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Abstract Article Info 

Background and objectives: Sustainable development and food security rely 

heavily on the preservation and restoration of natural areas. Soil health is 

fundamental for rangeland ecosystem function, and land management practices 
significantly impact its quality and productivity. Rangeland restoration practices 

and exclosures have been widely implemented to improve vegetation cover and soil 

health. This study investigates the effects of different rangeland management 

practices on key soil physicochemical and biological properties in the Khamesan 

representative watershed, Kurdistan province, Iran. 

Methodology: The Khamesan watershed (4193 ha), located 35 km from Kamyaran 
city, was selected for the study. Three management regimes were evaluated: 

restored rangelands (mechanical and biological operations since   2006), exclosures 

(established in 2007), and livestock grazing areas. Within each management area, 
three homogenous sites with similar physiographic characteristics were chosen. 

Five soil profiles were sampled at each site (one central and four surrounding) from 

a depth of 0-30 cm. Analyzed soil properties included bulk density, texture (silt, 
clay), porosity, average particle diameter, electrical conductivity, pH, phosphorus, 

potassium, calcium, nitrogen, organic carbon, carbon-to-nitrogen ratio, basal 

respiration, stimulated respiration, microbial biomass carbon, microbial biomass 

nitrogen, microbial biomass carbon-to-nitrogen ratio, and microbial metabolic 

coefficient. Data were analyzed using SPSS 19 software. 

Results: Management practices significantly influenced soil physicochemical and 

biological properties. Notably, restoration and exclosure treatments impacted soil 

texture (silt and clay percentage), bulk density, porosity, average particle diameter, 

organic carbon, phosphorus, soil carbon-to-nitrogen ratio, basal respiration, 
stimulated respiration, microbial biomass carbon, microbial biomass nitrogen, 

microbial biomass carbon-to-nitrogen ratio, and microbial metabolic coefficient. 

Biological indicators were more sensitive to management interventions compared 
to other soil properties. The highest basal respiration (0.93 mgCO₂g⁻¹dm²h⁻¹) was 

observed in the grazed area, while the lowest (0.57 mgCO₂g⁻¹dm²h⁻¹) occurred in 

the restored area. Similarly, bulk density was highest (1.69 g/cm³) in the grazed area 

and lowest (1.57 g/cm³) in the restored area. The carbon-to-nitrogen ratio was also 

higher in restored pastures (12.18) compared to grazed areas (6.91). 
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Conclusion: Healthy soil is essential for ecosystem life support, including 

vegetation and biodiversity. Rangelands are often subjected to prolonged 

overgrazing, necessitating management interventions to improve protection levels. 

Our findings indicate that biological indicators are more sensitive to management 

practices and environmental changes than other soil properties, making them 

valuable tools for assessing soil health in rangeland ecosystems. Restoration 

practices and proper management enhance vegetation cover, promote soil 

aggregation and structure, increase carbon input, and stimulate soil microbial 

populations, ultimately improving soil health and quality. This study demonstrates 
the positive impacts of restoration operations and exclosures on soil improvement 

in the Khamesan watershed. 
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�+  '��"  Q�   ��;�U	  '��"   �5U�	 

 I�J  50  ���#<  D��  ��  1�  Q�  50  ����#<  ��  20  ���#<  �-  

4��7MH �)KL� !&�	 4��L ��O�N  .D�� 

  
1�) d�F&��  �x���)2380    �- :J��) $ ��	1572  

  
1�) �($�, �� ��	D��  (QM%") 
�	 Q�&��� Q�����	 .

4/2    '�	�  Q�����	  $  (����	)  
�	  Q��	�N8/24    �(��

�����  ���ND��  ����;�� �N����"  a���	 ��G�	 .08/400 

�7�	  ��	D�� 
1�)  '�(  '�<��	���>  ���F&  �"  �(�&�"  �

  V� �	 �M�� f ��	 G( Q&��	$� �M� m�7J� �� �T����	 D��  


�����, �5U�	 o;�z �<��N .+�>  �����e ����	��N '�<

p��N $ G��	��;  .����< �<  �5U�	 !&��	 �)KL� 4��7MH

  �(]����> $ D#��" ^��)�) �#���#	 4��7MH :	�+ ����	�,

�Y�) �#[�;��" 4��7MH  ��� 1� ('��#���	 $ '���1385  $

  �������� ����� ����  !"��	 :� 
���� a��& ��5U�	 I�J

  ��� 1�1386�" � 4��L �5U�	 !&��	 b��)� $ cF) ��T�	

��O�ND��  .D�O�i  '��e  W��  ��  �5U�	   I�J   
�+  8/0   �)�$  

�	��  �� ���#<  ����6	  
�+ ��  4�+  ��e  ��  �5U�	  D6& 

'��e  W��)���  '��|�	��  (4/1  �)�$  �	��  ��  ���#<  

 ��e  W��  ����&  p���  �"  W��  '��e  4�+  ����6	)D��

  .(�+  ����6	   !&�	  wU�  �)�$  ��  
����  :#+)1(  �

�	 ���� �� ���� ��5� �� ��;�U	 ���	 �5U�	 D��J�	 .�<�  

  

  
 K��1:  H�!�� �L�, �� �M.�J� ��	� ��J$� 9�MN	�  

  

�,	�, <�� "���!A  

�5U�	  ���	  ���;�U	  '����  ��  d��  D��	   :	�+  

D�;��O '�<  �)KL�  ��  ��  �-  4��7MH  l[�;��"  $   �#���#	  

�"  4��L  m<��	1  W�X��   
�+  �D��  I�J   $  �5U�	  D6& 

'��e  �W��  D��  .��  �<  d��  �D��	  ��  �5U�	  Q�M<   �"  

a��+  �O��N�G�O  ���5&  �"��	  V�9���  �+  $  ��  �<  W���  

1�  �-�<  2�>  ���M�  '����"  1�  E�,  )l  ���M�  ��  G��	   $  

��%e   ��H  �"  4��L   
$K�"   ��  R�� �  �-  (4��L  DO�N .

���M�'����"  E�,  1�  fMH  30-0  �����'��	   4��L 

�DO�N   ��"  1�   �D+���"  E�, �<   �"  �#;�  2   �7�	��	  l;�  
�+  

$  ���M��<  �"  $�  .9"  m��5&  ����+  ��9"  '��"  
1���� '��N  

4��L�k,  ��#G�O  ���M�+  �� '��<  ��1-  l�,  ���+   $  

��9"  D%(  W�X��  4���	1-  ���1   �E�,  ��  ���9  
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'$�)   �  l�,  :M)   $  '���%��  
�+  $  �7L�OK"   4���	1-  

'[�;��" �" '$� �-�< 4��L DO�N )3  $14( .  

0��#,��@�OL����P "!�E  

�N=$  ����"  ��  �"  E�, DO�"  �E�, �#G�O  '�<

  1� 
��F��� �" �p� $ D7�� �Q+ �L�� �'��	$���< 3$�

  E�, DO�" ~7x	)29'�<�i j�k9	 �1$ �(   �"  
��F���  1�  

3$�  ��,�7�  :979&   �"   
��F���  1�   �;��e  �MX)   $   m���&  

4��h  E�,  )65/2  W�N  �"  ����(�  Q�����	  �UJ  4��h  �"  


��F��� 1� l;� $ �#�+ )5 (
1����'��N ���+ .  


1���� '��" �7#;�$ 1� ����M�+ '�<�����O '��N-    l7"


1����  '��"
1����  '��"  ���7X�  ��;-  Q"��  '��N '��N


1���� '��" Q�;$� ��[$���� ��76	 �V|( :"�J �F�O '��N

  '��" '��	�����> $ V|( :"�J m����> '��" W����	- 4����


1����
��F��� �#��#;�  D��< $ ������ '��N  �+  )3   $  

14.(  

"  ��� 3$�  1�  ���1  '�<�����O  ���$-  D��

'��" ��������&  
1�����N �'  �>  nF�&�   E�,  ���"�#��� �� 

���9�����" nF�& '��"    3$�Q�,�&-� �9��/�    '��" Q"��

1D�  �&
�  �#�	$  ��",�&�Q  W�O$�7� �q"-  ���"�#����    '��"


1����  '��N���[$�q�  1D�  	 
��&�"$�#�    �5&�m    Q"��

1D�  	  
��&�"$�#�  ;-  Q"��  �"�    ����6	  '��" D���

	�"$�#�  �����6	  �'  �����    �< nF�& 1� 
�+ ��1- Q"��

	 
��1 �)�$�"$�# �  ��	1 �)�$ ��    '��"�Co  ;�"��	�#�  

	�"$�# ���5&�m   ���5	2CO-C  �" �> nF�& 1� 
�	- D���  

�"  	 o�)�7�� �� W�N��71$� �� E�, W�N�    ���5	 �"C-

2CO  �"����" nF�& 1� 
�	- D�����9    '��"7"�J r,�+�D  

������  Q"����� 
��F���  )5 .(  

0��� ��.�,P�@  


����<'    �"  u�"�	 �N=$E�,  '�<�   y�  o;�J  ��

	��K   O��k&�  �"15  ���#&�	�� GX&� 76& $�:  .DO�N ���J

 G�;��-  ��	1-  1�  �<��M�&  Q�"  '�<��	���>  ���5	  '��"

Q�����	 ���5	 '��" $ �O�  l n����$  Q#��� ��	1- 1� �<

  .�+  
��F���1�  
��F���  �"  '��	-  4����6	  ��7�  W�� ��GO�

19ver.SPSS  W�X�� �+ .  

  

 C���,  

 ��� ������ ���	
�!A ���!�#� ����� !Q�  

  �GX&  �$�( 2���D��	 n����$  �"  �7�9	 '�<

�	 ���� E�, �#G�O '�<�����O  '�<�����O Q�" 1� �<�

  �" D��	 d�� �����" ���	  �1$ �p� �L�� �D7�� �L��

  �4��h �UJ Q�����	 $ :979& �L�� �'�<�i j�k9	P�&��  

��	���� .D�� ��+��  �$�()1 .(  

  

  

R�#% 1: �D �� ����S,� 9�!�#�"�@ �@�	�(�� !A T��U�" ������ ���  

   '��1- �(��  4��"�	 Q�����	 F 

(%) D7��  

$�N Q�" �<  2 172/505 *396/32 


$�N �$�� �< 42 794/15  

(%) Q+  

$�N Q�" �<  2 467/91 396/32ns  


$�N �$�� �< 42 644/20  

(%) p�  

$�N Q�" �<  2 572/199 023/8 * 


$�N �$�� �< 42 876/24  

(3gr/Cm ) '�<�i j�k9	 �1$  

$�N Q�" �<  2 12/0 *309/105 


$�N �$�� �< 42 018/0  

 (%) :979&  

$�N Q�" �<  2 379/803 379/18  * 


$�N �$�� �< 42 723/43  

(mm  ) 4��h �UJ Q�����	  

$�N Q�" �<  2 238/1 74/43 * 


$�N �$�� �< 42 028/0  

���	 * wU�  ��  ���5 �� ��L** ���	 wU�  ��  ���1 �� �L  
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  p� �L�� �" 
�+ ����" '�<��M�& ���� ���� 2���


��" ��|N ��P�& D7�� $�" ���� D7�� �L�� Q����" �#�� 

)86/30) p� �L�� ��G�	 Q��M� $ (30 D6& �5U�	 �� (


��"  W��  '��e �T�  1�  �����O  $�  �<  ��  Q���M<  �D��

���	  RK�,�  I�J  $  �)KL�  �5U�	  Q�"  Q�����	  ���

 '�<�i j�k9	 �1$ �" D��	 d�� �� �< .��� 
�<��	

  �P�	  E�,����< �1$  ��G�	  Q��M�  �)KL�  4��7MH  �

)  '�<�i  j�k9	51/1  3gr/Cm  j�k�,�  ��,  �"  ��  (

�	  �"  u�"�	  :979&  ��G�	  Q��M�  Q���M<  .�<�

E�,) W�� '��e D6& '�<01/32    Q���M< �D�� (�L��

  ���J  
$�N  l  ��  '��	-  �T�  1�  �)KL�  4��7MH  $  I�J

�	)  4��h  �UJ  Q�����	  Q��M�  .����N78/0  �7�	  (��	

 W�� '��e D6& !&�	 �" u�"�	D��  �$�()2 .(  

  

R�#%  2 :V�O,��� ������ �D��, !Q�  9�!�#�"�@ T��U� !A "�@�	�(�� ������ ���  

 ��M�&  
 �����O  

4��7MH  �)KL�  I�J   D6& !&�	'��e  W��  

a36/18  a33/21 b86/30  ����  (%)  

a06/45  a81/41  a13/39   (%) 	
  

b571/36  b86/36  a30   (%) ��  

a51/1  b63/1  c69/1  �� ���� ������  )3gr/Cm (  

b92/48  b69/46  a01/32   (%) �����  

b30/1  b25/1  a78/0   	������ ) ���  �!"mm(  

 ��� ������� ���	
�!A ���!�#� ����� !Q�  

 f�56& �� 
�+ ����" ���M�+ 4��L�k, ���	 ��

  �" D��	 ��C�)Q"�� �[$���� �" Q"�� D��� $ �F�O ��;-

 �$�() D�� �P�	 E�,3 .(  

  

  

R�#% 3:  �D��,�D �� ����S,� 9�!�#� !Q�"�@ �@�	�(�� !A T��U�" ������� ���  

   �#��$ %&�#  	������ ��'(�� F 

) )*$ 	(�+1-mg g (  
,��- 	�( ��  2 287/280 **086/80 

,��- ��# �� 42 500/3  

) �+ 7��8��1-mg g (  
,��- 	�( ��  2 287/0 086/2ns  

,��- ��# �� 42 11/0  

) :���8;1-mg kg (  
,��- 	�( ��  2 932/137 066/0ns  

,��- ��# �� 42 580/2079  

) �=>?1-mg kg (  
,��- 	�( ��  2 356/803 *309 /105 

,��- ��# �� 42 629/7  

  %8@A���  
,��- 	�( ��  2 304/0 64/12ns  

,��- ��# �� 42 024/0  

) )B@�8B*� �@�A�ds/m (  
,��- 	�( ��  2 001/0 108/0ns  

,��- ��# �� 42 006/0  

(%) C�$  
,��- 	�( ��  2 142/0  007/0ns  

,��- ��# �� 42 091/21  

 �D>� %( 	(�+��7��E8    
,��- 	�( ��  2 471/112 **795/35 

,��- ��# �� 42 142/3  

���	 * wU�  ��  ���5 �� ��L** ���	 wU�  ��  ���1 �� �L  
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  wU�  ��  !&�	  D��	5  ���	  ��P�&  �L��  �"  ���

  �D�� ��+�� E�, �F�O ��G�	  4��7MH '��	- �T� 1� ��e�<

�	  ���J  '��	-  
$�N  l  ��  I�J  $  �)KL�  �	�  �����N

  �)KL� 4��7MH �� �F�O ��G�	 Q����"86/29  )-mg kg

1(   '��e D6& �5U�	 �� �- Q��M� $53/15  )1-mg kg (  


��"  W�� �"  Q"��  D���  $  E�,  �;-  Q"��  ��G�	  .D��

D��	  ��  �L��  l  wU�  ��  �[$����  �7�9	  '�<

�	 ���� RK�,�   $ �;- Q"�� ��G�	 Q����" .��<� D���

�  �"  Q"����[$��    �"  $  �)KL�  4��7MH  D6&  �5U�	  ��

  o�&�&37/15  )1-mg g(    $18/12  D��  �����O $� Q� �� .

D��	 W�M&�	 ���� ��, 1� 4$�F�	 ��P�& �< �T� 1� $ ��<�


$�N �� '��	-  4$�F�	 '��	- '�<�	 ���J  �$�() ����N4 .(  

  

R�#% 4: � V�O,��� ������ �D��, !Q9�!�#�"�@ �@�	�(�� !A T��U�" ������� ���  

 ��M�&  
 �����O  

4��7MH  �)KL�  I�J   D6& !&�	'��e  W��  

c37/15  b03/14 a35/7  ;- Q"��� )1-mg g (  

a28/1  a35/1  a19/1  �[$���� ) :�1-mg g (  

a09/287  a701/281  a814/286  m����> )1-mg kg (  

b861/29  b21/25  a53/15  ) �F�O1-mg kg (  

a13/7  a33/7  a85/7 ����  ��  

a662/1  a69/1  b91/1  D��< �#��#;�  )ds/m (  

a02/0 a031/0 a04/0 l<-  (%)  

c18/12 a91/6  b844/10 � �" Q"�� D��� �[$�q�  

  

� ��� ����� ���	
�!A ���!�#� ����� !Q  

  '�<�����O  �E�,  ���1  4��L�k,  Q�"  1�  nF�&

�>�  �����" nF�&���9  �1 Q"��D�  	 
��&�"$�#  ���� �[$�� 

1D�  	 
��&�"$�#  ��� �" Q"�� D�����[$�q�  1Dq�    
��&

	�"$�#  ��� �" Q"�� D���� �[$�q�  1Dq�  	 
��&�"$�#  $ �

	 D����"$�#��O�N ���J D��	 ��P�& D6& � �$�() ���

5.(  

  

R�#% 5:  �D��,�D �� ����S,� 9�!�#� !Q�"�@ �@�	�(�� !A T��U�" �����  ���  

   �#��$ %&�#  ��'(�� 	������ F 

) %@�; F=G�1-dm24h1-g2mgCO (  
,��- 	�( ��  2 485/0 **308/44 

,��- ��# �� 42 011/0  

) %8������( F=G�1-dm24h1-g2mgCO (  
,��- 	�( ��  2 812/2 **019/18 

,��- ��# �� 42 156/0  

� 	(�+@�> � ,#�� �(��B) )1-mg kg (  
,��- 	�( ��  2 267/12399 **299/17 

,��- ��# �� 42 778/716  

 7��8�� � @�> � ,#��� (��B) )1-kgmg  (  
,��- 	�( ��  2 027/333 **3082 /232 

,��- ��# �� 42 434/1  

� %( 	(�+ �D>��7��E8  �@�E>   � ,#���(��B )  
,��- 	�( ��  2 817/17730 *395 /60 

,��- ��# �� 42 579/293  

� �D>� �(��B) )Corg1-mgCmicg (  
,��- 	�( ��  2 624/7 *448 /27 

,��- ��# �� 42 277/0  

�H@I *�(�8�� B) � �(��B) )1C-Cg-2mgCO- (  
,��- 	�( ��  2 002/0  404/55ns  

,��- ��# �� 42 00/0  

���(�" )��8�# ) 	(�+mg/kg/day (  
,��- 	�( ��  2 234/2 ns 12/44  

,��- ��# �� 42 051/0  

� �D>�� 7��E8 �@ �E> � ,#���(��B�+ 7��8�� %( )  
,��- 	�( ��  2 886/1 576/63ns  

,��- ��# �� 42 030/0  

���	 * wU�  ��  ���5 �� ��L** ���	 wU�  ��  ���1  �L��  
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nF�&  ��O�N ���J D��	 ��P�& D6& ��>  �� $ D��

  wU�5    ��> nF�& ��G�	 �D�� �P�	 E�, nF�& �����O �"

  W��  '��e  D6&  !&�	  ��931/0  )1-dm24h1-g2mgCO  (

  .�GO�  ��  D��163    �)KL�  �5U�	  �"  D���  '�L��

57/0  )1-dm24h1-g2mgCO  ( �	 ���� ��G�	 :"�5	 �� ��<�

  
�+ yKL�  !&��	 �� ��  ��G�	  Q����"  ��9�����"  nF�&

75/1  )1-dm24h1-g2mgCO  (D�1 Q"�� ��G�	 ����� 
��&

)  W��  '��e  D6&  !&��	  ��  �"$�#�	66/198  -g2mgCO

1-dm24h1  .<�� �(78   
�+ yKL� !&�	 �" D��� '�L��

)94/255  1-dm24h1-g2mgCO�	  ����  ��,  1�  �(  ��<�
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