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ABSTRACT 
In order to study the effects of water deficit stress and salicylic acid application on morphological and physiological 
characteristic of Ziziphora clinopodioides Lam. a factorial experiment based on a complete randomized block design 
with four water deficit stress levels (100%, 75%, 50% and 30% FC) and three levels of salicylic acid (0, 0.5 and 1 
mM) in three replications was performed in greenhouse condition. Water deficit stress decreased plant, leaf and stem 
dry weight, leaf area, chlorophyll a, b and total chlorophyll content, carotenoids content and essential oil yield, while 
these traits increased by application of SA. Total phenol content was increased by water deficit stress and SA 
application. The highest level of plant (18.2g), leaf (6.6g), and stem (8g) dry weight were observed in 100% FC with 
0.5 mM SA. Essential oil yield was decreased by water deficit stress and the highest level of this character was 
obtained in 100% FC with 0.5 mM SA application. According to the obtained results, Z. clinopodioides needs to 
irrigate at field capacity along with  0.5 mM SA in order to reach to the highest growth and chemical yields. 
 
Keywords: Essential oil yield, morphological, salicylic acid, water stress, Ziziphora clinopodioides. 

  

  

  

  
  

  

  

  

  

  

  

  



872   :����	� � ����� !"#$%!& '()*� 
�+, -�.!�!)!/ .�!  &0 �123, ��4 	5, � 5!6, 2!�� ����,1 %(5�5, �(5, ... 

 
  

;
�<
  

�&1� �� 89:;� 4� �0 <!0 =1&% <;% >5 ,0? �� �@A 

��&B ����� 80 4�(C 85 84  D�� �� �(E5 F��
 GC�;� 

�/EH 8	!I /EH � /EH�&J ,� . 
�0 =!;K	� �L!� 

M.(�� ,2 I��0 �� 48 '�. &!H� �% '�. 1396 �� 

�� " 243 ,)!� &�� ,�  
�0 )Amani, 2017.( �0 8A(% 

80 O�&#� ,�PQ� 85 <;% >5 ,0? 4�� �&�)	R � O�&!!S% 

��(� �&#T� ���!2 ,1���� ����� ,� �(% �� =1� F!�I��+ 

��  !-(% =1� ���!2 �� GC�;� /EH � 8	!I /EH 

�@A � �(UV0 �&1� �&@0 .�&0 �� M1�&
 �(P	5 �W? 

�L�;.(�J X:. Y&0 � �� 8Z!�I  
� � �&�)	R ��!2 

<��5 �,  0�1 )Mizanzadehn & Imam, 2010.( �� 

8[-�:�4� &!#�% <;% >5 ,0? � �L1�(�1�� 4�� ��!2 ,1���� 

,%(5�5 ,�(5 ,.�&0  
 � \1��I �EI ��� 85 �� &#� 

<;% >5 ,0? �� �8E1� �8B�. �Y&0 �� F5 ��!2 � 

]�6%�� ��!2 �� &#� <;% >5 ,0? <��5 ^J�1 �� ,-�" 85 

��	!% ���!2 �0 �L1�(�1�� _R�0 <1�LJ� 1�= O�6D �� 

8�1�9� �0 ���!2 � 0 ��	!% �0 �L1�(�1�� � 
 ^.� 

(Azimi et al., 2018). �� ,.�&0 #�%!& <;% �EH, � 

��L2&0,1 &0 H&0, D(UH!O� 	5, �?1=E 
!��&4� 

%(5�5,� �?1=E `�0, � ���(a)5 \1��I �EI ��� 85 �� 

�9�18� ��@b 8I(2 2!�� ����,1 ��(� .�&0,� %(5�5, 

c��9� &%1= � ��(a)5 d��" &%1= 8I(2 80 <;% ,�EH 

�(0 � ^P�I �� /EH Y&0 80 8B�. �� &� ��@b 8I(2 

��(� ,.�&0 <��5 ^J�1 )(Koocheki et al., 2005. 

<;% >5 ,0? &Z;� 80 <��5 ]�6%�� �8%(0 8)D�J ��&eI�!� 

�� &% � /EH ���!2 4�(�*� ,P�I W? Y&0 �� ��!2 

,1���� �;[I ,)6)J (Mentha piperita L.) � 
 ^.� 

)Gorgini et al., 2015(. �� ��!2 ,1���� 8;��� 

).Artemisia annua L(  
� ���!2 f	Z% ���� /EH � 

4�(�*� ^0(C� ,P�I �� &#� <;% >5 ,0? <��5 8�J�1 

^.� )Priyanka & Malik, 2017(. =!;K	� �� 8:0�� 

�0 O�&#� <;% >5 ,0? 4�� ���!2 ,1���� =E1�? ,1�I� 

)Thymus daenensis( )Ghasemi Pirbalouti et al., 

2014�( ��&� ,I��.�(H )Satureja khuzistanica 

Jamzad.( � ��&� 4&e;!
� )S. Rechingeri Jamzad.( 

(Nooshkam et al., 2016)� &�1> ,)2 )Salvia 

miltiorrhiza( )Dong et al., 2010�( �*1� )cimum 

.L basilicum( � g(ZI�&� )hortensis joranaMa( 

)Fatima & Gharib, 2007( ,%�[-�:� O�(D 8�J&2 

.^.�  

�0 �&0��5 ��(� >!h;% � ;;5  
� ,��!2 ,� �(% 

���!2 �� ^P�I 80 M1�&
  R����I � <;% 4�� ,:!*� 

c��9� .�&5 �&0��5 >!h;% � ;;5 4�� 4 
� &!hI 

-�.!�!)!/ .�!  �  !.� I(	.�A!/ ^P�I 80 g�� 4�� 

"iD�, 85 j) �̀ O � ;)0 � L�18; &0 �, � ;
�0 �.? &% 

� ���� &% ^.� )Bartels & Sunkar, 2005.( -�.!�!)!/ 

.�!  1/ 5&%!j );J, ^.� 85 80 �L!� >5 �� 8E1� 

���!2  !-(% � 
 )Raskin, 1992( � �0 =�
�� D�H!^ 

�I?, �5�!I� , �� h;%!>  ;1�&J��4 J!L1k(-(1�, 2!��� 

<9I 8�
�� � �0 &*%1/ I���!>� ��4 ,����9� jP. 

<1�LJ� ^���9� ���!2 �� &0�&0 <;%��4 � I� � `!� I�& 

,� �(
 )Hayat & Ahmad, 2007; Hussein et al., 

2007.( �� �!2� ����,1 &��� (Satureja  hortensis L.) �0 

'()*� 
�+, /!)!�!-�.  !.� �� /EH � Ic� (��,1� 

�� /EH 8H�
&.��4  )2�� <1�LJ� ^J�1 )Faraji-

mehmani et al., 2016(.  

,%(5�5,�(5 (Ziziphora clinopodioides Lam.) 

,��!2  ;b 8-�. �� &!%� �!R�;[I (Lamiaceae)� �0 

8B�.4�� �� )2 � �,PEH 80 ]�6%�� 50 -5 ,�I�. �&�� 

Y&04�� 4(m!0 �1 �L!I&.4� �1 �&1���4� c�A F2 � !6. 

L�&B �1 �,I�(`�� >b&+�� �� � R �1�� � 4���� n��04�� 

� o����� � �� � R ����I ,@�;� 80 8)!�4� ��%(5 � F!)9% 

8�J�1 � 8I���� p�D ^.� )Mozaffarian., 2015(. ��� 

,� )2 ��!2 ���0�% ^.� � =1� ��!2 qr(	[� �� GC�;� 

�&. � /EH �0 400 -300 ,)!�&�� ,2 I��0 8Ir�. � �� 

]�6%�� � "� 1500 - 3000   &���� X:. �1�� ,�  1��. 

��eE1��4�� ? �� GC�;� �,I����(5 8;��� 4�� 

�&VD 4� � �L1���4� � GC�;� ,a�.� �� O�R�6%�� GC�;� 

4�LH � ,I�&1� ,I��(% ,�  
�0. ��� *� ,2 ;5�&+ ? 

�8!5&% ��&1� �4&P!. ���96B 4�!.? �4L5&� �s�&R 

���I�SJ� � ���5�+ ,� �0 
 � �� �&1� �� �'�	
 

'�	
 �W&` '�	
 �s&
 �W&` L5&� � s&
 ,� 1�� 

)Jamzad, 2009.( 0!&�E1=  D�� )5/98(% vI�.� 

,%(5�5 ,�(5 �� 5&%!O�P ;+&%(I(�, �E%!F �,  ;�� � 

&%(I(�1= (e-(+ �(H 80 �@;%,1 2/53% vI�.� �� F��
 



   c()R,I�P`�0 �&1���� �� 51��	
 �� 4 ������ 1399  873 

 

�, .�(
 ��iR &0 +(�(e- ��;����+ -2 -� 1 - '�� 

)4/21�(%1� 8 - .!'(w; )3/10%�( ��I�����+ -3�8 - �4 � 

)7/3�(% ��0 -+!=; )6/1%�( .!v - �1(e-(+�L )5/1(% � 

I�(0!F O��.� )1,2(% �.1& 5&%!O�P � 	R vI�.� �1= 

2!�� �� �E%!F �,  ;�� ) .(Sajjadi et al., 2003���UR 

,%(5�5 ,�(5 ^!-�[J  y 4�(�(% ���� )Chachoyan & 

Oganesyan, 1991.( =!;K	� �� =1� ��!2 4�&0 ���� 

,�"���I4�� �,P)B ��EJ (H �r�0 �^!EI�&0 <a% j)B 

&!` �,[!PC >.? � 8�0? 81��� ���6�.� ,� �(
 )Tian et 

al., 2011.(  

�0 8A(% 80 ^1�� *� f0�;� �,0? <��3+ &y�" �� 

z�P%�� �0 <��5 O�&#� <;% >5 ,0? �0 �&0��5 /!)!�!-�. 

 !.� �4� ��!2 ,1���� ,%(5�5 ,�(5 O�(D 8�J&2 ^.� 

� <;5�� ��!2 ,%(5�5 ,�(5 80 M1�&
 {)�V� <;% 

>5 ,0? � =!![% �� 9� j.�;� �&0�5 /!)!�!-�.  !.� �� 

=1� G!9*% ��(� ,0�1��� ��&B .^J&2  

  

#��
 � =�"��  

=1� G!9*% �� '�. 1395 � �� 8I�V)2 ,%�9!9*% ��&2 

,. ;@� c()R ,I�P`�0 � 4�mJ LP. ��eEI�� �&@% fB�� 

�� |&5 � 80 �(h;� ,.�&0 &#� <;% >5 ,0? � }(:. 

{)�V� /!)!�!-�.  !.� 4�� ,%(5�5 ,�(5 c�ZI� . 
 

=1� <1���? 8I�V)2 4� 80 O�(D F1�(�5�J �� j-�B }&C 

n()04�� F��5 ,J��U% �0 �� F��R <;% >5 ,0? �� ��@b 

X:. 4��!0? v+ ��  !.� W? � )2 80 100�( ��
) 

75� 50 � 30  D�� ^!J&~ 8R�L�4� )FC( n�H � 

'()*� 
�+, /!)!�!-�.  !.� �� 8. X:. �&6D >!I � 

/1 ,)!� �r(� �� 8. ��&�% O�(D .^J&2 &� ��&�% 

F��
 8. � )2 ��(0 85 �� &� � )2 /1 8%(0 ^E5 

 
 � �� ](	Z� }&C F��
 108 ��!2 ,%(5�5 ,�(5 

.�(0 4����0 ,%(5�5 ,�(5 f	A 4��? � 
 �� �.�&H �� 

20 ^E@P1��� ��� �� ,;!. �EI� � �� 4&��0 �� 

�^!+(5(5 ^!+ d�� � ^!-&+ 80 ^P�I 1:1:2 8�
�5 

. 
 ���EI  [0 �� 8. ��� 80 � )2 ,1�� �0 &:B 8I��� 25 

� '(C 30 ,�I�.&�� 85 �(:0 4���� �0 8 c&2()!5 �� 

&��0 ^
�5 :F��
 n�H �8R�L� n�H &0Y � 8.�� 80 

^P�I 1:1:2 &+ � 
 � I�(0 F9�;� . I 
 ���!2 v+ �� 

^
�5 �� � )2 � 4�&0 ��&9�.� j.�;� 80 O � ��@b ��� 

08 O�(D >h;� 4��!0? . I 
 '�	R� <;% >5 ,0? \;+ ��� 

 [0 �� ^E5 ����0 � �� 8)"&�  
� ,E1�� �0 �� �&5 

� )2�� 80 O�(D 8I���� � 80 O � 90 ��� I�c�Z . 
 

^0(C� &��0 ^
�5 �� }(:. <;% >5 ,0? �0 ���6�.� �� 

��e�.� O�*6D 4��EJ  (Pressure plate)
 &0 j�" 

^0(C� ^!J&~ 8R�L�4� ��� I�4&!2 . 
 '()*� 
�+, 

/!)!�!-�.  !.� 8. ��0 � �0 8)D�J ,I��� 20 ���� �� 

8)"&�  
� ,E1�� c�ZI� . 
 =!-�� 8)"&� '()*� 
�+, 

20 ��� +v �� '�	R� <;% >5 ,0? .�(0  

FPB �� ^
��&0 ,1�@I� 8I(	I 4�� ,2&0 4�&0 

��� I� 4&!2 O�6D ,6!5 8!@% � �0 k�&�!I f1�� L1&J � 

�� 4��� 80 - 8eI 4��� . 
 ^
��&0 ,1�@I �� &H��� 

8)"&�  
� ,E1�� c�ZI� . 
 4�&0 ,0�1��� G!B� 

F��(R ��(� ,.�&0 O�6D ,�1k(-(J�(� FQ� ]�6%�� 

��!2 �0 ���6�.� �� MH <5 � X:. Y&0 �0 ��e�.� 

X:. Y&0 \;.  ' �  Delta-T���)eI�� �� /EH 

�8%(0 Y&0 � 8B�. �0 ���&% �0) ^B� 01/0 (c&2� 

��� I� 4&!2 . 
   

  

��������� ��������  

4�&0 ��� I�4&!2 �� 9� F!J�&)5 �  !o(;%���5 Y&0 �� 9� 

05/0 c&2 �� Y&0�� �� ��� ,;!b � �0 ���6�.� �� 

k�&�!I f1��  80 ,0(H ��(+ . 
 va. ��(+ 8)D�" 80 

��� W(!%�&�!�4�� 2 ,)!� &�!-4 8�V1�  
 � 2 

,)!� &�!- (�.� 80  D�� 80 8I(	I�� 8J�y� � 1�&2 

va. 8I(	I�� �� ��e�.� k(!61&�I�. ' � Sigma 3-

16K (�	-?) �0 ^R&.6000 ��� �� 89!B� 80 O � 10 

!B�89 k(!61&�I�. . I 
 ���UR ���;
�� FD�" �� 

k(!61&�I�. 80 W(!%�&�!��� F9�;�  
 � 4�� 9� �� 

���UR FH�� W(!%�&�!� �� �� O�(5 &��(�J�&��a.� 

' � Lambda EZ 201 8�V1� � va. 80 �(C 8I�2� A 

�� '(C |(� 4�� 663 &��(I�I 4�&0 F!J�&)5 a� 645 

&��(I�I 4�&0 F!J�&)5 b � 470 4�&0 �� !o(;%���5 M.(% 

&��(�J�&��a.� �� 9� W�A ^o�&B . 1�&2 4�&0 8I(	I 

 ��
 >� �� (�.� 80  D�� .����6� . 
 �� ^1�@I �0 

���6�.� �� 8:0��4�� 2�1 � 3  �L!� F!J�&)5a � b � 

�� !o(;%���5 &0 j�" ,)!� c&2 &0 c&2 �� &% 8I(	I�� 

8P.�*�  
 )Lichtenthaler & Bushmann, 2001(.  



874   :����	� � ����� !"#$%!& '()*� 
�+, -�.!�!)!/ .�!  &0 �123, ��4 	5, � 5!6, 2!�� ����,1 %(5�5, �(5, ... 

 

)1(  Chl a= [( 23/11  × A663) – ( 04/2  × A645)]  

)2(  Chl b= [( 13/20  × A645) – ( 19/4  × A663)] 

)3(  Carotenoides=  

[(1000 (A470) – 90/1  (A663) – 14/63  

(A645)) 214] 

  
����� ����� �	�� )RWC(  

4�&0 ��� I�4&!2 4�(�*� ^0(C� ,P�I )RWC( W? �� 

Y&04�� 8[.(% 8�J�1 7 8�% 80 ^"��� 4/0 ,�I�. &�� 

f0&� 8!@% � 80 ^R&. �� ���% )WF( �@I? =!![% . 1�&2 

va. 8�%4�� Y&0 �� (�-�J4�� 50  ,)!�4&�!- 

FH�� W? &:9� �� 4��� s�%� � �(I >5 80 O � 3 ^R�. 

���;
 . I 
 v+ �� =1� O � 8�%4�� Y&0 �� W? &:9� 

|��H � X:. �@I? 80 ,���? M.(% '�	�.� 4�`�5 

/EH � 80 ^R&. �� vI�.k�(% )WT( �@I? =!![% 

. 1�&2 va. 8�%4�� Y&0 80 O � 24 ^R�. �� FH�� 

�? � �� 4��� 80 8A�� ,�I�. ��&2 ��&B  ;�J&2 � �� 

^1�@I �� /EH )WD( �@I? �VE�  1�&2 � �0 

���6�.� �� 8:0�� 4 4�(�*� ,P�I W? Y&0 (Relative 

water content (RWC)) 8P.�*�  1�&2 )Turner et 

al., 1980(.  

)4(             100%RWC=[(WF-WD)/(WT-WD)]×  

  

�"� ���� )EL(   

^@A ��� I�4&!2 4�� 1�+ 4�E` ,-(). 5 8�% Y&0 80 

^"��� 4/0 &�	!�I�. f0&� �� &� ��	!% �� X:. <;% 

��(� &hI 8I(	I4���&0  
 � va. 8�%4�� ,2&0 80 

FH�� �-�J(4�� 50 ,)!� &�!-4 F9�;�  I 
 � �� 9� 

15 ,)!� &�!- W? &:9� �� ��0 &!:9% � 
 80 (�-�J�� 

8J�y� . 1�&2 8I(	I�� 8)D�Ji0 v+ �� 8I(	I4���&0 4�&0 

��� I� 4&!2 ^EI ,I(1 80 ��eE1���? F9�;� . I 
 �� 

��eE1���? (�-�J�� 80 O � 24 ^R�. �� 4��� 25 

8A�� ,�I�. ��&2 4�� &�!
 ��&B ����  I 
 �  [0 �� 24 

^R�. ^1� � ,�1&��-� 8!-�� 8I(	I�� )(EC1  �0 ���6�.� 

�� ��e�.� ^1� � \;. ,�1&��-� ��� I�4&!2 . 
 va. 

(�-�J4�� 4��" 8I(	I�� 80 O � 30 89!B� �� 4��� 

121 8A�� ,�I�. ��&2 � ��EJ /1 &6�	%� �i5(%�  I 
 

�   [0 ��  
�&. J(�-�4�� 4��" 8I(	I��� �  !.� 

4��� 8I(	I�� 80 4��� s�%� �� Z� ^1� � ,�1&��-� 

81(I�# 8I(	I �� )(EC2  ��� I�4&!2 � �L!� ^EI ,I(1 

)EL( �0 ���6�.� �� 8:0�� 5 8P.�*�  1�&2 )Sairam et 

al., 2001.(  

)5(                               100%EL=[EC1 / EC2]× 

  

#�� $#  

4�&0 |�&V�.� ���UR �Y&0 ^@A ��� I� 4&!2 F;J F5 

�� 9� 1/0 c&2 �� Y&0�� �0 ���6�.� �� k�&�!I f1�� �� 

��� ,;!b ��(+  
 � 80 W(!%�&�!�4�� 2 

,)!� &�!-4 F9�;�  
 � /1 ,)!� &�!- �� '()*� 

|�&V�.� F��
 85  D�� '(I��� � 15 D�� /!�.� 

 !.� 8J�y� . 
 8I(	I �� �� rpm 10000 80 O � 10 

89!B� k(!61&�I�. . I 
 va.  100 &�!-�&�!� �� 

���UR 80 W(!%�&�!� 4�� 2 ,)!� &�!-4 F9�;�  
 

)Bakhshi & Arakawa, 2006.( 750 &�!-�&�!� �� 

'()*� 10  D�� =!-(J )5 ,)!� &�!- =!-(J �0 W? 

&:9� 80 >Z" 50 ,)!� &�!- � I�.� ( 
 80 ���UR 

8J�y�  
 � v+ �� 5 89!B� 750 &�!-�&�!� O�;0&5 

>1 . 5/7  D�� )5/7 c&2 O�;0&5 >1 . �� 100 

,)!� &�!- W? F" ( 
 80 ���UR 8J�y� . 
 '()*� 

80 ^.� � �? 80 O � /1 ^R�. �� ,�1��% �� 4��� 

s�%� 8eI 4���  
 �  [0 �� ? �L!� W�A �0 ���6�.� 

�� ��e�.� &��(�J�&��a.� ' �  Lambda EZ 201 �� 

'(C |(� 760 &��(I�I ��� I� 4&!2 . 1�&2 �L!� F;J 

F5 �� 4�� �L!� W�A 8I(	I � 8�1�9� ? �0 ,;*;� 

��� I��.� &0 j�" ,)!� c&2  !.� �!-�2 �� c&2 �� 

&% Y&0 �!0  1�&2 )Singleton, 1965(.  

  

%�&'(�)   

4�&0 |�&V�.� ���UR 4�&0 ��� I�4&!2 ^h)` =!w%�&+ 

� �0� 1/0 c&2 �� Y&04�� ��(+ � 
 �0 O�� f1�� �� ��� 

80 W(!%�&�!�4�� 2 ,)!� &�!-4 F9�;�  
 � va. /1 

,)!� &�!- �� &J�0 O�6�J 50 ,)!� �r(� )8/7PH=( 80 

W(!%�&�!� 8J�y� . 
 8I(	I�� 80 O � /1 89!B� 

v�%�� . I 
 va. �0 ��e�.� k(!61&�I�. ��rpm  

15000 �� 4��� 4 8A�� I�.,���&2 � 80 O � 30 

89!B� k(!61&�I�.  I 
 �  [0 �� ? ^	�B ���;
�� 



   c()R,I�P`�0 �&1���� �� 51��	
 �� 4 ������ 1399  875 

 

���UR �0 &)a	. 80 FH�� W(!%�&�!�4�� ���% F9�;� 

 1�&2 � �� ? 4�&0 ��� I�4&!2 ^h)` =!w%�&+ 8I(	I�� 

���6�.� . 
 4�&0 ��� I�4&!2 ^h)` =!w%�&+ 8I(	I�� 

v+ �� 8!@% ����UR 100 &�!-�&�!� �� UR��� �� ^!)+ 

8�V1�  
 � va. 100 &�!-�&�!� �� '()*� ��(J��&0 80 

^!)+ 8J�y�  1�&2 � v+ �� 20 89!B� �L!� W�A �0 

���6�.� �� ��e�.� &��(�J�&��a.� ' � Lambda EZ 

201 �� '(C |(� 595 ^o�&B  
 � �0 ��&B ��� �� 

,;*;� ��� I��.� �L!� =!w%�&+ &0 j�" ,)!� c&2 �� 

�� &% 8P.�*�  
 (Bradford, 1976). =!;K	� 4�&0 

��� I� 4&!2 �&�)	R �vI�.� 8I(	I 4�� Y&0 �� 81�. 

/EH  
 4�&0 |�&V�.� �vI�.� Y&0�� �� 8B�. � A 

 
 � �� 9� 10 c&2 �� &� 8I(	I 4�&0 vI�.�4&!2 �0 

���6�.� �� 4���&% '��!Z1� �0 ^B� 01/0 c&2 �� . 
 

8I(	I�� 80 FH�� =-�0 F9�;�  
 �  �� 9� 150 ,.,. 

W? &:9� 80 &� 8I(	I 8J�y�  
 � F	R vI�.�4&!2 �0 

��e�.� &ZI()5 � 80 O � 8. ^R�. c�ZI�  
 

)Omidbaigi, 2005.( L!-�I? ����4�� 4���? �0 ���6�.� �� 

c&I ��LJ� SAS 8V�I 3/9 � 8�1�9� =!eI�!��� �0 (��? 

LSD �� X:. '�	�"� \;+  D�� � >.� �����(	I � 
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 ,-� &0 4�� O�6D =!w%�&+ 

�Y&0 4�(�*� ^0(C� ,P�I � ^EI ,I(1 ,;[���� 

. EI �� ,-�" 85 &#� ���. '()*� 
�+, /!)!�!-�. 

 !.� 4�� O�6D ]�6%�� 8%(0 � ^P�I �� /EH Y&0 

80 �� /EH �8B�. =!w%�&+ �Y&0 4�(�*� ^0(C� 

,P�I � ^EI ,I(1 ,;[����  EI '� A)4�� 2 � 1.(

  

'� A 1.  \1��I81LZ% vI�1���  &#�<;% >5 ,0? � '()*� 
�+, /!)!�!-�.  !.�  &0O�6D ,�1k(-(J�(� � ,�1k(-(1L!J ,%(5�5 

,�(5   
Table 1. Results of variance analysis effect of water deficit stress and SA foliar application on some morphological 

and physiological traits of Ziziphora clinopodioides Lam.  
Mean squares 

df Source of variation 
EL RWC Leaf  

area 
Plant  
height Leaf:stem Stem dry  

weight 
Leaf dry  
weight 

Plant dry  
weight 

0.15ns 0.71 ns 2629452ns 41.401* 0.149* 0.122ns 0.5573ns 0.236ns 2 Block 
0.18ns 0.46ns 10285372834** 69.914** 0.231** 13.3** 26.29** 152.027** 3 Water deficit stress (D) 
0.51ns 0.61ns 317853128** 15.69 ns 0.0385ns 0.036ns 0.78ns 5.53* 2 SA spraying (S) 
0.51ns 0.3ns 2280953061** 15.21 ns 0.0104ns 3.21** 4.874** 26.89** 6 D×S 
6.89 36.59 494030301 8.069 0.026 0.189 0.277 1.52 22 Error 
15.8 9.6 3.4 9.2 15.2 10.9 12.2 13.6  CV (%) 

ns� * � :** j!%&% 80 (PIO��6% � ,;[� ��� � O��6% ,;[� ��� �� X:. '�	�"� 5 � 1 . D��  
ns, * and ** : showing no significant and significant at 5% and 1% probability level, respectively. 

  

'� A 2. \1��I 81LZ% vI�1��� &#� <;% >5 ,0? � '()*� ,
�+ /!)!�!-�.  !.� &0  ,H&0O�6D ,1�!	!
(!0  ,%(5�5 ,�(5  

Table 2. Results of variance analysis effect of water deficit stress and SA foliar application on some biochemical 

traits of Ziziphora clinopodioides Lam.  
Mean squares 

df Source of variation Essential  

oil yield 
Leaf  

protein Phenol Carotenoid Total  

chlorophyll 
Chlorophyll  

b 
Chlorophyll  

a 
0.000033ns 11.328ns 0.544* 0.352ns 0.000699ns 0.608ns 1.062ns 2 Block 
0.0042** 174.617ns 2.528** 2.578** 0.9599** 3.854** 25.249** 3 Water deficit stress (D) 
0.0004** 9.941ns 0.3354ns 4.023** 0.5319** 14.445** 14.332** 2 SA spraying (S) 
0.0007** 23.429ns 0.3579* 3.325** 1.1687** 11.041** 18.671** 6 D×S 
0.00002 81.11 0.128 0.384 0.033 0.278 0.901 22 Error 

14.6 9.7 8.1 9.2 4.4 7.8 5  CV (%) 
ns� * � :** O��6% �(PI j!%&% 80 ,;[� ��� � O��6% ,;[� ��� �� X:. '�	�"� 5 � 1 . D��  

ns, * and **: showing no significant and significant at 5% and 1% probability level, respectively. 
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F�
 1. F0�9�� &#� =!eI�!� 8�1�9� <;% >5 ,0? � /!)!�!-�.  !.�  &0�� /EH 8%(0 ,%(5�5 ,�(5   

Figure 1. Mean comparison interaction effect of water deficit stress and SA foliar application on plant dry weight of 

Ziziphora clinopodioides Lam.  
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=!1�+ L�;.(�J  
�0 )Viera et al., 1991(� 80 O��PR 

�1&e �(P	5 W? �� 2!��� �,% I�( jP. Ori�H� 
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&e1� �� F)R <��5 �� /EH� <��5 X:. Y&0 
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Table 3. Mean omparison interaction effect of water deficit stress and SA foliar application on morphological and 

biochemical traits of Ziziphora clinopodioides Lam. 
Carotenoid 

(mg/g F.W) 
Total chlorophyll 

(mg/g F.W) 
Chlorophyll b  

(mg/g F.W) 
Chlorophyll a  

(mg/g F.W) 
Stem dry  

weight (g) 
Leaf dry  

weight (g) Treatment 

6.56±0.32cd 4.192±0.039cd 6.009±0.417d 18.779±0.080cd 5.147±0.167c 5.56±0.232c 100% FC + 0mM SA 
6.53±0.71cd 4.069±0.071cde 6.277±0.524d 19.689±0.713c 6.640±0.070a 7.94±0.035a 100% FC + 0.5mM SA 
8.33±0.14a 5.162±0.171a 8.081±0.246bc 23.817±0.373a 4.577±0.043cd 4.97±0.095cd 100% FC + 1mM SA 
8.47±0.88a 4.350±0.056c 10.809±0.053a 21.610±0.433b 3.800±0.431e 4.01±0.018ef 75% FC + 0mM SA 
5.64±0.33ed 3.683±0.115fg 4.935±0.271e 16.122±0.981e 3.603±0.256ef 4.61±0.388de 75% FC + 0.5mM SA 
7.78±0.67ab 4.930±0.141ab 7.220±0.102c 21.661±0.178b 5.893±0.052b 6.80±0.108b 75% FC + 1mM SA 
5.70±0.24ed 3.772±0.091ef 4.841±0.420e 16.355±0.533e 4.007±0.388de 4.55±0.180de 50% FC + 0mM SA 
5.95±0.48ed 3.817±0.117ef 5.410±0.113de 17.356±0.741de 2.847±0.157gh 3.45±0.125f 50% FC + 0.5mM SA 
7.15±0.66bc 3.976±0.091def 8.247±0.295b 18.873±0.542cd 3.430±0.235efg 3.42±0.664f 50% FC + 1mM SA 
5.38±0.17e 3.442±0.083gh 4.909±0.220e 16.157±0.246e 2.770±0.025gh 2.34±0.151g 30% FC + 0mM SA 
7.20±0.48bc 4.713±0.028b 6.233±0.549d 19.841±0.769c 2.963±0.343fgh 2.45±0.178g 30% FC + 0.5mM SA 
6.41±0.51cde 3.337±0.115h 8.052±0.041bc 16.177±0.233e 2.237±0.307h 1.85±0.239g 30% FC + 1mM SA 

�� + '�	�"� X:. �� n&�E� p&" /1 FB� " �0 4�� =!eI�!� (�. &�;,;[� O��6%  D�� \ . I�� I ���  
In each column means followed by at least a common letter, are not signigicantly different at 5% probability level. 
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 � 0 '()*� 
�+, � 

'()*� 
�+, >!I ,)!� �r(� <1�LJ� .��� �� <;% 50 

 D�� ^!J&~ 8R�L�4� �&0��5 X:. >!I ,)!� �r(� 

/!)!�!-�.  !.� _R�0 <��5 �� /EH 8B�.  
 

,-� �0 ^h)` /1 ,)!� �r(� O��6% ;[�,���4 .^
� I 

�� <;% 30  D�� ^!J&~ 8R�L�4� �&0��5 &� �� 

^h)` /!)!�!-�.  !.� &!!S% ,;[�4��� �� �� 

/EH ��Z1� �&�I. g��L2 � 
 ^.� 85 �� ��!2 

,1���� F2 ,R�� )Hypericum polyanthemum( �� 

&#� <;% >5 ,0? �� /EH �8E1� �8B�. Y&0 � 

8H�
&. <��5 ^J�1 )Rasam et al., 2014.(  

  

0�1'� -'�� ( �	�� �*( .�� -� -/�� 

&!#$% <;% >5 ,0? &0 ]�6%�� 8%(0 ,;[���� �(0 ,-� 

'()*� 
�+, /!)!�!-�.  !.� 4&!#$% 4�� ]�6%�� 8%(0 

.^
� I �� &#� <;% >5 ,0? ]�6%�� 8%(0 <��5 ^J�1� 

,-� =!0 �� X:. ��	!% 100  D�� ^!J&~ 8R�L�4� 

� 75  D�� ^!J&~ 8R�L�4� � =!;K	� =!0 <;% 

50  D�� � 30   D�� 8R�L� ^!J&~ 4�O��6% 

,;[�4��� �(A� ^
� I F�
) 2.( 

^P�I �� Y&0 80 8B�. �� &#� <;% >5 ,0?  30 

 D�� <��5 ^J�1 � �&0��5 /!)!�!-�.  !.� 4&!#$% 

�� ^P�I �� Y&0 80 8B�. ^
� I F�
) 3(. ��	!% 

100  D�� ^!J&~ 8R�L�4� � <;% 30  D�� 

^!J&~ 8R�L�4� O��6% ,;[�4��� �0 >�  ;�
��� ,-� 

=!0 ��	!% 100  D�� ^!J&~ 8R�L�4�� 75  D�� 

^!J&~ 8R�L�4� � <;% 50  D�� ^!J&~ 8R�L�4� 

O��6% ,;[�4��� � ��E�  EI. g��L2 � 
 ^.� 85 

�0 <��5 �� 9� ^0(C� n�H ]�6%�� �8%(0 &:B �8B�. 

�� [% � '(C 8H�
��4 �,PI�A �&�)	R ���� &% � 

/EH �� � )2 � �&�)	R vI�.� ��!2 (P
���0 

)Dracocephalum moldavica L.( <��5 ^J�1 

)Hassani, 2006.( <;% >5 ,0? �� =E1�? ,`�0 

)Thymus vulgaris L.( _R�0 <��5 ]�6%�� �8%(0 

�� [% 8B�. PI�A, �  �� /EH � �� &% c� I� 

��1E,  
 .(Babaee et al., 2010) �� ���!2 

,1���� ���&6.� ������(0 >1&� �,)2 8E!	� ��@0 � 

8I(0�0 �0  1 E% <;% >5 ,0?� �� c� I���4 ,1�(� � 

]�6%�� 8%(0 �� 8	� ���!2 ��(� 8[-�:� <��5 ^J�1 

)Lebaschy & Sharifi Ashoorabadi, 2004.(  

  

23� .��  

�0 <1�LJ� O 
 <;% >5  ,0?X:. Y&0 ��!2 (5�5 ,%

<��5 .^J�1 =1&�E!0 �L!� X:. Y&0 �� ��	!% 

100 8R�L� ^!J&~  D�� 4�� '()*�  ,
�+>!I 

,)!�  �r(�/!)!�!-�.  !.� �(0 � =1&�	5 �� 9� >� 

�� <;% 30 8R�L� ^!J&~  D�� 4��0 '()*� 
�+, 

/1 ,)!�  �r(�/!)!�!-�.  !.� � ��E�  
  F�
)

4(. '()*� 
�+, �0 .�  !.� /!)!�!-� �� ,%��6�� O�&#

4�� X:. Y&0 ��!2 ^
��� 08 4�(C 85 �� ��	!% 100 

8R�L� ^!J&~  D�� 4�^h)` >!I ,)!�  �r(�

/!)!�!-�.  !.� _R�0 <1�LJ� X:. Y&0  
 �,-� 

<1�LJ� ^h)` 80 /1 ,)!�  �r(��(:0 ,;[�4��� 

X:. Y&0 �� <��5 .���  

  

 
F�
 2.  &#� =!eI�!� 8�1�9� <;% >5 ,0?  &0]�6%�� 8%(0 ,%(5�5 ,�(5   

Figure 2. Mean comparison effect of  water deficit stress on plant height of Ziziphora clinopodioides Lam.  
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F�
 3. &#� =!eI�!� 8�1�9� <;% >5 ,0? &0 ^P�I �� /EH Y&0 80 �� /EH 8B�. ,%(5�5 ,�(5   

Figure 3. Mean comparison effect of water deficit stress on leaf and stem dry weight ratio of Ziziphora clinopodioides Lam.  

  

  
 F�
4 .F0�9�� &#� =!eI�!� 8�1�9� >5 <;% ^*% '()*� � ,0?  !.� /!)!�!-�. ,
�+ &0  ,�(5 ,%(5�5 Y&0 X:.  

Figure 4.  Mean omparison interaction effect of water deficit stress and SA foliar application ont leaf area of  

Ziziphora clinopodioides Lam. 
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 <;% 

>5 ,0? �� &hI 8�J&2 ,�(
.� �&0�;01= �0 <��5 X:. 
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2!�� �, ��&2 )Shao et al., 2008.( \1��I ,9!9*% 
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,���&2 )Gutierrez-Coronado et al., 1998.( <;% 

>5 ,0? �� �*1� L!I jP. <��5 �� 9� X:. �Y&0 

�� /EH c� I� ,1�(� � �&�)	R �*1� )Ocimum 

basilicum(  
 )Hassani et al., 2004.(  

  

��������� �������� 

#��(��$ a 

=1&�E!0 �� 9� F!J�&)5a  �� ��	!% 100  D�� ^!J&~ 

8R�L�4� � '()*� 
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/!)!�!-�.  !.� /1 ,)!� �r(� S%4&!! �� �� 9� 

F!J�&)5 a ��Z1� �&�I �� ,-�" 85 X:. >!I ,)!� �r(� 

_R�0 <��5 25 4 D�� F!J�&)5 a . 
 �� <;% 50 
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/!)!�!-�.  !.� _R�0 <1�LJ� �L!� F!J�&)5 a ^P�I 

80 M1�&
 � 0 �&0��5 /!)!�!-�.  !.�  
 ,-� =!0 �� 

^h)` /1 ,)!� �r(� � >!I ,)!� �r(� /!)!�!-�.  !.� 

O��6% ,;[�4��� � ��E� . EI ,-�"��  85�� <;% 30 

 D�� ^!J&~ 8R�L�4� �&0��5 ^h)` >!I ,)!� �r(� 

/!)!�!-�.  !.� _R�0 <1�LJ� �L!� F!J�&)5 a  
� 

,-� ^h)` /1 ,)!� �r(� �0 ��	!% � 0 '()*� 
�+, 

 O��6%,;[�4��� � I.^
 J�&)5!F �� >@�&%1= 

8I� eI���4 W�A � ;;5 �(I �� ���E`4 %!o(5i! 4 

�, 
�0;.  �!�L J�&)5!F �� 2!��� 1�, �� 

���(�5�J4 >@� �� �6" J&~!^ L�;.(�J4 ^.� 

)Jiang & Huang, 2001.( 0!= �!�L J�&)5!F � 

�&�)	R e��P	�, �PQ�, �(A� ���� )Si-o-

semardeh, 2003.( <;%��4 *�!:, �� 8)	A 

�EH,� �(
4� �(I4� %��&", � O�L)J e;.!�= _R�0 

j1&V% F!J�&)5 �, I(
. �� M1�&
 <;% -�[J!^ 

.(�J!�>�ІІ� LI?1> 0��!(�� � L�;. ATP <��5 8�J�1 � 

�E%!F 8I(2��4 �5�!3 ���? �� ^.i+�&)5 �� �LJ�1< 

,�1 0� )Lawlor & Cornic, 2002( 85 �1= <1�LJ� 

8I(2��4 ���? 3!�5� �, I�(% _R�0 &V%1j 8I���.4�� 

L�;.(�J4� &V%1j �E`4 -()., � �.i+�&)5, 

)Smirnoff, 1993( � <��5 �� 9� 8I� eI���4 

J�&)5!F a  �b )Iturbe-ormaetxe et al., 1998( � �� 

8Z!�I <��5 �I�(%,1 L�;.(�J �(
 )Ort, 2001.(  

#��(��$ b 

=1&�E!0 �� 9� F!J�&)5 b �� <;% 75  D�� ^!J&~ 

8R�L�4� � � 0 �&0��5 /!)!�!-�.  !.� .�(0 �� ��	!% 

100  D�� ^!J&~ 8R�L�4� piH&0 X:. /1 

,)!� �r(� /!)!�!-�.  !.� 85 _R�0 <1�LJ� F!J�&)5  

b  
 X:. >!I ,)!� �r(� 4&!!S% �� �L!� F!J�&)5 b 

��Z1� .�&�I �� <;% 75  D�� ^!J&~ 8R�L�4� 0��5�& 

&� �� X:. /!)!�!-�.  !.� ^P�I 80 M1�&
 � 0 

�&0��5 /!)!�!-�.  !.� _R�0 <��5 F!J�&)5 b  
 � 

�L!� F!J�&)5 b �� X:. >!I ,)!� �r(� <��5 

4&�E!0 ^P�I 80 X:. /1 ,)!� �r(� �EI .��� X:. 

>!I ,)!� �r(� /!)!�!-�.  !.� �� <;% 30  D�� 

^!J&~ 8R�L�4� �L!� !J�&)5F b �� <1�LJ� ��� &�  ;b 

85 �L!� <1�LJ� F!J�&)5 b �� X:. /1 ,)!� �r(� 

&�E!0 �� ^h)` >!I ,)!� �r(� /!)!�!-�.  !.� .�(0 

<��5 �!�L J�&)5!F a � b �� &#� <;% >5 ,0?� 80 ^)R 

�LJ�1< -(%!  ���1'����4 �5�!3 ,� � 
�0 85 �1= 

���1'����4 ���? _R�0 �5�&+!.� !( )Wise & 

Naylor, 1989( � �� �I!8Z LZ%18 �1= eI�!�L�� 

�,  I�&2 )Schutz & Fangmeir, 2001.( g��L2 � 
 

^.� 85  �� ��!2 ,1���� �J�� <;% >5 ,0? jP. <��5 

^h)` J�&)5!F a �b  � F5  
 )Rasam, et al., 2014.(  
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J�&)5!F 2()A!&4 �, �(
 )Popova et al., 1997.( �� 

<;% 50  D�� ^!J&~ 8R�L�4� �&0��5 &� �� ^h)` 

/!)!�!-�.  !.� 4&!!S% �� �� 9� F!J�&)5 F5 ��Z1� 

�I.�& �� <;% 30  D�� ^!J&~ 8R�L�4� L!I �&0��5 

^h)` >!I ,)!� �r(� /!)!�!-�.  !.� �� 9� F!J�&)5 

F5 �� <1�LJ� .��� -�.!�!)!/ .�!  �� 2!I���, 85 �� 

�&[� <;%��4 *�!:, ��&B  I��� �0 '�9�I� 8R(	Z� �4 

�� +!c���4 -�(��, &Z;� 80 0!� k�� � ^hJ�*� �� 

2!��� �� &0&0� <;%��4 *�!:, �,��&2 )Dat et al., 

1998.( /!)!�!-�.  !.� _R�0 <1�LJ� ,;[���� X:. 

Y&0 � �� /EH c� I���4 ,1�(� � �� 9� F!J�&)5 F5 

�� 8�1�9� �0 c R p&U� ? �� M1�&
 <;% >5 ,0? 

,� ��&2 )Arvin et al., 2011.( �� ,E1���? � ��E�  
 

85 /!)!�!-�.  !.� �� ^h)` ��4 =!1�+&% �� <��5 

O�&#� <;% >5 ,0? <9I &#(� ����� ,-� ^h)`��4 r�04 

? jP. ��&0 <;% �� ��!2 ,���&2 )Keshavarz et al., 

2012.( g��L2 � 
 ^.� 85 �� ��!2 ,1���� 8E!	� 

��@0 )Calendula officinalis L.( ��	!% ���!2 �0 

/!)!�!-�.  !.� �� M1�&
 <;% >5 ,0? jP. <1�LJ� 

4�(�*� F!J�&)5  
 )Moradi & Goldani, 2011(.   
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^.� 85 �� ��!2 ,1���� L!;E2 )Coriandurum 

sativum L.( �L!� �L!eI�4�� ,)!J�&)5 �  !o(;%���5 

^*% &!#$% /!)!�-�.  !.� ^P�I 80  ��
 <1�LJ� ^J�1 

)Naderi et al., 2015 .(�� ��!2 ,1���� 8I(0�0 

(Matricaria chamomilla L.) �� &#� <;% >5 ,0? �!�L 

J�&)5!F <��5 � o(;%���5!�� 4 Y&0 <1�LJ� ^J�1 

)Arazmjo et al., 2010.( 80 &hI ,�  .� 85 �&0��5 

/!)!�!-�.  !.� _R�0 <1�LJ� �(% ,�I? ,I� !�5� ��!2 

�� 8)	A  !o(;%���5�� � <��5 j1&V% F!J�&)5 � 
 

^.� )Costa et al., 2005.(  
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Figure 5. Mean omparison interaction effect of water deficit stress and SA foliar application on total phenol of 

Ziziphora clinopodioides Lam. 
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Figure 6. Mean comparison interaction effect of water deficit stress and SA foliar application on essential oil yield of 

Ziziphora clinopodioides Lam. 
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