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ABSTRACT 
Salicylic acid Because of the role that played in the plant is introduces as the auxin. The 
Researchers on the study of the ability of salicylic acid to create protective effects on the 
plant have paid attention to environmental stress. In this experiment was performed 
interaction between of salinity and salicylic acid on some morphology and biochemical 
characteristics. This experiment was carried with using a Complete Randomized Blocks 
Design (CRBD), in three replications. Pot experiment was done in the year 2012 in the 
educational greenhouse of gardening group of university of agricultural sciences and 
natural resources Gorgan. The first factor levels of salinity (0, 3 and 6 ds/m) with irrigation 
water and the second factor levels of salicylic acid (0 and 0/5 and 1 mm salicylic acid) were 
considered as a foliar spray. Result showed that the increasing the concentration of 
salicylic acid ( 0/5 to 1 mm ) lead to reduce the length and width of leaves, fresh and dry 
weight of leaves, the height of the plant and chlorophyll, but increased fresh and dry weight 
of root. Also, with an increase in salicylic acid phenol, flavonoids   and antioxidant activity 
increased. Reaction of salicylic acid and salinity had significant effects up on biochemical 
parameters. Integration of salinity on salicylic acid caused a significant increase in 
flavonoids and antioxidant activity, but on the amount of phenols showed reduction effects. 
Thus can of salicylic for the appropriate use for the production and increase of biochemical 
substances for used the artichoke. 
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INTRODUCTION 

 

 Artichoke is an herbaceous perennial plant (Cynara scolymus L.) belonging to the Compositae family 

(Asteraceae) cultivated in the Mediterranean area (Gebhardt, 2001) .A major class of polyphenols is the caffeic 

acid derivatives (Tapiero et al, 2002) and in edible vegetables they mainly occur as esters with quinic acid; the 

leaves of Cynara scolymus L. are very rich (Chen & Ho, 1997; Schutz et al, 2004) in mono and dicaffeoylquinic 

compounds (Llorach et al, 2002; Wang et al., 2003). In primarily cultured rat hepatocytes, artichoke extracts 

inhibited cholesterol biosynthesis, likely due to an indirect inhibition of HMG-CoA reductase activity 

(Gebhardt, 1998). Salicylic acid (SA) is a phenolic derivative, distributed throughout a wide range of plant 

species. It is considered as a hormone-like substance, which plays an important role in the regulation of plant 

growth and development, seed germination, fruit yield, glycolysis, flowering and heat production in 

thermogenic plants. Ion uptake and transportation, photosynthetic rate, stomatal conductance and transpiration 

are also affected by SA application (Eraslan et al. 2007). Enhancement of secondary metabolites by elicitation is 

one of the few strategies which have recently found commercial application. Elicitors are compounds of mainly 

microbial origin or non-biological origin, which upon contact with higher plant cells; trigger the increased 

production of pigments, flavones, phytoalexins and other defense related compounds (Singh, 1999). In general, 

the secondary metabolites that are involved in plant defense functions undergo significant elicitation as a 

response to external physical, chemical and biological stimuli. Elicitors can trigger an array of defense or stress 

responses and activate specific genes for the enzymes involved in secondary metabolite biosynthesis, for 

improving the production of plant secondary metabolites (Rajendran et al, 1994). Salt affects the quality and 

nutritional value of romaine lettuce (Kim et al., 2008), and polyphenols content and antioxidant activity in 



746 

 

leaves of the halophyte Cakile maritime (Ksouri et al., 2007). A biotic Elicitor molecules such as salicylic acid 

(SA) is known to induce the production of secondary metabolites when added to culture medium (Shanks and 

Morgan 1999). Fariduddin et al. (2003) showed that mustard plants sprayed with low concentrations of SA 

produced larger amounts of dry matter and had higher photosynthetic rate in comparison with control plants. SA 

application to corn and soybean promoted leaf area and dry weight of plants (Khan et al. 2003). In another study 

Hussein et al. (2007) revealed that growth traits of wheat plants were improved as a result of SA spraying on the 

plants. Bideshkia and  Arvin (2010) with investigation effect of salicylic acid (SA) and drought stress on 

growth, bulb yield and allicin content of garlic (Allium sativum) in field reported that SA increased root fresh 

weight, root dry weight, bulb length, number of clove, clove length, clove brix and allicin percentage. The effect 

of salicylic acid on plant physiological processes varies depending on species, developmental stage, SA 

concentration and environmental conditions (Shraiy and Hegazi, 2009). Foliar application of SA (1.4 × 10−4 M) 

to Brassica napus was found to enhance chlorophyll concentration (Hayat et al,2005; Ghai et al, 2002). 

Ghasemzadeh and Jaafar (2013) with investigation Interactive Effect of Salicylic Acid (Zero, 10
-3

 and 10
-5

M) on 

Some Physiological Features and Antioxidant Enzymes Activity in Ginger (Zingiber officinale Roscoe) report 

that the lower SA concentration (10–5 M) was generally more effective in enhancing photosynthetic rate, 

Antioxidant Enzyme Activities and Proline Content of the ginger under greenhouse condition. Although in 

application of SA on plants, plant height was lower than in controls. This study was designed to determine the 

exogenous application, of SA spray and irrigation with salt water application on some morphological and 

biochemical properties of Synara scolymus L. 

 

MATERIALS AND METHODS 

 

 Present study was carried out as a pot experiment during 2012 at Gorgan University of Agricultural 

Sciences and Natural Resources. This experiment was carried with using a Complete Randomized Blocks 

Design (CRBD), in three replications.Three levels of Salicylic acid [zero, 0/5 and 1mM] and three salinity levels 

[zero, 3 and 6ds/m chloride sodium] with three replications were the experimental treatments. seeds were sown 

into round plastic pots [of 25 cm diameter and 35 cm height] filled with soil containing 54% sand, 25% silt and 

21% clay [EC= 3.11 ds/m, PH= 7.9]. The project involved greenhouse experiments and laboratory analysis of 

plant properties. At the harvest time parameters like, plant height, width and length Leaf, Chlorophyll content, 

leaf and root fresh and dry weight of Artichoke plants was determined. Biochemical properties like Phenol, 

flavonoid and Antioxidant activity of leaves were determined using spectrophotometery.  

 

Extract preparation: 

 The leaf samples were collected from the experimental plants. Well drained [at room temperature] samples 

were finely powdered and each sample [0.5 g] was extracted by percolation method using pure methanol [5 mL] 

for 24h to have a complete solvent removal extract. 

 

Total phenolic and flavonoid contents: 

 Total phenolic were assayed using the Folin–Ciocalteau reagent (McDonalad et al., 2001). The extract of 

sample was added to 0.5 ml of distilled water and was mixed with 5 ml of the Folin–Ciocalteau reagent and 

aqueous Na2CO3 [4 mL, 1M]. The mixture was allowed to stand for 15 min and the phenols were determined 

spectrophotometrically at 760 nm. Total phenolic content of plant parts was expressed as milligrams of gallic 

acid equivalents per gram of dry weight [mg GAE/g−1 DW] through the calibration curve with gallic acid. All 

samples were analyzed in three replications. Colorimetric aluminum chloride method was used for flavonoid 

determination (Chang et al., 2002). Briefly, 0.5 mL of each plant extracts in methanol were separately mixed 

with 1.5 mL of methanol, 0.1 mL of 10% aluminum chloride, 0.1 mL of 1 M potassium acetate and 2 mL of 

distilled water and left at room temperature for 30 min; the absorbance of the reaction mixture was measured at 

415 nm with Camspec M501 Single Beam Scanning UV/Vis Spectrophotometer. Total flavonoid content was 

calculated as quercetin from a calibration curve. The calibration curve was prepared by preparing quercetin 

solutions at concentration of 12.5 to 100 mg mL
-1

 in methanol. 

 

DPPH [diphenylpicrilhydrazyl] radical scavenging assay: 

 DPPH was used for determination of free radical-scavenging activity of the extracts (Koleva et al., 2002). 

For that 1 ml of each extract was added to 1 ml DPPH. After 15 min at room temperature, absorbance was 

measured at 517 nm and during using methanol as blank. The antioxidant capacity was expressed as a 

percentage of inhibition of DPPH radical calculated according to the following equation: % inhibition of DPPH 

radical = [[AC – AA /AC] × 100, where AC: absorbance of the control at time= 0 min; and AA: absorbance of the 

antioxidant at time= 15min. 
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Statistical analysis: 

 Statistical analyses were conducted using SAS program Version 9.2. The variance analyses [ANOVA] was 

used to test the main effects of magnetic field. The Duncan's test was done to find the significant differences 

between each magnetic treatment and control at level 5%.  

 

RESULT AND DISCUSSION 

 

 The results showed that irrigation with saline water and leaf spray use with salicylic acid had a significantly 

impact on artichoke plant growth parameters. The results of analysis of variance showed that salicylic acid on 

the majority morphological characteristic on the surface of one percent and found significant at the level of 5% 

only in chlorophyll and leaf dry weight and root fresh and dry weight. Influence of salinity on the growth 

characteristics, such as chlorophyll, leaf dry weight and fresh and dry weight of roots and a significant effect on 

the level of one percent showed and significant differences in the level of 5% for leaf width and plant height. 

Analysis of variance showed that the interaction of leaf width, leaf dry weight, and fresh and dry weight of roots 

and a significant difference in the level of one percent and the attributes of leaf length and chlorophyll had 

significant at the level of 5%(table 1). 

 Increase salicylic acid causes an increase the plants height so that maximum height of plant of treatment 

1mM salicylic acid was observed. Also the salinity level of 6 ds than other of treatment salinity increased plant 

height. The interaction of treatment showed a decrease effect of plant height so that minimum size of plant in 

treatment with 1mM salicylic acid with salinity 6ds/m was observed. Salinity 3 and 6 ds/m alone showed the 

highest amount of chlorophyll and interaction of salinity with salicylic acid showed reduced the amount of 

chlorophyll.  In total with an increase in salicylic acid was seen reduce the amount of chlorophyll (Table 2). 

 The maximum length and width of leaves and fresh weight of leaf (27/55cm, 7/05 cm, 11/75gr)respectively, 

at the level of salinity of 3ds was observed alone and the lowest amount of these traits was seen(10/22cm,3 cm 

and 4/31gr respectively) at 6ds/m salinity with 1mM salicylic acid. At all levels of salinity with increasing  of 

salicylic acid all growth parameters measured is reduce (Table 2). 

 This result is consistent with published report  (Ghasemzadeh and Jaafar.,2013). One of the possible 

explanations for this phenomenon is that this concentration of lead was too small to inhibit plant height and low 

concentrations may stimulate production of gibberellic acid with growthpromoting effects. The similar data 

were reported for cadmium and Vigna plants (Rumaih et al., 2001).  SA application to corn and soybean 

promoted leaf area and dry weight of plants (Khan et al. 2003). The maximum leaf dry weight 

(1/97gr)corresponds to the timar 3ds salinity and minimum amount of this trait was related to the treatment 6ds 

with 1mm salicylic acid.The highest fresh weight of root (9/72 gr) of treatment 6ds with 0/5mM salicylic acid 

and the lowest amount relating to the control treatment. Increase in salicylic acid causes an increase in fresh 

weight root. The highest and lowest rate of dry weight of roots corresponds to the treatment 1mm of salicylic 

acid and salinity 6ds was observed respectively.In low level of salinity from 0 to 3 ds/m with increasing salicylic 

acid root dry weight increased (Table 2). 

  Bideshkia and  Arvin (2010) with investigation effect of salicylic acid (SA) and drought stress on growth 

of garlic in field reported that SA is the increased root fresh weight and root dry weight. Gomes et al (1993) also 

observed an improvement in plant biomass and yield of wheat genotypes under water stress with SA application. 

Moreover, under non-stress conditions, the increase in plant final yield has been reported for many crop species 

including safflower (Ebrahimzadeh et al., 2009).  

 The results showed that plant treatment with salicylic acid reduced chlorophyll. So that in tretment 1mM 

was observed minimum amount of salicylic acid. The amount of chlorophyll with increasing salinity level 3ds 

and most amount of chlorophyll was observed at this level. Interaction of salinity and salicylic acid showed that 

with increased salinity and salicylic acid reduced chlorophyll levels (Table 2).  Leaf chlorophyll, an important 

component of the photosynthetic system governing the dry matter accumulation, was increased significantly 

with SA application under water stress as compared to the control (without SA) and the increase was more with 

higher level of SA concentration. Similar observations were recorded for photosynthetic rate (Daneshmand et 

al., 2010a and 2010b). Decreased significantly was with SA application under water stress as compared to the 

control (without SA) and the decrease was more with higher level of SA concentration.  In conclusion, high 

chlorophyll content of SA under saline water-treated plants may be responsible for the improved fresh and dry 

matter accumulation. Foliar application of SA (1.4 × 10−4 M) to Brassica napus was found to enhance 

chlorophyll concentration (Hayat et al,2005; Ghai et al, 2002). Therefore, the length and width of leaves, fresh 

and dry weight of  leaves, chlorophyll content decreased with increasing much concentration of salicylic acid. It 

has been reported that low concentrations of SA usually lead to increasing of growth and plant resistance to 

stresses (Dat et al., 1998; Kang,2003; Senaratna et al., 2000; Zare et al ., 2010). 

 Means in each column, followed by similar letters are not significantly different at the 5% level according 

to Duncan’s test. 
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Table 1: Variance analysis of salinity and salicylic acid effects on some of the evaluated characteristics of Artichoke 

SOV DF 
Leaf width 

(cm) 

Leaf 

Length 

(cm) 

Plant 

height 

(cm) 

Chlorophyl

l 

Leaf wet 

weight (gr) 

Leaf dry 

weight 

(gr) 

Root wet 

weight (gr) 

Root dry 

weight (gr) 

Salinity 2 1.864* 5.323ns 21.37* 53.864** 13.597ns 0.186** 22.450** 4.629** 

SA 2 20.694** 238.59** 150.73** 23.04* 29.27* 0.457** 7.687** 1.619** 

Salinity×
SA 

4 2.084** 52.73* 14.175ns 26.369* 7.420ns 0.348** 37.03** 1.229** 

Error 16 0.423 270.769 7.859 5.887 7.601 0.029 1.33 0.126 

C.V. (%)  15.04 19.69 11.512 7.931 36.86 15.6 16.383 15.332 

ns, * and ** not significant, significant at 5 and 1%, respectively. 

 
Table 2: Interaction of NaCl and SA on evaluated characters. 

Treatment 
Leaf width 

(cm) 

Leaf Length 

(cm) 

Plant height 

(cm) 

Chloroph

yll 

Leaf wet 

weight 
(gr) 

Leaf dry 

weight 
(gr) 

Root wet 

weight 
(gr) 

Root dry 

weight (gr) 

Potable 
water 

control 4.44b 21.05b 31.66b 25.66b 6.82b 1.23bc 2.92d 1.56e 

0/5mM SA 3.94bc 22.94ab 33.7a 24.16bc 6.4b 1.44b 5.95c 2.39cd 

1mM SA 3.16c 19.88bc 34a 22c 6.36b 1.10c 7.46c 3.5a 

saline 

3ds 

control 7.05a 27.55a 31b 32.16a 11.75a 1.975a 6c 2.44cd 

0/5mM SA 4.05b 21.22b 31.35b 25.66b 6.97b 1.085c 6.22c 2.53bc 

1mM SA 3.16bc 15.33c 28.9bc 20.33cd 7.87ab 1.096c 6.95c 3.01ab 

saline 
6ds 

control 6.58a 26.69a 32.8ab 27a 10.03ab 1.445b 7.86bc .926f 

0/5mM SA 3.55bc 23.08ab 28.46c 24.16bc 6.72b 1.195c 9.72a 1.91de 

1mM SA 3c 10.22d 23.45d 18d 4.34c 0.315d 8.90bc 1.75e 

 

 Significant difference in the level of one percent for phenol and antioxidant activity was observed plants 

irrigated with saline water.Also salicylic acid significant difference in the levels of one percent for phenol and 

flavonoid and showed significant effect at the level of 5% for antioxidant activity (Table3). 

 
Table 3: Variance analysis of salinity and salicylic acid effects on some of the biochemistry characteristics of Artichoke. 

SOV DF Phenol (mg/g) Flavonoid (mg/g) Antioxidant activity(%) 

Salinity 2 0.669** 0.0003ns 640.906** 

SA 2 2.603** 0.0022** 134.948* 

Salinity×SA 4 1.805** 0.0001* 62.649* 

Error 16 0.146 0.00019 23.52 

C.V. (%) 
 

13.399 21.16 9.64 

ns, * and ** not significant, significant at 5 and 1%, respectively. 

 

 Increase salicylic acid was caused increases the amount of phenol and flavonoid in the total leaves, so that 

the maximum amount of this compounds (2/84 and 0/089mg/g) respectively, at the level of 1mM salicylic acid 

and the lowest amount of these compounds (2/19 ,0/051 mg/g) was observed in control samples (Fig 1,2). 

Increase the amount of salinity levels incremental effect on the amount of phenol, so that most amount of phenol 

(4/3mg/g) of salinity 6ds/m was observed alone (Fig 1). 

 Interactive of salinity and salicylic acid significant difference for phenol at the level of one percent and for 

flavonoid and antioxidant activity showed at the level 5 percent (Table 3). Comparison of average interaction of 

salinity and salicylic showed that rate of phenol with increasing salicylic in salinity levels decreases (Fig 1). 

 The results of comparison average are indicating that increase levels of total flavonoid with increasing 

salicylic acid. So that the most amount of this compound (0/089 mg/g) in treatment 1mM salicylic acid was 

observed alone. Increase of salinity significant changes on the amount of flavonoid not show. Interaction effect 

of salinity with salicylic acid showed different result, so that in salinity of 3ds with increase salicylic acid was 

observed reduction of this compound and in levels of salinity 6ds was not observed significant difference (Fig 

2). 

 The mean comparison data showed that the antioxidant activity with the increasing levels of salinity 

increased, so that in salinity levels 3 and 6ds was observed the maximum amount of this compound. Interaction 

of treatments showed that at all levels of salinity level 0/5mM salicylic acid were the maximum amount of this 

compound, so that the level of salinity 3ds with treatment 0/5 mM salicylic acid showed the maximum amount 

of this compound (Fig 3). 
 The stress can change biochemistry parameters of Artichoke.Exogenous application of SA causing to 
increasing in biochemistry parameters. Treatment with salinity and SA resulted that the flavonoid and 
Antioxidant activity were increase, but phenol content decreased compared to control. Flavonoids are 
polyphenolic compounds that exhibit valuable effects such as anti-cancer properties (Thrugnanavel et al., 2007). 
In plants, polyphenol synthesis and accumulation is generally stimulated in response to biotic/abiotic stresses 
(Naczk and Shahidi., 2004) , such as salinity (Navarro et al., 2006). Salicylic acid (SA) is classified as a 
phenolic compound (Amanullah et al., 2010). Enhancement of secondary metabolites by elicitation is one of the 
few strategies which have recently found commercial application (Singh, 1999). A biotic Elicitor molecules 
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such as salicylic acid (SA) is known to induce the production of secondary metabolites when added to culture 
medium (Shanks and Morgan 1999). Exogenous application of SA increased antioxidant enzyme activities, with 
the maximum response generated in plants sprayed with 5-10 M SA. SA application influences a wide variety of 
plant processes, including induction of antioxidant synthesis (Ghasemzadeh and Jaafar., 2013; Yordanova and 
Popova., 2007). The most effective concentration of SA was 0.5mM in all evaluated characters. If SA 
concentration increases from limit, the effects of salinity stress aggravate. It has been reported that low 
concentrations of SA usually lead to increasing of growth and plant resistance to stresses (Date, 1998; Kang, 
2003; Senaratna et al., 2000; Zare et al., 2010). Salinity stress led to increase in polyphenols,which is similar to 
that of Cakile maritima and red pepper reported by (Ksouri et al, 2007). In general, phenolic compounds in 
plants are produced through the phenylpropanoid pathway, and they can be induced by environmental stresses 
and elicitor (Giorgi et al., 2009; Kim et al., 2006). The phenolic compounds in plants can be changed by salt 
stress, but this is critically dependent on the salt sensitivity of plants (Kim et al., 2008). 
 

 
 
Fig. 1: Interaction Saline×Salicylic acid on the Phenol content of Artichoke plant Similar letters are not      
     significantly different at P ≤ 0.05 
 

 
 
Fig. 2: Interaction Saline×Salicylic acid on the Flavonoid content of Artichoke plant Similar letters are not  
     significantly different at P ≤ 0.05 
 

 
 
Fig. 3: Interaction Saline×Salicylic acid on the Antioxidant activity (%) of Artichoke plant Similar letters are 
       not significantly different at P ≤ 0.05. 
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Conclusions: 

 In summary, growth parameters, some biochemical components and yield components of tested plants is 

concomitantly increased when plants are treated with 3ds/m salinity water. Salinity and SA has very affective 

effects on crop production and plant length decrease noticeably. It seems that increasing of soil salts enhances 

the photosynthesize property of plants. Furthermore, environmental stresses could significantly enhance the 

chemical constituents. As a result, salt and SA stressed plants may be interesting potential sources of 

polyphenols for economical use. If SA concentration increases from limit, the effects of salinity stress 

aggravate. The most effective concentration of SA was 0.5mM in all evaluated characters.  

 

REFERENCES 

 

Amanullah, M.M., S. Sekar, S. Vincent, 2010.Plant growth substances in crop production.Asian J. Plant 

Sci., 9: 215–222. 

Bideshkia, A. and M.J. Arvinb, 2010. Effect of salicylic acid (SA) and drought stress on growth, bulb yield 

and allicin content of garlic (Allium sativum) in field.Plant Ecophysiology, 2: 73-79. 

Chang, C., M. Yang, H. Wen, J. Chern, 2002. Estimation of total flavonoid content in populist by two 

complementary colorimetric methods. J. Food Drug Analysis, 10: 178-182. 

Chen, J.H., C.T. Ho, 1997. Antioxidant activities of caffeic acid and its related hydroxycinamic acid 

compounds.Journal of Agricultural and Food Chemistry, 45: 2374–2378. 

Daneshmand, F., M.J. Arvin and Kh. Manuchehry Kalantari, 2010a. Acetylsalicylic acid (Aspirin) induces 

salinity and osmotic tolerance in Solanum acaule in vitro. Agrochimica, 54(1): 52-64. 

Daneshmand, F., M.J. Arvin and Kh. Manuchehry Kalantari, 2010b. Acetylsalicylic acid ameliorates 

negative effects of NaCl or osmotic stress in Solanum stoloniferum in vitro. Bio. Plant, 54(4): 781-784. 

Dat, J.F., C.H. Foyer, I.M. Scott, 1998. Plant Physiol, 118: 1455-1461. 

Ebrahimzadeh, L., H. Farahbakhsh and S.M.J. Arvin, 2009. Response of safflower (Carthomus tinctorius 

L.) growth and development to exogenous application of plant growth regulators. Plant Ecophysiol, 2: 57-61. 

Eraslan, F., A. Inal, A. Gunes, M. Alpaslan, 2007. Impact of exogenous salicylic acid on the growth, 

antioxidant activity and physiology of carrot plants subjected to combined salinity and boron toxicity. Scientia 

Horticulturae, 113:120-128 

Fariduddin, Q., S. Hayat, A. Ahmad, 2003. Salicylic acid influences net photosynthetic rate, carboxylation 

efficiency, nitrate reductase activity and seed yield in Brassica juncea. Photosynthetica, 41: 281–284. 

Gebhardt, R., 1998. Inhibition of cholesterol biosynthesis in primary cultured rat hepatocytes by artichoke 

(Cynara scolymus L.) extracts. J Pharmacol Exp Ther, 286: 1122-1128. 

Gebhardt, R., 2001. Anticholestatic activity of flavonoids from artichoke and their metabolites.Medical 

Science Monitor, 7: 316–320. 

Ghai, N., R.C. Setia, N. Setia, 2002. Effects of paclobutrazol and salicylic acid on chlorophyll content, hill 

activity and yield components in Brassica napus L. Phytomorphology, 52: 83–87. 

Ghasemzadeh, A. and H.Z.E. Jaafar, 2013. Interactive Effect of Salicylic Acid on Some Physiological 

Features and Antioxidant Enzymes Activity in Ginger (Zingiber officinale Roscoe). Molecules, 18: 5965-5979. 

Giorgi, A., M. Mingozzi, M. Madeo, G. Speranza, M. Cocucci, 2009.Effect of nitrogen starvation on the 

phenolic metabolism and antioxidant properties of yarrow (Achillea collina Becker ex Rchb.). Food Chemistry, 

114(1): 204–211. 

Gomes, L., L. Blanc and S.C. Antonio, 1993. Evidence of the beneficent action of the acetyl salicylic acid 

on wheat genotypes yield under restricted irrigation. In: Proc. Scientific Meeting on Forestry, Livestock and 

Agriculture, Mexico, 112. 

Hayat, S., Q. Fariduddin, B. Ali, A. Ahmad, 2005. Effect of salicylic acid on growth and enzyme activities 

of wheat seedlings. Acta Agron. Hung., 53: 433–437. 

Hussein, M.M., L.K. Balbaa, M.S. Gaballah, 2007. Salicylic acid and salinity effects on growth of maize 

plants. Res. J. Agric. Biol. Sci., 3: 321–328. 

Kang, G., 2003. Environmental and Experimental Botany, 50: 9-15. 

Khan, W., B. Prithviraj, D.L. Smith, 2003.Photosynthetic responses of corn and soybean to foliar 

application of salicylates. J. Plant Physiol., 160: 485–492. 

Kim, H.J., F. Chen, X. Wang, J.H. Choi, 2006. Effect of methyl jasmonate on phenolics, isothiocyanate,and 

metabolic enzymes in radish sprout (Raphanus sativus L.). Journal of Agricultural and Food Chemistry, 54(19), 

7263–7269. 

Kim, H.J., J.M. Fonseca, J.H. Choi, C. Kubota, D.Y. Kwon, 2008. Salt in irrigation water affects the 

nutritional and visual properties of romaine lettuce (Lactuca sativa L.). Journal of Agricultural and Food 

Chemistry, 56(10): 3772–3776. 

 

 


