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To investigate the effect of different levels of foliar applications of salicylic acid 

and jasmonic acid on biochemical characteristics and yield of Thymus vulgaris 

under drought stress conditions, a split factorial experiment has been performed 

based on randomized complete design with three replications during cropping 

seasons of 2019-2020 in Varamin region. The main factor include irrigation levels 

(60 (normal) and 110 mm of evaporation from the evaporation pan (drought 

stress)), with the sub factors being different levels of foliar application of salicylic 

acid (three level: control (zero), 25, and 50 mg l-1) and jasmonic acid (three level: 

control (zero), one, and two mg l-1). The effect of irrigation × foliar application 

treatments has been significant for all studied traits at 1%. The highest plant height 

(38.2 cm), wet and dry weights (7112.3 and 1778.7 kg h-1), percentage of 

secondary metabolites (essential oil 0.28 and thymol 60.9%), and concentrations 

of salicylic and jasmonic acid of leaves and the lowest activity of antioxidant 

enzymes (SOD, CAT and GPX) of thyme are observed in normal irrigation with 

50 and 2 mg -1 salicylic and jasmonic acid treatment. Thus, external use of salicylic 

and jasmonic acid (50 and 2 mg -1) in drought stress conditions can be considered 

in improving related traits of yield and increasing the production of thyme. 
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"$� "	�/ 3/57 5/24 2/1 0/700 5/213 9/2 2/0 6/4  6/7 30-0 
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A  &H
� $�)5/7( &<  
��6+15/0 ��	 EDTA �11/0 	 ;" �;7 ��	
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 "P�W X��)S(  1 *03/52 *62/39823 *15/184223  * 73/16 * 89/5 * 09/5 * 0021/0 *0435/0 *0256/0 * 1916/0 

 B�SW)a( 2 24/21 15/56839 75/27036 39/2 98/0 73/0 0003/0 0064/0 0038/0 0284/0 

 � $� A ; �/�$)SA(  2 *02/2587 *25/18025461 * 11/287649 *26/29 ****40/35 **79/101 **1620/0 *0365/0 **9840/1 ** 7625/2 

A ��6$�=  � $�)JA(  2 *11/695 **71/87429016 **32/7435912  *51/32 *827/9 **25/84 **2730/0 **1847/0 **2091/3 **8934/1 

SA × JA 4  *30/659  **75/96503478  **66/9524638  **41/137 *60/8 **09/89 **1830/0 **3602/0 **0954/3 **1094/2 

S × SA  2  **22/2581  **21/72309064  **14/8726491  **56/128 **822/28 **48/143 **2441/0 **1872/0 *5333/0 **7641/2 

S × JA  2  *41/672  **41/89650127  **35/10529673  **86/141  **11/39  **23/98  **1985/0  **1593/0  *6234/0  **1010/3  
S × SA × JA  4  **15/3278  **65/62139041  **55/9872861  **86/201  **67/44  **42/112  **2348/0  **2367/0  **5460/2  **8941/3  

 B�SW)bc(  32 19/114 15/248921 72/42136 81/4 50/1 60/3 0076/0 0053/0 0981/0 0851/0 

) D��  }� M
�p%(  - 60/9 77/15 28/10  32/4  53/4  78/3  72/3 89/4  21/8 35/6  
ns^  *** �: #5 /�/�` @a	 &��X/ b�'� ��1 @a	 &��X/ 1�F� �� ��1 ��	I c\A �1� �E 	 �S�1 d@� �� �D�5.  

  
 C��F45I �B� J�4���	 #���%	 .���� C�>�	 �  [�\A �D��E�>���$�A ��A�  �E����A�F ��A� GH�� �5� ���  �'��� � ������D��5
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S0 × SA0 × JA0 c1/23 ef0/4450 cd 2/1033 cd 0/12  c7/28 b1/17  e17/0 c8/55 e0/79 e9/19 

S0 × SA0 × JA1 bc5/26 de0/5241 c9/1224 cde9/9 d9/22 c1/12 de23/0 c5/58 e9/85 d2/33 

S0 × SA0 × JA2 bc1/29 cd 0/5726 ab7/1518 cde1/8 de2/19 cd6/9 d30/0 bc 2/61 de 0/95 cd 1/41 

S0 × SA1 × JA0 bc9/28 d2/5314 bc5/1337 cd4/11 de 6/21 cd4/11 e19/0 c9/58 de 5/115 e9/21 

S0 × SA1 × JA1 b7/31 c8/5948 ab 2/1530 de 5/7 de 4/18 cd 2/9 cd 32/0 bc0/61 de9/127 cd 2/41 

S0 × SA1 × JA2 ab3/35 b 0/6532 ab 1/1668 de 6/6 ef1/12 d6/7 bc 39/0 bc 8/64 cde9/143 bc8/46 

S0 × SA2 × JA0 b 2/31 cd0/5703 abc8/1446 cde2/9 e3/18 cd6/9 d30/0 bc 8/61 cde8/142 de1/25 

S0 × SA2 × JA1 a3/37 bc2/6441 ab5/1636 de 8/6 f7/10 d4/7 cd34/0 bc 1/64 cde7/145 bc 1/47 

S0 × SA2 × JA2 a 2/38 a 3/7112 a 7/1778 e6/5 f 4/9 d3/6 bc42/0 ab7/68 cd1/171 ab0/55 

S1 × SA0 × JA0 d6/13 i4/1549 f3/410 a 0/19 a 5/44 a4/22 de 28/0 bc 9/60 c0/204 cd2/36 

S1 × SA0 × JA1 cd 4/17 h2/2627 ef1/663 ab1/16 ab 7/39 ab5/20 bc 35/0 bc 7/63 c8/210 bc3/47 

S1 × SA0 × JA2 cd 8/21 g1/3711 de2/841 abc7/15 b9/37 b7/17 bc 39/0 ab 8/66 bc4/216 ab6/54 

S1 × SA1 × JA0 cd 4/21 h 6/2498 e8/744 ab 4/16 ab 2/40 ab 2/20 cd34/0 ab 3/63 abc6/241 cd 6/39 

S1 × SA1 × JA1 c1/23 fg0/3902 d1/899 abc8/14 bc9/32 b8/17 bc 40/0 b6/65 abc6/25 b4/54 

S1 × SA1 × JA2 bc 8/26 e3/4809 cd2/1161 bc4/13 cd 9/26 bc 6/14 ab 46/0 ab 7/68 ab 9/264 ab 4/58 

S1 × SA2 × JA0 cd 6/22 e 3/3287 de 9/819 abc0/14 bc0/33 b 2/17 c38/0 b2/65 bc7/230 c7/43 

S1 × SA2 × JA1 bc4/25 f0/4252 cd 9/1013 c9/12 cd 0/27 bc 5/14 b 44/0 ab1/68 ab 9/269 ab 8/58 

S1 × SA2 × JA2 bc 8/29 cd 9/5462 bc3/1310 cd 7/9 cd 3/23 cd 1/10 a 52/0 a 1/72 a 8/281 a0/63 

	 *�4���J ��� ���1�  NP��!�E @a	 &��X/ �P�3 C�A �� #5 e�5�	 f�9A �� �1 Q�98	 g�!� ��1 ��	I�  c\A �1�E 	 �S�1� �@D�5.  

 *5I����  C��a	)S0^( W@/ �+8R )S1C�>�	 ^(  ^(�XS) ���D [�\A �D��25  �50 �>�	 E�>���$�A �9�$ �5 b�G #5) ��A�  `�/�/SA0 ^SA1  �SA2C�>�	 ^(  �D��

 �1 � E� ^(�XS) ���D [�\A�>�	 E����A�F �9�$ �5 b�G #5) ��A�  `�/�/JA0 ^JA1  �JA2.(  
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3 .2=�>�! ?���@A .  �� 
6�! �	���B	6) ��*����& ���B	���� 
SOD) �C�*�B 8(CAT � (*�*�����B	�� 7���	� 

)GPX(  

^+�< &$ X�7 "P�W X�� &���× ��;>	  "@�-A ; � /�$ � $�  �A ��6$�= � $� ^
C�� � /�`G �< "H�� B�+  "��� �7�

SOD �CAT  �GPX "�`	 �E�� A
 ��6H!� \S$ �� "d�< ��
�� "
���� 
� �  ���=) ��< ���1X < .( /�`G �
��  �

C��
 ̂�+B H��" �7� ���" SOD �CAT  �GPX &<) ���  M0/19 �5/44  �4/22 u.mgprotien.min� �� (  X�� ��6

�W"P× ��;>	 ]�� /�$ "@�- � ;A  ��6$�= �A  $� ) �S1 × SA0 × JA0 � (^7 
��&<) � ���  M6/5 �4/9  �3/6 

u.mgprotien.min� �� �( �+��6B <� ��B :�< K�S$ � ��6`	B /�$ � ;A  ��6$�= �A  $� ) �S0 × SA2 × JA2 (

) �@ 
�+��	 ���=4��;>	 .( @�-"  A ; � /�$��6$�= �A  $� &< � ���  �< M7 X+�70 �85  �72 �E��B /�`G  �

C��
 ̂�+B H��" �7� ���" SOD �CAT  �GPX�  �@ g��<7& $� 6 $# �� /�� �B /�� h�E �  A�W 
��	� ���@
 ��

� �� �+��6"
 7/�`G & C�� �
 ̂�+B n	7 ��7��� � &��< a�[��� ���< ^ �+B �W � ��A � 
���W�@ ���� 
�"
 ��
d�< ��" 

�CG�
 X
 ���=) �G�4.(  

 �p�! X+�,- ��^+�< 7�W X�� X�"P  �7$ ��<��/� � ;A  � $� ��6$�= �A  � $�  MV$7/�`G X+� C�� �
 ̂�+ 

 h�O	 ]�� &< �V���@ .� /�`G X+�7 �+B "H�� H� �$� �P6	 "��� �7�&j  d ���`G C�� ��@
�^ �L ��
t 

��P/�	 +�B �u? � X�� �< fV��	 ��n� �^+ � �o � �� ^7 �� ��;$ ��< �+B /�<�H	 ^� H��" �7� ��� �  ��6�� �� 5-

�;>	 "@�-  .�@�<A ; � /�$ � $�  �A ��6$�= � $� &< ��L 0H�	 ^ �� �� < � ���< ���P
�� �+B ���� X0� &H@�� � �< 

�-7���B &��� �+B ��`G � 7X+� D��?� �X�� �� �CG�
X /�`G � C��
 ̂�+B H��" �7� ��� ��;= �B "	  ���7

)Doulatabadian et al., 2008��7n	 B�+��H� /� r:�6H!� .( �CG� �<
/�<�H	 X � B�+ ���?
&< & ����� /�� � �$  � "��G�

X+�7 w���B ��= "G�O	 /�� C�� �
 ̂B�+ H��" �7� ���" ]���� "�
�� �@� X
�CG� g��<  � &��< a�[���) "
��+ B�+

���  "d�< ��
�� "
���� 
� � (A�W � �� B�+ ���=) ���@4.(  

� �� /�� ��+�" I6>� �&< �W X��"P /�`G K�S$ �< C�� �
 ̂+�B H��" �7� "��� ��V��� 0H�	 ^ ) ����Khan & 

Ashraf, 2008.( A ; � /�$ � $� ��B /�� ���$ � a���� �7� ��@ �>� ��`G �,
?u� X�� f  �&H@�n� /�`G � C�� �
 ^

"H�� �7� ���� ��-�$7� � �
 �� ����6�}�  � �� � �
�L �
� I6>� t  
�&< X�� d ��+ ��
�CG� �� �H�
	 X" �+� 

)Horvath et al., 2007 .(�0/�B /�`G  �7� X�� �< &V;d g��< �:���7� ��� �L �� �
^$ t ���"
 ��-7� + � �w��� 
�@ 

� �� /�� � ���P
�� + ���7� ��;= I �B ����- � � ��+ $� �+�B ��7�;A  � <�o" �+ �� �� �<��< ��P
��� ���� B�+ 

	 �cG�>	" 7) ��Rastgoo & Alemzadeh, 2011 .(X+�,- ���� &�+� � ��6 � &7 ��H@�� ���x� C �  �< ]��� B�+

A ; � /�$ � $�  a�6j	 � �P� <�� � �# �7�<�7 ^
C�� � /�`G X
�CG� � A�W 
��	 ��<�L� B��H>	 X
�CG� M=�	

�@ �< &�
�0	 �� I G��;7 B��H>	) �@ �+Hayat et al., 2010 �� ��
� "W�< .(X+�,- ���� ��C�{  ��<��7 &7 ����7

 "=��WA ��6$�= � $� ^
C�� � /�`G X
�CG� �<  X�� D���W I<�0	 �� ��+� � �[! M=�	 "�� $�� �7��p B�+

) �@ "P�W �� "@�� �� $�� �7�Mahmood et al., 2012.(  

  

3 .3. ?�����6� ) .����� ��  D���	 �<�&(����* � 

^+�< &$ X�7 "P�W X�� &���× ��;>	  "@�-A ; � /�$ � $�  �A ��6$�= � $� � /�<�H	 � /�� �<  �E��) &
���? B�+

"�`	 �E�� A
 ��6H!� \S$ �� "d�< ��
�� "
���� 
� � (
���W�@ ��6 � � 5��$�  ���=) ��< ���1X < .(  �E�� �
��

) ��6 � � 5��$�28/0  �9/60 ��6 � �� (�E�� P�W X��"× ��;>	  "@�-50  �2 "; 	  �H / �� ]��A ; � /�$ � $�  �
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A ��6$�= � $� (S1×SA2×JA2)  �^7 �� 5��$�) �� ���0	 �
17/0  ��6 � �8/55  �� (�E��� ��6 <� ��B ��6`	× 

 ]����;>	 "@�- A ; � /�$ � $�  �A ��6$�= � $� )S0×SA0×JA0( 	�@ 
�+��  ���=)4 B�+��H� /� ��<��7 .(

A ; � /�$ � $�  �A ��6$�= � $�  ��6 � &< �V�� ��7n	 D�[E X
�CG� g��< "/�6`	 B�� <� � "P�W X�� f
��@ ��

) �+�@S0×SA0×JA0 �S1×SA0×JA0 .�@ (  

��;>	 "@�-50 "; 	 �H / �� ]�� A ; � /�$ � $� ��@ ��
f P�W X��" )S1×SA2×JA0(�  &< �V����6 �  �+�@

��;>	 ]��) "P�W X�� f
��@ �� ("@�- )S1×SA0×JA0(
���W�@ 5��$� �E�� �  �� ��28/0  &<38/0  �E�� � �E��

 �� �� ��6 �9/60  &< �E��2/65  B:�< K�S$ ��<��7 C � ��6`	 B�� <� f
��@ �� .��� X
�CG� �E��A ; � /�$ � $� 

)S0×SA2×JA0 &< �V�� �� 
���W�@ 5��$� �E�� �() �+�@ ��6 �S0×SA0×JA0 �� �(17/0  &<30/0  �� ��6 � �E�� �

8/55  &<8/61  ���=) ��� X
�CG� �E��4.(  

A ��6$�= � $� I<�N �?� �=��" ��@ ��
f P�W X��"  
���W�@ 5��$� �E�� �< ��6 � ��@��&< � B��L  &7

��;>	  "@�-2 "; 	  �H / �� ]��A ��6$�= � $� ��@ ��
f P�W X��" )S1×SA0×JA2(�  &< �V�� ]��) �+�@ ��6 �

��;>	 "P�W X�� f
��@ �� ("@�- )S1×SA0×JA0(
���W�@ 5��$� �E�� �  �� ��28/0  &<39/0  �E�� � �E��

 �� �� ��6 �9/60  &< �E��8/66  ��<��7 �?� �� C � ��6`	 B�� <� f
��@ �� .��� X
�CG� �E��A ��6$�= � $� 

)S0×SA0×JA2�@ 5��$� �E�� �() �+�@ ��6 � &< �V�� �� 
���WS0×SA0×JA0 �� �(17/0  &<30/0  �� ��6 � �E�� �

8/55  &<2/61  ���=) ��� X
�CG� �E��4 X�� �
��<��< .(P�W" �CG� M=�	
X /�<�H	 � �+B ���?
& ) �E��(5��$� 

 &7X0� Hx�[!" � �� 
� &H@��  M$��	 ���0	 �A ; � /�$ � $�  �A ��6$�= � $� � C ��W �<" ��� ���7
��P �+B  � ����

]�G �+B �7� ��`G �, /�� �� �� 
�@�? P�W X��"� �CG� MV$
X �� �� 5��$� ���0	
�� d�<" 
�@ ���.  

X+�,- ���� "P�W X�� &7 ��H@�� ���x� <�  ��@�� /�<�H	 ��P;6� � M 7�� � &
���? B�+ ;6�P 5��$� �� 
� �

��
�� "
���� ?u� � "�`	 �� ��@�� B�&< ��LB 7;6� f$�H	 X�� &P�CG� �� 5��$� ��
��� X )Bourd et al., 2014; 

Nowak et al., 2010(. &7 ��
� p�G tVL & �@� &����	 - �6�
C ��V67 �+B < �� �@� &7 X ��7 ���>	 CH�$�HG ��� 

/�� � /�<�H	 l6j� � � �+B ���?
& �CG� ��
X 	" �+� )Herms & Mattson ,1992 .(� /�<�H	 X
�CG�  � &
���? B�+

���� X�� ��	� �� 5��$� B�C=� &< D�V 7�� �
� "Hx�[! X0� 
��+� "H�� � d I	��� ����� "	 "��� �7�  &7 �@�<�< 

�H�	 ���0	 X
�CG���6 � � �  
� � ���$� 
��6+ ��
�� )Gao-Bin et al., 2009( .X+�,- ���� {��C� 7���� 7&  ��

X�� f
��@ }�  D�� �� 7M �+B 5��$� @��" �� /�`G � C��
 ̂�+ � ��V�< /�<�H	 ^� �$� )Hendawy & Khalid, 

2005(. X+�,-  ���� ��H@�� ���x��;>	 &7�  "@�-A ��6$�= � $�  "W�< X+�7 �
 � X
�CG� MV$ �$� �P6	

� /�<�H	 �+B &< &
���? M 7�� 
,
� �+B ��@ ��
�� 5��$� �� ^�	 ";�G )Ashrafi et al., 2012( "=��W ��<��7 .

A ��6$�= � $� M 7�� �� "W�< ��C 	 �  }� &< �j�	 �$� �P6	 ��
�� ����	 "
���� ��+� � �� �+B  I�	 ^�	 &
���?

��@ ��6 � &7 h#HW� "�`	 ���B � < ���0	 ��6 � �< ��<��7 �c;d 100 ��	��P 	 A ��6$�= 
�+��	 �@  �
� �� &7

X+�,-  �< � �$� ����	+�,-X B�+  �� "W�<X+�,-  ���� �@�� �0<�S	)Hamedi et al., 2014(.  

  

3 .4 ?F�G .��������� ���	  ��������� ���	 H�� 

^+�< &$ X�7 "P�W X�� &���× ��;>	  �c;d ��C 	 �< "@�-A ; � /�$ � $�  �A ��6$�= � $�  "
���� 
� � e�<

"�`	 �E�� A
 ��6H!� \S$ �� "d�< ��
�� ��=) ��< ��� �3X < .( 	 �
��  ��CA ; � /�$ � $�  �A ��6$�= � $� 

&<)  M ���281  �63 ��6 � �� (]�� �� ��	 P�W X��"× ��;>	  "@�-50 "; 	 �� �  �H / �� ]��A ; � /�$ � $�  �
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A ��6$�= � $� )S1×SA2×JA2( � �^7 ��&<) �
  M ���79  �19  �� (]�� �� ��	� ��6 <� ��B ��6`	 × ]��

��;>	 "@�- A ; � /�$ � $�  �A ��6$�= � $� )S0×SA0×JA0( 	�@ 
�+�� ) ���=4 � "=��W ��<��7 �
��<��< .(

^+ ��	�  X
�CG� g��< "P�W X�� f
��@ �� ��7n	 ��H� /� ��72  �70  �c;d B�E��A ; � /�$ � $�  �

A ��6$�= � $�  .�@ "d�< ��
�� e�<A ; � /�$ � $�  �A ��6$�= � $� &< /� ����� � ��H �< "P�W X�� f
��@ �� 

6j� l  �� I G��;7e�< �/�� �< � /�<�H	 � �+B ���?
& � ?u� �	 �< � �+�B /�<�H	"P  � 
�� [�	 D��?�" P�W X��"  ��

��W" 	" ���7 � �� &7
� X+�,-  C � ����	��<. X+�,- ����  "=��W ��<��7 &7 ��H@�� ���x�A ; � /�$ � $�  
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