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This study aimed to investigate the effects of livestock exclusion (enclosure) and 

grazing on the physical, chemical, and biological properties of soil at three depths 

(0–15, 15–30, and 30–45 cm) in the Sarbisheh rangelands, located in South 

Khorasan Province, Iran. The study area has an arid climate with an average annual 

rainfall of approximately 170 mm and is dominated by shrub vegetation. Soil 

samples were systematically collected from two sites: one enclosed and one grazed. 

Physical properties (texture, bulk density, porosity, mean particle diameter), 

chemical properties (organic carbon, organic matter, total nitrogen, phosphorus, 

potassium, pH, electrical conductivity, lime content, moisture), and biological 

properties (microbial biomass carbon and nitrogen, basal and stimulated respiration, 

microbial fraction) were measured. Data were analyzed using a factorial design 

under a completely randomized framework. Results indicated that both grazing 

treatment and soil depth had significant effects (p < 0.01) on most measured 

properties. Higher levels of organic carbon, total nitrogen, phosphorus, and 

biological indicators were observed in the surface soil of the enclosed area, 

decreasing with depth and in the grazed area. Microbial indices showed strong 

positive correlations with other soil properties in the enclosed site. Overall, enclosure 

improved soil structure, fertility, and microbial activity, thereby enhancing rangeland 

ecosystem function. However, limitations such as the specific climatic conditions, 

limited sample size, and low vegetation diversity should be considered. Therefore, 

further studies in ecologically diverse areas are recommended. 
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EXTENDED  ABSTRACT 

INTRODUCTION 
In the current situation, where a large part of the country's rangelands are under the threat of 
destruction, adopting effective management policies to preserve and restore these valuable resources is 
an inevitable necessity. Enclosure, as one of the most effective methods of rangeland restoration, 
requires accurate scientific evaluation in various climatic and soil conditions. On the other hand, 
recognizing changes in soil properties can provide valuable information for assessing the sustainability 
and ecological health of the rangeland ecosystem. Therefore, considering the importance of soil 
properties in evaluating the health of rangeland ecosystems, this study aims to investigate the effect of 
enclosure and livestock grazing on the physical, chemical, and biological properties of the soil at three 
different depths in the rangelands of the Sarbisheh Plain in South Khorasan Province. 

 

DATA AND METHODOLOGY  

We selected an enclosed area to investigate the effect of enclosure on the physical, chemical, and 
biological properties of soil in the Sarbisheh Plain rangelands. A similar undergrazed area was 
considered adjacent to this site for comparison as a control area (free grazing). We attempted to select 
the control site in such a way that it had the highest similarity to the enclosure site in terms of general 
topographic conditions and physiographic features. Soil sampling was conducted at three soil depths: 
0–15, 15–30, and 30–45 cm. The samples were first sieved with a 2 mm sieve and then divided into 
two parts. Some parts of the samples were dried in open air to measure the physical and chemical 
properties (percentage of sand, clay, silt, bulk density, porosity, average particle diameter, organic 
carbon, organic matter, total nitrogen, available phosphorus, and potassium, acidity, electrical 
conductivity, percentage of moisture and lime). The other part was stored in a refrigerator containing 
dry ice and transported to the laboratory for soil biological tests (basal microbial respiration, 
stimulated respiration, microbial biomass carbon, microbial biomass nitrogen, and microbial 
contribution) to perform microbial tests on them (Bastani et al., 2023). 

 

RESULTS AND DISCUSSION 

The results of the soil's physical properties indicated that the site had a significant effect on most of 
these properties at the 1% level, including bulk density, porosity, average particle diameter, sand 
content, and silt content. Also, soil depth had a significant effect on all the studied properties. The 
comparison of average soil chemical properties between fenced and grazed areas, as well as at 
different depths, revealed that the highest concentrations of organic carbon and organic matter were 
observed at the first depth in the fenced area. In contrast, the lowest values of these two indicators 
were obtained at the third depth of the grazed area. Total nitrogen also had the highest amount at the 
first depth of the fenced area and generally decreased with increasing depth. Phosphorus had higher 
values in the fenced area and at shallower depths. Soil acidity varied slightly across all treatments and 
fell within the neutral to slightly alkaline range. The analysis of variance results for soil biological 
properties indicated that the region had a significant effect on most biological indicators, including 
microbial biomass production, microbial biomass carbon, microbial biomass nitrogen, the ratio of 
carbon to microbial biomass nitrogen, and microbial metabolic efficiency was significant at the 1% 
level. However, it did not have a significant effect on the respiration rate caused by the addition of 
substrate. Also, soil depth significantly affected all of these indicators except SIR and MBC, 
indicating a decrease in microbial activity and density with increasing depth. The correlation results 
showed there was a strong positive correlation between all soil biological indicators. Rangeland 
enclosure can impact soil microbial diversity through changes in plant species composition, biomass, 
soil pH, carbon, and nutrient availability (Zhou et al., 2023). The highest amount of soil microbial 
biomass, carbon, and nitrogen was observed in the surface layer, indicating a decrease in microbial 
activity and population in deeper layers. This decrease was more pronounced in the grazed area and 
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could be due to soil structure degradation, organic matter depletion, and grazing pressure. Previous 
studies have shown that moderate grazing can lead to increased microbial biomass, but heavy grazing 
causes it to decrease (Chen et al., 2016; Northup et al., 1999). 

 

CONCLUSION  

The results of this study demonstrate that rangeland enclosure, as an effective management strategy, 
can play a key role in improving the physical, chemical, and biological properties of soil in arid and 
semi-arid regions. Rangeland enclosure has effectively enhanced the physicochemical and biological 
properties of soil. The application of enclosure resulted in increased porosity, reduced compaction, 
improved texture, and increased organic matter and nutrients such as carbon and nitrogen. Also, 
biological indicators such as microbial respiration, biomass, and microbial nitrogen were more 
favorable under enclosure conditions. Overall, enclosure serves as a cost-effective management 
strategy that can significantly enhance soil quality, restore physical structure, improve chemical 
fertility, and increase soil diversity and biological function. Consequently, it represents a crucial step 
toward the sustainability of rangeland ecosystems and the long-term utilization of natural resources. It 
is recommended that the timing, intensity, and duration of enclosure be carefully adjusted in rangeland 
management planning according to the climatic, soil, and biodiversity characteristics of the region to 
enhance the effectiveness of this strategy. 
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 C��#2: �I�S%J 4�%;
RQ �%[��%� ����G�  

�G���  Z+-   \
R
� ]�#�
,
&   ��� �%[��%���  ^$  	,%)  

W��  j
�  f14/1  a41  a43/1  b58  c14  c27  

G
�  e23/1  b38  b23/1  d52  b18  b29  

G&   d29/1  c33  c13/1  e49  a19  a31  

 ���*��  j
�  c46/1  d31  d86/0  a64  d13  d22  

G
�  b51/1  e27  e67/0  c54  b18  c26  

G&   a 55/1  f22  f49/0  d53  a20  c26  
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��	F �qr� ��&� - � e�o&�. d�	%�  $)@	A� (+�A� 
(=��I )1403 (�� �	��  
 (@� ��	� ;�� -+f� (�%J+8=

 .���� (���%�@� -���= 
 $%��� � ;�� ��� 
 �$���#	� �����	U(�H�
 d�	%� $)@	A� E�F 
 ��D k���" �� �	� �	=

�$# - � W:A� ;�� ���	�� �o	R  ��&� ����\ 
 (�	�8�"&�� �	=�!���I j�%!# �� ���:# 'N� �	� (����I �	%�	 

(� 	^�� �qr� (� E�F 
 ��!# $� ���&� P%J� &#� �����	U 
 �	� -�^�# g	N��� -*M �� �Bh� ��+=�� Q� ��&!9  �	=

���� ���F ��	^% � ��&� ()���.  

 C��#3: �_ ��S.& T��O�P�Q �I�S%J ��0�%YO� �%� �[O��+0 `�  

 
BD N DP Sand Clay Silt 

BD ١       

N ٩۴/١ -٠     

DP ١ ٩٧/٠ -٩٧/٠    

Sand ٠٠ ١٠/٠ ١/٠۵/١ ٠   

Clay ٢۵/٠ ۴۵/١ -٩٠/٠ -٣٨/٠ ٠  

Silt ۴٣٠/٠ -٩/٠ ۴٨٨/٠ ١/٠- ۵١ ٠ق/٩ 

  

  
 �I�2:  ��0�%YO� �%� �[O��+0�I�S%J P�Q  

  

 �%V�&W��  4�%;
RQ �����%+%� P�Q  

 d�	%�$��O�  ��� �	�� �	� (�	�8�" Y	�Z&`� _�	���
�B� $# �G��� G	8� �� (�H�
 $� (�	�8�" �	= $%��� � �M 

 eA  ��1 (!)� �Z�� $� ��&� ��� �B� �;�!x8= .�^JI 
 �# �]
�%�� �Q=� �(@� ��	� �(@� ;��# ���� �H�
  Z+-

P�Q (�H�
 �f#� ��  $:8M �� 	= eA  �� ��� (���%�@� -���= 
 P� 	%U ��# �]
�%�� �Q=� �(@� ��	� �(@� ;��#

(!)� 789 �� �^JI 	*!� $# (@	R �� ��" �=	[ S	� ���� (!)� Y
	^� |:%
� �	= ��	N%� �B� .-"��� ����  � �G���

Z+-  (�H�
 �%��� ���� ���  (���%�@� -���= 
 �^JI ��# �]
�%�� �(@� ;��# $:8M �� 	=(!)�  $# ��&� ���
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�	��  W�#�� $� �	� (�	�8�" Y����r� (�%J��
 ��!=� �	�� P= �� $# �&� (�H�
 	*!� $%��� � .- � 789 
 �	��

(!)� Y
	^� k���" �%���  �j
�M) -"��� ����4(� �	�� d�	%� ;�� .( � �	� (�	�8�" -�)o
 $# �=� $  Y�"

 ���F �	� 789 
 (�	�I��rM -�)F&� ��BC� -c�����.  

  

 C��#4: P�Q ���%+%� 4�%;
RQ X���$�� ��S.& 

�%YO�    �!��b �#$!  4�7��� �%[��%�  FFFF 

�G���  (@� ;��#  1  13/1  **09/600  

(@� ��	� 1  92/1  **1/198  

Q=� 1  99/6  **9/98  

�# �]
�%�� 1  13/0  **3/157  

�^JI  1  19/1  **7/435  

P� 	%U  1  66/16  *8/6  

(���%�@� -���=  1  07/0  **2/177  

$%��� �  1  008/0  ns8/1  

Z+-  (@� ;��#  2  57/0  **5/306  

(@� ��	� 2  1/2  **3/216  

Q=� 2  1/5  **03/73  

�# �]
�%�� 2  15/0  **4/184  

�^JI  2  007/0  ns4/2  

P� 	%U  2  1/530  **8/216  

(���%�@� -���=  2  04/0  **4/113  

$%��� �  2  01/0  *6/4  

Z+- *�G���  (@� ;��#  2  13/0  **71  

(@� ��	� 2  07/0  **5/7  

Q=� 2  65/0  **2/9  

�# �]
�%�� 2  01/0  **8/20  

�^JI  2  03/0  **4/12  

P� 	%U  2  1/11  *5/4  

(���%�@� -���=  2  004/0  **1/11  

$%��� �  2  005/0  ns3/1  

��Q  (@� ;��#  18  002/0   -  

(@� ��	� 18  01/0   -  

Q=� 18  07/0   -  

�# �]
�%�� 18  001/0   -  

�^JI  18  003/0   -  

P� 	%U  18  4/2   -  

(���%�@� -���=  18  000   -  

$%��� �  18  004/0  0  
**(!)� Y
	^� �&M
  eA  �� 	=�	8�� ;�� ���1٪�*(!)� Y
	^� �&M
  eA  �� 	=�	8�� ;�� ���5٪� ns: (!)� Y
	^� G�9 ���. 
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 E�F 7,	!� �� 789 �� 
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$%I	� .- � (%[	^R -����� -c� �	� '=
HU �	= � ��� ;���U �	=!%J= d�	%� ;�� ��h����") � 
 d#�#
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 ����	�8=1398��8c� m ����	�8= 
 (�	�	 1401 .(  $� aS	8%R� ��"��D $NA!� �� (@� ��	� 
 ;��# ���N� '=	#

-�@	)I 
 (=	�� '"&U W��
� ��@� $%I	� 	� $# - � (���D �	= �	= Chen ) ���	�8= 
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 �	�� d�	%����� (�H�
 �i� �� ��"��D $NA!� 	� $J�	N� �� E�F $NA!� $� (�	�8�" �	= $�S �� �H�
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789 �� 
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� Y	)@	A� d�	%� �� 	=�	{�  Y�" �E�F j	89� �	�� Y�� ��	� V&� �(8�:F� k���" �&x8= (:��&9 $� ���&�

;���U ���D  .�&" ���� -+J� ( ��� ��&� 7,	!� (=	�� V&!� 
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 C��#5 :���%+%� 4�%;
RQ �%[��%� ����G�  

�G���  Z+-  ��b ���   ��b *!��  d0b   'N��O%����J  e%)�O2   	���0�O��%)�  

W��  j
�  a12/2  a97/2  d6/13  a8/0  d87/1  b159  e3/1 b94/7  

G
�  b66/1  b30/2  d14  b65/0  d84/1  d151  d44/1  a07/8  

G&   d31/1  c82/1  b5/15  e43/0  c  2  e145  c48/1  ab04/8  

*�� ���  j
�  c40/1  b20/2  c7/14  c57/0  a41/2  a163  cd46/1  b95/7  

G
�  d31/1  c9/1  b6/15  d48/0  ab34/2  c153  b52/1  ab98/7  

G&   e11/1  d30/1  a16  f38/0  b30/2  e144 a57/1  ab02/8  

�	�� �&%  �= �� Y
	^%� ?
�R(!)� Y
	^� ��!=�(� ����"	�.  

                                                      
1 Yates  
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 �& ��U (�%J+8= W���o ��:c� �j
�M)6 �((�H�
 ;�� (@� ;��# $# ��� �	�� �	� (�	�8�" �	= (OC)  �%��� 	�

�# �]
�%�� $:8M �� �	=��r%�(TN)Q=� � (CaCO₃) (���%�@� -���= 
(EC) �&F a	%+J� 
 (^!� (�%J+8= �)$� 

 W���� 93/0 -=r  �89/0 -=r  
95/0 -=r (���� .(@� ��&� ;�� �;�!x8= (OM) 
 EC  ��=	�� S	� (^!� (�%J+8= ���

�" )94/0 -=r(�	�� $# � ;�� (�%J+8= ���	N� �� .- � �	� (@� ��&%c� �� ��&" (^!� ��BC� ��!=�PH   
 ��	 

X 
 |�)o a	��89 	=��r%�(� �	�� $# ��&� ���	!)��� $�&8� ;�� �� �	� $%��� � �=�  ��	  �� ��%8# ��BC� 	=

;�� -+f� k��
� .- � $%"�� (�	�8�" Y	�Z&`� TN 	� OM 
 OC �	�� ���   $��D t!�	�!� w	+��� ��!=�

- � �	� (@� ��&� -�)o
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(@	R �� �- � ��" ��=	�� (�H�
 ��	  Y����r� �� ��%8# 'N� �	� $%��� � $#  .- � $%"�� (�	�8�" �	=

@� ��&� -�)o
 
 �]
�%�� $��D �	�� �&F w	+��� ;�!x8= �� �� (@� ��	� -�8=� $# ������ ��=	�� �	� (

$�qr� �����	U (� �	�� �	� �� $� .�=� $%I	� ;�� �(:# �&,  	� P�J:# Y	!��# 
 ��&" '���I� $# ����� ��#C� 	=

$�qr� �Z	!9 '=	# - � ���8= �	� (�	�8�" -�^�# 
 ��.  

 C��#6:  ���%+%� ��0�%YO� �%� �[O��+0 `��_ ��S.& T��O�P�Q  

  OC  OM  CaCo3  TN  P   K  Ec  pH 
OC  ١                

OM  ١  - ٩٤/٠              

CaCo3  ١  - ٨٧/٠  ٨٩/٠            

TN  ١  - ٩٢/٠  ٩٢/٠  - ٩٣/٠          

P   ١  - ٥٧/٠  ٦٣/٠  - ٥٥/٠  ٦٩/٠        

K  ١  ١٢/٠  ٦٤/٠  - ٥٨/٠  ٧١/٠  ٥٢/٠      

Ec  ١  - ٥٩/٠  ٦٠/٠  - ٩٠/٠ ٨٦/٠  - ٩٤/٠  - ٩٥/٠    

pH ٢٦/٠  - ٤٧/٠  - ٢٣/٠  - ٢٩/٠  - ٠٨/٠  - ٢٨/٠  - ١٧/٠  1  

(@� ;��# )OC) (@� ��	� �(OM) Q=� �(CaCo3 �(�# �]
�%�� )TN �( �^JI)P �(P� 	%U )K) (���%�@� -���= �(EC) $%��� � �(pH.(  

  
 �I�3:  ��0�%YO� �%� �[O��+0���%+%� P�Q  

  

 �%V�&W��  4�%;
RQ ���O��� P�Q  
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 _�	���
 $��O� d�	%�Y	�Z&`� �B� $# ��� �	�� �	� (%J�� �G���  <�	" �%��� ��  ��@&� $:8M �� (%J�� �	=

(�
���� �	�&��(MP) �	� (�
���� ;��# �(MBC) �	� (�
���� �]
�%�� �(MBN)-+J� � C/N (�
���� 

(MBC/MBN)  (�
���� Q�@&�	%� (���	# 
 (MQ)  eA  ��Q� (!)� �Z��  �� ("	� _^!� -9�  �� 	�� ��&� ���

��%J�&  ��
�I� (SIR) (!)� ��BC� �;�!x8= .-"��� ����  P�Q Z+-  (!)� �B� <�	" ;�� $8= �� ���� $� 	= �M 

SIR  
 MBC �B� .- � 789 '���I� 	� (�
���� P#��� 
 -�@	)I '=	# ���	�� $# �-"��  Z+- � �G��� ���GO�  ���

�� 	*!� MBC �MBN  
 MQ (!)�  �j
�M) �&� ���7 .(  

 C��#7: P�Q �O��� 4�%;
RQ X���$�� ��S.&  

�%YO�    �!��b �#$!  4�7��� �%[��%�  F 

�G���  MP 1  08/0  **3/256  
SIR 1  97/4  ns4/1  

MBC 1  9126  **7/2415  
MBN 1  03/4  **6/520  

MBC/MBN 1  2/28  **7/10  
MQ 1  3/436  **0/95  

Z+-  MP 2  08/0  **4/253  
SIR 2  7/3  ns1/1  

MBC 2  1/3347  **0/886  
MBN 2  7/10  **3/1387  

MBC/MBN 2  6/1725  **3/654  
MQ 2  9/89  **5/19  

Z+- *�G���  MP 2  00/0  ns47/0  
SIR 2  35/3  ns98/0  

MBC 2  5/66  **6/17  
MBN 2  11/0  **6/14  

MBC/MBN 2  49/2  ns94/0  
MQ 2  8/324  **7/70  

��Q  MP 18  00/0   -  
SIR 18  3/3   -  

MBC 18  7/3   -  
MBN 18  00/0   -  

MBC/MBN 18  6/2   -  
MQ 18  5/4   -  
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Z+-  MP 

  
SIR 
  

MBC 
  

MBN 
  

MBC/MBN 
  

MQ 
  W��  j
�  a68/0  a87/0  a2/134  a02/4  d3/33  c3/63  

G
�  b59/0  a88/0  b2/123  b12/3  b4/39  a9/73  

G&   d48/0  a53/0  d5/92  d52/1  a8/60  b2/69  

*�� ���  j
�  c56/0  a68/0  c2/97  b07/3  d7/31  b4/69  

G
�  d48/0  a57/0  e7/77  c16/2  c01/36  d3/59  

G&   e35/0  a56/0  f0/58  e97/0  a4/59  e1/52  

�	�� �&%  �= �� Y
	^%� ?
�R(!)� Y
	^� ��!=�(� ����"	�.  

 (�%J+8= W��o $��O� d�	%��& ��U  �j
�M)9<�	" ;�� �(  (�	8� �	�� $# ��� �	�� �	� (%J�� �	=

) (�
���� -�)8M ��	" (�
���� �	=��r%�MP) $�	U (�
���� _^!� �(SIR�� �]
�%�� 
 ;��# �(  (�
���� ��&�

                                                      
1 Zhou 
2 Northup 
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)MBC  
MBN -+J� �(MBC/MBN ) (�
���� P*  
MQ�&F �	�J� 
 -+f� (�%J+8= ( ) ���� �&M
94/0 -=r �

01/0<P ;�� (�%J+8= ;��%��� .(MBN  
SIR )99/0-=r(  ;�!x8= .�" ��=	��MQ <�	" (�	8� 	�  ���� �	=
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$� (� $%JM�� �	� (%J�� -�>  ���� (N�^:� (`�	" ��&!9 ��	 . (� �	�� k��
� ;��  Q� �� ���r� $# �!=�
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 (%J�� -�>  
 -�@	)I �&+*� WM&� G�� ���D �	�I '=	# 
 E�F ���� �	�� �o	R $)@	A� �� E�F 
 G�� ���D
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 C��#9: %YO� �%� �[O��+0 `��_ ��S.& T��O�P�Q �O��� ��0�  

  MP  SIR  MBC  MBN  MBC/MBN  MQ 

MP 1            

SIR 00/1  1          

MBC  99/0  97/0  1        

MBN  98/0  99/0  95/0  1      

MBC/MBN  97/0  98/0  93/0  97/0  1    

MQ 97/0  98/0  93/0  97/0  97/0  1  

) $�	U (�
���� _^!�MP) $%
���� �� _^!� �(SIR �() (�
���� ��&%�� ;��#MBC �() (�
���� ��&%�� �]
�%��MBC-+J� �( �� ;��#  (�
���� ��&%�� �]
�%��

)MBC/MBN) (�
���� P*   (MQ(  
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