
½Y�ËY Ê¿Z^£Z] ¹Â¸� Ã�´À¯ ¾Ì¼���22Ze25ÃZ»�Ìe1388½ÔÌ³ ÃZ´�¿Y{ ,ÊËÁ�Y{ ½ZÅZÌ³��f�Âa 

 

 ١٣٢٦

d�¸£ �ÌiPe�Â] dÌ¼� �ËY�� dve Ê¸¨¸§ �ZÀ ¿ ÊËÁ�Y{ ÃZÌ³ �] ®Ì¸Ì�Ì·Z� |Ì�Y ¦¸fz» ÉZÅ )�f�Âa(  

{�§ ÊWZÌ¿ Ê¸� ½Z�Z�1{Y�¿ ÊWZ�� ¾Ì�v·Y|^� ,2�Æ¸¯ Ê¨Ì� ºË�» ,3|¿Â·Y{ \Ì�» ,4

1 ,cZ¬Ì¬ve Á ¹Â¸� |uYÁ Ê»Ô�Y {Y�M ÃZ´�¿Y{ ½YÂm ½Y�´�ÅÁ�a ÃZ´�Z] Â��2Å ,½Zf��· ÃZ´�¿Y{ Ê¼¸� dXÌ3 ,É�Â·ÂÀ°eÂÌ] |��Y �ZÀ��Z¯
4[Âq �ËZÀ� �ZÀ��Z¯

  

Ã|Ì°q  
d�¸£ �ÌiPe �Â�À» Ä]d�¸£ �ËY�� dve Ê¸¨¸§ �ZÀ ¿ ÊËÁ�Y{ ÃZÌ³ ÉÁ� �] ®Ì¸Ì�Ì·Z� |Ì�Y ¦¸fz» ÉZÅÊ�/ËZ»�M �Â] Ê¼� ÉZÅ

|� ¹Zn¿Y ½Zf��· ÃZ´�¿Y{ É��ÁZ�¯ Ã|°�¿Y{ �{.{ Ã{Z¨f�Y {�Â» ÉZÅ�Z¼Ìed/�¸£ Ä� �{ ®Ì¸Ì�Ì·Z� |Ì�Y �ËZ»�M ¾ËY �0,1/0Á
2/0d�¸£ Ä� �{ �Â] Á �ÓÂ» Ê¸Ì»0,2Á4|¿{Â] �ÓÂ» Ê¸Ì». ¶/»Z¯ ÉZ/Æ¯Â¸] s�/� \/·Z« �{ ¶/Ë�Âf¯Z§ c�Â/� Ä/] �ËZ/»�M

|� Y�mY �Y�°e �ZÆq Z] Ê§{Z�e.d�¸£ Z] �Z¼Ìe Ä¯ {Y{ ½Z�¿ lËZf¿1/0|Ì�Y �ÓÂ» Ê¸Ì»j» ÊeZ¨� ®Ì¸Ì�Ì·Z�½�Á ,¶/¯ �/e ½�Á ¶
d�Y{ ZÅ�Z¼Ìe ÄÌ¬] Ä] d^�¿ É�eÓZ] ±�] t�� Á Ä�Ë� ºnu ,¶¯ ®�y.Ê/¨À» �ÌiP/e Ê¼� |u Ä] �Â] d�¸£ ¾f§� ÓZ] Ê§�� �Y

d�Y{ Ê�ËÁ� cZ¨� ¾ËY ÉÁ�.¶j» �fÀ�Âf§ Ä] �Â]�» Ê°Ë�Â·ÂË�Ì§ cZ¨�¶/Ì§Á�¸¯ ,©�/ e ,�·Zy �fÀ�Âf§Ê^�/¿ [M �Y|/¬» Á
d�¸£ �{ Ê³�] d§Z]1/0|Ì�Y �ÓÂ» Ê¸Ì»d�¸£ �ÅZ¯ Z] Á Äf�Y{ Y� �Y|¬» ¾Ë�eÓZ] ®Ì¸Ì�Ì·Z�|Ì�Y�/Ì¿ ZÆ¿M �Ë{Z¬» ®Ì¸Ì�Ì·Z�

d�Y Ã|� Äf�Z¯.Ä/f§�³ �Y�/« �ÌiP/e dve Ê¨À» �Â� Ä] cZ¨� ¾ËY �Â] d�¸£ ¾f§� ÓZ] Z] �Ì¿ {�Â» ¾ËY �{|/¿Y.dËY|/Å {�Â/» �{
Ä¿�Á�|�¿ Ã|ÅZ�» ZÅ�Z¼Ìe ¾Ì] Ê§ÔfyY ÉY.Âe Z]Ê» lËZf¿ ¾ËY Ä] Äm½YÂed�¸£1/0�ÓÂ/» Ê¸Ì»|Ì/�YÃZ/Ì³ ÉY�/] Y� ®Ì¸Ì�/Ì·Z�

{�] �Z¯ Ä] �Â] dÌ¼� �ËY�� �{ Ê¸¨¸§ �ZÀ ¿.
 

Ä»|¬»  
�ZÀ ¿(Mentha)Ã�Ìe �{ �Àm ¾Ë�f¼Æ»Lamiaceae (Labiatae)Ä¿Â³ Ä¯ d�YÃ�/ËÁ Ä/] ½M �Y ÊËZ/ÅMentha piperita�Y

�¿Z�Y ��¿Z�» ÊËÁ�Y{ Á É�Ì³Ã{�f�³ ¥�|¿�Y{ ÉY.Ê/» d/§ZË cZ/�Z¨e�Y Á ZÆÅZ´�ËÁ� �j¯Y �{ 0Z^Ë�¬e Ã{YÂ¿Zy ¾ËY ½ZÅZÌ³|¿Â/�.
Ê» �Y�« |�� �Ìv» cÁZ¨f» �ËY�� dve �ZÀ ¿ Ã�Ìe ½ZÅZÌ³ �Y É�ZÌ�]|/¿�Ì³.�{ ¾f§�/³ �Y�/« c�Â/� �{ Z/Æ¿M �Y Ê/¨¸fz» �YÂ/¿Y

�Ìv» Z] ª]Z�e Á ��Z� ��¿ �Y ÊeY�ÌÌ¤e ,|�Z�»Z¿ ÉZÆ�Ìv»Ê/» ¶/�Zu|/ÀÀ¯),É�/³��1372(¾Ë�/f¼Æ» Ä/¸¼m �Y �Â/] dÌ¼/�
ÄË~¤e ÉZÆË�ZnÀÅZ¿Ä¼Ì¿ Á ®�y ª�ZÀ» �{ ÉYÊ» ®�y|�Z].Ê¬�Z/À» �{ ZË Á Ê]Â�� ÉZÆ¯Zy �{ Ê Ì^� �Â� Ä] ��À� ¾ËY dÌ¼�

Ê» É�ZÌ]M �Â] ÉÓZ] �Y|¬» ÉY�Y{ ÉZÆ]M Z] Ä¯Ê/» Ã|ÅZ�» |¿Â�{Â/�(Nable et al., 1997).ÉZ/Æ¯Zyh/�Z] ½YÁY�/§ �Â/] ÉY�Y{
Ê» ½ZÅZÌ³ {�°¸¼� Á |�� �ÅZ¯|¿Â�(Papadakis et al., 2004).

®Ì�Ì·Z� |Ì�Y(SA)Á ºÆ» Ê·ZÀ´Ì� ��À� ®Ë�{ Ê¿Á�{ |�� Ã|ÀÀ¯ ºÌ�Àe ®ËÊ/» ½ZÅZÌ³�{ Ê·Z¬f¿YÁ Ê �Â» d»ÁZ¬»|/�Z].
Ê���]Ä¯ |Å{ Ê» ½Z�¿ ZÅSAY Ê Ì�Á ÄÀ»Y{ Ä] ÃZÌ³ ÉZÅ x�Za ºÌ�Àe�{Ê» ¶Ìy{ ÂÌeY|Ì�¯Y ÉZÆ�Àe �|�Z](Choud-hury and 

Panda,  2004).�Y|/¬» Ä/¯ d�Y Ã|� Ã{Y{ ½Z�¿ �ÌyY ÉZÆ·Z� �{ SA ÉZÆ�/Àe ¾Ì/Àr¼Å Á Z/Æ¿�ÂeZa Z/] Ê³{Â/·M�iY �{ Y� ½Á�{
Ê�Ìv»)É�Â� Á ¾ÌËZa ÉZ»{ ,½Á�ÁY ¶j»(Ê» �ËY�§Y|]ZË.(Sawada  et al., 2006).



½Y�ËY Ê¿Z^£Z] ¹Â¸� Ã�´À¯ ¾Ì¼���22Ze25ÃZ»�Ìe1388½ÔÌ³ ÃZ´�¿Y{ ,ÊËÁ�Y{ ½ZÅZÌ³��f�Âa 

 

 ١٣٢٧

�Á� Á {YÂ»ZÅ  

¾ËYÄ¿Y�Á� ��Âf» ÉZ»{ Z] ½Zf��· ÃZ´�¿Y{ É��ÁZ�¯ Ã|°�¿Y{ Ä¿Zz¸³ �{ �ËZ»�M3 30Ä¿Z^� Á3 25µZ� �{ {Y�´Ìf¿Z� Äm�{
1387|� ¹Zn¿Y.Ä�Ë� ÉZÅLZ�¿|¿|� ÄÌÆe Êf�Æ] |ÌÆ� ÃZ´�¿Y{ ÊÅZ´�¿Y{ {ZÆm ÊËÁ�Y{ ½ZÅZÌ³ ®ÌÀÌ¸¯ �Y Ê¸¨¸§ �ZÀ ¿ Ã|� �Y{.

Z« �{ ¶Ë�Âf¯Z§ c�Â� Ä] �ËZ»�M|� ¹Zn¿Y �Y�°e �ZÆq Z] Ê§{Z�e Ô»Z¯ ÉZÆ¯Â¸] ÄËZa s�� \·.d�¸£ ¶»Z� ZÅ�Z¼ÌeÉZÅ¦¸fz»
®Ì¸Ì�Ì·Z� |Ì�Y)0,1/0Á2/0µÂ» Ê¸Ì»(Á�Â] ��À�)0,2Áppm4(d�¸£ Ä¯ |¿{Â]|À¸³ÂÅ ÊËY~£ µÂ¸v» Ä] ©Â§ ÉZÅ

|¿|� Ä§Z�Y.ÉZÆ¿Y|¸³ �Y5¨f�Y d�¯ �Ìv» ½YÂÀ� Ä] dÌ·�a Á É�fÌ·Ã�Y|¿Y dÆm ,{Â] Ã|� Ã{Z�À°�Y ÃZ´f�{ �Y ±�] t�� É�Ì³
|� Ã{Z¨f�Y �eÂÌb»Z¯ Ä] ¶�f».Ä¿Â¼¿ �fÀ�Âf§ Ä] �Â]�» cZ¨��fÀ�Âf§ ÃZ´f�{ �Y Ã{Z¨f�Y Z] ZÅ¶¼u ¶]Z« �f»(HCM-100, Walls, 

Mess-undergeltechnik, Germany)d§�³ �Y�« �nÀ� {�Â».Ã�Y|¿Y ÉY�]Y ZÆ³�] ¶Ì§Á�¸¯ É�Ì³¶Ì§Á�¸¯ ÃZ´f�{ �lÀ�
SPAD|� Ã{Z¨f�Y.� Á |¿|� ¾Ë�Âe µZfÌnË{ ÉÁ�Y�e Z] ,d�Y{�] �Y �a ½ZÅZÌ³bÉZ»{ �{ ½ÁM ÃZ´f�{ �{ �80c|» Ä] Äm�{

48Ä¿Â¼¿ ,½�Á ½|� d]Zi �Y �a Á Äf§�³�Y�« d�Z�|¿|Ë{�³ ¾Ë�Âe 0Y{|n» Ê·ZfÌnË{ ÉÁ�Y�e Z] Ã|� ®�y ÉZÅ.Ã�Y|¿Y ÉY�]

Ä�Ë� ºnu É�Ì³|� Ã{Z¨f�Y k�|» Ä¿YÂf�Y �Y.RWCµÂ»�§ �Y Ã{Z¨f�Y Z]×100 















LDwtLTwt
LDwtLFwt

RWC |� Ä^�Zv».

hv] Á lËZf¿  
�{ Ä¯ {Y{ ½Z�¿ �ËZ»�M lËZf¿d�¸£1/0�ÓÂ» Ê¸Ì»SAÁ Ä�Ë� ºnu ,¶¯ ®�y ½�Á ,¶¯ �e ½�Á ¶j» Ê�ËÁ� cZ¨� �Y|¬»

�Z¼Ìe Ä] d^�¿ É�eÓZ] ±�] t��0Á2/0ÓÂ» Ê¸Ì»�SAÊ» Ã|Ë{{Â�)¶°�1,2,3Á4(d�¸£ppm4Áppm2h�Z] �Â]
Ê» |ÅZ� Ä] d^�¿ Ê�ËÁ� cZ¨� ¾ËY �ÅZ¯{Â�)¶°�5,6,7Á8.(

a

a

b

0

2

4

6

8

10

12

14

16

0 0.1 0.2

ϻϮϣر) ̶Ϡϴϣ) Ϊϴγا ϴ̮ϠϴδϴϟΎγ ΖψϠϏ

(g
)ή

ѧѧΗ
زن

و

b

a

a

0

50

100

150

200

250

300

350

0 0.1 0.2

ϻϮϣر) ̶Ϡϴϣ) Ϊϴγا ̮ϴϠϴδϴϟΎγ ΖψϠϏ

(c
m

2 گ(
ήϳ

΢τ
γ

b

b

a

0

1

2

3

4

5

6

7

8

9

10

0 0.1 0.2

ϻϮϣر) Ϡ̶ϴϣ) Ϊϴγا ϴ̮ϠϴδϴϟΎγ ΖψϠϏ

(c
m

3
)Ϫ

θϳ
ر

ϢΠ
Σ

c

b

a

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

0 0.1 0.2

ϻϮϣر) ̶Ϡϴϣ) Ϊϴγا ϴ̮ϠϴδϴϟΎγ ΖψϠϏ

(g
)̮

θΧ
زن

و

¶°�1,2,3Á4�d�¸£ �ÌiPe±�] t�� Á Ä�Ë� ºnu ,¶¯ ®�y ½�Á ,¶¯ �e ½�Á �] ®Ì¸Ì�Ì·Z� |Ì�Y ¦¸fz» ÉZÅ

b

b

a

0

50

100

150

200

250

300

350

400

0 2 4

(ppm)ήΑ ΖψϠϏ

(c
m

2
گ(

ήѧѧϳ
΢τ

γ

b

b

a

0

2

4

6

8

10

12

14

0 2 4

(ppm)ήΑ ΖψϠϏ

(c
m

3
)Ϫ

ѧѧθ
ϳر

ϢΠ
Σ

b

b

a

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

0 2 4

(ppm)ήΑ ΖψϠϏ

(g
)̮

θΧ
زن

و

b

b

a

0

2

4

6

8

10

12

14

16

18

0 2 4

(ppm)ήΑ ΖψϠϏ

(g
)ή

Ηن
وز

¶°�5,6,7Á8��¸£ �ÌiPed±�] t�� Á Ä�Ë� ºnu ,¶¯ ®�y ½�Á ,¶¯ �e ½�Á �] �Â] ¦¸fz» ÉZÅ

d�¸£ �{ ¾ÌÀr¼Å1/0�ÓÂ» Ê¸Ì»SA¶j» É�fÀ�Âf§ cZ¨� �Y|¬»¶Ì§Á�¸¯ ,©� e ,�·Zy �fÀ�Âf§ÁRWCÄ] d^�¿ É�eÓZ]
�Z¼Ìe0Á2/0�ÓÂ» Ê¸Ì»SAÊ» Ã|ÅZ�»{{�³)¶°�9,10,11Á12(d�¸£ �Ì¿ {�Â» ¾ËY �{ppm4Áppm2�ÅZ¯ h�Z] �Â]

|ÅZ� Ä] d^�¿ É�fÀ�Âf§ cZ¨�|�)¶°�13,14,15Á16.(Eraslan µZ� �{ ½Y�Z°¼Å Á2007½�Á�³Y �Z¼Ìe Ä¯ |Àf§ZË�{



½Y�ËY Ê¿Z^£Z] ¹Â¸� Ã�´À¯ ¾Ì¼���22Ze25ÃZ»�Ìe1388½ÔÌ³ ÃZ´�¿Y{ ,ÊËÁ�Y{ ½ZÅZÌ³��f�Âa 

 

 ١٣٢٨

¾Ì¿ZÌ�Âf¿M Á ZÅ|ÌWÂÀeÁ�Z¯ �Y|¬» �ËY�§Y ,lËÂÅ Ä�Ë� ®�y ½�Á �ËY�§Y \mÂ» ®Ì¸Ì�Ì·Z� |Ì�YÊf¿M dÌ·Z § �ËY�§Y Á ZÅ�

e ¶¯ Êf¿Y|Ì�¯MÊ» �Â] dÌ¼� �ËY�� dv{Â�.

c

b

a

82

84

86

88

90

92

94

96

0 0.1 0.2

ϻϮϣر) ̶Ϡϴϣ) Ϊϴγا ̮ϴϠϴδϴϟΎγ ΖψϠϏ

R
W

C
 (

%
)

aa

b

0

1

2

3

4

5

6

0 0.1 0.2

ϻϮϣر) ̶Ϡϴϣ) Ϊϴγا ̮ϴϠϴδϴϟΎγ ΖψϠϏ

(in
d

e
x

)Ϟ
ϴϓو

ήϠ
̯

c

b

a

0

0.5

1

1.5

2

2.5

3

3.5

0 0.1 0.2

ϻϮϣر) Ϡ̶ϴϣ) Ϊ ϴγا ̮ϴϠϴδϴϟΎγ ΖψϠϏ

T
r 

(m
m

o
l 

m
-2

 s
-1

) 

c

b

a

0

0.5

1

1.5

2

2.5

3

0 0.1 0.2

ϻϮϣر) ̶Ϡϴϣ) Ϊϴγا ̮ϴϠϴδϴϟΎγ ΖψϠϏ

P
n

 (
µ

m
o

l 
m

-2
 s

-1
) 

¶°�9,10,11Á12�d�¸£ �ÌiPeÁ ¶Ì§Á�¸¯ ,©� e ,�·Zy �fÀ�Âf§ �] ®Ì¸Ì�Ì·Z� |Ì�Y ¦¸fz» ÉZÅRWC

c

b

a

82

84

86

88

90

92

94

96

0 2 4

(ppm)ήΑ ΖψϠϏ

R
W

C
 (

%
)

  

c

b

a

0

1

2

3

4

5

6

7

0 2 4

(ppm)ήΑ ΖψϠϏ

(in
d

ex
)Ϟ

ѧϴϓو
ήϠ̯

b

ab

a

0

0.5

1

1.5

2

2.5

0 2 4

(ppm)ήΑ ΖψϠϏ

T
r 

(m
m

o
l 

m
-2

 s
-1

)

 

b

b

a

0

0.5

1

1.5

2

2.5

3

3.5

0 2 4

(ppm)ήΑ ΖψϠϏ

P
n

 (
µ

m
o

l 
m

-2
 s

-1
)

¶°�12,14,15Á16�d�¸£ �ÌiPeÁ ¶Ì§Á�¸¯ ,©� e ,�·Zy �fÀ�Âf§ �] �Â] ¦¸fz» ÉZÅRWC

�]ZÀ»  
� ,É�³��) .1369(ÊWÁ�Y{ ½ZÅZÌ³._Zqº��.½Y�Æe ÃZ´�¿Y{ cY�Z�f¿Y.cZv¨� ,¹�ZÆq |¸m28�38.

Nable, R.O., Banuelos, G.S., Paull, J.G., 1997. Boron toxicity. Plant Soil 193, 181–198. 
Papadakis, I.E., Dimassi, K.N., Bosabadilis, A.M., Therios, I.N., Patakas, A., Giannakoula, A., 2004. 

Boron toxicity in ‘Clementine’ mandarin plants grafted on two rootstocks. Plant Sci. 166, 539–547. 
ChoudHury S, Panda SK, 2004. Role of  salicylic acid in oryza sativa L. roots. Plant Physiology, 30(3-

4): 95-110. 
Sawada, H., Shim, I., and Usui, K. 2006. Inducing of benzoic acid 2- hydroxylase and salicylic acid 

biosynthesis- modulation by salt stress in rice seedlings. Plant Science. 171: 263-270.
 

Effects of different concentrations of salicylic acid in peppermint under boron toxicity 
 

S. Aliniaeifard a,*, A. Rezaei-nejad b, M. Sifi-Kalhor c, M. Dalvandd  
a,*Member of young researchers club of science and research campus of  Islamic azad university, 

Tehran, Iran 
b Faculty of Agriculture, lorestan  university, c Msc of biotechnology, d Bsc of wood industry 

 
Abstract 

Due to study the effects of different concentrations of salicylic acid in peppermint under various 
concentrations of boron toxicity an experiment was conducted in faculty of agriculture in lorestan 
university. The treatments were used in this experiment include three salicylic acid concentrations (0, 0.1 
and 0.2 mM) and three boron concentrations (0, 2 and 4 mM). The experiment was carried out as factorial 
based on completely randomized block design with four replications. Results show that: in 0.1 mM 
concentration of salicylic acid some traits such as total fresh weight, total dry weight, root volume and leaf 
area were higher than other treatments. In the other hand, increase in boron concentrations had deleterious 
effects on these traits. Photosynthetic characteristics such as: net photosynthesis, transpiration, chlorophyll 
and leaf relative water content had highest value in 0.1 mM concentration of salicylic acid. Likewise, in 
this case Photosynthetic traits negatively affected by increase in boron concentrations. In the case of 
stomatal conductance there was not any significant differences between treatments. It can be concluded 
that application of 0.1 mM concentration of salicylic acid had beneficial effects on peppermint under 

boron toxicity. 


