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K4 �1�A×B  4  109/0 ns 025/0 ns 124/0 ns 004/0 ns ,�)�-�.��  ����)C(  1  310/9 ** 653/1 ** 811/18 ** 112/0 **  "%�
K4 �1�A×C  2  023/0 ns 489/0 ** 716/0 ns 052/0 ** "%�
K4 �1�B×C  2 015/0 ns 106/0 * 132/0 ns 010/0 ns  "%�
K4 �1�A×B×C 4  459/0 ns 101/0 * 394/0 ns 006/0 ns 	=B�4�H ��T� b 45  238/0  028/0  339/0  003/0  ) S������ UB��%(  -  45/11  03/13  50/01  87/11  * 	 **: �Bb���� 
������ �� d�� ���m� 5% 	 1%    >!�? 4- 9B#&� O$�B��! 	��% �� S���0W� 	 ��� ���2 3�%�!�2 	B�M!�� ��1P� �F� �������� GB�4�H  Q%�74 �����   9?�  ���H  I�R$��4 S�8%�4  ;�<��� 9:��  ��8� 9:�� "2��7�  ��8� 9:��  3�! ,=� "*  ���C�  3  0008/0 ns 98/1 ns 259/0 ns 36/3321 *  ����%H L* G7�)A(  2  1568/0 ** 01/388 ** 291/164 ** 62/3336 *  	=B�4�H ��T�)a(  6  0001/0 ns 495/0 ns 106/0 ns 59/547 **  ��/0�%)B(  2  0024/0 ** 84/12 ** 041/3 ** 52/219 ns  "%�
K4 �1�A×B  4 0014/0 ** 84/8 ** 895/2 ** 21/90 ns ,�)�-�.��  ����)C(  1  0435/0 ** 55/117 ** 388/53 ** 17/2014 **  "%�
K4 �1�A×C  2  0015/0 ** 18/9 ** 097/3 ** 13/945 **  "%�
K4 �1�B×C  2  0001/0 ns 93/0 ns 180/0 ns 35/1757 **  "%�
K4 �1�A×B×C 4  0011/0 ** 305/5 ** 576/1 ** 20/113 ns 	=B�4�H ��T� b 45  00012/0  301/0  090/0  77/134  ) S������ UB��%(  -  7/2  27/8  23/6  87/10    
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4 a �F�  X)KY4 �B�
4 ��1P�,�)�-�.�� ���� )0 ! 5/0 	)�4(�]04     "CD 3- "�5!�)* ���
4 I�R$��4 9-B�
4 a �F� X)KY4 ����%H �! ��1P�  ����D)10  !15 (�!�   a a c3.73.83.944.14.24.34.44.54.6 0 5 10"�5!�)*a )^�2 � ^�2 	)�4_�% �� 3�!( b a3.43.63.844.24.44.64.8 0 0.5"�5!�)*a )_�% �� 3�! ^�2 � ^�2 	)�4( a a b0123456 Control 10 15 "�5!�)*a )	)�4_�% �� 3�! ^�2 � ^�2(
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4 X)KY4  ����D) ����%H10  !15 (�!�  b a01234567 0 0.5"�5!�)*"* )_�% �� 3�! ^�2 � ^�2 	)�4( b a ab55.25.45.65.86 0 5 10"�5!�)*"* )_�% �� 3�! ^�2 � ^�2 	)�4( a a b012345678 Control 10 15"�5!�)*"* )_�% �� 3�! ^�2 � ^�2 	)�4(
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4��607�!��* �F� 1P��� �
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4B9- 4�R$��I �F� "* ,=� 3�! ���
4 1P��� L��%% G7*���/0  ����D)5  !10  ! (��KC� � I�,�)�-�.�� ����  b c ca c c00.10.20.30.40.50.60.70.80.9 Control 10 15 ��607�!��*)% �� 3�! ^�2 �% ^�2 	)�4_�(  0!��� <���06� �1� 
���0/5!��� <���06� �1� 
���a b c00.10.20.30.40.50.60.70.8 Control 10 15��607�!��*)_�% �� 3�! �% ^�2 	)�4(d bc dab cd a020406080100120140 0 5 103�! "* ,=�)9�0% � ^�2(  0�� <���06� �1� 
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4�� L��%%H �! G7*����  ����D)10  !15  ! (�!�,�)�-�.�� ����    >!�? 5- 9-B�
4 I�R$��4 �1���� 9�9$�2 S���0W� ���2 3�%�!�2 	B�M!�� ��1P� �F� �1� "%�
K4 A×B×C   �������� 	=B�4�H  L* ����%H)A(  ) ��/0�%B(  ,�)�-�.�� ���� )C(   "�5!�)*b 	)�4) ^�2(_�% �� 3�! ^�2 �%  ����B�M �os )%(  9:�� ;�<��� (�K4)  "2 9:�� ��8���7�  (9�0% � � )  9:�� ��8�  (9�0% � � )  !�   !�  [�T� ^!�  55/1 c 90/52 d 45/0 fe 8e 6e 5 ��8� �� M�  5/0 
���h1�� 93/1 b 35/70 a 52/0 b 25/12 b 5/8 b 10 ��8� �� M�  [�T� ^!�  59/1 c 55/59 c 48/0 d 75/9 cd 7d !�   5/0 
����h1�  04/2 b 022/67 b 50/0 c 25/10 c 5/7 c 5 ��8� �� M�  [�T� ^!�  29/1 d 40/55 d 46/0 e 9d 6e 10 ��8� �� M�  5/0 
����h1�  36/2 a 24/71 a 56/0 a 16a 5/10 a 0 7	�  !�   [�T� ^!�  78/0 g 46/42 kji 39/0 i 5i 4g 5 ��8� �� M�  5/0 
����h1�  03/1 ef 74/49 e 44/0 fe 25/7 fe 25/5 f 10 ��8� �� M� [�T� ^!�  02/1 ef 36/45 fgh 41/0 h 6hg 4g !�   5/0 
����h1�  07/1 edf 43/46 fg 42/0 g 50/6 fg 5f 5 ��8� �� M�  [�T� ^!�  04/1 ef 95/43 hgij 40/0 hi 25/5 i 4g 10 ��8� �� M�  5/0 
����h1�  23/1 de 84/47 fe 44/0 fg 7f 5f 15 7	�  !�   ^!� [�T�  91/0 fg 96/42 hkji 29/0 m 1m 1k 5 ��8� �� M�  5/0 �h1� 
���  03/1 ef 82/40 k 36/0 j 4kj 3i 10 ��8� �� M�  [�T� ^!� 01/1 efg 96/43 hgji 32/0 l 75/1 ml 75/1 j !�   5/0 �h1� 
���  13/1 edf 89/41 kj 37/0 j 50/4 ji 5/3 h 5 ��8� �� M�  [�T� ^!�  94/0 fg 084/48 fe 33/0 kl 50/2 l 2j 10 ��8� �� M�  5/0 �h1� 
���  05/1 ef 84/44 hgi 34/0 k 50/3 k 3i M�9���
�� �4 3���� <� [�m W���� !��0� �B 3�?� �1�7D LSD �� d�� ���m� 5% �	(� 
������O� B 3 !���!�.  b c cab a c020406080100120140 Control 10 15"* ,=� 3�!)9�0% � ^�2(  0�� <���06� �1� 
���!� 0/5� <���06� �1� 
���!��
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�� ���B�� �B �E�G��Q 	 � Q�4 a�G	��4 �� ]���  Q�� 
�B1@� �1"	 .���� 4Q� ��E�� a�G	��4 �� ]���  Q�� 
�!��1� �B  a�6�Q�4 E��� a�G	��4 	 � 
 � 7� b��Y� �D .! B  ����B ��?6���6�� Q�4 ��E�� a�G	��4 �� �� ]���  Q�� 
8�R �B
B1R ��� %���!�� )Keshavarz Afshar et al., 2017t Ghobadi et al., 2013tNazar et al., 2015.(   ��B�4 �f1�B �� �1?IB %E��9��3� 3E���1�G  �V�� �1?� &B  �B �"1��8��� ��B�4 �f1�B ��E�� a�G	��4 b �� Q��EG� ��� �� �B ��E�� a�G	��4 a4 
������ �1?� 	 ��E�� !�i1��	�4 	 a�G	��4 a B) ��B�4 10 M� �� (��8� �� Q�4 .��� �f�� ��6�� ��!��3  :�8m7�  3��V�:?u� ��B�4 �f1�B �� Q��EG� a�G	��4 	 � E���1�G �B 3	� ���� X��Y�  !����)Wang et al., 2014t Xu et al., 2015( �� 
R�B 7� ��6�� 7� ^!� ��Vk� �f1�B �B ��1�G�E 	 E��  3��V�
(�� �D 3!��1   ���i��� %��4 !��)Xu et al., 2015& Hiu et al., 2018& Keshavarz Afshar et al., 2017(t �1���� �4 Hiu  	  ���8��)2018( ��B�4 �f1�B  ���B �3	 %E��9��3� 3E���1�G %�� Panicum virgatum 
B�V� �0���!�.   
���B  3��V�Q�� 
8�R !�!  	 O�K� �B %���� J1�� X��Y� �f1�B )1 	 2 !)�� 
�7	 (�f1�B �� 
���7D ��Y��3� �B %�� �R O��� ��� ��� �4 Q�� 
8�R ��E�� a�G	��4 b �� �� M�� %�� Q�4 %��� 
6	 ��Vk�3 �� ��E�� a�G	��4 a 	 !�i1��	�4 : �!� )2017 .,al et Afshar Keshavarz.( �f�� �f1�B b"1� �1?IB :�G�v 3��!I9� ND WR 	 Q��EG� 
���4 [�T� ND �� M�� %�� !  
6	 3	� �(6�� 3�3! � 	 3E���1�G %�� 
B�V� .�1B   nnKamma 	 ���8�� )2011( ��B �1��!� �4 ��B�4 �f1�B b"1� Q�4 ��E�� a�G	��4 	 
���4 �1�GE�� 3��v 	 Q�4 �5	���� j�B �� %��  Chenopodium

quinoa .!   ��Da�6� M�� ��� �� l�TY� AB�� ����	�5 ����B �B ! � 	�
�� j�B� 	 a���� ��R� 	�����5 ]�1� I�D 	 �� ����� Q�4 M�6	�; 	 E�� Q�4 :\�o 180�B	� ��B !��1��.   ��B�4 <���0�6� !��� b"1� Q��EG� %E��9��3� 3E���1�G �� ]���  O4
BD 	 ���� 3��BD !  �4 I�� �� !�i1��	�4 �� ]���  O4
BD ��B�4 �D 3�V� .: �!� ��6�� 3�!��� ��� %��� �4 4���B <���0�6� !��� 
�!��1� b"1� �1?IB E���1�G �B %Z�	�� ]���  Q�� 
8�R �1 . ��B�4 <���0�6� !��� �� %�� �1Y� b"1� �1?IB d�� j�B 	 1����3 a�G	��4 �� %�� �1Y� !  )2013 .,al et Afshari.( Q�� 
8�R M��|�� b"1� Q�4 50 3!)�� E���1�G l6R %�� ���R 
�m	 !  �4 ��B�4 <���0�6� !��� ��!�� �D �� �B 8/31% a���� .���  �����a�6� M�� Q��EG� E���1�G �� �� Q��EG� ��!�� M�6	�; !���4 ��B )2015 .,al et Nazar(. M��|�� :���� 7� �1���!�04� M�04� 	 �� ����� Q��EG� d�� M�04� 	 �B�?�� �D �1?IB E���1�G ���"7� 3��V� !�(� :\�o3� M��; <���0�6� !��� �B E���1�G �� ]���  
8�R :�� )2015 Lotfi, & Golezani-Ghassemi.(  O43��BD b"1� Q�4 ��!�� �c� a�&%!��� P(��� �c� 	 E�� �7	 <�R a4 .!  ��6�� ��R� ��� 
�!�� �4 Q�� ND  3��V�
8�5161�E�G 
(��Y� !��� Q�4 ��E�� E���1�G 7� n��@ M�0B ��7	�&� <f14 �!  �1��&� Q�4 3�G M�B &
61�� Q�4 O�0�� �1�� 	 �� ����� Q�4 ! � 	 P(��� %�� �� �B�?�� ���� )Gholamhoseini 
et al., 2013.( 
R�B 7�  �����a��1�  �V���� Q�4 ! � ���� :�� Q�� 
8�R �� �K�R� �� O�0�� &71��� Q�4 q��5�1� 	 ! � 	 ���1� 
61�� 
�!���� �4 �� :�I� Q�4 ! � %�� �� �����B�� )Jaleel et al., 2009.(  
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�!�� 	 ��B Q��EG� E��� M�2�	�; 	 O�E�D3� �1B�� �B ! � 
�1 � 	 7� M�� n��@ �� a����  3��V�Q�4 ! � 
 � 7� Q�� 
8�R ��0B  �V��:�� ) et Ghafarbi Porheidar 2017 .,al(.   �f1�B E�� b"1� Q��EG� 
��� �() 
���7 ��1� 
���B ! & �B3�1@ �4 M���hB ��!�� �() 
���7  %! �4��� ]���  ���� 3��BD 	 10 7	� B [�T� ��!�� 10 M� �� ��8� a)m ! & �� B Q��EG� �	� 3��BD ��!�� 5 M� �� ��8� ��IB a�� .��4 %7	��� �V� 3��f1�B �B �� <� 7� ���(63�  �! ���� �B
B1R ��R�  %!  .:�� �"1�B b"1� �1?IB �V� 3�
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8�R �� %�� ���B ) .,al et Batool 2015( 	 ��� )2015 .,al et Haider( !  	 �B a8  �B��  b"1�Q��EG� }�1�B ^!�� !���� ) .,al et Olmo 2014(. Abbas 	 ���8�� )2018( B 
���B ����� X��Y� �f1�B  ^�1�B J1�� X��Y� 
8�R ��� !���� �4 Q�� 
8�R �� ]���  ^!� �1�m �f1�B �B a8  O�K� )50% :�G�v (
���7 	 !�!  )35% :�G�v (
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����� 	 7� M�� n��@ ]��� b��� 	 E�� 35��� 	 3�Lo ^7h  ��3��B 3��4B3� WR O���G 
�!�4&  M���B�B�� ���r� ���" 
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111 Iranian Journal of Medicinal and Aromatic Plants, Vol. 36, No. 1, 2020  Effects of biochar and salicylic acid on physiological and morphological characteristics of European borage (Borago officinalis L.) under water defecit conditions  Z. Taghizadeh Tabari1*, H.R. Asghari2, H. Abbasdokht2 and E. Babakhanzadeh sajirani3  1*- Corresponding author, Ph.D. student of Agronomy, Agriculture Factually, Shahrood University of Technology,     Shahrood, Iran, E-mail: zt.tabari@gmail.com 2- Agriculture Factually, Shahrood University of Technology, Shahrood, Iran 3- Agricultural and Natural Resources Research Center of Semnan, Agricultural Research Education and Extension     Organization (AREEO, Semnan, Iran  Received: October 2019               Revised: January 2020  Accepted: February 2020  Abstract     Water deficit has been the major contributor to the decline in plant yield. Soil amendment and certain hormonal agents are some strategies applied to mitigate the adverse effects of drought stress. The purpose of this study was to investigate the effects of one soil modifier and one growth regulator on some physiological and morphological characteristics of 
Borago officinalis L. under water deficit conditions. The experiment was implemented as a split-factorial in a randomized complete block design with four replications at the research farm of Agriculture Faculty of Shahroud University of Technology, Iran during 2017- 2018. The main plots consisted of three levels of irrigation (usual irrigation every five days, irrigation every 10 and 15 days) and sub-plots consisted of biochar at three levels (0, 5 and 10 t ha-1) and salicylic acid at two levels (0 and 0.5 mM). Based on the results, biochar, salicylic acid, and water deficit factors affected the number of flowering stems, number of stems, stem height, the amount of chlorophylls a and b, total chlorophyll, and carotenoids significantly. Interactions between salicylic acid and water deficit levels had the most effects on carotenoids and chlorophyll b. Triple interaction of factors also affected the total dry weight, number of flowering stems, the number of stems, stem height, and chlorophyll 
b. Generally, water deficit stress decreased the amount of photosynthetic pigments and leaf growth indices of European borage compared to control, and salicylic acid and biochar reduced the negative effects on the amount of photosynthetic pigments. Therefore, the use of biochar as a soil modifier and salicylic acid as a growth regulator seems to be useful in ameliorating some of the negative effects of water stress on Borago officinalis.  Keywords: Chlorophyll, biochar, salicylic acid, carotenoid, growth improvement.  


