

leaf thickness and number of stomata in 

both varieties. Results showed that  in 

Rasha, the maximum and minimum leaf 

thickness was respectively observed in 

irrigation cycle of once every 15 days with 

2 mM concentration of SA and once every 

5 days with 0 mM concentration of SA 

(Fig 6).  
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Fig. 1. Interaction of variety, drought and salicylic acid (SA) on plant heigh.  R: Rasha cv., S: Bidanesefid 

cv., S0: SA0 mM (control), S1: SA 1 mM, S2: SA 2 mM, I5: Irrigation cycle of 5 days (control), I10: 

Irrigation cycle of 10 days, I15: Irrigation cycle of 15 days. Similar letter/s shows not significant 

differences (P<0.01). Error bars show mean± SE (n=18). 

 

Fig. 2. Interaction of various levels of drought and variety on leaf number. Similar letter/s shows not 

significant differences (P<0.01). Error bars show mean±SE (n=6). 

 

Fig. 3. Interaction of various levels of drought and Salicylic acid on leaf number.  Similar letter/s shows 

not significant differences (P<0.01). Error bars show mean±SE (n=9). 
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Fig. 4. Interaction of various levels of drought and variety on leaf area. Similar letter/s shows not 

significant differences. (P<0.01). Error bars show mean±SE (n=6). 

 

Fig. 5. Interaction of various levels of drought and Salicylic acid on leaf area.  Similar letter/s shows not 

significant differences (P<0.01). Error bars show mean±SE (n=9). 

 

Fig. 6. Interaction of variety, drought and salicylic acid (SA) on Leaf Tickness. R: Rasha cv., S: 

Bidanesefid cv., S0: SA 0 mM (control), S1: SA 1 mM, S2: SA 2 mM, I5: Irrigation cycle of 5 days 

(control), I10: Irrigation cycle of 10 days, I15: Irrigation cycle of 15 days. Similar letter/s shows not 

significant differences. (P<0.01). Error bars show mean±SE (n=18). 
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The maximum numbers of stomata in 

Rasha was with irrigation cycle of once 

every 15 days and the minimum numbers of 

stomata in Bidanesefid was observed in  

watering cycle of  5 days (Fig. 7). SA 

application in different levels was associated 

with increase in leaf area and resulted in the 

decrease of the stomata number (density per 

unit area). However, concentration of 2 mM   

SA showed the highest effect (Fig. 8). 

Also, Based on the analysis of variance 

results, variety and drought stress levels 

showed the significant effect on root 

length. Comparing averages showed that, 

by increasing drought intensity the root 

length increased and the root length in 

Bidane sefid was more than Rasha cultivar 

(Fig. 9, 10).  

 

 

Fig. 7. Interaction of various levels of drought and variety on number of stomata. Similar letter/s shows 

not significant differences (P<0.01). Error bars show mean±SE (n=6). 

 

Fig.8. Effect of salicylic acid levels on number of stomata. Similar letter/s shows not significant differences 

(P<0.01). 
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Fig. 9. Effect of various levels of drought on root length. Similar letter/s shows not significant differences 

(P<0.01). 

 

Fig. 10. Effect of variety type on root length. Similar letter/s shows not significant differences (P<0.01). 

Relative water content (RWC) 
There was a significant effect of various 

levels of drought and variety on leaf RWC 

(P<0.01). Based on the results of comparing 

averages, the RWC was significantly 

reduced under water stress and significantly 

increased at recovery stage comparing to the 

water deficit conditions in both cultivars. 

Maximum relative content of leaf water was 

observed in 5 days and the minimum amount 

was occurred in irrigation cycle of  15 days 

(Fig. 11). Moreover, the results showed that  

RWC was higher in Rasha when compared 

to the RWC of Bidane sefid (Fig. 12).  

 

Fig.11. Effect of various levels of drought on Relative water content (RWC). Similar letter/s shows not 

significant differences (P<0.01). 
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Fig.12. Effect of variety type on Relative water content (RWC). Similar letter/s shows not significant 

differences (P<0.01). 

Chlorophyll a, b and Carotenoids 
Interaction of drought and SA and 3-way 

interactions of drought level, SA and variety 

on chlorophyll a content (P<0.01) were 

significant. Moreover, the results provided 

from comparing the mean squares related to 

interactions of variety, drought and SA on 

chlorophyll a showed that the amount of 

chlorophyll a in Rasha was higher than 

Bidane sefid. However, SA treatment with 

concentration of 2 mM increased the 

chlorophyll a content (Fig. 13). 

Analysis of variance revealed a 

significant effect of 3-way interactions of 

drought level, SA and variety on 

chlorophyll a and interaction of variety and 

different levels of drought on chlorophyll b 

and carotenoids contents. Analysis of 

interaction between variety and different 

levels of drought on chlorophyll b and 

carotenoids showed that by increasing of 

irrigation intervals  a significant increase in 

carotenoids content and decrease in 

chlorophyll b were occurred. The highest 

and lowest chlorophyll b and carotenoid 

contents were observed in Rasha with 5 

and 10 days and in Bidane Sefid with 15 

days irrigation intervals, respectively (Fig. 

13, 14, 15). On the other hand, salicylic 

acid application decreased the harmful 

effects of drought stress. Salicylic acid 

application resulted in the increase of 

carotenoids and 2 mM salicylic acid had 

the most effect on the carotenoids 

accumulation (Fig. 16).  

 

Fig. 13. Interaction of variety, drought and salicylic acid (SA) on chlolorophyll a. R: Rasha cv., S: 

Bidanesefid cv., S0: SA 0 mM (control), S1: SA 1 mM, S2: SA 2 mM, I5: Irrigation cycle of 5 days 

(control), I10: Irrigation cycle of 10 days, I15: Irrigation cycle of 15 days. . Similar letter/s shows not 

significant differences. (P<0.01). Error bars show mean±SE (n=18). 
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Fig. 14. Interaction of various levels of drought and variety on chlorophyll b. Similar letter/s shows not 

significant differences (P<0.01). Error bars show mean±SE (n=6) 

 

Fig. 15. Interaction of various levels of drought and variety on carotenoids. Similar letter/s shows not 

significant differences (P<0.01). Error bars show mean±SE (n=6). 

 

Fig.16. Effect of Salicylic Acid levels on carotenoids. Similar letter/s shows not significant differences 

(P<0.01). 
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Malondialdehyde (MDA) and total 
protein 
Comparing the averages related to 

interaction of various drought extents and 

Salicylic acid, showed that drought stress 

significantly raised the MDA content and 

total protein when compared to the control 

plants (Fig. 17 and 19). However,MDA 

level in Bidane Sefid was higher than Rasha 

while the total protein in Rasha was more 

than that of Bidane Sefid. Plants treated 

with SA (2 mM)  showed the minimum 

MDA content. Furthermore plants irrigated 

every 5 days with 0, 1 and 2 mM SA level 

had lower MDA contents in comparison 

with other irrigation strategies (Fig. 18). 

Maximum total protein was detected when 

irrigation was done  every 15 days with 2 

mM SA concentration (Fig. 20). 

 

Fig. 17. Interaction of various levels of drought and variety on malondialdehyde. Similar letter/s shows not 

significant differences (P<0.01). Error bars show mean±SE (n=6). 

 

Fig. 18. Interaction of various levels of drought and Salicylic acid on the malondialdehyde.  Similar letter/s 

shows not significant differences (P<0.01). Error bars show mean±SE (n=9). 
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Fig. 19. Interaction of various levels of drought and variety on total protein.  Similar letter/s shows not 

significant differences (P<0.01). Error bars show mean±SE (n=6). 

 

Fig. 20. Interaction of various levels of drought and salicylic acid on total protein. Similar letter/s shows 

not significant differences (P<0.01). Error bars show mean±SE (n=9). 

Antioxidant enzymes 
According to the results of various 

analyses, there were significant interactions 

between drought and SA and 3-way 

interactions of drought level, SA and the 

variety observed in the amounts of catalase 

(CAT) and guaiacol peroxidase (GPX) 

activities. Moreover, the effect of variety, 

drought stress levels and SA treatment on 

ascorbate peroxidase (APX) activities were 

significant (P<0.01). According to the 

results obtained  from comparing the mean 

square values  related to interactions of 

varieties, drought stress induced an 

increase in catalase (CAT), ascorbate 

peroxidase (APX) and guaiacol peroxidase 

(GPX) activities and antioxidant enzymes 

activity of Rasha was higher than Bidane 

sefid (Fig. 21, 22, 24, 25). Antioxidant 

enzymes activities were enhanced with 

increase in the SA concentration. As shown 

in Figures 21, 23 and 25, SA treatments 

increased the activity of catalase (CAT) 

and guaiacol peroxidase (GPX) and 

ascorbate peroxidase (APX) in both 

cultivars. The maximum amount of  

enzyme (CAT, GPX, APX) activities were 

observed in Rasha when irrigation regime 

was  every 15 days, and salicylic acid 

applied with 2 mM concentration.  
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Fig. 21. Interaction of variety, drought and salicylic acid (SA) on (CAT) catalase activities. R: Rasha cv., 

S: Bidanesefid cv., S0: SA 0 mM (control), S1: SA 1 mM, S2: SA 2 mM, I5: Irrigation cycle of 5 days 

(control), I10: Irrigation cycle of 10 days, I15: Irrigation cycle of 15 days. Similar letter/s shows not 

significant differences (P<0.01). Error bars show mean±SE (n=9). 

 

 Fig. 22. Effect of various drought levels on ascorbate peroxidase (APX) activities.  Similar letter/s shows 

not significant differences (P<0.01). 

 

Fig. 23. Effect of salicylic acid levels on ascorbate peroxidase (APX) activities. Similar letter/s shows not 

significant differences (P<0.01) 
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Fig.24. Effect of variety type on ascorbate peroxidase (APX) activities. Similar letter/s shows not 

significant differences (P<0.01) 

 

Fig. 25. Effect of variety, drought and salicylic acid (SA) on guaiacol peroxidase (GPX) activities. R: 

Rasha cv., S: Bidanesefid cv., S0: SA 0 mM (control), S1: SA 1 mM, S2: SA 2 mM, I5: Irrigation cycle 

of 5 days (control), I10: Irrigation cycle of 10 days, I15: Irrigation cycle of 15 days. Similar letter/s 

shows not significant differences (P<0.01). Error bars show mean±SE (n=9). 

Discussion 

Plant Height 
Cell growth is one of the most drought-

sensitive physiological processes due to the 

reduction of cell turgor pressure (Taiz and 

Zeiger, 2006 ). Under severe water 

deficiency, cell elongation of higher plants 

can be inhibited by interruption of water 

flow from the xylem to the surrounding 

elongating cells (Nonami, 1998). Impaired 

mitosis, cell elongation and expansion 

result in reduced plant height, leaf area and 

crop growth under drought stress (Kaya et 

al., 2006; Hussain et al., 2008). It is 

confirmed that SA reduces accumulation 

and leakage of toxic ions in plants (Zhou et 

al, 2009) and decreases the effects of 

environmental stresses by increasing the 

number of growth regulating hormones 

such as auxins and cytokines (Shakirova et 

al, 2003). Sadeghipour and Aghaei (2002) 

found that plant height of common bean 

was decreased by the drought pressure and 

application of SA enhanced plant growth. 

Umebese et al (2009) reported that the 

positive effect of SA on tomato stem height 

was due to the capability of this compound 

to stimulate antioxidant activity that protect  

plant from perilous effects of drought 
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pressure and develop  mitosis and cell 

elongation. Beside, Maity and Bera (2009) 

and Khan et al (2003) stated that the 

affirmative effect of SA in mung bean 

(Vigna radiata) was because of the  SA 

effects in enhancement of biochemical and 

physiological processes or induction of N, 

P, K and Ca accumulation and antioxidant 

enzyme activity and glutathione 

accumulation. 

Leaf properties (number, area, 
thickness), number of stomata and root 
length 
There is an inverse relationship between 

increasing the severity of drought and leaf 

number and area of both varieties. By 

increasing irrigation intervals, leaf number 

and area significantly decreased in both 

cultivars. Such reduction in leaf number 

and area due to water stress can be 

attributed to its direct effect on cell 

division which arise from reduction in 

nucleic acid synthesis and/or enhancement 

of its breakdown (Ashraf et al, 1996). The 

reduction in leaf number in response to 

stress can also be attributed to 

enhancement of leaf abscission due to 

hormonal imbalance which arise from 

increased abscisic acid and decreased 

indole acetic acid (IAA) levels in treated 

plants (Arora et al, 2001). Previous reports 

indicated that drought tolerant species 

reduce the water loss either by reducing the 

leaf area or restricting stomatal opening or 

both (Lazaridou et al., 2003; Abbate et al., 

2004; Lazaridou and Koutroubas, 2004). 

Agamy et al (2013), Zamaninejad et al 

(2013), and Sure et al (2011) reported that 

application of SA increased number of 

leaves under stress conditions. This 

positive effect of SA could be related to 

increasing of CO2 assimilation and 

photosynthetic functionality and increasing 

of mineral uptake in stressed plant under 

SA application (Szepesi et al., 2005). It has 

been reported that application of SA and 

other relative analogues to the leaves, 

increase leaf area in corn and soybean 

plants (Khan et al., 2003). Similar effect 

was obtained by Cornelia et al (2010) 

under stress conditions. Gharib (2006) and 

Khan et al (2003) reported that application 

of SA enhanced photosynthesis rate and 

increased the leaf area.. 

In dry conditions, the fluffs over the 

leaves epidermis have lower growth. Also 

leaf area has lower growth and the numbers 

of stomata per leaf area unit increases. 

Moreover, in dry conditions leaves create 

stronger mechanical tissues. The created 

morphological changes because of dryness 

are called Xeromorphs and these changes 

include:  decreasing of leaf area, thickening 

of cell membrane and cuticle, and 

decreasing of cells growth (Jalili marandi 

et al., 2011).  

Roots are the key plant organ for 

adaptation to drought stress conditions. If 

tolerance is defined as the ability to 

maintain leaf area and growth under 

prolonged vegetative stage stress, the main 

basis of variation could be attributed to the 

constitutive root system architecture that 

allows the maintenance of more favorable 

plant water status (Nguyen et al., 1997).  

Root size  and thick root system allows 

plant to access more water in the soil, 

which was considered as an important 

identity  in determining drought resistance 

in upland rice (Kavar et al., 2007). 

Relative water content (RWC) 
Relative water content (RWC), leaf water 

potential, stomatal resistance, transpiration 

rate, leaf temperature and canopy 

temperature are important characteristics 

that influence plant-water status. Relative 

water content  reflects the metabolic 

activity in tissues and used as a strong 

index for dehydration tolerance. RWC of 

leaves is higher in the initial stages of leaf 

development and declines when the dry 

matter accumulates and leaf matures. RWC 

varies  water uptake in  the roots and water 

loss by transpiration in the leaves. A 

decrease in the RWC in response to 

drought stress has been reported in wide 
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variety of plants. Nayyar and Gupta (2006) 

reported that when leaves are subjected to 

drought,  large reductions in RWC and 

water potential occur. Exposure of plants to 

drought stress substantially decreased the 

leaf water potential, relative water content 

and transpiration rate, with a concomitant 

increase in leaf temperature (Siddique et 

al., 2001). Various studies have shown that 

when leaves are subjected to drought, they 

exhibit large reductions in relative water 

content and water potential (Decov et al., 

2000; Efeoglu et al., 2009). Moreover, it is 

known that dehydration is often reversible.  

chlorophyll a, b and Carotenoids 
Ethylene is considered as a stress related 

factor and induces many antioxidant 

responses  and metabolites through 

activation of certain enzymes such as 

lipoxygenase (induction of chlorophyll 

catabolism), catalase, peroxidase 

(induction of chlorophyll catabolism and 

lipid peroxidation), cellulase (degradation 

cell wall) and polygalacturonase (Chae et 

al., 2003; Sage et al., 1989). Furthermore, 

metabolites such as carotenoids, 

flavonoids, anthocyanins and ascorbic acid 

protect the plant against oxidative damages 

by scavenging reactive oxygen species 

(ROS) (Sairam et al., 1998; Woodson et 

al., 1998). The highest and lowest 

chlorophyll b and carotenoid content was 

observed in Rasha with 5 and 10 and in 

Bidanesefid with 15 days irrigation 

intervals, respectively (Fig. 13, 14, 15).  

Furthermore, , SA application decreased 

the negative effects of drought stress. SA 

(2 mM) caused the strongest effect on the 

increase of carotenoids (Fig. 16). The 

efficiency of exogenous SA is affected by 

the species, developmental stages of the 

plant, the  SA application form and its 

concentration (Horvath et al, 1973; Joseph 

et al, 2010). SA caused the activation of 

the synthesis of carotenoids, xanthophylls 

and the rate of de-epoxidation but 

decreased the level of chlorophyll 

pigments, in wheat plants (Moharekar et 

al., 2003); SA also increased the 

concentration of chlorophyll and 

carotenoid in maize plant (Khodary, 2004). 

Enhancement of photosynthetic capacity  

as a result of SA application can be 

attributed to the stimulatory effects on 

Rubisco activity and pigment contents. 

Application of SA in proper concentrations 

may temporarily induce an  oxidative stress 

in plants, which is able to  improve the 

antioxidative capacity of the plants and 

help to induce the synthesis of protective 

compounds such as carotenoids (Hayat and 

Ahmad, 2007). SA causes an enhancement 

in  the level of chlorophyll and carotenoid 

pigments, photosynthetic rate, carboxylase 

activity of rubisco, and modification of the 

activity of  the important enzymes (Hayat 

and Ahmad, 2007). 

Malondialdehyde (MDA) and total 
protein 
Superoxide radicals are often produced 

during drought stress and cause lipids 

peroxidation (Sairam et al, 1998; Sarkar 

and Tophan, 1974). Membrane lipid 

peroxidation leads to the production of  

compounds such as malondialdehyde 

(MDA), propanol, botanal, hexanal, 

heptanal and propanal dimethylacetal. 

These compounds are considered as an 

index for measuring the amount of 

peroxidation. Beside, increased level of the 

lipids peroxidation was considered as an 

index for increased oxidative stress 

conditions (Heat and Pacher, 1969; Meirs 

et al., 1992). In this study, the amount of 

MDA decreased following by  SA 

application. Determination of MDA 

content among other parameters was used  

in confirming the protective effect of 

salicylic acid. Various studies have 

investigated the effect of SA on the ACC 

synthase and ACC oxidase (Zhu, 2001). 

Increasing the activity of antioxidant 

enzymes such as CAT, POD and SOD by 

SA ultimately  leads to the ability of plants 

to protect plants against ROS generation 

and lipid peroxidation (Hayat et al., 2010). 
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According to the results of previous  

studies, susceptible plants represent higher 

levels of MDA and electrolyte leakage 

compared to  those plants with higher 

tolerance (Juan et al., 2005). In previous 

studies, plants pretreated with SA exhibited 

a reduction in the level of lipid 

peroxidation and leakage of electrolytes 

from plant tissues as well as more intensive 

growth processes when compared to the 

control plants (Hayat and Ahmad, 2007). 

Plant resistance mechanisms are not known 

clearly however, the accumulation of new 

proteins along with and the expression  

stress related genes coding  biosynthetic 

enzymes in response to the osmotic stress 

were investigated (Vallivodan and Nguyen, 

2006). Increased levels of osmotic proteins 

were observed in mild water stress 

condition (Hajheidari et al., 2005). The 

roles of late embryogenesis abundant 

(LEA) proteins have not been identified 

completely, however some evidence 

indicates that they affect by increasing of 

plant resistance against drought stress 

which ultimately induce their production 

(Wise and Tunnacliffe, 2004). As shown in 

figure 20, SA treatment increased protein 

contents under drought conditions. SA 

caused high levels of protein content in 

soybean (Kumar et al., 1999) and wheat 

(Singh and Usha, 2003). Increasing the 

activation of nitrate reductase and nitrate 

contents leads to the increase in protein 

content of plants treated with SA 

(Fariduddin et al., 2003). The plants treated 

with SA also showed a considerable nitrate 

reductase activity, thereby results in 

maintaining the level of diverse proteins in 

their leaves (Singh and Usha, 2003). 

According to Mohammadkhani and 

Heidari (2008), the initial increase in total 

soluble proteins during drought stress is 

attributed to the expression of new stress 

proteins. This suggest that SA exerts its 

effect on regulation of  the hormonal 

functioning through contribution of  the 

protective reactions in plants, acceleration 

of reparative processes and the effect on 

protein contents (Hayat and Ahmad, 2007). 

Antioxidant enzymes 
In our experiments significant interactions 

between drought and SA application and 3-

way interactions of drought level, SA 

application and the variety were observed 

for catalase (CAT) and guaiacol peroxidase 

(GPX) activities. Moreover the effect of 

variety, drought stress levels and SA 

treatment on ascorbate peroxidase (APX) 

activities were significant (P<0.01). 

According to the results obtained from 

comparing the mean square values related 

to interactions of varieties, drought stress 

induced an increase in catalase (CAT), 

ascorbate peroxidase (APX) and guaiacol 

peroxidase (GPX) activities. Antioxidant 

enzymes activity of Rasheh was higher 

than that of Bidane Sefid (Fig. 21, 22, 24, 

25). Antioxidant enzymes activities were 

enhanced with the increase in the SA 

concentration. As shown in figures 21, 23 

and 25, SA treatments increased the 

activity of catalase (CAT) and guaiacol 

peroxidase (GPX) and ascorbate 

peroxidase (APX) in both cultivars. The 

maximum amount of these enzymes (CAT, 

GPX, APX) activity was observed in Rasha 

when irrigation was done  every 15 days 

and SA treatment with 2 mM 

concentration.  Increase in CAT, APX and 

GPX activities in leaves is most probably 

due to  the increased level of ROS, and 

particularly H2O2, under water stress 

condition (Smirnoff, 1993). Active oxygen 

species, which are produced by plants 

under oxidative stress  damage plant 

growth due to their detrimental effects on 

the sub cellular components and 

metabolism. In this regard superoxide 

(O
2−

) radical is generated because of 

delaying the dark reactions of 

photosynthesis under environmental 

stresses. Therefore the excessive light 

energy cannot be used for the reduction of 

NADP
+
 in the ferredoxin of the chloroplast 

(Asada and Takahashi, 1987). Results 
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obtained from previous studies indicate 

that the higher concentrations of catalase 

and ascorbate peroxidase might contribute 

to the removal of the O
2-

 radicals and its 

products such as H2O2 which is induced 

under water stress conditions. Excessive 

production of reactive oxygen species in 

the photosynthetic apparatus under water 

stress conditions results in an increase of  

antioxidant content. In general, reduced 

irrigation interval causes an  increase in the 

concentration of antioxidant enzymes, 

suggesting that the production of 

antioxidant enzymes can be a common 

response in plants under drought stress 

conditions (Farooq et al., 2009). Results 

from numerous studies have determined a 

correlation between the  antioxidant 

enzymes activity and plant tolerance to the 

abiotic stresses, such as responses to 

drought stress in wheat (Shao et al., 2007; 

Abdullah and Ghamdi, 2009; 

Hasheminasab et al., 2012), alfalfa (Wang 

et al., 2009), rice (Sharma and Dubey, 

2005; Qin et al., 2010), chickpea 

(Mohammadi et al., 2011), and ornamental 

plants such as marigold (Sedghi et al., 

2012). SA increases the activity of 

antioxidant enzymes such as CAT, POD 

and SOD which in turn protect plants 

against ROS generation and lipid 

peroxidation (Hayat et al., 2010). SA 

treatment also provided a considerable 

protection against nitrate reductase leading 

to  maintaining the level of diverse proteins 

in leaves (Sing and Usha, 2003). 

Mohammadkhani and Heidari (2008) 

found that the initial increase in total 

soluble proteins during drought stress was 

due to the expression of new stress 

proteins. The results obtained from these 

studies indicate that high and moderate 

dosages of SA  enhance the antioxidant 

status and induce resistance under stress 

condition (Yalpani et al., 1994). Studying 

on the application of SA showed that this 

compound is capable of plants resistance 

induction under drought stress (Senaratna 

et al., 2000). 

Conclusion 
Our findings indicate that under similar 

irrigation cycles in both varieties, grape 

would utilize different mechanisms to cope 

with drought stress conditions. Our 

findings showed that by increasing 

irrigation intervals, the amount of 

carotenoids, total protein and APX, CAT, 

GPX enzymes activity were significantly 

enhanced in Rasha cultivar, and that these 

parameters were higher than that of Bidane 

sefid cultivar. In addition, according to the 

existing research, exogenous SA could be 

applied as a potential growth regulator to 

improve grapevine water stress tolerance. 

Application of SA with 2 mM 

concentration would increase antioxidant 

enzymes activities and  therefore  reduce 

the detrimental effects of drought stress.  
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