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�I1N� !�!  !�� �� 	 L�2 ��C�� 0��IM 6� H��c� 100% �I 50% 6�� 
�I1N� ��I L�2 37/31 0!)�� �� ��!�� �X� �� ��1I !  �	!") 4.( ��Qc� 0����� 0�12 C�� �I ��!�� �X� �� ��1I 
������ )P≤0.01( �1I �	!") 3.( �I �2 0�1NH�����I ��!�� �X� �� ��1I �� ���� 
��	+>�1[�2 A��1�� !��� %!��� !  �2 �I�_�� �M ���� A��1�� +!��� �12 V�2 ���X .> �� H����2 ��!�� �X� �� ��1I �� ���� !�  %!��� !  �	!") 4.(  ��_4��Q� 0�VI��� 0����� 0�12 	 F1�� R2 0��IM �I ��!�� �X� �� ��1I 
������ �1_� �	!") 3.(     ��E, 7G T, ?,��  �Q� F1�� R2 0��IM �I ��!�� V� A� ��1I 
������ )≤0.01P( �1I �	!") 3.( H�����I ��!�� V� A� ��1I �� Z���  B!� L�� 
�I1N� %!��� !  �2 hG�U� ���
0��� I ���� L�� �I1N�
 Z�1�� > �!� 4	
 �� 	� I ���� L�� �I1N�
 ! �! hG�U� ���
0��� !�� ��. L�2 ����C IM��0 �I 75% 	 50% ��6 �I1N�
 W_� ��2
 �I����W �I��I 3/7 	 44/40 !)��0 �� ��!�� V� �� ��1I ����! �	!") 4.( �Q� F1�� 0�12 C�� �I ��!�� V� �� ��1I 
������ )≤0.01P( �1I �	!") 3.( I�����H ��!�� V� A� ��1I �� ���� ���1�A ���!+ 
��	>�1[�2 %!��� ! . ����0� ���1�A ���!+ �12 &V�2 
��	>�1[�2 	 
��	>�1[�2+ �12 V�2 hG�U� ���
0��� I ��H ���� !�� �!�. H����2 ��!�� V� A� ��1I C�� �� ���� !�  %!���  ! �	!") 4.(  0��Q�VI��� 0����� 0�12 	 F1�� R2 0��IM �I ��!�� V� �� ��1I 
������ �1_�!� �	!") 3.(  �4� TU6 9O�4$ �,  �Q� F1�� R2 0��IM �I �6	 A�U ><�6%�1� 
������ )≤0.01P( �1I �	!") 3.( H�����I �6	 A�U ><�6%�1� �� ���� B!� L�� 
�I1N� %!��� !  �2 hG�U� 
���0��� I ���� L�� �I1N�
 Z�1�� 	 ���� L�� �I1N�
 ! �! > �� 	 L�2 ��C�� 0��IM �� 0����� 75% 	 50% 6�� 
IM �IW���� ��I L�2 53/9 	 54/23 0!)�� �6	 A�U ><�6 %�1� !  �	!") 4(. �Q� 0����� 0�12 C�� �I �6	 A�U ><�6%�1� 
������ )≤0.01P( �1I �	!") 3.( I�����H �6	 A�U 6�><%�1� �� ���� 
��	>�1[�2+ �12 V�2 %!��� !  �2 hG�U� ���
0��� I ����0� 
��	>�1[�2+ ���1�A���!+ �12 V�2& ���1�A���!+ 
��	>�1[�2& 
��	>�1[�2 	 ���� �12 V�2 > �!�. H����2 �6	 A�U ><�6%�1� �� ���� !�  %!��� !  �	!") 4.( �Q� 0�VI��� 0����� 0�12 	 F1�� R2 0��IM �I �6	 A�U ><�6%�1� 
������ �1_�!� �	!") 3.(    =�<@� 7�:���( a � b  �Q� F1�� R2 0��IM �I ]1��� V�8	��2 a 	 b 
������ )≤0.01P( �1I �	!") 3(. H�����I ����� ]1��� V�8	��2 a 	 b �� ���� B!� L�� 
�I1N� %!��� !  	 I L�2 ��C�� 0��IM �I 75% 	 50% 6�� 
IM ]1��� V�8	��2 a 	 b �I ��C�� 15/7% 	 95/15% L�2 >8� �	!") 4(. �Q� 0����� 0�12 C�� �I ]1��� V�8	��2 a 	b 
������ )≤0.01P( �1I �	!") 3(. H�����I ]1��� V�8	��2 a 	 b �� ���� 
_�2�� 
��	>�1[�2+ �12 V�2 %!��� !  �2 hG�U� 
���0��� I ���� 
��	>�1[�2 �I&
�9�� ���� 
_�2�� ��
�� 
��	>�1[�2+ !��� +A��1�� �12 V�2 .> �!� H����2 ����� ]1��� V�8	��2 a 	b �� ���� !�  %!��� !���� �	!") 4(. �Q� 0�VI��� F1�� R2 0��IM 	 0����� 0�12 �I ]1��� V�8	��2 a 	 b 
������ �1_� �	!") 3(.  



136   ���� �)� *+, -( �.��	& � ... 9J�K B�N��� M��  �Q� F1�� R2 0��IM �I >P�w H�4	�? ^�I 
������ )≤0.01P( �1I �	!") 3.( H�����I >P�w H�4	�? ^�I �� ���� L�� 
�I1N� !�!  %!��� !  �2 hG�U� ���
0��� I ���� L�� �I1N�
 Z�1�� 	 ���� B!� L�� �I1N�
 > �� �	!") 4.( �Q� 0����� 0�12 C�� �I >P�w H�4	�? ^�I 
������ )5≤0.0P( �1I �	!") 3.( H�����I >P�w H�4	�? ^�I �� ���� !�  	 H����2 >P�w �M �� ���� 
��	>�1[�2 %!��� !���� �	!") 4.( �Q� 0�VI��� F1�� R2 0��IM 	 0����� 0�12 �I >P�w H�4	�? ^�I 
������ �1_�!� �	!") 3(.  9J�K 7+: 7( M��  �Q� F1�� R2 0��IM )≤0.01P( �Q� 0����� 0�12 )≤0.01P( 	 �Q� 0�VI��� F1�� R2 0��IM 	 0����� 0�12 )≤0.01P( �I >P�w V�8 V2 ^�I 
������ �1I �	!") 3.( I�����H ����C 2���W0� ��8
 ^�I �� ���� 
��	>�1[�2+ ���1�A ���! + �12 V�2 	 ���1�A ���!+ �12 V�2 �� 	� �� L�� �I1N�
 ! �! %!��� !  �2 hG�U� ���
0��� I �!5��7 !�� �!�.  ��_4����2�H ����� 2���W0� ��8
 ^�I �� ���� !�  	 B!� L�� �I1N�
 %!��� !  V5 ) 1.(    0��! 4- ?O�	�� B�C
	�� �)� &	'��"� F�� -( &�	��. � &	'�	<�, & �( �� &�� D	>" $4��
�&��G $�W �  ?�X�� �'��G 7G�	6� �	<�, -( &�	��.  D	>"  =	>,�� ?,��  �3
	)(�3�   ��E, ?P	  �  ?,��   ��E, 7G  �  ?,��  =�<@�  7�:���( a � b  9O�4$ �,  ��G���() �  �	3Q'( B�N��� M�� ����)��G �� ��G �4� $4	, (M��  ��R *+, �3��Y� a3/74  a1/46  a9/49  a44/4 a17632 c46/0  *+, �3��Y� Z�3� a4/71  a9/43  a3/46  b13/4 b15951  b15/1 *+, �3��Y� ���W b1/48  b6/31  b7/29  c74/3 c13482  a09/3  NPK a5/64  d9/38  de9/36  c96/3 abc16196 bc56/1  H.A a7/66  cd7/39  cd7/38  d69/3 c15469 abc60/1  V.COM a4/68  d7/36  ab8/44  a47/4 abc16406  c47/1  H.A+NPK a9/65  ab9/45  ab9/45  b23/4 bc15762 ab63/1  NPK+V.COM a9/65  abc3/44  ab3/44  a52/4 ab17054 bc50/1  HA+V.COM a9/64  a1/47  a6/48  ab33/4 ab16691  bc53/1  NPK+H.A+V.COM a3/64  bcd2/41  bc8/42  a47/4 ab16832 bc52/1 Control b7/55  e4/30  e5/33  e15/3 d11097  a73/1  H�7���0� ����0 VX�!f A� h�f ~���� hG�U� 
���0��� �� q�� ���f� 5% .!���!�   



 !�" &����� ���� 	 
�	��� ���� ������ �����	�36 %��  &1     137    7QW 1- �)� 7�	�3� F�� -( &�	��. � &	'�	<�, & �( �� L�(�,&	' ��+: M�� 7G�	6� �  ?�X�� �'��G 0	 ��     ���  g��� ��� ���  �2�Q� 0�VI��� F1�� R2 0��IM 	 0����� 0�12 �I ](��� 	 ��!�� &�X� ��!�� V� 	 �6	 A�U ><�6%�1� 
������ �1_� 
4	 �Q� �� A� 6� H�� ����� �I
�9�� �I �() �2� %!  
������ .�1I ��C�� I L��C8� ��C�� L�� 
�I1N� ���2 �() A�31418�1� %! �� L�2 !��8�& �I0�1N �2 H�����I ����� �� A� �� Z���  B!� �1"	 L�� 
�I1N� 	 H����2 ����� 9�M �� Z���  L�� 
�I1N� !�!  %!��� .!���� L�� 
�I1N� I �c��Q �I L�2 ! � �1��� �� ����� L�2 ��8 p��3�1� ���� �I L�2 q�� 	 ��!�� 9��I 	 ��� �() 
5�31418�1� !  �2 H�� 
�!��1� 
�1� 0��6� �� L�2 hG�� iM 	 L��C8� >�	�� %�� �� VI�� L�� 
5�U �� %�� .! I �� �_��� I �c��Q 0����� 0�12 H�����I ��!�� ](��� ��1I �� ���� 
��	&>�1[�2 H�����I ����� ��!�� �X� 	 ��!�� V� A� ��1I �� ���� 
��	+>�1[�2 A��1��!��� 	 H�����I ����� �6	 A�U ><�6%�1� �� ���� 
��	+>�1[�2 �12 V�2 >�!I !�M 	 �� 
��� H�� �() H����2 ����� �� ���� !�  %!��� !����. �� ����� 
���1� �c��Q >_j� 0����� �12 
4M �� L��C8� >�	�� %�� �I L�� 0�
�I1N� �� %!��� �1�� �2 H��  ��Qc�
�!��1� �� ����� L��C8� 0��!97� ����� 0����I 6� iM 	 �)�� 
��Kw �� s���� 	  ����Qc��_  �
�1��1 H�� W�2��� ! I .Nickolee 	 ���5�� )2006( ��C�� I L��C8� L�� 
�I1N� !�  L�2 ](��� ��1I V��U�� .!��1I  ��ML�2 ](��� �� V��U�� �� �� ����� L�� 
�I1N� 
 � 6� L�2 ��!�� %��� 	 �1N %�7���� .!��<��� Khurana 	 Singh )2000( L�2 ��!�� ^�I �� >�� �� �Z L�� 5�U
 �� L�2 q�� �� m��� r��� 	 �� 9��> �C8��L >�	�� ��% �� VI�� L�� �Qy� !��<���. I �"1� �I %!��� ���2�H ��!�� V� �� ����0� L�� �I1N�
 ! �! Qc��� ��2
 L���0 �I1N�
 �I ��!�� V� �� ��1I I���� 6� �Q�0� 9<��V%!��2 ��I�2 ��120 FG)��� !���� ���1�A���! �1I 	 ��H �12 �� F1�� nI0 L�� �I1N�
 Qc���0 �� �1_9I ��H `U  > �!�. Gholami 	 ���5�� )2018( �c��Q 0����� 
_�2�� 
��	>�1[�2 	 A��1�� !��� �� �� Z���  B!� �"�1� I L�� 
�I1N� �I ��5��� LxI 0� 
��1� 
��2 )L. intybus Cichorium( �y�Q !��<��� �2 �� k8�1� I g���  H��L��6M .>��   g-i jk g-i f-h f-h f-h f-h kf f-h e cd bc de bc h-je fg cde a ab bc a i-k0.005.0010.0015.0020.0025.0030.0035.00 M�� 7( 7+:)�, �4� ��G �� ��G ����( & �( &	'�	<�,100 
IM 6�� !)�� 75 
IM 6�� !)�� 50 
IM 6�� !)��



138   ���� �)� *+, -( �.��	& � ... Anupama 	 ���5�� )2005( !�  �C8��L ��!�� V� �� ��1I 	 %6�!�� V� ��  V��		��0 )Chrysanthemum spp.( I �C8��L ����C IM��0 !��1I �2 �� k8�1� I ���g  H���6M�L >��. L�2 s�M 41��
 �� ����� L���0 �I1N�
 �� L�2 ! � 	 <���R 41��
 �Qy� >�� �2 �_X��� ��I L�2 ! � 	���
 ��% �
���� ) et Goksoy 4200 .,al(. 
�	�� 6�  �������C �� ���I
 Qc��� V)�18 IM��0 	 ��120 6��<
 �I &V��U�� !�  L�2 �6	 �� 	 A�U �M %���� I L�2 ����� IM��0 !��1I )2013 .,al et Yousef(. L�2 ����� �1I�2����!� �� ����� L�2 ��2�> iM IM��0 ����� ��8 �!  P���R%!��2�0  ���
� Tx��
  !����<IM�A�C !��� >�� �2 ����� ��H 2���W� �� �1N �!�	M0 I1b
 � ^�I0� ���� L����%! ��I ��<I �!  ��6	�� �
�1 . ��H !?�%! �_X��� ���� �I L�2 �!��> ��6	��0& L�2 >P�w 2CO �� >8I�0 ^�I 	 L�2 ��2
� ��R�< ����� &�	��54� _j��> 2CO& >��� C���1�8 	 �� 9��> L�2 �� >U� ��1� C���1�80 �
�1  .Kreft )2005( ��C �C8���
 50 !)��0 �� �6	 A�U LxI0� �1�
� V��U�� %���� I �C8��L ����C IM��0 %!��� �1��. Atiyeh 	 ���5�� )2002( �C8��L �6	 A�U ><�6%�1� �� ����� h�T� 
��	>�1[�2 ��  �
 6� �1"	 ��1� ���1�5
 	 �1"	 Qc����� �_  �1�1��
 	 P���R%!��2 ! � �� �M �2� !��1��.   ��_4�I �C8��L ����C L�� ��I1N
 6� >P�w ]1��� 8	��2�V a 	 b ���2 .!  �1"	 V��1� %!����1_9I ! � 	 �1"	 �)�� R2h�T� 	 �?h�T� �� 
��	>�1[�2 �� �C8��L ����C 8	��2�V �y�Q I�1& �I0�1N �2 I�����H ����� ]1��� V8	��2 a 	 b �� ���� ��I�2 
��	>�1[�2 %!��� ����!. L��6M Salehi 	 ���5�� )2016( C�� �I 0	� ��1II 
��4M )L. chamomilla Matricaria( ���%!��� L��C8� 0�1��� ��2	V�8 ^�I %���� I L�2 ��C�� L�� 0�
�I1N� 	 L��C8� ��I�2 
��	>�1[�2 �1I �2  kI��I g���  H��L��6M .>��   ��C�� I �C8��L ����C L�� �I1N�
 �I >P�w ���! M���� 4	�?�H %�	C8� !  �2 �� k8�1� I g��� L��6M Attarzadeh 	 ���5�� )2019( �� V��U�� 	 Zarrinabadi Ghadyeh 	 ���5�� )2019( �� ������9I )L. officinalis Calendula( �1I 	 I�����H ����� �M �� �� �Z L�� �I1N�
 ! �! %!��� ! . S��� 4	�?�H �� ����I ���� ���6
 >�� L�� J��C� %!  >�� 	 �I��1�� TU 
 ��I0 V��� �I 5�U
 ��1�� �
�1  	 �C8��L >P�w 4	�?�&H L�2 C��� 8	��2�V �� ^�I �� W"1� �
�1  �2 L�2 C���1�8 �� �� ?
 !��1U > �� )1981 Palag, & Aspinal(. 6� 
�1� I �"1� �I %!��� I�����H ����� 4	�?�H ^�I �� ���� !�  	 ���2�H ����� 4	�?�H �� ���� ��	
>�1[�2 �cQ�� >_j� ��H �12 �� L�2 ����C L�� �I1N�
 �� V��U�� �5 M ! . �	��
 6� ����� %� � !��1�� �2 
��	>�1[�2 6� 4�8�> ��	�5�����R<0� (��! ~U !��� ��X�0 ���15��C 	 ��	�5�����R<�0 Vf %!��2 �(<8 �f�> �
!�2 	 �I>�� H� �� Vx�x� 6�&� 19��� 	 �5�6
 &W��� ����0 ��!X nI0 iK" 	 ��!97�0 iM 	 ��1� �Kw
� �
! I )2004 .,al et Arancon( �2 ��H �cQ�� �� �
��1� �� �C8��L >�	�� ��% �I L���0 �I1N�
 �y�Q ><���.   ���� L���0 �I1N�
 	 ��I�2 �����0 �12 4M
 �� �C8��L ����C 2���W0� ��8
 �� ^�I V��U�� �y�Q !��1I. I �"1� �I ���5� ���9��H 2���W0� ��8 6��<
 ����0 d�1U 	���
� �� &V��U�� 2���W0� ��8
 �
!� I )2010 gi,iOmidba( ���� L���0 �I1N�
 �� !�b ��I L�2 ��5��� LxI �1�
� ����! 4	
 �C8��L ��!�� H�� 2���W� �� I��_�� > �� �2 �� k8�1� I ��g� L��6M Khorasaninejad 	 ���5�� )2018( �1I. �� ��H I�H L�� ���1�A ���! ��C �� �C8��L >�	�� �I L���0 �I1N�
 	 �C8��L ����C 2���W0� ��8
 �	� 6� ���P� ��><. ���1�A ���! I FG)� 8�C�5
 	 �1_9I ����0!�I ~U �80 I����0  ����I0 �1(� iM ���� �
!�2 	 �1541�0� ���1�A ���! I ���� ?�!�1 I �1541�0� iM 



 !�" &����� ���� 	 
�	��� ���� ������ �����	�36 %��  &1     139  � !f 6��0 S�� 6� x_��� iM �
 !�1 ) Lai, & Bronick 2005(& �a���H ���1�A ���! �
!��1� I P���R C��� =�	�?�H� 	 C�M�R� 	 ��806� 9�M ��I �C8��L V��� ���� �I 5�U
 ���� )2007 .,al et Muscolo(. A� ��4�� �I 	�0 Qc��� F1�� R2 IM��0 	 �12 6��<
 ��I	���B1 	 �(<8�H �� V��U�� ��� ���  �2L�2 ����� IM��0 ���� �I �C8��L !�T�0 2���W0� ��8
 ����! �2 �� k8�1� I ���g  H���6M�L >�� ) et Yousef 2013 .,al(. �� 
���6M �7�� ���� !��� A��1��& L��C8� A��3	��2 !���  ���2 ���"6� �2��W0� 
��8 %�� V��U�� 
�! I �I�_�� > �� ) et Khorasaninejad 2018 .,al.( Gholami 	 ���5�� )2018( �c��Q ���� 
_�2�� A��1�� !��� 	 
��	>�1[�2 �� �I W�2��0� 
��8 �� 
��2 )L. intybus Cichorium( >_j� 
I�6�� !��1�� �2 �� k8�1� I g���  H��L��6M >��.     ����� 	��� �	����
  - Alizadeh, A. and Kamali, G.A., 2008. Crop Water Requirements in Iran. Emam Reza University Press. Mashhad, 227p. - Anupama, S., Singh, M.C., Kumar, R., Parmar, B.S. and Kumar, A., 2005. Performance of a new superabsorbent polymer on seedling and post planting growth and water use pattern of 
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141 Iranian Journal of Medicinal and Aromatic Plants, Vol. 36, No. 1, 2020  Effects of water deficit stress and fertilizer sources on morphological  characteristics and phenolic compounds in medicinal plant purple  coneflower (Echinacea purpurea L.)  B. Soltanian1, P. Rezvani Moghaddam2* and J. Asili3  1- Ph.D. student, Department of Agrotechnology, Faculty of Agriculture Ferdowsi University of Mashhad, Mashhad, Iran 2*- Corresponding author, Department of Agrotechnology, Faculty of Agriculture, Ferdowsi University of Mashhad, Mashhad, Iran     E-mail: rezvani@ferdowsi.um.ac.ir 3- Department of Pharmacognosy, Faculty of Pharmacy, Mashhad University of Medical Sciences, Mashhad, Iran  Received: July 2019           Revised: September 2019   Accepted: February 2020  Abstract     The experiment was conducted to study the effects of water deficit stress and fertilizer sources on characteristics of Echinacea purpurea L., in a split plots design with three replications at the research farm of Faculty of Agriculture, Ferdowsi University of Mashhad, Iran during two years of 2016 and 2017. Irrigation consisted of three levels of non-stress (control), moderate, and severe moisture stress and fertilizer consisted of eight levels of complete fertilizer (NPK), vermicompost, humic acid, humic acid+NPK, humic acid+vermicompost, NPK+vermicompost, NPK+vermicompost+humic acid, and non-use of fertilizer (control). The single effects of deficit irrigation and fertilizer treatments were significant (p≤0.01) on the stem height, number of stems and flowers plant-1, biomass dry weight, total chlorophylls a and b, and proline content; however, their interaction effects were only significant (p≤0.01) on phenolic compounds of the leaves. In relation to the single effects of irrigation treatments, the highest height and number of stems, number of flowers plant-1, and biomass dry weight was observed in non-water stress treatments and the lowest amount of these characteristics was observed in severe water stress treatments. The highest and lowest proline content was shown in severe and non-stress treatments, respectively, and the highest and lowest total chlorophylls a and b were obtained in non-stress and severe moisture stress, respectively. Regarding the single effects of fertilizer treatments, there was no significant difference in plant height between fertilizer levels; however, all of them had a significant difference with control treatment (no fertilization). The difference between fertilizer treatments was significant in the number of stems and flowers plant-1 and biomass dry weight. The highest number of stems and flowers was obtained in humic acid+vermicompost treatment and the highest amounts of biomass dry weight were obtained in vermicompost+NPK treatment. The lowest values of these traits were observed in control (non-fertilization). The highest and lowest amounts of total chlorophylls a and b were obtained in vermicompost+NPK and control treatments, respectively, and the highest and lowest proline values were obtained in control and vermicompost treatments, respectively. The highest phenolic compounds were observed in humic acid+vermicompost+NPK and humic acid+NPK treatments, both of which under severe moisture stress, and the lowest one in non-stress and non-fertilization (control) treatment. Keywords: Humic acid, phenolic compounds, medicinal plants, vermicompost.    


