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In order to study the effects of water limitation, biofertilizers, and nanosilicon on 

compatible osmolytes and biochemical traits of triticale, an experiment has been 

conducted as factorial based on randomized complete block design with three 

replications in research greenhouse faculty of Agriculture and Natural Resources, 

University of Mohaghegh Ardabil during 2020. The experimental factors include 

irrigation (full irrigation as control; irrigation withholding at 50% of heading as 

moderate water limitation and irrigation withholding at 50% of booting stages as severe 

water imitation), application of bio fertilizers (no application of bio fertilizers as 

control, application of vermicompost, Mycorrhiza, both application vermicompost and 

Mycorrhiza), foliar application of nano silicon (foliar application with water as control 

and foliar application of 2 g.L-1 nano silicon). The results show that both application of 

vermicompost, Mycorrhiza and foliar application nano silicon under irrigation 

withholding in booting stage have increased the activity of catalase, polyphenol oxidase 

enzymes, proline, and soluble sugar content (49.17%, 50.64%, 44.92%, and 52.22%, 

respectively) compared to no application of bio fertilizers and nano silicon under 

normal irrigation conditions. Also, both application of vermicompost, Mycorrhiza, and 

foliar application of nano silicon in normal irrigation condition are capable of 

decreasing hydrogen peroxide and malondialdehyde content (55.34% and 53.64%, 

respectively) and raising grain yield by 59.52%, compared to no application of bio 

fertilizers and nano silicon under irrigation withholding in the boosting stage condition. 

It seems that the application of biofertilizers and nano silicon can increase grain yield 

triticale under water limitation due to improving the biochemical traits. 
 

Cite this article: Nazari, Zh., Seyed Sharifi, R., Narimani, H., & Mohammadi Kale Sarlou, S. (2022). Effect of 

Water Limitation, Biofertilizers, and Nano Silicon on Compatible Osmolytes and Biochemical Traits of X 

Triticosecale. Journal of Crops Improvement, 24 (4), 1199-1215. DOI: http://doi.org/10.22059/jci.2022.333768.2639 

 

 

© The Authors.                                                                    Publisher: University of Tehran Press. 

DOI: http://doi.org/10.22059/jci.2022.333768.2639 

 



  
  

 
گاه ���ان  ا��شارات دا�ش

  �شاورزی� زرا�ی 
Homepage: https://jci.ut.ac.ir/ 

�رو�ی�ی: � ۲۳۴۵-۶۹۵۷شا  ال

 

����� ���	
�� 
�	��� �� �	�����	��� � ����� 
���	� ���  ����!�� � "�#��� 
��

$�������� ����
�%	�� &�'( 

  

���� ���1 | 
����
�� ����2 | 
������ 
���3 | ��� �
��� ��������4  

  

1 .����� �	
��
� .��
��
� ���� ������� ���
�� ����� � � 
���! �"#���� ��$�
% &
'�( � "
)*+ �,"�-� ���% �.*/0� �"�0�*� .:2������
 zhilanazari@uma.ac.ir  

2 .����� �	
��
� ���
��
� ���� ������� ���
�� ����� � � 
���! �"#���� ��$�
% &
'�( � "
)*+ �,"�-� ���% ���',� .:2������
 raouf_ssharifi@uma.ac.ir  

3 .����� �	
��
� .��
��
� ���� ������� ���
�� ����� � � 
���! �"#���� ��$�
% &
'�( � "
)*+ �,"�-� ���% .:2������
 hamed.narimani.72@uma.ac.ir 

4 .����� �	
��
� .��
��
� ���� ������� ���
�� ����� � � 
���! �"#���� ��$�
% &
'�( � "
)*+ �,"�-� ���% .:2������
 mohammadiisara1@gmail.com  

  

���!� "�#�$�  %
�&'   

 :���!� )����$�67 8)���  

  

  

��*�+ �,�-.�: 19/08/1400  

��*�+ ��/�0�1 :08/12/1400  

��*�+ 23�4� :19/12/1400  

��*�+ ��56�� :26/09/1401  

  

  

  

���%��7 :�8   

 �>
��
,*'�?  
@�A�?  ��$�'�? 
0!� ����"  

 ��#�B C�+  

 ��A�
*#
�  

��
�.D,*EF!  

2�
*G��  �,
���
HI+ �� �*#
�
,*��� � �'0�  ��$�*! ���? D���"�� D
)*F,� ��*'�� � 
�% �, ��$

2)�#
'��+ ���
F
J*
� K�LM �2� ����� ? N*�� 2��7 O�� P)�Q 
� 	�
*'!�R K
*M 
� �R��S+ 	��! ��$

 2��T�% 
� 
��#+ 2, ��$�67 .�, 
� ��
��
� ���� �������99-1398  ."J ��V��$
*'!�R� 

�,
���
*� 	��J �?

�� )�?

�� 	��! 2���*�X �"$�J  �
�
�? �YQ �� ��? @�Z� D���"�� 
�50 "M
� 

 
� �
�
�? �YQ �� ��? "�"J D���"�� ���'0�? 2�\��50 "M
� 2���, 2�\���$�(� ���
�! �$�*!� 
 �'0 �)^"X ���
�! 2���*�X �"$�J ���
�! �
���D,*EF! �

*#���A ���
�! @$  ��� �
��D,*EF! � 

�

*#��A (� .*��� �J�7,*���
�
�*# ).*���J�7� �� _? 2���*�X "$�J � .*���J�7� �� ^�% 
� )
�' 

,*���
�
�*# (�*�. ���
�! 2! ��� ���� `��'� @$  ��� ��
�.*��� � �A�
*#
� �D,*EF! �J�7

��'0�? 2�\�� 
� �
�
�? �YQ a���J D�+ �*#
�
,*���� @�A�? D
)��R��7 � b�+�! ��$	�R � �"
0!�

2� �
 .*��� ��$"�Q � >
)��7 ��*'��  P
+�+17/49 �64/50 �92/44  �22/52  ^"X 2� D�0� "M
�
��
� ���
�! .��� C��AR� 	��! �
�
�? a���J 
� �*#
�
,*��� � �A�
*#
� �D,*EF!@$ >
�d ���
�! 

@$  ��� ��
�.*��� � �A�
*#
� �D,*EF! ��*'�� 	��! �
�
�? a���J 
� �*#
�
,*��� �J�7

�*)�� � �(�
"
$"
0!��7��� �
 "
$")?2  P
+�+34/55  �64/53  �
 2��� ��#�FX � C$�! "M
�52/59 

 2�\�� 
� �
�
�? �YQ a���J D�+ �*#
�
,*��� � �'0�  ��$�*! ���
�! ^"X a���J 2� D�0� "M
�
2� .��� C��AR� ��'0�?�� �G��� �*#
�
,*��� � �'0�  ��$�*! ���
�! ",
  K�LM �*�-� �� "��*+

 2��� ��#�FX ����
F
J*
�."$� C��AR� ��? D���"�� a���J 
� �
  

  

�96��, :�G� �.( ��,
�J"�L�.
 �� �����F� .O �� "F��� 2�!  e �*)�,)1401 .(HI+
� ��"���D �?�� �$�*!�  �'0� � ,*���
�
�*# �� �*'��� 

)*F,�
D ��$ 
�% �, �  K�LM �
J*
F
��� �+�'
2)�# .2� � 
���! �X�
  �24 )4 �(1199 -1215.   
DOI: http://doi.org/10.22059/jci.2022.333768.2639  

  

 :�J�����-+ ������� K�
��'�� 20,f�               .© .��%"�0�*�  
  

 
 
 



:;*�� ,7
���- 1<
= �8,��� 0�6>
 7 ��������?�& �1 ��6��� ������- ��8 ��@0�� 7  "��A 1�������
� �*�6����&  1201 

1 .$�!+�  

 KZg	#J 
� �F-� C�� � ��*� ��0�� ���hg @�(
 ��M� ��AV�  � �#����! �L�� ���� �"F+ ��
%) "��Yang, 

2018(. 2)�#
'��+1 2��� 2�g2� ^"�% �QZ+  � ��0�� a,*+ 2! D,� �A�
2� 
����d � �
��� ")�� ��*�X �
"7 ")�� ��*�X

2� �+ D,� �"�? �*V��%6�� ��$ �
�F
� 2� D����� � ^"�%  � 2��� D
L
! � ��#�FXC�+ � �$  
� �
����d  � �Y
�� ��$

 �"
7 
*-i ��
% &�) "�!Bezabih et al., 2019 �#�B .(2�@-� ��*�X ��#�FX � "J
 C$�! 
� 
�h%�
HI+ C�+ >��+

) D,� �X�
  ��$�
%Hu et al., 2014 ��$�
% 
� �)*#)*� � ���
F
J*
� ��#�(*)*R
*� K��

j+  ��� 2� �k�� 2! �(

�� *J���
F
J*
� @-� K��

j+ 2�FV  � .� 2�*% "
)*+ ���? D���"�� l��� 
� ��$�
% 
�,� �6
0!� .��R ��$ �� 2! D

C�!�� ���g 
� m��J��
g _�d ��$"
,� 2��%�� ��$"�*
7��
k�  ��$ 2� �k�� � 2'R�% n"$ �
 �*
,�"
0!��7 ��

 _�d ��$"
,� P��T+�� *J) "�Heshmati et al., 2016  � ��
%*�V � C�+ �� 2-V�*� D-V ��$�
% .(

�*)�� C��AR� � �"
E
) �*
,�"
0!��7��  � �J�� "
$")?C��AR� 2�*%��$  �(�(�
"
$"
0!��7) �6
0!� .��R

 ��$
�!� �,�'�? 
0!��� �F�A�? ��$
�!� �,  � 2! "�
�� �F�A�?�
g � �F�A�? ���"@�A�? D
)��R C��AR� 2� ��*+ ��$

��7 �  �"
0!��7 � b�+�! 	�R  ��? D���"�� a���J D�+  �"
0!�) ��! �
�J�Ebadi, 2018@$ .( a���J 
� >
�d  �#�B

2�K�
"
$*��! 2�FV  � �AF,� K��
!�+ �Fk+ ����  � ��
% �_? _hV 2���� 
*G�� 	
0��'7 �>
)��7 � .*��� ��$

�� C$�! �
 �*B �AF,�2� �+ "$�) "$� C$�! �
 �#�B �H� ��AF,� @
Y�+ "����R 2�
,�Muscolo et al., 2016.(   

���� �A�
*#
� o
�Q "���F$ �'0�  ��$�*! ���
�! �*�
*$ "
)*+ ���? D���"��  � �J�� �H� 	�"�+ � �$�
% ��$

P
,? C$�!2��
 ��$o
�Q 2'�)� .D,� "
L� ��$�
% 
� ��2� �A�
*#
� ��$"�
�� �*V� N�B 
� ��
�� 
*�� ���  � ��"�+

@!��+ �?>��  � �"J�� >
��7 N�B 
� D,� >#F� �$�? ���
�! �
�� �$o
�Q >�� D
�FV "��*+$ �"��,
 _*�Y� "\ 2� �
 �

�? "
L� �H�  ��� 2� �k�� � 
� �$) "�*J N�BSeyed Sharifi & Namvar, 2016(. 

. Khalafaiiah et al)2008 �Fk+ � "
)*+ C��AR� �� �#�B C�+ a���J D�+ �A�
*#
� ���
�! 2! "���! p
�A% (

@$ � �AF,� @
G�+ 
� .*��� ��$"�Q � >
)��7 ��*'��  >
�d@�A�? D
)��R C��AR� ��$�'�? 
0!� �  b�+�! ���"

 m�R� @'0
, �*�-� PV*� � �"
0!��7�'�? 
0!� ."J ^"�% ���" Aghaei)2019( i� D�+ �A�
*#
� ���
�! DJ�� 
�-

 D
)��R >
qF$ � .*��� ��$"�Q � >
)��7 ��*'�� C��AR� �� C�+ a���J?@�A� ��$�'�? 
0!� C$�! PV*� ���"

�7 ��*'���*)�� � �(�
"
$"
0!���."J ^"�% "
$")?  

2� �)? ��$�*!  � ���L',��� �N�B ���
F
J � �#�A
R a���J �*�-� 
*G�� C�+ a���J 2� 	F�+ 
� "��*+

��
� .��
%
��Q �G�"� ���$�
% 
� �#�B ��)? K����r 	�"�+ ����  � 2! D,� &�(*)*
� �)? �*! &� D,*EF!

 "����R &� ���� 	FX a,*+^�! N�'@0
��%
���#
� � �!�B ��$ "
)*+ N�B ��$�� *J� )Joshi et al., 2015 .(

��
� 
��
*B�� P,��� ��#$  � 2�*-+ ����  	T�T+ ����hg �M��X � _? �
�"-�� � _hV �b�� K
"Q  � D,*EF!

��%
���#
� D
)��R � D
�FV C��AR� �� ��ZX �
�"��7 � 
���! 
� �?  � ���L',� � ��*�@0
 D-V 
� N�B "
L� ��$

 ��#�FX � "J
 �*�-� PV*� � ��*F� 	FX .*��� @
,�'7 � �L0R ��(��'
� "���� ��
%  �
� �
*� ���hg �M��X �F$��R

 �X�
  ��$�
%�� *J) �Azeez et al., 2010@$ .( 2� �"
,� &
�*
$ ���  ������ >'J�� �� �>
�d �'0�  �*! &� ��*�X

 _*0�� ��
% "J
 N���.��R PV*� � �"J @�A�? ��#�FX �"J ��$�'�? 
0!�.�#���
 .�'�! � ���" �� ? ��$�� *J .�

 �,
�� 
�Mamnabi et al. )2020( ��
� ���
�! � �L0R ��*'�� �*�-� PV*� �#�B C�+ a���J 
� D,*EF!

D
)��R C��AR� � s�� �(��'
� @�A�? ��$�'�? 
0!�D
)*F,� ��*'�� � ���"
�% �, ��$  ��$"�Q � >
)��7 ��*'��)

                                                                                                                                                            
1. Triticosecale Wittmack 



1202                                      �� �����	
 ��
��� ���� ����� � ���� ����� � ������1401 

�*)�� ��*'�� C$�! �� 2! �"J (.*����� D��-� 
� � ��g �
�"��7 �s�� 	
R���! ��*'�� �*�-� PV*� "
$")?

 2��� ��#�FX C��AR�."J �A�! Mousavi Dehmordy et al. )2018 C��AR� ��#�B a���J 
� 2! "�'J�� 
�-i� (

2�*% "
)*+�7 "���� �6
0!� .��R ��$���d �*
,�"
0!��7 2� �k�� ��(�
"
$"
0!�2� P
,? � �$   ��g�� *J >�� 
� �

��
� ���
�! �',�
@�A�? D
)��R �*�-� ����  � D,*EF! ��$�'�? 
0!���*'�� � ���"  C$�! PV*� �>
)��7

K
�0B  C�+  � �J�� ��$�� *J .�  

 2! D,� N�B 
� �����R �S�X >
��� ��6
0!�  � t7 �*#
�
,D���"��D0�  ��$ C�+ �
G� �Y
��

u� � ���, ��#�B ��
*J �>
��, K�A�R�� C$�! �
 �%� "$� )Zare et al., 2015 2� �"FX "����R �� �� � (

�� &F! C�+ ����� 
� D����� ��k�� �*#
�
, K��*,
 �� 2! �#
��#� � �#�A
R Di�L\ �.�� v"�!�� *J �^�� � �

u,�7*� 2! ���
F
J*
� ��$ �#
)*��'� K��

j+ PV�� *J A'�, C��AR� �� �*#
�
, ���
�! ."��'�? 
0!���" ��$

�� � ���� C$�! ��
% 
� �
 *
+�"
0!� C�+ ����
� C��AR� �
 ��
% "J
 � 	�"�+ �
 ��? C�+ 
�H? "��*+"$� 

)Imtiaz et al., 2016@$ .( @�A�? D
)��R C��AR� �� >
�d ��$�'�? 
0!��FV  � ���"  b�+�! � �+*F0�� "
0!��7*, 2

  � �B�� �Fk+ � DB�, C��AR� �  �'!��
 �*
+�+*�% ��'�? 
0!���"�
g ��$ �X�R� @'0
, .���+ PV*� ��F�A�?

 �#�B a���J D�+ ��
%�� *J� )Imtiaz et al., 2016; Hattori et al., 2007 .(Zare et al. )2015 
�-i� (

D�+ �*#
�
, ���
�! 2! "�'J�� D
)*F,� ��*'�� �*�-� �� C�+ a���J
�% �, ��$  �(.*��� ��$"�Q � >
)��7)

 @�A�? D
)��R � >
��
,*'�? ��*'���'�? 
0!����"� �*)�� ��*'�� C$�! PV*� �� "J K
w s�� "
$")?. Abbasi 

et al. )2018( @�A�? D
)��R C��AR� �� �#�B C�+ a���J 
� �*#
�
,*��� ���
�! "�'J�� 
�-i�  ��$�'�? 
0!� ���"

�*)�� � �(�
"
$"
0!��7 ��*'�� C$�! PV*� >
)��7 ��*'�� � ��  ."J ^"�% 
� "
$")?Ahmadi 

Nouradinvand et al. )2021.*��� 2! "���! p
�A% ( 2Q�, 2�\�� 
� �*#
�
,*��� �J�7� a���J D�+ �$

@�A�? D
)��R C��AR� �� ��? D���"�� ��$�'�? 
0!���7 �  �"
0!��7 � b�+�!) ���"	�RD
)*F,� � ( �"
0!�  ��$

(.*��� ��$"�Q � >
)��7) 
�% �,� �*)�� � �(�
"
$"
0!��7 ��*'�� C$�! PV*��� �*�-� D��-� 
� � "
$")?

 ."J ^"�% 2��� ��#�FX   

2)�#
'��+ D
F$� 2�n��S� � �
*G�� �� KZg  � �#� ��*�X "J
 e�0\ 	\��� �"J ���  ���
% >��  
�C
� �+ 

2F
� � &�B �������J �� &�B�_? a �*$�� � &�B � ^�% �@$ >
�d  C����
��A�
*#
� �D,*EF!  �*#
�
,*��� �

�H� 	�"�+ � ��#�FX �*�-� 
� ��? D���"��  � �J�� �,
�� �^�k�� ��"�� ��$ 2�
�  >�� 
� �"J PV*� �J �+ " �H�

��
� ��A�
*#
�@�A�? D
)��R ���#�FX �� �*#
�
,*��� � D,*EF! ��$�'�? 
0!� 2)�#
'��+ ���
F
J*
� K�LM �B�� � ���"

��? D���"�� a���J 
� �,
���
*� .��
% 
��Q  

  

2-�" � ��	� .��  

2� C��� ?N*�� 2��7 O�� P)�Q 
� 	�
*'!�R K
*M ��$�+��
��+ 2��T�% 
� 
��#+ 2, 
� �R��S+ 	��!  �"#����

��
�� ����� � � 
���!  ��
��
� ���� ������� .�, 
�1398  ."J ��V� 
� �
�
�? 	��J �,
���
*� ��$
*'!�R

xY, 2, 2� 	��! �
�
�?) "$�J ��*�X�  
� �
�
�? �YQ50 2���, � ��'0�? 	\��� "M
��$� 2� P
+�+2� ��*�X

 "! �� .���� ��? @�Z� � "�"J D���"��30  �43  e�
�� e�,���BBCH
1( 
�-d 
� �'0�  ��$�*! ���
�! �

                                                                                                                                                            
1. Biologische Bundesanstalt, Bundessortenamt and CHemical industry; BBCH 

 



:;*�� ,7
���- 1<
= �8,��� 0�6>
 7 ��������?�& �1 ��6��� ������- ��8 ��@0�� 7  "��A 1�������
� �*�6����&  1203 

2� �'0�  ��$�*! ���
�! ^"X) xY,��
� ���
�! �"$�J ��*�X@$ ���
�! � �A�
*#
� �D,*EF!  ��� 

��
� .*��� � (�A�
*#
� � D,*EF! xY, �� 
� �*#
�
,*��� �J�7 .*���)2� _? �� �J�7  � "$�J ��*�X

.*���  .�*� (�*#
�
,*��� �'
)
� ^�% �� �J�7  

.*���
� �*#
�
,*��� �J�7 2k�7 	\���� 2Q�, � �2�) �$�  "! �� .���� P
+�+21  �30  e�
��  �BBCH .�FX� (

�
�
�? � DJ�!  � "�� �
�
�? >
)�� ."J a���J 2� 2'0� �"�� ��$2��T�%� �
  ��
%  �
� �X ."J ^�k�� �"J�!w O*Y, �

 
� DJ�!��"�%�$ �� �YQ �� � m�L+
�40 �'��, ��'�"J ^�k��o
�Q  � �A�
*#
� 
�F
+ .�FX� D-V . 2,*� �A�
*#
�?1 

2��
  � �"J�"V K��YQ � y
$ �
*E,�  � ��*�T� 2! "J ���L',� 2
-+ ��
*+ ��
���R D0�  D!�J  � 2! �*� ��*)? ��$

2� � 
�"��20  N�B �����'� �$ 
� ^�%e�,��� "J ���L',� 
*!h� D!�J 2
M*+ ��"�% �$ 
� .50  @Q
 2)�#
'��+  � 
h�

��+ 2� �"
,
 ���� �����,!@ 400  
� 
h������'� M*+ � _*�Y� 2!
2 ��� �"J�  �
�� .*� 
� ."J D�! D,� @Q
 >��

y�X "J
"J .�'�! �',� 2���� 2�  �$ ��$"���"�% .$��J 
� ��2��T�% a�� ��� 
�� 20  �+30 '��, 2V
�� �� ���%

��J�
 �
�� .*��� 15-16 DX�, �+  � ���L',� ��)
!�� z�b  ��$� )*F��� ��'-� ��
�"-�� (�  
�"�� ."�"J

��
�  C��� ? >�� 
� �R�S� D,*EF!10 ? ���
F
J*#�A
R K�ST�� � �
�"��B �"
�% D!�J  � 2! �*� 
�'#$ 
� >+ �

 .�"V 
�)1(  .D,� �"J ��
�?  

  
 C7
D1
��7 ,�� ��EF* G��6� .  -��I��  

2ST��  
Cd Pb  Zn  Cu  Mn  Fe  EC  

(dSm-1) pH  
)mg/kg(  

������  1  19  110  20  275  5000  12/1  

64/7  2ST��  
Mg Ca  K  P  N  OC  C/N  

(%)  
������  95/0  73/2  4/0  4/0  55/1  9/32  25/21  

  

���� � �"��%
�� )��R
D A�?�@�$ ��'�? 
0!����" )� b�+�! 0!��7
 �" � �7�.*�R( �"
0!�  � p�
Sudhakar et al.  

)2001�( ��*'�� �$"�Q� .*��� 2�p�
 Dubios et al. )1956� �"�� �( p�
 �� >
��
,*'�? ��*'�� ��
%Wagner 

)1979�*)�� ��*'�� �(�� p�
  � "
$")?Stewart  & Bewley )1980 p�
 �� �(�
"
$ "
0!��7 ��*'�� �(

Alexieva et al. )2001��*'�� �( )��7
>  � p�
 Bates et al. )1973( ���L',� "J.  D�$ ��"�+ �%"
,
 ���  
�

2� 2! 2���� �$�i 2� 2+*����� >
���
� tE, �"J DJ���� �*� �"J {T�� ��"�% �$ 
� �R��S+ 
*� �	M�\ ��$

2� #�FX DLM p 
� ��*�X&+ �� ���� 	
��+ � 2�Ak+ 
� 2+*�2� �$ Ak+ ���� ."J 2'R�% 
�!����� 2^��  � �$ 
�AR�SAS 

2T0�)1/9� ."J ���L',� (
���
>�*� ? �� �$LSD  
� ��� "M
� `�7 .�F'\� xY,�."�"J 20  

  

3/�� � 0���� .  

3 .11�2�  ����34 . 
�����  �������! ��5 ���!�����5 ��6����)894(��!����  

@$�� � �
�
�? O*Y, ��*#
�
,*��� ��'0�  ��$�*! �
HI+@$ C�! @�A�? D
)��R �� 	��X 2, >�� ���   b�+�! ��$

��7 �	�R���� "M
� `�7 � &� .�F'\� xY, 
�  �"
0!�"J 
��  .�"V)2@$ .(  ��'0�  ��$�*! �
HI+ >
�d

@$�� � �
�
�? O*Y, ��*#
�
,*���@$ C�! 
�! ���  @�A�? D
)��R �� ��? D���"�� � �'0�  ��$�*! ���

                                                                                                                                                            
1. Glomus moseae 



1204                                      �� �����	
 ��
��� ���� ����� � ���� ����� � ������1401 

���� "M
� &� .�F'\� xY, 
�  �"
0!��7"J 
��  .�"V)2C
� .( @�A�? D
)��R >��+��7 �  b�+�! ��$	�R �"
0!� 

2�) P
+�+18/54  �82/93 @$ ���
�! 
� (2�
Q� �� >
/+��7 ^�%��#
� 
� _hV K��

j+ ��
� ���   �D,*EF!

�
*#
�.*��� � �A�*� ��'0�? 2�\�� 
� �
�
�? �YQ a���J D�+ �*#
�
,*��� �J�7  .�"V)3 �( C��AR�  � 2!

2�  P
+�+17/49  �64/50  	��! �
�
�? a���J 
� �*#
�
,*��� � �'0�  ��$�*! ���
�! ^"X 2� D�0� �"M
�

�*� 
��
*B��  .�"V)3@$ .( @$ ���
�! >
�d ��
� ��� A�
*#
� � D,*EF! 2�\�� 
� �
�
�? �YQ a���J D�+ �

 C��AR� PV*� ��'0�?75/47  � �'0�  ��$�*! ���
�! ^"X a���J 2� D�0�  �"
0!��7 @�A�? D
)��R �"M
�

"J 	��! �
�
�?  .�"V)4@$ .( C
� 2! ��� ���� ��M� K��H� >
���
� 20���� >
�d   �"
0!��7 @�A�? D
)��R >��+

@$ ���
�! 
� ��
� ��� *EF!) �A�
*#
� �� D,3/109.*��� �(2�
Q��� >
/+��7 ^�%��#
� 
� _hV K��

j+ �J�7

) �*#
�
,*���79/101  ��'0�? 2�\�� 
� �
�
�? �YQ a���J 
� �(2�
Q� �� >
/+��7 ^�%��#
� 
� _hV K��

j+

)71/110@! � (2�
Q� �� >
/+��7 ^�%��#
� 
� _hV K��

j+ �? >��+ $�*! ���
�! ^"X 
� �$ ^"X � �'0�  ��

.*���  �J�72� 	��! �
�
�? 
�  .�"V) "�? D,�5P
,? �� �#�B .( 2��"��
 2� �"��,
 .��'�� @'0
, � 	
R���! ��$

2�*% "
)*+ 2� �k�� �A'�,*'R ���'#)� �6
0!� .��R ��$�� *J2�*% _*�Y��� K��H� �� 2����� ���� ��$�
% .� .��R ��$

@'0
, ��6
0!� �X�R� ��$�'�? 
0!��� 2�,*+ �
 �F�A�?�
g � �F�A�? ���" "�$� )Wu et al., 2012 �B�� 
� 2! �(

@�A�? D
)��R ��$�
% ��$�'�? 
0!�@�A�? 	|� ���"��7 �  �"
0!��7 � b�+�! ��$ 	�R  ��? D���"�� a���J 
�  �"
0!�

�� C��AR�) "���Abdel Latef, 2010 .(  

C$�67 �B��  "�'J�� 
�-i� ���%2� �A�
*#
�  � ���L',� �B�� DB�, ���
% a,*+ ���hg �M��X _hV C��AR� D�X

@�A�? @�A�? 2�FV  � �$ ��$�'�? 
0!��� C��AR� �
 ���".�#���
 DJ���� C$�! PV*� 2! "$� �� ? ��$�� *J) �Ageeb 

Akladious & Mohamed, 2018 .( Zare et al.)2015��
 �'0�AF$ 2! "���! ��
� A
� ( �� �A�
*#
� o
�Q �� ��
% 2

@�A�? D
)��R C��AR� PV*� ����hg ��*� � _? _hV 
� ��
% �����*+ �*�-� ��$�'�? 
0!� ���"�� *J �R��  � .�

��
� �*�
*$ �B�� � &
�*
$ ��*� >'J�� �� D,*EF!&�A
0�? �
G� �$ >
�
!*'
, � >
0!� �"
,��� �$ C��AR� 
� "��*+

@�A�? >�� D
)��R$2� �"J�� �Hf� � �
*� .*��� D,� �"J p
�A% ��$�67 
� 2!&�A
0�? �>
0!� �� �J�7  	�A�� � "
,�

) "J  �+*F0�� "
0!��7*, �  �"
0!��7 � b�+�! @�A�? ��A
� C��AR� PV*� >
��?Pan et al., 2013 >�� D
)��R .(

@�A�?  ��$�'�? 
0!�� C�+ a���J 
� ��
% ���� 
� �"
�! C�� ���"�� � ����k�? � ."�! ��
� 2!  ���L',� �
*� D,*EF!

 .�"V)12� �hj�A�
 �M��X  � ��b�� ������ ��
�� ( @�A�? 
�'B�, 
� 2! D,� ��
 � >$? �6��2� �"�
�� D!�J �$�G� 

�� @�A�? >�� D
)��R C��AR� 	
)� ",
��
� 
� �M��X >�� �*V� ��$ "J�� ��
% a,*+ �? _hV � D,*EF!

)Adamipour et al., 2016 .(Shen et al. )2010@�A�? D
)��R C��AR� ( ��$�'�? 
0!� �� �"J
�F
+ ��$�
% 
� ���"

2�*% 2�F\ ����� 
� .*�, P��T+  � ��
%*�V 
� ���� >�� �H� 2� �
 �*#
�
, ��*'�� C$�! � �6
0!� .��R ��$

.�#���
 � �(�
"
$"
0!��7 "���� D�0� �� ? ��$. 2�G��� � @�A�? D
)��R C��AR�  � ��T� 2! ",
 ��$�'�? 
0!� ���"

 2� ��
% 	F�+ PV*� ��"
E
) �*
,�"
0!��7 ����� 
� .*�, ���g  � DGR��� �� 2! "J�� �*#
�
, ���
�!  � �J��

@�A�? D
)��R C��AR� � C�+ a���J ��$�'�? 
0!�  �"
0!��7 �  b�+�! "���F$ ���"�� *J .�Shekari et al. )2017( 

�� �*#
�
, �S�X ���
�! "���! p
�A%@�A�? A'�, "��*+ C�+  � 	M�\ �L�� K��H� � C��AR� �
 ��"
0!� �'�? ��$

 ."$� C$�! K"J 2� �
 �#�BYoung et al. )2013@�A�? D
)��R C��AR� ( ��$�'�? 
0!� �
�
�? �YQ a���J 
� ���"

2�*% K
�0B C$�! 2� ��
 ��'0�? 2�\�� 
�.*�, DGR��� � �6
0!� .��R ��$ "���� D�0� *
+�"
0!� C�+ ����� 
� �$

�� 2! ."�*J ��#�FX �*�-� 2� �k�� � C$�! �
 ��
% 2� ��
�� P
,? "���*+  
  



:;*�� ,7
���- 1<
= �8,��� 0�6>
 7 ��������?�& �1 ��6��� ������- ��8 ��@0�� 7  "��A 1�������
� �*�6����&  1205 

 C7
D2 ���&�6��* 
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6>�0 ��8,�� ��:;* L�����7 ��EF* . 

�

j+ �����  

�
�� 

? 2
V


�
  

) K����� >
���
�M.S(  

 b
�+�

!
   �"


0
!��

7
  

�
�7

	
�R

 �"

0

!�
  

>

)�

�7
  

.*
��

� �
�$

"�
Q

  

�*
)��

"

$"

)Ĥ�
�

  �(
�


"

$"


0
!��

7
  

>

��


,
*'

�?
  2��

� �
�#

�F
X

  


��#+  2  **22/306  **15/7303  **3/1900  **009/6  **5/1219  **0041/0  **0308/0  **0000042/0  **3/10  
 O*Y,) �
�
�?S(  2  **25/586  **46/2722  **1/1636  **575/11  **02/2389  **0118/0  **0317/0  **000136/0  **5/2  

��$�*! ) �'0� B(  3  **66/275  **08/1559  **75/958  **158/5  **2/1103  **0059/0  **0280/0  **000096/0  **08/3  
  N(  1  **80/85  **73/369  **54/203  **447/1  **77/340  **0009/0  **0133/0  **000032/0  **9/1نانوسيليکون (

S×B  6  **056/8  **13/39  **32/33  **1825/0  **080/30  **00022/0  ns00012/0  **0000031/0  **039/0  
S×H  2  ns510/0  ns95/9  **122/26  **0243/0  **617/20  ns00006/0  ns00026/0  ns0000014/0  ns017/0  
B×H  3  ns530/0  ns62/3  **29/15  *0795/0  **913/7  *00007/0  ns00023/0  ns00000018/0  **053/0  

S×B×H  6  *183/4  ns10/12  *97/7  **1291/0  **625/9  **00016/0  **00067/0  *00000150/0  **0057/0  
�YB  46  0564/1  726/5  269/3  0062/0  990/1  00002/0  00016/0  0000005/0  03/3  

C.V% -  2/7  13/9  2/9  8/7  6/6  3/9  2/8  2/7  9/9  
ns�1 ** 7 * =
9N���O P�*�*
9N� 7 ��,.
A�, Q� 7 G93 C��6�� RS� �, ��, 

 
 C7
D3.  T�/���� �>��!���:;*  =
6>�0 ��8,�� ,�1���?�&��������  7
1< -�,7
��  �1
��������1 "��A 
K�1 7 ���, ,�&��# 

���&�6��*  

�
�F
+ P
!�+  b�+�! ��7 .*�R  �"
0!��7 >
)��7  
(µg g-1FW) 

.*��� ��$"�Q  
(mg. g-1FW) 

�(�
"
$"
0!��7 �*)�� �� "
$")? >
��
,*'�? 2��� ��#�FX 
(g per plant) (OD µg protein/min) (µmol.gFW-1) 

I1×B1×N1 r32/36 q28/62 q52/5 r65/68 cd429/0 fg201/0 q016/0 jk9/2  
I1×B2×N1 pqr88/37  op29/64  pq65/5  op14/73  fg378/0  lm162/0  opq017/0  hi16/3  
I1×B3×N1 no19/39  lmn93/67  m10/6  kl93/79  ijk353/0  lm163/0  mno018/0  de6/3  
I1×B4×N1 jk15/44  i66/74  jk48/6  ij35/83  lm330/0  no154/0  hij021/0  a02/4  
I1×B1×N2 mn34/37  pq52/66  q62/5  qr35/70  fg387/0  hi191/0  pq017/0  ef47/3  
I1×B2×N2 no72/39  mn18/70  m17/6  no16/75  kml336/0  l169/0  lmn019/0  bc79/3  
I1×B3×N2 lm93/41  klm24/72  no84/5  jk63/81  lm330/0  no154/0  klm019/0  a01/4  
I1×B4×N2 fg88/47  gh20/83  eg95/6  g03/88  m318/0  o151/0  efg022/0  a02/4  
I2×B1×N1 opq37/38  op59/64  op76/5  pq22/72  b468/0  bc222/0  pq017/0  mn6/2  
I2×B2×N1 mn30/40  jk03/76  kl42/6  lm33/78  ef401/0  gh196/0  ijk020/0  lm75/2  
I2×B3×N1 hij61/45  ij75/81  ij60/6  gh41/87  ef400/0  k178/0  ghi021/0  gh28/3  
I2×B4×N1 ef04/49  ef93/85  e15/7  d54/96  ghi367/0  l168/0  cd023/0  cd7/3  
I2×B1×N2 mn56/40  no78/69  n97/5  mn67/76  c442/0  de212/0  nop018/0  ij03/3  
I 2×B2×N2 ij34/45  gh44/77  ef07/7  fg95/89  ef400/0  k177/0  jkl020/0  ij04/3  
I 2×B3×N2 ghi65/46  fg28/80  hi72/6  ce75/93  gh374/0  ij187/0  de023/0  ef51/3  
I 2×B4×N2 de27/50  ef27/88  c46/7  b58/99  ijk342/0  mn158/0  bc024/0  ab9/3  
I 3×B1×N1 kl33/43  jk69/72  l32/6  hi49/85  a494/0  a232/0  lmn019/0  n52/2  
I 3×B2×N1 ef28/49  ce63/84  c58/7  cd24/94  b463/0  cd216/0  ef022/0  n55/2  
I 3×B3×N1 bc09/52  bc03/91  d31/7  b23/99  de416/0  bc217/0  cd024/0  kl84/2  
I 3×B4×N1 ab10/53  ab38/93  b84/7  a3/102  de414/0  ef205/0  ab025/0  fg38/3  
I 3×B1×N2 gh09/47  hi89/78  gh84/6  ef57/91  ab473/0  b224/0  fgh022/0  mn66/2  
I 3×B2×N2 cd10/51  c29/88  b71/7  b97/99  de416/0  bcd216/0  ab025/0  kl84/2  
I 3×B3×N2 ab83/52  ab62/90  b79/7  a3/102  de415/0  ef207/0  ab025/0  fg37/3  
I 3×B4×N2 a18/54  a82/93  a00/8  a5/104  hij362/0  jk183/0  a026/0  cd69/3  

LSD (0.05%) 68/1 93/3 13/0 32/2 02/2 007/0 0012/0 1637/0 
I 1 ،I 2  وI 3: �1��U9� ����� �, ����1< VSW 7 X��� ����1< P�*�*.
96>1< 7 
8,  
B1 ،B2 ،B3  وB4: �1 ,�1��� =
6>�0 ��8,�� ,�1��� Y
# P�*�*
��7Z8 ,�1��� 7 �E���&�� =-��I�� 
��7 ?��0 .�E���&�� 7 -��I��  
N1  وN2: �1C���� Y
# P�*�*C���� 7 
��3.?�&�������� �6�� �, Y�@ 7, 
��3  

)ODµg protein min−1
( [*��"�� � �, \2D�Y�@7�& ]*7�3�T W, �1��! ^)µg g-1FW (_�1 �* ?07 Y�@ �1 Y�@7�&�� 

)µmol g-1FW (_�1 �* ?07 Y�@ �1 C��7�&�� ^)g per plant( �*�1 �, Y�@  
T�/����
9N� ����< ��6K� ?�6� �8 �, �1�5� �7�� �1 ��8 ?��0< a����1 ���,LSD .
���
� Z8  
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LSD (0.05%)  135/1  

I 1 ،I 2  وI 3: �1��U9� ����� �, ����1< VSW 7 X��� ����1< P�*�*.
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9N� ����< ��6K� ?�6� �8 �, �1�5� �7�� �1 ��8 ?��0< a����1 ���,LSD .
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� �

�*)�������
�! 2� D�0� "
$")? @$  ��� ��
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)��7 �(3 `��'� .��� D�0� (
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