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O�P �1.�� 6�7  (�I�� �55  O�P 6�7 2=�� �$ � �M�$35 �
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Abstract  
Drip irrigation systems are a proper technique to supply water for plants in the root zone. The management of this method relies on the 
science of water distribution in the volume of wet soil. Simulation models can be used to obtain this valuable knowledge. In this study, 
simulation of sand column in the root zone of apple tree under drip irrigation system was done to determine the optimal depth of the sand 
column in three various soil textures to investigate how water is uptake by the roots, water consumption, evaporation rate and deep 
penetration using the HYDRUS-2D model was examined. The results of this study showed that in the loam soil texture when the depth of the 
sand column is in the range of 10-15 cm and in the silty loam soil texture of the sand column to a depth of 5 to 10 cm, the rate of infiltration, 
water consumption and evaporation will be significantly less than the maximum so that the rate of deep penetration in the silty loam soil 
texture has decreased by 55% and in the loam soil texture by 35% compared to the maximum state. and finally, the studied scenarios showed 
that in sandy loam soil texture, due to the lightness of soil texture, the use of sand columns will not create an improving situation.  
  
Keywords: Deep percolation, HYDRUS-2D, Irrigation management, Optimal depth, Root uptake.  
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 I�� "� ��X�?! +�1� �$ � �FY � #��� �2�A8G 9
�I=� ��

�� 9
�I=����
 (Orzolek, 2017) 6�7 2��5� :�+��#� .

2�� ���0� � ����# ��Z1� W
� ���4 �1=�) �@� �$ ���

�#���%: 2
�
�� ������� � ���0� �
�
�< E��$ ���
#�� - 

����# 2��5�  %
� A��! ?�	� �$ � /�I� [��?� �$

*D� ����� 2�� (Canone et al., 2017) . \�� ������ �$ ��

��  9��: �"� $����: �$#�� 9
�I=� � ]�K.! 9��:

 O���� � ���� ����� .2�� ����1�$ L��� "� ^�H�

��� A��! �$ ������ ���20  � �� ���� �14F) ���

����� #� �$�K1�� �4� �� ��0�� ���� �;
� \�� �$ ���

�� (�%� �������$ (Feike et al., 2017).  ������

��� #� �0
 �'���
#  : 2�� ������ ���� ��8/��5 

� L�P$ *:  �$ `�� $����: (������ � ��G� 	
I� ($�� E5�	�

�� �$�K1�� W%7 $�4 (Bainbridge, 2001) ������ .

�����'���
# �� )SDI*1��� �b
$ �� �
�?� �$ ( ���

� �� �FZ� $��� � "� �������  �$ *�?1�� ��5 ?�	�

�� 9
�I=� ���) %
� A��!��$ )Mohammad et al., 

2014(.  �'���
# ������� L�P$  ��1	: �"� dK,

B./ #�� ���� ���� L���, �(��� (�  � ��C�! � "�

���� �8/ ��5 9
�I=�(�0e �
`�� ��b
�G � 2�8�� #� ��

�	1�� ��$��7�� )Camp & Sadler, 2002; O’Brien et 

al., 1998(. ���� ������ ����� 	�D� �,��5  �� �'���
#

���� ^��5� �$ "� -
#�! ��bP� #� ���)� OI.1�� �(�0e

f�7 (����� L���, � ����) %
� -
#�! ��'� �)�4

 �?8/ J�K� � 6�7 g��2�� )Kandelous et al., 

2011( .9
��#� O�+����� /�I� 2
�
�� ���A! ���� ��

 ��� �2�� O#` ������ g�'M� L�P$ 2
$��'� ���

9
��#� �
��G�/�I� ��� � $�
# 	
I� .8G #� ��

(��# ��� #� �$�K1�� �($������4 ��� "� 2:�, �#��

�� �M�! 6�7 �$��U/ .$�4  ��� #� �$�K1�� ��
��� ��

�	� ����� (�0�� &
��4 $�+
� �� �$�
# � B.1C� ����
�

�� *���= (�)���)  .$����
� #� ��� ����$�
# ���  2��

: ����  -
#�! L�.'! � 
I+!2��5�  �$ 2'! 6�7

*1��������� B.1C� ��� ��� #�: �$�/ ���  
�< ��

L,  #$��h
� P$�A��	1�� �$�K1�� ��� $�4 )Arbat et 

al., 2008( . ���
#�� B.1C� &
��4 �$ �
�� ��� $�0.8/

 ��
 ! ]��M �$ � $�4�� (��!  � �,��5 ���� (� #�

$�: �$�K1�� ������ ����� 2
�
�� )Skaggs et al., 2004(. 

��bP� �)� #�!
�7 �$ 2��5� -6 #�! ��bP� ��
 %
� -

 ��4�� 14�$ 2?���� ���?�g�� #� ��C�! � �?8/ J�K� 

6�7 � L���, �� ��	� )Subbaiah, 2013(�%��;< �$ . 

(Cook et al., 2006)  �1��5� -
#�! ��bP� ����� ����

���� i�� �$ �6�7 2=�� � #� �$�K1�� �� 6�7  (�0e

�$�/ L, #� �$�K1�� �� �'���
# � �'�� �� �

� ��:��� ���) HYDRUS-2D  j�.�= �.�.'! ��� �

 #� �P��� L��� ��8C! ��:F� ��� �$ �� : �	1=�
�$

�� X�/ �1��5� D�G ��� $��$��� HYDRUS-2D 

!�
����  2/�� �9�� �!�$ �  �1��5� D�G L04 ���A!

 .$��$*� ��	e  ��b
$ 9��;< �$ �
���:�`�� ��� 

HYDRUS-2D  �� ��4$�+
� �1��5� ��bP� ��8C! �$

P�P #� �$�K1�� �P�K� ���20  ��1� E8/ �$ :40 

�1��� �1�� ��4 ���F)��: ��$�� 2�� ��4 l��� )Siyal 

& Skaggs, 2009( �$ .) �%��;<Elmaloglou & 

Diamantopoulos, 2009(  ��� �� :����� ������ ���

�����'���
# �� �2=�) ]��M �	1=�
�$  �$ ���Z!

 (�
�G ]�4��m ! *%e ��)�  �A��� n�A! � ��C�! ���

� 14��� &?= ��m ! ]�K.! ��� �:��� J�K�  �?8/$��$ .

��� : �b
$ �%��;< �$�  �$ 6�7 2��5� -
#�! �����

1�< ���) ���� �'���
# � �'�� ������ #� �$�K1�� �� 

O�� ��I=�HYDRUS-2D  (�I�� $�$ (�%� N
�1� ��4 O�+��

 (�I�� � �'���
# ������ �$ %
� "� "FG
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L���  �DG�!9�� �! 2�� �'�� ������ #� .Ataee et al. 

(2019) 9
��#� P�P W
 #� �$�K1�� �� �� ������ ���

����?., (�0eG�) ��� �� L04 �� � �b��=

]�! �b��=  N
�1� .��$�$ O�+�� �'���
# ������ 2'!

��4 #� �$�K1�� �� �$�/ �#��HYDRUS  : $�$ (�%�

O�� �
� ���� �	8!��� ��I�� W
 ��I=���4  2:�, �#��

�$ "� ���� ��?., (�0e� ��: �'���
# ������ �$ 1=�

2�� (Saefuddin et al., 2019) �b
$ �%��;< �$ .

 ��� �
����!HYDRUS-2D ��4 �$ "� *+, �#��

��4 �
� ($����K� � `�� 2�$ �� �	< 6�7�#�� �$ ��

���� ������ ����� "�.�� �,��5 �$ �'���
# ��

�$�$ �� �
�?� �$ �	< 2%:�4 ���I) ���+! ��� 

(Zhang et al., 2017) .AP��� �$ � ��9�<  E��$ �	��

>�� ���) %
� ?�	� �$ 6�7 "� *+, � �	��#

*� ��	e ���� ^��5� �$ W8� -
#�! ��bP�(�0e ��

���� ������ ����� 2'!�
# ���4 ���I) �'���  E�5

9�<  ��� �	��9�� �! #��< ^��5� �$ oU�� -8+! �


�$�$ N
�1� �� : �4 ����%� �1��5��#���� ������) ���4 

p�1��� $����� �	14�$ �� �0
$I� )Mguidiche et al., 2015(. 

 ��� $�0.8/HYDRUD-2D ��4 �$-
#�! �#�� 

�$ 2��5� E8/ �! 6�7 ��� 20  �30 �1��� �1� �

P�P ���F)��:���� ���(�0e��$  N
�1� � ��4 �����

: $�$ (�%�  �
�?� �$ �I�e�� ^U17� � `�� 2�$ ����$

�$�$ �� /�I� �A��� ���2�� ��4 �
� � �,��5 � �#��

���� �����# �� "� #� �����: �$�K1�� ���� �'���


�� W8: �	: (Patel & Rajput, 2008) .9��;< ��� 

O�+��  ��� �
����! (�DG B.1C� q�?� �$ ��4

HYDRUS-2D ��4 �$ �0
$I� �$ 2��5� -
#�! �#��

����(�0e���� ������ ��� �'���
# ���$�K1��$���  �$

 ��$�$ (�%� ���'� B.1C� &
��4 2'! �Y�� ]`�H'�

��4 ��� �`�� ������: I�� � r�C%! �$ �� �#��

1��5� #��< L��0!6�7 &
��4 �$ � ���� �i��4���Y ���

 ������ (��# �
���	4� ��@	�  (����� �s:��, �

��D� ��$�: ���I) �� "� #� �$�K1�� ��� )Elnesr & 

Alazba, 2017( . ���� 6�7 "� -
#�! ��'� #� ���)�

 ���F)��: 	�D� E8/ �	��� �,��5 ����1����< ���A!

���� (�0e�  ��� ! ��@	� 2��5�#���$���  �$��'� �$

 ����) %
��mt� �� ���:  ��4�� )Mguidiche et al., 

2015(. �%��;< �$� Nazari et al. (2021) �#���� � ���)

��4 ����� ������ �$ "� (�
�G �#�� �$ �'���
# ��

 9��;< �
� #� LM�, N
�1� : �	17�$�< >�� 27�$

����# $�$ (�%� ���� : i�A4 �$ (�0e60  E8/ �50 

�1��� �1��� ���� 27�$ #� � �$��)9�� �! (�I�� �


�! e�)� .$�$ ����7 v� %
� &��! "� "FG  ��, �

���� ������ 	��# �$ �K.1C� ]�AP��� ��4 O�+�� ��

2���  ���Z! ]��m� �� ���� �$ ]�/U5� 9
�I=� ���

����� ���� ������ ��� ��bP� �� �'���
# � �'�� ��

 2'! � /�I� &
��4 �$ %
� �,�� �$ 2��5� -
#�!

 �$ %
� &��! "� "FG �b��be � ���Y�� 2
�
��

 &
��4 �
��� ����X�4�� )Lekakis & Antonopoulos, 

2015(. �%��;< �$ (Wang et al., 2019) � ���

��4  27�$ 6�7 "� 2:�, � %
� "� "FG �#��

��� #� >��  WSPI-WR  LM�, N
�1� : ��$�: �$�K1��

��4 �$ `�� 2�$ #� (�%� 9��;< �
� #� "� "FG �#��

24�$ >�� 27�$ %
� L'� �$ "� -
#�! � %
�. 

��� � AP��� ^�� �� 9��;< �
�  -
#�! �#��

���� ������ �$ 2��5��
# �� #� ���1� $�+
� �� �'��

 �
� ���F)��: 	�D� E8/ ���A! � �	4 LC.C1� &�'�

(�1� O�� #� �$�K1�� �� B.1C� 6�7 2=�� � �$ �� ��I=�

HYDRUS-2D  O�+�� %
� &��! "� "FG �� (� �m� �

�4� ��� �
� #� LM�, N
�1� :  L�.'! � 
I+!  � �#��

 ���� �G��7�����$���  .2=�) ���� 
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���� �	� 	�  

���� ������ �$ W
 #� "� (�
�G ��'���
# ��

����  �� 6�7 L7�$ � (�0e�� (��!  ��� #� �$�K1�� ��

HYDRUS-2D ��4 $�8� �#��)Simunek et al., 

2006; Šimůnek et al., 2016(. �
� 9��;< �� �$�K1�� #� 

�$�$ ��� C�!�� -n�A! �$ >�� 27�$ �I� ?�	�
� � �� 

�$�K1�� #� �4�#��� $�/� �$ O����I=� HYDRUS-2D 

O�+�� ��4 2�� .��4�
� �$ �#��  ����� 2'! 9��;<

���� ������ 24�: .M�= .�4 O�+�� �'���
# ��

 ]����%� E�5 ?�	� �$ >�� (�17�$3×6 �$�� �1�  �

 "� ��#�� ^�H� ���?� �s:��, �� ���� -��! I�� 27�$

 &
��4"� ���� (�17�$ *:��! �x�� � 7�4 ��1�) ��


���Y �  L
��� #� ��H'� �
� ���.) i��4 2��

�
$��= ���
�D4 �7��� �$ (� 24�$�� (��# � �����  �


L���/ .$�� ����7 ����D� L
��� �����$��� L��4 � 

i�� 2=�� �76 �O�P) O�P �1.�� � �	4N	< (O�P E8/ 

�4 (�1�  �KM� 10 �20 �30  �40 �1��� �1� � ��@	� 

���� ���)������ �4 (�1� g�� ��� �� (�0e .�4��

���� $��A!(�0e��� �� 27�$ �� ��$  .M�= � $�/

����(�0e �b
�0
 #� ��60 �1��� �1�  �/�A4 .M�= �$ �

30 �1��� �1������ .2=�) ���� 27�$ I:�� #� � �I
�

 &
��4 � G�! �� ������"� ���� ?�	� �
AP���$��� 

��4 ]�� .�
$�) y�'P �Y�� ]`�H'� ���� �#��

 ���$ W
 ����190 ��� �$ �#�� ��� L
��� �! �
$���=

.2�� ��4 1=�) �@� �$ ����D� 

  

 ��������������  

(�1�� �
�I� �#�, �$ �I:�� (��
� �$ ]�H1C� ��� 48 

� G�$ 45 ?��$ �! 50 G�$ � 50 ?��$ ��5 ���4 � 35 

G�$  �37 ?��$ �! 37 G�$ � 45 ?��$ }�/ �P�84 ���� 

2�� 1=�) .��� AP���$��� ?�	� i�K!�� �� �� 1304 �1� 

�!`�� #� g�� %?� [����� .2�� �
�$	D< ��� �8�.�� ��	�

�!����$ 9�� 8�� *�.�� �$ (�1�� 	D< �
�! W%7 � W%7 

$�� ���� $��$ )Hedayati & Kakavand, 2012(. &��1� 

���� �`�� (� 310 �.�� � �1� ��b���� ���$ ���P�� 14 

G�$ �1��� $��) 2��. �$ �
� 9��;< ���� ���'� �
$�?� 

��C�!n�A! #� L����1< O�� ��I=� CROPWAT � ��  ���)��:

�$�$ ���	4��� ���30  �
�I� W�1<�	�� ��b1�
� P��

�! ���?� ���'� ���� : 2�� ��4 �$�K1����C -  #� n�A!

�8	< ���� - ) ���� ~�1��� �l�=1.2�� ��4 �$�K1�� (  

)1(                                                          ET°=   
  0.4084 × ��	 − �� + � 900

����	 +273.2 × �2 × ��� − �� �
∆ + � × �1 + 0.34 × �2�  .  
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Table 1. Hydraulic parameter of different soil textures based on the results of ROSETTA model estimation 

I (-) Ks (cm.day−1) n (-) α (cm-1) θs (cm3cm-3) θr (cm3cm-3) Soil texture 
0.5 10.8 1.41 0.02 0.45 0.067 Silty-Loam 
0.5 24.96 1.56 0.036 0.43 0.078 Loam 
0.5 106.1 1.89 0.075 0.41 0.065 Sandy-loam 

  
Table 2. Parameters of stress reaction function for apple tree by (Feddes et al., 1978) 

h4 h3 h2 h1 Parameter 
-8000 -200 -25 -10 Suction (cm) 

 

 
Figure 1. Conceptual diagram of water absorption function Feddes et al., (1978) 
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Table 3. Experimental parameters of apple tree root 

distribution density (Nazari et al., 2021) 
pz (-) px (-) z*(cm) x*(cm) Zm (cm) Xm (cm) 
1.2 1.8 30 10 120 150 
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Figure 2. Distribution root in Apple tree and water uptake from soil in HYDRUS-2D model (-) 
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Figure 3. Flow geometry, location of the dropper in the sand column and boundary conditions simulated in HYDRUS-

2D software 
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Figure 4. Simulation results of change in the depth of the sand column in three textures a) Sandy-Loam b) Loam and 

c) Silty-Loam 
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Figure 5. Investigation of water consumption and ratio of actual transpiration to potential transpiration in three 

simulated soil textures 
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Figure 6. Investigation of the effect of trench width change on the studied parameters, a) Loam and b) Silty-Loam 
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Figure 7. Investigation of the effect of wetting pattern on the texture of Silty-Loam, Loam and Sandy-Loam 
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