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Abstract  
Long-term studies of the effects of the use of irrigation systems, in addition to being time consuming, impose high costs on the researcher. On the 
other hand, environmental and non-uniform changes in long-term data collection can affect the accuracy of the experiment. The use of numerical 
models and long-term experimental simulations based on calibrated parameters for a short-term experiment can be an effective aid in such research. In 
this study, the main purpose was to simulate the long-term effect of surface and subsurface strip irrigation on salt accumulation in soil profiles using 
the HYDRUS-2D model. Firstly, the model was calibrated using volumetric moisture data and measured electrical conductivity, Then, to ensure that 
the model provides logical results, the model was validated using data that were not used in the calibration step. The RMSE (Root Mean Square Error) 
and NRMSE (Normalized Root Mean Square Error) statistical indices were used to assess the validity of the model. The results of ten years of 
simulation for surface irrigation showed that the electrical conductivity of soil layers increased on average from 1 dS / m to 9 dS / m. Also, the EC of 
soil layers for the subsurface system has increased from 0.73 dS / m to 5.5 dS / m on average over five years. Due to the lack of effective leaching for 
both systems, accumulated salt is much more at soil surface and decreasing by depth. Based on the results, soil leaching at out-season time is 
necessary and salt removing from root zone is highly recommended to preserve salinity balance and sustainability in farming.  
 
Keywords: Corn, Modeling, Solutes transport, Water movement.  
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Figure 1. Location of the area 

  

 �&����&��& ��+ 8�< B��D� ��� ��k	�  � ���� ,��L*

 ��M/�� �& �����  ���profile probe PR2  ��5 ���./�&

 ��/� 3
 Y(� �* � ��� _�� �� ��� ,
& �&�� .B�&

�A�A �� �K�* �� .�5 ��&� �&�H �+  _��* ��M/�� ���

 � ��M/�� �P�� B(�H�� ��k	� �A�A �& ���[/H& �=�6 ���

 ��H ��O=�%�
�	  �<&� �:H ��26 ��� w�4H �� �/�

 ��4�A����5�=�6 �&�� .�5  ���./�& " 
�K #��� �

,M(� x�= �� ����(� R?C B5&��� "8�< ���� �� ��

 �� ���!� 8�< ��[dO� .�5 G�?�& �/O% B(� 3


 ���K a�5)1( �  .�5��R� ,�	0  ��A�& B��D� �&!��

 Y(� �* 8�<60 /��� �/�  ?	�&� G�M	� �� �� !��

 ��M/��profile probe ��&��& ��+ ��&�� �5 �4/16  �6��

 .B�& ���  

��  �� G&�H& "��C�� �� �� 8�< ���5 #
�% ��k	�

���(� ��&��& � ��&���  ��5 8�< @
�/@A& B
&�� ���+

 ��� �� �& ��; BO� �& '4H � ��& ��C�� �� .B�&

 r�(�& ��20 -0 "40 -20  �60 -40 /���  �+  �� ��/�

���(� �� � ��5 ��&���  � `  {��d� N	% �� 3
 ]��

 ���[� @
�/@A& B
&�� "'+ ��M/�� _��* 8�<

EC��&��& �/�  ��C�� ,���� .B�& ��5 ���+

��&��&  8�< @
�/@A& B
&�� ���+40  �& �L� ���

 "�.6 '6&�= �� � B5��15  �30 /���  �& �/�

��:H ���(� � �/=�+ G�?�& r�(�& ��(� �� � ��@0 ��

 B
&�� "i�45& '+ ��Z* �� � ��5 B5&��� �+  _��*

 _��* 8�< i�45& ���[� @
�/@A&EC��&��& �/�  ���+

��&��& ��C�� ,���� .B�& ��5  ���+EC  ���� ��60 

 ]�� �� r�(�& � '6&�= ��(� �� � B5�� �& �L� ���

��&��& N	% �� 3
  ���K) B�& ��5 ���+2 .(  

  
Table 1. Soil characteristics 

Depth Clay 
% 

Silt 
% 

Sand 
% 

θfc 
Weight 

percentage 

θpwp 
Weight 

percentage 

ρb 
cm3 

cm-3 

0-30 10 33 57 23 14 1.33 
30-60 8 24.5 67.5 22 13.5 1.33 

  

 
Table 2. Measured values of electrical conductivity of soil saturated extract (dS/m) 

  
Measurement time EC Before planting 40 days after planting 60 days after planting 

Distance from the dripper (cm) 0 15 30 0 15 30 0 15 30 

S
u

rf
ac

e
 0-20 0.62 0.62 0.62 1.81 1.6 0.97 1.43 1.94 2.37 

20-40 0.5 0.5 0.5 1.3 0.75 1.6 1.19 1.11 0.88 

40-60 0.56 0.56 0.56 0.74 1.24 0.72 0.76 1.03 0.81 

S
u
b

su
rf

ac
e 0-20 0.22 0.22 0.22 2.36 0.96 1.48 1.76 0.91 1.14 

20-40 0.19 0.19 0.19 0.92 1 1.03 0.99 1.76 0.8 

40-60 0.805 0.805 0.805 0.93 0.89 0.71 0.81 0.63 0.76 
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Figure 2. Irrigation events in surface type irrigation method during the growing period 
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Figure 3. Irrigations events during in subsurface type irrigation method during growing period 

  
Table 3. Values of soil hydraulic parameters estimated by Rosetta 

Depth �r �S α n KS I 
[cm] [cm3 cm-3] [cm3 cm-3] [cm-1] [-] [cm day-1] [-] 
0-60 0.06 0.44 0.0229 1.29 53.45 0.5 

  

 
Figure 4. Type of boundary conditions applied to the control volume (Surface left and subsurface right) 
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 ���L� ��
�K E��= �&�Q� .�5 G�?�& �F
�� �&��208 

/��� �/�  ��D G�(* �& ��� ��28/6 /��� �/�  ��
&� _�)�

 �� .�5 v
�L* ��� �� � �4��)� ,��� X:� �� ��5 E�<

 ���� 'C �� ��
�K "8�< 	M(� x�= �� �K�*

��  R?C #��� �&�� ,
&���	� "��� ��&�< ���Q/� ���6

��45 BH� #
&!=& � ��4��)� �� 'C ���	� "����  ���6

 .�5 �/=�+ �k� �� �/O% R��  

   

 ��� ! ��"#�  

 ,��L* �&�� �& 8�< @�A����� ����/�&��% B����C

�5 ���./�& �
� �A��L� Y4D B����C I<�5:   

.�� � ����	�
� �� �
����	�
� �̅ � 

 "r�= �A��L� ��O1  "K��< ��&� ��A�& �&�Q�O2 

"K��< ��&� �
���1 �&�Q� O�  ,�M������&� �� "K��< �

I1  "����� ��&� ��A�& �&�Q�I2 � ����� ��&� �
���1 �&�Q� 

I̅  ,�M������&� �� .B�& ����� ���	0 �0  I<�5 �&�Q�

SI  ,��5/0-0  (� B����C �/�&��% �  �� ��� �5��

 ,�� �  �&�Q� �+& � �/5&�1 -5/0  �/�&��% �  �� ��� �5��

�(��  �  �� ��� "3
 � �.6 �
��Q� �� .B�& j��C

 �/�&��%�� c�*�* C ����� � j��C��l� j�� �5��

(Quinton, 1994; Ghorbani, 1997) .  
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Table 4. Optimized values of Mualem-van Genuchten equations and solute transfer parameters 

I KS n α �S �r Disp.T Disp.L Irrigation 

method [-] cm/day [-] [1/cm] [cm3/cm3] [cm3/cm3] (cm) (cm) 
0.5 58.11 1.2 0.008050 0.4419 0.0592 2.532 119 Surface 
0.5 53.86 1.196 0.009027 0.4405 0.0592 86.15 112.7 Subsurface 
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Figure 5. Measured and predicted values of moisture content (Surface right and subsurface left) 

  

  
Figure 6. Measured and predicted values of salinity (mgr/cm3) (Surface right and subsurface left)  



!"# �$� %&"'�( ���� )�* �� �+#,-+�( .�/- ��01)��( �"2� 34)�( �56%  )�78!� 

  

 ����12 �  ���	
1 �  ����1401 

80

 
Figure 7. Salinity simulation in surface method at the end of the tenth year (mgr/cm3). 

 

 
Figure 8. Salinity in soil profiles in surface tape irrigation at the end of the fifth year. 
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Figure 9. Salinity simulation in subsurface tape irrigation at the end of the fifth year (mgr/cm3). 
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Figure 10. Salinity in soil profiles in subsurface tape irrigation at the end of the fifth year. 

 

 
Figure 11. Soil salinity distribution in surface tape irrigation during 10 years. 
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Figure 12. Soil salinity distribution in subsurface tape irrigation during five years.  
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