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��� � �R4S�� 5ML.?!� �� ��Q *��8��� �:�4U	� �!��: �V� %�!� G�54�!�& �: W
�6 ���%- �"�5 ;� W	� �9�X �� 3YX�"3�
 3%"� � X�: �;� I!���
 3J�Z�7484�9 �� �5M�C6��5�% �)��� ������ [������ )Salvia officinalis L.(* �����;M �:��4- =��4�6�J �� \8�] D�^ _E��6 �J��S� �: 3 ���9� �� )�<�5�� =:�; ��&� .%" �
����� 3�����;M =��" W	� �9�X )���:M 3�� %` ?�J�a *����; ���b� 50% � 75% ?:4^� ?�J�a ����;( � �4����"�� %�!� G�54�!�& )�,- *(%
�") 75 � 150 ����d�� �� (���8 �4:%5. e���5 ���5 ��� �6 �4����"�� �: ?U�f 150 �R4� %�!� G�54�!�& �� g���" W	� �9�X h�,��� )02/10%(* �;� �� )88/27%( � G�X )��� )81/12%(* 3�4��� �FC5 PM j�: )04/21%(* =�J���6 a � b )15/12% � 34/10%( �� W��ZJ� .��� Q�����: ��%�� 	J4� =6 )13/34 ����d�� �: �;� ��(* ��9��� k5�!� )1/2 ����d�� �: �;� ��(* ?U�f Q�8��� )52/5 ����d�� �: �;� ��( � ?�8��J [�Z5M�
3 ;�%�C6��� )15/3 ����d�� �: �;� ��( � �46���� ;�%�C6��� )76/0 ����d�� �: �;� ��( �� ��
��� �4����"�� )%" �: ?U�f 150 ����d�� �� ���8 %�!� G�54�!�& � ���b� 75% ?:4^� ?�J�a ����; =-�` %" � ;� �4!� Q�����: ��%�� ;R���6 )12/5 ����d�� �: �;� ��(* M��:�49! ;�%�C6��� )76/0 ����d�� �: �;� ��( � %�C6���4! ;��4�C�� )64/5 ����d�� �: �;� ��( �� ��
��� �4����"�� )%" �: ?U�f 150 ����d�� �� ���8 %�!� G�54�!�& �� W	� �9�X )���b� 50% � 75% ?:4^� ?�J�a ����;( %�M ?!%:. Q���:�	: l�!��: e���5 ?!%: )%�M �: �U5 ��%!� �6 %�!� G�54�!�& �: �ZJ��W ��4� h�J� ��5MC6��5�% �� m� � [�U	�)%		6�
 3Z�!� 3 )��U5 Q�8���( \F! W
�6 W	� C6����%�4 �� �n
���3�
 ?�� W	� �9�X )%"* Q�	n�
 �: o,` 3�4��� �FC5 PM �:j � Z�<5�)3�
 3Z�	!4�J \&4� �4FL: g���" 3%"� ��4:3�
 [������ �� g���" W	� %") .?!�    !&���'( :�
�*+ *Q�8��� [�U	�)%		63�
 %"� *�
��� )Z�<5�3�
 *3Z�	!4�J �4	J *=6 3�4��� �FC5 PM j�:.       
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��� �8�!%	p � ���5�F�X ;� )��� ���q�	�5 ?!�. �]�! [���C�* ��LpN4� � h�,��� �M Q�: 50 �� 80 ��5�!��� .?!� d�%5�3�
 ���4
 )��� �:)��� j�:�
 �`�3 k5�!� *%	�C
 ��%�� k5�!� �� g���" ����]� r��b� ���,�� � Q�: 5/2 -1% .?!� Q����L� \�6��3�
 =�9��)%	
� k5�!� �M =��" 74��� )50 -30%*( �4B	�! )15 -10%*( �4,��6 )10 -6%*( �4B5�4: )14 -6%( � Q	�� )2 -1%( %	�C
 )Omidbaigi, 2005.(  ��
��� �� g����
 3���F^ N4b�!� h�45� 	�W�
 ��%54" �6 �V� �,	� �� 3%"� �L5M ����* �� Q�� Q�:* �9�X Q�����Z: =��� )%		6��%�� %�84� �R4S�� ;����6 3?!� )Reddy et al., 2004b.( W	�9�X� \&4� �����s� 4J�4�874�9�* Z�J�4874�9� � ����"4�: �� �%��� 3�� ��
��� ������ � W	6�� ����
� �: W	� 9�X ��: 
���? �4F�6 PM ��C:�� ?!�. W	� "�5� ;� �4F�6 PM \F! W
�6 %"� ?�C]�
 3r��b� )��� [�� ;� �����
* W
�6 t�! *j�: *h�,��� �;� *G�X ��C: �%" �5;���
* \��b� [�Z5M�
 � ����BQ��
* m� � 3�
%�!� �	��M � W
�6 =�J���6 ���4" )Oliviera-Neto 
et al., 2009(.   U	��[ Z�!� 3� �ZJ��W 6���\3�
 �5M�C6��5�% �;� ���L��Q �
��6�;�! ����
� �� �L&�4� �: �4F�6 PM �:���" ��.��� U	��[ Z�!� 3�: u%
 o,` k5�!7�4� 84�!�* d��%� PO& ;� ���g ���� � �����% 3�
��f d� 5� ��4".� �� ��
��� ?�� W	� 9�X�* �54��
 3 W	6���� C6���� )ROS :Reactive Oxygen Spicies( m� � ���%	:�. �54��
 3C6���� ���J ;� �^�v C6����!�%��4 8�w��
% � �b��\ B�����Q�
 \F! ����  W	� 45�V�� C6����%�4 )%" �6 � 	� �: ���CX %& 3�: �
���X�! 384�! ����4" )Ma et al., 2006.( ��
��� r��b� �
��6�;�! 3��a�,` �,��b� ��: 3uO` ROS =��") ��5M��%�C6��
 3���Z5M��f � (���Z5M %5��� �6 Q�8�� %! ���J� �� �� �:��: W	� �� �� ��%		6   )Asada, 2000.(  %�!� G�54�!�& � ������ �M [�U	�)%		63�
 %"� 
��� �)%�n��3� %	�C
 �6 �: r�^ ��!� �;� W	6��3�
 Z�J�7484�9 �� 4�5 )��� �V� ��"�O� � �� I!�� �: W	�3�
 ��C�; � ��C�;��f =�� ��%		6 )Wasternack, 2007.( %�!� G�54�!�& �9� ;� �4��4
3�
 ?����� �: W	��
 3��C�; � ��C�;��f ?!� )Rubio et al., 2009.( Q�� �4��4
 %�: ;� [X; �%" )��� �: ?��! �� ?J�:�
 3;��X � ��X;��f m� � �%�� ��%	6. %�!� G�54�!�& � ������ �M ���CX3�
 �"�5 ;� [6�:M �� W
�6 ��
�	% � \F! W��ZJ� ?�8��J ��5M��%�C6��
 �� )��� � W
�6 ��9����3�
 ��;M � �� �� ?����� �� �:��: W	� �9�X ��%54" )Bari & Jones, 2009.( ���<�
��� ���)% %5��� �6 ��:��6 &��X �!��% 54�!�&�G � 	� �: s������ 8���� �� �47484J� 3���[�C �L�5���* N��C� 84�! �� ����Z �J�: ������� )Emongor, 2007( � �: W��ZJ� [�C�� �84�! ���� [�C���*�
 %"� ��
��� �� �4FL: ��%
� � �: m��C� %"� ���� �� PO& PM \F! W��ZJ� YX�"3�
 3%"� )��� %	5�� t�! j�: � �;� �� � G�X ��
��� ���4" )Mandhanis et al., 2006.(  Q���:�	: �: �&4� �: ���4� �6x )%" �� Q�� W
��� ��! )%" ?!� �V� �4����"�� %�!� G�54�!�& �: �� 3�X�: ;� ��,- �9�7484�Z�J4J�4� � ������"4�: )��� ������ [������ ?�� W	� �9�X ��4� �!��: ���] .����   
��� 
 �
��� ��Q v���� �:�4U	� �!��: �V� W	� �9�X � �4����"�� %�!� G�54�!�& �: �X�: ���-4SX �Z�J4J�4�4�9�748 � ��Z�� ?�8��J [�Z5M3�
 ��5M�5�%�C6� )��� ������ [������* :���4- =��4�6�J �� \8�] D�^ 
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 �-� �.'/������'0 
��� ... _E��6 �J��S� �� �! ���9� �� ��! 1394 �� �5�b�� ������� �)�<�5�� =:�; m]��) �� )�p (���5 ��&� .%" ���
��� 3��;M�� �=��" 4�����"�� %�!� G�54�!�& �� �� t�! 75 � 150 ����d�� �� ���8 � ��%: �4����"�� �:��4	� %
�" � D4�! r��b� W	� �9�X �� �� t�! 50 � 75% ���b� ?�J�a ����; � 3���:M =��6 L<5)3��% ?:4^� �� %` ?�J�a (����; �:��4	� %
�" �� �U5 ��J�� .%" ?J�: y�X =�� W���;M ��48 �	" .�4: y�X ��4� )��,�!� l�!��: ��5�e �4�;M y�X ���� 328% *l� 41% *Q" 31% 3R � pH �:��:   7/7 .�4: �� �
 ��%�� 20 �%� �O: ��"�6 %" � �� ��`�� 4 ���: =�� G	� ���6 �: 3�� ��%���
  %���� d� 5�� �� ?��L5 ��%�� 3 ��4: ���� �
 ��%�� �]�: .%5�� k� ;� �����!� =��6 ��4:�
 � 5/1 )�� %�: ;� ?"�6 ����� �9�X ����� .%" ��: 3);�%5���� 3����Z ?:4^� y�X � ����Q ���; :M��� 3;� )�<�!� TDR )Time Domain Reflectometer( )��,�!� %" )Topp & Davies, 1985.( ��,- ��4� �!��: =��" *h�,��� �;� �� � G�X *)��� 3�4��� �FC5 PM *j�: *Q�8��� �4	J =6 � ?�8��J [�Z5M3�
 ��5M�5�%�C6� .�4:   12'.�'( �
.� 3��zz: );�%zz5�3�zz�� *h�zz,��� �;� �zz� � �;� Gzz�X ��4:*�
 �%�:� d�%5� ���4
 �
  )�z�� ;�  �z���  *�%z&  kwz! h�,��� \C`�:) ��5�!��� � �: gX(W6 � �;�  �z�  �z�4: �:) \C` d�� � �: �;��� �:  ?z]� 001/0(  );�%z5� 3�z�� .%" �;� G�X ��4: )��� k� ����5� ��4: �z
  �z: ��M  �z: 3��� 70 �&�� ��5�!���� �: �%� 72 ?��!  \zC`�:) d�� � �: �;���3 �: ?]� 001/0( );�%5�3��� .%"    !3�
��4�� �
�5�	 6�'��  {��b�!� k5�!� �: N�� ����� �: PM � g!4�  )�<�z!� � 54�6 d� 5� %". �: Q�� *�4U	� 20 d�� �54�5 ;� �
  ��z��� �;� %" � k� ;� P��!M �%" �S�b� �:  d4z!�� PM  Q8�z: �� =X�� )�<�!� � 54�6 �: �%� e	� ?��! )%5�"4&  %z" )2002 alipoor, Nazar & Sefidkon.(   !3�
��4�� �
�5�	  ��/�� ��Zzz�� �zz��Q�8 �zz: N�� Bates � ����zz9�
 )1973( );�%5�3��� � �:G�6 [!� 	�	� �� L��� ��:�� �X� 	�	� � ���%5��!� ?U�f 8����Q ����Q � \C`�: ����d��  �z:  d�z� �F!��� %".   ��7�
 �!	�8���'( �	7���7# )Z�<5� 3�4���  3Z�	z!4�J 3�
 �z: N�� Prochazka � ����9�
 )1998( Q���� � ;� g:��� ��; )��,�!� %".    Chl a = 25/12 A 663-79/2 A646 Chl b = 21/21 A 646 -1/5 A663 Chl T= Chl a+ Chl b  9:�� 5�	�
 ,��# ������ 	J4� =6 ��  �z54�5 �z
 3 )��zS�  �
�z��  gz!4� N�� Q�84J �!44�8�6 );�%5���� 3%" ) .,al et McDonald 2001.(   ��7�
 ���� ��; <�= ��: 3 );�%z5�� z�� 3 �4z��� 3 FzC5 �PM  j�z: ;� N�� Levitt )1980( �!)��,� %".  3�4z���  FzC5 �PM  j�z: �� ?��L5 �:���!� ��; ��:�� �F!��� %����.    RWC= (LWF-LWD)/(LWT-LWD)     �z6 ��  Qz�� zz�:��*� RWC:  3�4z���  �FzC5 PM *j�zz: LWF: �;� *�� LWT: �;�  l�z�M � LWD: �;�  Gz�X j�:?!�
.  
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�����4 >� '?# @�	�;�'( �7�;���
��+�  ��: 3);�%5���� 3��%�� ?�8��J [�Z5M�
 3��5M *�5�%�zC6� �%�:� )��S� �Z5M �z�  �z: N�� Sairam � Saxena )2000( {��b�!� .%���� ?�8��J [�Z5M3�
  ;R�z��6 �  ;�%�zC6���  �z: N�� Weydert � Cullen )2010*( ?zzzzz�8��J [�Zzzzzz5M %�zzzC6���4! ;��4�zzzC�� �zzz: N�� Sairam � ����zzz9�
 )2002*( ?�8��J [�Z5M3�
 ��:�49!� ;�%�C6��� �  �46�z��� ;�%�C6��� �: N�� Hemeda � Kelin )1990( );�%5� 3�z�� .%"  )���3�
 |4:�� �: W���;M3�
 r��b� �� Q��  W
��z� �: )��,�!� ;� d�5��ZJ� 3���M 9.1 SAS ��Z � )%" � �C���� Q�<5��� �
����� Z�5 �: �4�;M %	p �	���3�  Qz95�� ��  t�z! 5% d� 5� .%"    �����  A'BC �D�&� �#��
  ��5�e =-�` ;� ��%& Z ��� ����k5� ��%&) 1(  ��z�5 ��� �6 X�: �;� �����3�
 3%"� �� ��Q ��;M�W ;�  =z�F] *h�,��� �;� �� � G�X ��4: ?�� ��V}� ����� W	� 9�X � � %�zz!� G�54�zz!�& � �zzV� =zz:���� �9zz�X ��  %�zz!� G�54�!�& ���] ?J�� � uE�X� ;� �U5  3��z�M ��  t�z! 1% �	����� ����.% e���5  ��z�5 ���  �z6 ��  D4�z!  ��:��z6 �4����"�� %�!� G�54�!�& �� �
 t�!  W	z�  �z:  ��Zz�� *h�,��� �;� �� � G�X  )��ZzJ�  *%z"  �z��  Q���z��:  ��Zz�� ��,- ��4� �!��: ��  ?z�J�a  �z���;  �z:  �4z��� �z"��   150 ����d�� �� ���8  %�!�G�54�!�& �4: ��%&) 2.(   A'BC �D�&� ��	�#  !	�8���'( �	7���7#  �: �&4� �: 5���e Z ��� ����k5� )����
 )%
��� %"  �z6 �V� �9�X* 4�����"�� %�!� G�54�!�& � �V� =:���� W	� �9�X �� %�!� G�54�!�&  �z:  ��%z��  =z�J���6 a � b �� t�! 1% �	����� �4: ��%&) 1.( �C���� Q�<5��� [
�:W	6 �V� =:���� D4�! G�54�!�& %�!� �� �
 t�! W	�  ��z�5 ��� �6 ��Z��  =z�J���6 a � b ��  ��z���  ?z�J�a  �z���;  �z: �4����"�� 150 ����d�� ��  �z��8  G�54�z!�&  �z: \z���� ?FC5 �: %
�" W��ZJ� 15/12 � 34/10  3%z-�� �� ?z" ��%&) 2.(    ���7�
 ���� �; <�=  5���e Z ��� ����k5� )����
  ��z�5 ���  �z6  �zV�  D4�z! r��b� �9�X* 4����"�� %�!� G�54�!�& �  �zV�  =z:���� W	� �9�X �� %�!� G�54�!�&  �z:  gz:���  �z:M  )�z�� �� t�! 1% �	����� �4: ��%&) 1.( �C���� Q�<5��� [
�:W	6 �V� =:���� D4�! G�54�!�& %�!� �� �
 t�!  W	z�  ��z�5 ��� �6 �4����"�� �: 150 ����d�� �� ���8 %�!� G�54�!�& �� �����  ?z�J�a  �z���;  \Fz!  W��ZzJ� 04/21  3%z-�� 3�4��� �FC5 j�: ?FC5 �: %
�" %" ��%&) 2.(    �� ��/  l�!��: ��5�e Z ��� ����k5� )����
* �V� D4�! r��b� W	� �9�X* �4����"��  G�54�z!�&%�!� �  �zV�  =z:���� W	� �9�X �� G�54�!�& �: ��%�� Q�8��� j�: �� t�! 1% �	����� �4: ��%&) 1.( �� D4�! ��:��6 �4��� �z"�� G�54�!�&%�!� �� �
 t�! W	� �: ��Z��  Q�8��z�  )��ZzJ� %"* �:3�4^ �6 ��  t�z!  W	z� 75%  �z��b�  *?z:4^�  �z: ��:��6 %�!�  G�54�z!�& )150  �z��� d�z� ��  (�z��8  ��Zz�� Q�8��� ?FC5  �z:  %
�z"  W��ZzJ� 67/64  3%z-��  ?z"�� ��%&) 2.(    E�D*�� 6�'��  ��5�e =-�` ;� ��%& Z ��� ����k5�  ��%z& 1  ��z�5 ��� �6 ��%�� k5�!� ?�� ��V}� �����  W	z�  9z�X�*  %�z!� G�54�!�& � �V� =:���� �9�X ��  %�!� G�54�z!�&  ���z] ?J�� � ;� �U5 3���M �� t�! 1%  3����uE�X�  �z	����� 
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Effects of spraying jasmonic acid on some morpho-physiological traits, antioxidant 
enzymes activity and essential oil yield of Salvia officinalis L. under drought stress 
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Abstract     Water deficit stress is a major environmental limiting factor for plant growth and crop productivity. In present investigation, to study the effects of jasmonic acid on reducing the damage caused by drought on growth parameters, some physiological and antioxidant responses on Salvia officinalis L., a factorial experiment in a completely randomized design with three replications was conducted at the University of Zabol. The experimental treatments included drought stress (irrigated in field capacity, depletion of soil water content up to 50% and 75% of FC condition) and foliar jasmonic acid spray (0, 75 and 150 mg.l-1). The results showed that spraying with a concentration of 150 (mg. l-1) jasmonic acid under drought stress increased the height (% 10.02), fresh and dry weight (27.88% and 12.81%), relative water content (21.04%) and chlorophyll a and b content (12.15% and 10.34%). The highest phenolic content (34.13 mg-1fw), proline concentration (5.52 mg-1fw), essential oil yield (2.1 mg-1fw) and the activities of peroxidase (3.15 mg-1fw) and guaiacol peroxidase (0.76 mg-1fw) were obtained in plants sprayed with 150mg.l-1 jasmonic acidand in depletion of soil water content up to 75% of FC. On the other hand, the highest ascorbate peroxidase (0.76 mg-1fw), superoxide dismutase  (5.64 mg-1fw) and catalase (5.12 mg-1fw), were obtained in plants sprayed with 150 mg -1 jasmonic acid under drought stress (depletion of soil water content up to 75 and 50% FC). Based on our results, it seemed that Jasmonic acid, with increasing antioxidant defense and accumulation of osmotic regulators (such as proline), reduced the oxidative stress in plants under drought stress. Moreover, maintaining the relative water content and photosynthetic pigment improved growth conditions of sage plants in drought conditions.  
Keywords: proline, growth regulators, photosynthetic pigments, total phenol, relative water content.  


