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Abstract Article Info 

Background and objectives: Plant species performance and productivity in 
rangeland ecosystems depend on their interactions with environmental factors. 

Understanding these interactions helps predict species distribution and guides 

rangeland management practices. This study aimed to identify the environmental 

factors influencing the distribution of Ferulago armena (DC.) Bernardi in Kileh 

Shin and Gardneh Khan pastures of Baneh, Kurdistan province. This knowledge 

can inform strategies for protection, restoration, and potential uses of F. armena in 

mountain rangeland management. 

Methodology: Stratified random sampling was employed to collect soil and 

vegetation data within vegetation types containing F. armena. Two transects of 50 

meters each were established, containing 120 plots of 1.75 m². Soil samples were 
collected within plots to a depth of 30 cm. Plant characteristics, soil properties 

(acidity, electrical conductivity, nitrogen content, organic matter), and 

topographical features (elevation, slope, direction, coordinates) were recorded for 
each plot. Principal Component Analysis (PCA) identified the most influential 

factors for F. armena distribution. Multiple regression analysis further explored the 

relationships between species and environmental variables. 

Results: The typical habitat of F. armena had a 44.22% slope facing north 

(northwest to northeast), an average elevation of 2095 meters, and a species cover 

of 43%. Plant species richness reached 10.3, while diversity was 1.946. Dry forage 

production averaged 513 kg/ha. Soil characteristics included a pH of 6.4, 18.6% 

gravel cover, an electrical conductivity of 0.13 dS/m, approximately 0.20% 

nitrogen, and 2% organic matter. Soil depth averaged 36 cm, with a texture 
dominated by sand (over 50%). Deep gravel content measured 54%. PCA analysis 

revealed that the first axis explained over 78% of the variation in F. armena plant 

traits. Species cover and production exhibited a positive and significant relationship 
(p < 0.05) with organic matter, slope, clay content, nitrogen, elevation, calcium, 

litter cover, and pebbles. Stepwise multiple regression identified the most 

influential factors for cover percentage estimation as direction and elevation (R² = 
0.905 and 0.952, respectively). For production estimation, the most significant 

factors were direction and soil depth (R² = 0.845 and 0.873, respectively) (p < 0.01). 

Conclusion: The study found that F. armena had the highest cover percentage at an 

elevation range of 2200-2400 meters. Northwesterly and northerly aspects 
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supported higher cover and production. Areas with higher gravel cover (18.6%) and 

deep gravel content (54%), lighter soil texture (loamy sand), and accumulated plant 

litter on top of stones and debris provided the most suitable habitat for production 

and cover of this species. These findings suggest that such locations offer the 

optimal conditions for the presence and distribution of F. armena within the study 

region. 
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F. armena-R. petiolare-B. 
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42/6±06/0 62/1±17/0 75/6±73/0 82/39±2/3 55/294±4/40 198/0±01/0 128/0±01/0 98/1±13/0 
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�	!��B����$���1  � .  �� ��  �  �41  ��'�  *�EF-  �  �6  �6

  K�0 
�#H) ,�6�'%/�C  	��� [	� ��  . �%�6 ��N$	�Ti-
  �S�� W��-�� � 
�'� 2.'8 �  �4'- p!A �#H �� (�J4

�1 �� ,'f . ���� �6  
  

 ]A097:  Z�*��g Q� �`�! &��	�V� &A	 ����l�� 	�� i?�nPCA  

��	�V�    

 ) Y	�T2 	�V�٤F ( ) Y�  	�V�٣F ( ) YA� 	�V�٢F ( ) ]A� 	�V�١F (  ����l�� 

-326/0 657/0 522/0 527/0 s	�.t 

171/0 032/0 449/0 333/0 }�" 
E�� 

-134/0 -239/0 -600/0 -251/0  �J4 K�0 

-068/0 -296/0 -156/0 786/0  �41 
��� 

-035/0 406/0 657/0 394/0  B��?/ 

-095/0 -209/0 -318/0 -978/0  *���� �#H 

103/0 -174/0 -112/0 -108/0 �?�" 

090/0 175/0 518/0 893/0 h�. 

018/0 217/0 419/0 631/0 r� 

-212/0 -305/0 249/0 300/0 Z. 

-117/0 -115/0 098/0 105/0  *%� �"� 

-244/0 171/0 -128/0 873/0  K�0 Y@A 

-160/0 167/0 -031/0 257/0  �!�	%!4� ��� 6 

-434/0 073/0 125/0 912/0  g�S-�� 

-076/0 -388/0 549/0 481/0  B�"�%8 

-155/0 -410/0 292/0 318/0  	S�C 

-   �=�� 0`	� �J��	F. armena   �J�V� &����l�� ��  

  �"�	� � ���1	� ,�	� *�'$  �4'- � 2.'8  D�� *G���
F. armena  )*%����  ,�6	�O%��$7��  ��  (  
K�0  ,�6

)  �6��$  2.'8  ,�6	�O%�  �0	�  �  �C�	$'8'-  ,�6	�O%�
35%��  */  . 
��S%"� e�$ *� e�$ *��$ �> �'�"	$� �� (

  *@6 �1 �� ��B6 c�'D *� 35%�� ,�6	�O%�  ���� ����
��  *4����  *�  *%����  ,�6	�O%�  ��%����  ��E��  �   �'.

��  �"�	�  35%��  ,�6	�O%�B6  �  �'. c�	��O-  Z��>
 35%��  ,�6	�O%�  c�	��O-  ��  W��-��  ��  *%����  	�O%�

2�8��  ���� ��%��@6 h�	X Y�	� ��  &��  �4�U  .�'.
  �� e�� �4�U � �'�"	$� h��	X � �'�"	$� 3�?�- Y�	�

��  e�F��  �6	�O%�  ��  M�  	6  .�'.   D��  �'�"	$�  q��%�
2.'8  F. armena    � �C�	$'8'- 
�/�0 ,�6�'%/�C 	��" ��

)  &� H  ��  �6��$  2.'82  .�"�  
 .  
���  ����  (
  �'�"	$�  �� �-  ,�6�'%/�C � �"� *%C� 2�8 e�$  � �#H

  g�S-��*�h�-	-    	���5� ��R  
905/0    �952/0    *4���� ����
  . � .  
  

  

  ]A092:  �=�� 0`	� Y�� �� Y�� ���� ��	 ]0�F. armena  

F R /0= ]�����  R2  R �+��� &����l��  ]0�/Y��  �����A ��l��  

342/12**  802/0 819/0 905/0 �#H  1  
 ���� �=��F. armena 

285/10**  876/0. 906/0 952/0  g�S-��  2  
**   �G" �� �'�"	$� *G��� ,��� ����01%   

& � *� ����@�� �� 
 �1 �"�99% ������ ���  ,�6	�O%� 
 .��
 � *4���� ���T h�	X 
�'�"	$� *4���� �� 
 . 
��S%"� 35%��

  h��	X E��B    �B    �� 35%�� ,�6	�O%� �� M� 	6 
 . ��� ��%"�
 &� H )3
 . *���� ( : ��  
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 ]A093:  �=�� ��� ��	 i?��n A E?���F. armena 

Sig.  t  
 /0= �	�0��� � i?��n  /0'� �	�0��� � i?��n        

Beta  	���� /�d�=�  B �+��� &����l��  ]0�/Y��   ��l�������A  

000/0 087/5  605/0 293/37 (���T h�	X) 
1 

 ���� �=��F. 

armena  

000/0 003/4 - 511/0 - 002/0 041/30 - �#H 

000/0 619/3  009/1 587/29 (���T h�	X) 

2 000/0 081/4 - 476/0- 002/0 700/11 - �#H 

000/0 532/4 591/0 041/0 004/0  g�S-�� 

&� H) 	���5� r�"�	�3 2.'8  D�� ��'�"	$� & � 
( F. armena ) *G��� ��2
 . *���� ( . ��  
   

  

) *G���2 (  
 (g�S-��)004/0 +  (�#H)700/11-587 /29 2.'8=   F. armena  

  
-   0�*�� �J��	F. armena   �J�V� &����l�� ��  

 �4'- �'�"	$� q��%�  F. armena    2.'8 ,�6�'%/�C 	��" ��
) &�� H �� *5G�� �� �C�	$'8'- � K�0 
�6��$4�� ���� (   6�

�� ��  �4'- & � */    e�$*� h�-	-    K�0 Y@A � �#H ,�6�'%/�C
 	���5� �� ��R 
845 /0  �873/0   *4���� ����& � � �"� 
�	/ -

6  ����@�� �� 
 . ��F�� ,�99%  ���� �%�6 ���.  

  

 ]A094:  ���� 0�*�� Y�� �� Y�� ���� ��	 ]0� F. armena  
F R /0= ]�����  R2  R �+��� &����l��  ]0�/Y��  �����A ��l��  

011/32**  697/0 714/0 845/0 �#H  1    ���� 0�*��

F.bernardi 567/21**  349/0 762/0 873/0  K�0 Y@A  2  
**  ���� �G" �� �'�"	$� *G��� ,���01%    
  

  ���T h�	X 
�'�"	$� *4���� �� 
 . 
��S%"� 35%�� ,�6	�O%�
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 . ��� ��%"�

)&� H �� 35%��5 
 . *���� ( : ��  
9 ]A05:  0�*�� ��� ��	 i?��n A E?���F. armena 

Sig.  t  
 /0= �	�0��� � i?��n  /0'� �	�0��� � i?��n        

Beta  	���� /�d�=�  B �+��� &����l��  ]0�/Y��  �����A ��l��  

000/0 081/13  202/1 523/233 (���T h�	X) 
1 

 ���� 0�*��F. armena  
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004/0 615/9  342/1 942/104 (���T h�	X) 

2 006/0 327/2 495/0 - 07/0 82/116 �#H 

005/0 007/5 353/0 069/0 065/0  K�0 Y@A 

) &� H	���5� r�"�	�5   �4'- ��'�"	$� & � 
(F. armena  ) *G��� ��4
 . *���� ( .�"�  
  

) *G���4                                    (                                   (K�0 Y@A)065/0  (�#H)+82/116+942/104  *�'$  �4'-=F. armena  

  

  oV�  A�F��� &��� 

  �'vU  	�  	Tj�  3��'A*�'$�6  B�?f�  3��.  �6��$  ,
 
�!�0 
a��� /��'�� 
���)  
g�S-��) �C�	$'8'- 
(�� ��J�

B����$���	!��)  K�0  
(�#H  
h�.  
�6  
�C��  
�41  
���
  3��f  u1  ��E��  �!�	%!4�  ��� 6  
�L�	%��  
*%� �"�

r	%"�I?A)  
 ��  c��'H'�  	��"  
(  �'C�	/��  �  ����'0
  (�%^�SU � �U�D� c��� f� 
e�� ,�	>) ��	� � � (K�0

�"�
�����  e	C  3��'A  Z��  .    
2�/�	8  ,'�4�h�/	- 

*�'$  (p�'���)   �4'-  �� 5�  �  B/�	-  
2.'8   D��  
,�
*�'$ �6��$  ,�6    ���4��C ���	!�� K�0  �� Z���- 
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��. ���@�  L'4'/� �0��.�!�  $���6�  � �'C 3��'A 
�H� 
��  
*� �-�	� ��	� �  ���	C �� �#�1  ���%�6'/ �-�	� �� 
7��  ��

@6���  t����  �"�  ����'0	�  �	��  
 �  ��!���	��    �
�6�	�6��,  %^�SU�   �	�  ��  	%#�,  �  g'�-  �SU�%��   �

	!?@A�   ?/ �  ��%�6'/  �-�	� �  �  B6�	C� �/  .*�'$	6 

�6��$ �� *H'-  *� ,�6���� *����  
�!�L'4'/� ,����	�  �
 *5G�� c��D'`0 
2��� �0	� �� �G��� 3��'A �� *G��� 

  q��%� .����*��"� 
 �1 �� W��-�� Z�� ��*�  ��'- �5���� 

��   *����  ���	.@�-�B  ��  Y�	� Z��  ��  �  �'. 
���  ��'-
���.1*�'$  
'54��  M�L'4'/�  ,�6*/  �'@�  ���"��.  ��  �6  

*� ��'�A �@�f �@#�  �� c�A��� ��'� �� �� ��  *���	��6, 
  
�-�	� \�D� 
]��U�  �.�8�N� 
,��/ *-'� 
,��/ *~/  ����

 ... ��� u'���  .�'.  
  ���"��. &�� *?U	� �� 26�78 Z�� [ 6B#� Z�	-  

  	�  (�G���  3��'A  ��  35%��  �6	�O%�)  	Tj�  ,�6�'%/�C
  ,�6	�O%�  *�'$  �4'- � 2.'8  D��F. armena   Y�	� ��

3�?�- �> ,�6  e�� *?U	� �� .�'� 
	�O%� ��%���� ��E��
  *�'$  �4'- � 2.'8  D��F. armena  ) (*%���� ,�6	�O%�

  Y�	� �� (�C�	$'8'- � �/�0 3��'A) 35%�� ,�6	�O%� *�
 e'" *?U	� �� �  . �"�	� �'�"	$� ��%��@6 h�	X
  ,�6	�O%�  c�	��O-  ��  W��-��  ��  *%����  	�O%�  c�	��O-
  ��  M�  	6  h��	X  �  �'�"	$�  3�?�-  Y�	�  ��  35%��

 2�8 �6	�O%�  . ����  . 

  E�4��1  q��%�  r�"�	�PCA  &��  �'��  
78   D�� 
   �4'- � 2.'8  D�� c�	��O-F. armena    �� W��-�� �� ��

�� *�H'- *�'$ Z�� c��D'`0 	� �G��� 3��'A 	�Ti-  . �/
  &��  �'��  ��*�h�-	-    �G"  ��  g�S-��  
�#H  ,�6�'%/�C

2��  �41  
���  �  K�0  Y@A  
h�.  
����  	�  ��  	�Ti-  Z�	-
  *���� �#H �#�1 Z�� �� . ���� *�'$ Z��  �4'- � 2.'8  D��
   �4'- � 2.'8  D�� �� ,'f �S�� W��-�� � r'!�� 	�T�-

*%C�� Z�� . ���� B�5%�� 	�T�- �6�'%/�C 	��" � ���� *�'$  �6
{	C  q��%�  ��)  ����!@6  �  �#4�1391  */  (  zh�.  �  g�S-��

) ����!@6 � �@?��	��1391  � ���f1 zh�. � �#H */ (
)  ����!@61391 ����!@6  �  ,����  zh�.  �  g�S-��  */  
(

)1392 �?f z�41 ��'� */ () ����!@6 � ��7�1392  Y@A */ (
 )  ,	OD�  �  ����	f  zg�S-��  �  K�01393
g�S-��  */ ( ��'� 


�41 ) �U�%C � �#H � h�.1396  Y@A 
�C�	$'8'- */ (

*� �� �41 ��'� � K�0  ��'�AB#�Z�	-    2.'8 	� 	Tj� 3��'A
�� �'0 *�4�G� ��'� Y���� �6��$   .���� �5��G� 
 �%����
) ����!@6 � ���f1 q��%� �� *!�4�U ��1391   ��	/ ���� */ (

���� *G���  2.'8 c��D'`0 � K�0 ,�6�'%/�C Z�� ,���
  � ��� � �'H� �6��$  g���) ����!@6 � �/'6�>1389 */ (  

 �%C����  }�"  ,�6�'%/�C  ��� 6  �  M61  
�C��  

E��
  ��  K�0  �!�	%!4�B#�Z�	-    2.'8  	�  ��N$	�Ti-  3��'A

  .�.� � �5��G�  �%�6 �6��$  a�� �� �#�1 *@6PCA    ,�	�
 *H'- 3��f *%!� �  ��	/ 
��S%"� 	T'� ,�6�'%/�C ���"��.
 �5��G�  	X�U  Y�5�-  ��  ���F��%�  */  �-��4�G�  *!���
 �   ����  *�4�G� ��'�  *5G��  *�  �6������  �6��. �.��

 *@��  
���%�6'/  �-�	�  ��  ��@6 3��H  ��  �~%"�  ,�6

 .  e�F��  M�0  �5��_�  */  �-��4�G�  *!�4�U  ��  z ��


 �%.� �  *@��  �  M�0  Y����  ��
 .  e�F���������  z ��
��  Z��	����  ���%�6'/  Y����  ��  */  �C	$  *F�%�  ��'-

  ������� � M�0 Y���� �� � K�0 Y@A � �C�	$'8'- 3��'A
 	� �� 	�T�- Z�	%��� K�0 �!�E�C � ����@�.  c��D'`0

|0�. . ���� �6��$ ,�6  
  ��  *�4�G�  ��'�  *�'$  
��� ��  c� 6���  r�"�  	�

 &�@.)  �4�@. 
�� ��&�@. �-  u	V ��  �  ����  ��	f  (�	.
  g�S-��1800    �-2700  �� 
 �� 	%�  �'�"	$� q��%�  .�'.

 �>*�'$   �4'-  �  2.'8   D��  *��$  F. armena    ��
  */ ��� ���� *��$� H �'G� �C�	$'8'- � �/�0 ,�6�'%/�C

�'�"	$� �� 	6    �� �-  2.'8  D�� ,�	� � *%C� 2�8 e�$
*�'$  *�  h�-	-  ���� �G" �� g�S-�� � *���� �#H *4���� ����

  �   � .  h��	XR    �#�1  ,�	�  
 .  ��F��  & �*�h�-	-    ��
  	���5�905/0    �952/0  *�h�-	-    �G" ��01/0  ����  ���

*� *�'$  �4'- ,�	� � �'�  h�-	- K�0 Y@A � *���� �#H
  �   � . *4����  ����  h��	XR    �#�1  ,�	�  
 . ��F��  & �

*�h�-	-    	���5� ��845/0    �873/0  *�h�-	-    �G" ��01/0  
���� .�'� ���  

  *%���'-  2.'8   D��  
�'H'�  h��	X  *�  *H'-  ��
,'f ��'�"	$� *G���  
 �4'-  *�  ���� �"�  3��'A ��  ,	-

�� 	_� *� . �/ ��F�� �G���  	6 �� �#H 3��A */  "�
 ��'� �� �� �?D� � 
 ��/ Z���- 25� �'�"	$� *4���� ��
  �#H ���� �� g�S-�� � ���� �1 c��D'`0 � *�'$ �'vU
  	��� c���A *� .�"� 
�	/ � �8 ���� *�'$ 
������ *����
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��  g�S-��  
h"���  *����  �'H�  ��  ��  25�  ,�S��  *�   ��'-
  �� g�S-�� 	-t�� h�	X .����	~� *�'$  �4'- � 2.'8  D��
  Z�@6  ��  �.��  E��  *�'$  2.'8   D��  ��'�"	$�  & �
  2.'8  D�� 26�/ � *�'$ �'vU ,�	� g�S-��  , ���	�
 ��  */  �"�  *5G��  c�A�S-��  Z���8  �  ��t��   U  ��  �1

U �� .�'�  ���- 3��f E�� ��� �� c� 6��� �'�"	$� �� *!�4�
   D��  & �)  g�S-��  3��A  Z�E���H  K�0  Y@A  
 �4'-
  
 . hH'� *5G�� ��'� ���%�6'/ �	�� 
�"� 
 . (2.'8

  K�0 Y@A �'%/�C */ �"�*���'�A    B#� c��D'`0 �� �!�
 u'��� *�'$ �.� #�� ,�	� 	%�� Z���- � �'vU �� K�0
 �?D� 3��'A */ E�� K�0 ,E�J?D�U � 	D��A �@A � �'.
 Y@A) 	%�� Z�� �'H� �� 
 �%�6 *�'$ p�'��� ��  �4'- �� 5�

�'�"	$� q��%� *� *H'- �� . �%�6 I�	�- 3��f (K�0  25� 

   (2.'8  D�� ��) g�S-�� 25�  ���@6 E�� *�'$ �4'- Y@A

�� � �8 ��@6� � ���� *���� �#H �'H� ��  . �/  
��    	���5�  *�  *H'-β  )��6  ��  	SD  �6�'%/�C  ��  e� /
  (�'��  �B    
g�S-��  � �#H 35%�� ,�6	�O%� ���T h�	X

2�8  ,�	�  ��'�"	$�  ct����  *�'$  2.'8   D��  ����
  . . *�"������A ��Q� 	���5�  β   *� Z�� ����   ��6*/ 

�� 2��EC� �� 5� 	�O%� 
35%�� �� 5� �82���� 
 . 	�O%� 

*%���� E�� 2��EC� ��  ��� )*G��� B�5%�� (� h��	X �S�� 

*� Z�� ���� �"� */ �� 26�/ �� 5� 	�O%� 35%�� �� 5� 

2�8���� 
 . 	�O%� *%����  2��EC� )  �C��   6�'0*G��� 

r'!��  .(   �4'- � 2.'8  D�� & � �� 	6 �� r�"� Z�� 	�
  *�'$F. armena    *!��'� *� ���� p!A *G��� *���� �#H ��
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