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�)�   �)�� 
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E���KB ���n %��� 	 �: %<���67 \���� 	  !�:�:�	��� 	6��� : An� 001/0 M�62� .!�!  UB 6� �7 ��2��� �: �!� 12 A�� �� x��1� 1	i ;7 ���� ���n !��F�� 	 UB 6� �!��� �: A8i ��7 %�:	� M�62� !�!����. U�� ��2��� �: �!� 24 A�� �� 1��   70 �"�� 
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H@� ;7 s�: w��a 6� ��:�� ��6 �H��� !���� )1962 Weatherley, & Barr.(    RWC= (FW- DW / TW-DW) ×100  FW: �6	 �� &s�: DW: �6	 D�R &s�:   TW: �6	 ��7 s�:    j�� s�: 4�� : ME�� ���3 s�: ]�2� ��E�� 	 �:D�3 c����4F� Eye Compu %6�!��1��� !    )2005 Bakr,.(  M��f�� 
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��2� c�!�� %�� �� ��� D�R !  	 1��: U���1��� ��2� %�(��� ���n .AF�� U���1��� �: 5	� ����� : ;7 	 : %<��� ���2�3 c��� .!  4�8�7 GC/MS Q�3��1� U��� : %<��� x���2��	�3 16� Finnigan Thermo �3 : r�@�� U� 1���	��E��� ) TRACE TRACE; GC modelplus MS( A(" %!  &�2: c��� !����.  6��2�� 
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��� �:��2) ��6 :�2: �!�:� �� �: �!� 2 ���n� 1	� C°40 r�~�� !  	  !�:� C°160 : A��� C/min°3 _��4F� AF� 	 �� A�9� �� : A��� C/min°5 �: C°280 _��4F� AF� 	 2 ���n� �� M�� �� .!�� 6� \�i r��� 	 A��� ���" 1 
������8 �: ���n� �2: 	 1P��� �2���4��2� ev70 .�2: !�: 6� w��4� U��� A�!:%!�7 �: %<��� 
F���2��	�3 16� |�a
��� &
��" : �"2� �: 12<8� {	�R �E871� ����& }R  1���6: )Index Retention( 1��: Q�3��� �H��� !���� 	 �� A�9� �@��� 9�7 : }R 1� v"��& Q�3��1� %!�� \�E��%!��� U��� 
���  .!�!   ��4��%��� 1��7 \����	c�� 6� %�(��� : � ��4F� SPSS  �W@�)24 1����� M�: �	(� 	 !  c��� ( �2��� U����	 ��4�� �2�67 6� %�(��� : 
 B D�) �F�aANOVA : �P	���� J2�� M�: �	(� 	 () �F�a	� �2�67 6� %�(���GLM ( M���� 1��: 	 M���� M�<��� M�: xK�R� �� ME��� ����� !�m �2�67 6� �  ���i� j��5% .!  %�(���     �����   �2H�3 ���� �X� �3 ��� ��� U����	 ��4�� e����2�3F ��� 1	� �P	���� 	 ���� �2a 4�: 1! � 1��2��� �X� M��f�� 	 
��2� c�!�� \:��� ��XY� 	 
 B  ����× �2����2�3F ��� �� 
 B j�� 4�: 1! � 1� ���i� j�� �� ME��� 4�8�7 wHa s�:5% 
��� �2: ���  �	!")3.(     



      &�0 2- @�ABC� D�� E�>��  5#��7�� 	% (%)  ��'7�� �G�H  )mg/kg(  ��'7�� *$+ )mg/kg(  ��'7�� ��)  )mg/kg(  I�%�� D�� �$�8 �7J>��J� K=)���L�� �6 (�7� =�� "�>+ (%)  @��6�% ����% &=�M� (%)  8H�6 D�� (%) N)  8��K  *-  038/0 88/5 21/7  66/1 44/7 71/2 38/2 17 15 5/7 5/77   &�0 3- O��7� E�P;� L���)�� Q'6�� E6 @�G
 "�������4 "- 8�� ='R�% 5#��7�� � &'����-�. �6 *$+ � ��)  @����S� TR��  E0)=  �=��+  EC�) &'U  &'U  ���'$ V���  EC�) WC� 5��  WC� 5��  ���'$ V���  �R�� ��'7��  X�6 Y+  X�6 Z[K  5#��7�� \'[K  1 ns048/0 ns645/0 *134/5  **031/98  **224/902  **321/1 &'����-�.  4 **580/100  **552/43  **466/5  **611/41  **906/76  ns048/0  5#��7�� \'[K× 	&'����-�.  4 **448/64  **052/27  **088/6  **059/22  **752/66  ns146/0  �[�  20 303/6  855/5  740/0  892/2  205/6  083/0  ns** 	 * &: �:
��� xK�R� c!� �<��: Q����
��� 	 ��� j�� �� 1���5%  	1% 
�.! :       



 !�" &����� ���� 	 
�	��� ���� ������ �����	�36 %��  &1     161  �� ���� !�  �	!: �2H�3 �P	���� �3 : �2��� !���2� 1��:7 &!�!  �2���
 B k�: _��4F� �2a  c�!�� 
��2� ! . M�����:  ��XY��2:�� �: M�7 2% .�2: M��f�� M�7 2% k�: _��4F� �6	 D�R 
��2� c�!�� �� ���� �	!: �2H�3 .!  �2���
 B M��f�� 1�2��� 
H@� ;7 s�: �� �� ���� �	!: �2H�3 _��4F� ���& 
8	 xK�R� M�: �)�� �2���
 B %!  
������ .�2H� �2H�3 �P	���� �2a ���� 	 �6	 D�R ���� �� �� %�� !�  _��4F� .��� �2���
 B M�7 k�: _��4F� 1�2��� 
H@� ;7 s�: �� ���� �2H�3 ! & M�����:  ��XY��2:�� �: M�7 2% �2: �	!") 4(. \E  1 �X� �2���
 B M�7 	 1	� �� �: %�6: U��� M��	7 �� ]���  �2H�3 �P	���� ��� 
�.!�� �2H�3 �P	���� %�6: U��� �� �� ���� �	!: �2���
 B _�3 &��� �� �2���
 B 1NS�4��� �:�2a 
���1��� )05/0<P( %�6: U��� �� r� �� ���� 1��:7 %!  : !���2� \�3 	 r� A�� �2H�3 �P	���� _��4F� .��� ���� �2���
 B %!  : 1	� 2% r� �� !���2� \�3 	 r� A�� �2H�3 �P	���� M�����: %�6: U��� �� ��� .!����  Q�3���1 
���  ! % �� �U�� %�� M��	7 A��  ��XY�1����� |��W� �� �	!" 4 ��� %��� %!  .A�� �� t2��� 21 [4" �� U��� \)i 6� 1����� |��W� 
���  !   �	!")5(. (87-&M"2� &M(�3 &M���� &�2?��2: &�28��8 &M�2��8 ��B-M���& &�	�3�	�3 &�2��� ���U�-M��F2��3 	 (87-�2?��B�� Q�3��1� ^���� M�: ��� ����� .!��2: 2���1� Q�3��1� (87-&M"2�   (87 -&M��B &M(�3 &M���� &�2?��2: &�28��8 &M�2��8   ��-M��B�� 	 (87-M��B�� �� ���� �2H�3 �P	���� 	 �2���
 B %!  : ;7���� AH@� �: %�� !�  !���2�) (\�3 	 �2���
 B %!  : ;7���� _�3 .AF�       	J-1- &'��� � �5#��7�� ='R�% 8�� *C��+ L��K� "=��6 �6 ��) � *$+ �-�.  �2�� 1u: �� �:����O x	�i��� �
��� xK�R� �2"	 %!����2��� J2�� M�: ��� ���i� j�� �� 
 B5% .A�� ME��� 4�8�7 wHa  



      &�0 4- E���^� *�_���� Q'6�� E6 � � &'����-�. *$+ � ��) �6 ��$)'7%�H �-) *C��+ 8�� ='R�% 5#��7��      EC�) &'U  �7��K)(�7� V��� &'U  ���'$ �7��K)(�7� WC� 5��  EC�) (V�4) WC� 5��  ���'$ V���(V�4) �R�� ��'7��  X�6 Y+ (%) X�6 Z[K  �7��K)�7� (T6��  	��% ��4'$  �G
  a455/2 ± 83/30  d833/0 ± 83/37  a391/0 ± 99/6  c513/0 ± 00/21  b289/1 ± 35/67  a146/0 ± 71/1  *$+1%  a424/1 ± 17/31  bc155/1 ± 00/43  a428/0 ± 18/6  b445/1 ± 51/24  a203/1 ± 47/72  a309/0 ± 18/2   *$+2% a155/1 ± 00/33 a577/0 ± 00/49  a682/0 ± 16/7  a289/1 ± 13/26  a859/0 ± 56/72  a138/0 ± 95/1   ��)1% b577/0 ± 00/26  ab601/0 ± 83/45  a661/0 ± 04/6  c118/1 ± 05/20  a505/0 ± 87/73  a133/0 ± 87/1   ��)2% a726/0 ± 83/31  cd205/2 ± 83/40  b664/0 ± 94/3  c649/6 ± 06/20  a308/1 ± 43/72  a081/0 ± 83/1  5#��7�� ='R�%  �G
 a882/2 ± 33/36  ab333/0 ± 33/43  a591/0 ± 34/6  a131/0 ± 98/19  bc179/1 ± 60/79  a111/0 ± 67/1   *$+1% a453/1 ± 33/39  a009/1 ± 47/46  b417/0 ± 82/4  b020/1 ± 49/14  b952/2 ± 94/84  a154/0 ± 31/1   *$+2% a281/2 ± 27/36  ab315/2 ± 83/43  b290/0 ± 44/4  b516/1 ± 33/16  a309/1 ± 53/89  a042/0 ± 70/1   ��)1% b764/0 ± 50/23  ab155/1 ± 00/44  c230/0 ± 06/3  b465/0 ± 12/17  c361/1 ± 52/75  a069/0 ± 32/1   ��)2% b443/1 ± 00/27  b028/2 ± 33/40  ab357/0 ± 52/5  b620/0 ± 76/15  bc097/1 ± 91/80  a271/0 ± 45/1  x	�i �:����O �� 1u: ��!�� ���%!��� �2"	 xK�R� 
������ M�: J2�� �2���
 B �� j�� ���i� 5% wHa 4�8�7 ME��� .A��       



  &�0 5- 
)= ��%����$ L��K� "��4 *C��+ 8�� ='R�% 5#��7�� � &'����-�. �
��, *$+ � ��) ")��-  ��%�� V��  RI  	��% ��4'$  5#��7�� ='R�%  �G
   *$+1%  *$+ 2%  ��) 1%   ��)2%  �G
  *$+ 1%  *$+ 2%  ��) 1%  ��) 2%  1  α-thujene  929  3/1  1/1  9/0  1/1  1/1  9/0  0/1  9/0  8/0  9/0  2  α-pinene  934  9/0  9/0  8/0  8/0  7/0  8/0  7/0  8/0  6/0  8/0  3  camphene  949  7/0  8/0  7/0  6/0  5/0  3/0  5/0  7/0  5/0  8/0  4  1-octen-3-ol  975  9/0  5/0  7/0  0/1  3/0  7/0  6/0  6/0  7/0  7/0  5  β-myrcene  990  3/0  0/1  7/0  0/1  9/0  9/0  7/0  7/0  8/0  8/0  6  α-terpinene  1017  7/2  2/2  4/1  2/2  7/1  0/2  7/1  3/1  9/1  6/1  7  ρ-cymene  1025  0/17  7/19  9/29  2/18  2/17  6/24  7/22  7/22  8/17  7/19  8  limonene  1030  6/0  4/0  5/0  4/0  3/0  4/0  4/0  5/0  4/0  4/0  9  1,8-Cineole  1032  -  4/0  -  3/0  4/0  -  -  7/0  3/0  7/0  10  γ-terpinene 1060  2/18  4/17  7/8  5/15  2/13  2/15  2/12  8/7  1/15  2/11  11  cis-sabinene hydrate  1068  6/0  5/0  1/1  6/0  5/0  8/0  9/0  8/0  9/0  8/0  12  linalooll  1099  8/2  4/1  4/2  6/1  2/2  3/2  6/1  1/2  2/2  2/2    



   E��=� &�05 - ... ")��-  ��%�� V��  RI  	��% ��4'$  5#��7�� ='R�%  �G
   *$+1%  *$+ 2%  ��) 1%  ��) 2%  �G
  *$+ 1%  *$+ 2%  ��) 1%  ��) 2%  13  camphor  1148  -  4/0  8/0  2/0  3/0  2/0  -  5/0  3/0  5/0  14  borneol  1168  5/1  3/1  0/2  2/1  7/0  9/0  5/1  8/1  6/1  0/2  15  terpineol-4  1179  -  -  4/0  4/0  2/0  2/0  3/0  -  30/0  4/0  16  thymyl methyl ether  1235  -  -  5/1  -  2/1  -  2/2  5/0  8/0  3/0  17  carvacrol methyl ether  1245  0/1  4/0  2/1  3/0  2/1  -  3/0  6/0  1/1  6/0  18  trans-anethole  1287  7/0  -  -  -  -  -  -  7/0  -  -  19  thymol  1292  9/43  5/47  7/41  2/50  4/54  9/44  8/48  4/51  0/50  8/51  20  carvacrol  1305  9/1  2/2  4/2  4/2  7/1  4/2  7/2  9/2  2/2  6/2  21  trans-caryophyllene 1425  8/1  3/1  5/2  2/1  2/1  3/2  1/1  0/2  6/1  1/1     !)�� t2���Q�3���   8/96  3/99  8/99  1/99  9/99  5/99  6/99  9/99  9/99  9/99  



 !�" &����� ���� 	 
�	��� ���� ������ �����	�36 %��  &1     165  ��-M��B�� �� ���� !�  2/18% �2:& 
8	 �� ���� �2H�3 �: 2/15% _�3 .AF� M��f�� 1�2��� �2?��2: 6� 5/1% �� %�� !�  �: 9/0% �� ���� �2H�3 _�3 .AF� 
8	 ���U�-&M��F2��3 ��B-&M��� �	�3�	�3 	 �2��� �� %�� A�� �2H�3 AH@� �: %�� !�  _��4F� .AF� �:��2�� �y� 1�2��� ��B-M��� 6� 17% �� !�  �: 6/24% �� ���� A�� �2H�3 _��4F� .AF� �	�3�	�3 4�� 6� 9/1% �� !�  �: 4/2% �� ���� �2H�3 !���. &�2��� ��B-M��� 	 ��-M��B�� �:Q���� M�����: Q�3�� U��� �� \�E�� .!����   1�2��� �2��� r� �� ���� !�  !���2�) (\�3 	 r� �� ���� A�� �2H�3 �P	���� : �2���
 B _��4F� AF�& ��4�� _��4F� �� ���� !�  ����: �2: 	 M�����: ��!�� �� �2���
 B 1	� 2% �: ��4�� 4/45% �: �2R �Z�R� .��� 1�2��� ��B -M��� �� ���� !�  : �2���
 B _��4F� AF� 	 ���� �2H�3 �P	���� 4�� k�: _��4F� 1��<��m �� ��!�� �7 !����& �� �� ���� �2H�3 �2���
 B k�: _�3 �7 .!  8&1-�2?��� �� !�  	 �2H�3 �2"	 A �!�& �� �2���
 B : M�7 1% 	 �� 	� j�� 1	� �� ���� !�  	 M�7 2% 	 �� 	� j�� 1	� �� ���� �2H�3 k�: !�82� M�� Q�3�� �� U��� !  	 M�����:  ��XY��� 1	� 2% �: �2R �Z�R� .���  �2(�3 	 4-�2?��B�� �� %�� !�  �2li �� �!� 
8	 �2���
 B 	 ���� �2H�3 �P	���� k�: !�82� M�� Q�3��� .!  �	�3�	�3 �:�2a 
�3 A�� �2���
 B _��4F� .AF�   �� ���� A�� �2H�3 �2���
 B : �� 	� j�� M�7 k�: _��4F� (87 -&M��B &M(�3 �	�3�	�3 	 �2?��2: AH@� �: �2���
 B : ;7���� .!  1�2��� Q�3�� 4-�2?��B�� �� ���� �2H�3 2/0% �2: 	 ��!�� �7 �� M�7 1% �: 3/2% _��4F� .AF� \���� \��� ��� �� ���� �2H�3 �2"	 A �!� 	 �2���
 B : M�7 k�: !�82� �7 !  	 M�����:  ��XY� �2:�� �: M�7 1% �2: �3 ��!�� Q�3�� �� M�� j�� �:��: : 2/2% .�2: �� ���� �2H�3 M��f�� Q�3�� 8&1-�2?��� �� �2���
 B : ;7���� 	 M�7 1% �2"	 A �!� 
8	 M�7 2% k�: 4��� �7 �: ��4�� 7/0% !  �	!") 3.(    ���  �P	���� 
E� 6� M����9� 1��2�3F M����%!��3 ! � %�� .A�� M�� �Z�� :  ��XY��: ! � 
��	� 	 
���6 ���� 
�	��� k�: 
�����S� �� ��E��� 9�7 
�.�2  %	K��: &��E��� M�� �Z�� T�3A� 	 A�(�3 ��2� �Xp�% ���� 
�	��� �� A��  ��XY����n 
�!�� )2000 .,al et Ram.(  ��  M����8�� ���� �2H�3 �P	���� �6	 D�R ���� 	  c�!��
��2� �� _�3 ��� 	 �2���
 B : M�7 2% k�: _��4F� �6	 D�R 
��2� c�!�� �� ���� 1��:7 %!  : !���2� \�3 .!  eAmezian 	 ���E�� )1997( 4�� 5��4� !���3 �3 A��	!�� �P	���� M�����: �X� �� 1	� AH@� �6	 D�R ���� �: 
��2� c�!�� A ��.  Tohidi Nejad  ���E�� 	)2008( �� 2��� ��XY� �����P	 �: ��!) �U�� ��� ���!� �3 23� �����P	 �: ��!) �U�� ��2:: ��XY� 
���1��� ���� 	 QH� �4F�_� �7 
��2 .   �Z�� M�7 k�: _��4F� ��4�� !�82� \�F	��3 	 2�� A�KB	��3 	 �:vH� �7 _��4F� ��4�� 4���2�F 	 !�82� ���!��2:�3 
��2 & �� ����� u: M�F� ��4�� ��2� 14���2�F ]���  1��9:  ��1��: ! � 	 2�� %�� r���F 
� !�3)2010 .,al et Yassen.( ������ c��� %!  1	� ���� 4�� ��� %���!�� 
���� �3 : M�7 �2���
 B %!  !��2: �6	 D�R 	 �� 1����: !�� �� ) & Ahl Al-Said 2009 Mahmoud,.( ���� �2���
 B : �)�� r3x�Z� 1	� 	 M�7 k�: _��4F� 
������ �6	 �� 	 &D�R j�� s�: &%�� !)�� U��� ��2: 	 s�: %�� 
�	��� t���
�(�F !  )2008 .,al et Salmasi-Zehtab.( Ramroudi 	 ���E�� )2011( ��: !��2�� �3 ��:�3 �2���
 B �)�� 1NS�4�� 
�!��2� _�� 1!�(� �: �2H9: ��)2ZR T�3
 	 
(�3 ���� ���"6� %6�(�� ) Plantago Forsk ovata( �(�[ !���.  
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��, �-�.   M��e��� �� ��2� �X� �2���
 B �: j�� s�: M��	7 
������ ��2H& �� 
8i�3 �X� �2���
 B �: 1�2��� ;7 
H@� �� j�� 5% 
������ �2: 	 �2���
 B M�7 	 1	� k�: _��4F� 1�2��� ;7 
H@� �� M��	7 .!  _��4F� 1�2��� ;7 
H@� �: �X� x�Z� �)�� 1NS�4�� �� w���� Hamrahi 	 ���E�� )2008( �� �4�3 5��4� %!  .A�� Mahaleh Khalili 	 ���E�� )2007( 
a 
���67 �2���
 B �)�� 4��1NS� �� �� 	� ��6 �: �n� M�F� 	 
3!�� \Hn 6� �29� \� 
"�  1��:_��4F� ��E��� ��)2� !���3 	 �X� 1	� �� ���9� .!��@��� �2���
 B �(82� 1	� k�: _��4F� }R  j�� s�: �� %�� \��R�� ! & �:1�2a �3 M�����: }R  j�� s�: �2:�� �: �2���
 B �(82� 1	� : 32/3 	 M����3 }R  j�� s�: : 85/2 �: c!� �2���
 B �2:�� .�2:  M�����: 1������B 1! � 	 ��E��� �� �2���
 B 
��: 4���� )sativum Coriandrum( : 4ZnSO %!��� !  )2008 .,al et Kalidasu.( Figueira )2002( �� 
a 
����� }W�� �3%� �A� �3 2��J (��	
� 6� �E���	A��8� 1	� �6	 D�R 2R��� ����X N����  �A�. �� �M� 67_�� }W�� ! % �A� �3 �E���	A��8� ����: 1	� A�(�3 �U�� 	 4���� 2��� p��X% ����X N����  �A� �3  M��_��67 4�� M�� Q��� ��  !��Y�
�.!�3  _�	`B1� Grejtovský 	 ���E�� )2006( 1	� ��2:: ��� ��� �3 ��:�3 1	� )50& 100 	 150 
���c�� �: (c��2��3 � ����4 50 ���
c�� �: 3�c��2� k�: �4F��_ ! � 	 ��E��� U��� 	 ��4 S������ AHy� �� [�4"� U��� �
&�2  �� �� ����� :���� &1	� ��M !�	� �2E�� �
����. Nasiri 	 ���E�� )2010( : ��8�� �: 1	� ��2:: &
��87 5��4� !��2�� �3 �2���
 B M�7 	 1	� : A~�O 5/3 �� ��4� k�: _��4F� 6/26 1!)�� U��� AH@� �: !�  .!  : �"2� �: _�� !��31 7M� �� �F�!�� 4���2�F& �bu��i 3��:� �7 : 2H9:� 4���2�F QH� �4F�_� 4���� �U�� ��% ! % �A�. w���� ��<�1 ��� %��� 4���2�: �U�� ��% ���� �: ! � A�� Y���X M�7 ���n ��F�� A�� )2008 ,al. et Salmasi-Zehtab.( Akhtar 	 ���E�� )2009( ��� ���!� �3 �2���
 B 1	� �: ����4 3 �� ��4� k�: �4F��_ 2/28 �1!)� U��� t��� AH@� �: ���� !�  .!  �� 
����� ����� Q��� 6� �)�� 
��NO x�Z��B 	 r3x�Z� �: ��4�� \:n 
9"2� QH� _��4F� U��� 6��% D��8� !  ) et Sahzabi Alizadeh 2007 .,al(.   ��  M����8�� 4�� �2���
 B 1	� 2% k�: _��4F� 30 1!)�� %�6: U��� �� ���� 1��:7 %!  : !���2� \�3 	 _��4F� 21 1!)�� U��� M��	7 �� ]���  �2H�3 �P	���� .!  �� ��2� Q�3��1� U��� 4�� ��!�� �2��� �:��2�� Q�3�� Q8O U��� A��  ��XY��2���
 B : 1NS�4��� 4�: M�7 2% �� ���� 1��:7 %!  : !���2� &\�3 _��4F� .AF� M��f�� 8&1-�2?��� �� %�� !�  �2"	 &A �!� �� �2���
 B : �� 	� j�� 1	� �� �� 	� ���� !�  	 �2H�3 k�: !�82� M�� Q�3�� �� U��� !  	 M�����:  ��XY��� 1	� 2% �: �2R �Z�R� .���  M���:�:�:�~� 
�!�� �� ����� ���n M�F�� ��9: �)�� 1NS�4�� ���� �: 1��N��X� ����: �: 1	� ;N" ��� ��2� 
��NO 	 �K��� ����: JK�� �� A9" ;N" 
��2  )2009 .,al et Darzi.( ��  !��Y�e���  M����8�� Maurya )1990( �� ��2� 4����  ��XY��2���
 B �)�� 1NS�4�� ���"6� M�7 	 1	� �� ��2� 
���: ���n %��� 	 5��4� ��3 �3  �2���	 ��E��� U��� ���� �23N� �� ����� %�(��� 
��: �)�� �23N� �2H9: 
�.!�:� �:1�2a  �3\��2� ��NS�&1� ��E��� U��� 	 �2��� �� _��4F� 
�!��� )2002 Arjmandi, & Omidbaigi.(   2����
 B 4���� : 1	� 	 7M� �� ���\i �!  	�
��& 
�!�� 	 \�E�� 2��% QH� �4F�_� 
������ ��(�t ��2:& !���� �:���� �n�& �6	 ��& ��!) �U�� ��% 	 �E���� ���� !  )2009 Omer, & Ahl Al-Said.(   ��  M����8�� e��� ��� ���  �3��4�� (87 -&M��B &M(�3 &�2(�3 �2?��2: 	 M��f�� �2��� �:��2�� 4"[ Q8O U��� : �2���
 B 1	� A�� ]���  �2H�3 �P	���� 



 !�" &����� ���� 	 
�	��� ���� ������ �����	�36 %��  &1     167  _��4F� AF�. [�4"� %!�� U��� 
��!��  !��� &�2��	���� �2����P 	 �28��8 : ��:�3 200 
���c�� �� ���8 �(82� 1	� _��4F� !��F� )2010 .,al et Ayad(. �� 67
��� �<�� 2����
 B : 1�72��2�c (@F� 	 (82�� 1	� �� ���t 
�(�F k�: �4F�_� 4���2�: 2���� �: �!�%6� 7/18-6/15 !  )2000 .,al et Ram.( M��f�� �� D� _�	`B �X� ���� 1��23 M�7 	 1	� �: �2��� �: Q@i !)�� �� %�Z� ��� ��� �3 1����� 1	� 2 �� ��4� 	 1	� 4 �� ��4� �:Q���� : ����� 24% 	 28% U��� xK�R� 
���1��� !�� �!�& �� M�����: _��4F� �2��� �2:�� �: 1	� 4 �� ��4� .�2: M�����: ��4�� �	�3�	�3 !�82� %!  6� ���� M�7 	 1	� 2 �� ��4� 	 UB 6� �7 ���� 1	� 4 �� 4��� 	 M����3 ��4�� �2:�� �: !�  �2: )2012 Ghorbani, & Yadegari.( M��f�� e��� _��67 igiaOmidb 	 Arjmandi )2002( 1	� M��	7 
O: : e��� %! �3L A�:�� .���� ��  M����8�� 4�� M�����: ��4�� �2��� 6� �2���
 B : 1	� 2% A�!: !�7.  �2���
 B %�� ���� : �K3 &1	� k�: �2H9: ! � 	 ��E��� &%�� !)�� 	 ��E��� U��� 	 4�� ��4�� �28��8 	 \����2E�	3 �:��2�� [�4"� Q8O U��� �� ]���  _�� 1�2  !���� )2010 Mahmoud, & Ahl Al-Said.( ��:�3 �(82� 1	� �:��2) 
3R 	 �2���
 B k�: _��4F� 
������ ! � 	 ��E��� U��� �� %�� % c���� ! . M��f�� : ��:�3 1	� !)�� �		�3 �:��2�� [4" Q8O U��� _��4F� AF� )2011 .,al et Derakhshani.( �� D� w���� �<�� ��:�3 
��: 50 
���c�� �� ���8 6� �)�� &1	� 4�<�� 	 Q�3�� 9�7 k�: _��4F� �() &
��	� !)�� U��� &�N: ��E��� U��� �E�B 
��	� 	 �N: �� %�� %��64H� .!  ��4�� M��23 !�q!87 �:��2�� [4" Q8O U��� �� G�B �: �2���
 B �)�� 1	� 	 4�<�� �� �� 	� U��� �N: 	 �E�B 
��	� _��4F� AF�   )Mohamed, 2002Sawi & -El(.  �����5��4� !���3 �� %�� 
�	��� ��2H����: )officinalis Melissa( �2���
 B M�7 �X� 
�Hy� �: _��4F� D�����6� !��� A �� )2009 .,al et Posmyk.( ��  M����8�� ���� !�  1�2��� �3��Q1� �:-&M���� �	�3�	�3 	   ��B -M��� �:��2�� 
E� �<�� 6� [�4"� Q8O U��� 
a �2���
 B : M�7 _��4F� .AF� M��f�� �2���
 B : M�7 k�: !�82� 
R�: Q�3��� �� ���� !�  ! . �:��2�� �y� M�7 1% k�: !�82� 8&1-�2?��� �� Q�3�� U��� !  	 M�7 2% 4�� k�: 4��� 4-�2?��B�� 	 \���� \��� ��� ! . M��f�� %�(��� 6� �� 	� j�� M�7 k�: !�82� Q�3�� �(�3 ! . �2���
 B : M�7 2% �� %�� A�� �2H�3 k�: ���� Q�3�� ���U� �2��� �� U��� !����. �� ��8��1� 1	� %�� \��:6	� &
O: �)�� 1NS�4�� &M�7 &1	� U� 	 4�<�� �X� \:n 
9"2� �: 1	� &U��� !�q2��	�3& &!�q2�	KF 	 1��2�3F 1! � !�� �� )2013 Yadegari,.(  e��� ����: ������ c��� %!  �� �H��� :  ��XY� �)�� 1NS�4�� M�7 	 1	� �: 1�2��� U��� ���� 
�	��� &|��W� A�Ei 6�  ��XY�AHy� M�� �)�� �: _��4F� !)�� U��� �� �� A��.  M����8�� 4�� �X� M�� �)�� �� �� %�� M��	7 r� �� !�  	 r� �� ]���  �2H�3 �P	���� �Y!�� .��3 M��f�� ��  M����8�� �2H�3 �P	���� k�: _�3 %�6: U��� &!���� �� 
8i�3 �2���
 B �)�� 1NS�4�� �:%`�	 1	� : _��4F� !)�� Q�3��1� 
�)� \�E��%!��� U��� M��	7 \y� �2��� k�: _��4F� %�6: 	 A�(�3 U��� M��	7 ! . �2H�3 �P	���� �3 �� Q�O� ^R1� ����� �2"	 &���� k�: _�3 %�6: U��� 
�.�2  �� ��  M����8�� A�� �2���
 B �)�� 1NS�4�� A�(�3 U��� �� M��	7 r� �� ���� 
��Ha 	 r� A�� �2H�3 �P	���� _��4F� AF�.    ����� 
��� �
�����  - Abd El-Wahab Mohamed, A., 2008. Effect of some trace elements on growth, yield and chemical constituents of 
Trachyspermum ammi L. (Ajowan) plants under Sinai conditions. Research Journal of Agriculture and Biological Sciences, 4(6): 717-724.  



168   &'��� �� (���) � *$+ �
��, �-�.  - Akhtar, N., Abdul Matin Sarker, M., Akhter, H. and Katrun Nada, M., 2009. Effect of planting time and micronutrient as zinc chloride on the growth, yield and oil content of Mentha piperita. Journal of Soil Science, 44(1): 125-130. - Alam, S. and Raza, S., 2004. Micronutrient fertilizer. Pakistan Journal of Biological Sciences, 4: 1446-1450. - Alizadeh Sahzabi, A., Sharifi, A., Shoorabadi, A., Shirani Rad, A.H. and Abbaszadeh, B., 2007. Effect of different rates and methods of nitrogen application on quality and quantity characteristics of some savory herbs (Satureja 
hortensis L.). Iranian Journal of Medicinal and Aromatic Plants Research, 23(3): 416-431.  - Ameziane, R., Cassan, L., Duffosse, C., Ruffy, T.W. and Limami, A.M., 1997. Phosphate availability in combination with nitrate availability affects root yield and chicon yield and quality of Belgain endive (Cicorium intybus). Plant and Soil, 191: 269-277. - Ayad, H.S., Reda, F. and Abdalla, M.S.A., 2010. Effect of putrescine and zinc on vegetative growth, photosynthetic pigments, lipid peroxideation and essential oil content of geranium (Pelargonium 
graveolens L.). World Journal of Agricultural Sciences, 6(5): 601-608. - Bahrani, A., 2015. Effect of some micro and macro nutrients on seed yield and oil content of rapeseed (Brassica napus L.). International Journal of Chemical, Environmental and Biological, 3(1): 71-74. - Bakr, E.M., 2005. A new software for measuring leaf area, and area damaged by Tetranychus urticae Koch. Journal of Applied Entomology, 129(3): 173-175. - Baloch, Q.B., Chachar, Q.I. and Tareen, M.N., 2008. Effect of foliar application of macro and micro nutrients on production of green chilies (Capsicum annuum L.). Journal of Agricultural Technology, 4(2): 177-184.  - Barr, H.D. and Weatherly, P.E., 1962. A re-examination of the relative turgidity technique for estimating water deficit in leaves. Australian Journal of Biological Science, 15: 413-428. - Darzi, M.T., Ghalavand, A. and Rejali, F., 2009. The effects of biofertilizeres application on N, P, K assimilation and seed yield in fennel (Foeniculum 
vulgare Mill.). Iranian Journal of Medicinal and Aromatic Plants Research, 25(1): 1-19. - Derakhshani, Z., Hassani, A., Rasouli Sadaghiani, H., Hassanpouraghdam, M.B., Hosseini Khalifani, B. and Dalkani, M., 2011. Effect of zinc application on growth and some biochemical characteristics of costmary (Chrysanthemum balsamita L.). Communications in Soil Science and Plant Analysis, 42(20): 2493-2503. - Ebrahimian, E. and Bybordi, A., 2001. Effect of iron foliar fertilization on growth, seed and oil yield of sunflower grown under different irrigation regimes. Middle-East Journal of Scientific Research, 9(5):  621-627. - El-Tohamy, W.A., Khalid, A.K., El-Abagy, H.M. and Abou- Hussein, S.D., 2009. Essential oil, growth and yield of onion (Allium Cepa L.) in response to foliar application of some micronutrients. Australian Journal of Basic and Applied Sciences, 3: 201-205. - El-Sawi, S.A. and Mohamed, M.A., 2002. Cumin herb as a new source of essential oils and its response to foliar spray with some micro-elements. Food Chemistry, 77(1):75-80. - Erdal, I., Kepenek, K. and Kizilgos, I. 2004. Effect of foliar iron applications at different growth stages on iron and some nutrient concentrations in strawberry cultivars. Turkish Journal of Agricure and Forstry,  28: 421-427. - Figueira, G.M., 2002. Mineral nutrition, production and artemisinin content in Artemisia annua L. Acta Horticulturae, 426: 573-578. - Grejtovský, A., Markušová, K. and Eliašovám, A., 2006. The response of chamomile (Matricaria chamomilla L.) plants to soil zinc supply. Plant and Soil Environment, 52: 1-7. - Hamrahi, S., Habibi, D., Madani, H. and Mashhadi Akbar Boojar, M., 2008. Effect of cycocel and micronutrients on antioxidants rates as indices of drought resistance of rapeseed. New Finding in Agriculture, 2(3): 316-329. - Hoagland, D.R. and Arnon, D.I., 1950. The Water Culture Method for Growing Plant without Soil. University of California Berkley Press, College of Agriculture, Agricultural Experiment Station, 31p. - Kalemba, D. and Kunicka, A., 2003. Antibacterial and antifungal properties of essential oils. Current Medicinal Chemistry, 10(10): 813-829. - Kalidasu, G., Sarada, C. and Reddy, T.Y., 2008. Efficacy of biofertilizers on the performance of rainfed coriander (Coriandrum sativum) in vertisols. Journal of Spices and Aromatic Crops, 17(2): 98-102. - Khalili Mahaleh, J., Jalili, J. and Roshdi, M., 2007. The effect of foliar application of micronutrients on quantitive and qualitative of grain corn. Agriculture Science, 13(2): 58-69. - Khandan, A., Astaraee, A., Nasiri, M. and Fotovat, A., 2009. Effect of different levels of chemical and organic fertilizers on yield and yield component of fleawort. Iranian Agronomy Research Journal, 3(2): 245-253. - Malakouti, M.J. and Bani Ghibi, M., 2000. Determining the critical level of effective nutrients in soil, plants and fruits in order to increase the quantitative and qualitative yield of strategic products of the country. Agricultural Education Publication, Karaj. - Malekotti, M.J. and Keshavarz, P., 2005. Attitude towards Fertility of Iranian Soils. Sana Publications, Tehran. - Maurya, K.R., 1990. Effect of micronutrients on yield and essential oil content of coriander (Coriandrum sativum L.). Indian Perfumer, 34(4): 263-265. - Movahhedy-dehnavy, M., Modarres-Sanavy, S.A.M. and Mokhtassi-Bidgoli, A., 2009. Foliar application of zinc 



 !�" &����� ���� 	 
�	��� ���� ������ �����	�36 %��  &1     169  and manganese improves seed yield and quality of safflower (Carthamus tinctorius L.) grown under water deficit stress. Crops Products, 30: 82-92. - Mozaffarian, V., 2013. Indentification of Medicinal and Aromatic Plants of Iran. Farhang Moaser, Tehran, 579p. - Nasiri, Y., Zehtab-Salmasi, S., Nasrullah Zadeh, S. and Ghassemi Gholezani, K., 2010. Effect of iron and zinc spraying on morphological traits and German chamomile flower yield. 11th Congress of Agriculture and Plant Breeding, Iran, 24-26 July: 199. - Navarrete, P., Toledo, I., Mardones, P., Opazo, R., Espejo, R. and Romero, J., 2010. Effect of Thymus vulgaris essential oil on intestinal bacterial microbiota of rainbow trout, Oncorhynchus mykiss (Walbaum) and bacterial isolates. Aquaculture Research, 41: 667-668. - Omidbaigi, R. and Arjmandi, A., 2002. Effects of NP supply on growth, development, yield and active substances of garden thyme (Thmus vulgaris L.). Acta Horticulture, 576: 263-265. - Posmyk, M.M., Kontek, R. and Janas, K.M., 2009. Antioxidant enzymes activity and phenolic compounds content in red cabbage seedlings exposed to copper stress. Ecotoxicology and Environmental Safety, 72(2): 596-602. - Ram, M., Singh, R. and Sangwan, R.S., 2000. Foliar applications of phosphate increase the yield of essential oil in menthol mint (Mentha arvensis). Australian Journal of Experimental Agriculture, 43(10): 1263-1268. - Ramroudi, M., Keikha Jaleh, M., Galavi, M., Seghatoleslami, M.J. and Baradran, R., 2011. The effect of various micronutrient foliar applications and irrigation regimes on quantitative and qualitative yields of isabgol (Plantago ovata Forsk.). Journal of Agroecology, 3(3): 277-289. - Said-Al Ahl, H.A.H. and Mahmoud, A., 2009. Effect of spraying with zinc and/or iron on growth and chemical composition of coriander (Coriandrum sativum L.) harvested at three stages of development. Journal of Medicinal Food, 3(1): 97-111. - Said-Al Ahl, H.A.H. and Mahmoud, A.A., 2010. Effect of zinc and/or iron foliar application on growth and essential oil of sweet basil (Ocimum basilicum L.)  under salt stress. Ozean Journal of Applied Science, 3(1): 97-111. - Said-Al Ahl, H.A.H. and Omer, E.A., 2009. Effect of spraying with zinc and/or iron on growth and chemical composition of coriander (Coriandrum sativum L.) harvested at three stages of development. Jouranl of Medicinal Food Plants, 1(2): 30-46. - Salardini, D. and Mojtahedi, M., 2005. Soil Fertility. Tehran University Press, 434p. - Shabanzadeh, S.H., Ramroudi, M. and Galavi, M., 2012. Influence of micronutrients foliar application on seed yield and quality traits of black Cumin in different irrigation regimes. Journal of Crop Production and Processing, 1(2): 79-89. - Tohidi Nejad, E., Korki, M., Mohamadinejad, G., Majidi, M.M. and Ahmadi-Afzadi, M., 2008. The effect of planting date and nitrogen levels on performance and essence of Matricaria (Matricaria chamomilla). Journal of Agricultural Sciences and Natural Resources, 1(1): 15-24. - Wissuwa, M., Ismail, A.M. and Graham, R.D. 2008. Rice grain zinc concentrations as affected by genotype native soil-zinc availability, and zinc fertilization. Plant and Soil, 306: 37-48. - Yadegari, M. and Ghorbani, F., 2012. Effect of Fe and Zn micronutrients on secondary metabolits content and yield of thyme (Thymus vulgaris L.). Journal of Crop Production Research, 4(3): 265-277. - Yadegari, M., 2012. Chemical composition, antioxidative and antibacterial activity of the essential oils of wild and cultivated Thymus vulgaris from Iran. Biosciences Biotechnology Research Asia, 9(1): 261-263. - Yadegari, M., 2013. Foliar application of Fe, Cu, Mn and B on growth, yield, and essential oil yield of marigold (Calendula officinalis). Journal of Applied Science and Agriculture, 8(5): 559-567. - Yadegari, M., 2014. Foliar application of micronutrients improves growth, yield, and essential oil yield of Thyme (Thymus vulgaris L.). Research on Crops, 15(4). - Yassen, A., Abou-El-Nour, E.A.A. and Shedeed, S., 2010. Response of wheat to foliar spray with urea and micronutrients. Journal of American Science,  6(9): 14-22. - Zehtab-Salmasi, S., Heidari, F. and Alyari, H., 2008. Effect of microelements and plant density on biomass and essential oil production of peppermint (Mentha 
peppermint L.). Plant Sciences Research, 1: 24-26. - Zeidan, M.S., Mohamed, F. and Hamouda, A.H., 2010. Effect of foliar fertilization of Fe, Mn and Zn on Wheat yield and quality in low sandy soils fertility. World Journal of Agricultural Science, 6(6): 696-699.       



Iranian Journal of Medicinal and Aromatic Plants, Vol. 36, No. 1, 2020  170 Effects of iron and zinc foliar spray on growth factors and essential  oil constituents of Thymus vulgaris L. under nitrogen deficiency  Z. Asle Mohammadi1, N. Mohammadkhani2* and M. Servati3  1- M.Sc. student of Medicinal Plants, Shahid Bakeri High Education Center of Miandoab, Urmia University, Urmia, Iran 2*- Corresponding author, Shahid Bakeri High Education Center of Miandoab, Urmia University, Urmia, Iran     E-mail: n.mohammadkhani@urmia.ac.ir 3- Shahid Bakeri High Education Center of Miandoab, Urmia University, Urmia, Iran  Received: April 2019           Revised: December 2019            Accepted: February 2020  Abstract     The deficiency of nutrients such as nitrogen disrupts growth and changes the quantity and quality of essential oil. Foliar application of micronutrients improves plant growth. Therefore, due to this issue and its importance, the present study aimed to evaluate the effects of iron and zinc foliar spray on growth factors, percentage and essential oil components of thyme (Thymus 
vulgaris L.) under soil nitrogen deficiency. This study was conducted as a factorial experiment in a completely randomized design with three replications. Experimental treatments consisted of nitrogen levels (control and deficiency) and iron and zinc foliar spray (1% and 2%). The results showed that the essential oil yield of thyme decreased under nitrogen deficiency; however, the foliar application of micronutrients, especially zinc, significantly increased the essential oil yield. Also, thymol, γ-terpinene and p-cymene formed the most components of the essential oil. Thymol content increased in control plants (full strength Hoagland) with foliar spray and its highest amount (54.4%) was obtained with foliar spray at zinc-2%. The p-cymene content increased from 17% at nitrogen control level to 24.6% under nitrogen deficiency. In control plants (full strength Hoagland), foliar spray increased shoot length, and iron-2% increased shoot dry weight. The foliar application of micronutrients caused changes in the content of essential oil compounds and the synthesis of some new compounds such as 1,8-cineole in the essential oil. The foliar application also improved some growth factors such as shoot length and dry weight in the control plants.  Keywords: Thymus vulgaris L., essential oil, spraying, thymol, micronutrient, nitrogen deficiency.  


