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Abstract 
Studies to assess quality of dent maize grain are noteworthy because of its wide use as food, feed and ethanol production. This study aimed to evaluate 
the concentration and composition of starch and oil in maize grain in response to different cultivars (KSC704 and KSC260), planting dates (20 June 

and 21 July), irrigation (12-day and 6-day intervals) and nitrogen (0 and 184 kg N ha-1) rate as the strip-plot factorial statistical model during the 2018 

growing season in Pakdasht county of Iran. The results suggested that nitrogen application increased grain yield by one tonnes ha-1. In addition, 
KSC260 had higher grain yield than KSC704 by 0.96 tonnes ha-1. All compositional variables except stearic acid were affected by the interaction 

effect of irrigation and nitrogen rate. In low irrigated treatments, nitrogen application reduced the amount of oil, palmitic acid, oleic acid, linoleic acid 

and linolenic acid. In low irrigated conditions, nitrogen application had no effect on increasing the concentration of starch and amylopectin. The use of 
nitrogen fertilizer reduced the amount of stearic acid by 0.05 g kg-1. In conclusion, the balance between irrigation and nitrogen utilization seems to be 

important for improving the oil and starch properties of maize grain. 
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F�'R6) ����$ "�����3:� y�:��� (Hanway, 

1966����� .���� ���"�� ( %��:� !0���$ !� !8d�� ��8� 

#�K;0 +V
G���
F�' !
[ ���: �" #]� ��i0� !��" !� 

��]� �N� �" 90 �*�" !��"��$ V
 �N� �" W�� �� 50 

�*�" !0����$ ��NU ���,J ��� X1� ��� ��&" ."�� 

KSC704 �" �$ &" <
��0 ���� "&�d 140 �&� & X1� 

KSC260 "&�d 120 �&�  ��� �&� !2�" .������� ����

)GDD(1  X1�KSC704  & �&� ���� <
��0 �" �&"

!� a�0�0 2424  &1839  X1� &KSC260 !� a�0�0 2311 

 &1796  !2�"y���8:  .�� !9:�]�!� ��7	� �0��5 

"�K8TU +!��" 15 !0�� �� ���"�� �d�& �$ ��.  �� p=

!��" +"�K8TU 5���0�$ �" ���" 60 !2�" y���8: �0 

%�& !� %��:� ���^  +b��:( �� p{: & ���� V;/

!��T��S2 �	rT$ ��$ W
���( ����� �"��( ���� ��$

�� .!��T�!
F�0 g&�� �0 �$�" ���� ��$ ��l?
 �� ���" 

1±5 ����Sr� ����.  

���Q� ��r;
���( �" �� 5�3K=�8��( & ��8��( +!3:�;� 

�"��3:� �� �3��3'&�3K{:� ��r3:" ���) BEL V-M5 -Italy (

                                                                                    
1. Growing degree days 



>?�)% �@)���. ���&A .B
�5 'C� � �/5 +)�D�%� %� .�%EF	G BHF4 � 5%�)I ��8��+ � J4�� �+6� K�L 

  

 ����23 �  ���	
2 �  ������1400  
267

X�7	0 ��� >�k �" 510 �3����� t���� �� u&� Megazyme 

)Megazyme, 2016!9:�]� ( ���?3:� .�� 5-&� �� �"��3:� 

�� ��r3:" !� !8���: �� �9
�Q0 �U�: ��Sc ��  �Nd

%�Fr$ �� �9�� ���2 !� �Nd ) ��$ !� V
m/v����� (  ��

)Carrillo et al., 2017(. !� ������ ��7	� #�'&�= ���J

��$�3:� +b�c ��$��:� #�3� ��:� b�c )FAME(1 �� 

�"��3:� �� u&� AOAC 996.06 F3	: ���� )AOAC, 

2016(p= . �� F��&���$ & �38�' +5-&� ���iU !� ��r3:" 

�'��J�0��&�� ���J )GC ( ���)USA-Varian-

CPSILL88FS�� ( !� ��:��K�( %��:�F���
 !8���� )FID (

5�w�� %�3:  ���)USA-RTX-2330-Restek p	2 �� (

b&  ��K�8�: �' g�� �� �����k) �����= � %�3: 100 +�3� 

��1 %�3: �8/�" 250 �3�&�K�� & ���?h X8�' 250 

t
�F0 (�3�&�K�� ��' .�� +.�]3� +%G&�3�� %��� 8/28 

+!Q�1" �3�$ ���" !7�]� t
�F0 270 !2�" y���8: & 

�3�$ ���" b�
"� 260 !2�"  ."�� y���8:  

=���J �'��J�0��&�� ��r3:" !� !��T� t
�F0 �� p  &

�T�7	0 ����� !� ����� ���"��� %��� & ��� X:� �	]	� +

 & "�����3:� b�c ��:� !� ����� �	]	� �� b�c ��:� �$

 !�
�Q� %( ���"��� %���& ��  b�c ��$��:� %�F�� & g��

 q?;� W
���("��� !��T� �" "�2��.�
"�J  

  

2 .3���� &�	'( � ��)*( .��  

R
�3� #*�d �� W
���( �� "��3:�� �� !
&� PROC MIXED 

"��� !
F�0 & #�8]0 ���1 �'�J )SAS Institute, 2003 .(

��� !3'�J �7� �" ����( #��� ��� ��^� ���^ +�����( 

<
��0 +���� X1� & %G&�3�� & !�8� ��^� #��Q3� %(  �$& 

��^� �'"�i0 �����(× <
��0 ���� & �����(× <
��0 

����× .�8� �:� .�� %���( ����( ���0 )05/0P≤ (���� 

�:��� 6N3/� %��� �$��T�0 �"��3:� .��  

                                                                                    
1. Fatty Acid Methyl Esters 

3+'# � ,��-  .  

p= �� �:��� �	�� �
"�Q� ) ����( ���"P-value �$ (

��^� +��* �8*� �:��� "��� ��$��T�0 �"  �&�2

)2( & ��^� !�8� #��Q3� �	����" ) #K� �"1 X�:�0 (

���.���  

  

3 .1� �� �"�	!� .  

 R
�3� "�K8TU �� �����( & ���� <
��0 �^� !� "�" %�;�

�	�� �  !��""�9� ��"+ ���d�"  %G&�3�� "�� & X1� !�

!� ��k �	�� �]0 �� !��" "�K8TU ���"��^_0  ��"�" ���1

)�&�2 2("����� . %G&�3�� "�K8TU !��" �� !� %�F�� V
 

50 �" ��3K$ W
�F'� "�". �&NU �� +5
� "�K8TU !��"  �"

X1� KSC260 X1� �� KSC704 %�F�� !� 96/0 50 �" 

��3K$ W�� �0 "��.  "����� �� �  !��" "�K8TU W
�F'�

#��1 +"�� %&�� ��T�0 !� a�� %G&�3�� "��  .�:� ��73��

 %G&�3�� & b( W	0 %&�� `
��� �" !� �:� �S
��

!� #��"  �"��3:� & �F3	:�3' "��� ����0 �" �
"&�]� ��U

� �s���d ���� W
�F'� !��" "�K8TU +!��" ��'� ���


)Ercoli et al., 2009; Saeidi & Abdoli, 2018 ��� .(

 X1� �" !��" "�K8TU %"���0[��KSC260  !� �9��

X1�KS704  �� ��!�N� &" !� %��0 !0�� �s�� %"�� �" �$

 X1�KSC260 ���d�" +"�" �9�� !0�� !� ��$KSC704 

n��s�� V0 �
  !�N�!��" �� ����� "���0 �S	0 �
 & ��"�� ��$

��� �= !
���^ �N�  !� �:� ��� u��FJ .��"��

&��3� ���&��' %"�� !0�� ��1�� �" !�N� �	c �
 &" ��$

�  ������0 !� #
[" �K�3�G W	0 �
 ���� ���]� ��$

)Liu et al., 2004; Nafziger, 1996 .(n[�T�� �N� ��$

�  �" !
���^ �� �T^ �	3�$ �
 ����0 ��1 �S	0 5 �0 10 

�*�" �� !��"��$ ����" �� !��&� �N�. �� 5
� ��d  "�9S� ��

#����3=W	0 W$�� �
 & �
�2 ��1�� �" �K�3�G ��$ �" �$

�� !
���^ �N� +%�3���0 ��k����0 ���Q� #��1 �S2�0 �� 
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"�K8TU �� !��" !� ) �$" x�i3/� "�/Liu et al., 2004; 

Nafziger, 1996��0�� !� !2�0 �� �r
" �
�: �� .(  %"��

� +�&" �;� �" ��� #i'! �� �7� y�"&� ��1�� �:�

�� 5�T$ �
�� & �	��� !3��" �� ��3S� !��" "�K8TU �	���0

!�_��  X1� �;� �� %���&�;� ��9Q3:� #��"KSC704 

W�� �0 !�  !'�8U ���"�� ��7	� ��� u��FJ .!��" �0 ����

:� "�9S� #���U !8T2 �� �  y�"&� ��1�� �� �"��3:� �

�;� �" !��" "�K8TU�� !��3���0 & �&" ��$ ����

)Nafziger, 2009 X1� !� �:� ��  !� ��[ +(KSC260 

|N*� ��1�� �� �� ��
�2 ���#����3= �� !� ���� ��$

 �� ���8�� !��" "�K8TU X1� 5
� & �:� ��"��/�� ���/

�� !�
�Q� �" �&�J ��$300 +400  &500  �"�T� a��

) �:�Rahimi Jahangirlou et al., 2017.(  

�0[�� "�2& �� �� ��$��T�0 �" !��" "�K8TU %"��

 �����(W�� �0  &X$ 5�	c  5
� +�&��3� ���� <
��0

�	�� ����( �7� �� &��0 +��d 5
� �� .�:� �"�9� ��"

 �����( !� �:� �S
��W�� �0  ��� `
��� "�9S� t
�k ��

 ��&" %"�&( X$��' �� ��r	$"&� ���� <
��0 & F3	:�3' &

��[�k ��� �  ���J �" !��" "�K8TU "�9S� a2�� +�0

��) ""�JMaresma et al., 2019.(  

  

 N�9-2) K�2�%# J)*+�)# WC69( .Least squares means %&��"# .() ���#@ ��6��=2#P-value( � ��XR ��69+��86 )SEM�%EF	G ( 

�+6� .K�L Y)�	!� ) J4�� I)5%� � BHF4Y&��Z�86 .9)86Y)Z!�6 .9)86Y)Z!/=)! .9)86Y)=!/=)! � 9)86 � ��8��+ BHF4 .(9)86

�� (;/F)#@ � J)�E /F)#@) �@ I)5%� A8�  �� .���)�@ �����	)� �F�6 %>6 A&��� .B
�5 'C� �  N�8 �� �D�%�)+ �/51397  

��
8��

(
 5
�3K

=�
8��

(
 

!3:
�;

�
 ��
:�

 V
�	��

	��
 

��
:�

 V
����

	��
 

��
:�

 V
���&

�
 ��

:�
 V


��
�3:

�
 

��
:�

 V
�3�

T��
=

 

5-
&�

 
!��" "�K8TU 

(Kg ha-1)  

 ��$��T�0  

�;
���(  

(g kg-1) 

100 549 669 0,34 19,10 7,53  0,52 3,70  31,30  1078 I1 

128 637 750 0,57 30,61 11,50 0,71 5,03 48,70 1319 I2 

0,034 0,043 0,056 0,035 0,064 0,069 0,108 0,079 0,067 0,165 P-value 

1,509 6,000 0,731 0,012 1,176 0,433 0,031 0,168 0,186 0,639 SEM 

111 594 705 0,48 26,73 10,20 0,67 4,74 43,00 1402 P1 

117 592 713 0,43 22,98 8,84 0,56 3,99 37,00 994 P2 

0,153 0,756 0,509 0,143 0,193 0,196 0,163 0,140 0,190 0,099 P-value 

1,509 6,000 0,731 0,012 1,176 0,433 0,031 0,168 0,186 0,639 SEM 

112 593 710 0,45 24,81 9,50 0,62 4,39 40,00 1150 C1 

115 593 708 0,46 24,90 9054 0,61 4,35 40,00 1246 C2 

0,014 0,894 0,628 0,634 0,884 0,888 0,697 0,706 0,954 <.0,001 P-value 

1,094 3,758 0,389 0,014 0,626 0,255 0,022 0,118 0,102 0,245 SEM 

119 589 711 0,47 24,93 9,57 0,64 4,43 40,20 1148 N1 

109 597 707 0,44 24,77 9,47 0,59 4,31 39,80 1248 N2 

<.0,001 0,048 0,315 0,021 0,800 0,699 0,041 0,293 0,629 <.0,001 P-value 

1,094 3,758 0,389 0,014 0,626 0,255 0,022 0,118 0,102 0,245 SEM 

I1+ �(���� �� #*��' 12 ��&�; I2 + �(���� �� #*��' 6 ��&�; PD1+ ��0
< ���� 31 "�"�/; PD2+ ��0
< ���� 31 0��; C1+ X1� ;KSC704 C2+ X1� ;KSC260 N1+ 

%&�� "�� ��%G&�3; N2 + 184 ����J�8 ��%G&�3 �" ��3K$. 
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 WE
1) K�2�%# J)*+�)# WC69( .Least squares means�6<)# ( Y)�	!�  .(\!6) J4��Y)Z!�6 .(]) 9)86Y)Z!/=)! .(^) 9)86 � (K) 9)86

Y)=!/=)!�D�%�)+ �/5 � ���)�@ W��"�# K6%>6 �� A8�  �� (_) 9)86;  A&��� .(7) �D�%�)+ �/5 � ���)�@ W��"�# K6%>6 �� A8�  �� ��8��+

(`) �D�%�)+ �/5 � 'C� .B
�5; (a) �D�%�)+ �/5 � ���)�@ W��"�# K6%>6 �� A8�  �� J)�E /F)#@ ;�� ;/F)#@  ���)�@ W��"�# K6%>6 �� A8� 

 .(L) 'C� � B
�5 A&��� .�D�%�)+ �/5 � .(�) 'C� � ���)�@ .(b) �D�%�)+ �/5 �I1. ���)�@ �� W�6/: 12 �;�� cI2. ���)�@ �� W�6/: 6 

�;��c PD1. A&��� B
�5 31 �6�%Rc PD2. A&��� B
�5 31 %)�c C1. 'C� ;KSC704 C2. 'C� ;KSC260 N1.  �/5 ��9��D�%�)+c N2 . 

184 d%e/F)5 �D�%�)+ �� ���E�. J)*+�)#��� �6�6� WC69( Y& f%( Q%��# �� %� �/�8 WE
 ;6.L �� \!6 ��� O��X# �/#;@ �5/� 

��9� K���� �=2#�6� �� gX8 9��� h=  �#��/	G i/XR .9=
�� ���+ �/�8 %� �� �9=�� �F��: ��=)	j6 )CI gX8 �� (95 %�#.9=
��  
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3 .2./�� 0�
"( � 12	/ . 

�	�� 5-&� �78- �� X1� & ���� <
��0 �^�"�9� ��"+  ���

 �]0 ��* 5
���^_0  %G&�3�� "�� & �����( #��Q3� �^�

 #K�) �'�J ���11 -  �����( ��T�0 �" .(>��X� �0 "����� +

 �����( ��T�0 �" ��� �� 5-&� W$�� a2�� %G&�3��

W�� �0� ."�9� ��"�	�� 5-&� %�F�� �� %G&�3�� �^� +!  +�&NU

 �" %G&�3�� "�� %�F�� ~�: &" �$ �" 5-&� �78-

 �����(W�� �0 �����( �" %G&�3�� |��: �� �0[�� +X� �0 

) "��36/50  &08/47 �FJ .(V;/ �"�� ��J�8��/��J u�

 ���]� #���U !� �:� ���X$ %�c  "�� & �K;/

 !��" %���= ��k �" %G&�3��!� #��" ��^_0  & �U�: ��

!� +%G&�3�� & 5��� F3	: ��  )T�0 %�F�� �� ��

 �,� �" 5��0&�= �
 5-&� +!3:�;���^_0 �	3�$ ��,J

)Ghassemi-Golezani et al., 2016 �� �K;/ W	0 .(

N�T�:( x�i3/� t
�k�$  !��	
��' ��8: �0��d ��$

 5-&� W$�� a2�� !
���^ �9���0 F3	: W$�� &

�� ) ""�JGarcía-Caparrós et al., 2019; Kleinwächter 

et al., 2015X� `
��� �" %G&�3�� b,2 ��� .( �����(

�� W$��) ���
Geesing et al., 2014 "�� "����� .(

X� `
��� �" %G&�3��= W
�F'� �� +�����( W$�� & 5��0&�

) �:� ���T$ !��" 5-&�Taylore & Roscrow, 1990 .(  

��$ �� X1� & ���� <
��0 �^� +5-&� !��;�  �� V


�	�� b�c ��$��:�5
� �� ."�9� ��"  ��$��:� !�8� +��d

V
���3:� F2 5-&� b�c �]0 ��:���^_0  #��Q3� �^�

��:� V�3T��= �" .�	3'�J ���1 %G&�3�� "�� & �����( 

 #K�)1 -  #K�) ��:� V���&� (b1-  ��:� V����	�� (�

 #K�)1 -  #K�) ��:� V�	��	�� & (1-  ��T�0 �" +(�

 �����(X� �0 ��$��:� W$�� a2�� %G&�3�� "����� +

�
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 ��$��:� b�c ��- g�9��  �"

���� #i' ��S3 ��$��:� b�c g�9�� �� F3	: ����
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B )Shinde et al. 2003�" .( !�
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