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�4�8�B ��:H�P L��" ��=] ^�! 9���KH 9���KH) %�K :� 70* 100* 130 � 160 ������� `Q��� :� ?��� aF8 A( � �! ^�! �4����"�� ��,A4! 9�� %
�") )�4����"�� �K (MH � �4����"�� �K >b�c9�
 �! )1Zn( � P" )2Zn( �� ��N
( .%7�4K 9�
����� 9���KH � �4����"�� �Kd���� �� ��89�
 ��-� � ���B ���\ .%	�B�� e���7 ���7 ���  �8P	� �@�T d&4� f�>B ��%�� ��] �� *��4K ��%�� �7�� �� *��] ��%�� �7�� �� *��4K ��@��� �@�g4A4�K � �7�� .%���� �4����"�� �K ��,A4! 9��  ^�! ��Zn2 �	�� P��NB� d&4���4K �� ��] ��%�� ��� )7/10(* ��@��� �@�g4A4�K )1/21%( � �4W�� �7�� )2/21%( .%" %-�� Z7�!� �7�� N�	�� >�� P	� �@�T 2/49% P��NB� *>B�� �A� ��@��� Z7�!� )02/1 <��4��8 �� (���@
 �� � ��7 P	� �@�T P
�8 �%�� .��8 ��@��� Z7�!� �K ��K��8 9�� �K >b�c P" �� ��N
 4/27% P��NB� �	��9��� .>B�� ���,� �	��9��� :� k��A 9���H Y�K E4�! �4����"�� �! � P" �� ��N
 9�� �4&� .>"�%7 *Y���K�	K �4����"�� 9�� �K >b�c �! �� ��N
 �� lU�	� �K [���" MH � �4
�� � V�T �K��� L�� 9��&� E�U 9��K �4Q=K %�A4� �4W�� � Z7�!� N�	�� ��-4� ��.����     ������	 ����: *Z7�!� ��%�� ��] �� *��4K N�	�� )Coriandrum sativum L.*( >���%�� *MH �4����"��.    ���	�  ��
��� ������ P`K ��=� :� m4	� ��6�: �4&4�  ���� 9���6K :� lU�	� ��=& L��" ��.%74" �4&� d�8��9�
 ���B �@�g4A4�K L-�n :� ��
��� �� 25 �� 50 %-�� 9�
���� N�4 � )%" �� ��7� >��@n :� I:�� 9��W�\� LK�\ �&4� ��
��� ������ �� O��4& 9��K ���� )Olle & 

Bender, 2010.(  	���N �K <�7 ���� Coriandrum sativum L. ��
�� ,��� � �?�A�! :� )��� ��]��� � �K )��� %"� 100 ��   120 :�� >!� �8 �� 6K���9 :� �
�4�8 �K��4	� ��
�� )��=K 
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)%		8 *�Jc �=�"�*��H %t*C,7 q�U�K)%		8 �
���9 7Fs�� � <��HP`K )��,�!� ���4" )Omidbaigi, 2000.( ��K�! >�8 ��Y ��)� �� ����� 6K��� 7o4U �.>!� <�%7��
9 �4
�� �H d�c� �K��4- ):�� >"���K � �K ��:�K q�W� �t�� ���4" )Sharififar et al., 2007.( P	� �@�T %	7��
 ���! P	�9�
 ����� *9�4") ���� � (���! %"� � ��@��� ��
��� �� ��%�� ��.%	8 ��
��� �7��: �K �4Q�8 MH �&�4� ��%74" �8 >��! u��� P�K :� >��! MJ& MH %"�K )Yeganehpoor et al., 2017.( *N�	!4�B %"� �4�! � >B�K�
 ���&:� 9�
%	���B �@�g4A4�N�B %	�6
 �8 >�� ��Sv� P	� �@�T ���\ ��.%7��� �4Q�8 MH d&4� P
�8  >��K�\MH *V�T f�>B 9�4��� MH *w�K ��6K �%" �7:���
 � P
�8 ��H��8 N�	!4�B ���N�9� ���4" )Wang et al., 2016.( Yeganehpoor � ����@�
 )2017( I��N� %7��8 �8 P	� �@�T d&4� P
�8 *%"� %�A4� )��� ?�T � N�7 ��%�� ��] �� ��4K �K��4	� �@� :� ��-��Y�� 9�N&� ��@��� �7�� ��.�4" P	� �@�T dQ! f�>B ��@��� � 9�N&� ��@��� �7�� � N�7 9�4��� Z7�!� �7�� N�	�� )%" >!� )Nourzad et al., 2014.(  9��K P
�8  9�
�S�M4����7 P	� �@�T �� *��
��� :� I��9�
 �,��`� %	7�� ��K��8 �4��4
�
 � r�b	�)%		89�
 *%"� ��Jx� �7%�� �K �-�	� q�W��� � r8q�W� � P������� �JK )��,�!� ���4" )Yeganehpoor 

et al., 2017.( A������ 9�%��� )%		8%��v� >��
� >�4�� ��Jx� �7%�� Y�� ��
��� �� >=& P
�8 �S�9�
 M4����7 L��4� P	�9�: ����� �K %"� � %�A4� >!�=7H )Tavallali 

et al., 2009 yBagci et al., 2007 yThalooth et al., 

2006(.  �� ���� �-�	� ���Jc r8*q�W� 9�� �� L��� )��� �K P	�9�
 ����� P�K :� ���! �-�	� >A�T� ���� )Karami et al., 2016.( 9�� ���&:� �-�	� 9���t r8q�W� 9��K ��
��� >!� �8 �K��4- �4���8 �� ���B�z MJ& ���4" � 9���� P�79�
 �@�g4A4�N�B 9�%��� �� ��
��� �A�� ��.%"�K Y�� �W	� �K��4	� ���B)%		8 �T�K r�N7H9�
 ����n )��� %	7�� ?�	K�8*:��%�=7H *:�7g��%�
� Y�A�@AH *:���,6B �
:�{�A4,6B � RNA ����
:��� L�� )��8 )Akhtar et al., 2009( � �� �A4K���6r Y�5����*�
 *�
%	\ 9�
%�!� ?�5�847 � �K�]*�
 N�	!4�B � N�7 N�	!4�K Y�68� P�7 ���� )Fang et al., 2008.(  9��K Y��v� :��7 ���Jc ��
��� *����: :� ���� I��9�
 q�W� �48 q�W�) *�8�T �4����"��* q�W� �48 )���
 MH 9���KH � ()��c �� ��4� �-�	� r8V��� �� V�T %	7�� *N	;	� *9�� Y
H � *�%Q�A4� �4����"�� Y����S|� )4�" >!� )Karami et al., 2016.(  �4����"�� N�	�� �K ��,A4! 9�� �� Ln��� %"� ����� � �
%�� d&4� P��NB� �	����� m�,��� *��4K ��%�� �T�"9�
 *���B %-�� Z7�!� )��� � N�7 ��%�� ��] �� ��4K )%" �8 �@� :� L�o� ��-� P��NB� ��@��� �7�� �� Y�� )��� I��N� )%" >!� )Said-Al-Ahl & Omer, 

2009.( Akhtar � ����@�
 )2009( N�7 I��N� %7��8 �8 �4����"�� 9�� :� OQ	� ��,A4! �S� �K4��� �K P��NB� ��%�� � ��@��� w�K m�	�7 >Q67 �K ����� %
�" ��"�� .>!� �4����"�� 9�� �K L�%��  9�
�S��,	� P	� �@�T �� *}7��� ��@��� �7�� � Yc�� �� �� Y�� )��� P��NB� )��� >!� )Movahhedy-Dehnavy et al., 2009.(  �K �&4� �K �@	�� 9�4��� Z7�!� N�	�� �� P	8�� �K P	� �@�T � ��K��8 �W	� 9�� �K��:�� )%���;7 *>!� �� Y�� P
��� ��! %" �8 �S� �4����"�� Y�� �W	� >�� 9�
����� ~��`� 9���KH �K ��@��� � 9�N&� ��@��� �7�� � N�7 ��@��� Z7�!� ��4� �!��K ���\ .����  
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���  ����   �&'(� )�� ���*� +,��-. /��0���  Y�� P
��� �� ��! 1395 �� ���N� ��������  �7����� L�"�� ��T�K �� L�K��� ��&�  %�����.  Y���  L���  ��K  m��,��� 1350 ��� :� ^�! 9���� *��:H 9���� ���6�: ��
 9T� �� � ��! � ��=K � ���6K���
 9 �%����  .>�!�  Y�;7����  ��	��8 � �	���K 9��� �7o�! �� �U  ?�� )��� 15  �A��!  ��K d�����   1/7 � 4/8 �&�� ��7�!���� � ��;7��Y I��K A�!��7� ��%n 400 ������� ��.%"�K   ��1�&2 3�2 /��0�  �K�4b	� �!��K >��t� V�T ���\ Y��: ��4�  ��b7 �� *���N� �74�7 �8�T :� l�� �,- �� 30 ��7�!��� ��=�  .%�" e���7 L-�n :� ��N � V�T �� ��%& 1 ���  )%�"  .>�!� a�!��K e���7 ��N � *V�T 9�4��� 9�� V�T ���6K  ����8 :� :��7 ��
��� )���  ������]  9���K  %�"� �  %��A4�  ���@��� M4��� .>!� ��%�� ��4� :��7  ��W	� 9�� ��  V��T  9���K %"� M4��� N�	�� 9 ����<�� �� <��4��8  V��T  I��N�� )%" >!� )2017 .,al et Yeganehpoor.(    ���* 1- 5,�67 /,089 3�2  :��  )cm(  pH  )=>�?%�  @,��	 $�,�6�"�  )dS/m(  A��$".  (%)   �
��C�D�  (%) ���E�  ����6�7)  (%)  FG* )��H �1�
�  $���)(I�=��� �� I�=  ��0*�$7�E�3�2  (%)  JK  @L��3�2  P K  Zn  Fe J�  @��#  A%  30-0  76/7  18/1  85/0  44/8  06/0  7/17  318  92/0  6/8  14  25  61  �	" <4A     ����� /��0���  r`" Y��: L�� 9��&� P���:H ��  N�����  ���! 1394 %" <� 7�. ������ ����@� ��=� Y��: ?6��)( � ��8 9%�	K N�7 �� ��=K ��! 1395 <� 7� .%" �
 %n��  ������:H 9���� >�
 ~��� >"�8 �! 9��� .�4K  ���-�B  Y��K  ~���� 9��
 >��"�8 25 ��7���!����� � ����-�B ����4K���
 9�� �����~   10 ��7�!��� r8���) 40 ��4K �� (OK����� � ��-�B ��  ���8 ��� � :� r
 �? ��� � ��-�B �
���@� :� �;�%@� 5/1  ���� �� �b7 ��B�� .%" �� ~��� 9��	8 � 50 ��7�!��� :� �%�K� � 9�=�7� �
 *��8 �K��4	� ��"�n k��A  .%�����  �J�K  	����N ��4� )��,�!� �� ��Y ����l :� P`K ����
� ����  ��� N�8�� ������� :����8 9���!� )��7���8 =��� %" �8 )�4� ��4K � ��4� >�8 ���	� .>!� �
�JK �� C���� 12  >��=Q���� )��� �� ���
���" �K l�� �� �� �! ��7�!��� >�8 .%7%"  P���:H �K��4- ��89�
 ��T )%" �K ����  E��U  V4��K L��8 �B��W� �K �! ���@� ��&� %".  L�-�4B  9����KH )1I* 2I* 3I � 4I: �Kd���� 9���KH Z� :� 70* 100* 130 � 160  ����� ���� ��`Q� :� ?��� aF8 A( �K��4	� L��� ��-�  ̂ ��!)  9����KH 1I �K��4	� 9���KH M4��� ��%K) P	� �@�T( � ���!  E4��! 9���KH �K��4	� 9�
����� P	� �@�T ��  ��b7  ���B��  %7%�" )2017 .,al et Yeganehpoor(( �  �4���� ��"��  ��K  ��,A4�! 9�� �K >b�c9�
 �! �� ��N
 )1Zn( �  P�" ��  ��N�
 )2Zn( )2009 ,& Omer Ahl-Al-Said( :� OQ	� ?�7  ��,A4�! 9�� �K)  �4���B  �������" O2.6H4ZnSo  >T��!  >8��" Merck ���AH � �K %-�� �4�T 5/99( � %
�" )�4����"��  ��K (MH �K��4	� L��� ���B �� �b7 ��B�� .%7%" Z� :� �����!�  L���8 ��
���*�
 ��4K�
 ?	� )%���� � Z� :� *�H 9���KH�
  a��!��K 9�
�����  ��4��  ��b7 �  ��N���  ���`Q� :�  ?����   %�" <�� 7�. �4����"�� �� �� >K47 e	�) ���K � �
%��  L���8  ��K �4�b	� ��	��U� :� ��`K�S� L��8  ������  �4���� ��"��  ��,A4�! 9�� 
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 ��K ^Q- ��: �  L�Q\ :�  m4��U M��BH � �� ���:���
 �8 I:� ��K �4&� *>"�%7 �K  r�! I��� ��!� <� 7� %". Y�&� ~��9�
 :�
 ��
 ��89�
 *�����:H �K��4- ��!� � �� Y�%	] >K47 <� 7� .%"  >�"���K  N�	��� �� ���7 <�� )������� ��! 1395 )16  ������  ()���*  �7���:  ��8 �
��] 9�-� ��F��8 !��)% %7�4K �  }�7�  ��=7H  ��K ��:  ����x� ��B�� �4K* �K��4- ��!� %���� <� 7�.     �!1 ���� $#���  Y�� ��,- L��" ��%�� ��] �� *��4K ��%�� �7�� �� �
  *���] ��%�� �7�� �� *��4K �:� *�7����N
 ��@��� �@�g4A4�K � ��@��� �7�� .%7�4K �� ����� )��� %"� 9��K ����Y  9�N�&�  *���@��� :� �
 ��8 10 ��4K >"���K %" � ��%�� ��] �� ��4K � ��%��  ��7�� �� �
 ��] >QS .%���� Z{! �7��9�
 �
 ��4K �K�4U  L���8 :� �
��] �%& %���� � ��%�� �7�� �� ��4K I���"  .%�"  Z{�! :� �
 %n�� �����:H 10 �74�7 ��%- ���7�� N�	��  I����"  %�" � ��;7��Y �:� �=7H �K��4	� �:� ��N
�7�� >QS .%����  Y��	��
 9��K Y���� ��@��� �@�g4A4�K � ��@��� �7�� ��  %�n��  *^��! ��4K9�
 �4&4� �� ?� ���OK�� :� �4�T �7��� �
  ���8  ��K I�� ��!� ~8�K � >"���K %7%���� � Z� :�  ?��T  �%�" �� ���! � 9�4
 *��:H �� �74����
 )%�K48 %7%"  ���  ��7��  ��=7H �%& .�4" ���! P`K9�
 )��� �K �%� 48  >���! �� ��H  ��K 9��� 75 �&�� ��7�!���� ���\ >B�� �  ���@���  �@�g4�A4�K �� �
 ��8 �K ���NB� �:�  ��7��  �Q�!���  .%�"  Z�� :�  Y����� ��@���  �@�g4�A4�K �  ���@���  *��7��  �T��"  >�"���K  N��7 �Q!��� .%����  9��K ���`�!� Z7�!� *�7�� 100 <�� �7�� N�	�� M��!H .%" Z7�!�9��� �K I�� ����� �K MH � �K ����!�  )�;��!� � 74�8 �%�) Pharmacopa British(  %����� <� 7�.  �%�� ���: ���`�!� Z7�!� �
 �74�7 ��%n 5/2 �� 3 >��! �4K � Z� :� Y�:4� Z7�!� ���`�!� *)%" %-�� �7:�  Z7��!� �7�� �Q!��� %����.    100 × (<��)	Z7�!�	�:�	(<��)��A��			)���	?�T	�:� = %-�� Z7�!�  ��@��� Z7�!� N�7 :� L-�nM�t %-�� Z7�!� � ��@��� �7�� >!%K .%�H    /,089��	 ����.  P�� :� ��N � *Z7����� �4�:H ����7 ��4K � ��T�4	@� Z7����� 9��T )����
  ��K  �4��:H  q���4��A48  q47����!� <� 7� %" �� �� ��4- *:��7 L�%Q� )��� d!�	�  �4�" <� 7�. :� <�7��NB� C-MSTAT  �`�67 42/1 � SPSS  �`�67 21 9��K <� 7� ��N �9�
 9���H )��,�!� .%" Y�;7��� )����
  ��K )��,�!� :� <�7 ��N�B� C-MSTAT �  a��!��K  �4��:H  %�	] �	���9� Y@7�� �� ^�! ����n� 9��T 5% �6���� .%����    �����  ���E9 �6M �� /9��  a�!��K e���7 ��%& ��N �  Z7������  ��%�&) 2*(  ��S� ����� 9���KH �� �4����"�� ��,A4! 9�� �K ��%��  ���] �� ��4K N�	�� �� ^�! ����n� 1%  ��	��9���  �4�K  ��A�  ��S� LK���� 9���KH � �4����"�� ��,A4! 9�� �K ��%�� ��] �� ��4K �	����� �4Q7. e���7 �6����  Y�;7����  L@�") 1-  ~�A�( ���7 ���  �8��%�� ��] �� ��4K �K P
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 Abstract 

    Due to the irrigation water crisis and the necessity of water resources management as well as 
the positive role of elements such as zinc in reducing the negative effects of drought stress, a 
field experiment was carried out as split plot based on randomized complete block design with 
three replications in Cooperative research field of Yashil Bakhar, Ardebil in 2017. In this 
research, yield and its components and essential oil of coriander (Coriandrum sativum L.) were 
investigated in reaction to zinc sulfate foliar spray under drought stress conditions. The 
experimental factors consisted of four levels of irrigation: irrigation after 70, 100, 130 and 160 
millimeter evaporation from class A pan, and three levels of zinc sulfate foliar spray: control 
(water foliar spray) and foliar spray with three (Zn1: 3 g ZnSO4/L) and six (Zn2: 6 g ZnSO4/L) 
per thousand concentrations. Irrigation and zinc sulfate foliar spray treatments were allocated to 
the main and sub plots, respectively. The results showed that drought stress reduced the number 
of umbels per plant, seeds per umbel, seeds per plant, and biological and seed yield. Zinc sulfate 
foliar spray at Zn2 level resulted in a significant increase in the number of umbels per plant 
(10.7), biological (21.1%) and grain (21.2%) yield. Under drought stress conditions, the 
percentage of coriander seeds essential oil increased by 49.2%, but the essential oil yield  
(1.02 kg ha-1) decreased. The essential oil yield was significantly increased by 27.4% with zinc 
sulfate foliar spray at Zn2 level. There was no statistically significant difference between Zn1 
and Zn2 levels of zinc sulfate foliar spray. Therefore, 3 g ZnSo4/L foliar spray in areas with 
climatic conditions and soil similar to the research site is recommended to improve the yield and 
essential oil of coriander.  

 Keywords: Essential oil, number of umbels per plant, coriander (Coriandrum sativum L.), 
water deficiency, foliar spray. 
 


