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Abstract 
Maize is one of the most important field crops in the world and Maize production with a cultivated area of about 350000 hectares and an 
average grain yield of 3.5 ton. ha-1 is very important and common in Iran. The purpose of this study was to investigate the effect of different 
levels of water and nitrogen on maize biomass, grain yield, irrigation water productivity and nitrogen productivity and finding the best 
irrigation and nitrogen fertilizer practices for producing Maize. Maize (SC. 704) was planted in 2018 as three irrigation treatments (I1, I2 and 
I3 to provide 100, 75 and 50 percent of crop evapotranspiration respectively) and four nitrogen treatments (N1, N2, N3 and N4 to provide 200, 
125, 50 and zero kg of nitrogen per hectare in total, respectively) in a randomized complete block design with three replications. The results 
showed a significant effect of irrigation, nitrogen and their interaction effects on maize biomass and grain yield. Maximum maize biomass 
and grain yield were 23.02 ton. ha-1 and 12.78 kg. ha-1 for full irrigation treatment with 200 kg. ha-1 nitrogen (I1N1) treatment, respectively. 
Maximum irrigation water productivity for maize biomass and grain yield were 4.93 and 2.7 kg. m-3 for I2N1 and minimum irrigation water 
productivity for maize biomass and grain yield were 3.37 and 1.77 kg. m-3 for I1N4 treatments, respectively. 
 
Keywords: Deficit irrigation, Drip irrigation, Fertigation, Productivity. 

  

  

  

  

  

  

  



#��� $%&# '�$(�) �*&�# �+,�) #��* �-'.-&�&)�� /�!-#01&# !&)23� 4�%�&5 ,��+%�  

  

 ����11 �  ����	4 �  �����1400 

670

  

  

�����  

 �"0"�# 1  5%
 ����(�!�   �$ 4�� ��+  �"�a + +. 
 $��\ �D2
1 bC+ "� ��� ��E��350000  � �"?%0

 �� $ $%&'( c+�?�5/3  4�� �"��� � 
  �$ �"?%0 �$ )�
) �+  ]
 � �FAOSTAT, 2012 .(d�1   � ��E��

4�� 8�	# � ]�� 1  �X� ��� *5�"�a  5.-� �&e )
�
) �+ USDA, 2011�� ��� .(  � f"� $%&'( PS+

2 �"�T�-<�6
� ��'0  1  ��&C� 5?�Z�  �
gh� �$ � 
) �+  � $��<� !�� 8 $Roth et al., 1995.(  

 ��4�� �
)  ,�"(��		2$����  ��E�� 30"2 �$
 5( �1 �"0"�#�� �6
�  �$40  1  �T�$�1�) "0 �+  "��$ �

 c
 � ��� �2��  �0�5
  � iD<���' iD<  � Q
 �� �$ � �
"7 � ge ��E�� jZ\ � � "�	� ��"��� � ��� $

) �+  k/"	�Cattivelli et al., 2008 ��
�7 *G
$ ��+ 1  .(
�� � ��h�  �$ $ � Q $�< ��"� ���  � "��$ + + *5
 �0�

,�"Q �"	�'/  8�( *�� �<V �$ � ��h� 3
 !.  "� �  5�a��
\ �� � � H?+$ �$ �� l�"	� �$ ��	
� �$ ��#"��# 5

40 .�+  �$2 $"9
  �� �1��"D2 )�	V  �� $"
1 5G?�� � ,�E$
�� 3��  �0� P�+� )
�  �0 �< �� � ��h� 1   � �
g7

��� m�n�� �� )?< $7 ��'0  ,� �( )
  �'0 .�� $  ���
) �+  �$2 � �	V �$  � ��Sivakumar, 2021( 5�� l�"	� .

�( �� >"o'7 �	
!0 � $����  � � 1��"D2 �2 �+  5&� 
 k/"	� �$ ��"��� 30"2 �� ��S9����' iD<  � 
  iD< �

�5 �	2 )Mansouri-Far et al., 2010.(   
 �$�"+ "0�CQ ��"��� �<  � �� �  )
  ,�E$  �� � �=� �2

 $�2 ��$"Z?+  ���   � �"2 ���� � 5( �1 �"0"�# � �
�� ���  30"2�5 �0$ *�� ��/ ��	
 !.  � �X+��  
�?."  �+ 
)El-Hendawy et al., 2008 ��"��� .(�CQ   �� ��$����1" 

��  � �"�#  �D
� ��\"� �$ 4�=?�� ��/����) �5 �	2  ��5 �� �� 
3�� $�2 � ��  �ga �� �2 $� $ �G� �D
� ��\"� �$ ��

3��  ��� "0 5� 9	� �"�# �f"� $%&'( �  .$����p(  � �� *

 � 5�C+ �"� �� ,Q �\ ��  � 5='( ��Z��5 ��"+�  �2
 3
 !.   � $�2 $��"2 �"��� � � ��"��� �"��� ��5 �0$ )Li 

et al., 2020 ��"���$�2 .(�CQ   ��"��� k�Z&� *��CQ   � �
 5��� *�>�?�� $�2 $��"2 �"X.$ 4��=��q�  �$

����	 1"+ ���� �� 3
 !.  � �>�?�� $��"2 �"��� � *�� �
 $%&'() �+  ���Farneselli et al., 2015; Gheysari et 

al., 2015; Fan et al., 2016; Zhou et al., 2017.(  

) �+  f"� 5�� 1"�� � � $ ���Karam et al., 2003(* 
�� ���#  �  �2Gheysari et al. (2009) �AS�-  ��� WX�

�.�&(   �,G	�+ H 2 704  5/  � )�� �� �=C	� �$
�"+ "0 �2003  �2004 �� P��� 559  �647 ��&5 ?� 

.��$2 s� !# Zhang et al. (2017)  P+"	� � �=� ��"���
��  � ��� � � ��"���$�2 �  P���700  �"?%0 �$ PX%�?�

 �270  .��$2 $���� �"?%0 �$ �>�?�� 8#�&�2Zou et al. 

(2020)  ��� � �  � ,�"2 ��"��� �"'�� ��"��� m�'9�
�.�&(   k/"	� �$ ��"�� ����' iD<  )�V 5E"'�430  "�450 

��&5 ?�  �	��� � �=� �+  �$ $ �"D� ]
"?� .��$2 s� !#
 �>�?�� �$"-?Q �$����1"  ["< �"-AD� �� �?�� ���

 � $� $d�1   ��h� 5C��� ,� �( ,�"=?� � �  "� 5�"�1
�5 �	2 )Katsvario et al., 2003; Mamo et al., 2003 .(

�� &2��/ )�� ��� �$�2 1"�� 5200  "�300  �>�?�� 8#�&�2
) �+  �"?%0 �$Chen et al., 2011.( 

 �$�0$ "0 �<  �42 ����" ��a��"� �� ��� �� �$ �� �
 �� 42 5\ ���a��$��� ) �+  �?.# � QIgbadun et 

al., 2008 .(42 ����" P+"	� �

�� "� �0$$�25  42 � �
 k/"	� �$ ��� ��E�� �$ 4�� �"��� ,� �( 1  �	��� �D2

) �+  iD<Norwood, 2000 ,� �( 1  5%
 �>�?�� .(
 4����		2$���� ) �+  ��� �� $ $%&'(Cassman, 

1999 and Varinderpal-Singh et al., 2011 5<� .(
30�67 "0 $ $ �"D� �?�g# �1
�� �$��  3
 !.  "� ���

$�2 � �=� ) �."
 3
 !. Fan et al., 2005.(  



%�'.� 789&' ���:+9 ��"�4' ;<�=� >? .?&��� � �+@ ,&�A�'� '. �'B<�1 � �'C. ��� D�E �� .?&���  �'F3 -� 

  

 ����11 �  ����	4 �  �����1400 

671

 ��� t� bC+ u<"� � �� $ ,�%D��� ��� 
 �������  .�+  �>�?�� $�2 � ��"��� �

��$�a� "� 

30�67 "0��T �"��� �  � ��"��� �  ��� �?.#0$$�25 
 �$ �"�# $%&'( ��0$ "0) �<  �Tiwari et al., 2003; 

Wang et al., 2011; Miyauchi et al., 2012; He et al.,. 
2018 � ��"��� �	��� �"'�� (0$$�25  *�"�# "� P+"	?�

�+  ��"Z?� 4�&Q  � ["<.  $�2 � ��"��� �� � �=�
 �>�?���� "�	� 5
�5 �� ��  ���  � ��E������  .�0$ � Q

��p(  � ��  �>�?�� � �� ,�"=?� � vpSQ  ��� 5+��
) �+ Pandey et al., 2000; Shangguan et al., 2000; 

Moser et al., 2006 bC+ �� �2 5�"�1 "� ��� $%&'( .(
 � �� � �=� 3
 !.  �� �S�� 5?S^� 3	2 � *��"
 �+$ �	���

 �>�?��:-� ��� ) $� $Liu & Zhang, 2007; Gheysari 

et al., 2009 a; Wang et al., 2021 .(Pandey et al. (2000) 
�$2 s� !# 3
 !.  "� $%&'( �>�?�� �f"� 
$"=� �$ �

42 ����"3�� �  30�67 .�."
 30"2 �Moser et al. 

(2006) 42 
$"=� 5�� 3	� c
 � ��� ��� $ $ �"D�  ��
 �S�� �� �� $ $%&'( ^2 �\ �� ���+� � � �>�?��

.�� $ 1"�� f"� ��"��� "� �"0�"'��   
Gheysari et al. (2009)  �"0�"'�� �  5+�� �$

 )�� �� �=C	� �$ �.�&( ��� $%&'( � �>�?�� � ��"���
 ��$2 s� !#1
�� �$��  � ,21
�� �$��  �"�# � !a 

�� � �	(  �>�?�� � ��"��� � �=� 1  5X�"��$ $ ���  3
 !. 
�."
*  ��"��� � $�2 ,�"=?� �  "� 	X�5 � $ �D�.  ]
"?�

40 )�	V  !.  $ $ �"D� � � 5��< �6� ?+  �>�?�� 3

 30"2 � Sa1
�� �$��  1  5�"�42 ����".���� � 

Mansouri-Far et al. (2010)  *��"��� �  �	?.# �9�?�
 ,�"=?� �  � �>�?���� "0  � �� $ $%&'( ���� �� �� �

 ��"���	X�5 � $  .$��Wang et al. (2017)  �	?.# �9�?�
���� �>�?�� *,�"2 ��"��� �"'�� �$ ��� �"0�� P� � 
3�� � �"0�"'�� �� �S�� �42 ����" � ��$2 �ga �

 �  �$ 0 �>�?�� w� � ��"���,�"Q �a�� �"�# ��� � 5
 .�	?� $Zou et al. (2020)  �  5+�� "� 5D0�67 �$

 �	?.# �9�?� ��� � ��"���$�2 � ��"���1
�� �$��  �
$ $%&'(�	?."
 3
 !.  ��"���$�2 � ��"��� 3
 !.  "� �� * 

 "� ��� �� ��"���$�2 � ��"��� ��� P���  3
 !.  "�
 .�."
 30"2 ��"���$�2 � ��"���40 )�	V  ,�"=?� � 

 ��"���$�2 � ��"���	X�5 � $  .$��  
Moayeri et al. (2011) ��� ��  � � 
  �$ ��� �� �

 42 � �=�01/1  .��$2 s� !# PX%�?� � 8#�&�2
+��5 "0  �+  �$ $ �"D�42 ����" ���� �� � ��� �� �

 3
 !.   � �"0"�# 
"+�5 �0$ 42 30"2 �� �&( �2  �
 �� 30"2 �S�� �� $%&'(�$"Z?+ $��� ) �+ Payero et 

al., 2009; Katerji & Mastrorilli, 2009; Ko & Piccinni,. 
2009; Kapanigowda et al., 2010; Liu et al., 2010;. 

Djaman & Irmak, 2012; Çarpıcı et al., 2017 .(  
 $��"2�q�  $�S�� � � �>�?�� 5=C	� ���� �� ��� �

��n� �+  )Chen et al., 2006; Zhao et al., 2006; Lv 

et al., 201130�67 .(  30"2 �2 �+  �$ $ �"D� �$"
1 �"0
 �>�?�� $��"2�5 �� ��  3
 !.   � �>�?�� $��"2 �"��� �

 �0$E"\�$5 �2  �"��� � 30"2 �� �� �."n  :-�
�5 ��"9�  )Wang et al., 2016; Zhou et al., 2017 .(  

��"�� �
! ��� ��"��� ��5 �� �� �AS� k
/ 1  - 
 �AS� �D� � ["< �� ,���"?7 � ���/� *la� WX�

) $�# ���TCavero et al., 2008; Lv et al., 2011 .(
 �1��"D2 �X+�� "� � '0 ��� � �
"7 ��E�� � �

��n� �+   $%&'( ��� ��"���$�2 � ��"��� �  �2
 � ������ �� �"0�"'�� � $�� 5+�� �>�?�� � �� �

) $�� uAD� ��"���$�2 � ��"��� P+"	�Li et al., 

2020 ��"���$�2 � ��"��� P+"	� �6� ?+  )
 �"	� .(
 �>�?���5 �� ��  *5
"�� $%&'( )?.#d� �$ "���� �� �

 .$�� �"A�  5?�
1 c��� ,x"�� � $�2 � ��  



#��� $%&# '�$(�) �*&�# �+,�) #��* �-'.-&�&)�� /�!-#01&# !&)23� 4�%�&5 ,��+%�  

  

 ����11 �  ����	4 �  �����1400 

672

 �  5+�� 30�67 )
  8"9�  1  :�042 ����" $�2 *�
=?� �  � �>�?�� ,�"�� "0  �1
�� �$�� *�� $ $%&'( *

��� �� ��� �>�?�� � ��"��� �� ��.�&(   .�+  �
"���$
�  � ��"��� �"'�� )
?��0$$�25  � � �>�?��

 �=C	�+��$���.�+  $"�	D�7 ,�"Q 5  

  
��� � �
�� �  

 ��� �D2�.�&(   4Q�) �,G	�+ H 2 704 �"?��"� �$ (
1397  5� $"�� � ��"��� 5+�	�� ��# 5D0�67 �(�!� �$

 d�1  �(�!� )
  .�� 8"9�  y2 �$ lQ � � �� �"GD� $
 5
"�. ha ��/ � � $ 5
"�. ha ��XQ��´59 °50 

 5
"�. ha z( *5Q�´48 °35  m"Z��  � 5E"'�1337 
�
  ����	&� �"�� H"+ � .�+  "
�$ bC+ 1  ?� �"G?

 ��"�E"+ 5#���"� )�G�"�� � � $ y2 �"?+�� *5+"	� �0
3/247 5&��   �0 �"�$ ��"�E"+ )�G�"�� � ?�4/14  �a�$

5?�"+  ("0^2 �\) )�G�"�� "� �"��� .�+  $ #6/34  �a�$
5?�"+ 8# *$ # )'�� � �"� )
� ,Q �\) )�G�"�� "� �"�  ("0

9/2- 5?�"+ �a�$  �"� )
�$+ *$ # "� y2 .�+  �"+
 5S�� ���/� )�G�"��53  ��f"+ �AS� � �T�$2184 

5&�� �'�� 4�&Q  � � $ *?�  � $+ v"?S�� �"?��1 "� iD<
 �� 1�� $"� c+�?� �(+ .�+  ��?X� v"?S�� �"?��"�2/2 

�"'� �� PE"e ��a � ���"� � ?� ��	a �� �e  W�
 l'a ��"�E"+ )�G�"�� .�+ �("+  5�"?.�2899  �("+

��  �+$  5&-. � ��"0"� �"(p/  � �"�� 5+�� .�+  ����
5� �"D� y2 �"?+�� 5#���"�  5#���"� m�'9� 1  �2 �0$

��f"+  � �=�3/172 5&�� ) ?�7/69  �"+ ��  �'�� �$ (�T�$
 � !�� � (�"?��1 � !�
"7) 5( �19/69 5&�� ) ?�2/28 

�+ �$ (�T�$  ��=� � (�"��) 8�+ �0"�2/5 5&�� ) ?�1/2 
5� l
1�� �"?��"� ,-. �$ !�� (�T�$ �"D� �2 $��  #

.�+  �=C	� )
  �$ �"?��"� ,-. �$ 5#���"� �$��!�V"�  
 �$ � k'( �+ �$ 5+�� � � 5D
"�1� �(�!� ["<

�'�Q �� @&?A� �"0 ���#  �(�!� ,2 :X� �2 � 
���'� ��"� ["< � ��h� � 5D
"�1�  �."� � �� �� $�

< ["< �."� {&^� k
/ 1  ["USDA �\ ���/� *
�� 5( �1 ��.|  5E"GV *��"D. �"�ZT �"G?+$ i'2

�� �0"| �+$ ["< ���'� i'2  � ���� *�$��A�
 �"G?+$ i'2 �� ["< m"S�  ��"-( �?
��+ AZ

1 *
�� ["< ��E�  ���/� 5�1� s��  �$ ["< �>�?�� �

�� ,-. � �?�  5'+ s�� i'2�%�� � �&922 
)Bremner & Keeney, 1965 ���a) �� )��X� (1 .("� 

�a��  ��  ^2 �\ *��� �D
� ��� � !�� � �(�!� c
 �
���'� k'(  �� $�60 5?�"+  .�� �?.# d� �$ ?� �D
�

 ���v ^2   "� ZT k'( �$60 ?�"+5 ?�  s?�#�5 
��" 
 �90  "� ZT k'( �$ �� �T�$40 ?�"+5 ?�  �+ 

)Nicoullaud et al., 1994 .(Li et al. (2020)  s� !#
�"�� ["< ���/� � ��h� ��$2  ��\"� �2 �+  �� #

 ��"��� �$ �D
� �"X.�CQ   k'( )�� �25  "�45 
?�"+5 ?� 40 .$��  ��"��� ��a �$"Z?+ $��� �� )�	V

 ���� � � $67/0 5+$ �?
��+  *?� � }	'
172/7  �
 � ?�� � �=�76/3 5&��52 .$�� ?�E � �f �   

  
Table 1. Characteristics of soil in the experimental field 

Soil depth 
(cm) 

Soil 
texture 

F.C.  
(cm3/cm3) 

P.W.P 
(cm3/cm3) 

Bulk density 
(g/cm3) 

EC 
(dS/m) pH Initial soil moisture 

(cm3/cm3) 
Nitrate 
(ppm) 

0-20 Clay Loam 0.309 0.135 1.4 2.6 7.4 0.108 78.05 
20-40 Clay Loam 0.305 0.135 1.4 1.53 7.24 0.171 40.32 
40-60 Clay Loam 0.296 0.137 1.45 1.5 7.2 0.167 31.43 
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Figure 1. Schematic of statistical arrengment of treatments (thick lines are irrigation pipes) 
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Table 2. Average biomass and grain yield in different 

irrigation and nitrogen treatments 
Average grain 

yield 
(ton/ha) 

Average 
biomass 
(ton/ha) 

Nitrogen 
Level 

Irrigation 
level 

12.78 a 23.02 a N1 

I1 
12.56 a 22.85 a N2 
10.25 b 19.51b N3 
10 bc 19.06 b N4 
12.5 a 22.84 a N1 

I2 
10.47 b 19.79 b N2 
10.03 bc 19.23 b N3 
8.48 c 17/85 b N4 
9.2 bc 17.84 b N1 

I3 
5.78 d 13.05 c N2 
6.66 d 13.59 c N3 
6.1 d 13.04 c N4 

Means within each column followed by the same letter are not 

statistically different at � = 0.05 by tukey test. 
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1
�� �$�� $2 42  � �� $ $%&'( �*  
$"=� "� 42 � 

 �"'�� �+ 0 �$ �+  2� �� 81f .��$�S� � Sa �� �$"Q
 "� �"'�� )�� ��"���50 ) �"?%0 �$ �>�?�� 8#�&�2N3 � (

 ���� �"'����$�2��") �N4 ��"Z� (	X�5 � $  � $�S�
42 � )
1
�� �$��  ���� �"'�� �� k&X?���$�2��" $�� �

 ]
"?� "� �2Zhou et al. (2017)  .�� $ �=�"C�  

�
  +����� �!���" � ��� ��*	� �  � � ��#$ ��
� � 

%�&' ���� (�)  

 3	2 � *��"
 �+$ �	��� bC+ �� �2 5�"�1 "� ��� $%&'(
 �>�?�� � �� � �=� 3
 !.  �� �S�� 5?S^�:-� ���  $� $

)Liu & Zhang, 2007; Gheysari et al., 2009 .( ]
"?�
 �$ �>�?�� � ��"��� @&?A� B�C+ � � }�"
� � �
!9�
 ��� �>�?�� � ��"��� @&?A� B�C+ $ $ �"D� ���

1
�� �$�� 5	X� ���� �� $ $%&'( � �  � �� $ �S^� � $
�$ $ �>�?�� $�2 � ��"��� ,�"=?� 5	X� !�� ���  $�� � $

 ���a)3 ]
"?� "� �2 (Mansouri-Far et al. (2010) *Wang 

et al. (2017) *Zou et al. (2020) *Li et al. (2020)  �Yan 

et al. (2021)  .$� $ �=�"C�Gheysari et al. (2009)  �9�?�
�� �>�?�� � ��"��� @&?A� B�C+ �	?.#  ��� 5
"�	�

1
�� �$�� 5	X� ���� �� $ $%&'( �*�� $ � $  ,�"=?� �  "� 
 ��"��� � $�2	X�5 � $ .�D� 40  ]
"?� .)�	V+��5 "0 �

Yazar et al. (1999) *Wang et al. (2011) *Abd El-

Wahed and Ali (2013) *Ibrahim et al. (2016) *
Chilundo et al. (2017)  �Zou et al. (2020)  ^2 �\

1
�� �$��  .�� k=�� ,�"2 ��"��� �"'�� �$ *�� $ $%&'( �
 5+�� �$Ibrahim et al. (2016)  �Zou et al. (2020) 

 ��� ^2 �\ � � �>�?�� � �=�1
�� �$��  �� $ $%&'( �
 )��180  "�200  .�� s� !# �"?%0 � 8#�&�2  

  
Table 3. Analysis of variance for biomass and grain yield 

P F Mean square df Sum of squares Source Dependent Var. 
0.094 2.643  1.84 ns 2 3.679 Replication 

Biomass  
0.000 214.691 149.418 * 2 298.835 Irrigation  
0.000 52.003 36.192 * 3 108.577 Nitrogen 
0.007 4.085 2.843 * 6 17.058 Irrigation × Nitrogen 

  0.696 22 15.311 Error 
   36 12778.155 Totall 

0.305 1.253 0.371 ns 2 0.741 Replication 

Grain yiled  
0.000 221.497 65.493 * 2 130.986 Irrigation  
0.000 60.376 17.852 * 3 53.556 Nitrogen 
0.000 7.078 2.093 * 6 12.557 Irrigation × Nitrogen 

  0.296 22 6.505 Error 
   36 3500.14 Totall 

ns: Not significance at P level of 0.05 

* Significance at P level of 0.05 
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"?� kS/
�5 � ��  �"'��25  �T�$42 ����" ��"���$�2 � �200  8#�&�2

 �=C	� � �  � �"?%0 �$+��$��� .$ $ $"�	D�7 5  

  
����    � *	� ��� � "����! "���#��� ,� ��"  � -!

*	� ���  

��� 
$"=� � � ��"��� �� ���1
�� �$��  )��96/4  �
37/3  PX%�?� � 8#�&�2�� P���  �"0�"'�� � �I3N1 

 �I1N4  )�� �� $ $%&'( � � �7/2  �61/1  � 8#�&�2
 PX%�?��� P���  �"0�"'�� � �I2N1  �I3N2 �� �+$ 

 ���a) ���4 .(Zwart & Bastiaanssen (2004) 
��� �� )��  � (��� �� $ $%&'( �� ����) ��� �� �

1/1  "�7/2 .��$2 s� !# PX%�?� � 8#�&�2  

 �"'�� $ $ �"D� ]
"?�I2 *�� ��/ ��� c+�?� �� ���
 ��"���3�� � �"0�"'�� �� �S�� �I1  �I3  �� $

)�� P��� 06/13  �32/6  �� �S�� 30"2 �T�$I2 .(
3�� � )
��� �� �m�'9��$  �"'�� �� k&X?�42 ����" �25 

 "� �T�$200  8#�&�2���>�?  �"?%0 �$I2N1  ,%�) $��
2 .(Ibrahim et al. (2016)* Çarpıcı et al. (2017)  و

Yan et al. (2020) !�� .�	?."
 �+$ 5��"D� ]
"?� ��  
�� &2��/ �>�?�� 3
 !.  5�$ $ ���  3
 !.  {("�

��� �� ]
"?� "� �2 �� �� �Zou et al. (2020)  �=�"C�
 .�� $Halvorson et al. (2006)  ��$2 s� !#��� ��� 

 .�."
 3
 !.  �>�?�� $��"2 "� ��+��5 "0 �Zheng 

et al. (2019) 
 !.  $ $ �"D� �>�?�� 3�$ $ ���  {("�
 � ��� $%&'( 3
 !. ��� ���� �� �*  3
 !.  )
  "� 

 $%&'( �$�� P� � 3�� �  1 ��� ��$�� �� �.   
 $ $ �"D� ]
"?��� &2��/ 542 ����" 3
 !.  {("� �

��� ���� ��"��� �� �*  � � 3
 !.  )
  "� 42 ����" �
25  �T�$3�� �  1 42 ����" �50  ]
"?� "� �2 $�� �T�$

Kresović et al. (2016) *Çarpıcı et al. (2017)  و

Zhang et al. (2017)  .�� $ �=�"C�Zou et al. (2020) 
 �$ ��"��� bC+ 3
 !.  ��$ $ �"D� ��"D� 59
"?� �$
 }o+ � 3
 !.  {("�  �?�  ��"���$�2 ��"D� �"0�"'��

 30"2��� �� .�� �� �  

  
Table 4. Irrigation and nitrogen productivity in different irrigation and nitrogen treatments 

Nitrogen productivity (kg/kg) Irrigation productivity (kg/m3) 
Nitrogen Irrigation 

Grain yield Biomass Grain yield Biomass 
63.9 115.12 2.26 4.07 N1 

I1 
100.51 182.79 2.22 4.04 N2 
204.93 390.13 1.81 3.45 N3 

- - 1.77 3.37 N4 
62.52 114.2 2.7 4.93 N1 

I2 
83.79 158.36 2.26 4.27 N2 
200.53 384.52 2.16 4.15 N3 

- - 1.83 3.85 N4 
46 89.2 2.56 4.96 N1 

I3 
46.26 108 1.61 3.75 N2 
133.29 271.84 1.85 3.78 N3 

- - 1.69 3.62 N4 
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Figure 2. Comparison of irrigation water productivity and grain yield as affected by irrigation and fertilizer treatments 
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