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Abstract 
This experiment has been performed to study the effect of seed sowing density and different amounts of nitrogen fertilizer application on the 
remobilization indices in wheat (Qaboos cultivar) in the field of Gonbad Kavous Agricultural and Natural Resources Research Station in two years 
(2018-19 and 2019-20) in three replications and as a split-plot in a randomized complete block design. The main plots include pure nitrogen at four 
levels, i.e., 0 (control), 46, 92, and 138 kg/ha of nitrogen from urea fertilizer source), and the subplots are planting density at six levels (150, 225, 300, 
375, 450, and 525 seed/m2). The remobilization photosynthetic assimilate separately from leaves, main stem (without leaves), and seedless spike 
components are examined to study the process of photosynthetic material transfer to seed. Results show that there has been significant differences 
among planting density, nitrogen fertilizer, and interaction of planting density× fertilizer treatments in terms of grain nitrogen percentage and 
remobilization traits of wheat. The highest percentage of grain nitrogen (1.87%) has been obtained in the treatment of 138 kg/ha nitrogen and 450 
seed/m2. In the first year, the highest remobilization from the plant is observed in the treatment of 92 kg/ha nitrogen and 375 seeds/m2 (0.528 gr/plant), 
and in the second year, in the control, the highest remobilization is observed in the planting density of 300 seeds/m2 (0.345 gr/plant), and then with 
increasing planting density, the remobilization from the plant is reduced. 
 
Keywords: Contribution of remobilization, nitrogen harvest index, remobilization, seed nitrogen, the efficiency of remobilization.  

  



	$
�%�& ���'�" (�)* +
,�+��" -$
. �/)��" 0	$� ��1 &	�!� &)23 

  

 ����24 �  ���	
3 �  �
���1401 

826

  

  

  

  

1 .�����  

) ;��c�� 2�	3Triticum aestivum L.;
�1���� (  �% 
 
i� j
��# �� ;��B& �%&�@�  �#� $�]^ ;
��/&

;�  �
����3��B U�	 ��3 0�!k U2�	3 ."B� ?Nk 


� 
  "B� $���� ;)K�  & �%�V*B� %��� ��'*�� ��<

 ���8 b�S��; ��3%��c/ �� . 
� &�  �� ;I
 $��	4
;B�B� "�c/� 0��&�>  ?e�S@� �
��&
�l � 
*#�% 0

 ;K�. ��A
�^ 
  $��
� �	��� ;����^ 0��� $� ����� &

� %��% 

!m� 0�A�� �% !k "�	�� %�1
� 0�	�� "B� ;
�

)Khajehpour, 2013 �
� Z�B U���� �
�.� 7�B��� .(
 %&�g $��
� �% 2�	3 "> 86/5  $�5�� & ��*I/ $��)��

0����� 2�	3 7/13 $��)��  n"B� ��# %�&��� ��
�/  %&�g �� ����� ��� �� $�*�)3 $�*B� U��	o26/1 

 �� �
% 2�	3 
  %��% �� ��>  �% 2�B 
:�� �� $��)��
�%��� ;@�B 5/186  %&�g) ��*I/ ��5/62  �K�%

($�*B� 2�	3 ">  �l
& ��A
�^  2�	3 "4��� �% 0�
) %��% 
'�	�Ahmadi et al., 2020 p��53 7�B��� .(

 U�q�R ��B �%2020  %&�g546 �$��)� # %�  ��;
��c� 
@�B �% & $�]^ �%;  �%���4/1 ���*I/ %���)�  �%�V*B�

 "B� ��#��g�%; � 
 �
  ��B �% �8�2010  �%���100 
�$��)� % 
  %�� �� �50 .� ��B�� � �#�; '��B
 �0 

 
*#�% "B�)FAO, 2020.( � 
��B �/5� �^ r�������
 
# 0�/%� ;
��c� �� Be���R�$� �/  ?&�V*� �K�% &
�!k �K�	4;
 R���; �; ���# � 
 �
 � s4�� ���%�1
 

�^ ?NI>�0���
 3%��� �	���; @�j� �"�
  �%
P�. �/0 ��4�; ;� �#% )Ali & Akmal, 2020(. ;I
 

��� �� 0�/��  �/�  "�
� ?NI>� �
� U;��@� 
�%�V*B� 
	�]�  0�/%�  ��;
��c�# "B�.  

�$,&�*� !m� �%��0 )K�; ���0  ?e�S@� �#�
��&�> 0 ��&�>  t<�	� �u � �% ."B�0��� U�� 

4��� ?e�S@�; ��� 
��� �/%� 0 �$,&�*� $&�� I*� ��; 

 ."B�
	�]� 0��B � ��'*��$,&�*� _
 ��� ��v� b�/0 
 & ?Nk %�I)c4 %�:]�;
���   �� �%�V*B�$�  
o�3� ."B�

� 
������  U� ��� & �8� %�1� ��'*���$,&�*� 
� ��c4 ��< 
� P�% U"B� 
*.�	#���
  
����;� ����� ��� & i�+*���� 

4��� %�l�; ) MB�	� 
 %�I)c4 0���%  ��'*�� �%��� &
�$,&�*� ;
e�� ) �	  T�]�� �� (�	#��Xing et al., 2019(. 
�$,&�*� �S	40 ����� ��		  !m� �%U

 3 �#����  &

 $� %�I)c4U"B� 
� ��<0 
  �$�5� �$,&�*�  7�*B% T��8
���0 3��� �; ����� �$�5� ��&�O�� ��*@� U
��%0 R&�) T� 

��)B �BNO��&�O �1g& ������ & `��; �5R� ���
  & �/%
�/ ��	o `�� Z�B & ���R"� 5*	B�*R0  "@� ������� 

���8 ) �/%Zhang et al., 2020� %�  b�S� .(
�,&�*� 
�; ����� �< ��t
 ����� K�S. ��?�� 
��&� �0  �� &

�5R��
 ��� 
� & 5:B Z�B 2�&%t
 B� $��� �*.����;3�� 
3U��� �$�5� �< �� i� "R���/ & b�S�t
 
��&�  �� �/

"@� �) �/% ���8 r��>�Yan et al., 2021.(  
2���� 
� ����� �� hO 05*	B�*R %���  ���3 ()*+� 0�/

;� 0%��*� ?�:� �� 
� T
�:� hJB & ��# T'*	� .���# 
��� �� ���.w ?�:� �� ?����/���  �� 0�  T�I>� �/
;� ;� 
��% $�#�O 
)g�� %��& ���3 ;*8& .�	/%  U%�#3��� 

 %��� �� TK�g�	
��R R5*	B�*0 � T'*	� 
��% 
� ��;  & �	 
 �1�� �% hJB
� ?��K  ���?�: 
*B�>� �0 .w��� 

�; %�# 
  ;)@� �� %��� ��'*�� .xN:8  ���.w��# ���  
�
 �%�V*B� ����&% �� %��� �
� 
  0�A
% T@��;  U�	
�c�

;� ������ 05*	B�*R %��� %�1� ��'*�� %�# )Aderi, 

2016 .(�	
��R 
� U%�1� ��'*�� ;��A	/ �l
&  5*	B�*R 
 
�	� ��� �� 0�g �� 0��^ ��k & ���� 0�/����  ;��@�

0��c�� & ?�R� ?���. �
 ;I>. �	���  ����*� �/
yB�O 
��% ���� 0�3  "�c/� U�#�� �#� ��g �% 0�/

) %��% ;��&��RZhou et al., 2018
����� _
 �% .( "



'�5+� 67�
 ��� 8� 9,1 �&:! �� ;&23 0�< =><
5 ?@15< 0
�@ � �� !�5 �/@ ,
AB�59 

  

 ����24 �  ���	
3 �  �
���1401  
827

Qadeer et al. )2019 ;B��� �� (����� � $%&5R�$,&�*�  ��
�$�5� �
��% $,&�*�� T  U$,&�*� & %�I)c4 U��S@� 

�
�B 4��� ?�VK; ��# �% 2�	3 ��S@�j
 % �
 $�>�
��%�% � 
 $�5� ]�
	� � %����  $,&�*�$��� �% �	�0  MB�	�

�; ����� s4�� i!^ %�:]� ����3 jB�� $,&�*�  �!� & %�#

  �	*R�3 
1�*� %����  MB�	� ���'�  %� �$,&�*�  �1	�

��S@� %�I)c4 �u ��g 
�  %�  �
� %����  & ��#

� ;I
 $��	4 �/�*����O ��0 R_
,���
5�  0���
� 4���; 

 ��S@�T��8 2�	3 "B� 
�K��.  
 U�/&lO _
 ;<Baral et al. )2020 ;B��� �� (

 
  ��%�  p��53 �
% j
��# �% ?Nk %�I)c4
��� %�I)c4  
��% ���; �����  ;R�z� $��BN�c�B� ��

`�� & 
8�B �� %�1� ��'*�� & 
��% $�#�O ;<  
� �/
$� .%�# ;#�� 
��% �/ �/ ;	�� ;A*�:c/ ��	o  �� 0��%

 
��% %�I)c4 �� 
8�B & bNk �� %�1� ��'*�� ���
 U0����� 2�4 & ;I>. j
��# �% .��%�c� p��53

��.w %��� %�1� ��'*�� t
�< �� 5*	B�*R �/� �  0�

� �
5�� "����R �
�5R� T��%  $��:^ U��		 5��&���/ 0�/

;� ) %�#Yang et al., 2019 �� U
����� _
 �% .(
 %��� %�1� ��'*�� $�5�� U(
%� 
)K�R �
�5R�

 ��� U"R�
 �/�  
��% %�I)c4 & 05*	B�*R;
���   &
���.w %��� %�1� ��'*�� �]B  �
�5R� & 
*R�
 �
�5R� 0�

� 
��� � ��� U$�5�� �
�5R� 
� �1	� 5�;
���   �]B &
) �# 
��% %�I)c4 �% %�1� ��'*��Zhou et al., 2018 .(

�5R��
 � %���� $,&�*� �5R� b�/ ���
  %�I)c4
��S@�U 5/ ��
	
 0�/ {��e�� ����� V	� M8��4 &; 

"�
�  ;��@�"B� ���c/ .�%  j'R U2�	3_
  �� 2�B
 %� �$,&�*� R�S����3 T.�% �% U; � �%�V*B�; %�#  
 

� $�>�; �/% ��
	� ���0 �5R��
 ;
���   �� �%�V*B�
�$,&�*� � �� .%��% %�^&�
 *B% U��g;���  
�;
���  

 
	�]� & i�)�� $,&�*�� b�S�0���% ���o  ;
�/

U"B� M)k� ��
� O ��;3��|� VK"B� ���c/ ;��  �
� &
?�VK  "@������ �	
��R0�/  i!^ �� j:���&  ��'*��

�$,&�*�
��^ U �^;
  %�1� ��'*�� &�	*�/����	� .�
 U
/�3�; �	� ��?�c� *�,;I� ��
 �	
��R�/ �5R� �%�
 

;
���  �� $,&�*�� b�S���� "B� �]� )Islam et al., 

2021( .P��� & }�R M���� 7�B��� �!�  ?�4N<� $%��
 
	��� �% t�8%�����  �� "#�  � ��� & %�  0�/��c��
� U%�1� ��'*�� �% %�1� ��'*�� 
  "B� 0�&�z ����

 "@� 2�	3�����  $,&�*�� %�  ()*+� L��B T��'*� ���
 "#�  � ��� & ("B� ;
��c�# %�  �
��%���� �O 
 )

.%��3 ���8 t�8% ;B��� %���  
  

2 .��� � �
�� 
�  

2 .1 .��� 
��
  

 =��	� & 0��&�>  ?�'�'@� ��A*�
� �% U�/&lO �
�
 $�*�)3 $�*B� }�# �% 7&&� �:	3 ;��:< ��< �%

R��m^��;
 12  & 
'�8%55 8�# 
^�%;  ~�4 &
R��m^��;
 16  & 
'�8%37  �� & ;��c# 
^�%45  r�V��� �*�

 & %��� 0�
�% Z�B �� p��� jB�*�?���	)�  %&�g450 
;)�� �*� 4��� ��B &% �%; 98-1397  &99-1398 


� ?��K  �
����"�)JB� ?NO P�)� L�< M��8 �% 0�/
.�# ��^� ���I� 
B �� ;R%�S� T��   & i� ?�S+>�

 �&�^ �% 
'�	� ;
��/)1( ."B� ��# �%�&�  

  
2 .2 .��
��
�� 
� !"#  

 T��# Z�B ��]o �% $,&�*�� %�  �
%�'� ;)K� T��4
 U(�/�#) �VK46 U92  &138  2�3�)�  �% -��. $,&�*��

� ;4�R T��4 & ��&� =:	� �� ��*I/ "#�  � �� �%�# 
 T��# Z�B150 U225 U300 U375 U450  &525  �% 
��%

 �� �!� b�S� p��� & 
��%��5/ $�& 
� 
^�� �� =����*�
.%�� 7���8 �
% 2�	3 �
�^ �8�  

  

  

  



	$
�%�& ���'�" (�)* +
,�+��" -$
. �/)��" 0	$� ��1 &	�!� &)23 

  

 ����24 �  ���	
3 �  �
���1401 

828

    

 8�&E1��1� .  ���!F ����+ (���@&)23 G
9�/2
' �'�2
1/� ��H9-�1 I��!JF �15E1 8�' �� �� �,���! .
H,�
! K�/�  

���  
) �&� & M# 0��% jB�*�°C(  ) ;3����� r�c1�mm(  ) ;��*R� ?�4�B r�c1�hrs(  

�&� ��B 2&% ��B  �&� ��B 2&% ��B  �&� ��B 2&% ��B  
�]� 3/21 3/22 8/32 9/22 9/161 5/162 

$���  16 1/15 6/30 6/54 3/117 8/159 

�w� 3/12 8/11 7/63 9/11 4/136 1/156 

0% 4/10 4/10 2/81 4/16 6/147 5/196 

�c]� 2/9 9/9 3/152 4/68 9/175 136 

�	VB� 3/12 4/12 1/167 9/65 4/133 3/111 

�
%�&�R 5/15 7/13 2/51 2/93 9/239 3/190 

">]:
%�� 8/20 6/19 5/41 6/40 6/296 6/308 

%�%�.  8/28 6/27 3/6 4/2 5/196 2/301 

��A����  29/16 9/15 - -  - - 

=c^ - - 7/626 3/376 1656 3/1722 

  
2 .3��% .�&
 %
� '  

 �� �VK tc4 �� P�. 
��c� ">  �� T:830 ;*��B  0�*�
 ����� $� ?��K�S. & �# ��B�� ��A>
���� 
� & 
�]� P�.

 P�. "R�� U�
���� ��B &% �/ �% 
  �#B�") ) ; 2��  %��
 �&�^)2 ��B �% "#�  2�1�� 0��� ���%��� ���� 
��8 .(

 0�
�'� ��S@� "#�%�� �� hO 
  �%�� �5)  ">  �
� T:8
 & ��# ����%�3�� P�. 
� �/�&�3 jB�� �+# _
 �� $�
 %�c4 _�
% &% �� UP�. MB�	� "��<� �% U"#�  �� T:8

$,&�*�� %�  2�B _
 .�# �%��� �!� �*�� �/ ��  ����%���
 $,&�*�� %�  ;'��� & ��# 
R�z� P�. 
� �.� _�
% �� T:8


1	O r&�#) 
)g�� &% ;< (
8�B $�# T
�< r&�# & ;��

�K .�# �%&5R� P�. 
� P�B ?�� %���� r�c1� �%24 

 j. �# T��# ?�  �/ .�# ��c4� ���I� �/ �% ��c��
 "#�  ���. 
)K�R & �*� ��]o ��< 
� "#� 20 

;*��B 
� "#�  .%�� �*�  ��� 
)K�R .�# 2�1�� ;*B% ?��K
���I�  �% ���3 �#� ��&% ��< �% .�# 
*R�3 ��� �% �*� &% �/

���� ��B &% �/ 
� 
��% 
� 05*	B�*R %��� %�1� ��'*�� U�

`�� �� _�IV� ������ (`�� $&��) ;)K� 
8�B U�/  .�# 0��3  

 8�&E2. ���59!1��� L
��M
/
	
���  N�7) O�1�! P	*

30-0 9,�'� 59!I��!JF 8�' �� �Q (  

) �
���

# 
;u

	.
 %�

��
%(  

;�
� �

�� 
 )

%(  

p
H

  ;I

�*

I��
 "


��
/

 
(d

S
.m

-1
)

  

) T
  $

,&
�*�

�
%(  

�V
�R

 )
p
p

m
(

 

) �
�B

�*O
p

p
m

(
 

��
B

 

8/9  50/1  7/8  01/1  11/0  3/10  853 �&�  
5/9 29/1 5/7 94/0 13/0 2/9 807 2&%  

  
2 .4 )
�*+
 .��,� -*./�*0 �
���  

 
����� "]^�	
��R  ��'*��%�1� 5*	B�*R %���0 
��% 
�U 
 $�5��5*	B�*R %��� ��'*��0 IV� 
�_�  ��`��  
8�B U�/

)K�; �5^� & (`�� $&��)0 
��% $&�� 
):	B  ;B���

� & ���# 
��c� U;) ��<
� U0��%�� .%�� ;:
�+� ?��K


��
�  
)g�� �� T:8 
  ?��K13 Zadoks et al. )1974 (
 T8��g %����30  i�+*�� 
�����#  �% ;A�� $��&� �� &

 �% & a	O) 
)g�� &% hJB & ���# -+>� ?�  �/



'�5+� 67�
 ��� 8� 9,1 �&:! �� ;&23 0�< =><
5 ?@15< 0
�@ � �� !�5 �/@ ,
AB�59 

  

 ����24 �  ���	
3 �  �
���1401  
829

�%�3 �� ��� �&��t�8% %�&��� "]^ ;��>R  $�& �u ��g ��

���  %���� (�/10 (  
��� 0��% �% $&� �% & ��# ��70 

 
^�%;*��B 
)g�� �% hJB & �# �
��� & ����I>. %��3
;3��B�  _
,���
5�R10 
��% $%�c���^ �� ��� �A
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� }�R ?��K $�c/ ������ � !�� �� �%�V*B� �� & ��# 0��3
 j��&�"VK �
� %�&��� 0��� 2�e ?�:B�@� �
� ?��K �/

j��&� ."R�3 %�1� ��'*�� �� �	���:4:  
)1(  C = A- B  

)2(  D = (C/A)× 100  

)3(  E = (C/F)× 100  

)4(  G = F- C  

)5(  H = (G/A)× 100  

)6(  I = (G/F)× 100  

 U}�R j��&� �% 
 A  �� hO ���3 _>. $�& �u ��g
�%�3  �% 2�3) ;��>R�10  U(;)K� 
8�BB  _>. $�& �u ��g
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��% $&��) _
,���
5�R ;3��B� 
)g�� �% ���3
 �% 2�310  U(;)K� 
8�BC  %��� %�1� ��'*�� $�5��

 �% 2�3) 05*	B�*R10  U(;)K� 
8�BD ;
���   %�1� ��'*��
 05*	B�*R %���) U(�K�%E �]B  %�1� ��'*��) U(�K�%F 

 �% 2�3) 
��% $�&10  U(;)K� 
8�BG  0��^ 5*	B�*R $�5��
 �% 2�3)10  U(;)K� 
8�BH ;
���   U(�K�%) 0��^ 5*	B�*R

I ) ��%�� (�K�%) 0��^ 5*	B�*R �]BMi et al., 2003 .(
�/  p&� 7�B��� 2�	3 
��% $,&�*�� �K�% ����� ��	o

) ���)1 Schuman et al., 1973.�# 2�1�� (  
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� ) 
��% $,&�*�� ���'�45/1  & "#�% �� (�K�%

;	�� bN*.�  "#�% 0%�  0�/��c�� �
�B �� 0��%
 TI#)1
� .(  ��A���� ?��
�'� 7�B��� ;) ��< ���

� %�  T��'*��$,&�* 2�	3 �!� � ��� &��e�� U �K�% �
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��% $,&�*��87/1  ��c�� �% (�K�%138  �% 2�3�)� 

 & ��*I/450  bN*.� 
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%�3 TK�g =����*� �% �!�
;	��  TI#) %�% $�>� �/��c�� �
�B �� 0��%2 .(
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)g�� $�#�O 
��% ;� U%�# ���3 
%��� TK�g �� �	
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 8�&E3 T@5! U,���1� ���:< ., &���AB�59
  �,1� �!A1�
 �&:! 8� 9,1  J13"��
 �V)2'" W5+  ��;&23 �X�' �  

���m� =��	�  0%��� 
^�%  
?����� ��A����  

� �K�%$,&�*� 
��%   %�1� ��'*�����3 ��  %�1� ��'*��
):	B ��   %�1� ��'*��`�� �� �/   %�1� ��'*��
8�B ��  
��B  1 ns001/0  **63/75  **57/0  **503/0 **49/53 

 0��.1  4 090/0 019/0 023/0  009/0 056/0 

 %� ��$,&�*  3 *243/0  **20/7  **540/0  **631/0 **38/3 

��B ×%�  ��$,&�*  3 ns000/0  **74/3  **279/0  **228/0 **12/3 

 0��.2  12 047/0 86/1  088/0  029/0 86/1 

"#�  � ���  5 ns149/0 **26/7  **253/0  **259/0 **92/2 

"#�  � ��� ×%�    15 **169/0 *54/0  **041/0  **039/0 *39/0 

��B ×� ���  5 ns000/0  *70/0  **048/0  **024/0 *510/0 

��B ×%�   ×� ���  15 ns000/0 **99/0  **028/0  **079/0 *557/0 

 0��.3  80 064/0 28/0  011/0  014/0 20/0 

) ?����m� M
�z%(  16/16 60/19 86/20 24/24 43/26 

ns "*  �** �+ <5<T
 +5H,�
 Y K���<5
 2Z!� "�1� 2Z! K���<� �1�  [\' ��5  �1 &��� .  
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!) AB�59
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H,�
! ��� N59�! a�5$ �1�1�"  A/!JF &��� b2� [\' ��LSD �2Z! K���< �	, A��, ��1� &2��.(  

  
$�c/  TI# �% 
  ��<)2(  �% U"B� ��/�>� T��8

 0�/��c��225 U375 U450  &525  =����*� �% �!� ��
%����  �
�5R� � %� �$,&�*  ��46  
�138  �2�3�)  �%

� ��*I/�$,&�*U  �
�5R� 5�� 2�	3 
��% $,&�*�� �K�%
;	�� 
� & %�% $�>� �� 0��%  �K�% �
��e�� U�A
% ?��:4

�
� �% 
��% $,&�*�� � ���  ��c�� �% U�/138  �2�3�)  �%
� ��*I/�$,&�*  TK�g�# ��# p��53 �*B�� ��c/ �% .
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�5R� 2�	3

) "R�
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%� U ?�VK �
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 �
��e�� U0%�4 ��� �� 
  �# ��/�>� �&� ��B �%

3 �� %�1� ��'*�� ��c�� �% ���92  �2�3�) ��*I/ �% 
 & $,&�*��375 =����*� �% �!�  ��B �% & �# ��/�>�

 �
��e�� U�/�# ��c�� �% U2&%��$�5 %�1� ��'*�� �% U � ���
"#�  300 =����*� �% �!�  �� $� �� hO & �# ��/�>�
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*B�  "VK �
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�5R�
 �&�^)5;� ��� 
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	�]� �%�V*B� $� ;)K� T��% �B�

 =��	� �� 2�	3
� & �#�� � ��� �
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 ��c�� �% $� ���'� �
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��e��
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8�B ��
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 8�&E4 .! U,���1� ���:<
A1� 3 J1 �&:! 8� 9,1
"�� W5+ "�V)2' M�< �+ ;&23 �X�' � ��G
 *1�J 8�' ���  

���m� =��	�   
^�%
0%���  

?����� ��A����  
%�1� ��'*�� ���3 �� %�1� ��'*�� 
):	B ��  %�1� ��'*�� `�� �� �/  %�1� ��'*�� 
8�B ��  

2&% ��B  �&� ��B 2&% ��B  �&� ��B 2&% ��B  �&� ��B 2&% ��B  ��B �&� 

���I� 2  ns 03/0 ns 006/0 ns 007/0 *03/0 ns 006/0 ns 012/0 ns 08/0 ns 035/0 

%�  3  **55/0  **38/10  *14/0 **667/0 *080/0 **77/0 ns 16/0  **35/6 

 0��.1 6  045/0  68/3 018/0 158/0 008/0 049/0 05/0 68/3 

"#�  � ��� 5  **64/4 **32/3 **187/0 **114/0 **136/0 **147/0 **84/1 **59/1 

� ��� ×%�  15  **39/0 *14/1 **038/0 **031/0 **064/0 **055/0 **29/0 ns 65/0 

 0��.2 40  047/0 51/0 013/0 107/0 008/0 20/0 04/0 36/0 

) ?����m� M
�z%(  91/10 95/20 68/14 84/17 34/20 10/26 20/18 15/26 

ns "*  �** �+ <5<T
 +5H,�
 Y K���<5
 2Z!� "�1� 2Z! K���<� �1�  [\' ��5  �1 &���.  
  

 8�&E5 .
H,�
! �-�� ! .!
A1� �&:! 8� 9,1  
�/��c��  ) %�1� ��'*�� $�5��g/10 plants(  

 %�  ���'�
)kg/ha(  

� ��� "#�   
)Seed/m2(  

���3 ��  
):	B ��  `�� �� �/  
8�B ��  
2&% ��B  �&� ��B  2&% ��B  �&� ��B  2&% ��B  �&� ��B  ��B 2&%  �&� ��B  

 �VK  

150  j76/0  i58/1 kl22/0  m16/0  k23/0  j11/0  m31/0  g32/1  
225  ef94/1  hi18/2 kl24/0  klm28/0  ijk29/0  ij19/0  b-e41/1  fg71/1  
300  a45/3  hi21/2 c-f54/0  i-l36/0  b69/0  ij24/0  a22/2  fg61/1  
375  bcd41/2  ghi60/2  d-j46/0  h-k41/0  g-k33/0  hij29/0  bc63/1  efg90/1  
450  i41/1  fgh87/2  g-l33/0  g-j45/0  jk26/0  ghi37/0  klm55/0  c-g05/2  
525  i15/1  e-h94/2  i-l28/0  f-i52/0  k23/0  f-i41/0  klm63/0  d-g00/2  

46  

150  hi23/1  e-h94/2  f-k40/0  lm23/0  e-h43/0  c-g56/0  lm40/0  b-f44/2  
225  bc51/2  def81/3  c-i47/0  j-m31/0  d-g47/0  ij21/0  bcd57/1  ab28/3  
300  a35/3  a-d21/4  a-d64/0  f-i51/0  a86/0  c-g58/0  b70/1  ab13/3  
375  bc54/2  abc01/5  abc65/0  e-h57/0  bcd59/0  b-e67/0  c-f30/1  a76/3  
450  ef96/1  b-e07/4  c-g51/0  c-f64/0  h-k29/0  c-f61/0  e-h17/1  a-e82/2  
525  fg78/1  d-g53/3  e-j45/0  e-h58/0  jk27/0  e-h51/0  f-i07/1  b-f45/2  

92  

150  hi31/1  b-e07/4  g-l33/0  efg60/0  e-i42/0  efg53/0  klm57/0  a-d94/2  
225  def12/2  a-d43/4  c-h48/0  b-e71/0  def48/0  a-e72/0  e-h16/1  abc00/3  
300  b65/2  ab06/5  a80/0  abc80/0  d-g45/0  a94/0  b-e41/1  ab32/3  
375  cde22/2  a28/5  b-e61/0  ab83/0  cde54/0  a94/0  f-i07/1  a50/3  
450  ef91/1  -hi34/3  c-f55/0  abc81/0  e-j40/0  a-e71/0  g-j97/0  efg82/1  
525  gh52/1  hi25/2  e-j44/0  e-h54/0  f-j39/0  f-i40/0  jkl68/0  g31/1  

138  

150  hi27/1  f-i77/2  l16/0  b-e70/0  h-k29/0  d-g56/0  ijk82/0  fg51/1  
225  ef91/1  d-h28/3  ab78/0  a-d78/0  ijk28/0  cde66/0  h-k84/0  efg83/1  
300  cde19/2  d-f83/3  c-h49/0  a91/0  e-i42/0  ab91/0  d-g28/1  efg90/1  
375  bcd39/2  b-f94/3  c-h50/0  ab83/0  bc65/0  a-d78/0  d-g24/1  b-f33/2  
450  ef98/1  d-g47/3  h-l32/0  a-d78/0  bcd59/0  abc79/0  efg07/1  efg90/1  
525  def07/2  e-h88/2  jkl28/0  d-g62/0  bcd58/0  c-g57/0  efg21/01  fg69/1  

LSD0.05  35/0  18/1  18/0  17/0  14/0  23/0  32/0  99/0  
.
H,�
!  A/!JF &��� b2� [\' �� "N59�! a�5$ �1�1� ���LSD �2Z! K���< �	, A��, ��1� .&2��  
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;���K �%  U2&% ��B �% 
  �% �
�����c �/�#U  �
�5R� ��
 �!� � ����� %���� �!� 375 %�4 �% $�5�� U=����*� ��'*�� 

2���� �� %�1� �
�5R� �/ & "R�
 �� ���  �!� � ��� �
�5R�
�/�  s4�� $�5�� ��'*��  �&�^) �# %�1�5.(   

#��� �/  &� ��� �/0 ()*+� � "> ; ����� ��$�5  i!^
!m� %���0  Tg��� �%�� ;4��� ���3 �#� ()*+� m����  .�/%

3 � ��� ?�������  ��$,&�*��  �� hO"#�  �; ����� � ��B
 
 �#�� ��3��B�� ��B$� �	��c/)  ��/�>� 5�� 
����� �
� �% 
o

(�# ��� U
I; ��� ���?�� V	�; ��e�� � ��� ;4��� ���3 "#�  
U$,&�*�� ��  "B� �Ic�
� ����� ��*@�0  `�� ��e��

$,&�*�� 
  �#�� "�
� =c1� � �%��`�U  �� e�� � ��� �%
�; �/% )Ciampitti et al., 2013( . 
  "B� ��# p��53

��� !m� %��� ��0  2�A	/& 
#�. _>
� ��]�  & 
8�B �%
� �% & %��% %�^& `��U0��� Tg��  %�1� ��'*�� $�5�� %���

!m�0  
��% 
�;� �
�5R� ) ���
Ren et al., 2020
� & (  ���
;�  �� 5�� $,&�*�� %�  %����  $��� �B���$�5 %�1� ��'*�� 

 $&������� %�� �/��+�. U�A
% 
����� _
 �% Chen et al. 

)2015( ��5 "�
� ��� ":�� & �%��
= $,&�*��  �� 
��% �%
 � ������ ��  &%����  0e�� $,&�*�� ��%�  ":� ��  �� 
 

%��% "'���� 2&% ��B �% 
����� �
� a
�*�.  
  

3 .3 .89/ )
�*+
 ��,�  

�*�a
 51�

 ��&h��
  M ��%�� $� �� ; �g 
� 
  ) ��<; 
�]B 3 �� %�1� ��'*��`�� & 
):	B U��� 0�/ � 2�	3��  &%

���� ��B�
 	�� bN*.�; 0��%  �&�^) %�% $�>� ��6( .
�/  ��	o h��
��& 

51��]B  %�1� ��'*�� &% _�IV� 
�


  %�% $�>� 5�� �
���� ��B ����� ���c� )K�;  "#�  � ���
& "#�  � ��� T��'*� ��� ×%�   ���]B 3 �� %�1� ��'*�� U���

`�� U
):	B 
8�B & �/ 	��; ��% %��  �&�^)7.(  
 ��� ��A���� 
�
�'� a
�*� U�&� ��B �% U�
� �� �&N4

 T��'*�"#�  � ��� ×%�  �� �]B %�1� ��'*�� 3 ����� 
 U0%�4 ��� �� 
  %�% $�>� ��c�� �% $� ���'� �
��e��46 

 �2�3�) ��*I/ �%  & $,&�*��375 =����*� �% �!�  ��/�>�
�#  �
��e�� U�/�# ��c�� �% U2&% ��B �% &��$�5  ��'*��

%�1� �% U"#�  � ��� 300 =����*� �% �!�  �# ��/�>�
 "VK �
� ���'� �� U"#�  � ��� �
�5R� �� $� �� hO &

 �&�^) �# 
*B� 8.(  

  

 8�&E6?d' T@5! U,���1� ���:< . 3 �&:! 8� 9,1"��
 �V)2'" W5+  ��;&23 �X�' �  

���m� =��	�  0%��� 
^�%  
?����� ��A����  

���3 
):	B  `�� �/  
8�B  
��B  1 **8/1129  **8/331  **2/330 ns 37/17 

 0��.1  4 5/32 79/2  80/0 82/30 

%�   3 **0/649  **68/76  **5/73 **04/196 

��B ×%�   3 ns 44/63  **36/25  **97/13 **90/164 

 0��.2  12 8/208  67/9  21/6 90/18 

"#�  � ���  5 **9/1575  **54/70  **6/62 **38/547 

"#�  � ��� ×%�   15 ns 0/75  *82/6  **1/17 **24/54 

��B ×� ���  5 **3/530  **6/23  **95/22 **4/225 

��B ×%�  ×� ���  15 **8/140  ns 15/6  **20/22 **44/77 

 0��.3  80 81/53  55/3  59/2 60/15 

) ?����m� M
�z%(  81/21 83/27 37/24 39/19 

ns "*  �** �+ <5<T
 +5H,�
 Y K���<5
 2Z!� "�1� 2Z! K���<� �1�  [\' ��5  �1 &���.  
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 8�&E7 . U,���1� ���:<?d' 3 J1 �&:! 8� 9,1
"�� W5+ "�V)2' M�< �+ ;&23 �X�' � ��G
 *1�J 8�' ���  

���m� =��	�  
 
^�%
0%���  

?����� ��A����  
%�1� ��'*�� ���3 �� %�1� ��'*�� 
):	B ��  %�1� ��'*�� `�� �� �/  %�1� ��'*�� 
8�B ��  

2&% ��B  �&� ��B 2&% ��B  �&� ��B 2&% ��B  �&� ��B 2&% ��B  �&� ��B 

���I� 2  ns 7/58 ns 4/6 ns 4/1 ns 19/4 ns 2/0 ns 4/1 ns 73/60 ns 9/0 

%�  3  *1/321 ns 4/391  **6/61 ns 44/40 *1/55 **4/32 ns 66/37 **3/323 

 0��.1 6  6/59 358 2/3 19/16 4/10 2 65/28 2/9 

"#�  � ��� 5  **1/183  **5/302 **3/76 **98/17 **2/74 **4/11 **4/666 **5/106 

 � ��� ×%�  15  **1/144 **0/372 *3/11 **69/19 **2/32 **2/7 **7/87 **9/43 

 0��.2 40  3/56 4/51 8/5 31/1 7/3 4/1 07/27 1/4 

) ?����m� M
�z%(  58/20 24/19 04/19 78/21 93/20 62/19 98/15 23/11 

ns" * � :** �+ <5<T
 +5H,�
 Y K���<5
 2Z!� "�1� 2Z! K���<� �1�  [\' ��5  �1 &���.  
  

 8�&E8 .
H,�
! �-�� ! .3 J1 �&:! 8� 9,1 ?d'
"�� W5+ "�V)2' M�< �+ ;&23 �X�' � ��G
 *1�J 8�' ���  
�/��c��   �]B) %�1� ��'*��%(  

 %�  ���'�
)kg/ha(  

� ��� "#�   
)Seed/m2(  

���3 ��  
):	B ��  `�� �� �/  
8�B ��  
2&% ��B  �&� ��B  2&% ��B  �&� ��B  2&% ��B  �&� ��B  ��B &% ��A����  

0  

150  i11/10  j62/13  ij92/2  l37/1  j93/2  a-e40/6  l78/7  
225  fgh48/29  ij68/19  hij74/3  jkl48/2  ij36/4  l76/1  f-i42/18  
300  ab26/56  hij21/21  c-g68/8  ijk49/3  bcd14/11  jkl40/2  abc88/25  
375  cde42/43  c-i58/27  c-g19/8  g-j34/4  f-j89/5  i-l02/3  a-d78/24  
450  ghi10/21  a-h17/32  f-j07/6  e-i10/5  hij82/4  f-j15/4  g-k56/16  
525  ghi97/20  a-g65/33  g-j13/5  a-g18/6  ij22/4  e-i91/4  g-j09/17  

46  

150  i26/16  e-i18/25  g-j21/5  kl93/1  f-j80/5  kl15/2  jk17/13  
225  c-f33/40  b-h64/31  d-h53/7  jkl64/2  e-h58/7  l78/1  abc22/26  
300  a43/62  a-f01/34  abc95/11  hij97/3  a97/18  e-i51/4  a52/28  
375  cde35/43  a71/43  a-d20/11  e-i03/5  cde07/10  b-g98/5  ab39/27  
450  ef29/34  abc11/38  c-g93/8  b-g89/5  g-j87/4  d-h57/5  b-e57/23  
525  c-f82/38  a-h52/32  b-f88/9  e-i34/5  f-j78/5  e-i71/4  b-f82/22  

92  

150  ghi97/20  c-i41/31  g-j23/5  f-i56/4  f-i64/6  g-k08/4  h-k93/15  
225  def55/35  a-d62/37  c-g08/8  b-g10/6  d-g02/8  b-f13/6  c-f43/22  
300  abc53/50  abc62/38  a07/14  a-g16/6  def79/8  a-d17/7  abc48/26  
375  cde37/43  ab27/43  abc90/11  a-e83/6  bcd77/10  abc72/7  a-d71/24  
450  c-f60/40  a-h91/32  abc78/11  a02/8  def53/8  a-d04/7  e-i97/18  
525  efg05/33  f-j19/24  c-f60/9  c-g88/5  def70/8  h-k00/4  ijk37/14  

138  

150  hi71/17  g-j91/21  j19/2  d-h53/5  ij05/4  f-i39/4  kl72/11  
225  ef06/34  d-i94/25  ab60/13  a-g20/6  g-j15/5  d-h21/5  h-k25/15  
300  cde87/14  c-i62/30  c-f57/9  a-d37/7  4 d-h00/8  4 a15/8  4 e-h70/19  
375  bc24/49  a-e12/36  a-e23/10  abc64/7  b50/13  a-d07/7  4 b-e46/23  
450  cde04/43  a-f66/34  e-h07/7  ab78/7  bc92/12  ab96/7  d-g99/20  
525  bcd61/47  c-i65/29  e-i35/6  a-f39/6  b36/13  c-h90/5  b-f63/22  

LSD0.05  37/12  82/11  97/3  89/1  19/3  98/1  83/4  
.
H,�
!  A/!JF &��� b2� [\' �� "N59�! a�5$ �1�1� ���LSD �2Z! K���< �	, A��, ��1� &2�� .  
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�/  U0%�4 ��� �� U�&� ��B �% U��	o�O�
� ��
� �]B 
%�1� ��'*��  & $,&�*�� %�  %����  2�4 ��c�� �% 
):	B ��

150 =����*� �% �!�  ��c�� �% $� �
��e�� &92  �2�3�)  �%
��*I/  & $,&�*�� %� 450 =����*� �% �!�  �% & �# ��/�>�

 ��c�� �% $� ���'� �
��e�� U2&% ��B92  �2�3�) ��*I/ �% 
 & $,&�*��300 =����*� �% �!� �/�>� �&�^) �# �8 �� .(

�]B ��� %�1� ��'*��  %�  %����  2�4 j
��# �% U`�� ��
 2&% & �&� ��B �% $� ���'� �
��e�� (0%�  �/�#) $,&�*��


� ����M  0�/��c�� �%150  &300 =����*� �% �!�  &
�O�
� ��
�  2&% & �&� ��B �% $� ���'�
� ����M  0�/��c�� �%

225  &150 =����*� �% �!� 
�  �&�^) ��� "B%8 �&N4 .(
 U�
� ���'�

� ��A���� �]B %�1� ��'*��  %�% $�>� 
8�B ��

;	�� bN*.� U%�  b�S� 2�4 ��c�� �% 
   ��� 0��%
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=����*� �% 
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 �&�^)8.(  
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  �� TK�g51�
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���   ��'*��

3 �� %�1��U�� `�� U
):	B  2�	3 
8�B & �/ &% _�IV� 
�)
(;4��� ��B %�� $� �� ; �g ��� 
 �� �0�/��c� )K�;  %� 


�)  5^;
���   %�1� ��'*�� (�&� ��B �% ���3 �� � ��� &
"#�  � ��� T��'*� ��� & "#�  × %�  ��B &% �/ �% ��

}�R "VK ��]o 	��; ��%  �&�^) %��10.(  
 U
����� �
� �% ;)  ��&� ;B��� �%;
���   %�1� ��'*��

�� 
  �# ��/�>� U�&� ��B �% ���3 ���  ;#�� ?����m� �
��
 ��c�� �% U�!� "#�  � ��� �
�5R� ��92  ��*I/ �% 2�3�)� 

 j
��# �% "VK �
� U�A
% 0�B �� & �# ��/�>� $,&�*��
�  U$,&�*�� %�  %����  2�4  
� ":�� �� �	 �& �
��

 TI#) %�% $�>� 2�	3 �!� "#�  � ��� �
�5R�3 _
 �% .(
 U�A
% 
����� p��53"B� ��#  
  %����  � $,&�*��  s4��

�5R�
� ;
���   %�1� ��'*��$,&�*�� �; %�# )Chen et al., 

2016( .�/  U��	oCiampitti et al. )2013(  ��%�  p��53
 2�c� 
 ;
���  �/0 T.�% ���3 �5R� ��
� ��$�5 $,&�*��  %�:]�

�; 
���U �5R� �� ���
� 3 � ������ � �/� ; 
��� .  

  
 8�&E9 T@5! U,���1� ���:< .��1��@ 3 �&:! 8� 9,1"��
 �V)2'" W5+  ��;&23 �X�' �  

���m� =��	�   
^�%
0%���  

?����� ��A����  
���3 
):	B  `�� �/  
8�B  

��B  1 **5/2522  **2/3455  **8/7589 **60/258 

 0��.1  4 70/28 20/2  53/6 65/9 

%�   3 **33/292  **26/112  **4/145 **2/191 

��B ×%�   3 **13/86  **64/68  ns 34/15 **4/101 

 0��.2  12 36/84  47/8  28/8 08/99 

"#�  � ���  5 **02/460  **34/124  **03/186 **2/439 

"#�  � ��� ×%�   15 **08/33  **37/26  **76/48 **83/68 

��B ×� ���  5 **76/60  **39/70  **55/95 **3/147 

��B ×%�  ×� ���  15 **39/39  **63/22  **88/59 **74/55 

 0��.3  80 48/15  58/7  55/10 94/23 

) ?����m� M
�z%(  88/17 16/29 31/28 12/26 

         ns" * � :** �+ <5<T
 +5H,�
 Y K���<5
 2Z!� "�1� 2Z! K���<� �1�  [\' ��5  �1 &���.  
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 8�&E10 .�:<��1� �� U,���1��@ 3 J1 �&:! 8� 9,1
"�� W5+ "�V)2' M�< �+ ;&23 �X�' � ��G
 *1�J 8�' ���  

���m� =��	�  
 
^�%
0%���  

?����� ��A����  
%�1� ��'*�� ���3 �� %�1� ��'*�� 
):	B ��  %�1� ��'*�� `�� �� �/  %�1� ��'*�� 
8�B ��  

2&% ��B  �&� ��B 2&% ��B  �&� ��B 2&% ��B  �&� ��B  ��B2&%  �&� ��B 

���I� 2  ns 7/1 ns 8/55 ns 4/4 ns 04/0 ns 7/12  ns 31/0 ns 75/3 ns 55/15 

%�  3  *9/45 **5/332  **8/143 *08/37 **9/111 **85/48 **94/87 ns 74/204 

 0��.1 6  9/8 8/159 13 94/3 81/14 76/1 13/34 03/164 

"#�  � ��� 5  **2/321 **6/199 **1/184 **59/10 **4/266 **14/15 **02/512 **60/74 

� ��� ×%�  15  **3/33 **2/319 **6/47 **46/1 **3/106 **29/2 **07/102 **5/122 

 0��.2 40  5/7 4/23 6/14 52/0 48/20 64/0 91/32 98/14 

) ?����m� M
�z%(  40/15 48/18 69/16 83/15 15/20 93/18 58/18 11/19 

ns" * � :** �+ <5<T
 +5H,�
 Y K���<5
 2Z!� "�1� 2Z! K���<� �1�  [\' ��5  �1 &���.  
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 ��� �� �

 �/�# ��c�� �% U�!� "#�  � ��� �
�5R� �� ;#�� ?����m�

 ��/�>��#  U�A
% 0�B �� &�  �� ����� �% �	 �& �

 ��c��  2�	3 �!� "#�  � ��� �
�5R�138  �% 2�3�)� 

 TI#) �# ��/�>� $,&�*�� ��*I/4 .(  
�/&lO $��3 O�%�]	> �%�    
  ����V�" e��0 �!k;
 

� �� 
��%;  �� $����<
t  ���:; i!^ �� $,&�*��  �� hO
"#�  MB�	� � ��� ��c4� 
��^ & �^;
 2���� �� %�1� �/0 

&�
>; �
%�&� "B% & � $���&�> ; ����	� �
�  �� �	
��R &%

	�]� �� p&� 0��B �/0 �	� %�. "> �� �		  )Chen et 

al., 2016(�% . _
 ����
�U Mi et al. )2003(  �	*#�% ��]��
��& 
 
*
 �/0 ()*+� �; /%��� 
� �	����; ��e��0 �	B��U 

�
�� �e�< 5*	B�*R ��&%; ��0 .����%   
  

  

  

  

  

  

y0 = 0.7542ln(x) + 1.5697

R² = 0.9583

y46 = 0.5682ln(x) + 3.3045

R² = 0.2935

y96 = -0.652ln(x) + 4.7861

R² = 0.1455
y138 = 0.2617ln(x) + 3.0737

R² = 0.1305

0

5

10

15

20

25

30

35

40

D=150 D=225 D=300 D=375 D=450 D=525

 ��

3 

J1 
�&

:!
 8

� 9
,1 �

�1�
�@

)
%(

 0
�@ ?@15<)f+5!59! �� �c+(

N=0 N=46 N=92 N=138



'�5+� 67�
 ��� 8� 9,1 �&:! �� ;&23 0�< =><
5 ?@15< 0
�@ � �� !�5 �/@ ,
AB�59 

  

 ����24 �  ���	
3 �  �
���1401  
837

    

  
 ]M
4 .��1��@ ;�� 8�' �� ��
3 J1 �&:! 8� 9,1  

  
;
���  !m� %��� %�1� ��'*��0 "R�� �� ��e�� �/0 

&�
>; O 
� �1	���0 � `��; %�#U 
� 0��<  
 %�% $�>� �
"B� ��# �@� 
 
_ 
��^ �^;
 ���  �g ���V�R  `�� ��

 ��&% ��< �%_
,���
5�R ;3��B���V�R =��� U
BN�$�  &
����*���� /��� �?��� ��# �]� �% &
"  �/�  
� �1	�

� 
��% %�I)c4; %�# )Wei et al., 2017( a��� �% .��'*�� 
!m� %���0 "R�� �� �/0 &�
>
>
� 
� ; ��5  �/�  s4��

 �/�  & %�I)c4;
���  !m� %��� �� �%�V*B�0 �; � %�#
�� 
!m� %���0 ��� 2���� �% �g �� �/0 &�
>; .w��� �;  ���#

)Chen et al., 2014( ?������ .Ren et al. )2020 ( %�% $�>�
A	/�c/ 
 ; ;
���   %�1� ��'*��$,&�*��  i!^ &$,&�*�� 

�� �%� �� hO Tg"#�  ���0  & e�� 
��% %�I)c4;
���   e��
 �� �%�V*B�$,&�*�� "B� �]� 
� & U�A
% ?��:4 �5R� ��
� 

�5R� & "#�  � ���
�  i!^ ":��$,&�*�� 
� T��% �5R�
� 
��$�5  %���� $,&�*��!m� %��� ��'*�� �%��� U0 �5R� ��
� .%�%  

 �
��e�� U�&� ��B �% U
����� �
� �%;
���   ��'*��
%�1� ) 
):	B ��85/25  ��c�� �% (�K�%138  �2�3�)  �%
��*I/  & $,&�*��225 =����*� �% �!�  TK�g�#  �% &

) 2&% ��B11/7  ��c�� �% U(�K�%138  �2�3�) ��*I/ �% 
 & $,&�*��300 =����*� �% �!�  �&�^) �# ��/�>�11 .(

�/ �	o�  �
��e�� U�&� ��B �%;
���  %�1� ��'*��  ��
`�� ) �/84/7  ��c�� �% (�K�%138  �2�3�) ��*I/ �% 

 & $,&�*��300 =����*� �% �!�  TK�g�#  2&% ��B �% &
)72/29  ��c�� �% U(�K�%46  �2�3�) ��*I/ �%  $,&�*��

 &375 =����*� �% �!�  �&�^) �# ��/�>�11 �� �&N4 .(
�B �% U�
� �
��e�� �&� �;
���  %�1� ��'*��  
8�B ��

)63/24  ��c�� �% (�K�%46  �2�3�) ��*I/ �%  & $,&�*��
375 =����*� �% �!�  TK�g�# ) 2&% ��B �% &34/34 

 & $,&�*�� %�  %����  2�4 �/�# ��c�� �% U(�K�%300 
=����*� �% �!�  �&�^) �# ��/�>�11 $%��e�� .(;
���  

%�1� ��'*�� %;� �/��c�� �
� �  �����
� T��% %�:]�  -.�#
� "#�%���$,&�*  � ��� & $,&�*�� %�  ���'� �
� �� ;#��


� & �#�� �!�  U�A
% ?��:4;
���   �� $,&�*�� %�1� ��'*��
"c�8 "#�%�� -.�# �� 
��% 
� ���3 ;>
&� 0�/

;	�� & ��'*�� ;A*�:c/ $,&�*�� ) 
*#�% ��%Xing et al., 

2019 & (;�  T��% �/��c�� �
� �% 
  %�c� $��	4 $���
 ;)K�;
���  �% ��e�� %�1� ��'*�� 
�)  ��'*�� �
�5R� T��%

 (
��% 
� $,&�*��xe�c*g�  "#�%�� -.�# $%��e��
 "B� 2�e 
  "B� �%�� $,&�*�������  �% 5�� "#�  � ���

t�8% ;B��� %��� ;�� ?������ .%��3 ���8 ��  
  

  

  

  

  

  

  

y0 = 0.7542ln(x) + 1.5697

R² = 0.9583

y46 = 0.5682ln(x) + 3.3045

R² = 0.891

y96 = -0.652ln(x) + 4.7861

R² = 0.917

y138 = 0.2617ln(x) + 3.0737

R² = 0.935

0

5

10

15

20

25

30

35

D=150 D=225 D=300 D=375 D=450 D=525

 ��

3 

J1 
�&

:!
 8

� 9
,1 �

�1�
�@

)
&�

��
(

 0
�@ ?@15<)f+5!59! �� �c+(

N=0 N=46 N=92 N=138



	$
�%�& ���'�" (�)* +
,�+��" -$
. �/)��" 0	$� ��1 &	�!� &)23 

  

 ����24 �  ���	
3 �  �
���1401 

838

    

 8�&E11 .
H,�
! �-�� ! .��1��@ �&:! 8� 9,1  
�/��c��  ;
���  %�1� ��'*�� )%( 

 %�  ���'�
)kg/ha( 

� ��� "#�   
)Seed/m2( 


):	B �� `�� �� �/ 
8�B �� 

2&% ��B �&� ��B 2&% ��B �&� ��B 2&% ��B �&� ��B 

0  

150  i63/6  i46/1  k63/9  k89/0  k96/4  f86/10  
225  hi47/7  hi29/2  g-k79/13  ijk76/1  b-f49/24  ef51/13  
300  c-g53/14  gh37/3  ab53/31  hij33/2  a34/34  def31/14  
375  b-f19/15  gh44/3  g-k74/14  hij41/2  c-f16/24  c-f88/15  
450  f-i46/10  d-g22/4  jk34/11  fgh41/3  h-k28/11  b-e97/17  
525  f-i96/10  efg15/4  jk11/10  ghi77/2  f-j44/15  def44/14  

46  

150  f-i95/10  i68/1  f-k45/16  jk42/1  jk13/7  c-f95/15  
225  d-h44/13  i03/2  d-i19/19  jk40/1  ab66/33  abc17/21  
300  abc98/19  fg04/4  a58/32  def62/4  abc44/32  a59/24  
375  abc85/19  g69/3  d-g91/20  ef38/4  c-g08/32  a63/24  
450  bcd01/18  cde31/5  ijk89/11  cde06/5  b-f39/24  ab65/22  
525  c-g91/13  d-g43/4  h-k92/12  efg94/3  e-j05/16  a-e85/18  

92  

150  f-i16/9  fg04/4  f-k19/15  fgh62/3  ijk00/9  a-e74/19  
225  b-f38/15  cd40/5  c-f26/22  bc96/5  d-h33/19  ab86/22  
300  a23/25  c-f06/5  a-d86/25  bcd84/5  d-g87/21  a-d24/20  
375  ab40/21  bc89/5  a-d47/25  ab68/6  a-d55/27  a59/24  
450  b-e49/17  a10/7  d-h69/19  bc26/6  g-k17/14  c-f68/15  
525  c-g37/14  d-g46/4  e-j15/17  fgh34/3  g-k92/13  f47/11  

138  

150  i04/5  c-f13/5  h-k22/12  efg05/4  f-j38/15  f87/10  
225  a85/25  abc07/6  g-k11/14  cde09/5  e-i85/17  ef55/13  
300  c-g96/13  a11/7  g-k33/14  a84/7  d-g61/22  c-f83/14  
375  c-g95/14  ab65/6  abc72/29  bc29/6  d-h82/18  a-e70/18  
450  e-i19/11  ab67/6  b-e22/24  ab71/6  b-f72/24  c-f02/16  
525  ghi78/8  cde33/5  b-e28/24  cde04/5  a-e00/25  def95/13  

LSD0.05  31/6  18/1  46/7  31/1  46/9  38/6  
.
H,�
!  A/!JF &��� b2� [\' �� "N59�! a�5$ �1�1� ���LSD �2Z! K���< �	, A��, ��1� .&2��  

  
��]� �&0 �� ��S@���� I*�;  %�  
�$,&�*��  ."B�

����� �/%�  �� �%�V*B� &0 � ���'� $,&�*��0%�
 ,���0 
� b�S�; �	  R�z� ���'� &; ��� $�0 @�j� �"�
  ���

����	� ."B��
�5R� U�
 ;
���  3 �%�V*B����  ��05*	B�*R %��� 
���0 ��&�>  
�B��0 �O���
  0�/%�  �� �%�V*B� �/�  &

 ;
��c�#�&�z0 � �� �%�V*B� ."B�$,&�*�  T.�% �%3���  x���w

O���|� � U"B���
 
)g�� �/ -  U$,&�*�� i!^ 
)c^ ��
 ��'*�� & i!^ U��'*������&% - �	o jB���
  T���� T��4

*�,;I� @� &;�� "
�
�� �; %�# �% ��		 %&�@� T���4 .
����*���� 3��� ���0  $���B��u ��g 
�;
���   �% %�1� ��'*��

� & �  =��	�%�
 $�>� 
  U"B� ?&�V*� $,&�*��  ��	/%
���*OT� �%�
0 ���0  P %�:]�;
���  �� %�1� ��'*��2�8 )�R; 



'�5+� 67�
 ��� 8� 9,1 �&:! �� ;&23 0�< =><
5 ?@15< 0
�@ � �� !�5 �/@ ,
AB�59 

  

 ����24 �  ���	
3 �  �
���1401  
839

��# LNK� 
  "B� "�
� ?�V)� �/�  .���  & ;��@�
�5R��
 ��]� �&0 � ��S@� �� TK�g $,&�*�� �����  
�

A	/�c/; ����*���� /��� ?���� ��� $,&�*�� &0 �����  �%���
 e�� 5�� &;
���  i�)��  .%��% %�1� ��'*��%�:]�  -.�#

;
���  ��� %�1� ��'*��0 
� "B%  �� �%�V*B� & i!^ $%�&�
;� U0!m� %��� ����� p&�  ]�;c ���0 �����  �� 2�8��%�I)c4 

� �% e����	
 �	#��. ) 
����� _
 �%Shao et al., 2021 �% (
�# ��/�>� U�
���� �
� a
�*� 0�*B�� �5R� 
 
� 3 � ������ 

�>� s4��
� O��0 � "�)k �/�  U`���U$,&�*  & �V�R
B�*O�� 2���� 
c/ �% � =c1� �/�  U�/�U$,&�* B�*O U�V�R�� U
�5R�
� ;
���  !m� %��� %�1� ��'*��0  .�#�!�  %�1� ��'*��

!m� %���0 ��� ����� 0 *B%���;  � ��� �% ��e�� %�I)c4 
�
#� " ."B� �]� e��  

  
4�,�*+ .���:  

 U
����� �
� �%�� ?����
�
" $,&�*�� %�  ���'� �� ��$�5 
 %��� ��'*�� %�1�5*	B�*R0 IV� 
��_ `�� ��  
8�B U�/

)K�; �5^� &0  
��% $&�� 
):	B2�	3 7���8 �8� �%  
�
B���%��� e�� L�#; "R�3 ���8.  ���U%�^& �
� �� 

�/&lO �/ =��^ ?����8� %��� �% ;4���  ">  %���� )
$��� �% ()*+� 0�/%�   U"#�  � ��� U?&�V*� 0�/

y
��� P��� (;4��� T���4 �
�B & "#�   ���� & �%��
 "B��/&lO 0�/ ��� ��.%��3 2�1�� 
	��� �
� �% 0 
 "@������ 
:	^ �*R�3���8 ()*+� 0�/  %�1� ��'*�� �%

;4��� ���3 �
� �% 2�	3 ����
� � $�>�;  �/% ?��)c4
%����  ���� ;4��� $,&�*�� %�  �;  �����
�  ?��K  T��

;
���  !m� %��� %�1� ��'*��0 
� �� ��v� ��<0 �	��� 
 ��� .�	0 t�8% ;B���  �
� ���	
��R  &�����  ?����8�

 "#�  ���� ;4���&� ��0 K�S.�?�  %�1� ��'*��
2�	3 U �/�*����O �
�B ����� "B� 2�e���0 
� "B%  $%�&�

;
���  %�V*B� ��e��� !m� %��� ��0 ���# ;��
��� 2�	3. 

5 .��;� � +
���<' 

 UL�< �
� 2�1�� �% 
  ;����Ic/ & $�*B&% ;��c� ��
0��
  U��%�� $�B���%��8 & �I>�; ;�  .%%�3  
  

6 .>0
.� ?�
@�  

/�� 
��3 �� jB�� =R�	� ~����$�3�	�
 %���� %�^&.  
  

7 .>4
.�  
Aderi, O. S. (2016). Density and cultivar effects on the 

biomass and Crop Growth Rate of upland rice in 
Uyo southeastern Nigeria. Journal of 
Experimental Agriculture International, 10(3), 
1-11. https://doi.org/10.9734/AJEA/2016/20597. 

Ahmadi, K., Ebadzadeh, H. R., Hatami, F., 
Abdshah, H., & Kazemian, A. (2020). 
Agricultural Statistics. Ministry of Jihad 
Agriculture, Deputy of Planning and 
Economy, Information and Communication 
Technology Center, Vol. 1, Crops, 2019-2020 
cropping year. Tehran, Iran. 97 p. (in Persian) 

Ali, N., & Akmal, M. (2020). Morphophysiological 
Traits, Biochemical Characteristic and 
Productivity of Wheat under Water and 
Nitrogen-Colimitation: Pathways to Improve 
Water and N Uptake. In Abiotic Stress in 
Plants. IntechOpen. 
https://doi.org/10.5772/intechopen.94355 

Baral, B. R., Pande, K. R., Gaihre, Y. K., Baral, K. R., 
Sah, S. K., Thapa, Y. B., & Singh, U. (2020). 
Increasing nitrogen use efficiency in rice 
through fertilizer application method under 
rainfed drought conditions in Nepal. Nutrient 
Cycling in Agroecosystems, 118(1), 103-114. 
https://doi.org/10.1007/s10705-020-10086-6. 

Chen, Q., Mu, X., Chen, F., Yuan, L., & Mi, G. 
(2016). Dynamic change of mineral nutrient 
content in different plant organs during the 
grain filling stage in maize grown under 
contrasting nitrogen supply. European 
Journal of Agronomy, 80, 137-153. 
https://doi.org/10.1016/j.eja.2016.08.002. 

Chen, Y., Xiao, C., Chen, X., Li, Q., Zhang, J., 
Chen, F., & Mi, G. (2014). Characterization of 
the plant traits contributed to high grain yield 
and high grain nitrogen concentration in 
maize. Field Crops Research, 159, 1-9. 
https://doi.org/10.1016/j.fcr.2014.01.002. 

Chen, Y., Xiao, C., Wu, D., Xia, T., Chen, Q., Chen, 
F., & Mi, G. (2015). Effects of nitrogen 
application rate on grain yield and grain nitrogen 
concentration in two maize hybrids with 
contrasting nitrogen remobilization efficiency. 
European Journal of Agronomy, 62, 79-89. 
https://doi.org/10.1016/j.eja.2014.09.008. 

 
 



	$
�%�& ���'�" (�)* +
,�+��" -$
. �/)��" 0	$� ��1 &	�!� &)23 

  

 ����24 �  ���	
3 �  �
���1401 

840

 

Ciampitti, I. A., Murrell, S. T., Camberato, J. J., 

Tuinstra, M., Xia, Y., Friedemann, P., & Vyn, T. 

J. (2013). Physiological dynamics of maize 

nitrogen uptake and partitioning in response to 

plant density and N stress factors: I. Vegetative 

phase. Crop Science, 53(5), 2105-2119. 

https://doi.org/10.2135/cropsci2013.01.0040. 
FAO Statistical Pocketbook. (2020). FAOSTAT 

database. http: //faostat. fao.org. 

Islam, S., Zhang, J., Zhao, Y., She, M., & Ma, W. 

(2021). Genetic regulation of the traits 

contributing to wheat nitrogen use efficiency. 

Plant Science, e110759. 

https://doi.org/10.1016/j.plantsci.2020.110759 

Khajehpour, M. (2013). Principles and bases of 

agriculture. Isfahan University Jihad 

Publications. 386 p. (in Persian). 

Mi, G., Liu, J. A., Chen, F., Zhang, F., Cui, Z., & Liu, 

X. (2003). Nitrogen uptake and remobilization in 

maize hybrids differing in leaf 

senescence. Journal of plant nutrition, 26(1), 

237-247. https://doi.org/10.1081/PLN-120016507. 
Qadeer, U., Ahmed, M., Hassan, F. U., & Akmal, M. 

(2019). Impact of nitrogen addition on 

physiological, crop total nitrogen, efficiencies 

and agronomic traits of the wheat crop under 

rainfed conditions. Sustainability, 11(22), 6486-

6494. https://doi.org/10.3390/su11226486. 
Ren, H., Cheng, Y., Li, R., Yang, Q., Liu, P., Dong, 

S., & Zhao, B. (2020). Integrating density and 

fertilizer management to optimize the 

accumulation, remobilization, and distribution 

of biomass and nutrients in summer maize. 

Scientific Reports, 10(1), 1-12. 

https://doi.org/10.1038/s41598-020-68730-8. 

Sotodeh, M., & AlaviFazel, M. (2020). Effects of 

plant density and different amounts of 

nitrogen on remobilization changes in yield of 

corn (Zea mays L.) S.C. 704. Journal of Plant 

production Sciences, 10(1), 117-130. 

Schuman, G. E., Stanley, A. M., & Kuundsen, D. 

(1973). Automated total nitrogen analysis of 

soil and plant samples. Soil Science Society of 

America Journal, 37, 480-481. 

https://doi.org/10.2136/sssaj1973.0361599500

3700030045x. 
Wei, H., Meng, T., Li, C., Xu, K., Huo, Z., Wei, H., 

& Dai, Q. (2017). Comparisons of grain yield 

and nutrient accumulation and translocation in 

high-yielding japonica/indica hybrids, indica 

hybrids, and japonica conventional 

varieties. Field Crops Research, 204, 101-

109. https://doi.org/10.1016/j.fcr.2017.01.001. 
Xing, Y., Jiang, W., He, X., Fiaz, S., Ahmad, S., Lei, 

X., Wang, W., Wang, Y., & Wang, X. (2019). A 

review of nitrogen translocation and nitrogen-

use efficiency. Journal of Plant Nutrition, 

42(19), 2624-2641. 

https://doi.org/10.1080/01904167.2019.1656247 

Yan, F., Zhang, F., Fan, X., Fan, J., Wang, Y., Zou, 

H., Wang, H., & Li, G. (2021). Determining 

irrigation amount and fertilization rate to 

simultaneously optimize grain yield, grain 

nitrogen accumulation and economic benefit of 

drip-fertigated spring maize in northwest China. 

Agricultural Water Management, 243, e106440. 

https://doi.org/10.1016/j.agwat.2020.106440. 

Yang, D., Cai, T., Luo, Y., & Wang, Z. (2019). 

Optimizing plant density and nitrogen 

application to manipulate tiller growth and 

increase grain yield and nitrogen-use 

efficiency in winter wheat. PeerJ, 7, e6484. 

https://doi.org/10.7717/peerj.6484. 

Zadoks, J. C., Chang, T. T., & Konzak, C. F. 

(1974). A decimal code for the growth stages 

of cereals. Weed Research, 14(6), 415-421.  

Ren, H., Cheng, Y., Li, R., Yang, Q., Liu, P., Dong, 

S., Zhang, J., & Zhao, B. (2020). Integrating 

density and fertilizer management to optimize 

the accumulation, remobilization, and 

distribution of biomass and nutrients in 

summer maize. Scientific Reports, 10(1), 1-12. 

https://doi.org/10.1038/s41598-020-68730-8. 

Nehe, A.S., Misra, S., Murchie, E.H., Chinnathambi, 

K., Tyagi, B.S., & Foulkes, M.J. (2020). 

Nitrogen partitioning and remobilization in 

relation to leaf senescence, grain yield and 

protein concentration in Indian wheat cultivars. 

Field Crops Research, 251, e107778. 

https://doi.org/10.1016/j.fcr.2020.107778. 

Zhang, X., Ward, B.B., & Sigman, D.M. (2020). 

Global nitrogen cycle: critical enzymes, 

organisms, and processes for nitrogen budgets 

and dynamics. Chemical Reviews, 120(12), 

5308-5351. 

https://doi.org/10.1021/acs.chemrev.9b00613. 

Zhou, B., Serret, M. D., Pie, J. B., Shah, S. S., & Li, Z. 

(2018). Relative contribution of nitrogen 

absorption, remobilization, and partitioning to 

the ear during grain filling in Chinese winter 

wheat. Frontiers in Plant Science, 9, 1351-1365. 

https://doi.org/10.3389/fpls.2018.01351.

 
 

 

 


