
Cereal Research 

Vol. 12, No. 4, Winter 2023 (349-366) 

doi: 10.22124/CR.2023.24668.1771 

pISSN: 2252-0163     eISSN: 2538-6115 

 

RESEARCH  PAPER                                                                                                 OPEN  ACCESS 

 

Effect of planting date and nitrogen and zinc fertilizers on phenological traits, 

and grain yield and quality of bread wheat in Ahvaz climatic conditions 
 

Hamdollah Eskandari1, Seyed Nader Mosavian2* and Kamyar Kazemi3 

 

1. Associate Professor, Department of Agriculture, Payam-e- Noor University, Tehran, Iran  

2. Assistant Professor, Departmrnt of Agriculture, Payam-e- Noor University, Tehran, Iran (*
 Corresponding 

author: mosaviyan@pnu.ac.ir) 

3. Assistant Professor, Departmrnt of Agriculture, Payam-e- Noor University, Tehran, Iran 

 

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.  
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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.  

  

 

���
 %�\ -W �8 -� 7!	 �)A q�	@�  -�	
 �)A ��

?�3?�3 7.�/ �)A�3 �� �@ *!� / 
	�( %�[ �	 �	�3 ���

C��*! �0 -d� � -� 
�	
 
�>� -�	
 -3 ?�	@/	) �)A ��

�( -�	
 (��) )A�3Mohammadjanlou et al., 

2021� G��3 ��(�� ��	 �C�	�3�*3 .(���
 %�\ ?8�  ��

-3 �
�A -�	
 �)A�
 � -�	
 �� �3 J�[ '(��F ��\  7����

 �3-3 .7A	
 )8	�4 �K*( �=	 -�	
 
�5����( �6� )!� -�

-3 7A�� �
 ��4����L�\ �)A ->	�( 2�1
 �3 ���� ��

���
 %�\ ?8�� G��3 
�� ��8�(
 �( -�	
 �)A ��
�A� 

��
���� 
	�( ?8�� �3 �(�� 	� �	�S -�	
 ��� 4	 �
 -� �	

�(���
 �3 �K*( �=	 �
���  
�	
 -�	
 �)A ��

)Mirosavljevic et al., 2021 �@�� ?8�t� C�	 �
 .(

7��?�3 <)( -� )A G��3 ���4�� ��8 -�I�( 	 ���

�
�� 	 )Q3 ��	�:3 ��(
 	 ��L�3 ��8�(
 �
 �)*� ����/	

613  



                                                     �	��5�8 � ��)*5!	                   �NF <�[�[: /<J8
	�
 ���
/  ����A����W/ �� ! 1401 

 	 ��L�3 ��(
 �*Q� �)*�30  ->�
�!s��' )Prasad 

et al., 2017 �	�S ( 25A) 
���1����� -3 �d*( -� ( ��

���
 %�\ �)A  7���� �
 � -�	
 �� ?8�� �-�	
 �)A ��

-3 .)A �)*� -�	
 
�5��� �
 �)A 
�d�	 ��4�� ���� ��\

B���� �
 �)*� 7����8  7A��20 �`0��(  �10 �
��( �

-3���
 %�\ �)A ->	�( 2�1
 
 �)A �� L�3 ��8�(
 �3 -�	

 C�	 -� )A �	��W JS� �)*� -�	
 
�5��� ?8�� G��3

) C�[[:( ���! <�A�	@� �3 o�U�(Asseng et al., 

2015 ?8�� �3 �*P( (6  -3 �)*� -�	
 
�5��� �).�


 ->�
 �8 �		s��'�!  ?�	@/	7A	
 7[3�;( 	�8 ��(
 .  

     ���
 %�\ �
 L�3 ��8�(
 <	�=	 	 �5� 	 )Q3 

�
�� �	@�( �0 �\ -� 7!	 ���� c��'� ��)*� �
 ����/	

�( )�)A 7/	 ��W
 -�	
 -3 �)�!� �
���� 
	�( 
�A

)Ristic et al., 2007 �	� 3 -l��*W �s�!	 C�	 �3 .(


	
 ?8�� 	� ���� 7��!� �( �0 �K*( <	�=	 �	�� 	� �3

 @�� -�	
 
�5���?8�� 
	
. �d�0 	��  ]N.	 ��S�	 �
 -�

)A 7!	 �
�� 	)�� 
�P�3 �H�� �� J'�1�3� ( 9;! ��

)Kitonyo et al., 2017�( �
�S ��S�	 C�	  '8 �H�� �� )*

 V�\ 	 .)*8
 �	�S �
�K !	 
��( L�3 ��0��� �3 	� � /���


 ��8��� �H�1�*/ �3 �(
 -� 7!	 �)A q�	@� ����
 �=�(

�7!	 -3�0 �
 ���� -� ���8�(
 C�����( -W �8 -� ���\ 

�( �	�S���
 ���� �)A�3 ��L�3 
��� c��! 	� 
�4 )A� ��

�( �\) )*�Liu et al., 2013 �� o�U�( C�	 7��8	 .(

����� -� 7!�> �0���
 �)A �� -3 ��)�!� ��4�� 2�1


 �
 c��'� �3 ��0 	 �A�� �L�3 ��8�(
 ��3 � 7A�� �


�)A - '�	
 MP��( @�� �8)�� 	 2PS 2I	�( �
 ���  7!	

)Cossani and Sadras, 2021 |�P��	 �3 o�U�( C�	 .(

 )���� -�	
 
�5��� � �H�1�*/ 2I	�( �
�� �\ ��(
 C�3

) 
�	
Thistlethwaite et al., 2020 .( e�� � C�	 C�[[:(

- /�� �37A	
 ��	�n�8 �U�I ?8�t� ��8� -3���\  -�

J� ��U�I ?8�t� �
���
 %�\ C���  )A� �� 7A�� 	

���
 ����/	� �
�� 	 � ��)�!� �� ����/	@�� J� C���

) 7A�� B���� C�(�! �
 7A�� �3 �)*� -�	
 
�5���10 

-3 (�
 -d� � -� )A �N�	 ���
 �[�[:� �
 .)(0 7!


��7A cP� -3 � �)*� �H�1�*/ 2I	�( ?8�� ����4�� ��8

) 7!	 -�	
 
�5��� ?8�� �0Ullah et al., 2020 �3 -� (

- /�� �U�I R�[:� ��87A	
 7[3�;( .  

e�� � -� 
	
 ���� ���
 %�\ C�3 s�5Q( -;3	� h� 


�	
 
�>� -�	
 C�&���� ).�
 �3 -�	
 �� � -�	
 �)A ��� 

-3-� ���\ ���
 %�\ -W �8 ?�3 -�	
 �)A �� �)A�3 ��

C��*! -�	
?�3 -�	
 �	@8 ��) �� C�&���� �	� :( � (��

J� �0
�3 )8	�4 ��C�	 �3 .-3 �%�I�( �6� -W �8 -� )!�

?�3 7��! �3 -�	
 @�� �0 C�&���� ).�
 �
�A �� ���

?�3�( 7���� �
 .7!	 ��-�	
 -� 7/�� -d� � �	�� ��8

hP!?�3 C�&���� �	� :( ��� -� ��(�� �8 � )��	
 ���

 C�&���� �	� :( ?8�� -3 �
�A -�	
 �� ?�	@/	 G��3

�( -�	
�
 .)(�d�	  �(
 
��( C�	�\  	 -�	
 �)A �� ���


7!	 �	
��4�3 �
�� 7��8	� � �	@�( �L�3 ��8�(
 �
 	�

�( ?8�� -�	
 �
 - !��� c�d�3��) )Shimoyanagi et 

al., 2021 (�  �0 cP� -3�	� :( ?�3 -�	
 C�&���� ��

�(7�� -� �d�0 	 ��U�I ?8�t� �
 .
�A ����4�� ��8

�\ ���
 �
����/	-3 ��)�!� �� ��?�3 <)( �
 ���

 	 ��L�3 ��8�(
 y�Q(30 ->�
 !s��'�  )* A	
 �	�S

 25A)1(� -�	
 C�&���� ).�
 �0 �
 ��L�3 @�� �8�3 


 %�)>)3 
�)I -� �d�0 	 .(80  -�	
 C�&���� 	 ).�


 ��	���� 7�K�� �3 MP��( ��.	 C�&����) C���� 	� �)*�

�( 2�5�� (�)*� 
�0 )8
)Schmid et al., 2016 (

�)*� -� 7/�� -d� � �	� 3 )��A7�� �
 -� ���8 ��8

3) ���4��- 7A�� B���� �t��10 -3 (�
�( 7!
 	 )*�0

)* '8 �	
��4�3 ���L�3 ��	���� 7�K���  	 -� �d�0 	 �1�

�)*�J� -�	
 �	@8 �� �	�	
) ���FL -�	
 �3 ���8 
�0 (��

J�-3 @�� ����( 7!
) )�0Fernie et al., 2022(�  �3

�)*� ����3 
��( �
 � �3 <���S �	�3 �s�!	 C�	 ��8

B���� �
 �)A )�1����8  �6� 	 ���4�� 7A�� 7�.�4

?�3 <�[�[:� -3 ���	���� .7!	 ��� ���  

-3 ��H�� ��J�( �	�*� �;�:( 2(�� C��� �=�( �3

 �)*� -�	
 C�&���� �	� :( �)A �/�Q() 7!	Abedi et 

al., 2011�U�I R�[:� �
 .(�  �H�� �� 
�3���O>�( 

 
�)I ?�	@/	29  ?�	@/	) -�	
 C�&���� �	� :( �).�


 	 C�&���� �	� :(95/8  -3 ).�
54/11 -3 ).�
 O����

 V�_( �3 �K. �225 (�H�� �� �� 58 �
 ������� )A.  �


?�	@/	 �3 �H�� �� 
�� 
�3��� 7Pu( �=	 �m� n( <�[�[:� 

) 7!	 �)A q�	@� �)*� -�	
 C�&���� ).�
Landolfi 

et al., 2021; Rakhimova et al., 2021(�  7�� ��0 

 -*�(0 ��8)�!	 )�1�� �	�3 �H�� �� ��8	�/ ?�	@/	 -3

) 7!	 �)A �
	
 7P'�Yang et al., 2022C�	 �3 .( �%�I

 7�K�� �3 �H�� �� 
�� 
�3��� ��0 -� %	�! C�	 -3 B!��

C�&����  -*�(0 ��8)�!	 )�1�� �3 ��=�� R��\ 	 �)*� -�	


 @�� ����U�=�( ��� �7!	)*( ?�3 <�[�[:���� 7!	 �3 .

C�	 C�&���� )�1�� -� 
	
 �	�S �6�)( 	� - 5� C�	 )��3 �%�I

623  



7A�� B���� �=	�  ��� � �H�� �� �3 
�5��� -�	
 7�K�� ��)*�                 � /<NF <�[�[:J8
	�
 ���
/  ����A����W/ �� '( 1140 

M[/ 7'�� - '3	� -�	
 C�&���� ).�
 -3-5�3 �  
�5���

 (�� 58 �
 �������) C�&���� - '3	��&���� ).�
 -3 -�	
 C

�( 9;! )I	� �
 -�	
 
�5��� � C�	 �
 -� �d�0 	 .)A�3

?�3 -� ���8����� �?8�t� 	� C�&���� 
�5��� C���

�)* A	
 	�	
� J�)�
�3 -�	
 C�&���� ).�
 C���  %�)>)

3(�( � ��	��W JS� ��� �)*� �
 -� 7/�� -d� � �	��

?�3 C�&���� 
�5��� �3 -�	
 
�5��� ��=���
 	 �� ).

 -�	
 C�&����7!	 -�	
 C�&���� ).�
 -� �;�	�A �
 .

?�3J� 7��! �3 C�&���� �
�3 �� �
�� 	)�� c�d� ���

 %�)>) 7!	3.(  

 7'�	�� ��*� -� ��� ��	EF �_*� 	 �
�K !	 ��

 -�	
 
�5��� 
�P�3 G��3 �
�)I7�� �
 ���4�� ��8

�&���� �	@�( ?�	@/	 G��3 ��� 	 �
�K !	 -5�3 �
�A C

 R��\ C�	 	 � )A -�	
�( )�	�� �d*( 7�K�� 
�P�3 -3

7�1�Q/ -� 7!	 �)A q�	@� .
�A -�	
 -�	
 ���@�0 ��8

?�3 ��� ��8	�/ �3 �2�5�� %�I �
�( �� �d*( -� 
�A

?�3 )�1�� -3�( -�	
 C�&���� ��) 
�ATao et al., 

2018C�	 �3 .(&���� �3 ��� ��=�� -5*�	 -3 ->�� �3 �%�I C�

?�3 -�	
C�&���� ).�
 ?�	@/	 �
 �� �*������F ��8

 C�(����� J�@�0 7�1�Q/ ?�	@/	 R��\ 	 C�(����� ��6�)

) 7!	 (�  *!Liu et al., 2015(� -3�( �6� )!� -�

-�Ev� q�	 ��� V�_( �3 �)*� -�	
 (��	���� -� �) �	

�( 
�P�3 TE> ���� 
�3��� �3 -� 7!	 �)A q�	@� .)3��

��( 
�P�3 ���� M!�� �H�� �) )3��Montoya et al., 

2020�( �(	 C�	 � ( -d� � �
 � �H�� �� �	� :( �3 )�	��

 -�	
 C�&���� �)*�.)A�3 �=�(  

  

)N��4%</ 5-�9  

 -� 
	
 ���� ?��(0 C�	 e�� � 7A�� �
 ��4��

 O>�(���
 c��'� -�	
 �)A ��  .)A �	��W JS� �)*� �



 ��4�� �C�*l�8�7A�� �  ?�	@/	 	� -�	
 C�&���� ).�



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

�( ���� o�U�( )8
 -� �
 �������) C�&���� 
�5���

)A�3 - '3	� -�	
 C�&���� ).�
 -3 -5�0 	 ?�3 (�� 58�  -3

 -�	
 
�5���7!	 - '3	� .->	�( 	 ������> �	�3 �)A 

�3 ��8�(
 �3 �)*� L�\ ���
  7!	 � �3 �-�	
 �)A ��

 �
�A ��d�	 (��(�`0 %�	) ��
� 7���(	 7�� �
 ��8

 	 �
�K !	 ���4��150  � �H�� �� �� 58 �
 �������10 

�( ��� �� 58 �
 ������� �K*( <	�=	 �
�)I �� )�	��

�( �
 L�3 ��(
	 2If� �
�� 	*� �	�P> 	� ����/	 .)  

H?�8� ��R	  

 �)*'���)���� (���) �(�F �
 R�[:� C�	 -� )**� T�

�( -� �1�( �� ���d� M3	�� -��� �8-3 )�	��� �	�*� 
��

.7!	 �)A ��d�	 �
�A ��PQ� ��[1�3 c/�*(  

S�T� .1�=� -&4 ��  

���)*') ����( �N�	 (� -� )**�[( C�	 q���� �
 -1�

-3��\ 2(�� 	 �N4	 ��� 	 -��> 7S�! ��3
	 ��!  /���� 

2Q> �
	
�� � �8 %�!�	 � ��� �	 �-����
 �
�� ����� .)�	

 -1�[( C�	 C�*l�8h� 2.�I ��� ���[�[:� 2�.	 �
�3 � 

��*� �� -3��8 -3 2(�� ��\ � -���� ��8 �
 � ���3 �

��W �����8 � �� *( �)�� � ��8 �(	)S	 @�� �	�3 �� �	� 

�0 �
 ��8 �����8 �� -���� - /��� <��. � 	�n�)8 

.7/��  

��&�4� 
��I� )*���  

���)*') ����( �3  ��W-1�[( C�	 -3 �!� !
 <��. 

�3 (�� 7[/	��
 � %�)> �	� :( 	 �
�K !	 ��[I -��� ��8

25A�( �	E�	� �A�� -3 	� ���F � �8���_� ��8.)**�  

  
 

References 

Abedi, T., Alemzadeh, A. and Kazemeini, S.A.R. 2011. Wheat yield and grain protein response to 

nitrogen amount and timing. Australian Journal of Crop Science, 5(3), pp. 330-336. 

Amiri, A., Tohidi Nejad, E., Javaheri, A.M. and Mohammadi Nejad, Q. 2010. Study the effect of 

planting time, cultivar and azetobacter on wheat yield at Bardsir region. Journal of Crops 

Improvement, 12, pp. 11-19. [In Persian]. 

Asseng, S., Ewert, F., Martre, P., Rötter, R.P., Lobell, D.B., Cammarano, D., Kimball, B.A., 

Ottman, M.J., Wall, G.W., White, J.W., Reynolds, M.P., Alderman, P.D., Prasad, P.V.V., 

Aggarval, P.K., Anotai, J., Basso, B., Biernath, C., Challinor, A.J., De Sanctis, G., Doltra, J., 

Fereres, E., Garcia-Vila, M., Gayler, S., Hoogenboom, G., Hunt, L.A., Izaurralde, R.C., 

Jabloun, M., Jones, C.D., Kersebaum, K.C., Koehler, A.-K., Müller, C., Naresh Kumar, S., 

633  



                                                     �	��5�8 � ��)*5!	                   � /<NF <�[�[:J8
	�
 ���
/  ����A����W/ �� ! 1401 

Nendel, C., O’Leary, G., Olesen, J.E., Palosuo, T., Priesack, E., Eyshi Rezaei, E., Ruane, A.C., 

Semenov, M.A., Shcherbak, I., Stöckle, C., Stratonovitch, P., Streck, T., Supit, I., Tao, F., 
Thorburn, P.J., Waha, K., Wang, E., Wallach, D., Wolf, J., Zhao, Z. and Zhu, Y. 2015. Rising 

temperatures reduce global wheat production. Nature Climate Change, 5(2), pp. 143-147. 

https://doi.org/10.1038/nclimate2470. 

Baygi, Z., Saifzadeh, S., Shirani-Rad, A.H., Valadabad, S.V. and Jafarinejad, A. 2017. 
Investigating the effects of sowing date on growth indices and yield and yield components of spring 

wheat cultivars in Neyshabour. Applied Field Crops Research, 30(2), pp. 1-18. [In Persian].  

https://doi.org/10.22092/AJ.2018.109088.1113. 

Chowdhury, A.P., Biswas, M., Mandal, P., Tithi, B.B. and Kadir, M. 2018. Effect of nitrogen and 

zinc fertilization levels on growth and yield of late sown wheat. Scholars Bulletin, 4, pp. 416-423. 

https://doi.org/10.21276/sb.2018.4.5.6. 

Cossani, C.M. and Sadras, V.O. 2021. Nitrogen and water supply modulate the effect of elevated 

temperature on wheat yield. European Journal of Agronomy, 124, 126227. 

https://doi.org/10.1016/j.eja.2020.126227. 

Elia, M., Slafer, G.A. and Savin, R. 2018. Yield and grain weight responses to post-anthesis 

increases in maximum temperature under field grown wheat as modified by nitrogen supply. Field 

Crops Research, 221, pp. 228–237. https://doi.org/10.1016/j.fcr.2018.02.030. 

Fernie, E., Tan, D.K.Y., Liu, S.Y., Ullah, N. and Khoddami, M. 2022. Post anthesis heat influences 

grain yield, physical and nutritional quality in wheat: A review. Agriculture, 12(6), 886. 

https://doi.org/10.3390/agriculture12060886. 

Gholami, A., Jafarinezhad, A.R., Attar, M. and Sayyad, G.A. 2011. Studying the changes in the 

concentration of iron and zinc elements in wheat cultivated soils in the north of Khuzestan 

province. Proceedings of the 12th Soil Science Congress of Iran. September 3-5, 2011, Tabriz, Iran. 

[In Persian]. 

Kalateh Arabi, M.,  Sheikh, F., Soqi, H. and Hivehchie, J. 2011. Effects of sowing date on grain 

yield and its components of two bread wheat (Triticum aestivum L.) cultivars in Gorgan in Iran. 

Seed and Plant Production, 27(3), pp. 285-296. [In Persian]. 

https://doi.org/10.22092/SPPJ.2017.110438. 

Kitonyo, O.M., Sadras, V.O., Zhou, Y. and Denton, M.D. 2017. Evaluation of historic Australian 

wheat varieties reveals increased grain yield and changes in senescence patterns but limited 

adaptation to tillage systems. Field Crops Research, 206, pp. 65-73. 

https://doi.org/10.1016/j.fcr.2017.02.017. 

Landolfi, V., D’Auria, G., Adalgisa Nicilai, M., Chiara Nitride, N., Blandino, M. and Ferranti, P. 

2021. The effect of nitrogen fertilization on the expression of protein in wheat and tritordeum 

varieties using a proteomic approach. Food Research International, 148, 110617. 

https://doi.org/10.1016/j.foodres.2021.110617. 

Liu, L., Hu, C., Olesen, J.E., Ju, Z., Yang, P. and Zhang, Y. 2013. Warming and nitrogen 

fertilization effects on winter wheat yields in northern China varied between four years. Field 

Crops Research, 151, pp. 56-64. https://doi.org/10.1016/j.fcr.2013.07.006. 

Liu, H.E., Wang, Q.Y., Rengel, Z. and Zhao, P. 2015. Zinc fertilization alters flour protein 

composition of winter wheat genotypes varying in gluten content. Plant, Soil and Environment, 

61(5), pp. 195-200. https://doi.org/10.17221/817/2014-PSE. 

Lotfali Ayeneh, G.A., Khajezadeh, Y., Jamsi, G.R., Lovaimi, N., Absalan, S., Javaheri, E., 

Mousavi-Fazl, H., Dadrezaie, S.T., Lakzadeh, I., Rahnama, A.A., Ghoosheh, M., Shetab 

Boushehri, S.M., Poorazar, R., Eslahi, M.R., Andarzian, B., Dehghan, E., Afzali, M.J., 

Dehghani, A. and Shamsi, H. 2007. Guide to planting and harvesting irrigated wheat in Khuzestan 

province. Khuzestan Agriculture and Natural Resources Research Center, Ahvaz, Iran. [In Persian]. 

Ministry of Agriculure-Jahad. 2021. Agriculture Statistics Book. Vol. 1. Crop Plants. Retrieved June 

01, 2023. from https://www.maj.ir/page-amar/FA/65/form/pId3352. 

Mirosavljević, M., Mikić, S., Zupunski, V., Kondić Spika, A., Trkulja, D., Ottosen, C.-O., Zhou, 
R. and Abdelhakim, L. 2021. Effects of high temperature during anthesis and grain filling on 

physiological characteristics of winter wheat cultivars. Journal of Agronomy and Crop Science, 

207(5), pp. 1-10. https://doi.org/10.1111/jac.12546. 

Modhej, A., Naderi, A. and Siadat, S.A. 2007. Effect of heat stress after anthesis on source limitation 

of wheat and barley cultivars. Journal of Agricultural Sciences, 13(2), pp. 393-403. [In Persian].  

463  



7A�� B���� �=	�  ��� � �H�� �� �3 
�5��� -�	
 7�K�� ��)*�                 � /<NF <�[�[:J8
	�
 ���
/  ����A����W/ �� '( 1140 

Mohammadjanlou, A.M., Seyed-Sharifi, R. and Khomari, S. 2021. Effects of holding irrigation at 

reproductive stages and putrescine and biofertilizers application on grain filling period, chlorophyll 

content and yield of wheat (Triticum aestivum L.). Iranian Journal of Field Crops Research, 19(2), 

pp. 153-167. [In Persian]. https://doi.org/10.22067/JCESC.2021.67402.1000. 

Montoya, M., Vallejo, A., Recio, J., Guardia, G. and Alvarez, J.M. 2020. Zinc–nitrogen interaction 

effect on wheat biofortification and nutrient use efficiency. Journal of Plant Nutrition and Soil 

Science, 183(2), pp. 169-179. https://doi.org/10.1002/jpln.201900339. 

Moshatati, A., Siadat, A., Alami Saeed, K.H. Bakhshandeh, A. and Jalal Kamali, M.R. 2019. The 

effect of terminal heat stress on grain growth and quantitative and qualitative yield of spring bread 

wheat in Ahwaz. Journal of Crop Production and Processing, 8, pp. 45-57. [In Persian]. 

https://doi.org/10.29252/jcpp.8.4.45. 

Naderi, A. 2014. Analysis the effect of planting date on wheat genotypes grain yield by using 

regression methods. Crop Physiology Journal, 20(5), pp. 5-14. [In Persian]. 

http://dorl.net/dop/20.1001.1.2008403.1392.5.20.1.2. 

Poudel, P.B. and Poudel M.R. 2020.  Heat stress effects and tolerance in wheat: A review. Journal of 

Biology and Todday’s World, 9(4), 217. 

Prasad, P.V.V., Bheemanahalli, R. and Jagadish, S.V.K., 2017. Field crops and the fear of heat 

stress-Opportunities, challenges and future directions. Field Crops Research, 200, pp. 114-121. 

https://doi.org/10.1016/j.fcr.2016.09.024. 

Rabbani, B. and Safdary, A.J. 2021. Effect of sowing date and plant density on yield and yield 

components of three maize (Zea mays L.) genotypes in Takhar climatic conditions of Afghanistan. 

Central Asian Journal of Plant Science Innovation, 1(2), pp. 109-120. 

https://doi.org/10.22034/CAJPSI.2021.02.06. 

Rakhimova, O.V., Khramoy, V.K., Sikharulidze, D. and Yudina, I.N. 2021. Influence of nitrogen 

fertilizers on protein productivity of vetch-wheat grain under different water supply conditions. 

Caspian Journal of Environmental Science, 19, pp. 951-956. 

https://doi.org/10.22124/CJES.2021.5273. 

Ristic, Z., Bukovnik, U. and Prasad, P.V. 2007. Correlation between heat stability of thylakoid 

membranes and loss of chlorophyll in winter wheat under heat stress. Crop Science, 47(5), pp. 

2067-2073. https://doi.org/10.2135/cropsci2006.10.0674. 

Sadras, V.O., Hayman, P., Rodriguez, D., Monjardino, M., Bielich, M., Unkovich, M., Mudge, B. 

and Wang, E. 2016. Interactions between water and nitrogen in Australian cropping systems: 

Physiological, agronomic, economic, breeding and modelling perspectives. Crop and Pasture 

Science, 67(10), pp. 1019-1053. https://doi.org/10.1071/CP16027. 

Schmid, M., Wieser, H. and Koehler, P. 2016. Isolation and characterization of high-molecular-

weight (HMW) gliadins from wheat flour. Cereal Chemistry, 93(6), pp. 536-542. 

https://doi.org/10.1094/CCHEM-04-16-0078-R. 

Shiferaw, B., Smale, M., Braun, H.-J., Duveiller, E., Reynolds, M. and Muricho, G. 2013. Crops 

that feed the world 10. Past successes and future challenges to the role played by wheat in global 

food security. Food Security, 5, pp. 291-317. https://doi.org/10.1007/s12571-013-0263-y. 

Shimoyanagi, R., Abu, M. and Shiotsu, F. 2021. Higher temperatures during grain filling affect 

grain chalkiness and rice nutrient contents. Agronomy, 11(7), 1360. 

https://doi.org/10.3390/agronomy11071360. 

Silspour, M. 2007. Determining the critical limit of phosphorus and potassium in soils under wheat 

cultivation in Varamin plain. In: Proceedings of the 10th Soil Science Congress of Iran. Agust, 26-

28, 2007, Tehran, Iran. [In Persian]. 

Tao, Z.-Q., Wang, D.-M., Chang, X.-H., Wang, Y.-J., Yang, Y.-S., Zhao, G-C. 2018. Effects of 

zinc fertilizer and short-term high temperature stress on wheat grain production and wheat flour 

proteins. Journal of Integrative Agriculture, 17(9), pp. 1979-1990.  

https://doi.org/10.1016/S2095-3119(18)61911-2. 

Thistlethwaite, R.J., Tan, D.K.Y., Bokshi, A.I., Ullah, S. and Trethowan, R.M. 2020. A 

phenotyping strategy for evaluating the high-temperature tolerance of wheat. Field Crops 

Research, 255, 107905. https://doi.org/10.1016/j.fcr.2020.107905. 

Ullah, S., Bramley, H., Mahmood, T. and Trethowan, R. 2020. A strategy of ideotype development 

for heat tolerant wheat. Journal of Agronomy and Crop Science, 206(2), pp. 229-241. 

https://doi.org/10.1111/jac.12378. 

563  



                                                     �	��5�8 � ��)*5!	                   �NF <�[�[: /<J8
	�
 ���
/  ����A����W/ �� ! 1401 

Yang, T., Zhou, Q., Wang, Q., Wang, X., Cai, J., Huang, M. and Jiang, D. 2022. Effect of nitrogen 

fertilizer on quality characteristics of wheat with the absence of different individual high-

molecular-weight glutenin subunits (HMW-GSs). International Journal of Molecular Sciences, 

23(4), 2178. https://doi.org/10.3390/ijms23042178. 

Zhang, P.-P., Chen, Y.-L., Wang, C.-Y., Ma, G., Lu, J.-J., Liu, J.-B. and Guo, T.C. 2021. 
Distribution and accumulation of zinc and nitrogen in wheat grain pearling fractions in response to 

foliar zinc and soil nitrogen applications. Journal of Integrative Agriculture, 20(12), pp. 3277-

3288. https://doi.org/10.1016/S2095-3119(20)63491-8. 

Zhao, H., Dai, T., Jiang, D. and Cao, W. 2008. Effects of high temperature on key enzymes involved 

in starch and protein formation in grains of two wheat cultivars. Journal of Agronomy and Crop 

Science, 194(1), pp. 47-54. https://doi.org/10.1111/j.1439-037X.2007.00283.x. 

663  


