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Abstract 
The application of modeling is an appropriate alternative for field experiments that save time and cost. SALTMED is a generic model for 
modeling plants response to water and salinity stress. This study was done to evaluate the performance of SALTMED model for wheat plant 
in an arid area in Birjand, South Khorasan Province. The treatments include water stress (50, 75, 100 and 120 percent of water requirement) 
and salinity stress (1.4, 4.5 and 9.6 dS/m) in three replications. The statistical indices of measured and predicted yield showed the normalized 
root mean square error (NRMSE) less than 10 percent and the coefficient of determination (R2) equal to 0.99 and 0.96 for model calibration 
and validation, respectively. The model could also simulate the temporal variation of evapotranspiration and soil salinity profile during the 
growing season accurately. Therefore, according to the results, SALTMED is an accurate model to predict the yield and plant reactions of 
wheat under different water and salinity stress levels in the arid areas.    
 
Keywords: Modeling, Plant reactions, Variation of evapotranspiration, Water stress. 

  

  

  



�#$�%�& !��'�( &��� )*!+&,-�  (�.  �+./&��� .�0�  0$� 

  

 ����11 �  ����	4 �  �����1400 

816

  
 

����� 

 H� �#�- �
��$� D*� P���� �� ) H� `��	� �!�=
 @
 �#�+�� H� � �+�� ������� �9 (�� ��- a"��

 �V09 P#)�U��-b)# � ������� . /= ��!  �
 ) �#�+��
 D���0." �!�= 3.U DP���#� #� #�- H� �� �#�+��

 �#)�7= Z�8  
�<9  �����  #� A�7� 3
� .��-
Z�8 _
��-  �)�W �= *��
� ��!50 c�U�#� � �%#� 

�	��! �#�- #�]� D*� ��� �#)�7= *��9 ��#�� 

)Abtahi, 2001; Nahvinia et al., 2018�� �
�79 D(  .��-
 �� ��?� D���) 3
�  �&� � �#�+�� ���� #�- H� � ��+�

��9�= #� ���X�1� � H�d� *�#)�7= ���� P�� ) ���
�� (�
 P��S8 �)e" ��# �� �+� *� �S+:�  �	��� �
�!#�=

 .(�� (
�
�� A��1 DZ�8 #� @.�  ��	� �
�7��
#� 3
� �"#�� P�7
��� � ������� D�S��# �� D��  �� �+� (0"

�.� D��
 (1) 4�% ) �	
�!  ���� �,��	� ���
)# ����9
/+.X9 ��+� �	0� #� �"�# ��!  �df ) �-�� P�����  ���

�� �
��� ����  ��	� 3
��
�� @
 *��	" �"#�� ��!  D��
.(�� ��$�
 �#�+�� (+.!�  

�� #�Y��� �0= �+,- ��!  *�+� D*�!�+� �-# ���
 ) AW��� �U�
#�	
��$ (:9 D��+� �-# ��!�+gh9  A���"

�� ��
�
�� ) �S+:� ;0�<� � ������� ) �-�� *� D�! 
 P�+
�� � ieY� �	��+�$�	
�� �#)� ��Y #� ��+0= ��!

 ��!����#�6 ) ��+� �-#�gj�  3
� ���	
��$ (�� �!
)Basiri, 2019 .(�+� �9 ��� 3
� �� �!  ) �-# �	���9

�+6 �# Pk�X:� � �#�+�� ���0."  D�		= �	+�
�f�W#� � �lQ� �= *�  �! �m�#� n�8 *�!�+� ���� �?	9

��- �� .���  ��� ��o� *��	"GOSSYM ) �,	6 ����Reddy 

et al., 1995 ��� D(CHIKPGRO ) ��<� ����Singh & 

Virmani, 1996 ��� ) ( WTGROWS 2�	� ����
)Aggarwal & Karla, 1994�� ( �� #�= .�)#  

 � �#�+�� H� �#�- �g� ��#�� ���� D��-d� #�

��� �	��� �
�!HYDRUS )Šimůnek, 1998 D(SWAP 
)Kroes, 1999 ( )SALTMED )Ragab, 2002 ������� (

�! .(�� ��- ��� 3
� � @
  �,
�Q� ) �
��� ��#�� �!
��  D������� �#�� p�+V� D/+01� H�]#�] #� �= �-��

�+6 �#�� ��!����#�6 ���Q9 ) ���+q+6 *��+�  A��1 �	+�
��� 2�.9 3+� #� .(�� ���
#�  ���� �= ����� ��!

��- �m�#� ;0�<� _
��- � � ��)�Q� D������ 3
 � �!  
�0.�CROPSYST  )Ferrer & Stockle, 1996 D(

AQUACROP )Steduto et al., 2009 ) (SALTMED 
)Ragab, 2002��� �� #��1 (  �g� ���/! *��  �	9

��+� �� ��78 ) �#�- (��.  
Ragab (2002)  ���SALTMED �� �#  ��+- @
 *��	"

�+,- ���� �]#�r�
 �	�.!�� ���  ) ��X:� D�#�+�� ��!
�� ��� 3
� .��� �m�#� �"#�� (
�
�� �� ����9 /! #�Y  *��

/��+� � �"�	9 Z�8 D�#�+�� ��!  ) *�!�+� D�!
�59����� /! ) H� (
�
�� P)���� ��!  ) �
�7�� �+� 3+	]

�+�� �&� #� �# �#�+�� H� (+�+= ��!��,.= 3
����	� ) �
��� �W��Y #� ����� �9 �# ���7� �!�+� ��!  4�Y�� ��W

 ��� .(�� ���=SALTMED �+,- �� #��1  ��!�	
��$ ���
 ��V��� D�7
# _��9 H� Hd� D\�Q9 ) �+<,9 �	��� ��+0=

/��+� (:9 se�� ) H� �59����� ) �!  D�#�+�� ;0�<� ��!
+� t�,9#� ) �7�! D�#�+�� ��= ) ��X:� ���0." 3

�� H� � �������  .�-��  
Nasrollahi et al. (2016)  ���SALTMED  #� �#

 �#�+�� (
�
�� ;0�<� _
��- P#u ���� #�- H� ��
 P�Q��� 3+���+� �7
# _���� .����� #��1 ���
#� �#��

�+,- #� ����� ��S8 p���+� ) ���0." �����  +9�9 
2/3  )4/2  �,��:��- ��+� �= �k�� �
�#�= ) (1� ��

�� ���  .�-��Mohammadi et al. (2014)  )Kaya et al. 

(2015)  #� �?��7� O
��� ���	.���9�  �	+� #� ��� 3
�
�#�� ^Y�	� #� ��X:� ���0." (�� �������  .�	�$�




��+23�� 4&�  SALTMED  �� �56$7 4.8�� 9&:; �� +<	2= >' 3?$��� � �.	� �� @A�:� B�C   )�E!�F� ��.�� :3$&:/<(  

  

 ����11 �  ����	4 �  �����1400 

817

�!)56  ��!Mohammadi et al. (2014) DAly et al. 

(2015) DHirich et al. (2011)DKaya et al. (2015) D
Hasanli et al. (2016)  )Ragab et al. (2005)  ���0."

A��1 #� �# ��� ��,1  .��� *�7� (��Y# ���
#�  
/!  3+	]Noshadi et al. (2020)��� ���#�= D  ��!

Hydrus  )SALTMED �+,- ���� �#  H� ����:� ���
 (-�= �� �	+��
 H� wS� ���	= #� Z�8 �#�- ) Z�8
 �#��� ��!����#�6 D��� *�7� O
��� .����= ��#�� 2�	�

A��-NRMSE  ) ^��S9 ��#� )d�� *�7� (  #��V� �= �!�
�+6 Z�8 (��Y# �	+�  ��� #� Z�8 �#�- ) ��-Hydrus 

-1D  ��� �� (,��SALTMED ^+1� �9  3
� #��V� ��� .(��
 ��� #� *� @78 ���� ) 2�	� ���0." ���� ����#�6 )�

SALTMED �� ��?�  .��� (��Razzaghi & Ghannadi 

(2016)D  ��� �= ����� *�7�SALTMED  (��Y# #��V�
 �9�= �#�+�� � ��?� ���#�� �#�+�� /��+� ���� �# Z�8

�� 3+.<9 � �! #� @78 ���� ) ��X:� #��V� .�� )
�� �#�+�� b)#  .�- �#)��� ��� 3
� _��9 �,��	� #�Y  

Abdelraouf et al. (2020)  ��� �= ����� *�7�
SALTMED �� �� �� ����9  ��	� 3++Q9  
�U _��

 3+�)88/0  �997/0 #��V� D*y)��+� Hd� DZ�8 (��Y# D(
��?� ) ��X:�  ���� ���<0� _+:� #� �# H� �#)

 ��� � ������� .�	= �#)��� #�+8 ��X:�SALTMED 
/= _
��- #� 2�	� ��+� ����  /��+� � ������� ) �#�+��

� 3++Q9  
�U (����9 �	- Z�8 ) ���#�� �#�+�� 3+
92/0  �998/0 �#  *�����# D�7
# />W DZ�8 (��Y# ����

 �!� *�7� ��X:� ���0." ) @78 ���� DH� ���#�=
)Abdelraouf et al., 2021.( 

 (+	�� ���� �0%� ) @
59����� Pez � ��
 2�	�
 � �+� �+f�9 �� 3+] .(��+�� #� �
�dz100 *�+0+�  #� 39
) (�� 2�	� �+f�9 (�<� �,9# #� ���  ��
��� D*� � M6

 #� 2�	� �0%� *���		=�+f�9 � ��
 �+� *��
� .�#�� #��1

�� D�+�� H�z 3
� �� �-��  �+� 2�	� P��#�) �� *�	q.! D��W
 ��� #� D�m�$ #��� ^,Y .�#��2017 �)�W D5/6  #���! *�+0+�

 �+f�9 *��+� ��#�� ) 2�	� (7= (:9 D#�7= �U�#� �
7/12 (�� ���� 39 *�+0+� )FAOSTAT, 2021 D�#��� 3
� .(

�!)56 �� �+� (+.!� �+� ��!  2�	� ;0�<� ��Q�� � �9
�	9 _
��- #� (-�= ��:� 3�$�
 ����  ) ��78 ��!

/+01� �o=� #� �= �#�- �� {# *��
� ��!  *�7� �# �!�
�� ��� .�!�  D�.+01� ;0�<� _
��- #� 2�	� �+f�9 ���

P�+0."  �� �"�# ) �#)�7= ��!/+.X9 A+?�9  #� ��+�
�� @.= H� #��
�6 (
�
��  .�	=Nahvinia et al. (2010)  ��

 ��� ���
#�SWAP  D3-)# /1# 2�	� ��X:� 3+.<9 #�
�+,- ���0." ��� �� �# ��-  _���� #�Y10/= %  �
��V� � �9

  .��= b#��� �Q1�)  
 *���� #� ��� `��	� (
�)�:� �� ���9 ��

*����8 ���	� �.+� ) @78 �VS	� #� �=  #��1 @78
H� 3
� � �.+&" />W 3�$��#��1 ) �#��  ;
�# #� �!

H�  f ) #�- ��! H� 3
� � ������� D#�-  �#�+�� ���� �!
�� Dw+:%�� (
�
�� ��  DP���#� #� ����9P#��8 ��! 

*��,�  .�
�.� ��>
� �VS	� Z�8 #� ��
d6��/! 3+	] 
 (+	�� ���� ���
 Pe�7� Pk�X:� �+f�9 ) �
�dz

 �VS	��� �5
)  �
�6 3
����	� .�	= ��>
� 2�	� �� �S��# #�
 ) 2�	� ���0." P��++[9 DZ�8 A+$)�6 #� (��Y# `
�9

������ ���� D�#�- ;0�<� s�S� #� Z�8 �#�-  ��
#
�� �#)�U �VS	� �#�+�� (
�
�� #� w+:% �� �&�  .��#  

�U�W �!)56 D\�$  f�S� �� ���9 �� �� #�&	� 
 ��� �>	��) ) ���
#�SALTMED �#)��� #�  #��V�

 ��X:�2�	� VS	� #�� � @78 D�	��+�  2�>��($�� .  
  

��� � �
�� �  

��� SALTMED  A��-�	
��$ D\�Q9 ) �+<,9 ��! Hd�
/��+� #� se�� ) H� ��V��� D��+� �7
# _��9 H�  ��!



�#$�%�& !��'�( &��� )*!+&,-�  (�.  �+./&��� .�0�  0$� 

  

 ����11 �  ����	4 �  �����1400 

818

 ) ��X:� ���0." �S��# ) �7�! D�#�+�� ;0�<�
�! �#�� �#��#� ����� #� �= (�� H� � �������  3
� � @


�	
��$�� �! .�- �!��8 ���� w+U�9 �X�<� #�Y  
  

��� � ���� � �����  

) `��� \�Q9 ) �+<,9ET0 b)# � ������� �� (
3.	6  ) a+����p����� �++[9 �f��Q� �m�$ �
�7� #� ��$�
 56 

�� �,��:� ) ��-Allen et al., 1998(.  D��� 3
�/! 3+	] 
#� ��+-#�8 Nf�8 ���9 D�+� P#�%  �,��:� �#
�� �+<,9 .�	=  ) �
 �S��# � ������� �� �!�+� \�Q9

�� �,��:� .��- 

)1(  ��� � ������� 	 �
� 
D*� #� �=Kcb   ) �!�+� \�Q9  
�UKe   
�U

 �0W�� �! ����  
�U )� 3
� *��+� .(�� Z�8 �+<,9
 ���) ��� #� ;0�<� *�!�+� ) �-#�#��.  

 � ��� 3
� #� H� Hd� �Q1�) *��+� �,��:� ����
�S��# Cardon & Letey (1992a,b) ��  ������� �
 P#�%

:(�� ��- 

)2(  
��, �� �

⎣⎢
⎢⎢
⎡ �������
1 	 �����ℎ 	 ������� ��

⎦⎥
⎥⎥
⎤

"�, �� 

*� #� �=: 

)3(  #$%  ' 0.2+ "�� � 5
3 + 

)4(  #$% 0.2+ .  ' + "�� � 25
12 + ∗ �1 0 

+� 

)5(  #$%  1 + "�� � 0 

 )Smax(t)  *�� #� �7
# Hd� A+����6t Dz  ^."
�� ���."  D3+
�6 (.�(z)λ  �� �����) �7
# ���9 (,��

 D*��L �+� �9�7
# ^." 3
  D���)�h  D@
�9�� A+����6π 
��.�� A+����6 D50(t)π ���� ��.�� #�7$ *��+�  �=

Smax(t)D 50 �� �!�= �%#�  ) ���
(t)α  �= ��) (��g
M�" A.Qf� #� �# ��+� ;0�<� ��!   @
�9�� A+����6 A��V�

�� �,��:� ��.�� )  (�� ����� ) �
�.� ��/h50(t) 50(t)π 
 �=h50(t)  �= ���� @
�9�� A+����6Smax(t)D 50  �%#�

�� �!�=  D���
(��.  
  

�� ! "�#$� %
&�� ��'
� �  

�� H� Hd� 3+� t�,9#� �� ���9 �� +�)0 ) ��+� �7
# �
�� �,�� ���� D��X:� �!���  H� i�.>� p���

Hd�  i�.>� �� /+�V9 �-# AX$ ��Y #� ��-�+� �9 3

�� (�	9 *)��) H� (-���� *��+� �� (�� .�
� 

)6(  23 � ∑ ��5, , ��
∑ �����5, , �� 

�� �
 �S��# � ��X:� �Q1�) ���� �� (�� �
�  �=
 D*� #�Ymax �� ��X:� �o=��W (��  (:9 ����_
��- 

 *)�� ) �	+?��	9 �� .�-��  
)7(  63 � 23 ∗ 3��� 

  
"��$� � �( %�)��  

�� Z�8 #� H� *�
��  @
 �= �#�q
# �U�
# �S��# �0+�)
 A��1 D(�� *��� ) *�� �� (,�� �S8�+z A+�����
� �f��Q�

�� w
�79  ) ��#�� *���1 )� p����� �f��Q� 3
� .�-��
�� ��#�� �f��Q� .(�� #����� �����+6  �
 P#�%(��:  

)8(  7 � ��ℎ� 89
8:  

 �=q  ���H� *�
�� DK(h)  ��+f)#�+! (
��!
��  DZ�8 H� A+����6 � �Q��9 *��	"Z  #� P�X�<� #�:�

(�� Z�8 wS� *� ~�,� �= 3+
�6 (?� ) H  A+����6
 i�.>� ��+f)#�+!A+����6 �#�7$ ) �0Vg �� .�-�� 

  
��
� *���� *� "�� ����+ �  

 �<��2010  ���SALTMED  �0%� ��>	6 )� ��#��
�"#�� ��!����#�6 ) ��� �0= ��!����#�6 �� ��  #� .�-��

 ����� ��!)# *�] ��#��� D��� �0= ��!����#�6 ��>	6



��+23�� 4&�  SALTMED  �� �56$7 4.8�� 9&:; �� +<	2= >' 3?$��� � �.	� �� @A�:� B�C   )�E!�F� ��.�� :3$&:/<(  

  

 ����11 �  ����	4 �  �����1400 

819

D��)�8 A
�$ *��� D��� ����)�8 H�<�  D��� ��!
�"#�� _
��- H�<���  �) Z�8 P�"eY� D;0�<� ��

�
k �0.� +f)� (��Y# D�+f)� �#�- D^." D��	� (
��! D�
 ) (����.+1�� ) �"�# (+$�� (��Y# Di�,-� ��+f)#�+!
 D�7
# ^." A1��W ) �o=��W �0.� �) ��+� P�"eY�

  
��UKc  )Kcb ��!)# �
#�9 D��+� i��9#� �o=��W D
����� D(-�=  D�!�+� �-# AW��� P�� D(-���� ) ��

 #� .�- ���� ((-���� N8�- ) ��� wS� N8�-
eY� ��,� P#�%���� ���
�6 D^+1� P�"  �+� �� ��� ��!

 �200  ) ��+� i��40  �#��� D;0�<� Z�8 i��
�+6 �� �m�#� �# ��$ �"#�� ��!����#�6 ��>	6 #� .�!�  ��

�<�  D\�Q9 ) �+<,9 D�.+01� P�"eY� �� t���� �
�!
 ) {�.+� D*y)��+� D(7= H)�	9 D��X:� �-# D�#�+��

(�� ���� �7�! ) Z�8 P�"eY� �.+01� P�"eY� #� .
����  P�"�� D��� ("�� D���)# ���� A1��W ) �o=��W ��!

 �,��:� .�- ���� ��� �� �,�� (��Y# ) b#�� D����$�
b)# � \�Q9 ) �+<,9 3.	6 ��! 3.	6 ) a+����  a+����

se%� �� ��-  �#�+�� ���� ��)#) P�"eY� #� .��� (��
� �#�+�� H� �#�- ) *�� D��� �
���  �#�) (1���-.  

��)�8  ��� ��!SALTMED ) �#�- �
��V� A��- D
 D�,�� (&0z DZ�8 (��Y# ) �#�- {�.+� DZ�8 (��Y#
 ) �+<,9 D�#�+�� D��X:� �,�� ���0." D�
�7�� ��=
 D��+� �-# ��!����#�6 D��� {�.+� D��� A+����6 D\�Q9
 ) 2�+���� ) *y)��+� �
��V� D��+f�9 @78 ���� DH� *e+�
 _��9 H� Hd� D�#)� ) 2�+���� ) *y)��+� {�.+� D�#)�

�� �	+��
 H� wS� ) *y)��+� *e+� D��+� .�-��  
  

�)
�$, ��-�.�  

 3
��!)56 p����� ����  ��!�
��� ��! �"#��  ��
Nahvinia et al. (2010)  ���7��� �9�V+V:9 �"#�� #�

�#)�7=  �
�+$��[� ��" �� �	��+�32  ) ��#�53 

V+1� �
�+$��[� ��Y ) �f�.- �55  ) ��#�13  �V+1�
 i��9#� ) �1�-1480  �"�# ��� #� D�
#� wS� � ���

1385-1384 �� �#�� ��+� .�-��  3-)# /1# 2�	� D��#��
) ���� ) �)�� #� �"#�� Z�8 ��
�+$ P�+%�X81 D(

.(�� ��- �m�#�  
P�= D�7
��� s�Y  f�1 ��8 ��! �� ��-  P#�%

��� A
#��=�$ ) �#�- ;0�<� s�S� *� #� �=S1 DS2 ) S3 
�� ���Q�  +9�9 4/1 D5/4  )6/9 ���  D��� �� M	.

�� P#�% P�= ) �#�+�� wS� #�?] ) �0%� ��!I1DI2  DI3 ) 
I4 ��  ���Q�  +9�950 D75 D100 125  (��+� ��� �+� �%#�
�� P�= *��	" �- 2�>�� #���9 �� #� �"�$ ��!  A�-)1(. 

� (-�= b)#� A8�� #� ) ���� P#�%  2�>�� P�=
�-(�� � �� ) 
 ��XW #�&	�� D�#�- ��."� #� ��8��	

������ �9�= �#�+�� b)# �� ��- (�� 3
� #� .�!)56 
P�= ��Q��  �!4×3 P�= �0%�$ ) (��� #� ���)  �"�$ ��!

50 ����� P�= �0%�$ ) ���  �)�W �0%� ��!4/5  ���
����  �
#�9 #� )23  *���1384  DP�= �! #� .���- (7=
10  �0%�$ �� (7= ;
�#20 �����  ��Y ) ���3  ���) 

 /=��9��.Q� 400 ��� #� 2�	� �9��  `���.�- (-�=  
��5
) ��!  ^
�Y � 2�	� (-�= � A,1 Z�8 ��
�+$

���.�  .�- 3++Q9 ��+�/! 3+	] �	:	� H� �X<7� Z�8D 
����� � ������� �� ��� #� Z�8 (��Y# ��+�  ��!

�� ;0�<�  �&�:� ) �#�7$ P�:�% ������ @.=
 ��- 3++Q9 �#�7$ ^��S� 3�8�	��) �f��Q� ��!����#�6 )

) �)��2.(�� ��- �m�#� (   
3+�h9 H� � ������� �� �#�+��  �V0W �� _��9 ��-

�#�- �� ��] �#�� ��!  �	Q
 �&�4/1 D5/4  )6/9 
��� �>�� ��� �� M	.
 2�-  �)��)3.( 

 ������ ����  *�� 3++Q9 ) ��
#�#�+��  #�+Q� ��
#��1  � (�!�-) �#�- ) ��� �	9 *)�� #�.+9 *���

 �)��) �- ������� Z�8 (��Y# N8�-4.( 
  

  

  



�#$�%�& !��'�( &��� )*!+&,-�  (�.  �+./&��� .�0�  0$� 

  

 ����11 �  ����	4 �  �����1400 

820

    

  
Figure 1. Schematic diagram of experimental design 

  
Table 1. Physical and chemical proporites of experimental soil 

Clay Silt Sand PWP 
(%) 

FC 
(%) 

Soil 
texture SAR Bulk density 

(g/cm3) 
ECe 

(dS/m) 
Initial moisture 

(%) pH Soil depth 
(cm) 

35.7 34.6 29.7 19.3 35.2 C-L 7.4 1.50 2.1 9.00 7.61 0-30 
37.3 52.6 10.1 18.2 32.3 Si-C-L 8.6 1.45 2.7 10.75 7.72 30-60 
35.2 53.6 11.2 21.3 33.3 Si-C-L 9.7 1.39 2.9 11.75 7.78 60-90 

  
Table 2. Van Genuchten model parameters for experimental soil 

ɵres (%) ɵsat (%) Ksat (cm/d) ɑ (1/cm) n Depth (cm) 
0.0819 0.4184 5.84 0.0127 1.3861 0-30 
0.0896 0.4483 6.53 0.0096 1.4527 30-60 
0.0893 0.4593 9.52 0.0090 1.4835 60-90 

  
Table 3. Physical and chemical proporites of applied irrigation water 

Anions (mg/lit) Cations (mg/lit) 
SAR pH EC(dS/m) Well 

number  SO4-2 CO3-2 HCO-3 CL- K+ Na+ Mg++ Ca++ 
4.1 0 3.1 7.2 0.05 10.2 1.7 2.2 7.4 8.0 1.4 1 

16.5 0 8.3 21.2 0.3 26.5 4.8 14.0 8.6 7.8 4.5 2 
20.8 0 10.6 53.5 0.8 43.8 12.8 27.6 9.7 7.7 9.6 3 
 

Table 4. Time and amount of applied irrigation water 
for different irrigation treatments 

Irrigation treatments* Time of 
irrigation I4 (mm) I3 (mm) I2 (mm) I1 (mm) 

30 30 30 30 2005-11-16 
87 70 53 35 2006-02-24 
95 76 57 38 2006-03-10 

*I1, I2, I3 and I4 treatments are 50, 75, 100 and 125% of water 
requirement, respectively. 
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Table 5. Applied irrigation water, rainfall and plant 

water use for different treatments 

Plant 
water use 

(mm) 

Irrigation+ 
Rainfall 

(mm) 

Irrigation  
water   

volumes** 

Irrigation 
water 

salinity* 
466 432 I1 

S1 587 557 I2 
703 683 I3 
785 809 I4 
458 431 I1 

S2 582 557 I2 
688 683 I3 
781 809 I4 
453 431 I1 

S3 575 557 I2 
686 683 I3 
774 809 I4 

* and ** S1, S2 and S3 are salinity treatments of 1.4, 4.5, and 9.6 

dS/m, respectively and I1, I2, I3 and I4 are irrigation treatments of 

50, 75, 100 and 125% of water requirement, respectively. 
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Table 6. Total dry matter, yield dry matter, leaf area index and harvest index in calibration process 

Salinity 
treatment 

Irrigation 
treatment 

Total dry matter 
(kg/ha) 

 Yield dry matter 
(kg/ha) 

Harvest 
index (HI) 

Leaf area index 
Initial Development End 

S1 

I1 11990 2765 0.23 1.0 2.7 1.8 

I2 13030 3777 0.29 1.0 3.2 2.1 

I3 14010 4586 0.33 1.0 4.0 3.0 
I4 14490 4592 0.32 1.0 4.0 3.0 

S3 

I1 9800 2151 0.21 1.0 2.3 1.4 

I2 10820 2942 0.27 1.0 2.9 1.9 
I3 11040 3607 0.31 1.0 3.4 2.4 

I4 11540 3559 0.30 1.0 3.5 2.5 
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Table 7. Comparison of measured and predicted yield 

(kg/h) after model calibration 
Salinity 

treatment 
Irrigation 
treatment 

Predicted 
yield (kg/h) 

Measured yield 
(kg/h) 

S1 

I1 2758.0 2765.0 
I2 3778.0 3777.0 
I3 4623.0 4586.0 
I4 4782.0 4592.0 

S3 

I1 2064.0 2151.0 
I2 2921.0 2942.0 
I3 3546.0 3607.5 
I4 3463.0 3559.0 

  

 
Figure 2. Correlation of measured and predicted yield 

(kg/h) (calibration) 
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Figure 3. Change in total evapotranspiration (ETc), potential transpiration (t) and potential bare soil evaporation (Es) 

during plant growing season for irrigation treatment of 100% ET and salinity treatment of 1.4 (dS/m) 

 

 
Figure 4. Change in salinity ratio during plant growing season for irrigation treatment of 100% ET and salinity 

treatment of 1.4 (dS/m) 
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Table 8. Harvest index (HI) equations as a function of 

EC (dS/m) for different irrigation treatments 
Equation Irrigation treatments 

HI = -0.0024 EC + 0.2334 I1 
HI = -0.0024 EC + 0.2934 I2 
HI = -0.0024 EC + 0.3334 I3 
HI = -0.0024 EC + 0.3234 I4 

  
Table 9. Leaf area index (LAI) equations as a function 

of EC (dS/m) in mid-stage (LAIMID) and end-stage 

(LAIEND) of growing season for different irrigation 

treatments 

Equation Irrigation  
treatments 

LAI in  
growth stage 

LAI = -0.4880 EC + 2.7683 I1 
LAIMID LAI = -0.0366 EC + 3.2512 I2 

LAI = -0.0732 EC + 4.1024 I3 
LAI= -0.0610 EC + 4.0854 I4 
LAI = -0.0488 EC + 1.8683 I1 

LAIEND LAI = -0.0244 EC + 2.1341 I2 
LAI = -0.0610 EC + 3.0854 I3 
LAI = -0.0732 EC + 3.1024 I4 
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Table 10. Indices of harvest index and leaf area index for 

different irrigation treatments as model input data 
Irrigation  
treatment 

Harvest  
index 

Leaf area index 
Initial Development End 

I1 0.22 1.0 2.5 1.6 
I2 0.28 1.0 3.4 2.0 
I3 0.32 1.0 3.8 2.8 
I4 0.31 1.0 3.8 2.8 

  
Table 11. Measured and predicted yield (kg/h) for 

salinity treatment of 4.5 (dS/m) 
Irrigation treatment Predicted yield Measured yield 

I1 2312.9 2284.0 
I2 3183.0 3405.0 
I3 3740.0 3894.5 
I4 3634.0 4154.0 

  

 
Figure 5. Correlation of measured and predicted yield 

(kg/h) for salinity treatment of 4.5 (dS/m) (validation) 

  

  
Figure 6. Comparison of measured (points) and predicted 

(lines) soil salinity (dS/m) in different soil depths 
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