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The lack of sufficient data in this field poses a major challenge in assessing the true 
effects of erosion on natural ecosystem services and the restoration of degraded 
environments. In this study, the relationship between microbial diversity and water 
erosion-induced changes in soil physical and chemical properties was investigated in the 
Gavor rangeland-forest land in Kerman province. Soil sampling (0-30 cm depth) was 
conducted based on a factorial experiment in a completely randomized design using two 
transects in four conditions including no erosion, low erosion, moderate erosion and 
severe erosion in three plots. The experimental factors included working unit (2 units), 
slope direction (2 directions) and erosion degree (4 degrees). Three replicate plots with 
specific dimensions were established for each condition. Soil physical and chemical 
factors were measured to evaluate the overall soil performance including bulk density, 
soil moisture content, acidity, dissolved organic carbon and nitrogen, total nitrogen and 
phosphorus, ammonium (NH4+), nitrate (NO3-), available phosphorus and potassium, 
net mineralized carbon, and net mineralized nitrogen. Soil biological indicators were 
measured including soil enzymatic activity, microbial biomass carbon and nitrogen, 
microbial population, soil microbial quotient, and basal microbial respiration. The results 
of the analysis of variance indicated significant differences in most of the physical, 
chemical, and biological properties of the soil. With increasing soil erosion intensity, no 
significant differences were observed in soil acidity, inorganic-organic carbon, nitrate, 
and ammonium (p>0.01). Soil erosion caused significant changes in the edaphic 
properties of the working unit and reduced the soil's multifunctional properties. The 
maximum soil moisture content, organic nitrogen, organic carbon, total phosphorus, 
available potassium, and ammonium were related to plots without erosion. With 
increasing erosion degree, the values of these parameters showed a significant decrease 
(p<0.01). Soil erosion has a significant effect on soil net mineralized nitrogen (p>0.01), 
so the highest amount of net mineralized nitrogen was measured in plots without erosion, 
and the lowest amount was related to plots with severe erosion. The results showed that 
the values of all biological parameters measured in soils with severe erosion degrees were 
significantly lower than those in soils without erosion and with low erosion. The highest 
correlation of biological indicators was with the values of carbon and inorganic nitrogen, 
phosphorus, and total potassium. Overall, changes in soil microbiota characteristics were 
strongly correlated with erosion-induced changes in some of the soil's physical and 
chemical properties. These results indicate that soil erosion has a significant negative 
impact on soil microbial and functional properties. 
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EXTENDED  ABSTRACT 

INTRODUCTION 
An important indicator for evaluating the health and sustainability of natural ecosystems is the 
condition of soil nutrients. Understanding changes in soil physical, chemical, and biological properties 
caused by various processes is crucial for assessing their roles in nutrient cycling and mitigating the 
adverse effects of ecosystem mismanagement (Ai et al., 2018). One of the most evident consequences 
of erosion in rangeland ecosystems is soil degradation, which significantly reduces the land’s 
productivity (Zeng et al., 2017), disrupts ecosystems and their services and hinders economic 
development (Calvo de Anta et al., 2020). As a result, many United Nations Sustainable Development 
Goals (SDGs) are directly linked to soil functionality (Yan et al., 2015). 

This underscores the need to understand soil quality and its underlying processes for sustainable 
development and in addressing challenges such as climate change mitigation, water management, 
vegetation loss, and biodiversity conservation (Ferreira et al., 2018; Grilli et al., 2021). 

In this study, the relationship between microbial diversity and water erosion–induced changes in soil 
physical and chemical properties was investigated in the Gavor rangeland–forestland as a working unit 
to test the following hypotheses: 

* Water erosion significantly affects the biological characteristics and biodiversity of soil in the 
Dehbakari Watershed by altering its physical and chemical properties. 

* Dissolved organic carbon shows the highest correlation with biological characteristics at erosion-
affected sites in the study area. 

 

DATA AND METHODS 
Soil samples (0–30 cm depth) were collected using a completely randomized design along the main 
slope, with two transects covering four erosion conditions: no erosion, low erosion, moderate erosion, 
and severe erosion. Three replicate plots with specific dimensions were established for each condition. 
Furrow erosion was identified as the dominant form of erosion in the basin. 

To assess soil performance, physical and chemical properties were measured, including bulk density, 
soil moisture content, pH, organic carbon, total nitrogen and phosphorus, ammonium (NH₄⁺), nitrate 
(NO₃⁻), available phosphorus and potassium, net mineralized carbon, and net mineralized nitrogen. 
Biological indicators included soil enzymatic activity, microbial biomass carbon and nitrogen, 
microbial population, microbial quotient, and basal microbial respiration. 

All data were analyzed using one-way ANOVA in SPSS software, with three replicates per treatment. 
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and severe erosion. Three replicate plots with specific dimensions were established for each condition. 
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The analysis of variance indicated significant differences in most soil physical, chemical, and 
biological properties. As erosion intensity increased, no significant differences were observed in soil 
pH, inorganic carbon, nitrate, and ammonium (P > 0.01). However, erosion significantly altered 
edaphic properties and reduced overall soil multifunctionality. Maximum values of soil moisture, 
organic nitrogen, organic carbon, total phosphorus, available potassium, and ammonium were found in 
non-eroded plots. These values declined significantly as erosion intensity increased (P < 0.01). 
Although soil erosion did not have a statistically significant effect on net mineralized nitrogen (P > 
0.01), its highest values were measured in plots without erosion and the lowest in plots with severe 
erosion. Biological parameters, including microbial biomass, enzymatic activity, and population, were 
significantly reduced in severely eroded soils compared to non-eroded and slightly eroded sites. These 
biological parameters were most strongly correlated with the levels of organic carbon, inorganic 
nitrogen, phosphorus, and total potassium. The results confirm that erosion significantly affects the 
structure and function of soil microbial communities. Increased erosion intensity negatively impacts 
all categories of soil quality, leading to a decline in soil biodiversity and function. Previous studies 
have shown that erosion contributes to structural degradation, nutrient depletion, reduced water 
retention, and decreased yield (Li et al., 2015). 

Despite this, the impact of erosion on microbial communities has received less attention (Qiu et al., 
2021). The loss of organic matter, nutrients, and moisture observed in the study area appears to 
directly contribute to the decline in microbial diversity and function. Limited access to these resources 
restricts bacterial metabolism and alters community composition (Banerjee et al., 2020), disrupting 
essential soil microbial functions (Chen et al., 2020). These findings are consistent with those of Qiu 
et al. (2021) and Li et al. (2015). 

 

CONCLUSION  

Overall, the findings of this study demonstrate that soil biological parameters are strongly influenced 
by land use and slope. These factors affect microbial community structure and, in turn, influence soil 
properties and development. Improper ecosystem management and erosion lead to a decline in 
available nutrients, which plays a key role in reducing microbial biomass, enzyme activity, and 
microbial populations. To prevent further degradation in erosion-prone areas, the implementation of 
effective conservation and soil management strategies is highly recommended. 
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3  n.s01/0  n.s01/0  ns01/0  n.s01/0  ns00/0  ns01/0  ns00/0  ns00/0  ns 02/0  n.s01/0  ns00/0  

5�	��� �	L�  16 04/0  03/0  05/0  02/0  04/0  03/0  04/0  00/0  00/0  01/0  00/0  

 /����M� T��N
(�-��)  

  40/3  99/4  55/5  13/5  91/4  40/6  57/1  06/4  57/1  01/2  58/1  

n.s  
** >� W�2 :T�����&#7� /
	V&#7� /
	V� �����-�� q� rL" �� ���  

 
 B��#5 . W�X ���%+%� 4�%;
>X �%]��%� ����G� $!4����0 �)�J 4���O��K  

 >A��5�	"�4  >D���"� 8� <� �-��  &6� K��%\ 0I� 
)mg kg-1(  

 &6� �[
�D�� \ 0I� )mg 

kg-1( 
 K��% �%)g kg-1(  �% �[
�D�� )g 

kg-1(  
5�	"�4 �
��  a03/0±50/8  a03/0±30/17  a01/0±40/3  a01/0±30/8  a05/0±30/15  a01/0±97/0  

C%  a02/0±16/8  ab02/0±84/16  a02/0±16/3  a01/0±10/7  a05/0±16/14  b01/0±76/0  

J" D�  a02/0±22/8  b02/0±24/15  a02/0±24/3  b01/0±22/6  b05/0±24/10  c01/0±64/0  
���$ a03/0±21/8  b03/0±21/15  a03/0±11/3  c03/0±11/4  c05/0±21/8  d01/0±51/0  

�	�� � D" �F �� /
	VD� o
�G ��#F��&#7� /
	V ��� 5�	"�4 /	A�� �	��&�) �$	�p<0.01���� .(	F± �	�7� �� �	=D$� 
 B��# ���!�5. 4�� $! W�X ���%+%� 4�%;
>X �%]��%� ����G�	��0 �)�J 4���O��K  

5�	"�4 >A��  �% �VE4 )g kg-1(  ��	B �VE4 ]�D"�  )g ]�D"� ��	B C�"	DQ  )g kg-1(  NH4
+ NO3

- 



���  ��� � 	�
� �
����� �� ����� �� ������� ���� .� �  	�! "�#$�%� ���  �
��

$�& '����( .	)� *$�+� �  

 

kg-1(  )mg kg-1(  )mg kg-1(  

5�	"�4 �
�� a01/0±90/1  a01/0±30/0  a43/0±40/194  a05/0±30/7  a03/0±44/2  

C% a01/0±60/1  a01/0±28/0  b12/9±36/180  a05/0±11/7  a02/0±11/2  

J" D� b01/0±04/1  b01/0±24/0  c62/8±84/145  a05/0±20/6  a02/0±92/1  

���$ c01/0±90/0  b01/0±21/0  d43/7±31/90  a05/0±21/5  a03/0±71/1  

�	�� � D" �F �� /
	VD� o
�G ��#F��&#7� /
	V ��� 5�	"�4 /	A�� �	��&�) �$	�p<0.01���� .(	F± �	�7� �� �	=D$�  

  

&6� K��% 
 �[
�D�� �a%��G >76	L� K�� �� \ 0I�/;Q >� c ��� ]�D"� ��	B C�"	DQ 
 �% �VE4 � �
�� �	F
&#7� 5F	% 	F�D���	Q K�� ���	d� 5�	"�4 >A�� 5���4� 	� 
 � � 5�	"�4 K��D1% .��� �	�� ��� �� W �� �� ���	d�

������ �	�� 5�	"�4 /�$/;Q >� c ��� ��� ���	d� K��D��� 
 �$ ���� .� � 5�	"�4 �
�� �	F5F	% ��	� 6�&� 
�� � xM�� 
 8� <� �	� �� �?� 	"�4�5  >76	L� �� � >dL#� ���& ��� � dDE���	1 b2	� �� ��K KD4� 9 #� 
 

���012 �D%	���	F  �	��� $ ���� 5F	% "�D"� >� &��	#� &��x{� 6 �	D��CE 
 %���T �D%	��	F �� �
�I� �&-
�#% )��!�	�1  ����	�1F 
2020( 
 D����>! CE��	���
���� ��%�	% �D
� �	� ���012 �� 	U�� 5d� 
 �	� �	F

 �$ �F� �K3)2  ����	�1F 
2020.(   

&�� 5�	"�4 /�$ 5���4� 	��  �&6� ��	� ���d��-	#2  �[
�D�� 
 K��% �&��x{�	F�	� &IL" �	3� � $� ��$ 
>��� <>% /��w ���  �	� 84	�
  ���1F &��x{ �-	#2 	�/��w K�� �	�� �� �� 
 ��$ oxG >D4	� 5�	"�4 �	F

�	��>� &� "� �	F .�$ �#F� � 8E��K����	#�� �	F8�	" 5
� 	� >E�	d� �� C% 5�	"�4 
 5�	"�4 �
�� 	� �	F
$ 5�	"�4 �u� �� �������w  K��%&#{ &��x{ �-	#2 
 �[
�D�� 
 � � �#F� � ��)k�� F3  ����	�1F 
2013 .(

K����	#� 8"� &�	
D�� ����Q 5�	"�4 >% &�	!����� � �&�	!�	A &�	
D�� /	� "� &< �	��A ��� /��w  
 �[
�D��K��% 
&6� >� �	� ���1F �	��
� �	�� ��>� &� "� �	F&� 8E��) �##%\s4  ����	�1F 
2003.( >� `�	D� K�� �� ���� 8"�

5F	% 5���4� �� &%	G ��� >76	L� &#7��]�D"� ��	B C�"	DQ 
 �VE4 ��% �[
�D�� 
 K��% ���   �% �[
�D�� 
 �VE4
�� /;Q/;Q 	� >E�	d� �� J" D� 
 ���$ 5�	"�4 	� �	F �%w >� W�s .� � 5�	"�4 �
�� 
 C% 5�	"�4 	� �	F

8"�  >%��  >D4	� 5�	"�4 &N����	� &IL" �	�� 8$x� 	� oxG &�� $ 
 �	� &IL"��� �� ~�7� rL" 
���B 84�� �F� � .����� K��% &6� �� �	� ���K� C% 
 ��
�G	� ����	Q ) 8"� �&#EI�1398(. &U6� &=�5 )2018 (
 �������	& $ /��?��T M� 
��� ���	%� N���& �
� ���T %�V�8 �< �� �	��O >�d� ������ ��!�6	D&  
^�	$ 	F� 

%�V�8  �	� �	D"��% >dL#� ��}���� ����% >% >#��� 	F� $ 	��T ���	 5�	"�4 802 >� �	�� ���xQ	A 
&�  >%
���	%� ���K  ���� ����
	�% >�� � ����� 8"� >D4	� ���M�	d��� 	Q��K K�#v1F .�#DEF �	� 8�V�% �� >E�	d� 	� 

 ���$ 5�	"�4 	� /	A��J" D� 
 K��D���  ���d�/��w ���  >���]� /��w) (�	� ��� �� /;Q 
 5�	"�4 �
�� �	F
������ C% 5�	"�4 >A��.�$ ���� 	"�4�5 ��& b2	� �!��> >���%	��	F �E��� \	dD�� � "� 
 5F	% 4�Y�8 

���U��� �� �� �	� &�� $ )��
6  ����	�1F 
2019 .(� /��w � A
] K�� \	.�� T=" �	� CE��	���
���� 	F

                                                      
1 Banerjee 
2 Chen 
3 Huang 
4 Lal 
5 Nabielahi 
6 Wagg 
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 ��$ &� "� /��w 	� �	� �� � A �>� 8�1F� 
) ����� �	� &�
���� 9 #� �� 8Y	VG 
 ����U�� �� &���"&61  

 ����	�1F2015 .(K�� T=" 9 N � �	�� �� �	� �xM� �-	#2 5���4� 5�	"�4 �
�� �	F�	�� 	� >E�	d� �� �	F

���$ 5�	"�4 	� .� $&� s	� &"�D"� 5���4�  �	� �� K��% 
 &��x{ �-	#2 >���� �&�  5���4� b2	�rL" 

 8�71A&�
����  _V#� 
 �	�&�
����  ��/;Q5�	"�4 �
�� �	F �$	� ) �%2  ����	�1F 
2021.(   

W�X �O��� 4�%;
>X �� K��)�J �%[�&   

_�	���
 >��!� `�	D� �	� &DE�� /	�- .�  \
�A)6 ( �� 5�	"�4 /	A�� &0-� �?� >% ��� �	�� /	�- .�
&#7� &DE�� ���� � )p<0.01( . �� 5�	"�4 /�$ 
 ��	%�G�
 ��	dD� /��?� 
 ��	%�G�
 &0-� /��?� >% &6	G ��

&#7� /
	V� ��	�� �	I6 >� �	� &DE�� /	�- .�) 8$��� ���p>0.05 /�$ &0-� /��?� K���	�� >E�	d� .(
>% ��� �	�� 5�	"�4 &#7� 5F	% �s	�	% C���� ���d� 5�	"�4 /�$ 5���4� 	� ) 8$�� ����p=0.00 
 K��D��� .(

>� �s	�	% C���� ����� K��D1%/;Q >� c ��� T���� �� C���� K�� ���	d� .� � ���$ }	"�4 
 5�	"�4 �
�� �	F
/;Q&#7� /
	V� C% 5�	"�4 	� 
 5�	"�4 �
�� �	F 8$��� ����)p=0.436( ��$)2 .(&#7� 5F	%  C���� ���

�	�� �5�	"�4 /�$ 5���4� 	� �s	�	% 8"� �	� &��[ 6 �� 8�6	74 �� �	� 5�	"�4 &V#� ��?@� ��#F�5�	"�4 . 
>��!#� 5F	% &#7� ���� �� &�
���� �� D�� K��% )p=0.001( &�
���� �� D�� �[
�D�� 
 )p=0.00( �	� �$. 

��� �� D�� �[
�D�� 
 K��% K��D1%/;Q >� c ��� &�
� .� � ���$ 5�	"�4 	� �	F&#7� 5F	%  �[
�D�� 
 K��% ���
�	�� �5�	"�4 	� &�
���� �� D�� CE��	���
���� 8�6	74 
 8�71A �� �	� 5�	"�4 &V#� ��?@� ��#F�  �	� �	F

8"����� K���	�� >E�	d� `�	D� .CE��	���
���� 8�71A �>�	Q &�
���� _V#� �	F� �	� �� 	F �� � >dL#� �� q�
CE��	���
���� 8�71A 5�	"�4 /�$ 5���4� 	� >% ��� �	�� >76	L� 	F)p=0.00(  5F	% >�	Q &�
���� _V#� 


&#7��#D$�� ��� )p=0.00(. CE��	���
���� 8�71A 5F	%  �5�	"�4 /�$ 5���4� 	� >�	Q &�
���� _V#� 
 	F
�	��  �� 8�6	74 �� �	� 5�	"�4 &V#� ��?@� ��#F�8"� �	� &��[ 6. CE��	���
���� 8�71A K��D1% 
 K��D��� -

>� >�	Q &�
���� _V#� 
 	F/;Q �� T����/;Q 
 5�	"�4 �
�� �	F������ ���$ 5�	"�4 	� �	F `�	D� .�$ ����
/�$ K�� ��� �	�� �	� &�
���� CU" _�	���
 >��!�&#7� /
	V� 5�	"�4 �
�� 
 C% 5�	"�4 �	F � A
 ���

����  \
�A)6>� (/;Q �� �	� &�
���� CU" >% �� </;Q 81" >� 5�	"�4 �
�� �	F 5�	"�4 >A�� 	� �	F 

&#7� /
	V� >% �$ ��F	�� ���$ 5�	"�4 >A�� �� &�
���� CU" ���d� K��D1% .8$�� 5F	% ��
� ���$ 	� ���
��$) 8$�� 5�	"�4 /	A�� ��	"2.(  

 B��#6. \���$�� ��S.&  4�%;
>X�O��� 4�� $!K��)�J 4���O� ��0  

/	7��� K���	��  
/����M� ��	#�  >A�� 

�����  
�s	�	% C���� 

)μmol 

KMnO4 g_1 
dry soil( 

 K��%
�� D�� 

&�
���� 
)mg kg-1(  

�[
�D�� 

 �� D��
&�
���� 

)mg kg-1( 

&�
���� _V#� >�	Q 
)mgCO2/gSoil.day(  

 8�71A
CE��	���
����  ���7�)	F

(q�� �	� W�� ��  

 CU"�	� &�
���� 
)mgCmic.g1Corg(  

��	%�G�
  1  n.s94/109  n.s21/133  n.s52/46  n.s78/278  n.s275231  n.s23/1  

5�	"�4 >A��  3  **65/11  **35/0  **07/0  **29/0  **9/30008  **36/0  
��	%�G�
× >A��

5�	"�4  
3  n.s40/56  n.s4/55  n.s8/15  n.s10/3  n/s1/549  n.s24/32  

                                                      
1 Li 
2 Qiu 
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5�	��� �	L�  16  04/0  50/4  39/3  01/0  41/12  23/1  
/����M� T��N (�-��)    87/0  43/0  47/1  93/2  32/4  56/1  

n.s  
** >� W�2 :T�����&#7� /
	V&#7� /
	V� �����-�� q� rL" �� ���  

   

     
(���)  (�)  (�)  

      

(	)  (
)  (�)  

 �I�24�� �%[�& . ) W�X �O��� 4�%;
>X �� K��)�J 4���O� ��0�	�� /
	VD� o
�G ��#F��&#7� /
	V �F �� ��� 5�	"�4 /�$

&� ) �$	�p<0.01>0�� .(	F± (�	�7� �� �	=D$�.  

/;Q �� �s	�	% C���� ����� K��D��� ��N	G O�dI� �� �%w >� W�s .�$ ��F	�� C% 5�	"�4 
 5�	"�4 �
�� �	F
 >% 8"�	FC����  ��	�� 8�1F��� ���012 &�	�1�$ �� �	� ��) ���&61  ����	�1F 
2015 �-	#2 
 &6� �� � � A
 .(

 &��x{��&#7� 5���4� b2	� �D1% 5�	"�4 	� 	� 
 5�	"�4 �
�� O<	#���� 8�6	74 C���� �s	�	% &�) � $&� %	�2  


&���%��� �2008.( �CE��	���
���� J" � �	� &6� �� � >% �� ����	� �	F &��7� �� $� ��	�  �J" 	FC����&� 
�s	�	% �#�	� ��6
���F �� $ )\
�6	%3 �2005>� .( �� &1U� 5d� &� "� O<	#� 
 5�	"�4 �
�� O<	#� ��6� K�1F

) ����� &6� K��% ��$ &��7� >"
�Q_0%��%4  ����	�1F 
2014 
 �	� �D1% Z .
� ��
 .(��>!�D� �
0
� 

��>� U� T"	#� b2	� >76	L� �� � 8�	" �	� �� ��=U�e�  $eJ��� �	� >� U� 
 \�	=� >� 	F�	� Z .�f�E%� �
&��	� T"	#� >� U� .� $  �	!�� b2	�J���$  �8�6	74�$� 
 ��a�� 8�71A �	FCE��	���
���� ��� F &� � $

)��M-�5  � 6���� 
2020 >� W�s .(�	� �� &6� ��	� 5F	% 
 �	� ��F	Y Z .
� ��
 5���4� 8"� �%w �	F
&� >D4	� 5�	"�4 >��!#� ��� ���4��5 ��F�8 ����G& �	� 
 5F	% 4�Y�8 	���&� �	� � $ )��1G  ��6  
���� 

 �2000) � $ �	� �	�� �D��� &0.4 
 >���
� /����M� 8�	U��� 
 ( �%7  ����	�1F 
2001 >76	L� �� �#3�F .(
 �� 5�	"�4 ��?	� Z .��� ��$ W	!�� /	76	L� 	�� ��� &"��� �	� &�	��� 8�4�Y �� 5�	"�4 ��?	� �N	G
                                                      
1 Li  
2 Makoi & Ndakidemi 
3 Caldwell 
4 Kirkels 
5 Asghari & Arkhazloo 
6 Abu-Hamdeh & Reeder 
7 Qiu 
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) 8"� >D4	� 5�	"�4 &N��� �� �	� �	�� �	�� /����M� �� &%	G �	� &DE�� /	�- .�k�	�61  ����	�1F 

2018 .(���	#���K �� 8"� ���� 9 #� 
 ���012 ��� A %	�& �� �&�� � >�� < {�dDE���C >� ��4��5  /����M�/���G 

�	� 8=E� ���� ���� �a%� ���
��	F� �	� >� M���/�� 7N �& 	�� ]	EG �#DEF ) � � 2  ����	�1F 
2018(. &6 
) ���	�1F 
2015 &"��� �� (� |"	Q��
��&  �	�M� >���/�� $	�& 	"�4 ���5  &��3 � #A ���K  ��� 1� }����

 >%� "� �I� ��x�� ����� 6	74�8 ��� �� D��
��& ��� 
�1& ���D��  >� 8=E���	" �	�� 	F� 	"�4��&  .8"�
.�8�-  &�	
D�� 5�	"�4  &��b2	� \	dD�� /��w ���>��� ]� 
  K�#v1F�� � &6�  .� $&�#�K����	 /;Q  �
�� �	F

�	� ����� 5�	"�4 � � 
 >������ 84	� 	� &�	F/;Q K�� 	� >E�	d� �� .�#DEF �D��� &6� �  >D4	� 5�	"�4 O<	#� �	F
����� �� �� � K�� �� ��D1% ���d� .  

���
- �[
� $! K��)�J S%���R ���a� ��0 �,;� (PCA)  

 >��!� �� �-	G `�	D�>V6���	F )PCA ���� &0-� (21  &����4 &�f�
  \
�A �� �	� &DE�� 
 &�	�1�$7  ���
�
 .8"� ��$ K��7� �����	� &DE�� 
 &�	�1�$ &����4 /	�- .� 
 &�
���� 9 #� c	=��� }
� �� PCA  ��	VD"�

�$.  `�	D� }
� K�����d� 
 	F��MD� �� q� �F _�	���
 �-�� ��f�
 ���	d� ��	$ BSE 3>V6�� �	
D�� ���� .8"�-

>E�	d� �� &0-� �	F&� ��	VD"� �f�
 ���	d� � .� $ 	� K�#v1F ��	VD"����	d� ��BSE �&� �� �>V6�� &0-� �	F ��
 
 ��% �	
D�� >V6���� �� �f�
 ���d� >% �� ���d� BSE   ��$	� �D��� �u���&� ���B����  
>V6�� �	
D�� &�	F

 �#F� ��d� >% �$����d� �� 	U�� �f�
 � BSE }
� .�#$	� �D��� PCA ���A �	F��MD� y��7� ���� ��	�� }
� q�
T�%�� TEG�� }
� o�F .8"� >�6
� �	F��MD� �� &L�PCA >V6�� ���
D"� � �� >2 1!� q� &0-� �	F
 >�6
� �	F��MD�8"� >V6�� >% K�6
� .8"� &6
�� ��
� ����� 	U�� _�	���
 
 �� � �dDE� CF >� 8=E� ���A �	F
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645/3 017/85 017/85 853/17 1 

645/2 757/94 740/9 045/2 2 

145/2 100 243/5 101/1  3 

812/1 100 00/0 00/0 4 

562/1 100 00/0 00/0 5 

362/1 100 00/0 00/0 6 

195/1 100 00/0 00/0 7 

053/1 100 00/0 00/0 8 

928/0 100 00/0 00/0 9 

816/0  100 00/0 00/0 10 
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 �I�3���a� �� *!��O)� �� �,;� ��0 ���
� �%,3& � ��S.& .c�! � B�� $
3� ��0  

 
B��# 8�%eO� �]O��+0 .��%3� ��0 ���a� �� S%���R $! �,;� ��0PCA  

($
3�) ���a� �%eO� 

c
) c�! B��  

395/0 414/0 163/0 - pH 

130/0 164/0 - 227/0 - Moisture 

011/0 434/0 185/0 - DOC 

179/0 -  097/0 230/0 - DON 

087/0 - 111/0 - 232/0- TC 

016/0 096/0 234/0- TN 

072/0 0764/0 - 234/0- TP 

108/0 - 0525/0 - 234/0- AP 

303/0 - 028/0 - 224/0 - AK 

262/0 - 083/0 - 225/0 - NH4
+ 

054/0 079/0 - 234/0- NO3
-  

240/0 305/0 204/0 - Clay 

439/0 - 157/0 203/0 - Sand 

427/0 542/0- 105/0 - Silt 

017/0 273/0 217/0 - BD 

389/0 -  057/0 -  215/0 -  Catalase 

056/0 -  065/0 -  235/0-  MBC 

021/0 -  126/0 -  232/0-  MBN 

057/0 -  112/0 -  233/0-  MP 

102/0  122/0  231/0-  BR 

048/0 -  146/0 -  231/0-  MQ 

AP=Available phosphorus (]�D"� ��	B �VE4), AK= Available potassium (]�D"� ��	B C�"	DQ), Moisture (�	� 8� <�), 

DON= Dissolved Organic Nitrogen  (\ 0I� &6� �[
�D��), DOC= Dissolved Organic Carbon (\ 0I� &6� K��%), TC= Total 

carbon  )K��% (�%TN=Total Nitrogen  (�% �[
�D��), TP= Total phosphorus  (�% �VE4), BD=Bulk Density  Z .
� ��
)
(��F	Y, MBC=microbial carbo  (&�
���� �� D�� K��%), MBN=microbial nitrogen  (&�
���� �� D�� �[
�D��), MP= microbial 

population (&�
���� 8�71A), MQ= microbial quotient (&�
���� CU"), MR= microbial respiration )&�
���� _V#� (  
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