
 

316 

 

  

  

Analysis of the Effects of Enclosure on Soil Biological Indicators in Koteh Rangelands 

of Khash County 

 
Morteza Saberi*1, Mohammad Reza Dahmardeh Ghaleno2, Rasool Khatibi3 

  
1. Corresponding Author; Associate Prof., Department of Rangeland and Watershed Management Department, Faculty of 
Water and Soil, University of Zabol, Zabol, Iran. E-mail: Mortezasaberi@uoz.ac.ir 
2. Associate Prof., Department of Rangeland and Watershed Management Department, Faculty of Water and Soil, 
University of Zabol, Zabol, Iran. 
3. Assistant Prof., Rangeland and Watershed Management Department, Faculty of Water and Soil, University of Zabol, 
Zabol, Iran. 

 

Abstract Article Info 

Introduction and Objective: Soil microbial diversity plays a vital role in the 
functioning of rangeland ecosystems, particularly in biogeochemical cycles, 
organic matter decomposition, and the maintenance of soil fertility. Livestock 
grazing—one of the most widespread human activities in rangelands—can affect 
soil microbial communities by altering vegetation structure as well as soil physical 
and chemical properties. However, findings from previous studies on the effects of 
grazing on microbial diversity are often inconsistent, likely due to variations in 
climate, rangeland type, grazing intensity, and duration. A comprehensive analysis 
is therefore essential to better understand these impacts. Given the importance of 
evaluating how grazing exclusion (enclosure) influences soil biological 
characteristics—especially in arid and semi-arid regions that are highly sensitive to 
grazing—this study was conducted in the Koteh rangelands of Khash County, 
southeastern Iran. 
Methodology: To examine the effects of grazing exclusion, 60 plots were 
established along six 100-meter transects using a random-systematic sampling 
design in both enclosed and grazed areas. Within each plot, vegetation cover, plant 
species, litter, stone and gravel cover, and bare soil percentage were recorded. Soil 
samples were collected from the beginning, middle, and end of each transect at two 
depths (0–15 cm and 15–30 cm). Three samples from each depth were combined 
into composite samples, yielding a total of 24 samples. These were analyzed for soil 
biological properties, including catalase enzyme activity, microbial biomass carbon 
(MBC), microbial biomass nitrogen (MBN), basal respiration, microbial 
population, and microbial contribution to soil. Statistical analyses were performed 
using SPSS software with paired and independent t-tests, while correlations among 
biological parameters were assessed using Pearson’s correlation coefficient in R. 
Results: Vegetation cover in the enclosed area averaged 32.2%, compared to only 
10.9% in the grazed area. All soil biological indicators were significantly higher in 
the surface layer (0–15 cm) than in the deeper layer (15–30 cm). For instance, 
catalase activity in the enclosed area averaged 55.77 μmol KMnO₄ g⁻¹ dry soil, 
significantly greater than 40.90 μmol KMnO₄ g⁻¹ dry soil in the grazed area. 
Microbial biomass nitrogen and microbial population in the enclosed site were 
27.07 mg/kg and 3.96 mg/kg, respectively, both significantly higher at the 1% level. 
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These findings clearly demonstrate that most microbial activity occurs in the topsoil 
due to higher levels of organic matter, oxygen, nitrogen, and metabolic processes. 
Strong positive correlations were observed between catalase activity and MBN (r = 
0.91), and between catalase activity and microbial population (r = 0.92), indicating 
that increased microbial activity enhances catalase levels, which serve as indicators 
of soil biological health. MBN also showed strong correlations with microbial 
contribution (r = 0.84) and microbial population (r = 0.87), underscoring its central 
role in nutrient cycling. 
Conclusion: Catalase activity, microbial biomass nitrogen, microbial population, 
and microbial contribution can serve as reliable bioindicators for assessing soil 
health in rangeland ecosystems. Overall, all measured biological properties were 
significantly improved in the enclosed area compared to the grazed area at both soil 
depths. These results demonstrate that intensive grazing reduces microbial activity, 
diminishes soil fertility, and disrupts biogeochemical processes. Consequently, 
implementing enclosure strategies or rotational grazing management is strongly 
recommended to restore the biological and physicochemical functions of soils in 
rangeland ecosystems. 
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 �� /��_S ��D^&��P ]� X��*�95    ���� /EDF a�.^&

  W��, C0�, oS�� 9�	 "��: =�� � =�J C��#P� �, 	�	

"�  
���  /- G�#�  Q�-�HP  �  /���!��  �	�&  "��D,  "�0

/�  	�!DEF  "�����2  ��  /!�	#�  p�h&��  ����  W��  �,  
	�J

/'1�� W�� "�< \���� 
W��sE0 .	��	 ���  /���!�� "�0

  
�O�P  �  �L��*��  ��  Y�Hc  \����  �  
���  W��,  �

����  �� Qh�� W��, ���: �� 9�	 "��: o-�y ��TU& ���0	

) Q+� /��Vy �>��F ���+33i��� .(  ) ����!E0 �2025�� (  

  �	  ���  /���!��  A��&  ��  9�	  "��:  =�J ��TU&  /+���

 �M�*� � �*��	�2 /������ /n*+� G*��+�,� �	 YD*$� ;�EF�

���+ "��: ��*P�'  ���R& � /���!�� A��& C0�, wF�� W

 ���' "�+ �� /���!�� �H��S o�,�& \���J �� 9��.� "�0

/� Q$+.	�J   9�	 "��: �����2 Q����� Q�E0� X��*� W��
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G*��+�,� �	 ��� /*��� A��& � Q�f+ NOB "���  "�0

/� ���� �� /������ �*+�  �0	)32(.  �L  ) ����!E0 �2024  (

�H-�Z� �	  
"�/'1�� �� %&��� ;�< ��TU&  ��*��+ 
��� "�0

  /+��� /H&�� CJ�2 YD*$� A���� �	 A��& � /:��< �H��S

��  %&��  ;�< .�J/�H�  ��b  /-  W��,  C��#P�  wF��  "��	

  �J  ���  �,  �L��*��  �  ���)39(  . ����!E0  �  /J

)2024  /+��� �� (  ��� /���!�� A��& �� %&�� ;�< ��TU&

G*��+�,� �	 �  	�!DEF �  �_�  X��*� .��*��	�2 /H&�� "�0

  
]�� ab��� �	 �� /���!�� A��& %&�� ;�< �, 	�	 ����

 �E���E��  �  ]�� 	�	  C��#P�  ]�� ��b��  )28( .    ]��

  	�_� 
=��>�?� /��� �� ;�< =��T� /+��� ��  ����!E0 �

C��+�P  /y�	#�  %&���  �	  ���  W��,  o�+�&  �  "��V2

  �	  ;�<  ��EF�  �, ����+� �M�*�  W��  ��  
/-�EJ ��+���

  Qhu� �T�  ��� /���E�J � /!�#�P =��>�?� �� �.Z��

/�H�C��+�P t��J � �*J�V' "��	  �� #�� �� ��� "��V2

/�H� ��b, "��	 W��, W������ W��sE0 .Q+� �	�	 C0�

�� ��J ;�< �.Z�� ��� �	 ��J o�+�&/�H� ��b "��	

/� ��: Q^& �.Z�� �� �*���) �J��22 ����!E0 � "��� .(

  =��>�?� /��� � W��, o�+�& �� ;�< ��TU& /+��� �	

���S  �	  ���  /!�P�	�  ����.�  ��  9f��  o-�	  i�&  "�0

 ��:  Q^& �  ;�<  �.Z��  �	 �	 ��� /!�P�	�  =��>�?�

/�H�  �f*��  ��	�	  ���� �0��*,�P  �*���  "���  "���  ��	

 ��� �	 W��, o�+�& ��	�.� W��sE0 .	��	 	�S�   �.Z��

  ��#�� ��  ��J ;�<  /D��S03/60    ��  �*���  ��*!0 �	 W&

 ��#�� �� ��: Q^& � ���� ;�< �.Z�� ��� �	 �  ��	�.�

17/41 ) ��  Q+	 �� ��*!0 �	 W&35.(  

   i��S) ����!E0 �2025  (  �� 9�	 "��: =�J ��TU&

 /+��� �� %&��� �	 ��� /:��< � /����*,�� �H��S ��*��+

��  ��:  =�J  �,  	�	  ����  �_�  /D,  X��*�  .��	�,  ��b

/�H� ���R& �� ��� /:��< � /����*,�� �H��S ��*��+ "��	

��  
Q+�  �	�	  /����*,��  %���S  �	  =����R&  �,  "��b

	�� �&���J.    ]h+ "��: � 9�	 o+��� A�� ��$*�� �� �_� 

 G*��+�,�  	�!DEF � /���!�� %���S "�����2  NOB "���

/� �, ��*J�	 ��,U&  "�0	�h0�� W���& "��� /���h� ����&

  �J�� %&�� �����2 � a�<	 Q�����)12(.  ��+ �	 
���� "�0

C0�12@��  ��TU&  /+���  ��  "	�H*�  /D��	  "�0  "�0

��  YD*$�/'1��  ��  %&���  Q���  �  /*���  "�0

 �*��	�2  ���  /���E�J�!�#�P��  .���  =�H-�Z�  
���  ��b

�	�	 ����=��DEF � ;�< �, ���    	�h_� oS�� %&��� "��B�

  ��� /���!�� Q�-�HP � /-  W��, C��#P� 
/0��' CJ�2

/�/� "��: �, /-�B �	 
���J  � /-  	��� C0�, �� ����

t��J  
W�������  .Q+�  ���E0  ���  /'	��P  /*���  "�0

"� 
���2 mO�& ��sE0 ���  W��, Qh�� � /���!�� �	�&

/� �L��*�� ��  Q�f+ /������ "��� /+��B "�0��#�� �����&

G*��+�,� �	 ���) ��J�� /H&�� "�013(.  

  "�0	�!DEF  �	  /&��B  C.�  ���  /���!��  A��&

 G*��+�,�/� �O�� /H&�� "�0 ���: �	 �DES �� 
��,  "�0

  .��� "#�$D>�B NOB � /-  	��� ��#M& 
/���E�J�KL���

 �� 
9�	 "��:Q�-�HP �� /!� ����F  �	 �	�*�' /����� "�0

/�  
%&���  �  /0��'  CJ�2  ��*��+  �	  ���R&  ��  ����&

/'1��  /���!��  %���S  ��  
��� /���E�J � /!�#�P  "�0

 	��� �	 YD*$� =�H-�Z� X��*�  
��B W��  ��  .	��V��  ��TU&

  .Q+� �	�� [<��*� ��� /���!�� A��& �� 9�	 "��: ��TU&

�	�, @��#' ��  /���!�� A��& C��#P�  =�H-�Z� /���  
���

  /_S�& ���< ���R& 9�F �� C0�, ���	 /��� �, /-�B �	

	�	 ���� ���  =��O& �� /J�� Q+� W!E� =�|<��& W�� .���

  9�	 "��: ���� =�� � =�J 
%&�� A�� 
/E�D<� \���J �	

  W�� �*_� ��	 "��� %��S ��D^& ]� �� ���� 
W������� .�J��

/� `��B�  =���TU&	�J.    �  ��J ����  o-�Z�  ��  �S�&  ��

  
���  /*���  =��>�?�  ��  ;�<  ��T�&  ��  /0�'  Q�E0�

  � ]�� G�D<� �� ab��� �	 I�>�?� /&�H-�Z� W��: 9�M��

 �E��/� �d� �� "���c 9�	  "��: �� `��B� ]��  .�+�

  ��  @�� ��*+�_J  �&�,  %&���  �	  �c�B  a�.^&  W�������

/'1��  ��  ;�<  ��T�&  /��+��J  ��d��  ���  /*���  "�0

 .�J 9�M�� �.Z��  

  

 !G� G ���� ��  

 �*5�2� ���� �62L� �D�*� 

  /*�����  =��DEF  Q^&  %&���  �H+�&  �  }f>�  }�b

  ��  �&�, %&��� .Q+� ���	�' ��S� @�� ��*+�_J �	 ;�<

  /h��.& QH+�3803    ��*+�_J 	��  ��� C$� �	 ��*!0

  �D>�P �	 � @��47    /���P��RS =�?*$� �� �  "�*��D�,

I ��b40� 32� 28 I  ��F �1� 58 � 48  �!J) Q+� ��J %<��

1.(   �H-�Z�  	���  %&��  ��k�+  /'�����  W������148 
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/D��  ���	 vZ+ �� A�O&�� 
�*�1780    "��	 W������ � �*�

  ��k�+2/21  /*��+  �S�	)  Q+�  	��'28    �16  ���  .(

9�	  9�	 `�*+	 ���< �P�DF �� /�*�� %&�� W�� �	 "��V'

/�  ��R*�  
=��O*�  ��?P  �	.�J��   �	  9�	  	��H&  W������

  ��: Q^& %&���70-80   ��� �	 ��*!0 �	 /��	 �B��  "�0

  �  ����_J �&  Q�_h�	��60-70     �	 ��*!0 �	 /��	 �B��

/� ��� ��O+� �& �_�  
/E�D<�  Q�Hc� �� �S�& ��  �, �J��

9�	  ���  W��   
�.Z��  /0��' CJ�2  �  ��� oh+ "��V'

/� %&��� ���J "��:) 		�'8  .(  

  

 
 	:�1 "���� G "���;��� G "���
# "��#� �� �*5�2� ���� �62L� ���
D��P@ C
*��� :  

  

�)�,) ��� ������ 

/*���  =��>�?�  ��  ;�<  �T�  �H-�Z�  "���    
���

  ;�< Q��+15    �	 @�� ��*+�_J �	 %<�� �&�, %&�� �-�+

  %&���  ��  �HS���  ��  ����.�  "���  mn+  .�J  �*P�'  �d�

 �.Z��  �J  /H+  
;�<  ���M�  ab���  ����F  ��  �����  "�

  /D, \���J �d� �� �, 	�J �*P�' �d� �	 ��J ��: Q��+

  ��  m2 .�J��  ;�<  Q��+  ��  "	���  ����& "���	 /P��'�2�&

 ���E�  
��J��:  �  ;�<  Q��+  ��$*��  @��  ��  "��	��

/P	�?&-  ���  	�	��  �	  ]�&�E*��+1399    ab���  W��  ��

�J 9�M��.    @�� �� � =f2 	��H& W��H& "��� "���  @�� ��

  W��H&  "���  (�&��  CJ�2  ��&  W��*'�#�  �����  �	)  /��M&

)  �J  �	�O*+�  =f2  ������3  .(  Q�Hc�  ��  �S�&  ��  mn+

  /P��'�2�&  ��J  ��:  �  ;�<  �.Z��  �0  "���  
�.Z��6 

  Q!����&100    	�EF �& �+ � o�J Q_S �	 �& �+) "�*�

  /h��.& �>��P �� (o�J Q_S ��50    � ��	�' ���.*+� 
�*�

  Q!����& �0 ��b �	10    =f21    �	1    �>��P ��  "�*�10  

���'  �E0 Q+�_P  =f2  �0  ���	  .�J QJ�	��  
�*�  "�0

  
�#����+  �  i�+  
j�hJk  
CJ�2  ��&  �>�	  
	�S��

 .��	�' QhT Q$- ���   ���E� "��� 
a�.^& W�� �	  "��	��

�� ���  ��� �	 /*��� =��>�?� ��#��� W���H& ���d��


(��J ��: � ;�<) �.Z�� �0 "���    "�_*�� � \+� 
��*�� ��

  Q!����& �0j�hJk �	� ���, �� �H�  �� ��P��2 �OB �� 
�0

  aEF0-15    �15-30  �*��+  .�J QJ�	�� ��� ���E� �*E

 mn+3 ) Q!����& �0 �� ��J QJ�	�� ���E�6   � Q!����&

  Q��_� �	6    G0 �� (t$�� aEF � �.Z�� �0 "��� ���E�

) �J ��_& o,�� ���E� ]� � p�D$�20    �21 A�EM� �	 .(

  	��H&24  ���E�  ������ Q_S ���  "��' /*��� =��>�?�

 .QP�� ��.*�� ��������  �� 

 ��� ����� ��
%�Q�  

  
�H-�Z�  W��  �	6  ��  �*����2 =��>�?�  ����F

���  "	�!DEF  ���E�  ��*��  .QP�'  ���<  �	�O*+�  	��� "�0

  ]-�  ��  ���25/0  /D�� =��>�?� .���J �	�	 ��hF �*�

  /E�#�  Q�-�HP ���J a�.^& W�� �	 �H-�Z� 	��� /*���

)  /���!�� �	�*��  W��,  
(�k�&�,  G�#� )  ���Microbial 

biomass carbon (MBC)  /���!��  �	�*��  �L��*��  
(

)Microbial biomass nitrogen (MBN)  Q�HES  
(
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G����'����!��  /���!��  mO�&  �  ���  /���!��  G_+  
�0

  ��  9�	  "��:  �  ;�<  ��T�&  �H-�Z�  ��d��  ��  .��	��  ���2

  �	�, �P�c� �� ��� �k�&�, G�#�  
��� /E�#�  "�0Q�-�HP

  �*��&�P��*!n+�  �D�+���  ���,��2  �L����0UV   ��b  ��

  �h��.&  ���240  ������  �*�����  �	�*��  W��,  .�J  "��'

9�P��D,  ��  /0	��'  @��  ��  /���!��   )Chloroform 

fumigation  (������ ���$*+�) �J "��'5 �h+�^� "��� .(

  ��  /*���  Q�>�?�  W��)  �Z���1(    ��	�'  �	�O*+�  ���

)24(.  

) �Z���1 (  

��� �
��

���
 

  ����P W�� �	EC    �� ��J W���& /-  W��, =��O& ��

���E�  /-  W��,/� �h+�^�  ����  W���&  "�0  .	�JCEK  

  ���h& o��cEc    ��MBC    �, Q+�45/0   �J �*P�' �d��	

)24  #�� /���!�� �	�*�� �L��*�� �h+�^� "��� ����P W�� .(

  � ��J W���& /-  �L��*��  �, =��O&  W��  ��  Q+�  ;	�>

���E� /-  �L��*�� �d��� ����P W�� �	 ���� W���& "�0

  ���h&  o��c  �  	��54/0  )  Q+�24  Q�HES  .(

G����'����!��  �h+�^� /-�E*B� 	��H& W��*��� @�� �� �0

%ES �� /���!�� mO�& .�J  ��J �0� W��,���,� "	 "�� 

������ ���+��*�& 9�M�� � G��+ ���,����0 �	   �J "��'

)2.(   W��, �� /���!�� �	�*�� /-  W��, G��.& �� W��sE0

) �J W��H& ��� /���!�� G_+ ��� /- 18 .(  

  ��RS
 +��� 	
��
 G��  

  ��  �H�  �  /0�������  �  /���^>  =�H-�Z�  ��  m2

  ����  ��  �*�-����  /+���Kolmogrove- Smirnov   �

m������  /��E0  ����  ��  �0Levene�	�	  
  Q+	  ��  "�0

  �� �	�O*+� �� ��� 9����#P�  SPSS    ����  �t    �.*�� � /*OS

 .��	�' ��D^& � ��#M&    ��J �H-�Z� "�0�*����2 /�*�hE0

  \�^� �	 ��+��2  /�*�hE0 o��c ����  ��9����#P�  R  

 .��	�' 9�M�� 

  

 T���)  

 �62L� ���
U F��I ��
%�Q� �� V�� ���; �
��
    

������ �� �>�B X��*�  ��� /^Z+ "�0��*,�P "��'

/�H� =��O& �, 	�	 ����  �	 /S�& CJ�2 �>�	 W�� "��	

  	�S� "���  �>�	 ]� vZ+ �	 ��J ��: � ;�< �.Z��

  ���S) 	��	1  ���S �� �S�& �� .(1  CJ�2 �.Z�� �	 /S�&

  ;�<2/32    ��J  ��:  �.Z��  �	  �  �>�	9/10    �>�	

/����' 	��H& .�J��  ;�< �.Z�� �	 �019   ��0��' �� �, ���'

  �	�����Zygophyllaceae     ��J ��: �.Z�� �	 � Q+�13 

�	�����  ��0��'  ��  Q�h-�y  �,  ���'Chenopodiaceae   

/�  ;�<  �.Z�� �, 	��  �  ��  /,�B X��*�  W��sE0 .�J��

���'  C��#P�  wF������$J��  "�0  �&W_2  �  /ODF  ��'��

 ���S) Q+� ��J1 .(  
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 3G.@1) �X�G� V�D /+���)�� /�,�7 V�) ::F  Y$I /�Z�7 [��:Sh   /�\����B) �U.)� +�G� /(�
�� ::A   /�5��:�P  .%�� G (�5�#.L; :

�)�U F��I!�� "��#�$� �
�  �
�� �� +.� ��; G ��� �62L� �� ��@�� ���
U ���  

 ���
U F��I .%��  �U.)�   +�G�  �X�G�       V�D   +���)��   �,�7 V�)  ^���  

+.� ��;  ���  

31/1  5/8  P Sh  Zygophyllaceae  Zygophyllum eurypterum  1  

6/1  8/1  P  F Papilionaceae Alhagi camelorum 2  

0  2  P  B  Compositae  Artemisia sieberi  3  

09/0  2/0  P  F  Papilionaceae  Astragalus semnanica  4  

0  5/0  P  B  Poaceae  Cousinia stocksil  5  

43/1  1/4  P  F  Compositae  Scariola orientalis  6  

6/0  9/0  A  F  Euphorbiaceae  Euphorbia helioscopia  7  

2  0  P  Sh  Chenopodiaceae  Hammada salicornia  8  

0  2/1  P  B  Compositae  Artemisia santolina  9  

35/0  4/0  P  B  Compositae  Artemisia lehmanniana  10  

4/0  65/0  P  Sh  Papilionaceae  Amygdalus scoparia  11  

23/0  6/0  P  F  Papilionaceae  Astragalus semnanica  12  

0  05/0  P  F  Graminae  Cymbopogon olivieri  13  

2/0  3/2  P  Sh Papilionaceae Astragalus mucronifolius 14  

0  76/0  P  Sh Papilionaceae Astragalus squarosus 15  

06/0  17/0  P  Sh Ephedraceae Ephedra intermedia 16  

33/0  23/0  P  Sh Papilionaceae Amygdalus lycioides 17  

1/0  28/0  P  Sh Papilionaceae Amygdalus wendelboii 18  

2  11/6  P  F  Chenopodiaceae  Salsola tomentosa  19  

0  55/0  A F Zygophyllaceae Tribohus terrestris 20  

9/10  2/32                                                 /S�& CJ�2 �, %ES  

 ����6���� _2# F��I  +.� ��; G ��� `9�L� ��  

  CJ�2 �>�	 � ��� /^Z+ "�0��*,�P 	�� �� X��*�

=f2 W������ �� �>�B /0��' ��J ��: � ;�< �.Z�� �	 �0

/�  ����/�H�  =��O&  �,  �0	 CJ�2  �>�	  W��  "��	

 	�S�  �.Z��  �	  �	  �#����+ �  i�+ �  j�hJk 
/0��'

  ���S) 	��	2-4  ;�< �.Z�� �	 /0��' CJ�2 �>�	 �, .(

2/32    ��J  ��:  �.Z��  �	  �  �>�	9/10   	�� ��  �>�	

)  ;�<  �.Z��  �	  j�hJk  �>�	  W��sE0  .��	�'72/3  

) ��J ��: �.Z�� �� �*��� (�>�	37/1  i�+ ��#�� .	�� (

 	��  ;�<  �.Z��  ��  �*���  ��J ��:  �.Z��  �	  �#����+  �

 ���S)2 .(  

  
  

  3G.@2 :+.���; G ��� �62L� �� ���
U F��I G ��� ��2# ������ �D Y
a)�
� ����6�  

 F��I ��
%�Q�   �62L�  Y
a)�
�  ��
*� K���)�  ����b �@��   ��.6�t  "���b �S
�)  

 /S�& CJ�2  ;�<  2/32 38/2 58 95/6 **00/0  

   ��J ��:  9/10 44/2      

j�hJk  ;�<  72/3 55/0 58  00/8 **00/0 

   ��J ��:  37/1 18/0     

 �#����+ � i�+  ;�<  4/41 26/3 58  73/3 **01/0 

   ��J��:  8/56 11/3     

 Q$- ���  ;�<  4/21 72/4 58 84/1 ns11/0 

   ��J ��:  8/32 18/7      

 /�H� o�&�& ��  :** � �>�	 ]� ��E*B� vZ+ �	 ��	ns  .	���� 	�S� ��	 /�H� �f*��  
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 ��� ����� ��
%�Q� �� ��� �
��
  

�	�	  ���D^& � ���#M& X��*� =��>�?� �� ;�< "�0

  9�E&  	�	  ����  ���  �H-�Z�  	���  aEF  �	  �	  /*���

/�H�  ��b  ��  ���  aEF  �	  /+���  	���  "�0�*����2  "��	

��  .��	��  9�	  aEF  ��  �&k��  W��,  
�k�&�,  G�#�  �!���b

  /���!�� mO�& 
/���!�� �	�*�� �L��*�� 
/���!�� �	�*��

G����'����!�� Q�HES � ���2  vZ+ �	 �01    "���  �>�	

/�H�  ��	�� ��	)p<0.01.(    	�S� �� ��� /���!�� G_+ �_�&

/�H�  =��O&  ���  aEF  �	  �	��  �*���  vZ+  �	  "��	5  

  QJ�	  �>�	)p<0.05.(    aEF  �	  �k�&�,  G�#�  Q�-�HP

��  /^Z+���<  ��b ����  �,  Q+�  �&k��  /_S�&  ���0	

G����'����!��  �*���  ��&����,�  Q�-�HP��k  �	  �0  "�0

 ���S) Q+� ��� /^Z+3 .( 

  
  

 3G.@3 `,7 Y
� ����� ��
%�Q� ����6� :0-15  G15-30   ��� �62L� �� ��� 

 ��� ��
%�Q�   �62L�  Y
a)�
�  ��
*� K���)�  ����b �@��  t  ��Z@  "���b �S
�)  

�k�&�, G�#�  

(μmol KMnO₄ g⁻¹dry soil) 

 aEF1  7/57  4/0  5  9/42  ** 00/0 

 aEF2  5/42  1/1       

 /���!�� �	�*�� W��,  

(mg /kg) 

 aEF1  7/171  2/2  5  6/24  ** 00/0 

 aEF2  5/140  2/1       

 /���!�� �	�*�� �L��*��  

(mg /kg) 

 aEF1  0/27  6/0  5  0/44  ** 00/0 

 aEF2  5/17  3/0       

 ���2 /���!�� mO�& 

/gsoil.day)2(mgCo 

 aEF1  38/1  1/0  5 1/7  ** 00/0  

 aEF2  96/0  01/0        

 G����'����!�� Q�HES�0 

(CFU ×10⁷ g⁻¹ dry soil)  

 aEF1  9/3  1/0  5  1/25  ** 00/0  

 aEF2  7/2  1/0        

 ��� /���!�� G_+ 

Corg)1-(mgCmicg 

 aEF1  7/3  2/0  5  5/5  * 012/0  

 aEF2  9/2  1/0        

�>�	 X�2 � ]� ��E*B� vZ+ �	 ��	 /�H� o�&�& �� * � **  

 

 ��� ����� ��
%�Q� �� V�� ���; �
��
  

�	�	  ���D^&  �  ���#M&  X��*�  ��  9�	  "��:  "�0

  aEF �	 �	 /*��� =��>�?�0-15    �15-30   �*E�*��+

  	�	  ����  ���=��>�?�  W��,  
�k�&�,  G�#�   �	�*��  

"� �L��*�� 
/���!��  
/���!�� �	�&  
���2 /���!�� mO�&

G����'����!�� Q�HES �0   ��� /���!�� G_+ �    aEF �	

�� 	�� 9�	 aEF �� �*��� ��� ���  ��^- �� =��O& �!���b

 vZ+ �	 "��� 1 /�H� �>�	  �k�&�, G�#�  Q�-�HP .	�� ��	

��  ���  aEF  �	 �,  	��  9�	  aEF  ��  �*���  "��	��H�  ��b

����  ��� /^Z+ ��k  �	  �&k��  /���!��  Q�-�HP  ���0	

Q+�.  W��, �	�� �*���  �	�*��    �	�*�� �L��*�� 
/���!��

O�& � /���!��  Q�-�HP �>�B ��� aEF �	 ���2 /���!�� m

G����'����!�� �*��� ���S) Q+� ��� /^Z+ ��k �	 �0

4.(  

  

 3G.@4 `,7 Y
� ����� ��
%�Q� ����6� :0-15  G15-30   +.� ��; �62L� �� ��� 

 ��� ��
%�Q�   �62L�  Y
a)�
�  ��
*� K���)�  ����b �@��  t  ��Z@  "���b �S
�)  

�k�&�, G�#�  

(μmol KMnO₄ g⁻¹dry soil) 

 aEF1  9/40  15/1  5  57/13  ** 001/0 

 aEF2  4/27  97/0       

 /���!�� �	�*�� W��,  

(mg /kg) 

 aEF1  3/138  10/1  5  56/51  ** 000/0 

 aEF2  0/100  32/1       

 /���!�� �	�*�� �L��*��  

(mg /kg) 

 aEF1  0/17  30/0  5  98/28  ** 000/0 

 aEF2  6/9  45/0       

 ���2 /���!�� mO�& 

/gsoil.day)2(mgCo 

 aEF1  80/0  02/0  5 78/11  **  001/0  

 aEF2  56/0  04/0        

 G����'����!�� Q�HES�0 

(CFU ×10⁷ g⁻¹ dry soil)  

 aEF1  00/2  12/0  5  73/13  **  001/0  

 aEF2  07/1  10/0        

 ��� /���!�� G_+ 

Corg)1-(mgCmicg 

 aEF1  00/2  10/0  5  63/12  **  001/0  

 aEF2  64/1  06/0        

 .�>�	 ]� ��E*B� vZ+ �	 ��	 /�H� : **  
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����� ��
%�Q� �� V�� ���; G ��� �
��
  

3G� `,7  

  �, Q+� W�� �� /,�B X��*�t��J ��D,  /*��� "�0

 �.Z�� �� Qh�� ;�< �.Z�� �	 ��� 9�	 "��: 	��� �, /��

  vZ+ �	 Q+� �*P�' ���<1  /�H� "���  �>�	  ��*�0 "��	

)p<0.01.(  W��, 
�k�&�, G�#�  ���.� C0�, wF�� 9�	 "��:  

�	�*��  
/���!�� �	�*�� �L��*�� 
/���!��    /���!�� mO�&

  
���2G����'����!�� Q�HES�0    �	 ��� /���!�� G_+ �

  aEF0-15    ��	�' ;�< �.Z�� �� Qh�� �*E�*��+  ���S)

5(.  

  

  

 3G.@5 `,7 �� +.���; G ��� �62L� Y
� ����� ����6� :15-0  ��)�#  ���  

 ��� ��
%�Q�   �62L�  Y
a)�
�  ��
*� K���)�  ����b �@��  t  	6���  "���b �S
�)  

�k�&�, G�#�  

(μmol KMnO₄ g⁻¹dry soil) 

;�<  77/57  45/0  10  11/27  ** 00/0 

 ��J ��:  90/40  15/1       

 /���!�� �	�*�� W��,  

(mg /kg) 

;�<  7/171  21/2  10  92/26  ** 00/0 

 ��J ��:  3/138  10/1       

 /���!�� �	�*�� �L��*��  

(mg /kg) 

;�<  07/27  61/0  10  91/28  ** 00/0 

 ��J ��:  07/17  30/0       

 ���2 /���!�� mO�& 

/gsoil.day)2(mgCo 

;�<  38/1  12/0  10 30/9  ** 00/0  

 ��J ��:  8/0  02/0        

 G����'����!�� Q�HES�0 

(CFU ×10⁷ g⁻¹ dry soil)  

;�<  96/3  10/0  10  47/24  ** 00/0  

 ��J ��:  00/2  12/0        

 ��� /���!�� G_+ 

Corg)1-(mgCmicg 

;�<  78/3  23/0  10  86/13  ** 00/0  

 ��J ��:  00/2  10/0        

 .�>�	 ]� ��E*B� vZ+ �	 ��	 /�H� : **  

 VG� `,7  

 X��*� /*��� =��>�?������� �� �>�B  �.Z�� "��'

  aEF  �	  9�	  "��:  	���  �  ;�<15-30   ����  �*E�*��+

/�
��&k�,  G�#�  "�0�*����2  ��D,  �0	    �	�*��  W��,

 
/���!��  �	�*��  �L��*��  
/���!��    
���2  /���!��  mO�&

G����'����!�� Q�HES�0    ��� /���!�� G_+ �  vZ+ �	

1  /�H�  "���  �>�	  ��*�0  ��	)p<0.01.(    /��E&

t��J��� /*��� "�0  �.Z�� ��  �*���  ;�< �.Z�� �	

/� ���� }�c� �� X��*� .��	�� ��J��:�, �0	   9�	 "��:

"���J /O�� ��TU&   ���S) 	��	 ��� /!�L�-��� Q�f+ ��

6 .(  

  

  

 3G.@6 `,7 �� +.���; G ��� �62L� Y
� ����� ����6� :30-15 ��)�# ���  

 ��� ��
%�Q�   �62L�  Y
a)�
�  ��
*� K���)�     ����b �@��  t  	6���  "���b �S
�)  

�k�&�, G�#�  

(μmol KMnO₄ g⁻¹dry soil) 

;�<  57/42  16/1  10  95/19  ** 00/0 

 ��J ��:  42/27  97/0       

 /���!�� �	�*�� W��,  

(mg /kg) 

;�<  5/140  23/1  10  82/44  ** 00/0 

 ��J ��:  0/100  32/1       

 /���!�� �	�*�� �L��*��  

(mg /kg) 

;�<  5/17  35/  10  33/27  ** 00/0 

 ��J ��:  6/9  45/0       

 ���2 /���!�� mO�& 

/gsoil.day)2(mgCo 

;�<  91/0  01/0  10 03/14  ** 00/0  

 ��J ��:  56/0  04/0        

 G����'����!�� Q�HES�0 

(CFU ×10⁷ g⁻¹ dry soil)  

;�<  7/2  15/0  10  53/18  ** 00/0  

 ��J ��:  07/1  10/0        

 ��� /���!�� G_+ 

Corg)1-(mgCmicg 

;�<  94/2  14/0  10  77/16  ** 00/0  

 ��J ��:  64/1  06/0        

 .�>�	 ]� ��E*B� vZ+ �	 ��	 /�H� : **  
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t��J  W��  /�*�hE0  ��D^&  ��  �>�B  X��*�  "�0

  oDy�  W��  �,  	�	  ����  ;�<  �.Z��  �	  ���  /*���

t��J/�H�  �  Qhu�  \����  
�0 G�#�  .	��	  	�S�  "��	

t��J ��  /!� ����F  ��  
�k�&�,  /���E�J��� Q�-�HP "�0

"�  �L��*��  ��  
���/���!��  �	�&   Q�HES  �

G����'����!���0   ���� W�� .	�	 ���� "�< ����� /�*�hE0

/�G����'����!�� Q�-�HP C��#P� �, �0	  wF�� ��� "�0

/� �k�&�, G�#�  Q�-�HP C��#P�����  	�� �, 	�J  ���0	

Q+� ��� /*��� Q�f+.  "� W��,  ��  #��  /���!�� �	�&

t��J ���+ �*E, �  =�J ��� 
QJ�	 Qhu� /�*�hE0 �0

W���2  .	��  /���!��  mO�& ��  t��J W��  /�*�hE0 W��&

���2   �*��� Q�+��B �� /J�� Q+� W!E� �, 
�J ��0���

"� W��,��&�, \���J �� �	�&�J�� /Z�^� =��.    t��J

 "� �L��*��  Q�HES 
��� /���!�� G_+ �� /���!�� �	�&

G����'����!���k�&�, G�#�  � �0  J�	 /�k�� /�*�hE0  .Q

/�  ����  X��*�  W�� "�  �	  	�S��  �L��*��  �,  �0	 �	�&

  �O��  ��� �	 /��Vy 	��� /����2  �	 /E_� C.� /���!��

/���,.    Qh��  ������  �,  
���  /���!��  G_+  t��J

"�  W��,  ��  
Q+�  ���  �,  /-  W��,  ��  /���!��  �	�&

G����'����!�� Q�HES 
���2  /���!�� mO�&�0  �L��*�� �

 "�/���!��  �	�&   �	  .	�	  ����  "�<  I�*h��  /�*�hE0

/�*�hE0 W��&k�� 
A�EM�t��J W�� �0  G�#�  ����� /��0

 "�  �L��*��  
�k�&�,  Q�HES  
/���!��  �	�&

G����'����!��  W�� .�J ��0��� ��� /���!�� G_+ � �0

t��J W�� �, Q+� �  ������ \����/� �0 ����F �� �����&

Tz�  /*���  "�0������  Q�f+  �  Q�O�,  /������  Q_S  �

G*��+�,� �	 ���  ���S) ���J �	�O*+� /H&�� "�07    �

 �!J2(.  
  

 3G.@7��� �62L� �� ��� ����
P�� Y
� "�#�
I �a��1,� g��- ��RS
 T���) :  

 ١- ١-١-٣ . Catalase MBC MBN MP MR MQ 

١- ١-١-٤ . Catalase 1       

MBC 72/0 1     

MBN 91/0 56/0 1    

MP 68/0 31/0 49/0 1   

MR 92/0 55/0 87/0 64/0 1  

MQ 88/0 39/0 84/0 76/0  81/0 1 

) �k�&�, G�#� Catalase ) /���!�� �	�*�� W��, 
(MBC ) /���!�� �	�*�� �L��*�� 
(MBC G����'����!�� Q�HES 
() �0MP ) ���2 /���!�� mO�& 
(MR ) /���!�� G_+ 
(MQ (  

 
 

  

  

 	:�2 ��� �62L� �� ��� ����
P�� Y
� "�#�
I �a��1,� :  
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  /�*�hE0 ��D^&��+��2  t��J ���� /*��� "�0

  /�*�hE0 �k�&�, G�#�  �, 	�	 ���� ��J ��: �.Z�� ���

"�  �L��*��  ��  "�<  I�*h��  �  Qhu� /���!��  �	�&  
  mO�&

���2  /���!�� G����'����!��  Q�HES  ��0   ������  �,  	��	

Q�-�HP  G_�  C.�  /*���  /����2  C��#P�  �	  /E�#�  "�0

 "�  �L��*��  �  W��,  W��  /�*�hE0  .Q+�  ���  �	�&

	��  k��  I�*h��  G0  /���!��  . Q�HES  
���	  "�+  ��

G����'����!��t��J �u,� �� �0 "� �L��*�� �DES �� �0  �	�&

/���!�� /�H�  �Z���_��2  /���!��  mO�&  �  /*hu�  �  ��	
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