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Abstract Article Info 

Background and objectives: Successful pasture improvement plans rely on 
selecting suitable planting locations for each plant species. Identifying the potential 

habitat of plant species and planting them in appropriate areas significantly 

increases the plan's success, facilitating environmental restoration. This study aims 
to model the habitat of Iris songarica Schrenk, commonly known as desert iris, in 

Torbat Heydarieh County using Ecological Niche Factor Analysis (ENFA). 

Methodology: Presence data for Iris songarica were collected from 34 points 
through field surveys and direct observations, recorded using GPS. These points 

were considered suitable areas for iris growth. Environmental variables, including 

physiographic (three variables), soil science (seven variables), and climatic 

(nineteen variables) data, were incorporated into the ENFA model. Initial mapping 

of these variables was conducted using ArcGIS software. The ENFA model was 

then applied, and statistical analyses such as normalization and correlation were 

performed in Biomapper software to generate the potential habitat map of Iris 

songarica using the geometric mean method. Habitat map evaluation was conducted 

using Cross-validation tests and the Boyce index. 
Results: Marginality, specialization, and tolerance indices were calculated as 

0.536, 10.015, and 0.1, respectively, indicating Iris songarica's preference for 

central habitat variables and its specialization in tolerating a specific range of 
environmental conditions. Direction, electrical conductivity, annual temperature 

range, temperature homogeneity, silt percentage, carbon content, average daily 

temperature range, and total rainfall of the coldest consecutive quarter were 

identified as the most influential factors in determining the habitat of Iris songarica. 

Climatic variables related to temperature had a greater impact on species 

distribution than those related to rainfall. Out of the four significant climatic 

variables affecting Iris songarica's distribution, three were temperature-related, 

while only one was related to rainfall. Approximately 66.16% of the study area was 

classified as unsuitable habitat, with 14.7% identified as potential habitat. Boyce's 

index revealed a model accuracy of 94%, indicating its reliability. 
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Conclusion: Ecological Niche Factor Analysis proves effective in predicting Iris 

songarica's distribution in the study area with satisfactory accuracy. The results can 

inform various pasture management endeavors, aiding in the protection, utilization, 

and restoration of Iris songarica habitats. 

 

Cite this article: Abbasi, Z., J. Farzadmehr, H. Sangoony, 2024. Determining the potential habitat of Iris songarica 

Schrenk in Torbat Heydarieh county, using Ecological Niche Factor Analysis. Journal of Rangeland, 17(4): 570-586.  

 
  © The Author(s).                                                          DOR: 20.1001.1.20080891.1402.17.4.5.0       

Publisher: Iranian Society for Range Management 

  

  

 

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
02

.1
7.

4.
5.

0 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

24
-0

9-
18

 ]
 

                             2 / 17

https://dorl.net/dor/20.1001.1.20080891.1402.17.4.5.0
https://rangelandsrm.ir/article-1-1197-fa.html


 

 

572 

 

 

 
  

�� ���� ��	� 
	��� 
����� ����� ���� Schrenk  Iris songarica ���� �� �!" �#  �$ 
#%� $ � ���&�'

(	� ��") �*+, ��*-� .&+ ��/�"  

  

� �, $�0�1�!+#$��2 ��*3 4*2��	��  &+' 43  

  

1���� ��	
��	� ����� ���� .  ��������  ���
�� �����  � !"�  � �!#	$	  �����%�  &��	'� ��('��� ��   ")�� �	*'���+!��%��   ")��+!��%�  .#��%� �  

2  �	!'���  �-�./�  ��
/%��  .��
��  �����  � !"�  �  �!#	$	  �����%�  &��	'�  ��('�����  ")��  �	*'���+ !��%��  ")��+!��%�  .#��%�  �  :��	�	%��
j.farzadmehr@torbath.ac.ir  

3 ��2� #	���� #	�� ��&��!3 #	���� ����4!5)� � ��!�  6)	
� ����� �	%�	�� .  .#��%� �  

 

 ���+ 8,9:$ 
&�;�    

:���+ =	�  

 7�	� �8	9�–  �'$�:; 

  

1402 &*3 @17 
��" 44  

  

  

�2��# B���  15/02/1402  

 :C�$��� B���10/07/1402  

 :D��EF B���23/07/1402  

  

  


G$�:H&�*I H0    

A�) #	!�� �B�	C 7!BD���	
�  �  

EF5��%���  �  

�!�	+  ��%���  

G%�) E�	� .  

 

:J&0 � ���   H�� &� �(%  I	5�� �#	$	!� "�	� J%�  &� 6��� KLM� K�  N% "!93�� ���) O��� P%��

  ��)	'� J 	
� �� #� "�	� � ���� ��98	) �	*'%�� J!Q� �%	�	
� ."�� R	� �	!� �$ "'� ���) "��� #	(�

��  	� �����  �) � P!ST� �� K�  "!93�� ��	%& ���+  P%�  U%�5� &� 7�Q V%��� �) �� V!D� V%��� U!���

 -�� �$�:; P%� &� W�$ .�%	S� N%�4����� �	*'%�� �&	� ��	)	!) J��&  �SBC A	� 	) Iris songarica Schrenk   

  �) ")��  #	����  ��  �%����  �  �X
%&  ����  N%  #��
C  #	!��  �B�	C  7!BD�  -��  &�  ��	Y��  	)  �%��!+

 A�) ."�� ��	
�  

 D�� � #$	+ :0    ����!� �%	S!; J%�  &�34  "!�Q�� H/!� &� ��	Y�� 	) �'+� J��& ��T+ �Z9�  I	%

&� .�%��� "�[ ��	�\   ���� �) ���� P%� ��T+ ��	(� �	$ #	(� #��
C  �]� �� #� �%�� ���) 7�Y8	) U�	
� �	$

 ���� 7�	� �$�:; P%� �� ��	Y�� ���� �Z!D� �	$�!^� .�� �3�� ���� �(�!^� ��) �3����%4!3 �	$  �	$

 a	����� � (�!^� "Y$) ��	
�A�� �� 	$�!^� A	S� �'9� ��)� �� ."�� (�!^� ��&��) �S!BQ� �	$  ��43�Arc 

GIS  �%b  Gc�  .��  �!���	$ -��  ��  ��	CL � ENFA  -	���  ��	��  �	$4!8	��  -	SC�  	)  �  ���� �&	�    �

A�� �� �*/�S$��43�Biomapper   �'9� ����� ��98	)  �	*'%��Iris songarica     P!*�	!�  d�� &�  ��	Y��  	)

�� �!�� ���
$  #��&� &� ��	Y�� 	) �	*'%�� �'9� �)	%&�� .Cross - validation    E�	� �Boyce   ."3�� A	e��  

K����%	S� : �!�	+ �	$EF5� ��%���7SD� � �%���  ��%f;�)U!���    	) -�	��536/0  �015/10    �1/0    ���	D�

  ���� N% � ���� �$	*/%& �	$�!^� 4��� �� �%�� �) 7%	S� ���� P%� �� "�� P%� �*�	!) �%�	9� P%� .�%���

�� 7SD� ��8	Z� ���� �9Z
� ����D� �� �� �Z!D� �	$�!^� &� �M	� �
��� �� "�� �FF5�  P%� �� .�
�

  P!*�	!� �P)�� #�4!� �"B!� �M�� �	�� ��	/S$ �	�� ��b	� �
��� ��(%�(8� "%��$ �"�\ �	$�!^� �$�:;

�� P%����� �����	) h�Se� � ���&�� �	�� �
��� H�� �8��� �$	�  J��& ���� �	*/%& I	5�� �� 7���C P%��

7��� �
Si!
jS$ .�
�	)  ���� P%� �
���; �� 	�� �) O�)�� �S!BQ� �	$�!^� ��8	Z� ���� �9Z
� �� P

 #	
i .�
/$ �����	) �) O�)�� �S!BQ� �	$�!^� &� ���[k��� ��%� -�� l%	� �� ��  �!^� �	�i P!) &� ����

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
02

.1
7.

4.
5.

0 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

24
-0

9-
18

 ]
 

                             3 / 17

https://dorl.net/dor/20.1001.1.20080891.1402.17.4.5.0
https://rangelandsrm.ir/article-1-1197-fa.html


      
 

 

573 

 

 

7� J��& ���� �
���; �) �[�� H�� �S!BQ� N% 	�
� � 	�� �) O�)�� �!^� �� ��8	Z� ���� �9Z
� �� �
Si

  �� ��8	Z� ���� �9Z
� "+	/� 7� &� ."�� �����	) �) O�)�� �!^�367200    �"�� �	($242    � ��4$975  

  -�	�� �	($16/66    �U�	
�	� �$	*'%�� nL� �� �9Z
� 7� "+	/� &� �M��73    � ��4$825    -�	�� �	($

1/20  � �M��  �H� U�	
� �$	*'%�� nL� �� �9Z
� &24    � ��4$200    -�	�� �	($6/6   �9Z
� 7� &� �M��

  � V��� U�	
� �$	*'%�� nL� ��26    � ��4$200    -�	�� �	($14 /7  �) �9Z
� &� �M��  �	*'%�� #��
C

7� J��& ���� ��98	)."�� U�	
� pL�	� �
Si    �� �� ��	Y�� G%�) E�	� &� -�� "DM �)	%&�� ���)  #�4!�

  -�� "DM94  "�� -��Q 7)	Q �� �� P!!�� �M��  .  

�L��� :H����� "%	����A�) #	!�� �B�	C 7!BD� -�� �� ��S� #	!) #����� �)�� "Q� 	) ��	
�  �� �����

 �!;7� J��& ���� �
���; �
!)�� �BM	+ l%	� � �3�� ���Q ��	Y�� ���� ��8	Z� ���� �9Z
� �� �
Si  �����

 ��  ��8	Z�  P%�  l%	�  .��!�  ���Q  ��	Y��  ����  6����  "%�%�� qB5�  r	�8	Z�  �� ��	��)  ��  ����� �4%�  �	$

 ���) �"s	Y+ ���) �%�%��7� J��& ���� t	!+� � �����)  .��!� ���Q ��	Y�� ���� �
Si  

  

:#�� $  ���*
� .K ������&�3 .u �.& ���	�C  �1402  .7� J��& ���� ��98	)  �	*'%�� P!!���
Si Schrenk   Iris songarica  ")�� #	���� ��  	)  �%��!+

A�) #	!�� �B�	C 7!BD� -�� &� ��	Y����	
�.  �6���17)4 :(570-586.    

  

 DOR: 20.1001.1.20080891.1402.17.4.5.0  

�"�#��%� �������� �SBC PSe�� :              © #	��
/%��      

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
02

.1
7.

4.
5.

0 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

24
-0

9-
18

 ]
 

                             4 / 17

https://dorl.net/dor/20.1001.1.20080891.1402.17.4.5.0
https://rangelandsrm.ir/article-1-1197-fa.html


�� ���� ��	� 
	��� 
����� ��������� Schrenk  Iris songarica  ... /  � � �, �$�;�0                                                                    
  

 

574 

 

 

 �+&�+ 

�$ �
���; � �	�	�  ���	\  �$	!�  #�4!� 	�  &	%�� 

"D�  �
�-  �C�7�  �Z!D�  �Q��  �����C �*%� ��	!) �) w�  7�

�Z!D�  U\��  ��9���  ���h�  qB5�  �	$����   �$	!�    ��

��	*'%��	$    �  qB5� 	%  6�	�  ��9���    ��  �$	!�  ���;

�� #	(� N%) �����22   �  28  #	$	!� �
���; � ��T+ .(

 H/!����  ��  7���C  �(B)  ������  �3�	F�  �����  �	$

  A�C � ��T+ �� �/%& � ��
B) � �/; ���	� ��S!BQ�

 #�  ��T+  V%���  	)  �$	!�  �����$  .�����  ��	��  �9�  	$

 ��3� �V%��� #� �!!^� 	) � ���� ��	�&	� �M	� �$	*'%��

) �� �$��� �!!^� �	i� #	$	!� �
���; ��*8� �6  .(����  	$

"D�  ���V%  � �8��x�(%  �F5'�  ����  �!y(�    �	9)   �� %�
)	  w

�)	
)�P%  �T+�  ���� N%  �$	!�    ��N%  ��	*'%�  �)   �
��  

P!�z�  	!�&  �	$&� #�  �]�  �M	
C  f{��%�  �")� �   � 	��    � ���

  ��!{"��  )24��8	Z�  .(  ���;   �$	!�    ��7+   7|	/�  

��8��x�(% �
�	�  "s	Y+&�/%  �"%�%�� 6)	
� ��!�    �

&���� �)	%�V%  &�Z!D�"/%  �!Y�  �)��    �  �)�	�n   l%	�  

7M	+  � #� &��#���  ���!; �� ��
%� r��!!^� ��  ��� �
!)

)2  �  8  ��(%4!3  V%���  ��  "��  �BD�  ��98	)  �	*'%��  .(

N% &	!� ���� N%x�8�!) � �%	!S!�  �
� P!�z� �� R	� ����

 P%� 7y� �!8�� � ���9�� �&	\� �) �$�) �� ����7 �\�� 	) .(

��	Y��  �  H/!����  -�	��  ��  #	$	!�  H��  �9�  �)  �	$

�S$ #	/��  ���	\#�  &�  	$  �  #	$	!�  P!)  V)���  "�	
� �	$

����  "%�%��  ���)  �Z!D�  7���C ��Z�  }���  ��  �	$

���� "!93�� �)	%&��  ��D� ��%�\ V!D� �� ���) �!{ �	$

 ����%	; � r	�[ 7� �� � �Z!D� r��!!^� �) ���� ��(BSC

 #�) ���� r���2 	$4.(  

�)  ��]
�"%�%��  �[k�  N%  ����  �  ���� �%	$  ��   �)  

 C���  	)  ����  P%�  ��  O	����  �
/$�  &	!�  �)   �%	�	
�  

�	*/%&�%	$  	)  "!)�BZ�  b	)  ���)  ����  W�$  "��  	�  	)  

~Y+  #�  �	*/%& �  	$  ��	��)�4%�  "%�%��  ���)  �!DM  

 #� 	$�  "!�S\   W�$  ��  ����  "s	Y+  ) H!$� ���Q3   �  9  .(

-��&	��  &��%6  �����% �N  �� d��%l  ��)�    V)��� a��

�!#	  %N  ����    �D�!V  3�� ��  ��)  �  "���   ;! �)!
�  

^�!!r��  &�� ��%6  �^� 	) A	*S$!!r��  D�!Z�    ��	Y�� ����

� ���Q��!��  )25  .(�%P  -�� 	) 	$  ���)�!��   C�Se� &� � ��

^� &�!	$��  D�!Z�    ��%N   ���� �
���; �E5'� �9Z
�

�)  ��  W����)	�  #��
C�  �  &�%P  ^�!	$�  �  �����)��

�    �

��) ��  �9Z
� #� U�	
��  ���� 	$�  ���) �����  E5'�  

��) �

�1  �  11�'9� .(���� ��98	) 6%&�� ��Q�� �	$  	% 	$

 ��
\  &�  ��	!/)  ���)  �	*/%&  U�	
�  r	9!9D�  �	$

 "/%&��	��)  � 6)	
� "%�%�� ��Z!D�  ���� "s	Y+ �4%�

  �+��  ��/%& h�
� �)	%&�� 7�	� 	$��)�	� P%� ."�� &	!�

K�  ��	*/%&  �	!+�  �  "%�%��  ��(%x�8�!)  �%	��  �	$

���� &�  "s	Y+�	*/%&  �  	$ �"!�S\ 7!BD�  �  �%4e� �	$

 "/%&  r��Z� �)	%&������  "%�%��  ��Z!D�  �H\	�� �	$

-���!; � H/!���� � ���	\ �&	� r��!!^� r��[� �
!)

V!D�  ���� ��� �) ��	�\ "/%&H/!����  �  	$  	$"�� 

)10.(  

&�  N%  �$  d���	$  -���&	�  	$"!B)	Q    �

�D����2 � A&b P%��)	
) w���� ���	Y� �	$"%��  �� "� 

"!B)	Q ��  �	Y���   &��$   N%    &�  P%�d��	$ E5'�  ���    �

	)  �	(��	�&�  4!�#�  	Z�    �"!�ZQ A�C  �$  N%  d�� &� 	$ �  

d��	$�%  ��   ���
����  	)  � 	Y���    &��+�7Q  �	$�!^�  

�Z!D�   	$�
!)�!;    �� 	)  �	Z�  ��S�  �	e�A   ��
$ �  

�%	�	
�  ��� .  �P%  ���  �%	�	
� �) �e
� 6���� "%�%�� ��  

�J!Q  ��	*'% ��%	$  	)  P%��b	) 4!�#�  U�	
�  �)��  �	$����  

qB5�  �$	!�  �����  ��  ��e!�  �C	)  �3�M�%�\   ��

�
%4$  & �	�#  �� �"%	��  ~Y+  �P%  6)	
�    	)  d&�����  )16  .(

�8�  d���%	$  p	3�M  	)  �������T+ �	$  �BS\ &�    -��BD�! 7 

 B�	C�  ��!#	  A�)�	
���  �\��  #	
!S �    ����� �%b	) �	!/)

)14N!
(� .(-�� �	$�!; �&	�  &� ��	Y�� 	) ��

� �
!)

����  ���� UB\ ��� �) �� ��'!) �\�� ���T+ p	3�M �	$

 d��  P%�  ��%&  w"���� 	$ 6%&��  ����  �� ��	CL �  �
����

����#�  ��98	)  �	*/%&  �  	$  "%�%��  �  "s	Y+  ���)  	$

)  �
$�  �|���  H/!����13  #	!��  �B�	C  7!BD�  -��  .(

A�)  ��	
�)(ENFA, Ecological Niche Factor 

Analysis  %N  ��%��(  �
i  ^� !��  �\%�  ��)�    r	�8	Z�

3��^\ �
���;!	 �%  ���� 9� �� 	$!n	  ��4) �  	;  �)  V93%�  

����	$�  ��T+    "���)  ����/�  ��   ���  ��%�% "  

+!r	&�� ��+�%	�)  ��%�	*'  ����	$�  �!$	�   ; �!�)!
 �  

��%�	*' #����� ��)�	� 	$ )26 .(  

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
02

.1
7.

4.
5.

0 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

24
-0

9-
18

 ]
 

                             5 / 17

https://dorl.net/dor/20.1001.1.20080891.1402.17.4.5.0
https://rangelandsrm.ir/article-1-1197-fa.html


 
��# 4OPPP��PPP+17 
��" 44 41402       

  
 

575 

 

 

) ���*
�2011  �B!BD� �
%��3 d�� �� &� ��	Y�� 	) (

A�) #	!�� �B�	C 7!BD� � ������ �B/B� �	*'%�� ��	
�

��98	)  �!Y� #�� �)(Astragalus gossypinus Fischer   ��

  #	�YM�  #	��  �� �)r��M    E�	� .������ �'9�Boyce 

  	) �)��) N!����	$ P!*�	!� d�� �) ��� �!8�� �'9� ���)

84/0    ��	�8	Z� �9Z
� �	%& �	!/) "��� �) �\�� 	) �� ��)

�� �)	%&�� I�� �	!/) -�� "DM  �'$�:; �� .��� �|	YM  

)  ����  �2013  ����)  �)  (���S�  �&����  �![z� �    "Q�  �)

�!;�
!)  -��  N!/e8  #�!����  �	$LR)(    � 7!BD�

#	!�� �B�	C  A�)��	
�(ENFA)     #	'� l%	� .�
����;

-�� �� ��� ENFA  ���S� �&����  ��  7)	Q l%	�  P!%	;  �	$

�� �8��Q�) &	!� � �$�  �
%4$ W�M  �!8�� ���) P!*
� �	$

���S�  �&����  ��  ������  ��4)  �4!�  ��  �*%�  �'$�:;  .��� 

 h��&��$	i�   �	�C  �)  �2017( �   "!)�BZ�  P!!��  ���)

  ����  �	*'%��stipa barbata   7!BD�  d��  &�  ��	Y��  	)

#	!��  �B�	C  A�)  #	98	  6����  ��  ��	
�  A	e��  ��	!�

E�	� &� ��	Y�� 	) -�� "DM .�����Boyce     ���9�5/87 

#	'�  ��  ��)  �M��  ."��  -��  l%	�  �b	)  "Q�  ��
$�

)  #��	(S$  �  �
S�)2019  �
���;  ��D�  �'$�:;  ��  (

����  �	$Thymus kotschyanus Boiss  �Achillea 

millefolium     ���)#��
C   �9Z
� �� �
S�&�� �%���� #	$	!�

  d��  &�  ��	Y��  	)  #	/B�  #	��  �	)�	�i  �B�	C  7!BD�

 #	!��  A�)-�� N!/e8 #�!���� � ��	
��  .����� �&	

  #	!��  �B�	C  7!BD�  d��  ��  "��  P%�  �*�	!)  l%	�

A�)  #�!���� d�� �) "�/� ��'!) "Q� ����� ��	
�

  N!/e8"��)  #��	(S$  �  	��)  .2020 �)  �'$�:;  ��  (

�!;  ����  �	*'%��  �
���;  ��*8�  �
!)Artemisia 

aucheri    	)d��  &�  ��	Y��    #	!��  �B�	C  7!BD�

A�)��  ��	
�  �B)  �QL!%  6��������    #����&	�  #	��

.�
����;  ����  -��   ��	Y�� 	)  &�  E�	�  Boyce   �)	%&��

 H%��*8� d�� �) ��� �!8�� �'9� ���) #�4!� P%� �� �%���

  	) �)��) �BM	3 7Q��+91/0  P!!��   "��� �) �\�� 	) �� ��

�� �)	%&�� I�� �	!/) -�� "DM ��9Z
� �	%& .���  

  �(
%�  �)  �\��  	)�  ��%#��  )�BZ�  ��	)��  ��8	Z�!"  

&%�	*/  ������ W��$� "�\ �� 	$%�%�� s	Y+ �  �� �!� 

& �'9�%$	*/� �    &�  ��	Y�� 	)  d��BD�!7  B�	C �  ��!#	  

A�)�	
�  ��S�  "��  �3��  ���Q  �\��  �����   
i! P 

 �	�8	Z�  ����*8�  ������%  d��  ��)�	�  ���)��  �	$% P  

��%�% �  �� �� ��	)    ����D� #��	*'%�� 	) �	$  S$�!"    b	)

 ����  ���)��  	$!!P  �����.  P%��)	
)  A&b  "�� ��   ���)

d���; �  �)��!��	� 7� J��& ���� �
SiIris songarica 

Schrenk� 	) �\��  "!S$� �)  #�  �� 7|	/� "%�%�� qB5� 

6��� �   �&�+4!5)� "�	
� �B�	� "�/� �) �	*'%���	$ 

�
!�) P%� ��	Y�� 	) ���� &�  d���	$ �	� � �!Y���� "���. 

-��  r	9!9D�  �� A�)  #	!��  �&	�  &�  ��	Y��  	)  ��	
�

  -�� �$�:; P%� �� ��	Y�� ���� -��) ��	Y�� ���� -��

BD�!7 B�	C � ��!#	 A�)�	
� �"�� ��� �) #� -	SC� � (

�%b  ��%	!3��^\ r	CL � H/!� �� �]� ���� ��	CL � �	$

��  ����  ���)  ��  �	*'%��  U�	
�  �'9�  #���  ��8	Z�  ����

 ���) ��8	Z� ���� �9Z
� 6���� "%�%�� �� #� &� � ��� �!��

  �2	+  J!9D�  W��$�  ��  P%�  &�  .��)1-  �)	%&�� � ����) 

d��  "!)�BZ�  #	!��  �B�	C  7!BD�  A�)  ��	
�  ��

 ")��  #	����  ��%��!+2-    ����  ��98	)  �	*'%��  P!!��

7� J��&  �
Si ")�� ��  d�� &� ��	Y�� 	) �%��!+  7!BD�

A�)  #	!��  �B�	C��	
�    �3-  �%	�	
� 7���C �[k� �) 

I	5�� �	*/%& 7�  J��&  ���� ����  �9Z
�  ��  �
Si

."�� ��8	Z�  

  

D�� � #$	+0  

 �� ���� ��	� �	Q' R�� ��S����  

  r��M  �%��!+  ")��  #	����  ��  �2	+  �$�:;

 6��� #	�	
��	� I�	e� &� � "�� �3�� � #	���� ����

�5) �� �BD� ���3� I�	e� P!
jS$ #	���� W�� � �	$

")��7� J��& ���� �%	�	
� "�\ ��%��!+  ��	Y�� �
Si

  �� p	��SC  #	���� &�  �YB5� O	9�  �� ���� P%�  .�%���

  P%� �� ���� ��T+ ."�� ��� ��$	'� ��	/$�� J 	
�

  �� �H!9/� r��$	'� � ����!� �%	S!; J%�  &� O	9�34  

  �Z9�	�	
� 	) ���� ��T+ O	9� "!�Q�� "%	���� � �� �%

"!�Q�� H/!� &� ��	Y��) ��	�\ I	%GPS(    .�%��� "�[

  ���� &�  ��� "�[ ��T+ r	CL � Gc��)r��M   � -� 

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
02

.1
7.

4.
5.

0 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

24
-0

9-
18

 ]
 

                             6 / 17

https://dorl.net/dor/20.1001.1.20080891.1402.17.4.5.0
https://rangelandsrm.ir/article-1-1197-fa.html


�� ���� ��	� 
	��� 
����� ��������� Schrenk  Iris songarica  ... /  � � �, �$�;�0                                                                    
  

 

576 

 

 

  ���� �%	!3��^\ }�CA����43�  Microsoft Excel    �) � ��

.�� 7%��� -�� �)  ���� ���) &	!�  ���� "��3   7(�)1 (  

 #	'� ��8	Z� ���� �9Z
� �� �� ���� &� ��� "�[ O	9� �'9�

�� .�$� 

  

 
 �;"1: ���T+ #�	+ ��T�+ �# ��	� ��S � 
&0�+ R�� 

 

 �� ����) ����Iris songarica (  

  �YBC  �8	�  �
i  �$	!�A�4%��)  ��  "��  ��� �� 

  �#	/Q�4Q  �#	/�	;  �#	/�	^3�  �#��%�  ��  ���/�

 ��
���; P!i -	S� � #	/()&� �#	/
S��� �#	/(!\	�

."��  ���   &�  �!)  7�	�  J��&  ��!�300   �  "��  ����

  W����  	��%�  �)  #��%�  �
�  U  ��  #�  �%����  #	$	!�

 J��&  �����%�  U  �
�  W����  I	�  N%  J�  .�
/$

 &�  ����  P%�  ."��  ��� 4%�e�  -	D  �  ���  ���)  �'+�

 H%�Q  �)  ���) �\�� ���� �%���� � �X
%& �	X!� NX% #��X
C

  �\��  ����  �'!)  #�  �
%&  ��
\  �&����  �8�  �"��

����	).    ��	Y�� H$ ��	/�& �3�BC #��
C �) �	!� P%�  &�

��  �#��	(S$  �  �S!]C)  ���1390��&  .(  J  �)  �%��DM

7� &� 7M	+ ��	
�	�%& d&�� 7!8�  �	�%& � ���	*�� �	$

�� � ���� �)�BZ� �
%& 7!/�	; #��	T3 �� #� &� #��� 

 ��� ��	Y�� 4!� 4��  )  �#��	(S$ � �!\2013(  . #	/()&� ��

 d��4� d�� �) O�)�� �	$7� J��& �	!� #��) H�  �
Si

��� �|���  U�� � 	$�	� �#��
Y��� ."��pb�S�� 	$��)   �	$

N'�  ����  P%�  ��  ��#��
Y���  .�����   �)  R�F�

 -�/c���  �!\��  ��  �	!�  P%�  �f)  �	$  &�  ���)  .�
$�

�� �S� 4�� "8	+ �� �� �	!� P%� #	�	;�i��) .�
���  �	$

  �� 	$�	� ���) N'� ��/) �	e%� ���) UB{�  #� N'�

�� "����)  	$�	���#��
C  �)  r	Q��  �$	�  .����    �	!�  N%

�� �3�� �]�  �� H\	��  	%  6!�� N'� J 	
� ��  ���

  ���;  ��  H�  �f^�  ����  �����  �N'�  �����  h��4�

���$� )14 .(  


#%� $ #�	+ �T�-+ H0��W�+ 8,9:$  

  �$�:;  P%�  ��  ��	Y��  ����  �Z!D�  �	$�!^�

����  7�	�����  �(�!^�  ��)  �3����%4!3  �	$  �	$

a	����� � (�!^� "Y$) ��	
� (�!^� ��&��) �S!BQ� �	$

  -��\  ��  ��  "��)1(    H|LC  �  �Z!D�  �	$�!^�  A	�

 #�  ��	F��  ."��  ����  	$�)��]
�  -��  �	*'%��  �&	�

7� J��& ���� ��98	) ")�� #	���� �� �
Si �) ��%��!+

  �%	!3��^\  �	'��  �)  ��f��![z�  �Z!D�  �	$�!^�  ����)

  ��  	$�!^�  P%�  �'9�  �!��  &�  ��	Y��  	)  �]�  ����  ����

A�� ��43�Arc GIS  .�� �����;  

 

 

 

 

  

 

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
02

.1
7.

4.
5.

0 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

24
-0

9-
18

 ]
 

                             7 / 17

https://dorl.net/dor/20.1001.1.20080891.1402.17.4.5.0
https://rangelandsrm.ir/article-1-1197-fa.html


 
��# 4OPPP��PPP+17 
��" 44 41402       

  
 

577 

 

 

 .�&31: H�X�/$ YZ9, � 
$��0 C0�[F ��$ �# 
#%� $ #�	+ �T�-+ H0��W�+ �"  

 �!^�   ��	F�� "�LC   �!^�   ��	F�� "�LC  

"�\  Aspect  �	� P%����� �	�� �y���+  6BIO 

U!�  Slope   	�� ��b	� �
���  7BIO  

 h	Y���  Elevation  	���  d�	)�; V�����%P �� 8��� �$	� �  8BIO  

P�  Sand 	���  V��� H� d�	)��%P ��8��� �$	� �  9BIO  

"B!�  Silt 	���  A�� V�����%P �� 8��� �$	� �  10BIO  

n�  Clay �	�� V��� P%�����  ���$	�  �8���  11BIO  

 �(%�(8� "%��$  EC h�Se� �����	)  ��b	�  12BIO  

 a	� h	��� ")� �  Sp   ����	) h�Se��  d�	)�;��%P �	�  13BIO  

 �%�!�� #�4!�  PH   H� �����	) h�Se�d�	) �	� P%��  14BIO  

 �8� P)��  OC  �����	) �BF3 r��!!^�  15BIO  

 ��b	� �	�� P!*�	!�  1BIO   ����	) h�Se��  d�	)�;��%P ��8��� �$	� �  16BIO  

�! *�	!P 	�� �
����   ���&��  2BIO  ����	) h�Se��  H�d�	)��%P �� 8��� �$	� �  17BIO  

 	�� ��	/S$  3BIO   ����	) h�Se��  A����%P ��8��� �$	� �  18BIO  

 	�� �BF3 r��!!^�  4BIO  h�Se� �����	) P%�����  ���$	�  �8���  19BIO 

 A�� �	�� �y���+ �	� P%��  5BIO      


#$#  �2$��	�\�2 H0  

-��  �� �'9�  �!��  ���)  �&	� �  "�\  �U!�  �	$

  �'9� �) &	!� �C	Y��� r	9� DEM  "���'9� .  �U!� �	$

 h	Y��� ���Q� -�� &� ��� u��5�� h	Y��� � "�\�) #��
C 

�!; �	$�!^�  -�� �� �$	!� ���; �
���; ��

� �
!)

�� ��	Y��  h	Y��� ���Q� -�� �'9� �$�:; P%� �� .����

���� "%	� &�  �� #� &� ��	Y�� 	) � �� f�� #	�\ H!BQ� �	$

A��  ��43�Ver.10.5 MAP-ARC   �'9� h	Y��� � "�\ �U!� �	$

  .�%��� �!��  


#$#]/ H0 � �"  

7!3��; r	CL � &� �$�:; P%� �� ��\�� a	� �	$

 #	����  #	��  ����4!5)�  �  ��!�  6)	
�  7�  �����  �� 

  r	CL � .�%��� ��	Y�� #	���� �&��	'� �	�\ � ��2�

  �)  O�)��127  6S\  a	�  7!3��;  A	e��  	)  ��  ��  ����

#	!��)	%�'9�  U�	
�  �	$ �	$�!^�  �)  O�)��  �	$

a	�  P%� �� ��� ���� a	� �	$�!^� .�%��� �!�� ��	
�

 #�4!� �n� �M�� �"B!� �M�� �P� �M�� 7�	� �$�:;

  � �(%�(8� "%��$ �a	� �8� P)�� �M�� �a	� �%�!��

  a	� h	��� ")� � �M��"��#	!� "�\ .  d�� &�  �)	%

  �  ��  ��	Y��  �
!e%���)��]
�    d��  P%��)  I	5��

#	!�E�	� &� �)	%  P!*�	!� �	$) 	Z� JBZ���Q(MAE  �

)  	Z�  W��D��  P!*�	!�MBE  P!*�	!�  ��fe�  �	Z�  �  (

)RMSE-���3  ��  �%���  ��	Y��  ( P%�  �)  O�)��  �	$

E�	� ."�� ��%��� u�� �%& V)��� �� 	$  

) �Z)��1 :(  

RMSE = ��
� � ��∗��	
 � ���	

�

	��  

) �Z)��2 :(  

MAE = 
�
� ∑ |��∗���
 � ����

|����  

) �Z)��3 :(  

MBE = 
�
� ∑ ��∗���
 � ����

����  

 

 �Z)��  �� ��3  �	$  �∗���
  �!;  ���9��
!)  ����

����
  � ��Q�� ���9�n ���� ������� 	$ .��	)  

 MAE    "�� 	Z� V��� ���9� � d�� "Q� W���

 N%�4� �YM �) �i �$ �� ."�� ��) ���	) ��MBE   �*�	'�

  ."�� ��) ��	) �S� �i �$ � "�� 	Z� W��D�� P!*�	!�

�)B���   ���9�  P!
jS$  �  �	!��  ��  P%�  ���9�  ��Q  �$  �

RMSE   ."�� �'!) d�� "DM ���	) �S�  

  

  

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
02

.1
7.

4.
5.

0 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

24
-0

9-
18

 ]
 

                             8 / 17

https://dorl.net/dor/20.1001.1.20080891.1402.17.4.5.0
https://rangelandsrm.ir/article-1-1197-fa.html


�� ���� ��	� 
	��� 
����� ��������� Schrenk  Iris songarica  ... /  � � �, �$�;�0                                                                    
  

 

578 

 

 


#$# Y�*^$ H0  

�%b  7�	� �$�:; P%� �� ��	Y�� ���� �S!BQ� �	$

  �!^� ��&��"��  ���� "%	� &� ��  �) #	�\ H!BQ� �	$"��  

���� ."�� ���� ���� 7(� �) �	*%	; P%� �� ��\�� �	$

  �%	!3��^\  ��	(�  N!(Y�  r��Q  	)  �30   a��-  ��  �!�	[

  �&	!� ���� �S!BQ� r	CL � "3	%�� &� G; .�
/$ n���

  ��	(�  r	F5�  H/!�  �)  r	CL �  P%�UTM    7%���

#�  7/(!;  �	�)�  Gc�  �  ����  �)  �%	!3��^\  "8	+  &�  	$

 7/(!; �&����) ��	(�500   .�%��� 7%��� (��  

 (	� ��") �*+, ��*-� .&+��/�"  

A�)  #	!��  �B�	C  7!BD���	
�  -��  N%    ��	��

  ��  "��  V��� A����43�  Biomapper  ��  ��\�  P%�  .���

A����43�  ��	Q  �2�  �� "��!"  ^� A	S�! 	$�  ��  ��   �	S� �  

��T+  O	9�   	)  ����  %�(%�*  	9�%�/  �  ����    "%	����

I�BZ���%P  �2�!"  ��  ��  �3�� �]�  �  �5)	$�%  &�   �9Z
�

��  �)��) #��
C%P  ��%�	*'  (��98	) �	*'%��)  ��)�  ���� ����  

�]�  �) �� �'9� r��M|��  �$�  )17(.  �%b �5) P%� ��  �	$

A��  �)  ����  ��	��  �Z!D�  ��43�Biomapper   ���\�  "�\

A�) #	!�� �B�	C 7!BD� -���� ��	
� .�
�	)  

�%b ���� &� G;A�� �) �Z!D� �	$  ��43�Biomapper 

  7�	� ��29    �  �Z!D� �!^�34   �� �"�� ��T+ �Z9�

�%b P%� �-�� A	� "���
(% � #��) -	��� &� #	
!S � ���) 	$

 6%&�� #��)  ��%& .�
3�� ���Q #��&� ���� #	�BD� d��! 7 

 B�	C�  ��!	#  A�)�	
��   	�   �+  &%�	�    #��)  -	���  �)

����	$ � 8��!� �!�
�&	  � "��  	C� %" � #��(�%P   �C	) 7M�

	�  ��  	Z�  &��)%l   	��  �  �%  -��  "DM  �  "Q�  �$	�

�����.    	$�!^� #	!�  �*/�S$ ����)  A	� ���)��!�B 

A��  ��43�Biomapper  ��%&  w"3��  ���Q  #��&�  ����  

Biomapper   �!^� �)�%	$  &	!�  �� ����  �*/�S$  �%b	)    	)

�*%�(%  �
�	)  �����  .��  �!{  P%�  �r��M  �%	$�!^�  ��  

��b	) �*/�S$  &�  85  �M��   	)  �*%�(%   �����  	)  #&� N%  

����  �� -�� ����    �(% �  4e� &� �%	) �!^� �� &�%�   �  BD�!7  

��� Wf+A�� �� .  ��43�Biomapper    6)	�  &�Correlation 

Matrix �� ��	Y�� �*/�S$ G%��	� ���\� ���).���  

  

  

D��.&+ �����$ � �L� ���,$ H00  

d��-�� �e
��	�C� ���) �YB5� ��	�� �	$  �	$

  ����S� �
�	� w���� ��\� �	*/%& U�	
�ROC  	;	� ��	�� �

  -��  &�  ��	Y��  	)  ��  �$�:;  P%�  ��  .G%�)  E�	�  �

ENFA  �� r��M  #��&� &� ��	Y�� 	) �)	%&�� ���!�Cross 

- validation    E�	� &� ��	Y�� 	) �Boyce  �� A	e��  .��!�

 d�� P%� ��	)�� ��F5� r	D!2�� "S/Q P%� ��  #	!) 	$

��  .����  

   #��&�  &�  G%�)  E�	�  ���	D�  ���)Cross-

validation  �� ��	Y�� ���� �C�Se� #��&� P%� .���  �	$

  �)  ��  ����  ��T+k   H!/9�  #	/(%  �&����  	)  �C�Se��%&

��  .�
�10   ���S�  �C�Se��%&��  ��!� P%���  �  ����

�� ��	Y�� l%	� �)	%&�� ���) �C�Se��%&  P%� &� .���10  

 -�B� ����� �C�Se��%&  �9�  �$ �� �� �%	$)bin(  ��  ��3�

��  ���	D�  �$ .���bin   )  �'9�  "+	/� &�  �'5)��  �  (

 -�B� &� �'5) ) �&	����� ���) ��\�� �	$��  #	S$ �� (

��  7�	�  ��  �
/$  ��T+  O	9�-�B�  ���)  .���  �	$

  �9�  �$ �� �� �Z� n	�� �) ��� H!]
� ������3bin) (

�� ���Q  ���!��� �  ����   �� ���	D�  d�� 	) �*/�S$ .���

  P!) P��!c����    �i    &� N% �$)bin    �%	S� ���9� (	$Boyce  

�� ���	D� ��H�� �� �
� �!8�� �'9� �)	%&�� E�	� P%��

�� ���  .��	) E�	� ���9�  Boyce  )!P  1+   �  1 -  ^�!�  

."��   

  

 K���  

  �$�:;  P%�  ���)��]
�  -��  ��98	)  �	*'%��  �&	�

7� J��& ����")�� #	���� �� �
Si ����) �) ��%��!+

 ���� ���� �%	!3��^\ �	'�� �) ��f��![z� �Z!D� �	$�!^�

A�� �� 	$�!^� P%� �'9� �!�� &� ��	Y�� 	) �]�  ��43�Arc 

GIS  �� �����;  &� ��8	Z� P%� �� .���29   �Z!D� �!^�

�'9� �$�:; &� 7F3 P%� �� .�%��� ��	Y��  �	$�!^� �	$

�� �|��� -�� �� ��	Y�� ���� �Z!D� .����  

 4!8	�� ���\� 	)ENFA �\��� �) �YB5� �	$ "��

��  �*/�S$ G%��	� �� �%��)#��
C    �\��� P!8�� "��  

  &�  �!) ����� ��  �%	$�!^� Wf+ &�  G; ��85   �M��

  -��\  J)	Z�  �%	��  G%��	�  �����)  �*/�S$2   �|���
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 ��	F��  H|LC  &�  �*/�S$  G%��	�  -��\  ��  .�%���

  -��\  ��)  -��  ��  ���	S!Q	)  �	$�!^�1    �	$�!^�  A	�

 #� ��	F�� H|LC � �Z!D�  .�%��� ��	Y�� (��� ��� 	$

  &� �!) ����� �� �%	$�!^� �%��� ��	�� �j�	
i85    �M��

-��  �
%��3  &�  �����)  �*/�S$  �(%  .����  Wf+  �&	�

�\��� &� �*%�  r�&	!�� G%��	� -�� P%� �	$ "��    �� ��

  -��\  �
�%  r�&	!��  G%��	�  -��\)3(    �	$�!^�

���  ����  #	'�  "!S$�  n	��  �)  �Z!D�  -��\  P%�  .���

  �
Si 7� J��& ���� �%	!3��^\ 6%&�� �� �� �!^� �$ H��

 ")�� #	���� ���� #	'� �%��!+  G%��	� -��\ �� .�$�

O�)�� r�&	!��   ���	3 #�� P!8�� �
Si 7� J��& ���� �)

 �!�	+#��  �%	�  ."��  �%��� �	$���	3  	)  �)��)  	$

 EF5�q%�� .�
/$ �%��� #�4!� �*�	!) G%��	� P%� �� 	$

"/%&  �	$�!^�  "!S$�  	$���	3  "�	�  ��  �Z!D�

  .�
/$  

 
 .�&32: ���_��0 `���+  

14bio  19bio  7bio  8bio Clay 1bio  12bio 15bio 2bio  3bio 4bio Elevation Aspect  OC  Sand  Sp EC  PH  Silt  Slope

1                                        

38/0-  1                                      

58/0  58/0-  1                                    

74/0-  39/0  54/0-  1                                  

64/0-  55/0  48/0-  63/0  1                                

78/0-  33/0  8/0-  79/0  59/0  1                              

76/0  04/0-  47/0  78/0-  54/0-  8/0-  1                            

77/0-  62/0  73/0-  75/0  66/0  8/0  69/0-  1                          

29/0  04/0-  73/0  2/0-  03/0-  55/0-  27/0  31/0-  1                        

57/0-  69/0  63/0-  53/0  72/0  57/0  41/0-  67/0  09/0-  1                      

21/0-  02/0-  5/0  3/0  25/0  03/0-  29/0-  08/0  71/0  01/0  1                    

69/0  21/0-  8/0  67/0-  44/0-  8/0-  78/0  71/0-  72/0  43/0-  24/0  1                  

15/0-  29/0  26/0-  16/0  18/0  15/0  03/0-  22/0  11/0-  2/0  1/0-  13/0-  1                

37/0-  28/0  07/0-  35/0  65/0  22/0  27/0-  31/0  13/0  32/0  38/0  12/0-  15/0  1              

61/0  43/0-  6/0  76/0-  71/0-  75/0-  68/0  69/0-  16/0  62/0-  1/0-  62/0  23/0-  35/0-  1            

67/0-  35/0  57/0-  8/0  53/0  8/0  78/0-  73/0  2/0-  51/0  19/0  69/0-  16/0  24/0  79/0-  1          

63/0-  32/0  5/0-  77/0  59/0  76/0  72/0-  67/0  22/0-  48/0  22/0  67/0-  12/0  32/0  77/0-  76/0  1        

27/0-  32/0  46/0-  28/0  18/0  31/0  07/0-  31/0  5/0-  16/0  26/0-  38/0-  25/0  2/0  17/0-  16/0  33/0  1      

55/0-  31/0  62/0-  69/0  63/0  73/0  63/0-  61/0  27/0-  54/0  04/0-  65/0-  22/0  22/0  8/0-  76/0  74/0  15/0  1    

3/0  01/0-  57/0  26/0-  09/0-  53/0-  37/0  33/0-  68/0  12/0-  43/0  63/0  08/0-  1/0  22/0  25/0-  27/0-  32/0-  31/0-  1  

  -��\ n	�� �))3(    �� -�� 7�	C �r�&	!�� G%��	�

  4!8	��ENFA  �100   �!�	+  �M��  �  �%���78    �M��

 EF5��� #	'� �� �%���  A�� 7�	C .�$�13    7�	C ��M��

  A��4    A�	�i 7�	C ��M��2    He
; 7�	C ��M��1    ��M��

  H'�  7�	C1    4!�  HY$  7�	C  �  �M��1    �M��

 EF5��� #	'� �9Z
� �� �� ���� �%��� "�y� �%�	9� .�$�

 �!�	+ #	'�  (-��  #��)  �%��� ����  ��  "��  P%�  ��
$�

  ��  7�	C  #�  P!*�	!�  &�  ��b	)  ��+ ��  P/%&  �)  7%	S�

�!�	+ �Y
� �%�	9� � ���� �� V!D�  ���� 7%	S� �*�	!) �%���

  	) ."�� V!D� �� 7�	C #� &� ��S� �%�	9� �� P/%& �)

  ��%	!3��^\  "�\ r�S%&�  �	$�!^�  -��\ P%�  �)  �\��

  r��!!^� �
���  ��(%�(8�  "%��$  	��  ��	/S$ �	�� ��b	�

  E�	�)Isothermality �P)��  #�4!�  �"B!�  �M��  �(

 P%�����  �����	)  h�Se�  �  ���&��  �	��  �
���  P!*�	!�

 ��H�� �8��� �$	�  ���� �	*'%��  I	5��  ��  7���C  P%��

7� J��&�� ��8	Z� ���� �9Z
� �� �
Si �\�� 	) .�
�	)

 -��\ �)78   7�	C V��� �$	!� ���; r��!!^� &� �M��

  � -��13   �!\�� 7)	Q A�� 7�	C V��� r��!!^� P%� &� �M��

  h�Se��� � "��91    V��� �$	!� ���; r��!!^� �M��

.�
/$ �!\�� 7)	Q A�� � -�� �Y8k� ��  
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.�&33: (	� ��") �*+, ��*-� .&+ �$ �a' 8$���+$ `���+��/�"  

 D� 7���C!Z �    -�� 7�	C   7�	C  A��   7�	C  A��   7�	CA�	�i    7�	C  He
;   7�	CH'�    7�	CHY$   

"�\  44/0-  01/0-  07/0-  05/0  04/0  08/0  03/0-  

 �(%�(8� "%��$  35/0-  16/0-  26/0-  54/0-  05/0  07/0  20/0  

 �
��� 	�� ��b	�  33/0-  07/0-  12/0  03/0  04/0-  20/0  48/0  

 	�� ��	/S$  33/0  03/0  11/0-  01/0  04/0  19/0-  36/0  

"B!� �M��  30/0-  02/0  30/0-  49/0  35/0-  40/0-  10/0  

P)�� #�4!�  27/0  0  08/0-  04/0-  08/0-  02/0-  02/0  

 ���&�� �	�� P!*�	!�  24/0-  15/0-  08/0  17/0  21/0-  05/0  14/0-  

 ��  P%����� d�	) h�Se� �8��� �$	�  24/0  06/0-  07/0  02/0-  20/0-  08/0  12/0-  

U!�  24/0-  02/0-  0  09/0  02/0-  19/0  08/0  

 ��b	� �	�� P!*�	!�  09/0  84/0-  22/0-  05/0-  70/0-  67/0  12/0  

 	�� �BF3 r��!!^�  18/0-  12/0  01/0-  04/0  06/0-  01/0-  02/0  

 �BF3 r��!!^� �����	)  18/0  04/0  01/0-  12/0  12/0-  21/0  18/0  

 a	� h	��� ")� �  13/0-  02/0-  10/0  17/0-  12/0  12/0  29/0-  

V��� �	��-  d�	)�;�� P%�� �8��� �$	�  07/0-  43/0  61/0  32/0-  0  43/0-  03/0-  

 �%�!�� #�4!�  12/0  03/0  07/0  18/0  02/0  01/0  05/0  

 h	Y���  11/0-  02/0  10/0  02/0  11/0-  05/0  08/0-  

�����	) h�Se�-  H�d�	) �	� P%��  10/0-  01/0  01/0-  14/0-  11/0-  03/0-  38/0-  

 P� �M��  06/0  06/0  38/0-  15/0-  22/0-  01/0-  12/0-  

 ��b	� �����	) h�Se�  03/0  04/0-  41/0-  41/0-  33/0-  09/0  36/0  

 n� �M��  01/0  13/0  20/0-  17/0-  28/0  03/0  35/0-  

 �!�	+�%���  %100  -  -  -  -  -  -  

 �%��� EF5�   )%78(   )%13(   )%4(   )%2(   )%1(  )%1(   )%1(  

  -��\  ��)4(  E�	�  �%�	9��!�	+  �	$  ��%���

 EF5�7SD� �  �%���  �B�	C  7!BD�  -�� &�  l
�  ��%f;

A�)  #	!��7�  J��&  ����  ���)  ��	
� �9Z
�  ��  �
Si

  ."�� ��� �|��� ��8	Z� ���� 

  

 .�&34:  ���� K�����") �*+, ��*-� .&+ H0  

 7�	C     &	!��  

 �!�	+�%���  536/0  

 EF5� �%���  015/10  

 7SD���%f;  1/0  

 

  

  

 �� ���� 
����� b �� ��������  

 A�)  #	!��  �B�	C  7!BD�  -�� A	e��  &�  G; ��	
�

7� J��& ���� �	*/%& "!)�BZ� �'9�  &� ��	Y�� 	) �
Si

  �'9�  P%�  .���  "�� �)  �BM	3  ���
$ P!*�	!�  H%��*8�

�)r��M    ���) �M 	� �YM �%�	9� ��	+ �� ���� 7%	3 N%

  Gc�  .��  �!�� �)��]
�   �)  ���  �!��  �'9�  ���)  a��

  U�	
� � V��� U�	
� �H� U�	
� �U�	
�	� �9�  �	�i

�9�  �	%&  7(� .�� ��
))2 (    ���� �	*'%�� U�	
� �'9�

7�  J��&��  #	'�  ��8	Z�  ����  �9Z
�  ��  ��  �
Si  .�$�

  U�	
�  #�4!�  n	��  �)  �	*'%��  U�	
�  r	9�  "+	/�

7� J��& ���� ���)  -��\ �� ��8	Z� ���� �9Z
� �� �
Si

)5( ."�� ����  
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 �;"2: �� ���� ��	� 
����� b �� �������T+ #�	+ ��T�+ �# ����  

  

 .�&35: �� ���� ��	� H$�� b �� �$\�+ d $ �� 
����� b �� 8��: �'_+ e�;%� ����  

 r	9�    (�	($) "+	/�   (�M��) "+	/�  

 U�	
�	�  242975  16/66  

 H� U�	
�  73825  1/20  

 V��� U�	
�  24200  6/6  

 �	%& U�	
�  26200  14/7  

  .&+ �-a �����$  

 �'9� "DM �$�:; P%� ��  	) �	*/%& "!)�BZ� �	$

  #��&� &� ��	Y��Cross-validation    E�	� &� ��	Y�� 	) �

Boyce   #	'�  �$�:;  P%�  &�  7M	+  l%	�  ."3��  A	e��

�� ����� �BM	3 ���
$ P!*�	!� 	) ��� �!8�� �'9� �� �$�

  "DM P%��b	)"��   ��� �!8�� �'9� ���) G%�) E�	� �

  	)  �)��)  �BM	3  ���
$  P!*�	!�  d��  �)94/0   ��  ��)

�� �)	%&�� I�� �	!/) -�� "DM �e!���  �j�	
i .���

 ����� �BM	3 ���
$ P!*�	!� 	) ��� �!8�� �'9� �� ���

  "DM  P%��b	)"��   �'9�  #�  &�  G;���  �!8��  �	$  �

  �BM	3 7Q��+ H%��*8� � �BM	3 N!����	$ H%��*8�U!���) 

E�	� 	)  	)  �)��)  �%	$79/0    �67/0  �� ���Q ���)  .���!�

-��  �	�C�  ����)  �)  �
��  �	*/%&  "!)�BZ�  �	$

����  n	�� �) ��� H!]
� ������3 ����S� &� ��T+ V93 �	$

  7(�  .��  ��	Y��  G%�)  ���!;  E�	�  �  �Z�)3 (  

�)  �
D
�  ��  �BM	3  ���
$  P!*�	!�  d��  &�  ����  "��

�� �%	S� .�$�  
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 �;"3: ��-�+ ) P/E C�F ��#�+ �*a2 � &�0 �����+ Y���	��$ �$ �a' (�f��$ ��^ �� 
&" ����  

  

  � g-��L��� H���  

  �$�:;  P%�  W�$  I	5��  �)  �[k�  7���C  �%	�	
�

7�  J��&  �	*/%& �'9�  #��)  #�  �B!��  �)  	�  ��)  �
Si

7�  J��&  ����  ��98	)  �	*'%��  ��  �
Si  #	����  ��

")��  d��  &�  ��	Y��  	)  �%��!+  #	!��  �B�	C  7!BD�

A�)-��  &�  ��	Y��  	)  .���  �!��  ��	
�  d��  	)  �&	�

A�)  #	!��  �B�	C  7!BD� I	5��  �)  �[k�  7���C  ��	
�

7� J��& �	*/%&  �	*'%�� �'9� P!
jS$ � P!!�� �
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