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ABSTRACT 
 
 A pot experiment was carried out to investigate the effect of salicylic acid (SA) on growth traits, yield, 
relative water content (RWC), electrolyte leakage percent (EL %), photosynthetic pigments, osmoprotectants; 
proline, soluble sugars, soluble proteins and phenols. In addition, leaf and root anatomy were studied in lettuce 
'Balady' plants subjected to water stress. Plants were treated with two regimes of irrigation water, i.e., 100% 
(control) and 60% of field capacity (FC) and two levels of SA (10-6 and 10-3 M). Growth traits, yield, RWC, 
EL%, photosynthetic pigments, all osmoprotectants, and leaf and root anatomy were significantly altered by 
both water stress and SA treatments. Our results indicated that, SA mitigated the water stress and significantly 
improved all tested parameters as compared to non-SA-treated water stressed plants. Results also showed that, 
SA application removes suffering lettuce plants grown under water stress by the enhancing antioxidant defense 
and improves anatomical structure of leaves and roots. 
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Introduction 
 
 Drought is one of the major physical parameter of an environment, which determines the success or failure 
of plants establishment (Gamze et al., 2005). Drought is the most important limiting factor for crop production 
and it is becoming an increasingly severe problem in many regions of the world (Passioura, 1996; Passioura, 
2007). Insufficient water supply leads to numerous morphological, physiological, and metabolic modifications 
occurring in all plant organs. Most plant species respond to water shortage through molecular responses, 
biochemical and physiological modifications, and ultimately morphological adaptations (Hubick et al., 1986). 
Different mechanisms are involved in plant response to water limitation (Davies et al., 1990; Davies and Zhang, 
1991; Thomas and Gausling, 2000). One of the most common mechanisms is associated with the accumulation 
of osmolytes like sugars and proline (Willigen et al., 2004; Adejare and Umebese, 2008). Water stress greatly 
reduces the linear growth of shoots (Nielson and Nelson, 1998). Water stress causes an inhibiting effect on leaf 
area of treated plants (Kawakami et al., 2006). Increasing duration and severity of water stress decrease RWC of 
plants under investigation (Saccardy et al., 1998; Sanchez-Blanco et al., 2006). Water stress results in stomatal 
closure, decline in tissue water potential, reduction of transpiration and photosynthesis, alterations in assimilates 
partitioning, changes in hormonal balance (Starck et al., 1995). Beside these physiological responses plants also 
undergo morphological and anatomical modifications under water stress conditions (Nautiyal et al., 1994; 
Palliotti et al., 2001). Attempts have been made in the past to overcome the adverse effects of drought by using, 
salicylic acid (SA) which has potential to mitigate the water stress effects. 
 Salicylic acid is an endogenous growth regulator of phenolic nature, which participates in the regulation of 
physiological processes in plants, and it is also important in disease resistance (Raskin, 1992). It plays an 
important role in abiotic stress tolerance and considerable attention has been focused on the ability of SA to 
induce protective effect on plants under stress (Farooq et al., 2008b). Many studies reported the role of SA in 
inducing stress tolerance in plants. For example, SA has been found to induce heat tolerance in mustard (Dat et 
al., 1998 a, b), chilling tolerance in maize and drought tolerance in wheat (Singh and Usha, 2003, Horva´th et 
al., 2007). 
 Based on these studies, the present investigation was conducted to discover the effect of salicylic acid on 
drought tolerance in lettuce, and to determine the interactive impacts of water stress and salicylic acid on 
growth, yield, RWC%, EC%, leaf and root anatomy. In addition, to discuss the role of osmoprotectants in 
mitigating water stress in lettuce.  
 
Materials and Methods 
 
Plant Material and Treatments: 
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 Two pot experiments were conducted at the Experimental Station of Faculty of Agriculture, Fayoum 
(Southeast Fayoum; 29° 17'N; 30° 53'E), during the two successive seasons of 2012 and 2013. Four-week-old 
lettuce seedlings ‘Balady’ obtained from the Ministry of Agriculture Nurseries, Cairo, Egypt, were transplanted 
separately into plastic pots on the 15th February 2012 and 15th February 2013. Each pot was filled with 5 kg 
loamy soil having pH (1:2, w/v, soil and water solution) 7.6, EC (1:2, w/v, soil and water solution) 1.48 dS m-1, 
CaCO3 6.12% and organic matter 1.51%. The pots were transplanted in an open greenhouse. The average day 
and night temperatures were 20 ± 3 oC and 10 ± 2 oC, respectively. The relative humidity ranged from 65.1 to 
68.8%, and day-length from 10 to 11 h. All pots were arranged in complete randomized design having two 
irrigation water regimes (100% (control) and 60% of field capacity) and three levels of SA (0.0 (control), 10-6M 
and 10-3M). The three SA levels were applied as foliar spray to run off 3 times; 15, 30 and 45 days after 
transplanting. Doses of SA, and irrigation water regimes were selected on the basis of preliminary studies (data 
not shown). Irrigation was applied twice a week and each pot was irrigated every 2 weeks with 250 ml of 
Hoagland's nutrient solution (full strength). 
 
Morphological measurements: 
 
 After 70 days from transplanting, different growth traits including plant height, number of leaves plant-1, 
fresh and dry weight of shoots and roots plant-1 as well as root : shoot ratio were assessed in treated plants. After 
60 days from transplanting, the following physiological analyses were carried out: 
 
Photosynthetic pigments and total soluble sugars: 
 
 Chlorophylls a, b and carotenoids contents (mg g-1 fresh leaves) were estimated adopting the procedure 
given by Arnon (1949). Leaf discs were homogenized with 80% acetone and centrifuged; the optical density of 
the acetone extract was measured at 663, 645 and 470 nm using a UV-160A UV Visible Recording 
Spectrometer, Shimadzu, Japan. Leaf soluble sugars (mg g-1 fresh leaves) were assessed by the method of 
A.O.A.C. (1990).       
 
Total proline content: 
 
 Proline content in fully expanded six th leaf (full matured young leaf which has the complete metabolic 
reactions processes) from apex per replicate was measured by rapid colorimetric method as suggested by Bates 
et al. (1973). Proline was extracted from 0.5 g of fresh leaf samples by grinding in 10 ml of 3% sulphosalicylic 
acid and the mixture was then centrifuged at 10,000 ×g for 10 min. Two ml of the supernatant was added into 
test tubes to which 2 ml of freshly prepared acid-ninhydrin solution was added. Tubes were incubated in a water 
bath at 90 ºC for 30 min. The reaction was terminated in ice-bath. The reaction mixture was extracted with 5 ml 
of toluene and vortexed for 15 s. The tubes were allowed to stand at least for 20 min in darkness at room 
temperature to allow the separation of toluene and aqueous phase. The toluene phase was then carefully 
collected into test tubes and toluene fraction was read at 520 nm. The proline concentration in the sample was 
determined from a standard curve using analytical grade proline and calculated on fresh weight basis (as mg g–1 
FW). 
 
Total soluble phenol content: 
 
 Total soluble phenol content in lettuce leaves was extracted according to Hsu et al. (2003). Sample of 0.5 g 
of fresh leaves was mixed with 80 ml methanol and kept overnight. The suspension was filtered and the filtrate 
was diluted to 100 ml. This solution served as stock solution for subsequent analysis. According to Slinkard and 
Singleton (1997), 200 µl of the stock solution was mixed with 1.4 ml distilled water, and 0.1ml of 50% (1N) 
Folin- Ciocalteu phenol reagent. After at least 3 min., 0.3 ml of 20% (w/v) sodium carbonate was added. The 
reaction mixture was allowed to stand for 2 hours. After briefly vortexing, the absorbance at 765 nm was then 
determined. Total soluble phenol content was standardized against tannic acid and absorbance values were 
converted to mg of phenols per gram of fresh weight tissue. Each value reported is the average of three 
replicates. 
 
Total soluble protein content: 
 
 Total soluble proteins content of the fresh leaves was determined according to the method described by 
Bradford (1976) with bovine serum albumin as a standard. An amount of 1 g of samples was ground in a mortar 
with 5 ml of phosphate buffer (pH 7.6) and was then transformed to the centrifuge tubes. The homogenate was 
centrifuged at 8000 rpm for 20 min. The supernatant of different samples was put in separate tubes. The volume 
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of all of the samples in tubes was then made equal by adding a phosphate buffer solution and the extraction were 
stored in the refrigerator at 4°C for further analysis. After extraction, 30 μl of different samples were taken out 
in separate tubes and were mixed with 70 μl of distilled water. In all of these separate sample tubes, 2.9 ml of 
the Coosmassic Brilliant Blue solution was then added and mixed thoroughly. The total volume was 3 ml in 
each tube. All tubes were incubated for 5 min at room temperature and then, the absorbance was recorded at 600 
nm against the Blank. A standard curve of absorbance (600 nm) versus concentration (μg) of total soluble 
proteins was calculated.                                                                            
 
Electrolyte leakage percent: 
 
 To determine electrolyte leakage, 100 mg fresh leaf samples were cut into discs (5 mm in diameter) and 
placed in test tubes containing 10 ml distilled deionized water. The tubes were covered with plastic caps and 
placed in a water bath maintained at the constant temperature of 32 °C. After 2 hours the initial electrical 
conductivity of the medium (EC1) was measured using an electrical conductivity meter. The samples were 
autoclaved afterwards at 121 °C for 20 min to completely kill the tissues and release all electrolytes. Samples 
were then cooled to 25 °C and the final electrical conductivity (EC2) was measured. The electrolyte leakage 
(EL) was expressed following the formula:  L = EC1/EC2×100 (Dionisio-Sese and Tobita, 1998). 
 
Relative water content: 
 
 The relative water content (RWC) of fully expanded six th leaf from apex per replicate was determined in 
fresh leaf discs of 2 cm2 diameter, excluding midrib. Discs were weighed quickly and immediately floated on 
deionized distilled water (DDW) in Petri dishes to saturate them with water for the next 24 h, in dark. The 
adhering water of the discs was blotted and turgor mass was noted. Dry mass of the discs was recorded after 
dehydrating them at 70°C for 48 h. RWC was calculated by placing the values in the following formula:                                                               

RWC = Fresh mass - dry mass × 100 (Hayat et al., 2007) 
Turgor mass - dry mass 

 
Anatomical study: 
 
 For anatomical study, samples were taken at the age of 60 days from the middle of six th leaf from apex and 
root from 1 cm from base of main root. Samples were killed and fixed in F.A.A. solution (50 ml 95% ethyl 
alcohol + 10 ml formalin + 5 ml glacial acetic acid + 35 ml distilled water) for 48 hours. Thereafter, samples 
were washed in 50% ethyl alcohol, dehydrated and cleared in tertiary butyl alcohol series, embedded in paraffin 
wax of 54-56 °C m.p. Cross sections, 20µ thick, were cut by a rotary microtome, adhesived by Haupt’s adhesive 
and stained with the crystal violet-erythrosin combination (Sass, 1961), cleared in carbol xylene and mounted in 
Canada balsam. The sections observed and documented using an upright light microscope (AxioPlan, Zeiss, 
Jena, Germany). Measurments were done, using a micrometer eyepiece and average of 5 readings were 
calculated. 
 
Statistical and data analysis: 
 
 Treatments were arranged in a completely randomized design with 6 treatments. Analysis of variance was 
performed using the SPSS software package. Analysis of variance (ANOVA) was performed on the data to 
determine the least significant difference (LSD) among treatment at P < 0.05 and Duncan’s multiple range tests 
were applied for comparing the means (Duncan, 1955).                                                           
 
Results: 
  
Growth parameters, yield and relative water content (RWC): 
 
 Data in Table 1 show the response of lettuce plant to water stress and the effect of salicylic acid on growth 
traits and yield. A considerable difference in growth traits and yield was observed between the treatments of 
water stress and SA. Water-stressed plants without SA (control) showed a significant reduction in growth traits 
and yield than non-water-stressed plants without SA (control).  
 The application of SA at two doses significantly increased plant height and fresh weight of shoots plant-1 in 
water-stressed plants as compared to water-stressed plants without the SA (control). The maximum increase in 
plant height, number of leaves plant -1 and fresh and dry weights of shoots plant -1  was observed in non-water-
stressed plants treated with high dose of SA, although the application of non-water-stressed plants with low dose 
showed the maximum increase in fresh and dry weights of roots plant -1 and root: shoot ratio as compared to 
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water-stressed plants with or without the two doses of SA. Water-stressed plants without SA (control) 
significantly decreased RWC in comparison to other treatments however; the highest reduction (28.8%) was 
recorded as compared to non-water-stressed plants without SA. Whereas water-stressed plants with both doses 
of SA had significant increases in RWC than water stressed plants without SA (control).  
 
Table 1: Effect of water stress and salicylic acid on growth traits, yield and relative water content (RWC) of lettuce plants. Mean pairs 

followed by different letters are significantly different (p = 0.05); n=5. 
Water regime Salicylic acid Plant height (cm) No. of Leaves 

plant-1 
F.W. of 
shoots 

plant-1(g) 

D.W.of shoots 
plant-1 (g) 

100% of ETc Control 34.00b 21.00b 20.86c 2.26b 
10-6M 35.33b 21.33b 24.57b 2.98a 
10-3M 37.67a 24.00a 27.83a 3.19a 

60% of ETc Control 22.00d 20.00b 7.95f 1.19c 
10-6M 26.33c 21.33b 11.55e 1.47c 
10-3M 26.00c 21.33b 13.63d 1.51c 

LSD (p = 0.05)  1.62 2.05 1.82 0.48 
Water regime Salicylic acid F.W.of roots 

plant-1(g) 
D.W. of roots 

plant-1 (g) 
Root : shoot ratio RWC 

100% of ETc Control 6.77c 0.95c 0.42a 89.67a 
10-6M 10.58a 1.39a 0.55a 86.77ab 
10-3M 8.35b 1.16b 0.36b 85.54b 

60% of ETc Control 5.15d 0.49d 041b 63.88e 
10-6M 5.60d 0.57d 0.39b 69.47d 
10-3M 5.25d 0.54d 0.37b 81.24c 

LSD (p = 0.05)  1.14 0.15 0.12 3.52 
 Crop evapotranspiration (ETc) 
 
 
Electrolyte leakage percent (EL %): 
 
 EL% represents cell membrane injury. Water stress impaired membrane permeability. Application of 
salicylic acid partly maintained membrane permeability (Table 2). However, water-stressed plants without SA 
(control) significantly increased EL% as compared to water-stressed plants with both doses of SA. The 
conductivity in non water-stressed plants treated with SA showed a significant decrease in comparison to 
stressed plants without SA (control). The highest reduction was achieved with the low dose of SA. These results 
prove the efficiency of SA in alleviation of the cell membrane injury.  
 
Table 2: Effect of water stress and salicylic acid on electrolyte leakage percent, photosynthetic pigment content, total soluble sugars 

content, total soluble proteins content, total proline content and total phenols content of lettuce plants. Mean pairs followed by 
different letters are significantly different (p = 0.05); n=5.  

Water regime Salicylic acid EL% Photosynthetic pigments (mg/g fresh leaves) 
Chl. a Chl. b Carotenoids 

100% of ETc Control 6.06e 0.723c 0.157b 0.293c 
10-6M 6.73d 0.767b 0.183a 0.313b 
10-3M 6.14e 0.827a o.180a 0.327a 

60% of ETc Control 8.70a 0.503e 0.127c 0.237d 
10-6M 7.87b 0.647d 0.150b 0.283c 
10-3M 7.12c 0.767b 0.173a 0.330a 

LSD (p = 0.05)  0.23 0.010 0.014 0.012 
Water regime Salicylic acid Total soluble metabolites (mg/g fresh leaves) 

Soluble sugars Soluble proteins Total proline Total phenols 
100% of ETc Control 208.13f 17.88ab 1.73f 1.21c 

10-6M 235.17b 17.68ab 3.63d 1.26bc 
10-3M 218.63e 18.9a 2.38e 1.29bc 

60% of ETc Control 252.33a 12.79c 6.28a 2.18a 
10-6M 223.27d 17.61ab 3.78c 1.35bc 
10-3M 232.43c 17.33b 5.14b 1.42b 

LSD (p = 0.05)  1.96 0.79 0.07 0.19 
Crop evapotranspiration (ETc)     
 
Photosynthetic pigments: 
 
 Considerable variation in chlorophyll a,b and crotenoids was observed between different water stress 
treatments with or without SA (Table 2). Water-stressed plants without SA showed a significant reduction in 
chlorophyll a,b and carotenoids than non-water-stressed plants without SA. On the other hand, application of SA 
significantly increased chlorophyll a,b and carotenoids in both water and non-stressed plants as compared to 
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stressed plants without SA (control). The maximum content of chlorophyll a was observed in the high dose 
treated plants as compared to other treatments.  
 
Soluble sugars, proline and phenols contents: 
 
 Irrespective of SA treatments, soluble sugars, proline and phenols contents in water-stressed plants were 
significantly higher than non-water-stressed plants.  As for the SA treatments, the contents of soluble sugars, 
proline and phenols in SA-treated plants were significantly higher than non- stressed plants without SA 
(control). In most cases the high dose of SA was found to be more efficient than the low dose of SA in this 
regard. The interaction effect of water stress and SA treatments was significant, and considerable proline and 
phenols contents was observed in water-stressed plants with high dose of SA as compared to the low dose of 
SA-treated water-stressed plants and the non water-stressed plants without SA (control), in spite of the 
significant increase in proline in the low dose of SA-treated plants as compared to non water-stressed plants 
without SA (Table 2).  
 
Total soluble proteins content: 
 
 Total soluble proteins significantly varied in response to the water stress and SA treatments. Regardless SA 
treatments, total soluble proteins contents in water-stressed plants were significantly lower than non-water-
stressed plants. Irrespective of water stress treatment, total soluble proteins contents of SA-treated plants were 
significantly higher than non-SA-treated plants. The interaction effect of water stress and SA treatments was 
significant, and the maximum contents of total soluble proteins were observed in non water-stressed plants with 
high dose of SA as compared to other treatments.  
 
Anatomical studies: 
 
Leaf: 
 
 Table 3 and Fig. 1 show that, water-stressed plants without SA (control) revealed a great reduction in 
midvein, mesophyll, blade, adaxial and abaxial epidermis thickness and average diameter of vessels while 
average number of vessles-1 bundles was increased than non-water-stressed plants without SA (control). On the 
other hand, the application of SA greatly improved anatomical characters of leaf in both water and non-stressed 
plants as compared to water and non-stressed plants without SA. The maximum midvein thickness, average 
diameter of vessels and average number of vessles-1 bundles was observed in non-water-stressed plants treated 
with the high dose of SA as compared to other treatments. 
 
Table 3: Effect of water stress and salicylic acid on anatomical structure of lettuce plants leaf. 

Water 
regime 

Salicylic 
acid 

Characters 
Midvein 

thick. 
(μm) 

Blade 
thick. 
(μm) 

Mesophyll 
thick. (μm) 

Adaxial 
epidermis 

thick. (μm) 

Abaxial 
epidermis 
thick.(μm) 

Average 
diameter 
of vessels 

(μm) 

Average number of 
vessels/bundles 

100% 
of ETc 

Control 1862.5 212.5 170.0 22.5 20.0 25.1 29.7 
10-6M 1875.0 250.0 197.5 27.5 25.0 25.9 40.0 
10-3M 2250.0 225.0 185.0 22.5 17.5 28.8 43.3 

60% of 
ETc 

Control 1625.0 182.5 152.5 17.5 12.5 23.1 34.0 
10-6M 1687.0 220.0 170.0 27.5 22.5 23.8 38.0 
10-3M 1875.0 185.0 152.5 18.0 13.0 26.9 36.5 

Crop evapotranspiration (ETc)               
 
Root: 
 
 Considerable variation in anatomy of lettuce root was observed between different water stress treatments 
with or without SA (Table 4 and Fig. 2). Water-stressed plants without SA (control) showed a great reduction in 
diameter of root section .This was mainly due to the reduction in thickness of cortex and its cell diameter as well 
as diameter of vessels as compared to other treatments. On contrast, SA application greatly improved all 
anatomical characters of root in both water and non-water-stressed plants in comparison to water-stressed plants 
without SA (control). The maximum diameter of root section and cell cortex was observed in non-water-stressed 
plants treated with the high dose of SA as compared to other treatments. 
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Fig. 1: Transections of lettuce leaf blade as affected by application of salicylic acid (SA) under water stress. A) 

100% of ETc, B) 60% of ETc, C) 100% of ETc+10-3M SA, D) 60% of ETc+10-3M SA, b, blade; pc, 
parenchyma cells and vb, vascular bundles. 

 
Table 4: Effect of water stress and salicylic acid on anatomical structure of lettuce plants root. 

Water regime Salicylic acid Characters 
Section 

diameter(μm) 
Cortex Average diameter 

of vessels(μm) Thickness(μm) Average diameter 
of cell(μm) 

100% 
of ETc 

Control 3100.0 712.5 31.3 37.1 
10-6M 3312.5 825.5 33.3 37.5 
10-3M 3375.5 775.5 34.8 42.1 

60% 
of ETc 

Control 2062.5 495.5 27.3 34.6 
10-6M 2178.5 530.5 30.0 35.5 
10-3M 2962.5 710.5 31.8 47.5 

Crop evapotranspiration (ETc) 
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Fig. 2: Transections of lettuce root as affected by application of salicylic acid (SA) under water stress. A) 100% 

of ETc, B) 60% of ETc, C) 100% of ETc+10-3M SA, D) 60% of ETc+10-3M SA, co, cortex; pr, 
periderm and  sxv,  secondary xylem vessels. 

 
Discussion: 
 
 The present study explores the ameliorative effect of SA on pot-grown lettuce plants under water stress 
conditions. The results showed that water stress reduced all the studied growth traits [length of shoot, leaf area 
plant−1, root: shoot ratio and shoots fresh and dry mass]. The growth inhibition was found to be associated with 
drought-induced decrease in the contents of photosynthetic pigments and the relative water content. The 
decrease in plant height in response to water stress may be either due to decrease in cell elongation resulting 
from water shortage which led to a decrease in each of cell turgor, cell volume and eventually cell growth 
(Boyer, 1988) and/or due to the blocking up of xylem and phloem vessels thus hindering any translocation 
(Lovisolo and Schuber, 1998). The reduction in number of leaves due to water stress can be attributed to its 
direct effect on cell division which arose 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 resulted from the increase in ABA and the 
decrease in IAA levels in treated plants (Wu et al., 2005). The decrease in both fresh and dry weights of stressed 
shoots reveals the influence of water on stimulating and regulating the photosynthetic enzymes which thus 
influence both the dry matter production and the fresh weights. Moreover, the water status of plants affects the 
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processes of synthesis and degradation of plant hormones (Choi et al., 2000; Sanchez-Blanco et al., 2006). 
Similar results were obtained by Misra and Srivastava, 2000; Choi et al., 2000; Ayodele, 2001; Singh, 2001; 
Villagre and Cavagnaro, 2006. The application of SA significantly increased growth traits and yield in water-
stressed plants as compared to water-stressed plants without the SA (control). The role of SA in inducing 
tolerance of biotic stress and several forms of abiotic stress is already well established. The increase in dry mass 
of water stressed plants in response to SA may be related to the induction of antioxidant responses that protect 
the plant from damage. Senaratna et al. (2000) have suggested a similar mechanism to be responsible for SA 
induced multiple stress tolerance in bean and tomato plants. Singh and Usha (2003) revealed that wheat 
seedlings subjected to drought stress when treated with salicylic acid, generally exhibited higher moisture 
content and also higher dry matter accumulation compared to the untreated control. Water-stressed plants 
without SA (control) significantly decreased RWC in comparison to other treatments. The obtained results were 
confirmed by those reported by Hayata et al. (1998); Garg et al. (2001).Whereas water-stressed plants with both 
doses of SA had significant increases in RWC than water stressed plants without SA (control). This could be 
explained by the role of SA in increasing cell turgor of leaves and epidermis thickness. Agarwal et al. (2005) 
reported that SA application increased RWC capacity in wheat plants. Water-stressed plants without SA 
exhibited a significant reduction in chlorophyll a,b and carotenoids than non-water-stressed plants without SA. 
These results were fortified by those of El-Tayeb and Hassanein (2000); Misra and Srivastava (2000); Wang et 
al. (2001); Sawhney and Singh (2002); Sanchez –Blanco et al., 2006). Such retardation in the content of 
phohotosynthetic pigments in response to water stress was attributed to the ultra structural deformation of 
plastids including the protein membranes forming the thylakoids which in turn causes untying of photo system 2 
which captures photons, so its efficiency declined, thus causing declines in electron transfer, ATP and NADPH 
production and eventually CO2 fixation processes (Zhang et al., 2006). Application of SA significantly 
enhanced chlorophyll a,b and carotenoids in both water and non-stressed plants as compared to stressed plants 
without SA (control). The data pertaining to interaction effect of water stress and SA clearly indicated in 
effective role of SA for improving chlorophyll and carotenoids and the high dose of SA was found to be more 
efficient in mitigating the stress by increasing chlorophyll and carotenoids. Thus, it appears that SA has a 
positive role in improving chlorophyll and carotenoids in lettuce plants. In this study, plants treated with SA 
appear to have more resistant to water stress than those without SA treatment, as shown by the alleviation of the 
reduction in chlorophyll and carotnoids .In support of these results, which reported by Singh and Usha (2003) 
who revealed that the wheat seedlings subjected to drought stress when treated with salicylic acid, generally 
exhibited higher total chlorophyll content compared to the untreated control. The present study showed that, 
soluble sugars, proline and phenols contents in water-stressed plants were significantly higher than non-water-
stressed plants. Such increase in these osmolytes values with drought was attributed to one of the defense 
mechanisms which lead stressed plants to reduce cell osmotic potential, thus increasing cell water uptake with 
concomitant increases in both cell turgidity and its activity. These results were documented by many researches 
done in this field e.g., El-Tayeb and Hassanein, 2000; Sawhney and Singh, 2002; Zhang et al., 2006 using 
different plants. Moreover,Yoshiba et al., 1997 ; Phutela et al., 2000 suggested that, proline accumulated in 
tissues of stressed plants is due to the increased rate of its synthesis by pyrroline-5-carboxylate synthetase and 
the decreased rate of its degradation by proline oxidase enzyme. Our results showed that the contents of soluble 
sugars, proline and phenols in SA-treated plants were significantly higher than non- stressed plants without SA. 
The interaction effect of water stress and SA treatments was significant as compared to non water-stressed 
plants without SA (control). The increase in contents of soluble sugars, proline and phenols may enable plants to 
overcome the adverse effects of drought due to their osmo-protectant nature; and consequently a significant 
increase in yield (Table 1). Similar observations were also made by Tasgin et al., 2006 in winter wheat and 
Yazdanpanah et al., 2011 in Atureja hortensis. Total soluble proteins contents in water-stressed plants without 
SA were significantly lower than non-water-stressed plants without SA. In support of the present results, EI-
Tayeb (2005) reported that the content of soluble protein and free amino acids in the aerial organs and the root 
of seedlings under the stress conditions were reduced. Irrespective of water stress treatment, total soluble 
proteins contents of SA-treated plants were significantly higher than non-SA-treated plants. Similar results were 
obtained by Sairam et al. (1998) who found that, salicylic protect the protein oxidation by increasing the 
potential of antioxidants. The present work, show that water-stressed plants without SA brought a great 
reduction in midvein, mesophyll, blade, adaxial and abaxial epidermis thickness and average diameter of vessels 
than non-water-stressed plants without SA. The decrease in mesophyll thickness of the water stressed leaves 
may arise from the reduction in intercellular space. The decrease in lamina thickness can also be related to 
shrunken volumes of mesophyll in water stressed leaves. Epidermis is the first tissue exposed to drought in 
leaves; therefore, it is usual to observe a thick epidermis under severe drought stress (Esau, 1977). Similarly, 
Todd et al. (1974) observed that leaf thickness had decreased as a result of water stress. Merkulov et al. (1997) 
revealed that leaf blade of sugar beet genotypes subjected to drought stress showed smaller epidermal cells, 
thicker cuticle and a greater number of layers of smaller mesophyll cells. Water-stressed plants without SA 
(control) showed a great reduction in diameter of root section .This was mainly due to the reduction in thickness 
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of cortex and its cell diameter as well as diameter of vessels as compared to other treatments. Similar finding 
was obtained Joyce et al. (1983) who stated that water stress significantly inhibited expansion of the cells of the 
cortex, pericycle, cambium, and ray parenchyma. It also causes a reduction of the number of cells in all tissues. 
On the contrary, SA application greatly improved all anatomical characters of root in both water and non-water-
stressed plants in comparison to water-stressed plants without SA (control). Exogenous application of salicylic 
acid alleviated the damaging effects of water deficit on cell membranes of barley plants (Bandurska and 
Stroinski, 2005). 
 
Conclusion: 
 
     In the present facts, it could be summarize that SA is characterized by antistress activity in lettuce growing in 
the presence of water stress. However, an important question in this study was how this antioxidant may help 
lettuce to avoid cellular damage upon exposure to water stress which is extensively involved in oxidative stress 
damage in lettuce. Our results showed that SA may be involved in inhibition of oxidative stress damage in 
lettuce cells through enhancement osmo-protectant (soluble sugars, proteins, phenols and proline) and 
improvement of non-enzymatic (carotenoides, proline) antioxidant machinery responsible for regulation of ROS 
during water stress. 
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