
 / / /

)Lactuca sativa L.(

*

) ://://(

 .

 .
// .

 .
 .

 .
.

:

 .

 .

* : :sayyari_m@yahoo.com

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
93

.4
.1

3.
1.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

25
-0

7-
02

 ]
 

                             1 / 12

mailto:sayyari_m:@yahoo.com
https://dorl.net/dor/20.1001.1.22518517.1393.4.13.1.9
https://jcpp.iut.ac.ir/article-1-2225-fa.html


 / / /

           

 .

            

     .       

        

            )(.   
-1 dsm/

          

).(       

           

         

     .

             

   

).(

  )SA() Salicylic acid or 2-Hydroxyl

Benzoic Acid(-

) (  

.SA

  

.

SA

.SA

.SA

  

) .(SA

)(

) () (

SA

 .  

) .(

SA

    )(

   

) .(

SA

).(

/SA

  

).(SA

) () (

. SA/

) .(

SA

) ( .SA

) .()ASA() Acetyl

Salicylic acid(//

  

)(.SA

) .(  SA

) .(

SA

H2O2

) .(   

SA            SA

          

.

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
93

.4
.1

3.
1.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

25
-0

7-
02

 ]
 

                             2 / 12

https://dorl.net/dor/20.1001.1.22518517.1393.4.13.1.9
https://jcpp.iut.ac.ir/article-1-2225-fa.html


...

 .

           

.  )        (  

               

   .  

         

          )     ×  

         (    

      

         

 .           

    .×

    

 .           

 .SA      )  /  / (

         )      (  

 .SA

   .     

      SA      

        

              

      

      .SA      

.

 .

           

    .  

 :          

            

.

)Antioxidant activity(

     ) (  

-

--)diphenyl-1-picryl hydrazyl(

)DPPH (.           

    )/=pH (    .

    

      ) (

 .

Tris-HCl)/=pH (

DPPH) ( .

 .

 .

DPPHDPPH

 .

.  

   DPPH         

).(
A Sample%AA - eV
A Control

517
1 100

517

) .(/

        

   .     

                 

)Ninhydrine(  

            

 .             

      

.

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
93

.4
.1

3.
1.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

25
-0

7-
02

 ]
 

                             3 / 12

https://dorl.net/dor/20.1001.1.22518517.1393.4.13.1.9
https://jcpp.iut.ac.ir/article-1-2225-fa.html


 / / /

.

ns/ns/ns/ns/ns/ns/ns/ns/
**/**/**/**/**/**/****

****/****/**/**/****

 ***/**/*/ns/**/**/**/**/

////////

C.V)(////////

:**:*ns :

      

)Thiobarbituric acid( .  

  )(

)Stewart and Bewley, 1980 (   

.

/

   .

/

 ./

/

    

 .

      

.

).(

Caretenoids(µg / ml) / A / A663 64611 75 2 350

.

           SAS  

MSTAT-C    .         

.

               SA

        

        

            

  .      SA      

SA

         

     )( .

             

   ) .(    

          

)(.

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
93

.4
.1

3.
1.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

25
-0

7-
02

 ]
 

                             4 / 12

https://dorl.net/dor/20.1001.1.22518517.1393.4.13.1.9
https://jcpp.iut.ac.ir/article-1-2225-fa.html


...

.SA

)mm/g()nm/g((%))mg/ml()g(
)g()g(

)g(

c/a/bb/dc/c/c/

/b/b/bb/cb/b/c/

/a/c/aa/aa/a/b/
a/c/aa/ba/a/a/

a/c/cc/aa/a/a/

b/b/bb/bb/b/b/
c/a/aa/cc/c/c/

.

 .SA)

(.

    /  

SA             

       

SA   )( .       

                 

)   .(   

   .    

    

    )               

 .(  SA        

   ) .(

  SA     

   )   .(    

SA

0

0.25

0.5

1

)
(

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
93

.4
.1

3.
1.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

25
-0

7-
02

 ]
 

                             5 / 12

https://dorl.net/dor/20.1001.1.22518517.1393.4.13.1.9
https://jcpp.iut.ac.ir/article-1-2225-fa.html


 / / /

 .SA)

.(

 .SA)

.(

         

SA)(.

          

   ) .(   

          

/

)(/

   ) (  )   .(  SA

               

) .(SA .

    

/SA

/SA

) ().(

  

       )   .(    

        

  /)       (     

0

0.25

0.5

1
)

(

0

0.25

0.5

1

)
(

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
93

.4
.1

3.
1.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

25
-0

7-
02

 ]
 

                             6 / 12

https://dorl.net/dor/20.1001.1.22518517.1393.4.13.1.9
https://jcpp.iut.ac.ir/article-1-2225-fa.html


...

 .SA)

.(

 .SA) .

.(

  ) (          /

) ()

 (   )   .(  SA     

       ) .(

  SA     .  

        /)   

   (   SA   

/) (

SA) (   )(.    

   SA   )

 .(            

      SA        

  )            SA (    

)(.

           

           )    .(

       

          /

0

0.25

0.5

1
)

(

0

0.25

0.5

1

)
(

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
93

.4
.1

3.
1.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

25
-0

7-
02

 ]
 

                             7 / 12

https://dorl.net/dor/20.1001.1.22518517.1393.4.13.1.9
https://jcpp.iut.ac.ir/article-1-2225-fa.html


 / / /

)     (   ) (

      /)

 (       )   (    

)   .(  SA           

   )   .(       SA  

 .  

         

  /      SA) (

     /    SA  

  )  .(SA   

) .(

           

  SA           

        /     SA   

).(

            

       ) .(

               

      

      )(   

       ) (

   )   .(  SA        

) .(

SA       .    

             

          SA

             

   SA) (    ) .(   

  SA     

   )   .(        

               SA

            

SA)(.

           

  ) .(            

    

            

             

  ) .(         

            ) .(

          

     

  ) .(           

  

) (     )(

     ) ( .  SA    

             

        ) (  

         ) (

 .            SA  

).(

    )(     SA       

           

     .   

  SA    

   ) .(     SA      

            

     SA   

         

).(

           

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
93

.4
.1

3.
1.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

25
-0

7-
02

 ]
 

                             8 / 12

https://dorl.net/dor/20.1001.1.22518517.1393.4.13.1.9
https://jcpp.iut.ac.ir/article-1-2225-fa.html


...

 .SA) .

.(

 .SA) .

.(

             

     ) .(   

        

   ) .(         

) .(

SA            

           )    (  

) (  

SA.

          

      .    

     

     

)O2
•- ()H2O2 (

)•OH ( .         

           

           

0

0.25

0.5

1
)

(

0

0.25

0.5

1

(%
)

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
93

.4
.1

3.
1.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

25
-0

7-
02

 ]
 

                             9 / 12

https://dorl.net/dor/20.1001.1.22518517.1393.4.13.1.9
https://jcpp.iut.ac.ir/article-1-2225-fa.html


 / / /

     ) .(    

) .()MDA (

            

  ) .(          

             

 .MDA

          

     ) .(    

               

)- (   ) (

) (NaCl

MDA    .  

        SA   

  SA     .  SA   

         ) (       

               

       

    .      

     SA           

     ) .(      SA     

          

       ) .(  SA      

       

         )   (   

    ) (          

   SA

MDA       

         ) (   

   MDA        

.

   

   .     

       ) .(

   SA    

       ) .(     

    SA

   ) .(  SA       

    

  )   () (   

  SA            

.

      

       

 .

        

  SA   ) .(SA  

     

) .(  SA          

      

  )   .(              )(

          SA     

  

.

         )    (  

                   

                SA

                   

        ) .(  

SA      

         

        SA

/.

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
93

.4
.1

3.
1.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

25
-0

7-
02

 ]
 

                            10 / 12

https://dorl.net/dor/20.1001.1.22518517.1393.4.13.1.9
https://jcpp.iut.ac.ir/article-1-2225-fa.html


...

1. Akhani, H. and M. Ghorbanli. 1993. A contribution to the halophytic vegetation and flora of Iran. PP. 35-45, In: H.
Lieth and A. Al-Masoom (Eds.), Towards the Rational Use of High Salinity Tolerant Plants. Kluwer Academic
Pub., Netherlands.

2. Anandhi, S. and M. P. Ramanujam. 1997. Effect of salicylic acid on black gram (Vigna mungo) cultivars. Indian
Journal of Plant Physiology 2:138-141.

3. Barret-Lennard, E. G. 2003. The interaction between waterlogging and salinity in higher plants: Causes,
consequences and implications. Plant and Soil 253: 35-54.

4. Battes, L. S., R. P. Waldren and I. D. Teare. 1973. Rapid determination of free proline for water stress studies. Plant
and Soil 29: 205-207.

5. Bezrukova, M. V., A. R. Sakhabutdinova, R. A. Fatkhutdinova, I. Kildrirova and R. M. Shakirova. 2001. Effect of
salicylic acid on root hormone content and the growth of wheat sprouts under water deficit. Journal of
Agrochemya 2: 51-54.

6. Borsanio, O., V. Valpuesta and M. A. Botella. 2001. Evidence for a role of salicylic acid in the oxidative damage
generated by NaCl and osmotic stress in Arabidopsis seedling. Plant Physiology 126: 1024-1030.

7. Clarkson, G. J. J., E. E. O’Byrne, S. D. Rothwell and G. Taylor. 2003. Identifying traits to improve postharvest
processability in baby leaf salad. Journal of Postharvest Biology and Technology 30: 287–298.

8. Davey, M. W. E., B. Stals, J. Panis, R. Keulemans and L. Swennen. 2005. High throughput determination of
malondialdehyde in plant tissues. Analytical Biochemistry 345: 201-207.

9. Davis, P. J. 2005. Plant Hormones: Biosynthesis, Signal Transduction, Action. Springer Verlag Pub., USA.
10. Delavari, P. M., A. Baghizadeh, S. H. Enteshari, K. H. M. Kalantari and A. Yazdapanah. 2010. The Effect of

salicylic acid on some of biochemical and morphological characteristics of Ocimum Basilicucm under salinity
stress. Journal of Basic and Applied Sciences 4(10): 4832-4845.

11. Demiral, T. and I. Turkan. 2005. Comparative lipid peroxidation, antioxidant defens systems and proline content in
roots of two rice cultivars differing in salt tolerance. Environmental and Experimental Botany 53:247-257.

12. El-Tayeb, M. A. 2005. Response of barley  grains  to  the  interactive  effect  of  salinity  and  salicylic  acid. Plant
Growth Regulation 45: 215-224.

13. Eraslan, F., A. Inal, A. Gunes and M. Alpaslan. 2007. Impact of exogenous salicylic acid on growth, antioxidant
activity and physiology of carrot plants subjected to combined salinity and boron toxicity. Scientia Horticulturae
113: 120–128.

14. FAO. 2013. FAO Land statistics. Available online at: http://faostat.fao.org/site/567/default. Accessed 25 May 2013.
15. Francois, L. E. and E. V. Mass. 1994. Crop response and management on salt affected soils. PP. 149, In: Pessarakil,

M. (Ed.), Handbook of Plant and Crop Stress, Marcel Dekker Pub., New York.
16. Ganesan, V. and G. Thomas. 2001. Salicylic acid response in rice: influence of salicylic acid on H2O2 accumulation

and oxidative stress. Journal of Plant Science 160: 1095-1106.
17. George, A. P. and R. J.  Nissen. 1992. Effects of water stress, nitrogen and paclobutrazol on flowering, yield and

fruit quality of the low-chill peach cultivar, Flordaprince. Scientia Horticulturae 49(3-4):197-199.
18. Gharib, F. A. L. 2006.  Effect of salicylic acid on the growth, metabolic activites and oil content of basil and

majoram. Journal of Agriculture and Biology 4: 485-492.
19. Gomes,  L.,  L.  Blanca  and  C.  S.  Antonio.  1993.  Evidence  of  the  beneficial  action  of  acetyl  salicylic  on  wheat

genotypes yield under restricted irrigation. PP. 112, In: proceeding. Scientific Meeting on Forestry, Livestock and
Agriculture, Mexico.

20. He, Y. L., Q. Liu, C. Chen and A. H. Bian. 2002. Thermotolerance related to antioxidantion induced by salicylic
acid and heat acclimation in tall fescue seedling. Journal of Plant Physiology and Moleculare Biology 28: 89-95.

21. Hellman, H., D. Funck, D. Rentsch and W. B. Frommer. 2000. Hypersentivity  of  an  Arabidopsis  sugar  signaling
mutant toward exogenous  proline  application. Plant Physiology 123:  779-789.

22. Hernandez, J. A., E. Olmos, F. J. Corpas, F. Sevilla and L. A. Del Rio. 1995. Salt induced oxidative stress in
chloroplasts of pea plants. Plant Science 105:151-167.

23. Kaya, C., D. Higgs and H. Kirnak. 2001. The Effects of high salinity (NaCl) and supplementary phosphorus and
potassium on physiology and nutrition development of spinach. Plant Physiology 27(3-4): 47-59.

24. Khadri, M., N. A. Tejera and C. Lluch. 2007. Sodium chloride-ABA interaction in two common bean (Phaseolus
vulgaris) cultivars differing in salinity tolerance. Environmental and Experimental Botany 60: 211-218.

25. Khodary, S. E. A. 2004. Effect of salicylic acid on the growth, photosynthesis and carbohydrate metabolism in salt-
stressed maize plants. Journal of Agricultural Biology 6: 5-8.

26. Kimura, M. and D. B. Rodriguez-Amaya. 2003. Carotenoid composition of hydroponic leafy vegetables. Journal of
Agriculture and Food Chemistry 51:2603–2607.

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
93

.4
.1

3.
1.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

25
-0

7-
02

 ]
 

                            11 / 12

http://faostat.fao.org/site/567/default.
https://dorl.net/dor/20.1001.1.22518517.1393.4.13.1.9
https://jcpp.iut.ac.ir/article-1-2225-fa.html


 / / /

27. Kuznetsov, V. I. and N. I. Shevykova. 1999. Proline under stress: Biological role, metabolism and regulation.
Russian Journal of Plant Physiology 46: 274-287.

28. Maftoun, M. and A. R. Sepaskhan. 1989. Relative salt tolerance of eight wheat cultivars. Agrochemya 33:1-13.
29. Mazen, A. 2004. Accumulation of four metals in tissues of Corchorus olitorius and possible mechanisms of their

tolerance. Biologia Plantarum 48(2): 267-272.
30. Metwally, A., I. Finkemeier, M. Georgi and K. J. Dietz. 2003. Salicylic acid alleviates the cadmium toxicity in

barley seedlings. Journal of Plant Physiology 132: 272–81.
31. Mishra, A. and M. A. Choudhuri. 1999. Effects of salicylic acid on heavy metal induced membrane deterioration

mediated by lipoxygenase in rice. Biologia Plantarum 42: 409-415.
32. Moon, J. H. and J. Terao.1998. Antioxidant activity of caffeic acid and dihydrocaffeic acid in lard and human low-

density lipoprotein. Journal of Agriculture and Food Chemistry 46: 5062-5065.
33. Nemat Alla, M. M., M. E. Younis, O. A. El-Shihaby and Z. M. El-Bastawisy. 2002. Kinetin regulation of growth

and secondary metabolism in waterlogging and salinity treated Vigna sinensis and Zea mays. Acta Physiologia
Plantarum 24: 19-27.

34. Noctor, C.H. and CH.  Foyer. 1998. Ascorbate and glutathione: Keeping active oxygen under control. Annual
Review of Plant Physiology and Plant Molecular Biology 49:249-279.

35. Noreen, S., M. Ashraf, M. Hussain and A. Jamil. 2009.  Exogenous application of salicylic acid enhances
antioxidative capacity in salt stressed sunflower (Helianthus annuus L.) plants. Pakistan Journal of Botanical
Sciences 41(1): 473-479.

36. Panda, S. K. and R. K. Upadhyay. 2004. Salt stress induces oxidative alterations and antioxidative defense in in the
roots of Lemna minor. Biologia Plantarum 48(2): 249-253.

37. Papp, J. C., M. C. Ball and N. Terry. 1983. A comparative of the effects of NaCl salinity respiration, photosynthesis
and leaf extention Beta vulgaris L. (sugar beet). Plant Cell and Environment 6:675-677.

38. Rajasekaran, L. R. and T. J. Blake. 1999. New plant growth regulators protect photosynthesis and enhance growth
under drought of jack pine seedlings. Journal of Plant Growth Regulation 18: 175-181.

39. Raskin, I. 1992. Role of salicylic acid in plants. Annual Review of Plant Physiology and Plant Molecular Biology
43: 439-463.

40. Senaranta, T., D. Touchell, E. Bumm and K. Dixon. 2002. Acetylaslicylic (aspirin) and salicylic acid induce
multiple stress tolerance in bean and tomato plants. Plant Growth Regulation 30: 157-161.

41. Shakirova, F. M. and D. R. Sahabutdinova. 2003. Changes in the hormonal status of wheat seedlings induced by
salicylic acid and salinity. Plant Science 164:317-322.

42. Stevens, J., T. Senaratna and K. Sivasithamparam. 2006. Salicylic acid induces salinity tolerance in tomato
(Lycopersicon esculentum cv. Roma): associated changes in gas exchange, water relations and membrane
stabilisation. Plant Growth Regulation 49: 77-83.

43. Stewart, R. R. C. and J. D. Bewley. 1980. Lipid peroxidation associated with accelerated aging of soyben axes.
Plant Physiology 6: 24-248.

44. Tari, I., J. Csiszar, G. Szalai, F. Horvath. A. pecsaradi, G. Kiss, A. Szepesi, M. Szabo and L. Erdei. 2002.
Acclimation of tomato plants to salinity stress after a salicylic acid pre-treatment. Acta Biologica Szegediensis
46:55-56.

45. Wanichan, P., C. Kirdmanee and C. Vutyano. 2003. Effect of salinity on biochemical and physiological
characteristics in correlation to selection of salt-tolerance in aromatic rice (Oriza sativa L.). Science Asian 29:333-
339.

46. Yusuf, M., S. A. Hasan, B. Ali, S. Hayat, Q. Fariduddin and A. Ahmad. 2008. Effect of salicylic acid on salinity
induced changes in Brassica juncea. Journal of Integrative Plant Biolology 50(8): 1–4.

47. Zhu, Z., G. Wei, J. Li, Q. Qian and J. Yu. 2004. Silicon alleviates salt stress and increases antioxidant enzymes
activity in Leaves of salt-stressed cucumber (Cucumis sativus L.). Plant Science 167: 527-533.

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
93

.4
.1

3.
1.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

25
-0

7-
02

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            12 / 12

https://dorl.net/dor/20.1001.1.22518517.1393.4.13.1.9
https://jcpp.iut.ac.ir/article-1-2225-fa.html
http://www.tcpdf.org

