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 � 25/1 �������6 9� �A��� #��\ ���N�7 20% �3�~� '��7 � #�N 9� d� ���9   40 c����� 8�� ����E�( �L$ �I
= �� �Ad �A�   725 ���A
�
 �� 4N��� D
>N '9�#
�8��� .#    ���q��� j
��� N������ '�<��� ��
A�7 �#�   4003 laborota( FO�� F7�  u6�#�� ���6= a��
� #����. 8��N ���q��� j
��� ��#�� 10 a�� �
A�
 D	O '#  ���N �� �� M6�N 2000 �������68 ����q � �N �= ��#: 100 �������6 �= ��� '��l3� � 4�� ���q��� � j
������ 8a��
� .#  j
��� 4*�: jG 9� v�$��= 8�� S�� �'# �� �� ���[q ��#I<
 8#  ) & Renata 2014 Grażyna,.( 8��N 8��$� HPLC ��#�� 5 ����a�� 9� F3�N �� �
A�
 �� 5 �������6 9� 9�3 U���� �7 4��  �A
��� �AN ���� S�� ��#� tA�q� #  � \�: ���I
 �N   100 ����a�� �� 100 ���� ���6.#��� 4Zc 9� ����3 ���7 �
A�
 �N �#� 15 ���c� �N L^�7 �3�* 45/0 8�����E�� �N �#� 10 ���c� ��E� '��� .#  8��N ��I� UA��� ��6��   5 ����a�� 9� '��5� �� 5 �������6 9� 9�3 v��� tA�q� #  � 89�����#
���� �� ����� 20  ��100 ���6��E�� �N ����a�� a��
� .#  8��N M���� V�7��8�� j
��� �N '��)��� 9� HPLC D� �
A�
 20 8���6��E�� 9� '��5� ���q��� '#  �N 4O�� �A�� �N ��5q	� 5 (i.d) 4.6mm × µm250 ODS ����
� '��� #  � �3���A�����7 �N T���  k�N ��$� .#  �� �� �
A�
 D�G F�#N'#�= i����N FP�^ ������ �N �= F�#N #�= � '���8�� �dAN�� FZh #
#  ) et Amany 2011 .,al( 4E ) 1(.   
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� 1- '�"(	)��"� HPLC *��")��� :+���!�,�� 1( .	(�",��/ 2( 0	����/ 3( �!	��2  4( .	!�4�2 �� F��I
 ��l�� '����� �N '��)��� 9� a�
��l3� SAS a��
� .#  �C���� M�<
����� �N K�� �A�9= #�f �����8� ME
�� #���� a��
�. 8��N ��I� ���A�
 9� ���
�N Excel '��)��� .#����    �����   i����N g���
 4*�: 9� ��l�� j
����� '����� pq	� #  �7 �h� 8������� T��� F	7 � \�P��'#��7��8 # � �N #*�� ��7(���9 �9� �� (iA6�7 #*�� (���99�N �Ad � �9� D	O �	�� � �c�� ������� .#  M��[�� g���
 ��	
 ��� �h� 4N���� T�3 �N �9� �� iA6�7 ������� #  � �N ���� ��)* ������� �AZ
 ��#$) 1.(    .�5 1- 6�78) 9!���� :��;	<= >	2��  6?���( ���@@�� ��� 0	=") �+ ���� AB���� C�,D� )MS/ B5  SH( �� +"���� F�G4)��44���� ��� C�,D� )/��,4�� NAA/ 2,4-D/ NAA + ��,4��  2,4-D + (��,4�� 0@ IB= 6B�� 0@ IB= 6J�� .	K  6B�� .	K  J��6 �;�+  ���@@�� 0@ ")  >	2�� .�����@ 65�+  �+�@L M��4� :�"��N) 19/2  14/13  056/0  17/0  292 057/0  9/83  3 ��"
) 7/6** 29/7** 0/48** 2/8** 423** 0/68** 430** 2 ���� AB� )a( 3/8** 7/7** 0/31** 0/65** 211** 0/57** 209** 4 F�G4)��44� ��� )b( 0/29ns 0/12ns 0/017ns 0/011ns 12/3ns 0/021** 4/83ns 8 a×b 14/0  49/0  0082/0  016/0  4/16  006/0  24/7  42 �O= 2/12  1/13  03/8  7/8  7/12  3/4  2/3    *�"P :�"��N) (%)  ns **�: �NV���� ��^������� � ������� �� �� ����:� 1%   �;�+ .�����@  i����N g���
 4*�: 9� M�� b���� pq	� #  �7 M���k�N #*�� ��7���9 )88%( �� ����� T��� F	7 MS � M����7 ��l�� �= )78%( 
�l �� T��� F	7 B5 F�#N #�= ��#$) 2.( \�P��'#��7��8 # � u��q�  8���h�����)�� �N #*�� ��7���9 #�� ��( �N8�Ad �7 M���	�N #*�� ��7���9 
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 S>�O� �������8 �A$� .F �#
 �N8�Ad  �7M����7 #*�� ��7���9 �� M�N 8������� u��q� tAN�� �N ����� D-2,4 �AN ��#$) 2.(    .�5 2- 6R��S� ��T!��� :��;	<= >	2��  6?���( ���@@�� ��� 0	=") �+ ���� AB���� C�,D� )MS/ B5  SH( �� +"���� F�G4)��44���� ��� C�,D� )/��,4�� NAA/ 2,4-D/ NAA + ��,4��  2,4-D + (��,4�� 0@ IB= 6B�� (g) 0@ IB= 6J�� (g) .	K 6B�� (cm) .	K 6J�� (cm) ���@@��  (%) .�����@  (%)  ������)       ���� AB� 6/2 a 5/6 a 28/1 a 87/1 a 5/35 a 88a U����	�  V	
�� )MS(  9/1 b 3/5 b 12/1 b 48/1 b 9/32 b 82b I4�  V�"����� )SH(  3/1 c 1/4 c 97/0 c 12/1 c 5/26 c 78c W�	X��( )B5(        F�G4)��44���� ��� 2b 3/5 b 16/1 b 24/1 c 31b 83ab ��2�,�! I�,�� ���� )NAA(  5/1 c 4/4 c 1c 42/1 b 27c 80b ��,4�� )Kin(  2/1 c 7/4 bc 1c 2/1 c 27c 78b �+�	Y	) )2,4-D(  6/2 a 6a 3/1 a 7/1 a 9/36 a 88a NAA+Kin 3/2 a 9/5 a 24/1 a 73/1 a 34ab 85ab 2,4-D+Kin M�<
������� �7 8���� 4c�#: D� S�: �N�	� ��#� �N ���)� �������\� �N 8 #
��#
.    0@ ") >	2��  i����N g���
 4*�: 9� �C���� M�<
��� '����� pq	� #  �7 ��N��7 a�A� M����7 �N '���� NAA �   D-2,4 �� T��� F	7 MS FZC
 �N �� T��� F	7 �<�� 9� �P
 �9� �� iA6�7 8���� 8���N (�AN �N8�Ad �7 �� M�� T��� F	7 M���	�N ��l�� �9� �� iA6�7 )39/2 (a�� �� ����� ��N��7 a�A� NAA + M����7 .�AN ��N��7 ��� \�P��'#��7��8 # � �� T��� F	7 Y�AZ��� FZC
 �N �� T��� F	7 MS � SH �h� 8���7 �N �9� �� iA6�7 F �� � M����7 ��l�� �9� �� iA6�7 �� M�� T��� F	7 b���� �N ����� ��N��7 8�I�� D-2,4 �AN ) 4E 2.( �N �$A� �N �E��� �9� �� iA6�7 �� T��� F	7 B5 FZC
 �N �� T��� �<�� W��7 (F3�� �6� '#��	� #  �7 ��N��7 a�A� NAA+ M����7 FZC
 �N ��N��7 8�I�� �� \�P��'#��7 # � ��A� ��6�� ��	�N .�AN    �;�+ ���@@��  #*�� ���99�N �� T�����8 F	7 u��q� MS( SH � B5 �NV���� 5/35%( 9/32% � 55/26% �AN �7 �<
��N 8���N T��� F	7 MS FZC
 �N ���� T��� ���� 8��6� ���99�N �AO�� ��# �N ��#$) 2.( �N �$A� �N �E��� M�N �� \�P��'#��7 # � M����7 � D-2,4 9� �P
 8���= 
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 �6� #*�� ���99�N �� M�� �� ����� �N�Ad �������8 ���7 9� ��N��7 8�I�� NAA .�AN M�� �� �6�: �AN �7 #*�� ���99�N �� ����� ��N��7 a�A� NAA+ M����7 )9/36%( FZC
 �N �����   D-2,4+ M����7 )34%( 8���N F �� ��#$) 2.(      %
�2- "#� %��S,� �������) C�,D� ���� AB�  F�G4)��44���� ��� "� 0@ ") >	2�� 0	=")  �)M�<
������ �7 8���� 4c�#: D� S�: �N�	� ��#� �N ���)� �������\� �N 8 #
��#
.(    .	K 6J��  6B��  g���
 C����� M�<
����� ��	
 ���  �7�Ad �c�� � �	�� �[���� ���99�N '#  �� T��� F	7 MS FZC
 �N ���� T�����8 F	7 8���N F �� � M�� ��)* �� T��� F	78�� SH � B5 �� '��8�� 8#�N ���c #��3��. 8���N T��� F	7 MS FZC
 �N �� T��� F	7 �<�� �N �
A�8� �AN �7 S>�O� M�N M�� �� T��� F	7 9� �P
 M�� �� F)* �N \� ������� .�AN �Ad �	�� �� �[���� �99�N�� '#  �� T�����8 F	7 MS( SH � Y�AZ��� �NV���� 28/1( 12/1 � 98/0 ��
����� �AN ��#$) 2.( T��� F	7 ��: 88������� u��q� D-2,4( NAA � M����7 ���N 4�E	� '��CO�  � �	�� �� T��� 8��F	7 �AO�� .#  8������� ��N��7 a�A� NAA+ M����7 � D-2,4+ M����7 9� �P
 �Ad �c�� � �	�� FZC
 �N �� ����� �<�� 8���� 8���N .#
�AN M��[�� g���
 ��	
 ���  �7��N��7 M����7 �N ���I�� VZ� W��l3� ��	�N �Ad �c�� �N ��l��   4/1 ��
����� FZC
 �N �� ����� �<�� .#  M�� W��l3� 8��N �	�� �� ����� ��N��7 a�A� NAA+ M����7 FZC
 �N ����� D-2,4 � M����7 �N ��l�� 24% ��	�N �AN � FZC
 �N ����� ��N��7 8�I�� NAA ��#: 11% ��	�N �AN ��#$) 2.(   0@ IB= 6J��  6B��  M�N T�����8 F	7 u��q� 9� �P
 �9� D	O �c�� � �	�� S>�O� ������� �A$� F �� � T��� F	7 MS 8���� M���k�N ��l�� �9� D	O �c�� � �	�� �NV���� �N ��l�� 5/6 � 6/2 a�� �AN( �N ��Z
� �= �9� D	O �c�� �� T��� F	78�� SH � Y�AZ��� �NV���� 3/5 �   1/4 a�� �AN ��#$) 2.( ��N��7 a�A� M����7 �N NAA � D-2,4 VZ� #  �7 �9� D	O �c�� � �	�� FZC
 �N ��N��7 8�I�� �I
= W��l3� ��3��( �N8�Ad �7 �9� D	O �c�� � �	�� �NV���� FZC
 �N ����� ��N��7 8�I�� M����7 27% � 26% W��l3� .F3�� �9� D	O �c�� � �	�� �� ����� ��N��7 8�I�� M����7 FZC
 �N ��N��7 8�I�� D-2,4 S>�O� ������� (F �#
 �6� FZC
 �N ��N��7 8�I�� NAA bc c c a bc c d de b bc d e e c cd0246810121416  #��� D���� M�6��)
NAA  M����7KIN 2,4-D 8��A3A� NAA+Kin 2,4-D+Kin  #��� D���� M�6��)
NAA  M����7KIN 2,4-D 8��A3A� NAA+Kin 2,4-D+Kin  #��� D���� M�6��)
NAA  M����7KIN 2,4-D 8��A3A� NAA+Kin 2,4-D+Kin UAE�� � X� ��A�MS  U��N#��� � X� SH  Y�AZ���B5 >	2�� ") 0@Callus fresh weight(g
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�AN W��l3� �9� D	O �	�� �� 8������� ��N��7 a�A� M����7 �N NAA � D-2,4 FZC
 �N ����� ��N��7 8�I�� NAA � D-2,4 �N���V� 23% � 48% �AN ��#$) 2.(    :��;	<= �������	��  g�����
 ����l�� j
������� tA��N�� ���N �����*A5O ������ A�N iA6�7 ��	
 ���  �7�h� ����� T��� F	7 �N #*�� #�oA
�>3 47( V�7��8�� (�6A�3 �A�3 47(  #�*�� j
��� � #*�� �A������ �� �� ����:� 1%  �������� .�AN M��[�� �h� ����� \�P��'#��7 ���8  #� �  ��N  #�*�� (j
��� #*��  (�A�������  (�A������  M
A���6 �  �A
����6 ������� .�AN M��[�� g���
 ��	
 ���  �7�h� 4N���� T��� F	7 � \�P��'#��7��8 # � �N ��)*  #�*��  #��oA
�>3 47( V�7�� 8���  (�6A��3  �A��3  4�7 �  #�*��  �A������� ������� �AN ��#$) 3.(  ��	,�� ��Z	![Y       \�P�� JA� ��� ��'#��7 ��l�� M���	�N # � 8�� F	7 T��� �N tAN�� #�oA
�>3MS  ��l�� M���k�N .�AN  ��l�� �N #�oA
�>326/1 ���� ����� �N tAN�� a�� �N a��  a�A� ��N��7NAA F	7 T��� �� �� .�AN M����7 +MS  �SH  a�A� ��N��7 8������� �� #�oA
�>3 ��l��NAA  �  D-2,4 \�P�� �� M�� 8�I�� ��N��7 9� ��	�N M����7 �N '#��7  F	7 T��� �� �6� (�AN # �B5  ��l�� � �AN jE�N a�A� ��N��7 8������� �� #�oA
�>3NAA  �D-2,4  �N \�P�� �� M�� 8�I�� ��N��7 9� ���7 M����7 .�AN # � '#��7  ����� ��: M�� �ND-2,4  T��� ��SH  M����7 8���� ��) #�oA
�>3 ��l83/0 ���� �N FZC
 �7 �AN (a�� �N a�� a�A� ��N��7 ����� '#  #�6A� ��#�� M���k�NNAA +  F	7 T��� �� M����7MS  ��#��35%  4E ) �AN ���7 3.(            %
�3- "#� %��S,� �������) C�,D� ���� AB�  F�G4)��44���� ��� "� *��") ����2	4Y  ��Z	![Y >	2�� 0	=")  )��T!����� 6��B� \"] I� %J��] ����+ 6� �����4^� :��) �4�����+F� �� � �!���!(.    ab ab ab a a cd d d c c abc bc abc cd d00.20.40.60.811.21.41.6  #��� D���� M�6��)
NAA  M����7KIN 2,4-D 8��A3A� NAA+Kin 2,4-D+Kin  #��� D���� M�6��)
NAA  M����7KIN 2,4-D 8��A3A� NAA+Kin 2,4-D+Kin  #��� D���� M�6��)
NAA  M����7KIN 2,4-D 8��A3A� NAA+Kin 2,4-D+Kin UAE�� � X� ��A�MS  U��N#��� � X� SH  Y�AZ���B5 ��Z	![YFlavnoid(mg/g  ab ab ab a a abcabc ab c c c c c bc bc024681012141618  ���� ����� 	�
���NAA  	�����KIN 2,4-D ������� NAA+Kin 2,4-D+Kin  ���� ����� 	�
���NAA  	�����KIN 2,4-D ������� NAA+Kin 2,4-D+Kin  ���� ����� 	�
���NAA  	�����KIN 2,4-D ������� NAA+Kin 2,4-D+Kin ����� � �������MS  �������� � ���SH   ��!��"B5 ����� ��	
��Phenolic components(mg/g 



       .�5 3- 6�78) 9!���� :��;	<= �������	��  *��")��� 9!��� 0	=") �+ ���� AB���� C�,D� )MS/ B5  SH(   �� +"���� F�G4)��44���� ��� C�,D� )/��,4�� NAA/ 2,4-D/ NAA + ��,4��  2,4-D + (��,4�� .	!�4�2 �!	��2 0	���� .	(�",�� 9!��� .	4Y '�) *��")��� �2	4Y ��Z	![Y 65�+ �+�@L M��4� :�"��N)  012/0  58/0  18/3  8/46  84/0  046/0  33/10  103/0  3 ��"
) ns009/0 ns114/0 2/04** 23/1** 1/76** 0/194** 44/3** 0/44** 2 ���� AB� )a( 0/46** 17/4** 23** 477** 0/63** ns001/0 ns29/0 ns002/0 4 F�G4)��44� ��� )b( ns008/0 ns066/0 ns136/0 16/8** ns 04/0 0/018** 4/74** 0/047** 8 a*b 009/0  224/0  195/0  91/3  042/0  0062/0  56/1  015/0  42 �O= 4/13  7/16  14/8  91/2  7/9  5/11  9/9  03/12   *�"P :�"��N) (%)   ns **�: �NV���� ��^������� � ������� �� �� ����:� 1%     
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 �N �� T��� F	7 �<��  ���	�N  .�A�N ��  T����  F�	7 SH ��N����7 a�A��� M������7 ���N NAA � D-2,4 VZ��� W����7 ������� ��l�� V�7��8�� �6A�3 FZC
 �N  ��N���7  8��I�� M�� �� \�P��'#��7 # � .#  �� ��  T����  F�	7  ��<�� ��N��7  a�A��  M�����7  ��N NAA � D-2,4  VZ��  W��l�3� V�7��8�� �6A�3 FZC
 �N �� \�P��'#��7 # � �<�� (#  �6� S>�O�  �����I
= ������� �AZ
 ) 4E 3.( ��  T���� F	7 SH ��N��7 ���l�� M�� \�P��'#��7��8 # �  VZ�� W��7 V�7��8�� ���3 FZC
 �N ��N��7 8�I�� �I
=  '#�  .F�� 8�A��� �A�3 a�� �� T��� F	7 MS FZC
 �N �� T��� F	7 SH � B5 ���7 .�AN M���	�N ��l�� �A�3 47 )83/0 ����a�� �N (a�� tAN�� �N  ������  ��N���7 D-2,4 �� T��� F	7 SH (�AN �� �E�6�: M����7 ��l��  �A��3 47 )54/0 ����a�� �N  (a���  tA�N��  ��N  ��N���7 �= �� T��� F	7 MS �AN � S>�O� M�N M�� �� �������  �A�N ) 4E 4.(    �;�+ 9!���  7�2�!L *��")��� 0L  g�����
 ����	
 ���  ���7#��*�� j
����� �A��O�� �� T�����8 F	7  u���q�  ����)��  .�A�N  #�*��  j
���� �AO�� �� ��  T����  F�	7 MS( SH � B5  ��N V����� 42/2%( 12/2% � 83/1% .�AN M�� g���
  �<
���N  8����N T��� F	7 MS 9� �P
 #�6A� j
��� �� �[���� ���99�N '#  .�AN  ��l���  j
����  �A�O�� ��  T����  F�	7 MS 42/2% �AN �7 �� T��� F	7 B5  ��N  ��#�: 75%  M��� ��l�� ���� 83/1% .#��� ��N��7 a�A� M����7 �N NAA � D-2,4 VZ� #   �7#�6A� j
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���LG 8�= '#  � �N ���6� �C�A
�� mRNA�� 8'#��7l�� M�B���G�� 8TZ��� �N # � �6A�� �N # � ��6�� iA6�7 �h� ��#
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 4*�: 9�  M��b���� F�N�� .F �� ��h{� �A$� M�C7� �N ���I�� � �� �� �Aw: M���7A��� ��
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 �� #� �N. ��  M���  ���6��  l��
 V�7�� \�P��'#��78�� # � NAA �N M����7 M���	�N #*�� ���99�N �� F�#N #
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 �N ���� T�����8 F	7 9� �P
 �O� ���9 �� 
amascenad Rosa 8���� 8���N  �A�N ) .,al et Asareh 2007.( 4�6� M�� ��� ��k�N ��AN ��#c �
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  ����7 8 #�
����AO�N )1994 .,al et Vandersalm.( �N��:�� �� M�� ��6�� pq	� #   ��7  �A�d  ��	�� �� ����� ��N��7 NAA �N ���I�� ��	�N 9� M����7 � D-2,4 �N ���I�� �AN � �<
��N D���� ��	�N #�6A� �c��  ��N  ��N���7 M�� \�P��'#��7 # � ��# �N. M�C7��� ��	�N 8��N  8���6� �	�����9 � �
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A�= �����
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�8�� ���A�  ���99��N  '#�  ���������� ���7 M���� ��A��� l���
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 9� 8���N M�� T��� �� F	7 F3�N  ��N A���6   F� �� )2016 Ansari, & ancrafuNo.( �� 8�������9�l�� �$A��<
�3 pq	� #  �7  V��7�� NAA+  M�����7 �� T��� F	7 MS VZ� W��l3� ��	�N �9� a�#
�  ���A�� � 'A�� �[���� ���99�N '#  9� F	7 F3�N #  ) & Atrashi 2015 Dehkordi, Karimi( �7 �N  g����
  4�*�: 9�  M��� 
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455                                                                                             Iranian Journal of Medicinal and Aromatic Plants, Vol. 35, No. 3, 2019  Effects of culture medium and growth regulators on growth traits and secondary metabolites of Artemisia dracunculus L. under in vitro conditions  Y. Shakoori1 and B. Kashefi2*  1- Graduated student, College of Agriculture, Islamic Azad University, Damghan Branch, Damghan, Iran 2*- Corresponding author, College of Agriculture, Islamic Azad University, Damghan Branch, Damghan, Iran     E-mail: bahareh.kashefi@gmail.com  Received: August 2018   Revised: March 2019      Accepted: March 2019  Abstract      Considering the importance of medicinal properties of tarragon, and its propagation problems, tissue culture techniques can be used for its propagation. The aim of this study was to compare different culture media and chemical plant growth regulators on the growth traits and secondary metabolites of tarragon (Artemisia dracunculus L.). Treatments were culture medium at three levels of Murashige and Skoog (MS), Gamborg (B5) and Schenk & Hildebrandt (SH), and growth regulators at five levels of Kinetin (KIN), NAA, and 2,4-D alone (each with a concentration of 0.5 mg l-1), and two combinations of NAA+KIN and 2,4-D+KIN. The present study was conducted as a factorial based on completely randomized design with four replications. The results showed that culture media and growth regulators treatments had significant effects on callus characteristics, regenerated plantlets, callus secondary metabolites, and plant essential oil and its composition. MS medium caused a higher callus induction percentage and more increase in its fresh and dry weight. MS with NAA+KIN and 2,4-D+KIN caused the highest regeneration percentage (35.5), root length (1.28 cm), root (6.5 g) and stem (2.6 g) dry weight, the amount of callus phenolics, and also the amount of essential oil (2.42%) and ocimene (5.78%). Estragol percentage of essential oil increased by 2,4-D, while NAA enhanced ocimene, limonene, and linalool. The percentage of limonene in treatment with NAA alone and linalool in treatment with 2,4-D+ KIN was higher than those of other treatments. The results showed that the highest growth index, callus secondary metabolites, and plant essential oil were observed in MS medium containing growth regulators. Also, the application of kinetin with NAA and 2, 4-D resulted in improved callus growth, regeneration, essential oil, and some of its compounds production in tarragon.   Keywords: Essential oil, auxine, callus, tissue culture, medicinal plant, cytokinin.  


