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 #��8 3- _� 5- ��=M4 `- ���� , 1� ��4 	T� ��A �' 	:;��, 1 *�$� �RC W�  ���a4 b' .�  �8�*  ,*��A  N R'�� ��G- �� L �4��  �4$' *��R4  	)- 8 �[ � *��R4  \�' F: *��R4 �W[  F: ST7 �* �  F: ST7 �* �  \�' ST7 �* �  �[ � ST7 �* �  	��$1 U��-� �/�*  ̀ - �� *�<%��  `- �� �
�  1  **3/218  **7/19  **3/13202  n.s62/0  n.s36/0  n.s7/137  **1/4124  **4/1505  **06/13164  **47/0  **52/0  ) D�
�9K 2
�U1(  4  2/10  8/2  02/93  16/1  24/0  6/222  6/788  5/53  05/2217  002/0  005/0  \K 
����N  2  **5/2702 **8/884  **5/30221  **1/1485  **24/76  **4/25811  **9/157787  **8/12980  **8/438999  **03/1  **12/0   �
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�U3(  36  3/14  52/0  1/29  1/1  25/0  4/42  5/94  6/53  8/262  0008/0  001/0  !��	����3�����F  2  **1/101  **4/17  **8/645  **1/23  **71/6  **9/2881  6/7259**  **6/733  **3/27126  **2/0  **34/0   �
�× !��	����3�����F  2  n.s9/12  **6/3  n.s4/8  n.s006/3  n.s62/0 **09/214  n.s3/97  **94/272  n.s1/180  n.s001/0  n.s0009/0  \K 
����N × !��	����3�����F  4  n.s3/8 n.s15/0 **7/86  **3/4  **63/0  n.s8/40  *2/234  n.s4/48  **9/709  *003/0  n.s0006/0   V��
�C× !��	����3�����F  6  **7/18 n.s09/0 n.s9/43  n.s1/1  n.s27/0  1/219**  8/323**  n.s04/73  **4/614  **006/0  **033/0   �
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�C× !��	����3�����F  6  n.s1/5 n.s302/0 n.s4/27  n.s1/1  n.s23/0  **9/161  **2/277  n.s6/73  **1/1134  001/0n.s  **0044/0  \K 
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��3�  (��3F �� ]��)  Z�
�� !)��  ��:���  Z�
��  1395  90% FC  !�
   12/1±57/43  37/0±88/15  13/1±66/133  33/0±11/13  16/0±05/7  75/2±73/77  78/7±92/148  28/10±54/301  008/0±12/0  006/0±093/0  50  01/1±22/46  31/0±83/16  14/2±13/134  31/0±73/13  13/0±61/7  25/3±94/87  24/5±04/168  17/7±51/342  004/0±11/0  005/0±1/0  100  45/1±8/53  29/0±75/17  63/0±87/134  5/0±25/15  15/0±31/8  38/4±112  86/7±58/203  93/10±44/417  017/0±19/0  02/0±22/0  150  78/1±18/54  28/0±39/18  13/1±88/135  45/0±67/17  19/0±49/8  33/4±28/151  02/9±84/202  59/13±25/478  019/0±27/0  03/0±42/0  60% FC  !�
   66/0±11/39  33/0±77/14  23/1±31/128  08/1±75/9  18/0±78/6  23/1±52/57  38/2±09/111  03/3±02/240  018/0±29/0  013./0±13/0  50  66/0±11/42  43/0±72/15  15/1±09/129  17/0±12  13/0±34/7  53/3±79/74  14/5±22/144  2/9±02/299  017/0±36/0  017/0±22/0  100  03/1±06/45  33/0±16  19/1±98/129  15/0±07/13  06/0±3/7  19/3±88/86  05/6±31/162  7/9±83/345  023/0±6/0  03/0±41/0  150  1±55/45  3/0±53/16  89/0±17/131  29/0±97/13  15/0±41/7  24/3±09/100  42/4±64/183  32/7±96/383  019/0±44/0  036/0±45/0  30% FC  !�
   44/0±03/36  32/0±72/10  32/0±64/90  29/0±39/5  19/0±79/5  61/2±27/47  34/3±4/69  63/5±96/175  015/0±16/0  009/0±96/0  50  44/0±03/39  18/0±03/11  18/2±45/91  22/0±71/6  22/0±04/6  03/2±81/59  1/4±79/76  28/3±72/206  011/0±31/0  015/0±23/0  100  27/0±22/40  28/0±76/10  2/1±57/93  26/0±88/7  17/0±53/6  75/2±62/67  34/3±46/88  96/6±52/232  023/0±3/0  027/0±25/0  150  51/0±63/42  21/0±06/11  82/1±09/94  35/0±26/9  16/0±07/6  21/4±5/101  22/6±11/113  08/10±55/294  027/0±41/0  038/0±42/0    
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   85/0±54/43  39/0±72/14  13/2±32/142  3/0±75/13  18/0±92/6  52/1±05/76  39/6±42/147  76/10±08/295  01/0±16/0  009/0±13/0  50  13/1±02/45  13/0±59/16  08/1±4/149  87/0±08/15  17/0±63/7  17/2±66/86  2/2±86/177  37/5±9/364  011/0±25/0  014/0±22/0  100  76/1±82/58  18/0±43/18  57/1±5/156  36/0±31/17  3/0±02/9  57/4±14/113  63/5±/207  06/12±13/434  025/0±33/0  043/0±38/0  150  94/0±78/67  26/0±06/18  62/2±01/151  35/0±14/18  22/0±5/8  47/1±94/151  09/3±41/225  98/3±63/508  023/0±39/0  033/0±6/0  60% FC  !�
   99/0±05/40  22/0±61/13  47/1±82/131  28/0±11  19/0±74/6  76/1±23/59  71/5±61/120  63/7±42/251  014/0±29/0  016/0±13/0  50  08/1±04/41  27/0±27/14  36/1±56/134  15/0±58/11  14/0±53/6  16/3±1/72  97/2±41/146  7±71/305  025/0±44/0  022/0±27/0  100  81/0±38/45  33/0±74/15  11/1±68/142  31/0±63/13  27/0±41/7  03/3±28/88  75/3±3/167  5/8±25/355  025/0±73/0  041/0±63/0  150  83/0±48/51  16/0±35/17  75/1±148  23/0±2/15  12/0±17/8  32/2±61/110  43/1±63/188  3/3±78/404  023/0±59/0  021/0±56/0  30% FC  !�
   48/1±84/36  16/0±92/7  57/3±67/112  26/0±84/4  23/0±64/4  64/4±36/43  68/2±43/65  61/8±79/166  018/0±32/0  013/0±19/0  50  25/1±68/38  23/0±82/9  02/5±39/108  23/0±86/4  31/0±56/5  93/1±51/61  53/3±44/83  68/5±09/222  014/0±2/0  017/0±15/0  100  35/1±86/39  15/0±99/10  05/2±116  27/0±75/5  22/0±12/6  12/3±7/85  56/3±22/119  71/7±98/285  018/0±45/0  028/0±4/0  150  78/0±23/43  13/0±71/10  38/2±16/121  2/0±8  28/0±52/6  65/1±95  04/1±94/127  74/1±92/310  032/0±51/0  043/0±57/0  ���
�� O�;�
�� �� ���:� SE ± S�����) (�
��� .8��  
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�  &1         51    F<> 7- �1�'PA 	�1��! @.�� �����5��$.����' � ��� 56 �* �* # � �' �* � ST7 \�'   �* �%Z�� 	1�%: F� � (P � ]C�) F:� 7�� 63�� :
�N� �3�� (�
�:� �� ]��3��4) V��
�C {��E�  !��	����3�����F 	v(�h3�	�:��) ���
�� O�;�
�� �� ���:� ± SE )S����� �
��� (8��.   
      F<> 8- �1�'@.� 	�1��! PA� ��� 56 � �����5��$.����' �* �* # � �' �* � ST7 �[ �   �* �%Z�� 	1�%: F� � F:� 7�� �]C�) P � (f   �3�� :
�N� 63�� {��E� V��
�C ]��3��4) �� (�
�:� 	 !��	����3�����F (�h3�	�:��)v ���
�� O�;�
�� �� ���:� ± SE )S����� �
���( 8��.     020406080100120 !�
 50 100 150 �[ � ST7 
��)�4$' �* U�:(  ��� 56 ]%5^� V$W�)� 5<1 �* U�:$%��( �	� �
�]	� �
� LSD = 7.57 020406080100120140 !�
 50 100 150 �[ � ST7 
��)�4$' �* U�:(  ��� 56 ]%5^� V$W�)� 5<1 �* U�:$%��( !�
 60 
���9 8�N�a !)�� 30 
���9 8�N�a !)�� LSD = 7.2020406080100120 0 0,1 1 �[ � ST7 
��)�4$' �* U�:( ��g��5��$.����' ]%5^� , 1 Eh%i�	� �
� ]	� �
�LSD = 8.83  0  0.1   1 150  0  0.1  1 100  0  0.1  1 50  0  0.1  1  0  0.1   1 150  0  0.1   1 100  0  0.1   1 50  0  0.1   1 50               100          150 50               100          150 0                   0.1                 1 
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�� ST7 �[ � q
���F �>�
�� O�;�
�� �� V��FD�4 ��
�	� �
� × V��
�C �� �
� ]	� O�����F ��!�� �� ��3F )25/108 (]�� �� �
��� 150 ]��3��4 �� �
�:� V��
�C %�3F 8�� [: ) 8 - .({B� �� V��FD�4 
����N \K × &V��
�C O�����F ��!�� �9	 A�U �o
� �� ��3F �� �
��� 
FK �
��� 	 150 ]��3��4 �� �
�:� )69/127 (]�� %�3F 8�� [: ) 8 - .(\ 9�  
�3��� V��FD�4 �
� × &!��	����3�����F 92/93 ]�� �� ��3F O�����F ��!��  	 ]	� �
� �� �� A�U �9	  8d�e1  	 �h3�	�:��78/83  ��3F �� ]�� �
� �� Y�� �9	 ��!�� O����4 !��	����3�����F ��F�
4 �	!F 	 �	� [: ) 8�� %��4 85T �� A�U8 - .(�  
�� ST7 	��$1 U��-�  V��FD�4 �
� × 
����N \K × V��
�C �
�� ��� �4 O�����F �9	 A�U 
F 63/508 ]�� �� ��3F �� �
� &]	�  ��V�X� 
FK �
��� 	 150 ]��3��4 �� �
�:� V��
�C 8�!F !�K �	!") 4.( �� V��FD�4 ����
� �
� × V��
�C × !��	����3�����F �� �
� &�	� �
��� 150 ]��3��4 �� �
�:� V��
�C 	 8d�e 1 �h3�	�:�� !��	����3�����F 
F ��!�� 02/415 ]�� �� ��3F �5�
�� !  	 O����4 ��!�� Y�� 29/209 ]�� �� ��3F �� �
� ]	� 	 �	!F ��F�
4 V��
�C 	 !��	����3�����F 8�!F !�K [: ) 9.(     F<> 9- �1�'@.� ��� 56 × �����5��$.����' �* �* # � �' �* � ST7 	��$1 U��-�   �* �%Z�� 	1�%: F� � F:� 7�� ]C�) � (P �3�� :
�N� 63�� {��E� V��
�C ]��3��4) �� (�
�:� 	 !��	����3�����F (�h3�	�:��)v ���
�� O�;�
�� �� ���:� ± SE )S����� �
���( 8��.  
 �/�* `- ��  ��Y�� Z�
���	 m3F�� �F !)�� Z�
�� 
b 	� �
� 8�� ��Tx� [��3� ��3� 
���F 
����N) &\K V��
�C 	 !��	����3�����F( 	 V��FD�4 �
�� 
H�K ���o 8N�� �	!") 3.( V��FD�4 ����
� �
� × 
����N \K × V��
�C Y�� �
�� ��� �4 O�����F !)�� )73( �� �
� ]	� 	 2
��
��� 60% 8�N�a 
���9 	 010 ]��3��4 V��
�C %!�
�� !�!  �	!") 4(. O��t�� V��FD�4 ����
� 
����N \K × V��
�C × !��	����3�����F �;�
�F �K �3F �4 O�����F !)�� Z�
�� 
F ��!�� 76% �� �
��� 2�
�FK 60% 8�N�a &
���9 150 ]��3��4 V��
�C �� �
�:� 	 8d�e 1 �h3�	�:�� !��	����3�����F %�3F 8�� [: ) 10.(  050100150200250300350400450500 0 0,1 1 0 0,1 1 0 0,1 1 0 0,1 1!�
 50 100 150 	��$1 U��-� ST7 
��)�4$' �* U�:( �����5��$.����' � ��� 56 ]%5^� V$W��	� �
�]	� �
� LSD = 26.96 0       0.1       1 150  0       0.1       1 100  0       0.1       1 50  0       0.1       1 
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�� O�;�
�� �� ���:� ± SE )S����� �
���( 8��.   *�<%�� `- �� �	!" ��Y�� Z�
���	 m3F�� �F ��:��� Z�
�� �
��%!��� V��FD�4 
������ &�
� 
����N &\K V��
�C 	 !��	����3�����F �3F �	!") 3.( V��FD�4 ����
� �
� × 
����N \K × V��
�C �
�� ��� �4 O�����F !)�� ��:��� )63/0 ]�� �� ��3F( �� �
� ]	� 2
��
��� 2�
�FK 60% 8�N�a 
���9 	 100 ]��3��4 V��
�C %!�
�� !  �	!") 4.( �� V��FD�4 ����
� �
� × V��
�C × !��	����3�����F �� �
� &]	� O�����F !)�� ��:��� Z�
�� )67/0 ]�� �� ��3F( �� �
��� 150 ]��3��4 V��
�C 	 1 �h3�	�:�� !��	����3�����F %�3F 8�� [: ) 11 - {B�.( �� 8�
H� V��FD�4 ����
� 
����N \K × V��
�C × !��	����3�����F �;�
�
�� O�����F !)�� ��:��� Z�
�� )64/0 ]�� �� ��3F( �� �
��� 2�
�FK 60% 8�N�a &
���9 100 ]��3��4 V��
�C �� �
�:� 	 8d�e 1 �h3�	�:�� !��	����3�����F %�3F 8�� [: ) 11 - \.(    F<> 11- '�1�@.� ��� 56� �����5��$.����' � 	�1��! PA �' *�<%�� `- ��   �* �%Z�� 	1�%: F� � F:� 7�� ]C�) � (P �3�� :
�N� 63�� {��E� V��
�C ]��3��4) ���
�:�( 	 !��	����3�����F (�h3�	�:��)v ���
�� O�;�
�� �� ���:� ± SE )S����� �
���( 8��.  
 

00.20.40.60.811.21.41.61.82 0 0,1 1 0 0,1 1 0 0,1 1 0 0,1 1!�
 50 100 150�/�*`- �� �����5��$.����' � ��� 56 ]%5^� V$W�30 
���9 8�N�a !)��60
���9 8�N�a !)��!�
 LSD= 0.03900.10.20.30.40.50.60.70.8 !�
 0,1 1 !�
 0,1 1 !�
 0,1 1 !�
 0,1 1!�
 50 100 150 `- �� *�<%��) U�: /�4$'( �����5��$.����' � ��� 56 ]%5^� V$W��	� �
�]	� �
�LSD = 0.593
(���)

00.10.20.30.40.50.60.70.8 0 0,1 1 0 0,1 1 0 0,1 1 0 0,1 1!�
 50 100 150 `- �� *�<%��) U�: /�4$'( �����5��$.����' � ��� 56 ]%5^� V$W�!�
 60 
���9 8�N�a !)�� 30 
���9 8�N�a !)�� LDS = 0.484
(�)

 0       0.1       1 150  0       0.1      1 100  0       0.1      1 50  0       0.1       1  0    0.1   1 150  0    0.1   1 100  0    0.1   1 50  0    0.1   1 0.1 1 0.1 1 0.1 1 0.1 1 150 100 50  
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Effects of potassium and brassinosteroid on some morphophysiological characteristics 

and essential oil yield of Echinacea purpurea (L.) Moench  
under different regimens of water availability   
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Abstract      The aim of this study was to investigate the effects of soil application of potassium fertilizer and foliar application of brasinosteroid on morphophysiological characteristics and essential oil yield of medicinal plant purple coneflower (Echinacea purpurea (L.) Moench) in response to water availability. Treatments consisted of three levels of water availability (irrigation at 90% (control), 60%, and 30% of field capacity (FC)) in main plots and four amounts of potassium fertilizer (no potassium application (control), 50, 100, and 150 kg K2O ha-1) as well as the foliar application of three brassinosteroid concentrations (distilled water (control), 0.1, and 1 µM) in subplots. Results showed that the highest mean plant height (67.8 cm), number of leaves plant-1(151), number of flowers plant-1 (18.1), flower dry weight (151.9 g plant-1) and aerial parts dry weight (508.6 g plant-1) were obtained in the second year of the experiment under 150 kg ha-1 potassium and normal irrigation treatments. The highest percentage of essential oil (76) was obtained under irrigation at 60% of FC, 150 kg ha-1 potassium, and 1 µM brassinosteroid treatments. In the second year, the maximum amount of essential oil plant-1 (0.67 g) was related to 150 kg ha-1 potassium and 1 µm brassinosteroid treatments. In general, the results of this study showed that irrigation at 60% of FC together with 150 kg ha-1 potassium and 1 µM of brassinosteroid could reduce the effects of drought stress, increase the amount of essential oil plant-1 and improve some morphophysiological characteristics in purple coneflower.  
Keywords: Echinacea, drought stress, flower yield, soil application, PGR.   


