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1.
 Classification and Regression Tree (CRT) 
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&��/� ��'0�  1-KgKg  18/0 002/0  044/0  12/0  42/0  25  

&��/� 1"�+�� 2!�  KPa  00/99  7/941  70/30  70 220  31  

&��/� ��'0� �"3�� )4  1-KgKg  47/0  142/0  379/0  07/0 68/1  80  

&��/� ��'0� ���"�5 )4  1-KgKg  26/0  35/0  59/0  07/0 9/0  72  

� &��$�&��/� �#�'0  1-KgKg  21/0  04/0  20/0  0  01/1  95  

  
 ����4- �):;� (�)�*� ��$L� MN� � ��$L� F��J� ���*� O��$L� F��J� ����� P�� �G �*�� 

(��
 � 14��� O�5*�6) 

    1���� &$'�$�  

1*�$$%� ?���  ��*6� ����  ��$L� F��J�  ��$L� MN�  ��$L� F��J� ���*�  

������  2  ns002/0  sn95/1300  ns001/0  

�-.  12  002/0  5/933  001/0  

CV% -  33  72  43  

 % * �**ns (�T� c,E�E <8��1���O� 0 0���� t[) �� (�	8 ���1  ��>��5 ��O� Q�7 % �>���� 0���.�-�8  

 

 
 ����5- �3)2 '"D4��� ) @�Gr� ($& �6���
 ��$L� F��J� ��8
 �$1 ) >
90=n(  

&E G$F! H� �'A� ��B� �� @��� D!� 1����$C �G��) �"N�*)N� pH  

**45/0- 24/0 **36/0 026/0 **84/0+ 037/0 184/0 
14/

0 
&��/� ��'0� 

*��O�  ��"#A� t[) �� ���5 ��O� ** ��>��  ��"#A� t[) �� ���1 �>�� 
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 ����6- �#� �� �
 �� R
E$& L� F��J�$�� G*�<� ���6*$S� �8� F
��$C  

 2)�3&$$4�  �
 1���� &$'�$� �-)�  �-)� &$'�$� @�E ���� �
 1����  

2R  RMSE NRMSE 

75/0  0052/0  017/0  

  

 0�=�*' 	 
%���' ���4� 7��)� 8�� ">(?1��

&'  

 �%�$5  0+�	5�� <�,D8 @8	N� &,8 ��#�Y"1 <R,#�

 ��� ��,>	F� %90  <C[�� �� 0����8 <�	"� <[C�

�� (�T� �� �E�O4�[�) (���."1 % �E%�9 .�1�1399 �� (

0+�	5�� <�,D8 @8	N� &,"]E  ��#�Y"1 ?�%���,� ��

��O� t[) �� ��� �� 0�	#G� % <�,D8 @8	N� &,8 ���

 ��"#A�1  <5 @)� �4�A �� &�� ����5 V��/' �� �>��

0%�D�) (���."1 % � 1392 (�,� /,� ( <�,D8 @8	N�

���8�5 ��� ��4� ��� �>�� �8 0+�	5��  ���O� :,�M5

 &- �>�� % 0�1�g �4��� �8 % @Yd� ��#�Y"1

 6>�A b��#� ��)� �8 .����5 V��/' �� �\�� ��#�Y"1

��O� ��#�Y"1 �H1%*B &�� +� % �4� ��� &,8 0���

 t[) �� 0+�	5�� <�,D8 @8	N� �8 �� �>��1  �>��

 <�,D8 @8	N� &,8 c��P &�� &,�m"1 ����' �1�T�

#�Y"1 &- % 0+�	5����O� �\�� �� t[) �� �� ���1 

 .���� ���1�"1 (�CCG� ���) b��#� �8 <5 .��� (�T� �>�� 

3�� 9(���>�� %� ��@(2� � ���4� 7��)� 
%2

9��*! 7'��  
 6.-1  V%� <8 :,"FE @��� :#��	�4�

�� (�T� �� ��	,)�'�<8 .�1� �M5�	N ��  �@��� ��#��)

��8�OT�� �Ee�8 ����,8 @,"1� H,8E� 0�%�% �,L#� �� 

0+��4�� @)�.  �8 6>�A @���18  % ��+�  �'19 

.@)� �- 6,.TE X�8 �' 

3�� "��%��  

 �#����B +� :,"FE @��� ��� �8��+�� �	f�� <8

)&,,YE c��P2R) �[� ��O8�� &,���,� (RMSE<T�� % (   

  

  

&,���,� �- ����� 0�[� ��O8�� )NRMSE(  ��\#)�

 6,MGE &�� b��#� .�- �%�$ ��6  .@)� �- ��� (�T� 

A-�  
 <5 ��� (�T� b��#� <O4�[� &�� ��pH  &�� �� ���

:5 0���� <C[��) ���,,LE c��P �>�� &��E56/2 (

�� (�	8 �.1� �� !	P	� &�� 6,4� (�	#8 ���- .�-�8

��� ��� 0e�8 0� �8 @,>�� &,�m"1 % <C[�� 0�1

V��/' �8 b��#� &�� .��5 (�	�78�d� 0�1 (���."1 % �

)2008% ����,- % ( ) (���."11400 ���	]"1 /,� (

<8 b��#� .������ (�T� ���� @)���� H�5�% <5 �1� 

<C[���%�G� �� �<O4�[� ��	� 0�� ���,M� 0 .�-�8pH 

 ��	� ���;= �>��7 ��\#)� @,M8�� ����� �M��	7 �8 ���

 @,4�O  % &,��) �>��7 ��GE �(�1�,' +�,�

%�.,�:�,��'���� �9h� ��� 0�1.�-�8 pH  &."� ���

@����� �9� �� @)� �,,LE �P��� aM#]� 0�1

<8 !�+ % @T5.���"� @,4�O  �8 �,9KE 6,4�

:�,��'��%�.,� H��/ � c$	� ��� �4� &8�5 % �1

 �(���."1 % ��_=) �- �1�	� ��� <#��,)�1395.(  �8

 :5 S�����% <8 <$	EpH &�� �� ���� ���,,E  �'*�%

��O� Z7�8 ���	#,�0�8��5 �� (� �%�\E (�- ��� 0�1

 .�-�8 �- aM#]�  

  ) ���,,LE c��P &��#T,82/62 <8 {	8�� (

�� �.��#.4� �����)��� ��� &�� @M7 .�-�8 6��	7 ���	E

��� ��,M"7 �,f� ������ �1��	5 +� ��\#)� % 0+�%

 �#A�	�.� �,= Z7�8 <5 �-�8EC  ��� �G[) <�e

���	- ) �����M�%1985( �6>�A b��#� ��)� �8 .

H,8 ��Y5�� 0�8��5 <8 {	8�� �4� ��� ���C� &��E

���� ��Y5�� 0�8��5 �� �4� ��� (�	8 e�8 .�-�8 <8 ���	E

 ��� @8	N� �\A (�	E �?	M[� �#��� H-	B <[)�%
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H,8 <R,#� �� <5 �-�8 :#�,)	5� ����	B % (�/,� &��E

 0�%�% �4� &8�5 % �	B �CE .@)� <#-�� �� ��� <8

) (���."11398 &8�.E	E <C[�� �� �	� �)��8 �� (

����5 V��/' (_,' (�#)�  �4� ��� ����C� &��#T,8 <5

�� % ����,1	8�5 ��� % @M,) +���� :1 �4� ��� �0�

:5 % 6��$ <8 {	8�� &8�5 �,�� <8 {	8�� ����C� &��E

<5 ��� (�T� b��#� .@)� iE��  �4� &8�5 �>�� &��#T,8

��<���5�� �� 0� �	$% @-�� 0�1���� �&���8��8 .

<���5�� &�� c��]E % 0�����B <5 �M��	7 ��#�5 �� �1

���� ���5.���"� ��#�5 /,� �� ��� �4� &8�5 ����� ���	E 

 �P��� <8 {	8�� �4� ��� &��#"5 �P�A <O4�[� ��

���P� .�	8 �7��+) (���."1 % ��*�1390 �� /,� (

 �,,LE <5 ����� (�T� (�$�,) @-� �� �	� ��O4�[�

 ��� H��/ � Z7�8 �0+�%�T5 <8 iE�� +� �P��� 0�8��5

.@)� �- ��� �4� :5 <8 {	8�� /,� �4� ��� ���C� &��E

�� <7�/� 0�8��5 .�-�8 �� !	P	� &�� 6,4� (�	#8 ���-

&��"7 H]8 ��7��+ �P��� �� <5 ��5 (�,8 <�	'� �,' 0

�� @-���8@"�� +� �5��� H]8 �D�E % �	- ���	1 0�1

<T�� %�� ���8 ��� �� �1@T5 ��8 �1 �8 % ����� �� ��5%

��� +� �D$	E 68�� ���C� ��P��� &�� ��� �� �4� 0

�� <�/RE .�	-  

��O� �%�\E <� �'� ��� (�T� b��#� &,�m"1 &,8 0���

 0�8��5 �� :,�M5 ���8�5 ���C� �1�T� <O4�[� ��	� 0�1

 ��Y5�� 0�8��5 �� :,�M5 ���8�5 ���C� &��#"5 ��� �T�

 &�� H1�5 .�	8 �_,]� 0�8��5 �� (� ���C� &��#T,8 %

0�8��5 <,C8 <8 @Y�� ��Y5�� 0�8��5 �� �#����B |e�"#A� �1

<8 <,C8 <8 @Y�� ��Y5�� 0�8��5 �� �#T,8 0��,8� 6,4�

0�8��5�� �1,�m"1 .�-�8 �� :,�M5 ���8�5 (�	8 &,��B &

�� ��Y5�� 0�8��5<8 ���	E <8 :,�M5 @T'�8 Q�7 6,4�

(��,-) �-�8 �	FG� @-���8 <R,#� �� ��� % �	B

 (���."11391�� <5 0���� 6,4�.( &,��B 0��8 (�	E

 &�� ��5 (�,8 ��Y5�� 0�8��5 �� :,�M5 ���8�5 (�	8

&�� <8 <$	E �8 <5 @)��	5 cM=� <5 0�1 % ��3%�#,�

�	5 +� 0��,�8(3%�#,� �4� 0�10�8��5 �� <5 ��� 0�1

�� ��\#)� �=�8 % �7��+ �8 % ����� 0�,)� @,>�� ��	-

 (	� %� ����#,� (	,�� <8 Q	,�	�� (	,E�5 �1 (	,)��,�5�

�� �,4	E (	E%�B�� H��/ � <#��,)� <R,#� �� ��	- ��8��

�� <#��,)� H��/ � �;4T8� cY) ���	E (�/,� H1�5 % ��	

���' :,�M5  (���."1 % �	B (��,-)1391 .(  

 �_,]� 0�8��5 �� �.��#.4� �����)� �b��#� ��)��8

H,8:5 ��Y5�� �� % ���C� &��E �8 .@-�� �� ���C� &��E

0�8��5 �� �.��#.4� �����)� ���C� �	$% &�� 0�1

��O� �%�\E aM#]��.��#.4� �����)� .���� (�T� �� 0��� 

�� ��� �	MG� 0��1 }_�� (�/,� ����"� ��� .�-�8

 �_,]� 0�8��5 �� �.��#.4� �����)� ���C� H��/ �

@,4�O  <8 <#�8�% |e�"#A� �1��	5 <M"$ +� �#����� 0�1

) �������� % ��D� 2,� .@)�1390 ���9� <O4�[� �� (

 /,]8� <P	A ��� ��,>	F� �8 �P��� 0�8��5 �,,LE

��5 V��/' 2,m5 �7��+ ��� �.��#.4� �����)� <5 ��

 (��	]� @)� % �.8 qN���) iE�� % 6��$ �8 <���C� ��

��O� �%�\E ��� �1 �7��+ ��� 0�	- ��� �@-��� 0���

 �7��+ &,�+ <8 �	5 H��/ � �� ��� &�� 6,4� <5 �	8 �#T,8

 �����)� (�	8 �#T,8 6�e� +� �.� &���8��8 ����5 (�,8

6]� �P��� �.��#.4� ���	5 +� ��\#)� ���	E 0�1

 <�	"� <5 @)� �5� <8 Q+e �-�8 0�8��5 &�� �� ���,",-

�	5 +� �O8 6]� 0�8��5 �P��� +� 0����8 �- Q�R�� �1�

�4�A �� +� �O8 ���� 0�8��5 %� +� 0����8 <�	"� <5

 �����)� (�	8 :5 &���8��8 �- Q�R�� ���- �'����8

� ���� 0�8��5 %� �� �.��#.4��<8 ���	E ��	T8� 6,4�

 ��� :,�M5 ���8�5 &,�m"1 .�-�8 �'����8 +� �-��

 �� .�	8 �#T,8 ���� 0�8��5 %� �8 <���C� �� 6]� 0�8��5

&,��B �.��#.4� �����)� �� i��% �����)� �� % 21� �E

e�8 �.��#.4� �ENaCl  �8 �� �M>� HC� <5 ����� �D7

�5 ��� �.��#.4� �����)� ���,,LE0�8���	� 0�1  <O4�[�

(� �� 21� HC� ��h� /,� .@)� �1  

0�8��5 �� �%�\E 0�1�g �4��� �f� +� aM#]� 0�1

��O� {	8�� 0�1�g �4��� &��#T,8 ��� �T� �1�T� 0���

 .@)� 6]� 0�8��5 <8 {	8�� &��#"5 % @7��+ 0�8��5 <8
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�� @7��+ 0�8��5 �� 0�1�g �4��� (�	8 ���+ <8 ���	E

� &�� +� �#"5 �4� ��� (�/,� 0�8��5 &�� �� <5 �-�8 6,4

 % �� (�/,� &,�m"1 % .@)� �	8 ���� 0�8��5 %�

 ��Y5�� 0�8��5 +� �#"5 0�8��5 &�� �� /,� @M,)

���-�8.  % @T5 ��,M"7 <5 @)� (� ����,8 b��#� &��

 cY) �6��$ 0�8��5 �,,LE +� SB 0+�	5�� % ��5

��O� H��/ �r	F]� Q�$ ���  �7��+ �P��� �� 0�1�g

) (���."1 % 2,M) b��#� �8 <5 @)� �- ^�8 %2005 (

 (���."1 % ����D8 % <,5�E ��)2010(  (���� ��"- ��

 .���� @C8�[�  

 ��� �����B �.�/,  ��,>	F� +� �.� ��� @ �8

 0�1�g �4��� ����� ��� r�	� ���) 0%� �8 % @)�

 ���� (�"#��) ���� �#8	N� �,�� �����	\� 0��;B

 % !�Y-� @8	N� �>�� ���	,E�5 ���YE @, �g ����

�� �,9KE ��� �4� ��� ���C�.���;'  �%�$ q8�[�2  �,,LE

6,.TE 0�/$� &,���,� �� �E��,,LE <8 �R�� 0�8��5 ��1�

 &�� ��� @)� �- �� % &- r	F]8 ��� @ �8

 @ �8 �_5 �,,LE �� 0�,9KE �	8 ��� ��O� <��' ���,,LE

�<8 ��� �1 �@)� <#-���� �f� ���- ���B &�� <5 �)�

��� &�� �# �8 �_5 �,,LE Z7�8 ���+��� �� .�	- �1

�� (�T� ��C,CGE <8 �"5 @,)��A ��� @ �8 <5 �1�

 ��5 ) ���� @����� ���,,LE1990 (���."1 % 0�,\� .(

)2012( /,�  �,,LE cY) 0�8��5�,,LE <5 ���	"� (�,8

 ��� @ �8 �_5�"� .�	- �9� ���	�� % @M7 �;4

 ��	> <8 <O4�[� &�� �� �� % &- �>�� 0%� 0�8��5

.@�,� k]T� �O[� 

�� :,"FE @��� ��#��)  6.-)1( ��8�OT�� �Ee�8 

����,8 @,"1� H,8�E 0�%�% �,L#� �� 0+��4�� @)� .

�1 ��� 0��Y1%�' �� 0�,L#� <5 ���� 0�Ee�8 @,"1�  ��

@��D� <8 &��#"5 ����)�8 �F4�  �,L#� <5 ��O� &�� <8

 �f� ��	���2,.\E ���	E 0�E k4�� % �#T,8  �1 ��� ��

 j�1 �,L#� 0%� 0�#T,8 �9� % <#-����5 ��R��  ��

:#��	�4� �8�OT�� %� 0����8 @��� �1 0��8 ��� 0�1

�� &,,OE �� �E%�\#� �' {�C� ��,L#� &�� (�,� +� % ��5

- @��D� �� <5 �1�' �1 �'<�� <8 �� (���+�  0�1

.�	- �� ?�]#�� ���)�8 0�#D8 r	M�  

  ��� b��#� :#��	�4� U)	E <�,D8 @8	N� 0+�)

 6.-) :,"FE @���1 �4� ��� �,L#� <5 ��� (�T� (

:D�E �,L#� &��EK�,9 �� <5 @)� <�,D8 @8	N� �8 ��;'

<�	"� ��' &,4%� +� �#.�	5 �4� ��	� �8 %�' %� <8 �� �1

0016/2 <�	"� % 0%��� % �#'�/8 �4� ��	� �8 0�1

0016/2 % @)� �	"� :,�CE �� 0��8 <CYN �� &��Ee�8 

�:#��	�4� @"�� �� ��O� �' <T�� ���� SB .���� +�  ���

 ��4��.��#.4� @���1 % ���O� :,�M5 ���8�5 �>�� 

0�1�#����B ��;'�9� �8 <�,D8 @8	N� ��.��-�8  % �	8%�

) (���."12018(  &,8 �#Yd� �[� <[8�� �	� <O4�[� ��

 ��� <�,D8 @8	N� �%�G� % ��� �4� ��� ���C�

 % �E%�9 <5 @)� �4�A �� &�� ����5 V��/'

)(���."11399 ( �� < _]4� ��� �����5 �)��8 ��

 ��� <5 ����5 V��/' 0+�	5�� <�,D8 @8	N� &,"]E

 .���� 0+�	5�� <�,D8 @8	N� �8 �"5 ��#�Y"1 �4�

F�) (���."1 % 0�399��G�� /,� ( ( <F]T� �#8	N� 

 �� ��� H,8 �E @GE EK�,9 @,"5 @8	N� 0�1 �!�Y-� 

��� ��4� &,���,� ��+% �[�  &�� �� .����5 � �O� <���5��

�8��+�� 0�1��,O� <O4�[� �� 0+��4�� 6��- c��P �&,,YE 

�;$ &,���,� ��O8�� �[� % �>�� &,���,� ��O8�� �[� 

�' �f� �� .�- <#  
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)��8� �P <5 ��� (�T� ��� ��.M"7�c YE,,& 

 0��8 0+�	5�� <�,D8 @8	N� 75/0  c)��� ��Y#7� <5 �	8

"FE @���,: � (�T� 0+�) ��� �� ����1�.  ���C�

 ����RMSE  	"1 �\> <8 <� �1 % �	8 @Yd� ��

�/���#. � ���C� �P�A <O4�[� �� .@)� �#D8 �-�8�& 
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Abstract 

Optimum soil water content (OSWC) for tillage is the moisture at which, if 

tillage is done, the maximum amount of crushing (friability) is created in the 

soil with minimum energy consumption. The purpose of this research was to 

determine the OSWC for tillage operations under different agricultural land 

uses in Jiroft Plain, Iran, and to evaluate the effectiveness of the decision tree 

model in this regard for the region. For this purpose, soil samples (90 samples) 

were taken intact from 0 to 20 cm depth and some of its physical and chemical 

characteristics were determined. To determine the soil water characteristics 

curve, the soil water contents at matric suctions of 10, 30, 50, 100, 300, 500, 

1000 and 1500 kPa were measured using a pressure plate device. The results 

showed that the type of cultivation did not have a significant effect on the 

physical and chemical characteristics of the soil, including the optimum 

weighted humidity. OSWC prediction was done with decision tree. In this 

research, three prediction accuracy criteria, namely, coefficient of 

determination (R2), root mean square error (RMSE), and normalized root mean 

square error (NRSME) were used to evaluate the model performance. The 

results showed that use of decision tree for predicting the OSWC was 

appropriate due to having a lower NRMSE (0.017) and a high R2 (0.75). Also, 

the results of OSWC modeling showed organic matter as the most influencing 

variable, followed by the equivalent calcium carbonate percentage, electrical 

conductivity, apparent density, and percentage of sand and silt. 

 
Keywords: Soil Water Characteristic Curve, Inflection point, Decision tree regression, Soil 

tillage 
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