
Journal of Applied Science and Agriculture, 9(9) July 2014, Pages: 27-34 

 

AENSI Journals 

Journal of Applied Science and Agriculture 
ISSN 1816-9112 

 
Journal home page: www.aensiweb.com/JASA 

 

   

Corresponding Author: Hossein Zahedi, Department of Agronomy and Plant Breeding, Eslamshahr Branch, Islamic Azad  

University, P.O.Box:33135-369, Tehran, Iran  

E-mail: hzahedi2006@gmail.com 

Effect of Foliar Application of Salicylic Acid on Physiological and Biochemical 

Characteristics of Corn (Zea mays L.) Under Withholding Irrigation at Different 

Growth Stages 
 
1
Houman Yaghoubian, 

1
Hamid Reza Tohidi Moghadam,

 1
Pourang Kasraie, 

2
Hossein Zahedi 

 
1Department of Agronomy, College of Agriculture, Varamin-Pishva Branch, Islamic Azad University, P.O.Box: 33817-74895, Varamin, Iran 
2Department of Agronomy and Plant Breeding, Eslamshahr Branch, Islamic Azad University, P.O.Box:33135-369, Tehran, Iran 

 

A R T I C L E  I N F O   A B S T R A C T  

Article history: 

Received  2 March   2014 

Received in revised form 

13 May 2014 
Accepted 28 May  2014 

Available online 23 June 2014 

 
Keywords: 

Salicylic acid, corn, irrigation 

withholding, antioxidant enzymes 
activity 

 In order to study effect of salicylic acid foliar application and limited irrigation, on 

quantitative and qualitative characteristics of corn an experiment was conducted in 

Varamin, Iran during 2013 growing season. The experimental design was laid out in a 

randomized complete block with a split plots arrangement of treatments in three 
replications. Main plots included four different levels of irrigation (complete irrigation, 

irrigation withholding at 8-leaf stage, irrigation withholding at staminate inflorescence 

appearance stage and irrigation withholding at silks appearance stage) and different 
concentration of foliar application of salicylic acid (0, 150 and 300 µM) were allocated 

to subplots. The results showed that irrigation withholding conditions in different 

growth stages significantly decreased seed yield, RWC and total chlorophyll but by 
contrast increased membrane stability, proline content, antioxidant enzymes activity and 

lipid and protein peroxidation.   Salicylic acid foliar application had positive effect on 
all attributes in this experiment. In general, the results of the present study indicate that 

usage of salicylic acid reduces the harmful effects of water deficit stress and increases 

resistance to drought stress in corn plant. 
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INTRODUCTION 

 

 Plants in both natural and agricultural conditions are continuously exposed to biotic and abiotic stresses. 

Water deficit stress is one of the most important abiotic factors limiting plant growth in arid and semiarid 

regions (Kramer and Boyer, 1995), and it is mainly caused by high evaporative demand and low water 

availability(Patakas and Notsakis, 2001). Plants often suffer from water deficit stress, and the severity of the 

resulting damage varies depending on the intensity and duration of the stress. Other than the apparent effects of 

drought stress, the effects of water deficit are not well understood at the biochemical and molecular levels 

(Chaves et al., 2003; Reddy et al., 2004; Bhatnagar-Mathur et al., 2009). According to Smirnoff (1993), low 

water availability is often associated with increased levels of reactive oxygen species (ROS) that cause the 

peroxidation of membrane lipids, the denaturation of proteins and damage to nucleic acids (Mittler, 2002). 

Accordingly, plants can respond to abiotic stress by altering the biochemical profile of their tissues and 

producing a diverse array of secondary metabolites (Nacif de Abreu and Mazzafera, 2005; Zobayed et al., 

2005). It is widely believed that the synthesis of many secondary metabolites in plants is part of the defense 

response to stress conditions. A number of studies have shown that lipid peroxidation may be involved in the 

initiation of secondary metabolites (Yuan et al., 2002; Shoha et al., 2006). Therefore, it can be speculated that 

the accumulation of secondary metabolites arises from a need to protect membrane lipids from oxidative stress, 

and ROS serve as mediators in the biosynthesis of certain secondary metabolites (Zhu, 2000). Various 

physiological practices are applied to alleviate the adverse effects of water deficit stress on the normal 

functioning of plants. For example, plant growth regulators have been applied to plants as a means of improving 

the growing of those plants. Indeed, there is evidence that the proper application of plant growth regulators can 

increase plant tolerance to environmental stresses such as drought, heavy metals, salinity, chilling and water-

logging (Hayat et al., 2007; Hasan et al., 2008).   

 Salicylic acid (SA), a plant Phenolic is now considered as a hormone-like endogenous regulator and its role 

in the defense mechanisms against biotic and a biotic stress has been well documented(Yalpani et al., 1994 ; 
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Szalai et al., 2000 ). It was found that inhibition of catalase, a H2O2 scavenging enzyme, by SA plays an 

essential role in the generation of reactive oxygen species(Horvath et al., 2002). By increasing H2O2 

concentration of the tissues, moderate doses of SA may activate the antioxidative mechanisms. Application of 

exogenous SA enhanced the drought and salt stress resistance of plants (Senaratna et al., 2000; Tari et al., 

2002), but the results were contradictory and depended on the developmental phase of plants (Borsani et al., 

2001) or on the experimental conditions(Nemeth et al., 2002). Both high salinity and drought give rise to ionic 

and osmotic effects combined with oxidative damage in tissues. Previous studies demonstrated that SA plays an 

important role in determining the sensitivity of plants to various a biotic stresses (Dat et al.,1998; Rao and 

Davis,1999), notably at the seedling stage (Borsani et al., 2001). The inclusion of SA at 0.5 mM in the 

germination medium was associated with increase germination percentage of tomato (Szepesi et al., 2005). The 

primary objective of the present investigation was to examine the effect of drought stress and salicylic acid on 

the activities of different antioxidant enzymes and other biochemical exchanges in leaves of corn. The work was 

aimed also whether a foliar supply of salicylic acid to plant might be a strategy for increasing the drought stress 

tolerance. 

MATERIALS AND METHODS 

 

 The experiment was conducted in research field of Islamic Azad University , Varamin Branch in Iran during 

2013 growing season. Site of study was situated at 31̊ 51 E and 20̊ 35 N and 1050 m above sea level.  Latitude 

and longitude of research place were 35º, 19' N and 51º, 39' E, respectively and site of study was located 900 m 

above sea level. Before beginning of experiment, soil samples were taken in order to determine the physical and 

chemical properties. A composite soil sample was collected at a depth of 0-30 cm. Details of soil properties are 

shown in Table 1. After plow and disk, plots were prepared. The experimental design was carried out in a 

randomized complete block with a split plot arrangement of treatments in three replications. Main plots included 

four different levels of irrigation (complete irrigation, irrigation withholding at 8-leaf stage, irrigation 

withholding at staminate inflorescence appearance stage and irrigation withholding at silks appearance stage) 

and different concentration of foliar application of salicylic acid (0, 150 and 300 µM) were allocated to subplots. 

The 18.75 m
2
 plots were prepared with 5 m long and consisted of five rows, 0.75m apart. Between all main 

plots, 2 m alley was kept to eliminate all influence of lateral water movement. Polyethylene pipeline was 

performed for control of irrigation as dropping irrigation. Treflan and gallant super were applied to control 

weeds. According to soil analysis, phosphorus (150 kg.ha
-1

 P) and potassium (200 kg.ha
-1

 k) fertilizers were 

applied into the soil. Nitrogen was supplied from ammonium nitrate source (300 kg.ha
-1

) at three stages; seed 

sowing, 8-leaf stage and before flowering stage. The plots were sown with corn seeds (N.S 640) with 75 cm row 

to row distance and 20 cm between plants. Corn was planted manually in May 2013. Seeds were sown 3-4 cm 

deep. Two seeds were sown in each position and the plots thinned to the desired plant population (67000 plant 

per ha). After seed sowing, irrigation was applied as required during the growing season. The foliar application 

of salicylic acid was applied with a pressurized backpack sprayer (12l capacity) calibrated to deliver 1000 l ha
-1

 

of spray solution. Sprayer was equipped with a spiral solid cone spray nozzle. At the end of growing season crop 

were harvested and seed yield was assayed. One week after irrigation withholding in different growth stages 

initiation leaf samples was collected and physiological and biochemical changes were assayed. 

 
Table 1: Soil properties of the experimental site. 

Depth EC (ds m-1) pH O.C (%) T.N.V (%) K (ppm) P(ppm) Total N (%) Texture 

0-30 cm 3.5 7.1 0.54 <10 318 12.9 0.074 Clay loam 

 

Relative water content assay: 

 Relative water content was measured, from each plant leaf discs were taken and weighted (fresh weigh, 

FW). The discs were then placed in distilled water for 5 h at 25
◦
C and then their saturated weights (SW) were 

measured. The discs were then dried in oven at 70 
◦
C for 24 h to calculate dry weight (DW). Relative water 

contents were calculated by following formula: 

DWSW

DWFW
RWC






)(  

 

Membrane stability assay: 

 Leaf samples (0.5 g) were immersed into 10 ml of -2 bar mannitol solution (14.7 g mannitol per liter) and 

after 24 h electrical conductivity of the solution was measured.  

 

Chlorophyll assay: 

 Chlorophyll was extracted in 80 % acetone from the leaf samples according to the method of Arnon (1949). 

Extracts were filtrated and content of total chlorophyll was determined by spectrophotometry at 645 and 663 

nm, respectively. The content of chlorophyll was expressed as mg g
-1

 fresh weight according to Equation 1 

(Arnon 1949).  
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Proline assay: 

 Proline content of leaves was determined according to a modification of the method of Bates et al. (1973). 

Samples of leaves (0.5 g) were homogenized in a mortar and pestle with 10 ml sulphosalicylic acid (3% w/v), 

and then centrifuged at 18 000 g for 15 min. Two millilitres of the supernatant was then added to a test tube, to 

which 2 ml glacial acetic acid and 2 ml freshly prepared acid ninhydrin solution (1.25 g ninhydrin dissolved in 

30 ml glacial acetic acid and 20 ml 6 M orthophosphoric acid) were added. The test tubes were incubated in a 

water bath for 1 h at 100°C and then allowed to cool to room temperature. Four millilitres of toluene were then 

added to the tubes and then mixed on a vortex mixer for 20 s. The test tubes were allowed to stand for at least 10 

min, to allow separation of the toluene and aqueous phases. The toluene phase was carefully pipetted out into a 

glass test tube and its absorbance was measured at 520 nm in a spectrophotometer. The content of proline was 

calculated from a standard curve. 

 

Antioxidant enzyme activity assay: 

 Catalase activity was estimated by the method of Cakmak and Horst (1991). The reaction mixture contained 

100 µl crude extract, 500 µl 10mm H2O2 and 1400 µl 25mm sodium phosphate buffer. The decrease in the 

absorbance recorded at 240 nm for 1 min by a spectrophotometer. 

 Superoxide dismutase activity was determined by measuring the ability of the enzyme extract to inhibit the 

photochemical reduction of nitroblue tetrazolium according to the method of Giannopolitis and Ries (1977). The 

reaction mixture contained 100 µl l µm riboflavin, 100 µl 12 mM L-methionine, 100 µl 0.1 mM EDTA (pH 

7.8), 100 µl 50 mM Na2CO3 (pH 10.2), 100 µl 75 µM nitroblue tetrazolium in 2300 nitroblue tetrazolium 25mM 

sodium phosphate buffer (pH 6.8) and 200 µl crude enzyme extract, in a final volume of 3 ml. Glass test tubes 

that contained the reaction mixture were illuminated with a fluorescent lamp (120 W), and identical tubes that 

were not illuminated served as blanks. After illumination for 15 min, absorbance was measured at 560 nm. One 

unit of Superoxide dismutase activity was defined as the amount of enzyme which caused 50 % inhibition of 

photochemical reduction of nitroblue tetrazolium.  

 

Lipid peroxidation assay: 

 The level of membrane damage was determined by measuring MDA as the end product of peroxidation of 

membrane lipids (De Vos et al., 1991). In brief, samples were homogenized in an aqueous solution of 

trichloroacetic acid (10% w/v), and aliquots of filtrates were heated in 0.25% trichloroacetic acid. The amount 

of MDA was determined from the absorbance at 532 nm, followed by correction for the non-specific absorbance 

at 600 nm. The content of MDA was determined using the extinction coefficient of MDA (ε = 155 μM
-1

 cm
-1

). 

 

Protein peroxidation assay: 

 1.2 grams of fresh tissue material were homogenized with 5 ml of ice-cold 50 mM HEPES-KOH, pH 7.2, 

containing 10 mM EDTA, 2 mM PMSF, 0.1 mM p-chloromercuribenzoic acid, 0.1 mM DL-norleucine and 100 

mg polyclar AT. The plan tissue homogenate was centrifuged at 5000 g for 60 min to remove debris. 

Purification of o,o0-dityrosine in the clear tissue homogenized supernatant fluid was accomplished by 

preparative HPLC. o,o0-Dityrosine was recovered by gradient elution from the C-18 column (Econosil C18, 250 

mm · 10 mm) (Orhanl et al., 2004). The composition of fluent varied linearly from acetonitrile–water–TFA 

(1:99:0.02) to acetonitrile–water–TFA (20:80:0.02) over 25 min. The gradient was started 5 min after the 

injection. A flow rate of 4 ml/min was used. o,o0-Dityrosine was analyzed by reversed-phase HPLC with 

simultaneous UV-detection (280 nm) and fluorescence-detection (ex. 280 nm, em. 410 nm). A phenomenex 

inertsil ODS 2 (150 mm 4.6 mm, 5 lm) HPLC column (Bester, Amsterdam, The Netherlands) equipped with a 

guard column was used for these analyses. A gradient was formed from 10 mM ammonium acetate, adjusted to 

pH 4.5 with acetic acid, and methanol, starting with 1% methanol and increasing to 10% over 30 min. The flow 

rate was 0.8 ml/min. A standard dityrosine sample was prepared according to Amado et al. (1984). Dityrosine 

was quantified by assuming that its generation from the reaction of tyrosine with horseradish peroxidase in the 

presence of H2O2 was quantitative (using the extinction coefficient e315 = 4.5 mM
-1

 cm
-1

 at pH 7.5). 

 

Statistical analysis: 

 All data were analyzed from analysis of variance (ANOVA) using the GLM procedure in SAS (SAS 

Institute, 2002). The assumptions of variance analysis were tested by insuring that the residuals were random, 

homogenous, with a normal distribution about a mean of zero. Duncan's multiple range tests was used to 

measure statistical differences between treatment methods and controls.  

 

Results: 

 Analysis of variance showed that the effects of irrigation withholding in different growth stages was 

significant on all measured traits  and foliar application of salicylic acid was significant on all measured traits 
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except for Relative water content (Table 2). In addition, interaction between these two factors was significant on 

measured traits experiment such as: total chlorophyll, proline content and catalase enzyme activity. 

 

Seed yield: 

 Seed yield decreased as result of irrigation withholding at 8-leaf stage, irrigation withholding at staminate 

inflorescence appearance stage and irrigation withholding at silk appearance stage at by 9.79 %, 15.36% and 

19.58%, respectively with compared complete irrigation treatment conditions. Seed yield increased as result of 

foliar application of salicylic acid with 300µM at by 5.66 when this treatment compared with untreated foliar 

application of salicylic acid (Table 3). 

 

Relative water content: 

 The results showed that irrigation withholding at different growth stages decreased Relative water content 

(Table 3). 

 

Membrane stability: 

 According to table 3 the highest electrolyte leakage was occurred when corn plants were treated with 

irrigation withholding at different growth stages. Electrolyte leakage decreased as result of foliar application of 

salicylic acid when these treatments compared with untreated foliar application of salicylic acid (Table 3). 

 

Total chlorophyll: 

 The highest total chlorophyll content was related to those plots which were treated with complete irrigation. 

However irrigation withholding at different growth stages decreased total chlorophyll content. It is worth 

mentioning that total chlorophyll content increased as result of foliar application of salicylic acid with 300µM 

when these treatments compared with untreated foliar application of salicylic acid in this condition (Table 3&4). 

 

Proline: 

 The result showed that the highest PRO content in the leaves of plants belong to foliar application of 

salicylic acid treatment in irrigation withholding at different growth stages. However, foliar application of 

salicylic acid with 300µM increased PRO content in the leaves of plants. 

 

Antioxidant enzymes: 

 Plants under irrigation withholding at different growth stages showed a significant increase in SOD and 

CAT activity in the leaves compared with control plants (Table 3). Application of salicylic acid was associated 

with a significant difference in SOD and CAT activity in stressed plants; however, application of salicylic acid 

increased SOD and CAT activity in plants (Table 3&4).  
 
Table 2: Analysis of variance on corn attributes affected by  irrigation withholding in different growth stages and  foliar application of salicylic acid. 

Sources of 

variation 

df Seed yield Relative 

water 

content 

Membrane 

stability 

Total 

chlorophyll 

Proline Superoxide 

dismutase 

Catalase Malondialdehyde  Dityrosine  

Replication  2 8594.53ns 0.78ns 10.95ns 0.04ns 0.00000003ns 18.25 3.24ns 0.03ns 0.0005ns 

Water stress  3 8487414.47** 63.43** 93368.38** 92.11** 0.0014** 193618.34** 29391.26** 120.30** 11.90** 

Error (a) 6 8486.64 0.43 22.68 0.05 0.0000001 5.95 6.07 0.02 0.001 

Salicylic 

acid 

application 

2 1086437.53* 2.08ns 6295.24** 4.33** 0.00012** 10248.84** 1739.00** 1.52** 0.32** 

Water stress 

×  Salicylic 

acid  

application 

6 11959.42 ns 0.22ns 457.74ns 0.85** 0.00001* 146.93ns 469.34* 0.04ns 0.01ns 

Error (b) 16 188672.94 17.54 590.95 0.13 0.00005 521.86 132.92 0.05 0.01 

C.V (%) 4.26 5.50 2.80 1.21 5.99 2.83 6.00 2.42 2.89 

*,** and ns significant at 0.05, 0.01 and no significant 

 

Lipid and protein peroxidation: 

 The level of lipid and protein peroxidation of leaves, measured as MDA and DT content, are shown in 

Table 3. The levels of MDA and DT were increased in the leaves of plants by irrigation withholding levels. It 

was observed that application of salicylic acid decreased the MDA and DT content in the leaves of plants (Table 

3).  
 

Discussion: 

 Seed yield decreased as result of irrigation withholding at different growth stage. Decrease in length of seed 

filling stage due to water stress is the main factor to decrease seed weight (Cantagallo et al., 1997). Decrease in 

seed yield due to decrease in yield components especially seed weight has been reported by other researchers 

previously (Unger, 1992 and Yegappan et al., 1982). Furthermore, water deficit decreased seed yield via 

decrease in photosynthesis and seed number per ear. Similar results are accessible published by other researcher 

(Unger, 1992). Also the result showed that foliar application of salicylic acid increased seed yield. These results 
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are contradictory to some earlier studies in which it has been observed that exogenous application of SA 

promotes the growth and counteracts the stress-induced growth inhibition due to abiotic stresses (water stress, 

salt stress, cold stress, heavy metal stress etc.) in different crop species (Metwally et al., 2003; Shakirova et al., 

2003; Singh and Usha, 2003).  
 

Table 3: Comparison of means on some attributes of corn affected by irrigation withholding in different growth stages and salicylic acid  

foliar application. 
Treatment Seed yield 

(kg.ha-1) 

 

 

Relative 

water 

content 

(%) 

 

 

Membrane 

stability 

(μs cm-1) 

 

Total 

chlorophyll 

 

(mg.lit-1) 

 

Proline 

 

(mg.g-1 

FW) 

 

 

Superoxide 

dismutase 

(∆A/mg 

pro.min-1) 

 

Catalase 

(∆A/mg 

pro.min-1) 

 

Malondialdehyde 

(nmol g-1 FW) 

Dityrosine 

(nmol g-1 FW) 

 

 

Irrigation          

Complete 

Irrigation 

11472.0a 79.24a 734.87d 32.79a 0.014d 637.77d 125.85d 5.92d 3.40d 

Irrigation 

withholding at 8-

leaf stage 

10348.7b 76.85ab 852.48c 33.03a 0.026c 754.71c 170.98c 8.20c 4.08c 

Irrigation 

withholding at 

staminate 

inflorescence 

appearance stage 

 

9709.2c 75.53ab 901.51b 29.81b 0.037b 851.43b 211.90b 11.79b 5.11b 

Irrigation 

withholding at 

silk appearance 

stage 

9226.0d 72.88b 977.74a 26.19c 0.043a 983.62a 259.70a 14.12a 6.02a 

Salicylic acid 

foliar application 

         

Untreated (0 µM) 9862.4b 75.69a 891.19a 29.84c 0.027c 780.93c 180.31c 10.32a 4.80a 

Treated (150 

µM) 

10249.5a 76.16a 862.90b 30.48b 0.030b 801.168b 191.64b 10.08b 4.68b 

Treated (300 

µM) 

10455.0a 76.52a 845.84b 31.04a 0.033a 838.541a 204.37a 9.62c 4.47c 

Treatment means followed by the same letter within each common are not significantly different (P < 0.05) according to Duncan’s Multiple Range test 

 

Table 4: Interaction between  irrigation withholding in different growth stages and  foliar application of salicylic acid on some attributes of  
Corn. 

 

 

Treatments 
 

 

Salicylic acid foliar 

application 

Total 

chlorophyll 

 
(mg.lit-1) 

 

Proline 

 

(mg.g-1 FW) 
 

 

Catalase 

(∆A/mg pro.min-1) 
 

Irrigation     

 
Complete Irrigation 

 

Untreated (0 µM) 32.58c 0.013g 131.50g 

Treated (150 µM) 33.27b 0.015g 127.00g 

Treated (300 µM) 32.54cd 0.014g 119.04g 

 

Irrigation withholding at 8-leaf stage 

Untreated (0 µM) 31.97d 0.021f 154.44f 

Treated (150 µM) 32.92bc 0.026e 171.19ef 

Treated (300 µM) 34.18a 0.031d 187.31de 

 
Irrigation withholding at staminate inflorescence 

appearance stage 

Untreated (0 µM) 29.23f 0.033d 194.82cd 

Treated (150 µM) 29.68f 0.039c 207.06c 

Treated (300 µM) 30.53e 0.041bc 233.83b 

 

Irrigation withholding at silk appearance stage 

Untreated (0 µM) 25.59h 0.039c 240.49b 

Treated (150 µM) 26.05h 0.042b 261.29a 

Treated (300 µM) 26.92g 0.047a 277.32a 

Treatment means followed by the same letter within each common are not significantly different (P < 0.05) according to Duncan’s 

Multiple Range test 

 

 RWC decreased as result of irrigation withholding at different growth stage. RWC is the appropriate 

measure of plant water status in terms of the physiological consequence of cellular water deficit, while water 

potential is an estimate of plant water status and it is useful in dealing with water transport in the soil-plant-

atmosphere continuum (Kramer, 1988). Also the results indicated that foliar application of salicylic acid 

decreased electrolyte leakage. All this shows that foliar application of salicylic acid can lower the plant’s 

membrane permeability and alleviate the damage on the cell membrane caused by water stress. Chlorophyll 

content in live plants is an important factor in determining photosynthetic capacity. Decreased or unchanged 

chlorophyll level during drought stress has been observed in other species, depending on drought duration and 

severity (Rensburg and Kruger, 1994; Kyparissis et al., 1995; Zhang and Kirkham,1996; Jagtap et al.,1998). 

Changes in leaf chlorophyll content with drought and heat injury may involve a severe chlorophyll 

photooxidation mediated by oxy- radicals (Wise and Naylor ,1987). Water deficit stress leads to an increase in 

free radicals in chloroplasts and destruction of Chl molecules by ROS, which results in reduction of 

photosynthesis and growth. Singlet oxy gen atoms and O2
-
 radicals predominantly attack double bond-

containing compounds (unsaturated fatty acids and Chl), thus damaging the chloroplast membrane system and 

photosynthetic reaction centres (Zhang et al. 2003). This in turn may result in the release of Chl from the 
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thylakoid membranes. In such a situation, the Chl needs to be degraded quickly to avoid cellular damage by its 

photodynamic action (Takamiya et al. 2000). Salicylic acid is a detoxifier and neutralizer of superoxide radicals 

and other singlet oxygen species; by prevention of the activity of free radicals it can enhance the Chl content.  

 The present results are in agreement with those of (Sweify and Abdel Wahid, 2008) they found that 

application of SA increased chlorophyll a and b as well as carotenoids in Syngonium podphyllum plants. 

Moreover, salicylic acid significantly increased chlorophyll a & b and carotenoids (Shakirova, et al., 2003; 

Abdel-Wahed, et al., 2006; El-Mergawi, et al., 2007; Zaki and Radwan, 2011). Proline is a highly water-soluble 

amino acid. The accumulation of PRO is a common metabolic response of plants to adversity, and PRO is an 

indicator of adaptation to adversity and is involved in the succession resistant capability of plants (Bian et al. 

1988). PRO protects membranes and PROTs against the adverse effect of high concentrations of ions and may 

also function as a PROT-compatible hydrotrope and as a hydroxyl radical5scavenger (Kavi Kishor et al. 1995). 

In the current study, irrigation withholding at different growth stages increased the leaf PRO content. The 

concentration of this metabolite usually increases in response to water deficit stress (Nandwal et al. 2000). 

Application of salicylic acid scavenged ROS and produced biosynthesis of proline, because its biosynthetic 

precursor, SA, could activate BADH, thus enhancing the accumulation of proline. The accumulation of these 

osmolyte seems to correlate with greater tolerance against stress. In a more general context, it could be said that 

the formation of a compatible osmolytes such proline and betaine, capable of stabilizing membranes and 

proteins, is responsible for the increase in tolerance against stress conditions (Gibon et al., 1997). In the present 

study, the plants exposed to water deficit stress showed a significant increase in SOD and CAT activity in the 

leaves. The enzymes assayed are scavengers of free radical species. SOD converts one form of ROS (O2
-
) to 

another equally toxic one (H2O2). Hydrogen peroxide is converted to oxygen and water by CAT and POX 

(Hegedus et al. 2001). Water deficit stress may also lead to stomatal closure, which reduces CO2 availability in 

the leaves and inhibits carbon fixation (Gossett et al. 1994a, b). Similar increases in the activities of these 

enzymes have been reported in cotton cultivars subjected to salt stress (Rajguru et al. 1999). The increase in 

SOD activity was reported in tolerance basmati rice variety (Singh et al. 2007). In our study, salicylic acid 

increased the activity of these enzymes maybe by elimination of free radicals. This increased antioxidant 

enzyme activity might be due to SA’s regulatory role at transcriptional and/or translational levels. Also, these 

increases might be due to their direct scavenging function against the toxic free radicals and their promotional 

effects on synthesis of internal protective antioxidants. Similar results were obtained by (Noctor and Foyer, 

1998; Xu, et al., 2006). One of the best known toxic effects of ROS is damage to cellular membranes, lipids and 

protein. Plasma membranes are oxidized by ROS to generate MDA. In this study, water deficit stress induced a 

progressive accumulation of MDA and DT in the leaves of plants. We observed a significant increase in the 

MDA and DT content in water deficit stressed plants. Exogenous salicylic acid partially inhibits these increases 

because salicylic acid is a scavenger of ROS. Although the inhibitory effect of salicylic acid on lipid and protein 

peroxidation has been demonstrated, the actual mechanism is not yet clear. 
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