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ABSTRACT 

Salicylic acid has been found to play an important role in the regulation of plant growth 

and development in response to environmental stresses. In the present study, the effect of 

salicylic acid (SA) (0 and 0.1 mM) on growth parameters and some physiological 

characteristics of two strawberry cultivars ("Kurdistan" and "Queen Elisa") was 

investigated under drought stress treatments (-0.1 and -1 MPa). Experimental design was 

factorial based on completely randomized design with three replications. Results showed 

that drought stress decreased leaf area, leaf dry matter, shoot dry matter, total dry 

matter, relative water content, stomatal conductance, yield, and fruit weight. Salicylic 

acid application increased total leaf area and leaf and shoot dry matter in both cultivars. 

Leaf number, root dry matter, total dry matter, yield and fruit weight were increased by 

SA application in "Kurdistan" under drought stress. "Kurdistan" cultivar had higher 

RWC than "Queen Elisa" and SA application increased RWC, proline and soluble 

carbohydrate in "Kurdistan" compared to "Queen Elisa" under drought stress 

conditions. RWC, proline and soluble carbohydrate of “Queen Elisa" did not change with 

SA spray. Total soluble protein was not affected in "Kurdistan" under drought stress, 

while "Queen Elisa" showed a reduction in total protein. SA application increased 

catalase and peroxidase activity in both cultivars under drought stress. In conclusion, 

“Kurdistan” was less susceptible to drought stress than “Queen Elisa” because 

“Kurdistan” showed less reduction in leaf number and area, crown, and total dry matter 

compared to “Queen Elisa”. SA application altered some physiological responses of both 

cultivars under drought stress. The effect of SA was more pronounced in "Kurdistan” 

than "Queen Elisa". 
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INTRODUCTION 

Drought is one of the main environmental 

stresses that adversely affect plant growth, 

economic outcome, and environmentally 

sustainable productivity. To conserve both 

the quality and quantity of water, 

appropriate strategies should be developed 

to avoid the risk of future water supply 

shortages. Therefore, the question of 

improvement of crop drought resistance 

effectively has become a matter of concern 

in agricultural production and research. In 

strawberry plants, deficit irrigation is 

generally associated with reduction in fruit 

size and yield (Liu et al., 2007). Deficit 

irrigation could have considerable effect on 

fruit physiology and biochemistry in 

strawberry and different responses of 

strawberry cultivars to drought stress have 

been reported (Giné Bordonaba and Terry, 

2010). 

A major challenge in agricultural practice 

and research today is how to cope with the 

environmental stresses, including drought, in 
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an economically and environmentally 

sustainable approach. Salicylic acid (SA), 

which is an endogenous plant growth 

regulator and influences different 

physiological and biochemical functions in 

plants, is a well-known and naturally 

occurring signaling molecule that has 

important role in establishing and signaling 

a defense response against various biotic and 

abiotic stress (Arfan et al., 2007; Wang et 

al., 2010). Plant physiological processes, 

growth, development, productivity, and 

responses to abiotic stresses are affected by 

SA application (Arfan et al., 2007). 

Antioxidant enzymes activities is altered by 

SA and play an important role in protecting 

plants against oxidative damage by 

detoxifying super oxide radicals (Munns and 

Tester, 2008). High activities of antioxidant 

enzymes improve plant resistance to 

oxidative damage caused by reactive oxygen 

species (Gapinska et al., 2008) 

Hayat et al. (2010) reported that 

exogenous application of SA affect 

productivity, growth, photosynthesis, plant 

water relations, and antioxidant enzyme 

activities of plants exposed to various biotic 

and abiotic stresses. SA effectively 

alleviated the toxic effects generated in 

plants due to the exposure to various abiotic 

stresses (Hayat et al., 2010). SA enhanced 

the leaf area and dry matter production in 

corn and soybean (Khan et al., 2003), 

Brassica juncea (Fariduddin et al., 2003), 

wheat (Hayat et al., 2005; Hussein et al., 

2007) and strawberry (Karlidag et al., 2009). 

Increasing of root and shoot fresh weight 

and yield of strawberry by SA application 

has been reported (Jamali et al., 2011). 

Moreover, Demiralay et al. (2013) reported 

that foliar application of SA increased 

proline and soluble carbohydrate content. 

The lower concentrations of salicylic acid, 

when applied exogenously, provided 

tolerance against the damaging effects of 

drought in tomato and bean plants, whereas, 

higher concentrations did not show fruitful 

results (Senaratna et al., 2000). Dry matter 

accumulation was significantly enhanced in 

Brassica juncea, when lower concentrations 

of salicylic acid (0.01 mM) were sprayed 

(Fariduddin et al., 2003). However, higher 

concentrations of SA had an inhibitory 

effect. Demiralay et al. (2013) reported that 

0.01 mM SA treatment induced antioxidant 

enzyme activities in Ctenanthe setosa under 

osmotic stress. 

 Strawberry has a shallow root system, 

large leaf area, and high water content of 

fruits, therefore, it uses large amounts of 

water (Klamkowski and Treder, 2006). 

Variation between 10 (Grant et al., 2010) 

and 3 (Ghaderi and Siosemardeh, 2011b; 

Klamkowski and Treder, 2008) strawberry 

cultivars has been found in response to 

drought stress. Variation between strawberry 

cultivars in response to SA application under 

limited water availability has been little 

explored. Exogenous application of the 

lower concentrations of salicylic acid proved 

to be beneficial in enhancing photosynthesis, 

growth, and various other physiological and 

biochemical characteristics of plants (Hayat 

et al., 2010). At higher concentrations, SA 

itself may cause a high level of stress in 

plants (Hayat et al., 2010). The effect of SA 

on growth and physiological responses of 

strawberry under drought stress conditions 

has not yet been well studied. Therefore, this 

experiment focused on the effect of 0.1 mM 

SA on plant growth, yield, soluble 

carbohydrate, proline, total soluble protein, 

and some antioxidant enzymes activity and 

leaf water content of strawberries under 

deficit irrigation. 

MATERIALS AND METHODS 

Two June-bearing (short day) strawberry 

(Fragaria×ananassa Duch.) cultivars were 

used in order to determine their responses 

to deficit irrigation. The "Kurdistan” 

cultivar is widely cultivated in west of Iran 

(Kurdistan Province) and “Queen Elisa” 

cultivar is cultivated only recently in this 

region. In the first year of study, at the end 

of September, well-rooted strawberry 

daughter plants were selected for similar 

size and cultivated in containers filled with 
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soil (50% soil, 25% sand, and 25% 

manure). After planting, sufficient water 

was applied until the plants were well 

established. Exogenous application of the 

lower concentrations of salicylic acid is 

useful for physiological and biochemical 

characteristics of plants (Hayat et al., 

2010). Therefore, when plants were 

flowering, they were placed in a completely 

randomized design under two irrigation 

regimes and two salicylic acid (SA) 

treatments (0 and 0.1 mM). Water stress 

was imposed by withholding water from the 

plants until soil water potential reached -0.1 

(control) and -1 MPa (drought stress) 

during the experiment. Soil water content 

was determined through gypsum block. 

Salicylic acid (SA) was dissolved in 

absolute ethanol, then, concentration of 0.1 

mM was made up with distilled water 

containing 0.02% tween (Williams et al., 

2003). SA was sprayed on the foliage of 

control and the plants were grown under 

drought stress at a concentration of 0.1 mM 

SA with a hand sprayer. The volume of the 

spray was 50 mL per pot. Control group of 

plants were sprayed with ethanol/water. 

Plants were treated with SA at the 

beginning of flowering and 15 days after 

the first time.  

For five days after the onset of drought 

stress, 6 plants were randomly collected 

from each treatment to measure the dry 

mass of leaves, petioles, crowns and roots, 

total and single leaf area, and leaf number 

per plants. The root, crown, petiole, and 

leaf were placed in an oven at 70ºC for 48 

hours, then, their dry weights were 

measured. Stomatal conductance (gs) was 

measured on fully expanded upper canopy 

leaves (two leaves per plant) from 11:00 to 

14:00 h at photosynthetic active radiation 

(PAR) > 1,000 mmol m
-2

 s
-1

 with a portable 

porometer system (LP4, Delta T, UK). Leaf 

samples were collected at midday (11:00 to 

14:00 solar time). Leaf relative water 

content (RWC) was estimated 

gravimetrically according to the method of 

Galmes et al. (2007). Leaves samples were 

immediately frozen in liquid nitrogen and 

stored at -80
°
C until analysis. A sample of 

0.1 gr of leaves (fresh weight) was used for 

total soluble carbohydrates determination 

by phenol-sulfuric acid method (Khochert, 

1987). Total soluble protein was estimated 

by Bradford method (Bradford 1976).  

Peroxidase activity (POD) was measured 

by the method of Hemeda and Klein 

(1990). The reaction mixture contained 90 

µL 1% guaiacol, 90 µL 0.3% hydrogen 

peroxide, 780 µL 50 mmol potassium 

phosphate buffer (pH 6.6), and 40 µL crude 

extract, in a total volume of 1.0 mL. 

Activity was determined by the increase in 

absorbance at 470 nm due to guaiacol 

oxidation (E026.6 mM
−1

 cm
−1

). Ascorbate 

peroxidase activity (APX) was assayed 

according to Nakano and Asada (1981). 

The reaction mixture contained 50 mM 

potassium phosphate buffer (pH 7.0), 0.1 

mM EDTA, 0.5 mM ascorbate, 0.1 mM 

H2O2 and suitable aliquots of the enzyme 

extract in a total volume of 1.0 mL. The 

reaction was initiated by adding H2O2 and 

the absorbance decrease was recorded after 

every 30 seconds for 3.0 minutes at 290 

nm. Catalase (CAT) activity was 

determined according to the method of 

Aebi (1984), by decrease in absorbance at 

240 nm for 3 minutes following the 

consumption of H2O2 (ε= 39.4 mM–1 cm–

1). The reaction mixture contained 250 µL 

100 mM potassium phosphate buffer (pH 

7.0), 250 µL 10 mM H2O2, 494 distilled 

water, and 6.6 µL of enzyme extract in a 

1.0 mL volume. 

Statistical analysis was performed by 

SAS software (SAS Institute Inc., 1990) 

according to a factorial design on the basis 

of Completely Randomize Design (CRD). 

Means were compared by Duncan test at a 

significance level of 0.05 and presented as 

treatment mean±SE of three measurements. 

From the data collected, charts and curve 

fittings were performed using Microsoft 

Excel software. Relationships between 

variables were determined using Pearson’s 

correlation coefficient test. 
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Table 1. Influence of drought stress and salicylic acid on leaf number, leaf area, leaf dry matter, and 

petiole dry matter of the two strawberry cultivars 
a
.  

Treatments Leaf number 

(Number plant-1) 

Single leaf area 

(cm2 leaf-1) 

Leaf area 

(cm2 plant-1) 

Leaf dry matter 

(g plant−1) 

Petiole dry matter 

(g plant−1) 

“Kurdistan”      

Controlb 26±1.1547a 38.25±1.1745bc 991.6±14.8125b 10.74±0.175a 1.94±0.1135bc 

SA0.1d 24.67±1.453a 40.68±0.7175bc 1003±59.899b 9.72±0.8603a 2.23±0.1885ab 

Droughtc 20.67±0.6667b 20.73±0.7524d 427.6±9.3412e 4.31±0.0935cd 1.78±0.1277c 

Drought+SA0.1 25.33±0.3333a 32.4±2.9961cd 819±67.0017c 6.92±0.358b 1.69±0.1732c 

“Queen Elisa”      

Controlb 15.33±0.3333c 78±3.8929a 1167±41.4229a 10.4±0.595a 2.15±0.0872a 

SA0.1d 18.67±0.6667b 67±10.4892a 1202±9.6383a 10.86±0.8984a 2.33±0.1447a 

Droughtc 11.67±0.6667d 39.67±2.6301bc 459.3±6.5073e 4.013±0.8841d 0.94±0.0551c 

Drought+SA0.1 11.67±0.6667d 51.88±3.8586b 602.1±33.1563d 6.027±0.553bc 1.07±0.1947c 

a 
Different letters indicate significant differences for similar plant organs by Duncan tests at P≤ 0.05. 

Data are Mean±SE. 
b
 -0.1 soil water potential; 

c
 -1 MPa soil water potential, 

d
 Salicylic acid 0.1 mM. 

Table 2. Influence of drought stress and salicylic acid on crown, root, shoot and total dry matter (g plant−1) and root: 

shoot dry matter of the two strawberry cultivarsa. 

Treatments Crown dry 

matter 

Root dry matter 

 

Total dry 

mattere 

Shoot dry 

matter 

Root: Shoot  

“Kurdistan”      

Controlb 2.043±0.1331c 8.489 ± 0.6562e 23.21±1.0347c 14.72±0.3948c 0.575±0.0305e 

SA0.1d 2.477±0.0617b 9.733±0.6957de 24.16±1.6726c 14.43±0.9796c 0.674±0.0063de 

Droughtc 2.137±0.1386c 8.46±0.8585e 16.68±0.9153d 8.223±0.0636d 1.027±0.0969c 

Drought+SA0.1 2.153±0.1192c 11.1±0.9295cd 21.86±0.5202c 10.76±0.424c 1.041±0.1266c 

“Queen Elisa”      

Controlb 3.017±0.0467a 14.8±1.0243b 30.37±1.4037b 15.57±0.5362b 0.95±0.0549cd 

SA0.1d 2.96±0.1212a 18.67±0.4784a 34.82±1.3826a 16.15±0.9091a 1.16±0.0354bc 

Droughtc 1.87±0.0513c 13.63±1.0068b 20.45±1.9318c 6.823±0.944c 2.039±0.1602a 

Drought+SA0.1 1.94±0.0436c 12.54±0.5263bc 21.58±0.2135c 9.037±0.7384c 1.419±0.1887b 

a Different letters indicate significant differences for similar plant organs by Duncan tests at P≤ 0.05. Data are 

Mean±SE. b -0.1 soil water potential; c -1 MPa soil water potential; d Salicylic acid 0.1 mM, e Total dry matter= 

Root dry matter+ Crown dry matter+Petiole dry matter+Leaf dry matter. 

 

RESULTS AND DISCUSSION 

Results showed that “Kurdistan” in 

general had a greater number of leaves, and 

drought significantly reduced the number of 

leaves in both cultivars. Application of 0.1 

mM SA resulted in increasing of leaf 

number in “Kurdistan” under drought 

conditions and in “Queen Elisa” under 

control (Table 1). Drought stress reduced 

single leaf area and total leaf area per plant 

in both cultivars. Application of 0.1 mM SA 

increased total leaf area per plant in both 

cultivars under drought stress. Single leaf 

area in “Queen Elisa” was significantly 

higher than the “Kurdistan”. In general, 

“Kurdistan” had a lower total leaf area per 

plant at control and maintained a larger total 

leaf area per plant than “Queen Elisa” in 

drought stress conditions (Table 1). With the 

exception of roots, the dry matter of plant 

organs decreased in response to drought 

stress in “Queen Elisa” (Table 1). Petiole 

(Table 1) crown, and root dry matter (Table 

2) were not affected by drought stress in 

“Kurdistan”. Drought stress reduced leaf dry 

matter in both cultivars. Under drought 

stress conditions, application of 0.1 mM SA 

increased leaf dry matter, irrespective of the 

cultivar. Salicylic acid significantly 

increased crown dry matter in control 

conditions and root and total dry matter 

under drought conditions in “Kurdistan”. 

“Queen Elisa” had higher root dry weight 

compared to “Kurdistan”, except in 

drought+salicylic acid treatment. Salicylic 
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acid application increased root and total dry 

matter of “Queen Elisa” under control 

conditions. The total shoot dry matter was 

reduced at the drought treatment compared 

to the control and was not differ 

significantly between the two cultivars. The 

application of 0.1 mM SA increased shoot 

dry matter in “Kurdistan” under drought 

stress treatment and in “Queen Elisa” under 

control conditions. The root to shoot ratio of 

dry matter increased under drought stress in 

both cultivars (Table 2), which can be 

attributed to a large decrease in leaf dry 

matter with relatively little reduction in root 

dry matter under drought conditions. “Queen 

Elisa” had the greatest total dry matter 

(biomass) in control conditions compared to 

“Kurdistan” (Table 2). Total dry matter 

decreased under drought stress and was 

similar in both cultivars in drought+salicylic 

acid treatment.  

Both cultivars responded to deficit 

irrigation by a reduction in RWC, gs, 

numbers of leaves, leaf area and leaf and 

root dry matter. Reduction in leaf area and 

fruit yield was reported under slightly more 

severe deficit irrigation (Liu et al., 2007), 

and Grant et al. (2010) report similar results 

for 10 strawberry cultivars. Razavi et al. 

(2008) also found reductions in number of 

leaves, leaf area, and leaf dry matter as a 

result of drought stress. In the present study, 

“Kurdistan” had lower reduction in leaf 

number and area, crown, and total dry matter 

compared to “Queen Elisa”. Reduction in 

leaf area due to drought is related to less cell 

division and elongation. The cultivar that is 

sensitive to drought shows more decline in 

leaf emergence and leaf area. Ghaderi et al. 

(2011a) reported that number of new leaves 

produced under water stress in drought-

tolerant grape cultivar was higher compared 

to susceptible cultivars. Grant et al. (2010) 

found reduction in total number of new 

leaves and the leaf area between cultivars 

and between the two irrigation treatments 

(well watered and drought). “Kurdistan” has 

small and hairy leaves that could be 

important for low transpiration rates and 

tolerance to drought. Reducing leaf area 

reduces total plant transpiration and can 

therefore be seen as a method of drought 

resistance (Grant et al., 2010). Hsiao and 

Xu, (2000) reported that altering biomass 

allocation and modifying growth is seen as 

an acclimation response to deficit irrigation. 

These results indicated a positive influence 

of salicylic acid on leaf area, number and 

dry matter, shoot dry matter, root dry matter 

and total dry matter under drought stress. It 

is similar to the results obtained by Jamali et 

al. (2011) in strawberry under normal 

irrigation. Some reports suggested that 

salicylic acid has antioxidant defense role in 

protecting plants organs. Salicylic acid has 

anti-senescence influence on plant organs 

and its application increased leaf area in 

strawberry (Jamali et al., 2011). Hussein et 

al. (2007) reported an improvement in 

growth characteristics by foliage application 

of SA leading to higher productivity. 

Salicylic acid significantly enhanced the 

growth and root dry matter of carrot under 

stress (Eraslan et al., 2007). Drought stress 

decreased leaf area and plant height in wheat 

and exogenous applications of salicylic acid 

reduced these harmful effects considerably 

(Pirasteh et al., 2012). Karlidag et al. (2009) 

reported that root and shoot fresh and dry 

weight of strawberry plants under salt stress 

decreased, and then increased by salicylic 

acid application.  

Drought treatment decreased relative 

water content (RWC) and stomatal 

conductance (gs) in both cultivars compared 

to the control. RWC and gs in “Kurdistan” 

and “Queen Elisa” were equal under drought 

condition, but “Kurdistan” had higher RWC 

than “Queen Elisa” under drought+SA 

treatment. The effect of SA under control 

conditions did not significantly affect the 

RWC and gs (Figure 1). Application of SA 

resulted in the increase of soluble 

carbohydrate by 35.1% in “Kurdistan” and 

21.22% in “Queen Elisa” under drought 

conditions. Drought stress increased proline 

content by 34.9 and 34.75% in “Kurdistan” 

and “Queen Elisa”, respectively, compared 

to the control. Plants treated with SA 

exhibited leaf proline content higher than the 
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 Figure 1. Interaction effects of drought stress and salicylic acid (SA) on relative water content and stomatal 

conductance in two strawberry cultivars. Control: -0.1 and drought -1 MPa soil water potential, and SA0.1: 

Salicylic acid 0.1 mM. Different letters indicate significant differences by Duncan tests at P≤ 0.05.  
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Figure 2. Interaction effects of drought stress and salicylic acid on soluble carbohydrate and proline in 

two strawberry cultivars. Control: -0.1 and drought -1 MPa soil water potential, and SA0.1: Salicylic 

acid 0.1 mM. Different letters indicate significant differences by Duncan tests at P≤ 0.05.  
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control in “Kurdistan”. The increase in 

proline content under drought stress and SA 

application was 53.1% in “Kurdistan” and 

30.18% in “Queen Elisa” compared to the 

control (Figure 2). Amount of soluble 

protein reduced in “Queen Elisa” under 

drought stress and SA application, but 

drought and SA treatment did not 

significantly affect soluble protein content in 

“Kurdistan”. Drought stress reduced soluble 

protein content by 20.72% in “Queen Elisa” 

(Figure 3). Yield was significantly related to 

soluble carbohydrate (r= 0.500, P< 0.05), 

proline (r= 0.808, P< 0.01) and RWC (r= 

0.866, P< 0.01) (Table 3). 

It has been found that plants treated with 

SA generally exhibit better resistance to 

drought stress (Karlidag et al., 2009). SA is 

reported to induce accumulation of proline 

and soluble carbohydrates in drought 

stressed plants (Demiralay et al., 2013). 

Drought stress decreased RWC and gs in 

“Kurdistan” and “Queen Elisa” in 

comparison to the control. Amount of RWC 

and gs was similar in both cultivars under 

drought conditions. SA application (0.1 
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Figure 3. Interaction effects of drought stress and salicylic acid on soluble protein content and 

peroxidase activity in two strawberry cultivars. Control: -0.1 and drought -1 MPa soil water potential, 

and SA0.1: Salicylic acid 0.1 mM. Different letters indicate significant differences by Duncan tests at 

P≤ 0.05.  

Table 3. Linear correlations among some physiological parameters and fruit weight (FW), fruit number 

(FN), Yield (Y) under drought stress and salicylic acid application in two strawberry cultivars 
a
.  

 CAT 
b
 POX 

c
 AXP 

d
 SC 

e
 P 

f
 RWC

g
 Y FN FW 

FW 0.141
ns

 -0.294
ns

 -0.017
ns

 0.222
ns

 -0.319
ns

 0.505
*
 0.533

**
 -0.879

**
 1 

FN 0.293
ns

 0.638
**

 0.276
ns

 0.162
ns

 0.630
**

 0.802
**

 0.868
**

 1  

Y 0.581
**

 0.734
**

 0.445
*
 0.500

*
 0.808

**
 0.866

**
 1   

a
 The correlation coefficient (r) and significant differences are given: **: P< 0.01, * : P< 0.05, ns: Not 

significant. 
b
 Catalase activity; 

c
 Peroxidase activity; 

d
Ascorbat peroxidase activity; 

e
 Soluble 

carbohydrate; 
f 
Proline, 

g
 Relative water content. 

mM) under drought stress increased RWC to 

a greater extent in “Kurdistan” than “Queen 

Elisa”. Increase in RWC by SA spraying has 

been reported in chrysanthemum (Vahdati 

Mashhadian et al., 2012). In these 

conditions, amount of proline and soluble 

carbohydrate in “Kurdistan” were higher 

than “Queen Elisa”. Interactions between 

SA and the accumulation of proline and 

soluble carbohydrate and increasing of RWC 

could be related to osmotic adjustments by 

proline and soluble carbohydrates 

accumulation. Demiralay et al., (2013) 

reported that under osmotic stress, soluble 

carbohydrate and proline content were 

significantly increased by exogenous SA 

treatment, which can lead to osmotic 

adjustment. In many plant species, there are 

high positive correlation between increased 

concentration of intracellular proline and the 

ability of plant to survive under high salt or 

water deficit conditions (Chaves and 

Oliviera, 2004).  

The activity of antioxidant enzymes 

increased under drought stress and SA 

application in both cultivars. Antioxidant 

enzyme activity was higher in “Kurdistan” 

than “Queen Elisa”. Drought stress 

increased catalase (CAT) and ascorbate 

peroxidase (APX) activity in “Queen Elisa”. 

Activity of antioxidant enzyme was not 

affected by drought stress in “Kurdistan”. 

Application of SA under non-drought 

conditions did not change antioxidant 

enzyme activity in both cultivars and 

“Kurdistan” had higher antioxidant enzyme 

activity in non-drought conditions. Activity 

of antioxidant enzymes was induced with 

SA plus drought. Application of SA plus 

drought increased CAT, APX and POD 

activity by 34.31, 26.3, and 33.62% in 

“Kurdistan” and 53.5, 43.84, and 51.55% in 

“Queen Elisa”, respectively, compared to the 

Drought streees and salicylic acid tratments 

 

Drought streees and salicylic acid tratments 
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Figure 4. Interaction effects of drought stress and salicylic acid on catalase and ascorbate peroxidase 

activity in two strawberry cultivars. Control: -0.1 and drought -1 MPa soil water potential, and SA0.1: 

Salicylic acid 0.1 mM. Different letters indicate significant differences by Duncan tests at P≤ 0.05. 
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control. Activity of POD in “Kurdistan” was 

higher than “Queen Elisa” in all treatments 

(Figures 3 and 4). Positive and significant 

correlations were determined between CAT 

and yield (r= 0.581, P< 0.01) and POX and 

yield (r= 0.734, P< 0.01) and AXP and yield 

(r= 0.445, P< 0.05) (Table 3). 

The exposure of plants to abiotic stresses 

often leads to the generation of reactive 

oxygen species (ROS) (Ashraf and Akram, 

2009). Increasing ROS levels cause 

oxidative damage to cell components such 

as lipids, proteins, and nucleic acids 

(Smirnoff, 1993). When plants are exposed 

to stress, antioxidant systems become active 

and begin to scavenge ROS. Antioxidant 

defense systems play vital roles in helping 

plants tolerate stressful conditions. The 

induction of antioxidant enzymes (POD, 

CAT, and APX) by SA treatment under 

drought and salinity (Hayat et al., 2008; 

Yusuf et al., 2008) stresses is known. 

Literature review indicated that SA plays an 

important role in providing plant tolerance 

to water stress (Hayat et al., 2010). In the 

present study, we investigated the activity of 

certain enzymes (POD, CAT, and APX) to 

determine whether SA may have a role in 

the regulation of antioxidant defense in 

strawberry under drought stress. Drought 

stress decreased leaf water content in both 

cultivars. This may induce oxidative stress. 

The application of SA (0.1 mM) increased 

POD, CAT, and APX activity under drought 

stress in both cultivars. Exogenous SA 

application improved plant environmental 

stress tolerance by increasing the activities 

of antioxidant enzymes (Tasgin et al., 2006; 

Pirasteh et al., 2012). “Kurdistan” showed 

higher antioxidant activity, which enabled 

this cultivar to detoxify ROS more 

efficiently than “Queen Elisa”. Increase in 

antioxidant activity compared to the control 

was higher in “Queen Elisa” than 

“Kurdistan”. Drought stress decreased leaf 

water content and was lower in “Queen 

Elisa” compared to “Kurdistan”. This 

induced maximum oxidative stress in 

“Queen Elisa” under drought stress and 

could lead to the generation of ROS and 

oxidative stress. ROS acts as a signal 

molecule and plants initiate antioxidant 

mechanism for protection against ROS 

(Khan et al., 2003). The application of 0.1 

mM SA to drought-stressed plants 

maximally induced POD activity in 

“Kurdistan”, exhibiting greater potential in 

this cultivar to detoxify ROS. Plants that 

have high antioxidant enzymes activities 

have shown considerable resistance to 

oxidative damage caused by ROS (Khan et 

al., 2007; Gapinska et al., 2008).  

Drought treatment decreased yield and 

fruit weight in both cultivars compared to 
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Figure 5. Interaction effects of drought stress and salicylic acid on yield and fruit weight in two 

strawberry cultivars. Control: -0.1 and drought -1 MPa soil water potential, and SA0.1: Salicylic acid 0.1 

mM. Different letters indicate significant differences by Duncan tests at P≤ 0.05. 
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the control (Figure 5). Application of 0.1 

mM SA resulted in increasing of yield and 

fruit weight in “Kurdistan” under drought 

stress. Previously conducted studies have 

shown a positive effect of SA on yield of 

strawberry (Jamali et al., 2011). In addition, 

a significant positive correlation between 

yield and fruit weight and number under 

drought stress and salicylic application 

(Table 3) was observed (r= 0.533 and 0.868, 

P< 0.01). This implies a close linkage 

between yield and fruit number and weight. 

Significant positive correlations between 

antioxidant enzyme activities and yield were 

determined (Table 3). Significant and 

positive correlations were determined 

between fruit number and POX (r= 0.734, 

P< 0.01), fruit number and proline (r= 0.630, 

P< 0.01) and fruit number and RWC (r= 

0.802, P< 0.01) (Table 3).  

In conclusion, drought stress had several 

adverse effects on both cultivars, including 

decreases in leaf area, leaf dry matter, shoot 

dry matter, total dry matter, relative water 

content, and stomatal conductance. There is 

variation between the two cultivars in leaf 

area, leaf dry matter, shoot dry matter, total 

dry matter and relative water content. 

“Kurdistan” was less susceptible to drought 

stress than “Queen Elisa” because 

“Kurdistan” showed less reduction in leaf 

number and area, crown and total dry matter 

compared to “Queen Elisa”. Drought stress 

also increased the levels of proline in both 

cultivars and APX and CAT activities in 

“Queen Elisa”. Low sensitivity of 

“Kurdistan” to drought stress was due to 

small and hairy leaves that could be 

important for low transpiration rates and 

tolerance to drought. This cultivar also 

exhibited higher activity of CAT, APX, and 

POD. These traits helped to remove drought-

induced ROS in this cultivar more 

efficiently than “Queen Elisa”. These results 

indicated that SA application alleviated the 

drought-induced decrease in organs dry 

matter and yield in “Kurdistan” more than 

“Queen Elisa”. Salicylic acid application 

increased total leaf area, leaf dry matter, and 

shoot dry matter in both cultivars. Leaf 

number, root dry matter, and total dry matter 

were increased by SA application in 

"Kurdistan" under drought stress. 

Application of SA under drought conditions 

increased RWC in “Kurdistan” compared to 

“Queen Elisa”. In these conditions, amount 

of proline, soluble carbohydrate, and POD 

activity in “Kurdistan” were higher than 

“Queen Elisa”. Although application of SA 

affected some traits in “Queen Elisa”, due to 

more sensitivity to drought stress, 

application of higher concentrations of SA 

to alleviate the effects of drought on growth 

and yield may be necessary.  
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به كاربرد اسيد  (Fragaria×ananassa)فرنگي پاسخهاي مورفوفيزيولوژيكي توت

 ساليسيليك تحت تنش خشكي

  ن. قادري، س. نورمحمدي، ت. جوادي

  چكيده

هاي محيطي ه اسيد ساليسيليك در تنظيم رشد و نمو گياهان در پاسخ به تنشتحقيقات نشان داده ك

مولار) بر خصوصيات رويشي و برخي ميلي 1/0و  0نقش دارد. در آزمايش حاضر اثر اسيد ساليسيليك (

 -1و  -1/0اليزا) تحت تنش خشكي (فرنگي (كردستان و كوئينصفات فيزيولوژيكي دو رقم توت

ي گرديد. آزمايش بصورت فاكتوريل بر اساس طرح كاملاً تصادفي با سه تكرار اجرا مگاپاسكال) ارزياب

گرديد. نتايج نشان داد كه تنش خشكي بر هردو رقم تاثير داشته است. از جمله اثرات آن كاهش سطح 

برگ، ماده خشك برگ، ماده خشك شاخساره ماده خشك كل، محتواي نسبي آب برگ، هدايت 

وزن ميوه بوده است. كاربرد اسيد ساليسيليك سطح برگ و وزن خشك برگ و  اي، عملكرد وروزنه

شاخساره را در هردو رقم افزايش داد. تعداد برگ، وزن خشك ريشه، وزن خشك كل، عملكرد و وزن 

ميوه در رقم كردستان در اثر كاربرد اسيد ساليسيليك در تيمار تنش خشكي افزايش يافت. رقم كردستان 

اليزا بود و كاربرد اسيد ساليسيليك در نسبي آب برگ بيشتري در مقايسه با رقم كوئينداراي محتواي 

شرايط تنش خشكي محتواي نسبي آب برگ، كربوهيدراتهاي محلول و پرولين را در رقم كردستان 

اليزا در اثر افزايش داد. محتواي نسبي آب برگ، ميزان كربوهيدراتهاي محلول و پرولين در رقم كوئين

هاي محلول در اثر تنش خشكي در رقم كردستان ربرد اسيد ساليسيليك تغيير نكرد. ميزان پروتئينكا

هاي اليزا كاهش يافت. كاربرد اسيد ساليسيليك ميزان فعاليت آنزيمتغيير نكرد ولي در رقم كوئين

كردستان داراي كاتالاز و پراكسيداز را در هر دو رقم افزايش داد. بطور كلي نتايج نشان داد كه رقم 

اليزا بود زيرا كاهش كمتري در تعداد و سطح حساسيت كمتري به تنش خشكي در مقايسه با رقم كوئين

برگ، وزن خشك كل و وزن خشك طوقه را نشان داد. كاربرد اسيد ساليسيليك توانست ميزان 

سيليك اثر محصول و برخي خصوصيات فيزيولوژيكي و رويشي را در دو رقم تغيير دهد. اسيد سالي

  اليزا داشت.بيشتري بر رقم كردستان در مقايسه با رقم كوئين
 

 


