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In order to study the effects of nitrogen starter, putrescine, and nano silicon on 

yield and some physiological and biochemical traits of rainfed chickpea (Cicer 

arietinum L.), an experiment was carried out as factorial based on randomized 

complete block design with three replications in a farm near Ardabil in 2021. 

The experiment factors include nitrogen starter (no-nitrogen starter, application 

of 20 and 40 kg.ha-1 by urea), putrescine foliar aplication (foliar application with 

water, application of 0.5 and 1 mM putrescine), and nano silicon (foliar 

application with water, application of 25 and 50 mg.L-1). Means comparision 

show that the highest level of nano silicon, putrescine, and nitrogen starter have 

increased chlorophyll a, chlorophyll b, total chlorophyll, and proline content 

(139%, 137%, 138%, and 80%, respectively), compared to no application of 

nano silicon, putrescine, and starter nitrogen. The highest level nano silicon and 

putrescine has increased the activity of catalase, peroxidase enzymes and grain 

yield (40%, 16.3%, and 16.6%, respectively), compared to no application of 

nano silicon and putrescine. Maximum quantum yield of photosystem II (7.4%, 

8%, and 15.5%, respectively) and the activity of polyphenol oxidase enzyme 

(17%, 9%, and 21%, respectively) are obtained at the highest level starter 

nitrogen, putrescine, and nano silicon. It seems that the application of nano 

silicon, putrescine, and starter nitrogen can increase grain yield of chickpea 

under rainfed condition as it improves physiological and biochemical traits. 
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A�# W���� $M! #�@  ����;����)  

���s� , ��	  
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J�) �	 B�'���	  

 ��D��#/a   ��D��#/b �/ ��D��#/  B����7 -���&	  ��#&	 ��P  

"��0�  2  **96/5  **17/1  **44/12  **21/19  **55/591  

 �������) ��"����N(  2  **14/5  **008/1  **7/10  **42/38  **76/5142  

 B�����7(P)  2  **93/7  **55/1  **53/16  **14/13  77/29  

) ��0�#��S(  2  **02/1  **198/0  **14/2  **07/6  **03/552  

N× P  4  **19/0  **0377/0  **398/0  **02/2  *31/144  

N×S  4  019/0  0036/0  040/0  **150/0  22/12  

P×S  4  **106/0  **0205/0  **218/0  *062/0  *61/114  

N× P×S  8  **137/0  **0265/0  **286/0  **086/0  68/31  
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E2�F 4 .�����9 ��' ��: �5� �!
�.	� 712�.� 8 2 :�	�!�+ 7���/�	� �  �) ��.M� &%2�/0�L a8 b8 L0 L�%2�/0 2 #�@  :��2�+ A�#  

-"�C�� O�/��  
D��#/�� a 

)mg.g-1 FW(  

D��#/�� b 

)mg.g-1 FW(  

D��#/�� �/  

)mg.g-1 FW( 

B����7 -���&	  

)µg.g-1FW(  

40 "! ������� �#�/ "��0� ×��0�#�� � B�����7 !� "�/ 4�5 64/2 ±  432/0  16/1 ± 191/0 ±08/3 624/0  ±46/6  78/0  

40 "! ������� �#�/ "��0� ×B�����7 !� "�/ 4�5×25 �#�	 "! 4����0�#������ 66/2 ±  438/0  176/1 ± 195/0 ±84/3 633/0  ±15/7  866/0  

40 "! ������� �#�/ "��0� ×B�����7 !� "�/ 4�5×50 �#�	��0�#������ "! 4�� ±68/2 443/0  186/1  ± 19/0  ±87/3 639/0  ±6/7  916/0 

40 "! ������� �#�/ "��0� ×5/0 �#�	B�����7 "W�	×��0�#��!� "�/ 4�5 ±11/3 510/0  38/1  ± 226/0  ±49/4 741/0  ±14/8  986/0  

40 "! ������� �#�/ "��0� ×5/0 �#�	B�����7 "W�	×25 �#�	��0�#������ "! 4�� ±18/3 52/0  406/1 ±  23/0  ±56/4 753/0  ±44/8 02/1  

40 "! ������� �#�/ "��0� ×5/0 �#�	B�����7 "W�	×50 �#�	��0�#������ "! 4�� ±21/3 525/0 42/1 ± 233/0  ±63/6 762/0  ±84/8 07/1  

40 "! ������� �#�/ "��0� ×B�����7 "W�	 �#�	 �
×��0�#��!� "�/ 4�5 ±28/3 542/0  45/1 ±  237/0  ±73/4 777/0  64/8  ± 046/1  

40 "! ������� �#�/ "��0� ×B�����7 "W�	 �#�	 �
× 25 �#�	��0�#������ "! 4�� ±24/4 696/0  87/1 ±  309/0  ±11/6  005/1 ±94/8 08/1  

40 "! ������� �#�/ "��0� ×B�����7 "W�	 �#�	 �
×50 �#�	��0�#������ "! 4�� ±4/4  722/0  94/1 ± 320/0  ±35/6 047/1  ±01/9  08/1  

20 "! ������� �#�/ "��0� ×��0�#�� � B�����7 !� "�/ 4�5 ±16/2  356/0  956/0 ± 159/0  ±12/3 515/0  ±96/5 72/0  

20 "! ������� �#�/ "��0� ×B�����7 !� "�/ 4�5× 25 �#�	��0�#������ "! 4�� ±51/2 413/0  11/1 ± 18/0  ±62/3 593/0  ±25/6 755/0  

20 "! ������� �#�/ "��0� ×B�����7 !� "�/ 4�5×50 �#�	��0�#������ "! 4�� ±61/2  427/0  15/1 ± 191/0  ±76/3 618/0  ±82/6 82/0  

20 "! ������� �#�/ "��0� ×5/0 B�����7 "W�	 �#�	 ×��0�#�� !� "�/ 4�5 ±7/2  442/0  196/1 ± 195/0  ±89/3 639/0  ±15/6 745/0  

20 "! ������� �#�/ "��0� ×5/0 B�����7 "W�	 �#�	×25 �#�	��0�#������ "! 4�� ±79/2 459/0  233/1 ± 201/0 ±02/4 66/0  ±55/6 795/0  

20 "! ������� �#�/ "��0� ×5/0 B�����7 "W�	 �#�	×50 �#�	��0�#������ "! 4�� ±88/2 474/0  276/1 ± 212/0  ±16/4 686/0  ±15/7  866/0  

20 "! ������� �#�/ "��0� ×B�����7 "W�	 �#�	 �
×��0�#�� !� "�/ 4�5 ±36/3 561/0  49/1 ± 242/0  ±85/4  798/0  ±75/7 936/0  

20  �#�/"! ������� "��0� ×B�����7 "W�	 �#�	 �
×25 �#�	��0�#������ "! 4�� ±45/3 567/0  52/1 ± 248/0  ±97/4 815/0  ±94/7 961/0  

20 "! ������� �#�/ "��0� ×B�����7 "W�	 �#�	 �
× 50 �#�	��0�#������ "! 4�� ±74/3 614/0  65/1 ± 273/0  ±39/5  887/0  ±7/8 05/1  

 !� "�/ 4�5�������× B�����7 !� "�/ 4�5×��0�#�� !� "�/ 4�5 ±84/1 299/0  816/0 ± 133/0 ±66/2 438/0  ±96/4 6/0  

������� !� "�/ 4�5× B�����7 !� "�/ 4�5×25 �#�	��0�#������ "! 4�� ±94/1 318/0  86/0 ± 144/0  ±8/2  463/0  ±36/5 645/0  

������� !� "�/ 4�5× B�����7 !� "�/ 4�5× 50 �#�	��0�#�� ���� "! 4�� ±07/2 339/0  916/0± 149/0  ±99/2 489/0  ±96/5 72/0  

������� !� "�/ 4�5 ×5/0 �#�	B�����7 "W�	 ×��0�#��!� "�/ 4�5 ±15/2 355/0  953/0 ± 155/0 ±1/3 51/0  ±96/4 6/0  

������� !� "�/ 4�5 ×5/0 �#�	B�����7 "W�	× 25 �#�	 "! 4����0�#������ ±48/2 406/0  096/1  ± 176  ±57/3 587/0  ±96/5 720/0  

������� !� "�/ 4�5 ×5/0 �#�	B�����7 "W�	×50 �#�	��0�#������ "! 4�� ±74/2 453/0  21/1 ± 201/0  ±96/3 648/0  ±47/6 780/0  
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Tabar et al., 2016 .(Yosefi Kordlar et al. )2015( "! 2/ ��!�/ v"�@� ?/ N�Y� Z
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 �21 �#7 ?
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O��A � ��  "! ������ ^k�K` -��  ?�	 -��
��D  "! 2/ ^�� -�������/� -��Z�� .� �)��� o�+ �E� ����	 �Y�&	 -��

�	 !�n
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Shen et al.  )2010( ?
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1. Reactive Oxygen Species 
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E2�F 5 .�����9 ��' ��: �5� 
# :�	�!�+ 7���/�	� �  �) ��.M� &E�/M� &�3�4[8 A�> K $���Y%(c�!�0 2 (���90��+ &�38 

#�@  � �# :�\!2�+ 2 #��/;� A�#  

  
E2�F 6 .�����9 ��' ��: �5� 7���/�	� �  
# 712�.�  �) ��.M� &#�@  � �# :�\!2�+ 2 E�/M� &�3�4[ A�#              

-"�C�� O�/��  ��#&	 -����P )mg g-1 FW(   2��! B�����7)%(  

40 "��0�"! ������� �#�/ × B�����7 !� "�/ 4�5 48/87± 6/9  12/2 ±  89/19  

40 "��0�"! ������� �#�/ ×25 �#�	B�����7 ���� "! 4�� 23/8± 16/91 ±65/20 69/1  

40 "��0�"! ������� �#�/ ×50 �#�	B�����7 ���� "! 4�� 12/9 ± 38/94 71/1±78/20  

20 "��0�"! ������� �#�/ ×B�����7 !� "�/ 4�5 ±72/75 72/5  55/1±68/18  

20 "��0�"! ������� �#�/ ×25 �#�	B�����7 ���� "! 4�� 6±07/79  62/1±9/18  

20 "��0�"! ������� �#�/ ×50 �#�	B�����7 ���� "! 4�� 12/7±88/85  15/2±56/19  

������� !� "�/ 4�5×B�����7 !� "�/ 4�5 53/5±  5/59  56/1±09/17  

������� !� "�/ 4�5×25 �#�	B�����7 ���� "! 4�� 77/5±1/62  7/1±37/17  

������� !� "�/ 4�5×50 �#�	B�����7 ���� "! 4�� ±23/69 94/12  6/2±62/18  

LSD  18/7  58/1  
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����P� �	 ��#&	 -����P Z
�@D� OR�	  .!�I�	 �" B�����7 !� "�/ "! B����7 Z
�@D� .� �(H  "�C�� B
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�	 �
�(� @�� B����7 @��� � Z
�@D� J�	���#� ����� ��@�	 ���#&	 -����P �����?� .!�I  "! B����7 Z
�@D� B��h

�	 Z�� m
��I ����� 2  ^
�C` Z%� ���!
���/ �#7B�	AB�����7 .� ��?
@�A � �� �K` �B����7 @��� "! ��G! -��

�I�  �
�gf �L��5 �
�)� � @�����D..   

��#&	 � B����7 ��@�	 Z
�@D� � @�����  OR�	 B�����7 �I�7^
��� "! J�"���� �/ XY� Z
�@D� "! ��#&	 -��

�I 
����#7 .B�	A?�F�� ����	 
��� "! ����P @��� "! �� 
���/-�� �I"-  �G�  "! � 
!�/ �C5�D��
� �
�����  -��

 @����  �  m*��	J�"���� �/��"�! ^��G! ��� )Mahgoub et al., 2011 .(��#&	 �D�+ .� m
��I "! B�����7 �I�7

?
@�A ^���)D Z
�@D� �  �Z��ATPase 2�G�
 -�(f OR�	 �(0 A ���A "! ."�/�� -���"�  Z
�@D� � !�"� ^���� �-�

-"�C�� O�/��  
��#&	 ��P  

)mg g-1 FW(  

.����/��7  

)OD µg protein min-1(  

.W���/ 

)OD µg protein min-1(  

2��! !�0#C5  

)kg.ha-1(  

2��! B�����7  

)%(  

��0�#�� � B�����7 !� "�/ 4�5 18/72 ± 78/14  87/65 ± 97/16  68/39 ± 7 45/445 ± 5/74  97/18 ± 16/2 

B�����7 !� "�/ 4�5× 25 �#�	��0�#������ "! 4�� 97/79 ± 54/13  5/68 ± 91/17  46/41 ± 52/7  23/469 ± 04/63  13/19 ± 21/2  

B�����7 !� "�/ 4�5× 50 �#�	��0�#������ "! 4�� 88/80 ± 33/15  24/70 ± 34/17 79/44 ± 07/7  98/476 ± 89/62  25/19 ± 23/2  

5/0 �#�	B�����7 "W�	× ��0�#��!� "�/ 4�5 55/74 ± 72/14  14/70 ± 42/16  57/43 ± 53/8  61/467 ± 03/54  66/18 ± 16/2  

5/0 �#�	B�����7 "W�	× 25 �#�	��0�#������ "! 4�� 42/77 ± 32/15  64/72 ± 84/16  57/46 ± 28/8  64/475 ± 54/56  84/18 ± 13/2  

5/0 �#�	B�����7 "W�	× 50 �#�	��0�#������ "! 4�� 73/79 ± 89/15  38/75 ± 01/18  21/50 ± 95/7  19/480 ± 01/57  1/19 ± 11/2  

1 �#�	B�����7 "W�	× ��0�#��!� "�/ 4�5 97/75 ± 49/12  95/66 ± 8/22  44/42 ± 23/10  025/464 ± 55/62  02/18 ± 98/1  

1 �#�	B�����7 "W�	× 25 �#�	4�� ��0�#������ "! 94/79 ± 06/14  37/74 ± 05/18  04/47 ± 65/9  04/470 ± 75/71  95/18 ± 23/2  
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