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�6:� O���6�H ������� �6K ��#$) 5.( f���
 �5���� J�?
��� ��#$) 6( ��	
 (��� �K N��OH� ��� 8���K@ 9� 4 �K 16 '9�� ��O�� ��D��� �6�H�_�5 ΙΙ( B��� ����
� ����DE� � ��D��� �6�
�6:� O���6�H N��: BH��( ��� J�� N��: 8��K 8����� 8 � 12 '9�� B^5
 �K ����� #��  ������� �6^
 � R�H ��� 16 '9�� �K ���� 8����� 8���K@ 8��K ��)* �:l '#  N��: ������� ��	
 .��� �K8�6Z �: ��O�� ��D��� �6�H�_�5 ΙΙ( B��� ����
� ����DE� � ��D��� �6�
�6:� O���6�H �� ��� 8���K@   16 '9�� B^5
 �K ����� #��  �Ka���� 70/55( 22/36 � 67/60 #*�� N��: ������� BH��.    '��6�� %IJ*�� K�3� ;6   e����K f���
 P*�= 9� ��O�� [
����� ��#$) 5(( �X� I6� g��h� ��� 8���K@ �K ��O�� @��:�� �U�E�8 W�d� 
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 P*�= 9� �5���� J�?
��� '����� ��#$) 6( ��	
 (��� K���	�J ��O�� @��:�� �U�E8� W�d� S@ )40/6 ��D���6� 2CO �� �� �����6� O2H( w6K�� �K ��� 8���K@ 12 '9�� �6K �: B^5
 �K ����� #��  � O�
 ��� 8���K@ 8 '9�� �Ka���� 42 � 39 #*�� N��OH� ������� ��	
 ���. �K �OH��N ��� 8���K@ �K N�K 9� 12 9�� J�� k;�  �� ��� 8���K@ 16 '9�� �K�6Z ������� �K ��O�� 5/33% B^5
 �K ����� #��  N��OH� .BH�� f���
 P*�= 9� �?�5^�� ��)* ��	
 (��� J�K @��:�� �U�E8� W�d� S@ �K B��� j��� )**80/0 -=r(( B��#� ��
9�8� )**60/0 - =r( � B��� O���6�H )**61/0- =r( �?�5^�� �)�� � ������� �6$� ���� ��#$) 4.(    7���"& �7�� �L� 5��	� ���2�  ��
�f O���� ����[
� kh	� �6�
 �: 8���X� I6� g��h� ��� 8���K@ ��K8 �9� F	; ���6� <�#
� '��� ��6� ��E�� ������� B�� )��#$ 5.( e����K f���
 �5���� J�?
���(�� N��OH� ��� 8���K@ 9� 4 �K 16 '9�� a^� N��: J�?
��� �9� F	; <�#
� ���6� '��� #���� ��#$) 6.( ��O�� J�� N��: �� ����� ��� 8���K@ 12 '9�� ��	�K 9� ��� 8 '9�� �� �5���� �K ��� 8���K@ 4 '9�� (�6K  ������)��� �� �5���� �K #��  ������� .�6^
 �K N��OH� ��� 8���K@ 9� 12 �K 16 ('9�� �9� F	;  ���6� <�#
�'��� �K ��O�� 20/58% N��: ������� ��	
 .��� J���	�K ��D��� '��� F	;  ���6� <�#
�  )5070 <��6��: �� (���D� w6K�� �K ��� 8���K@ 4 '9�� � J����: ��D��� '��� F	;  ���6� <�#
�)2121 <�� <��6��: �� (���D� w6K�� �K ��� @8���K 16 '9�� B�#K #�@.    M��# /#�7�� N��  VK�� f���
 ��O�� ([
����� k;�  B ���K i�K B��  ��XY�I6� g��h� ��� 8���K@ ���)� ������� ��	
 ��� ��#$) 5.( �����5 ��?
��J�� ��	
 (��� K���	�J ��#�� k;�  B ���K i�K �K J�?
��� 70% �� ��� ���K@8 4 '9�� B�#K #�@ ��#$) 6.( �K N��OH� ��� 8���K@ �K N�K 9� 4 9�� ��#�� J�� k;�  N��: .BH�� #�q�� K�J ��J ����� � ������� 8��� 8���K@ 8 � 12 '9�� �K ���E 8���@ WA�;� ������� '#��	� (#	
  ��� �K N��OH� ��� 8���K@ �K N�K 9� 12 9�� ��#�� k;�  B ���K i�K N��: ������� ��	
 ���. �K�6Z8 �: ���:�J ��#�� k;�  B ���K i�K )7/38%( �� ��� 8���K@ 16 9��' N��) # �# ��K6Z�( B�#K .#�@ �� J�� V���� ��#�� k;�  B ���K i�K �?�5^�� B^o� � ��]�K �� �K B��#� �
9��8� )**99/0=r(( B��� j��� )**91/0=r(( O���6�H )**99/0=r( � ��D��� F	;  ���6� <�#
�)**99/0=r( ��	
 ��� ��#$) 4( � �K N��OH� B��#� �
9��8� � ��O�� (O���6�H ��#�� k;�  B ���K i�K N��OH� .BH��    
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�� 2-  P(�% '�
�G	� ��QR( S2+A T�:4� '
7 �'���6 ��  :BA2:! 
 CD7�E( �F�� �6 '7 @������ ��BUA  C����V( W��B�  %�'7  �7�F6 /&�A ! :BA2:  /&�A X�)(   /����%	F
'�� /I�Y 2CO ��F %	F
'�� ��6'�� %IJ*��  CD7�E( �F��  /����   ���!
 �  ��6'��  ���!
 � /����  N�� ���7 '���(  2  **748/2  **730/0  **008/0  **750/99  **228/20  **009/0  **001/2046  **001/3  �'���6 '
7  3  **567/73  **180/3  **002/0  **750/882  **067/2036  **007/0  **011/37909  **488/21  Z���F6 ��+�  6  064/1  607/0  001/0  083/123  611/182  002/0  667/9767  173/1  ns (*� **( �K��	
 a�������� WA�;� �6$� <#� '#������� WA�;� � ��� y� �� ���5%  �1% .B��    �
�� 3- �\��%? ��]	��^ �Q� S2+A T�:4� '
7 �'���6 ��  :BA2:! 
 CD7�E( �F�� �6 '7 @������ ��BUA  '
7 �'���6  (F
')  ��]	��^ C�)���  /&�A  :BA2:!  )1-.s2-m2µmolCO(  /&�A X�)(  )1-.s2-O.m2mmolH(  /���� %	F
'��  )1-.s2-.m2molCO(  /I�Y 2CO ��F %	F
'��  )1-.s2-.m2mmolCO(  ��6'�� %IJ*�� CD7�E( �F�� )O2H .mol2CO µmol(  �/��� ���!
 � )1-.s2-.m2mmolCO(  ��6'��  /���� ���!
 �  ���7 N�� )˚C(  4  *a70/14  a91/2  a172/0  ab297  bc46/85  a038/0  bc1732  c10/27  8  a90/13  a72/2  ab158/0  a336  bc97/87  a035/0  bc2126  c40/28  12  a70/12  a01/2  b140/0  a330  b71/90  a033/0  b2357  b60/30  16  b60/6  b10/1  c039/0  ab320  a23/169  b011/0  a4205  a20/33  *: ��?
��J��8 ����8 W��= c��	� �� �� �6�� ���)� �������8  ���� y� ����=� 5% e����K �6�9@ LSD #
��#
.  
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�� 4- b��c �]:?E"� �+� )r( ^�� ���� F� C�>d %)*�+� ��# '7 @������ ��BUA d>C�  /&�A  :BA2:!  /&�A X�)(  /���� '%	F
��  /I�Y 2CO ��F %	F
'��  ��6'�� %IJ*�� CD7�E( �F��  /���� ���!
 �  ���7 N��  7���"& A2:!�@:? ΙΙ  7���"& �2:	�2��  :BA2:! ��6'�� %IJ*�� K�3� ;6  7���"& �L� 5��	� ���2�  M��# /#�7�� N��  /&�A  :BA2:!  1             /&�A X�)(  **962/0 1           /���� %	F
'��  **999/0 **960/0 1          /I�Y 2CO ��F %	F
'��  *411/0- *467/0- *452/0- 1         ��6'�� %IJ*�� CD7�E( �F��  **985/0- **903/0- **986/0- ns031/0- 1        /���� ���!
 �  **997/0 **940/0- **998/0 ns102/0- **993/0- 1       ���7 N��  **941/0- **994/0- **938/0- ns335/0 **869/0 **917/0- 1      7���"& A2:!�@:? ΙΙ **998/0 **946/0 **998/0 ns071/0- **993/0- **999/0 **920/0- 1      7���"& �2:	�2��  :BA2:!  **987/0 **909/0 **988/0 ns002/0 **998/0- **994/0 **878/0- **995/0 1     ��6'�� %IJ*�� K�3� ;6  **609/0- **801/0- **601/0- ns353/0 **573/0 *549/0- *824/0 *568/0- *487/0- 1   7���"& �L� 5��	� ���2�  **984/0 **901/0 **985/0 ns011/0 **998/0- **992/0 **866/0- **993/0 **998/0 *471/0- 1   M��# /#�7�� N��  **991/0 **917/0 **992/0 ns067/0 **992/0- **998/0 **889/0- **996/0 **997/0 *496/0- **997/0 1  ns( *� **( �Ka���� ��	
'#��� <#� �6$� WA�;� ������� � WA�;� ������� �� y� 5% � 1% .B��   



  �
�� 5-  P(�% '�
�G	�  ��QR(S2+A T�:4� '
7 �'���6 �� ����:��'�� G	�A'2H2�! 9�!
��� @������ ��BUA  W��B� V(��C��  %�'7  7�F6� 7���"&  A2:!�@:? ΙΙ /&�A  ��\:	� �
�:�*�  7���"& �2:	�2��   :BA2:!  ��6'�� %IJ*��  K�3� ;6  7���"& �L�  5��	� ���2�  M��#  /#�7�� N�� '���(  2  **010/0  **750/193  **032/0  **628/0  **350/343  **0830/10  '
7 �'���6  3  **122/0  **750/1385  **206/0  **704/7  **001/2662  **112/272  �+�� �L���F6  4  012/0  417/46  049/0  273/2  917/1510  194/3  ns( *� **: �Ka���� ��	
'#��� <#� �6$� WA�;� ������� � WA�;� ������� �� y� 5%  �1% .B��    �
�� 6- �\��%? ��]	��^ �Q� S2+A T�:4� '
7 �'���6 �� ����:��'�� G	�A'2H2�! 9�!
��� @������ ��BUA  �'���6 '
7  (F
')  C�)��� ^�]	���  7���"&   @:?�A2:!ΙΙ /&�A ��\:	� �
�:�*�  )1-.s2-mmol electron.m(  7���"& ��2:	�2�  :BA2:! )Y(  ��6'�� %IJ*�� K�3� ;6  )O2.mmol H2µmol CO(  7���"& ���2� 5��	� �L�  )1-Kg.h(  N�� /#�7�� M��# (%)  4  a759/0  a1778  a890/0  c50/4  a5070  a30/70  8  a731/0  ab1770  a880/0  c60/4  a5021  a17/67  12  a678/0  b1759  a850/0  a41/6  a4910  a50/66  16  b324/0  c1134  b350/0  b01/6  b2121  b72/38  *: J�?
���8�� 8���� W��= c��	� �� �� �6�� ���)� ����8��� �� y� ����=� 5% e����K �6�9@ LSD #
��#
.    
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9��8� � B��� j��� #���� )��#$ 3(. N��: �#��B �
9��8� � �Kr^� �@ N��: B��� j��� ��#
�6� �K E��P ��5K �#  �
9����( N��: ��#�� � _:��� �
9��(�� ��Dq6: � _:������ �#  �6����8 ���H�O� i�K�� B�� R���  N�� �� �5���� �K ����� #��  # �K )Bastam et al., 2013.( J��9� ��U���_ BH��#� S@ 9� �Z�V ��5K �#  �
9���� �K��6�� �F ��:�9�� B����� �K D	;� P�� ��.#�: ����K8�� '#  <��
� 8�� �]��^� 89�� ����� )Radacsi 
et al., 2010(( c9��6
 )Dashti et al., 2015(( J	��@ ���
� �  J	��@��?E� )Askary et al., 2017( B�� N�� ��K6Z� BK�X '��: B��  �:N�� ��K6Z� x��K N��: �#��B �
9��8� � B��� j��� ���6  �: �K f���
  J��N���9@ B�K�� .����   �� J�� ��E�� ��O�� 2CO ��9 �
9��8� � B��� O���6�H kE�; �K N��OH� �#  N�� N��: .BH�� N��: J�� �� k;�  B�� ��� R N�� ��K6Z� ��#
�6� �K P�E� N��: y� (i�K ��5K �#  �
9��(�� N��: �� B��K�b B��#� �
9��8� � (���H�O� N��: O��� J�7���C � P�H���: # �K )Farhoudi, 2017.( �6$� �?�5^�� ]�K � ������� J�K B��� O���6�H kE�; �K B��#� �
9��8� )**99/0=r(( B��#� ���H�O� )**97/0=r( � O�
 B��� j��� )**96/0=r( v��# J�� a�� B�� )��#$ 4.( N��: B��#� �
9��8� � �Kr^� �@ N��: O���6�H �65�
� )Heidari et al., 2015(( �
6K�K �
��E@ � ����: )Farhoudi, 2017( B�� ��XY� N�� �D	; �K f���
  J�� N���9@ �
�6h�� .����   �� J�� ��E��( B��#� ��H�O�� B�� N�� ��K6Z� N��: BH�� ��#$) 3.( J�� ��	
 ��#�� �: �KP�E� a��@ �#�� _�5�� (8O���6�H 2CO ���� '#  �K 8��H ��9 �
9��8� �K �K6; ��6� '��)��� ���b ��H�?
 � BU�u 2CO N��OH� ��H�� .B�� J���K��K ����6� ���K ��: �: B���#�� ��u�
9��8� �� N�� ��K6Z� O�
 ��Kx N��: O���6�H �
6� ��6� ��E�� #����.  ��^E�'#��	� �?�5^�� B^o� � ������� J�K B��#� ���H�O� � O���6�H v��# J�� a�� .B�� ��  J����E�� O�
 ���O�� �K N��OH� ��� 8���K@ 9� 4 �K 16 9��' 8��� i�K �K�6Z ������� N��OH� .BH�� �OH��N ���8 i�K �K �X� N�� ��K6Z� �� '��� 6��E )Perez et al., 2009( � ��6
c9 )Dashti et al., 2015( 
�O ��6� Y���# ���b ��H�� .B��  ^ZV ��
�f  J��V����( N�� ��K6Z� �K�6Z �������8 a^� N��OH� ��:@�� �]��^� 89�� � ��@��: W�d� S@ #���� )��#$ 3.( N��OH� @��:�� W�d� S@ �� R���  N�� �6^�: S@ ��JD B�� �KP�E� �X� ��	�K �6^�: S@ �K B��#� �
9��8� �� �5���� �K B�^o� JK�: .# �K ���9 �
��9 �: B��#� �
9��8� ��	�K 9� O���6�H �K����� N�� ��K6Z� B�� ��XY����b ������ @��:�� W�d� S@ ]�K ����� �: ��	
'#��� ���>K89�� W�d� 2CO �� PK��� �6^�: S@ B�� )Zhang et al., 2010.( �N��OH �����: W�d� S@ � O�
  �����:�]��^� 89�� B�� N�� ��K6Z� �� �
6K�K �
��E@ )Baghalian et al., 2011(  ��� �� �
6� w6�K �
���� )Sisakht Nejad & Zolfaghari, 2015( L��O� '#  B�� �: V^�� �K f���
  J��V���� .B��   �� ��J ���K�( ����O ��:@�� �6�H�_�5 ΙΙ( B��� ����
� ����DE� � ��D��� �6�
�6:� O���6�H �� �� �R N�� ��K6Z� N��: �BH�. N��: ��:��� �6�H�_�5 ΙΙ B^5
) Fv/Fm( �� �� �R N�� ��K6Z� ��	
 ��#�� �: ����
� ����DE� 9� �6�H�_�5 ΙΙ �K �6�H�_�5 Ι B�� ��XY� N�� ��K6Z� ���b ��H�� � N��: ���#K� )Dashti et al., 2015(. N��: B��� ����
� ����DE� � ��D��� �6�
�6:� O���6�H ��'� �� �� �R N�� ��K6Z� JD�� B�� �KE��P �h��a ��PD 6E�:�(J �K ;Y��� ����H� =���8 \6:��6��� � �t���J �h��a �
9�'� ����
� ����DE� s�	u ��\6:A�# # �K )Heidari et al., 2015(. �� �Y� #�f���
 (j6H ?�5^��� B^o� � �������8 K�J ����O @�����A��6 2CO � �����: �6�H�_�5 ΙΙ )**98/0-=r( �6$� B ��. J�� f���
 �K ��H��8�� )Kiani et al., 2008( 8�� ����?K��H@( 
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 #�$ (����� ��� � ������ ������ �������35 '���  (3                                                                                                              405  )Rahbarian et al., 2013( 8�� �6h
 � )Ebrahimi et 

al., 2017( 8�� '��� �	�����>K ��^� K� N��: @��:�� �6�H�_�5 ΙΙ( B��� ����
� ����DE� � ��D��� �6�
�6:� O���6�H �� R���  N�� ��K6Z� B�K�� .����  �� J�� ��E�� N��: ��D��� F	; <�#
� ���6� '��� ��6� ��E�� �� ��� 8���K@ 8 � 12'9�� B^5
 �K ���   4 '9�� ������� �6^
 � ���^5
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�O �6K. J���K��K ����� ��� 8���K@ 8 � 12 '9�� �K N��: � �H�*��6$ �� W�d� S@ ��5
�6� ��D��� �^���� �� �
6� ��6� ��E�� B^5
 �K ���   4 '9�� �� �� # �K. J���	�K N��: ������� �9� F	; <�#
� ���6� '��� �� ��� 8���K@ 16 '9�� N��) (#�#  B^5
 �K ����� #��  '#��	� #  ��#$) 6.( ��U�
� ����� �� R���  N�� #�#  ��K6Z�( 9� F�6� SM$ �*��� ���Mu ��#�� �6  � 9� 86� �?�� �� J��q ����  '��� 8��K N��: j��� <�#b� �K ��5K ��6�
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9��8�� �6; ���
# �: ����
 �@ B�
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��
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407                                                                                             Iranian Journal of Medicinal and Aromatic Plants, Vol. 35, No. 3, 2019   Effects of moisture stress on dry matter yield, water relations, chlorophyll fluorescence and gas exchanges in Salvia sahendica L.  K. Parvanak1*  1*-Corresponding author, Depatment of Agriculture, Yadegar-e-Imam Khomeini (RAH), Share-Rey Branch, Islamic Azad     University, Tehran, Iran, E-mail: ka.parvanak@gmail.com  Received: August 2018           Revised: January 2019   Accepted: February 2019  Abstract     The reduction of photosynthesis is the most important reason for the decrease in productivity under drought stress conditions. For this purpose, this research was carried out to investigate the effect of moisture stress on shoot dry matter yield, water relations, chlorophyll fluorescence, photosynthesis, and gas exchanges in Salvia sahendica L. at Mobarakeh city, Isfahan, in 2016. The treatments included irrigation intervals of 4 (control), 8, 12 and 16 days conducted in a randomized complete block design under field conditions. The results of the analysis of variance showed that the effect of irrigation intervals treatments was significant on shoot dry matter yield, water relations, chlorophyll fluorescence, photosynthesis rate, and leaf gas exchanges. Based on the results of mean comparison, with increasing irrigation interval from 4 to 16 days, photosynthesis rate, transpiration rate, stomatal conductance, photosystem II efficiency, shoot dry matter yield, and harvest index decreased significantly by 55, 62, 73, 57, 58 and 45 percentage, and water use efficiency and gas exchanges increased significantly by 35 and 92 percentage, respectively. For the attributes mentioned above, the irrigation intervals of 8 and 12 days had no significant difference with control treatment. By increasing stress, the amount of intercellular carbon dioxide below the stomatal cells did not change significantly, but the leaf temperature increased significantly. Correlation coefficients showed that the shoot dry matter yield had a positive and significant correlation with photosynthesis and transpiration rate, stomatal conductance, and photosystem II efficiency, and a negative and significant correlation with leaf temperature, gas exchanges, and water use efficiency. Regarding the absence of significant difference between the indices studied at 8 and 12-day irrigation intervals in comparison with normal irrigation regime (control treatment), it can be concluded that the irrigation interval of 12 days is an optimum irrigation regime for using this plant in arid and semi-arid regions.  Keywords: Water use efficiency, PSII photchemical efficiency, gas exchange, harvesting index, photosynthesis rate.  


