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7.4 1.2  1.9  0.4 7.7 57 26 17  11 212.3  5.7 16 9.1 
†: SAR, ECe, OC and TNV are sodium adsorption ratio, soil electrical conductivity of the saturation extract, 

organic carbon content and total neutralizing value, respectively.  
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Figure 1. The effect of salinity on relative height of maize plants at reproductive growth stage 
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Figure 2. Measured and predicted relative yield of maize by Homaee et al. (A), Dirksen et al. (B), van Genuchten 

and Hoffman (C) and Maas and Hoffman (D) models 
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Table 3. Predicted parameters of different models using the equations of 7, 8, 9 and 11 for relative plant height  

Model ECm ECp EC50 ECmax Alpha α Pp 

Homaee et al. 0.8 0.7 - 7.4 0.16 - 2.18 

Dirksen et al. 0.8 0.91 2.8 -  - 0.99 

van Genuchten and Hoffman 0.8 - 3.7 -  - 1.8 

Maas and Hoffman 0.8 0.75 - -  -0.14 - 
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Table 4. Calculated statistics to compare different macroscopic-process models for relative plant height 

r CRM d' E' Model 

0.96 -0.15 0.89 0.79 Homaee et al. 

0.94 +0.25 0.86 0.71 Dirksen et al. 

0.98 -0.074 0.91 0.87 van Genuchten and Hoffman 

0.94 -0.21 0.83 0.69 Maas and Hoffman 
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Figure 3. The effect of salinity on shoot dry weight of maize plants at reproductive growth stage 
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Figure 4. Measured and predicted relative yield of Maize by Homaee et al. (A), Dirksen et al. (B), van 

Genuchten and Hoffman (C) and Maas and Hoffman (D) models 
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Table 5. Predicted parameters of different models using the equations of 7, 8, 9 and 11 for shoot dry weight 

Model ECm ECp EC50 ECmax Alpha α Pp 

Homaee et al. 1 0.8 - 6.4 0.15 - 1.4 

Dirksen et al. 1 0.8 3 -  - 1.04 

van Genuchten and Hoffman 1 - 4.17 -  - 1.5 

Maas and Hoffman 1 0.8 - -  -0.12 - 
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Table 6. Calculated statistics to compare different macroscopic-process models for shoot dry weight  

r CRM d' E' Model 

0.97 -0.06 0.90 0.86 Homaee et al. 

0.94 +0.15 0.86 0.78 Dirksen et al. 

0.97 +0.09 0.89 0.84 van Genuchten and Hoffman 

0.94 -0.147 0.84 0.73 Maas and Hoffman 

A B 

C 
D 

54 



=� ��  �! 6�>? ��D-BE �� %��& ��
 �>m�
                           (c" +>Y�
 X���
 7� / c_  �e>ek
�G4� 6�#/  6��B& ���� /A#�1399  

AI�
 
�01�2  

 0Dqq& ��  �! 'C8* �*�� ��D-BE �� %��& �m�5  �qq����

 �" ��� (�)* a��.* .�=� 6+& ��D-BE �qq*�� �qq
  �! 'Cqq8*

 �#+1 %��&5/1 '=��qq&�+* �4�" �.� �� ]�B�5�qq�� $ 

 6�qq>? ��qqD-BE $R�qqN A�qq-k� %��qq& ���M�� �� ]� (T 5�

 �#+1 %��& �� # ���� �4�"5/4 '=� �� �.� �� ]�B�5

���Mqq�� $�qq-1�� @�� �� ���
 0��H �.D* .���� 0>-e
 ,l* 

�qq-1�� �qq� �C8* +1�# G>* 65�+*� �� ��D-BE �4�" �*�.=T 

��#� �� # 6�qq>? @qq= ���Mqq�� �� �F��  ��CE �� .��� '-CH (

*� �.qq=�" %��& ��
 �� 6�>? �>=�81 5� $+&� '���. +qq&

 0D&)5.(  0D&6A+� �5��� $ �qqOY�Z� ���� �*�?���W %�4

6��� �� �� ��qqD-BE %�4 �qq*�� ��  �! 6�qq>? 'Cqq8* @��qqNT

 %+&� �-1��'� (�)*+4�.  %�4�.����� Pqq=�
 6+&��#T��

A+� @�� 5� g�+" �4 �4 M>* A#+� ��7 ����� +&�qq=� 6. �qq� 

cN� @qq�� �� $'qq-CH 01��� ; # 7�qq� 'qqZN A+qq� �qq-1�

�8*��
 @B��4  'Cqq8* ��qqD-BE (�Mqq>� 'Y�qqCH 0��H �H� ��

�>C& �� �*�� (5# %5�qq=+qq�"  g+qqE �qq� 6��qq&� XqqH�# �� �qq"

 �Cqq8* �qq-1�� @qq�� �� +qq&� +��T�� '?+>�>� �qq� 0qq1���

-CH' +&�  .����  

6���T 6+qq& �Cqq=�k� %�qq4 �qq��
 %+qq�T��" @>qq>O

A+� A#+� �� �*�?���W %�48 ����� +&�=� 6.  �qq� ���
 ��

a��.*  �� ��qq��� @qq�� A#+qq��qq=�+>� yc��qq"  @qq�� �� �qq"

�-1��$  A+� 'ZN '�s�qq� ��>qq8� �qqH� �qq� @B��qq4 # 7��

�4 .+�T�� ��D-BE @>B/
 6+�E 5� �8*��
  +qq�W �qq" A+qq�

(���DB4 # '��B4  A+qq� #@B��qq4 # @.N�qq�F*#  0qq��H Mqq>*

+�.84 ������� $�  5� @B��qq4 # 7�qq� A+qq� �qq" '��Q*T 5�

>� ��" �Y��= # '?��=�A+� �� �C8* %�
 6+qq>�>� %�4

�� 'ZN�>_ $�qq=� �����qqN@�����qq��  A+qq� �qq-1�� @qq�� ��

�� @B��4 # 7�� 'ZN S�/.*� d=��� A+� (���E+&.   

AM�HI3��/ !1(  

��-"��2 �����qq" �qq" ��� (�qq)* �4#:qq� @qq�� a��qq.* '

 �qqm� %��& %�4��B>
'qq�O� 'Cqq8* ��qqD-BE �qq� %��� 6�qq>?

�qq&�� 'qq)��5 +&� �-1�� ��  �!A+qq� . ��qqD-BE %5�qq=

 'qq)��5 +&� �-1�� �� 6�>?%��qq� %�qq4�>i.�  g�+qq*� h�qq3
��

 �qq� �qq*�� '��qq�* ��qqD-BE # '���qq4 g�+*� V)N (5# $'���4

A+� 5� 6��3.=� ,qq-./� %�qq4@qq�� �qq" ��� (�qq)* A+qq��qq4   

���>Cqq& �qq� ���H '��N�qqD-BE %5�qq= �qqk
  �! 'Cqq8* �

 +�.qq8*��
 'Y�CH 0��H {Z= �� # +*��� %��& ��
 P���&

�>� ��  �! 6�>? ��D-BE 'qq�>�+qq��" .�� qq�>@ A+qq� %�qq4

6+& '���5�� �5��qq� @B��qq4 # @.N�qq�F*# 'qqZN�>_ A+� $

6��� �� %�.��65�+qq*� %�4 '��qq�* h�qq3
�� �qq>i.� 6+qq& %�>?

�qq� .�&�� 6�>?dqq>
�
 @>qqB4$ qqDB4 # '��qqB4 A+qq� (��� #

@B��4 # 7�� 'ZN A+�[>H� $ # '��qq�5�� %��qq� A+� @��


�>� # '���qq4 g�+qq*� Vqq)N (5# %�qq4�>i.� ��D-BE '�>�

 ��� (�)* a��.* @>��B4 .+*��� �*�� '���* (5# �qq" �*�.qq=T

65�+*� ��D-BE �4�" �qq��m %��qq& P���qq& �� 6+qq& %�>?

�8>* 'qq� �>>i
 '=��� ���� �-1�� �� �.8� # %��qq� .+qq�"

 $%��qq& �� 6�>? 0Bk
 �*�.=T +1 $6�>? '���* h�3
�� �>i.�

8/0 '=� �.� �� ]�B�5 $���#'Y  ��qqD-BE �4�qq" �*�.qq=T

 ��qqD-BE) ��-� �-1�� # '���4 g�+*� V)N (5# �>i.� %���

�qq� (T (�Mqq>� # �&�� ')��M�� +*#� ('C8* �*�� �qq� dqq>
�


V�  #5/1 '=�  �3qqb h�qqBQ� 5� .+>qq=� �qq.� �qq� ]�B�5

���g#�e� $'=��� ��� �C8* �>i.� @��
  (5# $%��qq& ��


�.��� 5� 6��3.=� �� .���  �! �*���4%  @�� [qq>ek
'qq� (��qq


���*��ST 5� 6��3.=� ����+� %��� ��>�� '��4 �� ��qq& %�4

�� # %5�#�)"6�#� �� 6:�#G" �>=�81 6�>? �" '��4 %�qq


���� $���� %��& ��
 �� �C8*.��" � 

  

 

 

 

 

 

 

  

  

  

 0D&5-  �� %��& �m� �*�� ��D-BE 'C8*')��5 +&� 6�#� ��  �!  
Figure 5. The effect of salinity on relative grain yield of maize plant at reproductive growth stage 
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Figure 6. Measured and predicted relative yield of maize by Homaee et al. (A), Dirksen et al. (B), van 

Genuchten and Hoffman (C) and Maas and Hoffman (D) models 
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Table 7. Predicted parameters of different models using the equations of 7, 8, 9 and 11 for grain yield 

Model ECm ECp EC50 ECmax Alpha α Pp 

Homaee et al. 1.5 1.2 - 8 0.15 - 3.2 

Dirksen et al. 1.5 1.11 3.37 -  - 1.07 

van Genuchten and Hoffman 1.5 - 4.6 -  - 2.77 

Maas and Hoffman 1.5 1.2 - -  -0.13 - 
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Table 8. Calculated statistics to compare different macroscopic-process models for relative grain yield of maize 

r CRM d' E' Model 

0.98 -0.07 0.95 0.94 van Genuchten and Hoffman 

0.99 -0.047 0.96 0.94 Maas and Hoffman 
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Homaee et al.        0.93 0.95 -0.09 0.98 

Dirksen et al. 0.81 0.86 +0.174 0.97 
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Abstract 
Maize in response to salinity stress exhibits different responses during different growth stages and 

reproductive growth stage is the most sensitive stage of plant growth. The objective of the present 

study was to evaluate the ability of salinity simulator models to estimate maize (SC704) yield, during 

reproductive growth stage. Process-physical models including Maas and Hoffman, van Genuchten and 

Hoffman, Dirksen et al. and Homaee et al. models were used to access this objective. In order to create 

real growth conditions in saline soils, natural saline water of Nough lake in Rafsanjan, Kerman 

province, Iran, with electrical conductivity of 42.6 dS.m-1, was used and diluted with normal fresh 

water for preparation of salinity treatments studied in this experiment. Treatments used in this study 

were five salinity levels of 1, 2, 4, 6 and 8 dS/m with a non-saline water (as check treatment) that were 

studied in three replications. The results of modified efficiency coefficient (E'), modified agreement 

index (d') and coefficient of residual mass (CRM) statistics showed that the van Genuchten and 

Hoffman model with the highest accuracy (E'=0.87, d'=0.91) was the most accurate model for shoot 

height, while for shoot dry weight, the Nonlinear model of Homaee et al. (with the accuracy of 

E'=0.86 and d'=0.90) and for final grain yield, the Maas and Hoffman model (with the accuracy of 

E'=0.94 and d'=0.96), had the most accuracy and the best estimate. In total, the results of this study 

showed that salinity simulation models had good ability to estimate maize yield under salinity stress 

and better management of allocation of low quality water resources in different stages of plant growth. 

In other words, the four models of Maas and Hoffman, van Genuchten and Hoffman, Dirksen et al. 

and Homaee et al. can be effective tools in using saline water sources with varying degrees of salinity 

to achieve optimal maize production. Therefore, by precisely determining the optimal model for each 

growth stage and accepting the risk of yield loss due to salinity of irrigation water, low-quality water 

resources can also be considerably utilized in maize yield production. 
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