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Comprehensive abstract 

Introduction 
There is a considerable gap between the grain yield of bread wheat and its production potential in 

Khuzestan province, but it seems that the yield of wheat can be increased with proper direction of 

environmental effects through suitable agronomical management. In this regard, planting date and 

nutrient application are very important. However, the application of little or much nitrogen reduces the 

grain yield under high temperature conditions, and in addition, using too much nitrogen can cause 

environmental pollution. Therefore, it is necessary to accurately determine the optimal level of 

nitrogen for different planting dates. The objective of the current experiment was to study the effect of 

planting date and application of nitrogen and zinc fertilizers on growth and yield of wheat. 

Materials and methods 

To investigate the effect of planting dates and the application of nitrogen and zinc fertilizers on 

growth and yield of wheat (cv. Chamran), an experiment was conducted in experimental field of 

Khuzestan Agricultural University, Khuzestan province, Iran, during 2018-19 growing season. The 

experiment was carried out as split-split plots in randomized complete plot design with four 

replications. Planting date at three levels (Nov. 22, Dec. 11, and Dec. 31) were considered as main 

plots, nitrogen at four levels (0, 75, 150, and 225 kg.ha-1) as sub-plots, and zinc at three levels (0, 10, 

and 20 kg.ha-1) as sub-sub-plots. The evaluated traits were including grain weight, number of grains 

per unit area, number of days from planting to pollination, number of days from pollination to 

maturity, grain yield, grain protein percentage, grain zinc content, grain protein accumulation rate, 

grain filling rate and grain filling period. 

Research findings 
The results of analysis of variance showed that three-way interaction of planting date × nitrogen × 

zinc was significant on all studied traits at 1% probability level, except for number of grains per unit 

area which was only affected by nitrogen levels. The highest wheat grain yield (7486 kg.ha-1) was 

belonged to the first planting date (Nov 22) along with the second level of nitrogen (75 kg.ha-1) and 

zinc (10 kg.ha-1). The delay in planting led to a decrease in grain yield, so that planting on Dec. 11 and 

Dec. 31 caused a decrease of about 23 and 40 percent in wheat grain yield, respectively. The 

application of chemical fertilizers at delayed planting date led to a certain extent to compensate for the 

decrease in grain yield, so that the application of 75, 150 and 225 kg.ha-1 of nitrogen on the planting 

date of Dec. 11 increased grain yield of wheat by 44%, 52% and 55%, respectively. With the delay of 

planting from Nov. 22 to Dec. 31, grain filling rate and grain protein percentage increased by 19% and 

25%, respectively, but the grain filling period (28%), grain weight (20%), protein accumulation rate 

(27%), protein yield (50%) and grain zinc content (3%) decreased. The highest grain filling rate (1.37 
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mg.day-1) and the highest grain protein content (12.7%) of wheat were obtained on the planting date of 

Dec. 31 along with 150 kg.ha-1 N and 10 kg.ha-1 Zn. Also, the highest grain filling period (46.1 days) 

was observed on the first planting date (Nov. 22), but there was no significant difference among 

different levels of nitrogen and zinc in this regard. 

Conclusion 
In total, the results of the current experiments showed that to avoid exposure of wheat to high 

temperatures during the grain filling period in the studied region, it is better to do planting on earlier 

date (Nov. 22). In delayed planting dates, using 150 kg.ha-1 N and 10 kg.ha-1 Zn can relatively 

compensate for the negative effects of high temperature after anthesis. The delay in planting, increased 

the grain protein content due to the acceleration of the grain filling period, however, it decreased total 

protein yield, which shows that the protein yield (kg.ha-1) is more dependent on the grain yield.  

 

Key words: Grain filling period, Grain production, Grain protein, Grain zinc conten. 

 

 

 

Received: October 2, 2022                                                                        Accepted: December 20, 2022 
 

 

 

Cite this article: 

Eskandari, H., Mosavian, S.N. and Kazemi, K. 2023. Effect of planting date and nitrogen and zinc fertilizers 

on phenological traits, and grain yield and quality of bread wheat in Ahvaz climatic conditions. Cereal Research, 

12(4), pp. 349-366. 
   

350 



��� ������	  

 
���
 �������� 
�������� ������� 1401 )366-349(  

 

doi: 10.22124/CR.2023.24668.1771 

 

            %&��'( )*���                                                                                                                                      ����+ %,-�, 

 

.
�/ 01��	 -2� �  � �3�-��4 5���6/ -7 5��89 )4�� .�:�/ � �-;<�= �>136*68? ��:@�� �A 

%��<B� C1�-
   ��6��  

 

�A8;,� )*�A�D51� ��16,6� ���4A�,2*   �%�G�/ �����/3  

  

1- �����	
� �
����� ���� ����� ��� ���� �����	
� �	����	��	 �   

2- ���
� !	� �
����� ���� ����� ��� ���� �����	
� �	����	��	 � )*
 �� :%�&'( �)*'�mosaviyan@pnu.ac.ir(  

3- ���
� !	� �
����� ���� ����� ��� ���� �����	
� �	����	��	 �  

  

;��
A H��I  

 :)�A��
�	
 -�.�/ �0 )�1�� 2�'�� � �3 �� !
�4 �� !	 �
 �30 �)*� 
�5���-3 �(	 ��( �6�-� )!� 7���)( �38-3 ����	�
 

�( 9�:.�	�� -3 	� �;�:( <	�=	-���7�> �	�� �8
 
�  �)*� 
�5��� 	� ?�	@/	
	
.  � 7A�� B���� 7���)( �-*�(
 C�	 �


C�	 �3 .7!	 �	
��4�3 �
��
 7��8	 
	 ��	EF �.�*� �
 -�	
 
�5��� ?8�� G��3 �H�� �� 
	 )I 
	 ?�3 �� � J� �
�K !	 �%�I

L�3 ��(
 M�	�A �(
�A �( �H�� �� 
	 
��
 �
�K !	 �C�	 �3 ��N� �7'�
 ��
�10 OP! )�	��
�A �;�:( .O���� C�	 -3 �

 C��Q� R�S
B���� �	�3 �H�� �� T��;( 9;!��8  <��K ( 7A��7!	 ����U.  B���� �=	 -Q1�;( �?��(
0 C�	 �	�>	 
	 V)8

�5��� � )A� �3 ��� � �H�� �� ��8
�� 
�3��� � 7A��.
�3 �)*� 
  

L�� � ��6�:�� -3 �!��3 ��6*(B���� �=	 
�3��� � 7A�� ��8 ��8
�� JS�) �)*� -�	
 )�1�� � )A� �3 ��� � �H�� ��

(�	��W ����(
0�  ��	�
 %�! �
98 -1397 �� �����	
 ���[�[:� -��@( �
A 	�>	 �� !
�4 �
��� .) ?��(
0-3 <��. 

<����8 ��3�
 
�4 �)A �
 O1�S �\] -��� ^��3��8 2(�� �/
�_� �3 ���W �	�5� 	�>	 )A . 7A�� B���� 9;! -! �
 %�	)

 ��`020  � �`010 <�� �
 (�
��8  �H�� �� ���.	 ���W �
 9;! ��K.)75 �150  �225 <�� �
 (�� 58 �
 ���������8 

 ��� � ���/ -! �
 9;! ��K.)10  �20 <�� �
 (�� 58 �
 ���������8 ��/ ���/ 2(�A �)A �3��
�	 <�K. .)* /�� �	�S �

�
�� �� 7A�� 
	 
�� 
	)Q� �9;! )I	� �
 -�	
 
	)Q� �-�	
 �
��
�� 
	 
�� 
	)Q� �����/	 �-�	
 
�5��� ���)�!� �� ����/	

���
 %�\ � -�	
 �)A �� 7��! �-�	
 C�&���� c�d� 7��! �-�	
 ��� �	@�( �-�	
 C�&���� ).�
 
�3 -�	
 �)A�� .  

)�?�1:M���	 5��  e�� ��
	
 f����	� -�@d� �8-� 
	
 ���� 7A�� B���� -P��> -! �=	 × �H�� �� ×  
��( <�K. �(��� �3 ���

-3 �-Q1�;(�*Q( ).�
 h� %�� I	 9;! �
 �7/�� �	�S �H�� �� ]�;! ��=�� 7:� M[/ -� 9;! )I	� �
 -�	
 
	)Q� @> �	


 .
�3?�3� -�	
 
�5��� C���) �)*7486  (�� 58 �
 �������-3 R�Q ( �`0 %�	 7A�� B����� ��( 9;! ) �H�� �� ��
75 

) ��� � (�� 58 �
 �������10  (�� 58 �
 ��������3 �
 7A�� .
20  � �`010 -3 �
 
�)I ?8�� G��3 O����23  �40 

-�	
 
�5��� �).�
  .)A �)*�V�_( ��8
�� ������A �
 B���� 7A�� ���4�� �� �
�)I OP! �	�P> ?8�� 
�5��� -�	
 

�)A -3���\ -� V�_( 75� 150 � 225 ������� �H�� �� �
 �� 58 �
 B���� 7A�� 20 ��`0 -3O���� O>�( ?�	@/	 44� 52 

� 55 ).�
� 
�5���  �)*� -�	
)A . -3 �`0 %�	 
	 7�� ��4�� �310 -3 -�	
 C�&���� ).�
 � -�	
 �)A �� 7��! ��
O���� 

19  � ).�
25 �7/�� ?�	@/	 ).�
 ) -�	
 �)A �� <)( �1�28 ) -�	
 �
� �().�
20 ) C�&���� c�d� 7��! �().�
27 

  
 ا�ش�ده ع�وم 	شاورزی د

351 



) C�&���� 
�5��� �().�
50 � :( � ().�
) -�	
 ��� �	3 7/�� ?8�� ().�
?�3 .) -�	
 �)A �� 7��! C���37/1 

���() -�	
 C�&���� �	� :( C���L�3 � (
�� �
 ���7/12  7A�� B���� �
 �)*� ().�
10 � �
 �3  V�_(150  �������

 �H�� �� �10 ������� -3 ���C�*l�8 .)(0 7!
� 3�? -�	
 �)A�� ���
 %�\ C��� �)*�)1/46  (
�� %�	 7A�� B���� �


�`0 %�	)��( (�(	 �)A �)8��( <��K� *Q(���	
 
�>� -*�(
 C�	 �
 ��� � �H�� �� m� n( ]�;! C�3 .7A	)�  

)N��4:5-�9  -� 
	
 ���� ?��(
0 C�	 e�� � o��d( �
 L�3 ��8�(
 �3 �)*� -�>	�( 
	 ������> �	�3�\ ���
 -�	
 �)A �� 

-Q1�;( 
��( -[;*( �
�`0 %�	 �
 7�� 7!	 � �3 ���( 7�� �
 .
�A ��d�	���4�� ��8�  
	 �
�K !	150  �� 58 �
 �������

 � �H�� ��10 �
 ������� �( ��� �� 58=	 �
�)I �� )�	��*� �	�P> 	� L�3 ��(
 �K*( <	� .)��4p� �
 7A�� -32�1
 c��'� 

���
 �� �)A -�	
 O>�( ?�	@/	 �	� :( C�&���� -�	
 �)A �(	 
�5��� 2� C�&����  	�?8�� 	

 -� ���� �()8
 
�5��� 

C�&���� )������� �
 �� 58 (?�3�� -3 
�5��� -�	
 - '3	� 7!	.  

 :5A�</ ���</ )�1��-�	
 �)A �� ���
 %�\ �-�	
 ��� �-�	
 C�&���� �-�	
  

  

  

 :7/���
 B����10/07/1401                                                                                                   :q��E� B����29/09/1401  

  

  

)*��� O1� )7 ��8�,� 
6�4:  

8;,� �%�G�/ � ���4 A�, ���16,6� �)*�A�D �5�A�����/ .1401.  �� �)A� ���
 %�\ �3 ��� � �H�� �� ��8
�� �7A�� B���� �=	

 �
 �)*� -�	
 
�5��� � -�	
 �)A ����S	 M�	�A
	�8	 .<NF <�[�[:� �12)4(: 366-349.  

 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

235  



	7A�� B���� �= � ��� � �H�� �� �3 
�5��� -�	
 7�K�� ��)*�                 � /<NF <�[�[:J8

	�
 ���
/  ����A����W/ �� '(
 1140 

)�A��  

 -� 7!	 �
�P8	� ��	�
 %�_:( h� ��)*� 
�)I

50 -�	
 ����> <��d� 
	 ).�
-3 	� �	 �
	
 r�_ 4	 
�4

 � 7!	85  C�(�� 	� ��1�� -3 ����> 7�Q�> 
��� 
	 ).�


�(*�) )Poudel and Poudel, 2020 C��40 s�!	 �3 .(

 
�)I )�1�� �3 �� !
�4 �� !	 ���(05/1  �C� �����(

?�3�� !	 C�3 �
 	� �30 �)*� )�1�� C��� ���� ��8 
�	


?�3 r�_ 4	 �*Q( -3 C�	 -�) J�! C���64/17  ().�


�)*� )�1�� 2� 
	  ���� �307!	 C�	 �3 . �6� 
	 �%�I


�5��� � M!� ( �� !
�4 �� !	 �
 �30 �)*� 
�5���

2500  -� 7!	 �� 58 �
 ������� 	� �0 -P�� �
25  ����

 �	�S�()8
  C�����( �3 ���K.	) 
�5��� 
�)I5500 

������ %�	 -P�� �
 �� 58 �
 �
�	
 �	�S) (Ministry of 

Agriculture-Jahad, 2021�( ���� ��(0 C�	 .( -� )8


 �0 )�1�� 2�'�� � �3 �� !
�4 �� !	 �
 �30 �)*� 
�5���

 .
�	
 -�.�/C�	�3�*37���)( �3 �-3 ��8 <	�=	 )��3 ��	�


-3 	� �;�:(-���7�> �	�� �8
 
��  �)*� 
�5���

@/	 �.�*� � 7A�� B���� 7���)( �-*�(
 C�	 �
 .)3�� ?�	

.7!	 �	
��4�3 �
��
 7��8	 
	 ��	EF  

 -! ��=�� 7:� ��)*� -��> 
	 ���	�
 ��8��� 
�5���

7���)( � J��S	 �h� �H 2(��-3 ��8�( �	�S ��	�
 .
���

-3 7���)( �3 -� ��(	�� C�3 �
 �)* '8 MP��( ��	�


��!�� 
	 7A�� B���� ?�37!	 �	
��4�3 ����  -� 	�W

J��S	 �
 � I 
��
 ��	�8 � T0 <���!�� @�� -3��( ��8

) 7!	Naderi, 2014B���� �cS	� �
 .( 7A�� m� n( ��8

�( G��3���
 -� 
�A3 ��)*� �)A� ��8- �� ���
 �t��

 .
�A ->	�( <��K ( ��	�8 � T0 M�	�A �3 �-�	
 �)A

M�	�A �
 -� 7!	 �)A q�	@� ����� ����S	� �p �
 ��4

����� G��3 7A�� ���
 %�\ �)A ��� �( �)*�
�A�  	�W

 G��3 �(	 C�	 � �)A ->	�( )*�3 ��8
�� �3 ��
�
 ���� -�

�(�	)�	 -5*�	 
	 2PS 
�A 
����� �u�	)I -3 ����� ��8

-��3 �)*!�3 �
���� 
	�( )�1�� �6� 
	 
�4 -�I�( 
�	� �8

 �
 � �)A ���	
 )A�-(	
	� -�	
 c3�*( 
�P�� �3 �8

) )��A ��3�� �@ *!� /Kalateh Arabi et al., 2011�( 

-�	
 �
� 7���� �
 -��8  -�	
 
�5��� � ?8���(3�� .)

 -� 7!	 �)A q�	@��p� �
 ��4 7A� ����S	 M�	�A �


��3���� 	� �)*� ��\ ���
  L�3 ��8�(
 �3 -�	
 �)A ��

�( ->	�( )*�� -3 2�1
?8�� -�	
 �)A ����8  -3 �d*(

 ?8��48 ).�
�  -�	
 
�5���)A )Baygi et al., 

2017 .( �)8��( @�� <�` �
 -� )A�p7A�� �
 ��4  �


�� '��v/	 ����S	 M�	�A G��3 ��)A ->	�( ���
  �)A ��

 
	�( %�[ �	 � �)A 2_/ �40 T��;(�� ��8�(
 �3 -�	


�( 7/	 ��W
 	� -�	
 -3 �@ *!� /-d� � -� )*�  ��0

 
�)I ?8��10  
�3 -�	
 
�5��� �).�
)Rabbani 

and Safdary, 2021 .(�)*� s�
�
 ��S�	 �
   M�	�A �


 �� !
�4 ����S	 @��� -� )A q�	@�p 7A�� �
 ��4 �=	

� ��8� -�	
 
�5��� �3�7A	
 -3-� ���\ ��4p� 10 
��� 

 -3 �d*(-3 -�	
 
�5��� ?8���	@�( 87  �
 �������

 
�� �
 �� 58-3 7P'� -*��3 7A�� B���� A) )Naderi, 

2014 ��!
�3 ����S	 M�	�A �
 -� R�[:� h� s�!	 �3 .(

 ��4�� �7/�� ��d�	 ��(�� �� !	20  �)*� 7A�� �
 �
��

� G��3 ?8�23 -�	
 
�5��� �).�
 ) )A �)*�Amiri 

et al., 2010 ����S	 M�	�A �
 �(�� ?*� �=	 
��( �
 .(

�� !
�4 @�� )A q�	@�7!	 � 7�� -� ��
 ���4 ��8

)15 -3 -� )A G��3 (C��3 ��(
 ?�	@/	 ->�
 �8 �	
	

 
�)I600  - !�� �)*� -�	
 
�5��� 
	 �� 58 �
 �������

 -� 
�A��0 2�1
 -�	
 �
� �3 L�3 ��(
 �K*( �=	�8  %�\ �

-�	
 �)A �� ���
�8 ) 
�3Moshatati et al., 2019.(  

���
 �)A V
�_(  ��8�(
 �3 -�	
 �)A ��L�3  w�P��[�

C�(
 
	 ���� 
�)I �
 7����
 ��8���
 �( �)8��( 
�A

)Shiferaw et al., 2013 .(e�� �  ?8�t� h� M�	�A �


 �� !
�4 ����S	
	
 ���� ���
 %�\ �
 -l��*W -�  ��

 �
	)�	 -3 	�8 ��(
 ��)*� �
 -�	
 �)A6 ->�
 !s��'� 

 -�	
 �)A �� 7��! �)3�� ?�	@/	2/0 ���( �
�� �
 ���

 -�	
 �)A �� <)(6  -�	
 �	@8 �
� �
��17  
�5��� � ���

 -�	
148 �( ?8�� c3�( � ( �
 ���) )3��Modhej et 

al., 2007�\ 
	 .( C�*W �
 �H�� �� 
�P�� ����
 V

�( )�)�� 	� -�	
 
�5��� 7/	 ��;�	�A) )*�Sadras et 

al., 2016� -5*�	 C�U .(p @�� �H�� �� )I 
	 ?�3 C�(

 L�3 ��8�(
 �K*( <	�=	�\  ?�	@/	 	� -�	
 �)A �� ���


�() )8
Elia et al., 2018 V�_( �s�!	 C�	 �3 .(

(
 <	�=	 ?8�� �	�3 �H�� �� )Q3 )A� 2I	�( �
 L�3 ��8�

�
�� 
	 <��. 7S
 �3 )��3 �����/	
����  -� 	�W 
�3���

J��� ?�3 ����  -�	
 
�5��� �3 �K*( <	�=	 �
��� )I 
	

 .7A	
 )8	�4 �)*�	
 ���� -Q1�;( h� e�� � V�_( -� 


-*��3  ��) �H�� ��200 �( (�� 58 �
 ������� �=	 )�	��

 �(
 23�[ (× �5���*� �u*4 	� -�	
 
) )Cossani and 

Sadras, 2021 C�[[:( <�A�	@� �%�I �8 �
 .( m� n(

 ����7!	 �
	
  ��8�(
 -3 ?*�	� o�� �
 �)*� �	�3 -�


�	
 
�>� L�3: %�	
 � ?*� �)*� �	�3 -� ��L�3 ��8�(

335  



                                                     �	��5�8 � ��)*5!	                   � /<NF <�[�[:J8

	�
 ���
/  ����A����W/ �� ! 1401 

��� T�':( �(��-3 �1� �)��A R��\ 
	 J�[ '(��F ��\

���� ���� 2I	�( c��'�� �� 	� -�	
 
�5� �	�S ��=�� 7:�

�()*8
.  �(�� ?*� �)*� �	�3 -� ��L�3 ��8�(
 ���


�( T�':(�A�-3 	� -�	
 
�5��� � ) 7:� J�[ '( ��\

�( �	�S ��=��8
*) �( 
�5��� ?8�� -3 �d*( �.)��A  C�	

 
	 ��L�3 ��8�(
 �)*� �	�3 �(
30  ->�
` s��'�! ��

) 7!	 �)APrasad et al., 2017 .(  

���  J87!	 ��8��� �	�3 J�( ��	EF �_*� h�	��
 � 

%�Q/ �
J�@�0 �
�!�( �
�3 ���( ?[� �8 ��0��� .)*�

 �
�A V�_( �H�� �� )*��( ��.�*� �3 � S� ��� V�_(

�( 	)�� ?�	@/	)A q�	@� 
��( C�	 �
 .)*�7!	 �  -�

H�� �� V�_( �3 �)*� -�	
 
�5��� -3 7P'� ��� � �

�� V�_(-3 �H�� ��*��� 
�)I �40  	)�� ?�	@/	 ).�


�(?�3 �?�	@/	 C�	 7�� � )*�-d*� 
	)Q� �)A �� ��8

)A �	�*� -�	
 �
� ?�	@/	 � ����37!	 � )Chowdhury 

et al., 2018���
 -Q1�;( �
 .(�  �3 -� )A �)8��(

) �H�� �� V�_(120 ) ��� � (�� 58 �
 �������10 

(�� 58 �
 �������� N� �	� :( �-�	
 
�5��� 
�P�3 �3 ��

 
	 @�� -�	
 ���38  -363 ���( ?�	@/	 ������� �
 ���

7/�� )Montoya et al., 2020���
 ?8�t� �
 .( �

A q�	@���=�� �)*� -�	
 
�5��� �3 ��� V�_( -� )� 


�	)��  	� -�	
 
�5��� �H�� �� V�_( �1�89  ).�


C�	 �3 .
	
 ?�	@/	J8�3 �%�I?*�  �H�� �� � ��� �d*( -3

 -�	
 ��� �	� :( ?�	@/	)A �( -� ��8
��� c/� �
 )�	��

 )*� h�� ��� -3 ��'�	)Zhang et al., 2021 .( )I

���( h� ��)*� �	�3 ��� �_*� ��	�:3 ������� �3 ���

) 7!	 �)A q�	@� ^�4Gholami et al., 2011(.  )I

 @�� �)*� �	�3 �K'/ ��	�:38 ���(�3 ���  ^�4 �������

) 7!	 �)A ���3Silspour, 2007 ��	 ����
 ���3 -3 .(

-3 �^�4 �
 �K'/ � ��� 76�FJ� O���� � h� 
	 ��

���( 7�8 � ��� 
�P�� �)A�3 ^�4 ������� �3 ���

�( x� �)*� �	�3 �K'/)8
.  

7�� 
	 �4�3 �� !
�4 �� !	 �
 �-�� '3�� ��8  

-3() 7A	
�3 
	 )Q3 M�	�A 2�1
 ��L�\ �
�3 T�\�( )*��

 2I	�( �
�3 ��L�\ �� � (e��3 7A	
�3 
	 )Q3 C�(
 <)(

->�� )*��() 7A	
�3 � )A�(����/� � G��3p 7�� �
 ��4

�
 �� � I -�� '(
 �)*���( �(-3 .)��A �2�1
 C��8

7�� �=	 R�S
 �3��
�	� ��8p � -�	
 �)A �� )��� �3 ���4

-�	
 
�5��� -3 ����U �)*��( �6� ����
 V�\ 
	 .)!�

J8�3?*�  � )A� �3 ��� � �H�� �� �7A�� B���� -��� -!

-�	
 
�5���  �	�S -Q1�;( 
��( �3�4 -3 ��*� �� ��� �)*�

 �)A ?A�� �U�I ?8�t� �
 �s�!	 C�	 �3 .7!	 - /���

B���� �=	 �!��3 C�U �� 7!	��8  �3 <��K ( 7A��

� �=	 ��)*� �K�� � ��� 
�5��� ��	EF �.�*� 
�3��

 �K*( <	�=	 �1�� I	 ?8�� �3 ��� � �H�� �� 
	 �A��

�p.
��� �	�S �3��
�	 
��( 7A�� �
 ��4  

  

L�� � ��6���  

 ��	�
 %�! �
 ?��(
098 -1397  ���[�[:� -��@( �


 �
 cS	� �� !
�4 �Q�P\ c3�*( � �
����� ���� �����	


 ����/	�v> y�� �3 ���=N( �� !��A31 >�
 � -35 

�1��A -[�S
�  ����/	�v> %�\48  � ->�
53  -[�S


 � �S�A �3 o�K��	34 � ( ���
 9;! 
	  J��S	 .)A 	�>	

 -���1�! ��)���3 M!� ( �3 h�4 � ��� o�� 
	 -[;*(

213 ���(�( � ( �	�>	 2:( ��(
 C�����( .)A�3

���
 %�\ �
 ?��(
0  25A �
 �)*� )A�1 �	�	 �)A -

 .7!	7/�3 �4���(
0 -��@( ^o�� 
	 � �!� ��1  �3 ��*A

 - �)�!	99/6 �5�� 51	 7�	)8 �59/2 ���( �3 s�(

� ��!� ( � �3 133/1  �10 
	�( ).�

�3 �.�*� �	@�( .

-��@( ^�4 ��� � J�!� � ��K'/ ��H�� �� ��	EF 

-3 ����(
0 O����0336/0  �).�
05/0  �).�
378/0 

 � ).�
014/0 ���( �
 ���.
�3 �������  

      ?��(
0-3 <��. <����8 ��3�
 
�4 �)A �
 

O1�S ]�\ -��� ^��3��8 2(�� �/
�_� �3 ���W �	�5� 	�>	 

)A . 7A�� B����-3 9;! -! �
 �_*� ���.	 2(�� �	�*�

-3 9;! ���W �
 �H�� �� ��� �_*� � ����/ 2(�� �	�*�

-3 9;! -! �
���/ 2(�� �	�*�- � �6� �
 ���/ - /�

 .)�)A 7A�� B���� 2(�A-3 �`0 %�	 ��(
 �
 7�� �	�*�

-3 �`0 J '�3 �T��;( �
 J8
 � ���*8��
 7�� �	�*�

-3�	�*� 7�� ���4 ��
���*8 )Lotfali Ayeneh et al., 

2007 �H�� �� �(2(�A ��K. 75� 150 � 225 ������� �
 

 ���	 cP*( 
	 z1�4 �H�� �� �� 58���I 46  ).�


H�� ����  ��� � 2(�A��K. 10 � 20 ������� �
  �� 58

��� z1�4  ���I ��� <�K1�! cP*( 
	35  � ��� ).�


18  .
�3 
���� ).�
 ��8

�� �	�3h� �	@�( 
	 ��!

 �H�� ������(
0 ��8����� -3 7A�� 
	 2PS � -��� <��.

)A V�_(. ��(
 C��8 �
� �	)[( 100  �� 58 �
 �������

�! cP*( 
	 �K'/ cP*( 
	 J�!� � � 2{��� <�K'/ ��

�S�3 ��! �
 .)A �
�K !	 J�!� � <�K1�! �H�� �� �)��(

-3h� 2(�A ^�! <��.-�I�( �	) 3	 �
 ��! -d*� ��


435  



	7A�� B���� �= � ��� � �H�� �� �3 
�5��� -�	
 7�K�� ��)*�                 � /<NF <�[�[:J8

	�
 ���
/  ����A����W/ �� '(
 1140 

-�I�() 21  �

 s��[(�h� � (f��) ��! @�� ���
 �


-�I�( -S�! o��A -�I�() �8
31  �

 s��[(� (f��)

-��3 -3.)A �
	
 �8 � V�_( ��8����� -3 |�3�( ��

-3 ����(
0^�4 <��.-��3 -3 
�3��� C�)3 .)A �
	
 �8

 �
 T0 �
�� -/�U	) )A 2I T0 �
 ��� <�K1�! ���6*(

 7��K� ��� <�K1�! �)A 2I �	�3 ��*� -� 
�3 �)I

3 %��:( � ()*�--d*� -�I�( M!	�	 �
 �)(0 7!
 -3 ��


<�� -3 �
��� ����30 T0�3 .)A -/�U	 �8 
	 ������> �	

<�� -3 ��� <�K1�! ���I T0 `�K� h� 
	 �V	�\	 ��8

 .)A �
�K !	 <�� �8 V�\ �
 �
 �5� !N� }/�:(  

 ��
 2PS %�! @���� �
 ?��(
0 �	�>	 2:( C�(


 .7A	
 �	�S ?�0 �
 �� '3�� %�\ �
 � 
�3 �)*� 7��

-�I�( �
 f{! � )A ��d�	 ����30 	) 3	 �C�(
 -��� �	�3 

�����
�(0 2I	�( .)A �

 JnA C80��� �3 �� �)Q3 �
�!

-1�( �J8 �3 
��� h'�
 �
 2(�A C�(
���  �)*3
�( �

 2(�A <�� �8 .
�310 �-3 7A�� m�
�
 %�\  � � ( �3

 7A�� |�;4 -�.�/20 � ��!-�.�/ .
�3 � ( ^��3 C�3 �8

�
 � ( �
 @��  .)A - /�� �6�m�� �
 
�>�( 
�8 ��8

<���
 �8 -3 )A� ���
 %�\%� *� � !
 C�>� <��. � 

 ����30 @�� -��@(��� 
��� -3 ->�� �3 O!�*( ��(
 �
 �

A ��d�	.)  �
�K !	 
��( �)*� JS� JS� �?��(
0 C�	 �


 �	��W�3��t�� 
	 -� 
�( �0 ��8!�
�
 -3 �	���  �

�(
 -3 2�:��8� .
�� ���A	 L�3 ���E3 7A @��  R�� �


5 -3 � ��!� (  J�	�� �3400  c3�( � ( �
 -��3 ��d�	)A .  

  
  

 

 25A1-  �)*� 7A	
�3 ��(
 � L�3 ��8�(
 o�S� ��(
 ��(
 C�����( �	��W JS���(
 �	�3 �
 7A�� m� n( ��8! ��	�
 %�98-1397  
Figure 1. Mean temperature, occurring time of late season high temperature, and harvesting time of wheat cv. 

Chamran for different planting dates in 2018-19. At the time of the occurrence of critical temperature (30°C), 

wheat was in the developmental stages of grain filling, anthesis, and spike completion on the first, second, and 

third planting dates, respectively. *, ** and *** indicates harvesting time for first, second, and third planting dates, 

respectively.  
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Table 1. Analysis of variance of the effects of planting date, nitrogen and zinc on grain yield and yield components, growth period and grain quality of wheat  

Source of variation df 
Mean square† 

GW GY GM PC GFR GFD DPA DAM ZC PY PAR GDD(PA) GDD(AM) 

Replication 3 9.62ns 477306ns 610821304ns 6.46ns 0.012ns 2.63ns 1.38ns 2.89ns 0.028ns 24831ns 17.9ns 87.1** 128** 

Planting date (Pd) 2 955** 68724671** 624203230ns 54.5** 0.186** 3508** 1688** 3781** 0.093ns 1419247** 182** 278568** 804671** 

Error 6 7.5 1259502 339891878 2.79 0.007 15.6 9.05 13.1 0.024 13484 10.1 0.396 2.53 

Nitrogen (N) 3 29.2* 26249190** 115569064** 39.5** 0.162** 11.03* 16.4** 11.6* 1.22** 126257** 66.6** 5469** 3407** 

Pd×N 6 35.7** 575451ns 28660952ns 4.39ns 0.106** 9.98* 5.81* 7.99ns 0.030ns 14193ns 8.47ns 1053** 19690** 

Error 27 9.35 942921 20435597 2.7 0.010 3.49 1.85 3.92 0.018 15776 11.03 0.118 2.82 

Zinc (Z) 2 25.9** 456319** 218666ns 25.8** 0.413** 11.02** 6.69** 21.6** 0.147** 12075ns 6.001ns 326** 9393** 

Pd×Z 4 5.62ns 2068697* 1667631ns 4.62** 0.315** 7.38** 11.79** 26.19** 0.035** 33599** 16.7* 1425** 9044** 

N×Z 6 8.09* 1941699* 7524958ns 8.06** 0.057** 11.8** 7.50** 13.2** 0.004ns 58977** 29.6** 438** 4527** 

Pd×N×Z 12 12.5** 2008442** 9150494ns 3.97** 0.147** 15.6** 6.54** 14.9** 0.025** 54121** 29.4** 645** 5236** 

Error 72 3.33 746677 6898769 0.602 0.009 1.33 0.556 1.255 0.009 9330 5.449 0.113 2.82 

CV (%)  4.57 17.71 20.97 7.59 8.88 2.86 0.82 2.79 6.10 19.24 19.15 2.4 1.7 
ns, * and ** Not-significant and significant at 5% and 1% probability levels, respectively. 
† GW, grain weight; GY, grain yield; GM, grain number per unit area; PC, grain protein content; GFS, grain filling rate; GFL, grain filling duration; DPA, days from planting to 

anthesis; DAM, days from anthesis to maturation; ZC, grain zinc content; PY, protein yield; PAR, protein accumulation rate; GDD(PA), growth degree day from planting to 

anthesis; GDD(AM), growth degree day from anthesis to maturation. 
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Table 2. Comparison of mean of the effects of planting date, nitrogen and zinc on grain yield and yield 

components, grain filling duration, and grain filling rate of wheat  

PD† N Z 
1000-GW 

(g) 

GY 

(kg.ha-1) 

DPA 

(day) 

DAM 

(day) 

GDA 

(PA) 

GDD 

(AM) 

GFR 

(mg.day-1) 

GFD 

(day) 

PD1 N1 Z1 42.7c-g 4275f-m 92.8ab 51.5a 1493i 1178a 0.900j 51.0a 

PD1 N1 Z2 43.3cde 5382c-i 92.8ab 50.0a 1493i 1166d 0.900j 50.0a 

PD1 N1 Z3 42.4c-g 4776e-l 92.5ab 49.3a 1489j 1148g 0.900j 49.3ab 

PD1 N2 Z1 44.2bcd 5249c-j 94.0ab 49.5a 1533h 1154f 1.03e-j 48.0b 

PD1 N2 Z2 45.7bc 7486a 94.0ab 49.5a 1533h 1154f 1.0f-j 49.5ab 

PD1 N2 Z3 45.2bc 7082abc 94.0ab 49.5a 1532h 1154f 0.950hij 49.5ab 

PD1 N3 Z1 43.4cde 5719a-h 94.0ab 49.5a 1533h 1154f 0.925ij 49.5ab 

PD1 N3 Z2 49.4a 6480a-e 94.0ab 50.3a 1533h 1169c 0.975ghij 50.3ab 

PD1 N3 Z3 50.8a 7312ab 94.0ab 50.3a 1533h 1169c 1.05e-j 50.25ab 

PD1 N4 Z1 42.9cdef 6705ad 94.3ab 50.8a 1535g 1171b 0.900ij 50.75a 

PD1 N4 Z2 42.9c-g 5550b-h 94.3ab 50.0a 1535g 1164e 0.925ij 50.0ab 

PD1 N4 Z3 42.1c-h 7335ab 94.3ab 50.0a 1535g 1164e 1.0f-j 50.0ab 

Mean   44.7 6113 93.8 50.0 1533 1154 0.955 46.1 

PD2 N1 Z1 41.1d-i 3820h-m 94.3ab 36.75cde 1573e 964n 1.15c-h 36.75cdef 

PD2 N1 Z2 40.2e-k 3014lmn 93.5ab 38.25bc 1563f 975k 1.13c-i 38.3c 

PD2 N1 Z3 41.1d-i 3461i-m 94.3ab 36.8cde 1573e 965m 1.20b-f 36.8cdef 

PD2 N2 Z1 38.1i-o 4155g-m 94.0ab 37.8bcd 1573e 959o 1.18b-g 37.8cd 

PD2 N2 Z2 38.8g-m 5608b-h 93.5ab 37.5bcd 1563f 964n 1.15c-h 37.5cd 

PD2 N2 Z3 39.1f-l 5033d-k 94.0ab 39.3b 1574d 992h 1.10d-j 39.3c 

PD2 N3 Z1 38.4h-m 5377c-i 94.3ab 37.5bcd 1581c 964n 1.2b-f 37.5cd 

PD2 N3 Z2 40.6d-j 5354c-i 93.5ab 37.5bcd 1563f 964n 1.13c-i 37.0de 

PD2 N3 Z3 39.5e-l 4947d-l 94.3ab 37.5bcd 1580c 964n 1.13c-i 38.0c 

PD2 N4 Z1 38.5h-n 4810d-l 95.0a 39.0bc 1593a 989i 1.13c-i 39.0c 

PD2 N4 Z2 36.9j-p 4920d-l 94.8a 37.8bcd 1591b 967l 1.1d-j 37.8cd 

PD2 N4 Z3 38.2i-o 6181a-f 93.5ab 39.0bc 1564f 989i 1.08d-j 39.0c 

Mean   39.2 4723 94.1 37.9 1753 989 1.12 37.9 

PD3 N1 Z1 32.9p 1531n 76.3d 24.8i 1363q 765x 0.575k 24.8h 

PD3 N1 Z2 38.1i-o 2004mn 84.5c 33.5fg 1433m 927t 1.28bcd 33.5g 

PD3 N1 Z3 38.4h-n 3417jklm 84.0c 35.5def 1423p 982j 1.175b-g 35.5defg 

PD3 N2 Z1 34.6nop 4818d-l 84.0c 27.8h 1423p 825w 0.925ij 34.8efg 

PD3 N2 Z2 36.9j-p 3149k-n 84.3c 33.5fg 1430n 927t 1.2b-f 33.5g 

PD3 N2 Z3 36.4k-p 3898g-m 84.0c 34.5efg 1423p 946p 1.25bcd 34.5fg 

PD3 N3 Z1 36.3k-p 4569e-m 84.3c 34.25fg 1430n 941r 0.975ghij 34.0g 

PD3 N3 Z2 35.5l-p 3834h-m 85.0c 33.3fg 1445k 919v 1.375a 33.3g 

PD3 N3 Z3 34.2op 4606e-m 84.5c 34.75efg 1424o 943q 1.1d-j 34.8efg 

PD3 N4 Z1 36.1l-p 4147g-m 84.0c 34.5efg 1423p 947p 1.0f-j 34.5fg 

PD3 N4 Z2 34.9m-p 3373j-m 84.5c 33.25fg 1344m 932s 1.23b-e 33.25g 

PD3 N4 Z3 36.5k-p 4529f-m 84.8c 33.0g 1441l 925u 1.33bc 33.0g 

Mean   35.9 3656 83.7 32.7 1423 915 1.14 33.3 

Means followed by similar letter in each columns are not significantly different based on Duncan’s multiple range test. 
† PD, planting date; PD1, PD2, and PD3, first, second, and third planting dates (Nov. 22, Dec. 11, and Dec. 31), 

respectively; N1, N2, N3, and N4, 0.0, 75, 150, and 225 kg.ha-1 nitrogen; Z1, Z2, and Z3, 0.0, 10, and 20 kg.ha-1 zinc, 

respectively; 1000-GW, 1000-grain weight; GY, grain yield; DPA, days from planting to anthesis; DAM, days from 

anthesis to maturation; GFS, grain filling rate; GFD, grain filling duration; GDD(PA), growth degree day from 

planting to anthesis; GDD(AM), growth degree day from anthesis to maturation. 
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Figure 2. Comparison of grain number per unit are (m2) of wheat cv. Chamran affected by nitrogen levels 

(kg.ha-1). Treatments followed by at least one letter are not significantly (P≤0.01) different based on Duncan’s 

multiple range test. 
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Table 3. Comparison of means of the effects of planting date, nitrogen and zinc on grain quality of wheat  

PD N Z 
PC 

(%) 

PY 

(kg ha-1) 

PAR 

(kg ha-1 day-1) 

ZC 

(mg kg-1) 

PD1 N1 Z1 7.1kl 607b-g 11.9b-g 1.122n 

PD1 N1 Z2 7.58jkl 712bcd 14.3b-e 1.335i-m 

PD1 N1 Z3 10.6c-h 410g-m 8.2fgh 1.235mn 

PD1 N2 Z1 7.53jkl 702bcde 14.6bcd 1.455g-l 

PD1 N2 Z2 7.45jkl 1004a 20.3a 1.335im 

PD1 N2 Z3 10.2d-h 635b-f 12.8b-g 1.465f-k 

PD1 N3 Z1 9.35ghi 618b-g 12.48b-g 1.482e-j 

PD1 N3 Z2 8.8hij 741bc 14.8bcd 1.563d-h 

PD1 N3 Z3 9.25ghi 788b 15.7abc 1.673a-f 

PD1 N4 Z1 10.1fghi 681bcde 13.4b-f 1.635b-g 

PD1 N4 Z2 10.45c-h 538c-k 10.7c-h 1.743a-d 

PD1 N4 Z3 10.3d-h 709bcde 14.8b-e 1.810abc 

Mean   9.06 679 13.6 1.61 

PD2 N1 Z1 6.6l 578b-i 15.75abc 1.253lmn 

PD2 N1 Z2 8.5ijk 350j-n 9.16efgh 1.473f-j 

PD2 N1 Z3 11.7a-f 292lmn 7.86gh 1.402h-m 

PD2 N2 Z1 9.4ghi 446f-m 11.8b-g 1.402h-m 

PD2 N2 Z2 8.9hij 640b-f 16.8ab 1.6d-h 

PD2 N2 Z3 10.5c-h 497e-l 12.7b-g 1.483e-j 

PD2 N3 Z1 10.4c-h 518d-k 13.9bcde 1.560d-h 

PD2 N3 Z2 9.3ghi 592b-h 14.9bcd 1.685a-e 

PD2 N3 Z3 10.2efgh 552c-j 14.6bcd 1.572d-h 

PD2 N4 Z1 11.8a-f 497e-l 12.8b-g 1.625b-g 

PD2 N4 Z2 12.1abc 410g-m 10.8c-h 1.832ab 

PD2 N4 Z3 11.9a-e 522d-k 13.4b-f 1.852a 

Mean   10.04 491 12.97 1.562 

PD3 N1 Z1 10.7b-g 146n 5.83h 1.252j-n 

PD3 N1 Z2 8.5ijk 363i-m 10.7c-h 1.393i-m 

PD3 N1 Z3 9.35ghi 386h-m 11.0c-g 1.265k-n 

PD3 N2 Z1 10.4c-h 465f-m 13.5b-f 1.500e-i 

PD3 N2 Z2 10.7b-g 300lmn 8.98e-h 1.673a-f 

PD3 N2 Z3 12.2ab 323klmn 9.28e-h 1.620c-g 

PD3 N3 Z1 12.35ab 372i-m 10.9c-h 1.653d-h 

PD3 N3 Z2 12.7a 303lmn 9.15efgh 1.665a-g 

PD3 N3 Z3 12.0abcd 382h-m 11.5c-g 1.692a-e 

PD3 N4 Z1 12.4ab 339k-n 9.78d-g 1.455e-j 

PD3 N4 Z2 12.2ab 280mn 8.4fgh 1.760a-d 

PD3 N4 Z3 12.6a 365i-m 11.0c-g 1.652a-g 

Mean   11.34 335 9.96 1.566 

Means followed by similar letter in each columns are not significantly different based on Duncan’s multiple range test. 
† PD, planting date; PD1, PD2, and PD3, first, second, and third planting dates (Nov. 22, Dec. 11, and Dec. 31), 

respectively; N1, N2, N3, and N4, 0.0, 75, 150, and 225 kg.ha-1 nitrogen; Z1, Z2, and Z3, 0.0, 10, and 20 kg.ha-1 zinc, 

respectively; PC, grain protein content; PY, protein yield; PAR, protein accumulation rate; ZC, grain zinc content.  
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