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Extended Abstract 

Background and Objective: Hyrcanian forests, recognized as one of the most important temperate 

broadleaf forests of the Northern Hemisphere with a history spanning several million years, play a 

fundamental role in biodiversity conservation, regulation of ecological cycles, and the provision of 

ecosystem services. These forests, particularly in their eastern regions, are increasingly exposed to 

pressures arising from unsustainable harvesting, climate change, and habitat degradation. Among 

the various components of forest ecosystems, soil serves as the primary substrate for biological and 

chemical cycles and is therefore central to ecological stability. Soil quality, as an integrated 

indicator, reflects the soil’s capacity to perform biological, chemical, and physical functions. 

Accordingly, assessment of the Soil Quality Index (SQI) can provide an effective tool for evaluating 

the impacts of forest management practices on ecosystem sustainability. The main objective of this 

study was to investigate the effects of single-tree selection silviculture on soil physical, chemical, 

and biological properties, as well as on the soil quality index, in the eastern Hyrcanian forests. 

Material and Methods: This study was conducted in the Khalilshahr forest area located in eastern 

Mazandaran Province, northern Iran. The study area comprised two distinct management zones: (1) 

a forest managed under the single-tree selection system and (2) an unmanaged control area without 

harvesting. Soil sampling was carried out from the 0–10 cm depth using a completely randomized 

design in each zone, with a total of 20 soil samples collected per zone. Physical soil properties 

included texture (percentages of sand, silt, and clay) and bulk density (BD). Chemical properties 

included pH, electrical conductivity (EC), total nitrogen (TN), phosphorus (P), potassium (K), and 

organic carbon (OC). Biological properties included ammonium (NH₄⁺) and nitrate (NO₃⁻) 

production rates, all measured using standard laboratory methods. Principal component analysis 

(PCA) was applied to identify key indicators, and the soil quality index was calculated using a 

weighted scoring approach. A generalized linear model (GLM) was employed to determine the main 

factors influencing SQI. 
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Results: The results indicated that single-tree selection management significantly improved several 

soil properties compared with the control area. Specifically, sand content, volumetric soil moisture, 

pH, EC, total nitrogen, phosphorus, potassium, and ammonium production rate were significantly 

higher in the managed area (P < 0.05). In contrast, no significant differences were observed in bulk 

density, organic carbon, or nitrate production rate between the two zones. PCA results showed that 

the first two components explained more than 67% of the total variance; the first component was 

associated with soil fertility and physico-chemical quality, while the second component was related 

to nitrogen cycling processes. The soil quality index was significantly higher in the single-tree 

selection area than in the control. GLM results revealed that potassium, bulk density, and 

phosphorus were the most influential variables explaining SQI variation, and the model 

demonstrated strong predictive performance with a coefficient of determination of 0.87. 

Conclusion: The findings demonstrate that single-tree selection forest management, when properly 

implemented in accordance with sustainable harvesting principles, can positively influence key soil 

properties and ultimately enhance soil quality. This suggests that selective, tree-based harvesting 

systems, unlike large-scale clear-cutting, have the capacity to maintain or even improve soil 

biological and chemical functioning. Given the critical role of soil in forest ecosystem stability and 

restoration, appropriate soil-focused management can substantially contribute to ecosystem health. 

Future studies are recommended to investigate the long-term effects of this management approach 

on soil carbon and nitrogen dynamics, the influence of vegetation species composition, and the role 

of soil microbial biodiversity. Moreover, the application of advanced modeling approaches to better 

predict spatial and temporal changes in soil quality indices could support the development of more 

precise and effective forest management strategies. 

Keywords: Soil biological properties, Soil fertility, Soil quality, Silvicultural method, Hyrcanian 

forests. 
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�(  �:��(  �&	
&	4L�   ���  -����*�

?/�/4� �LS�� &
 mD� �(�I �NQ@ � G*���8  ?+Q�  4�

�(  46��  �(��)�  &�,  .?@�/  �/	Y@	  �&	
  ��(�L�  &


��)� V��N: �
�( � ��� <(�� ���6�M ����J &
 �&	


@"�)  -����*�  ��61Nit  �1Ammo  �2Nit  �

Nitrification  �K�O </	 �( .4!�  46�!� �LS�� �
 <*( (

  4*��:  4�/��@ �*����)  "Ammonification �LS��  &
  (

?/�/4��(  4���)� &�,
�( ��!*( �&	
.
  

K�4� 1-   <*���*�) �/
�L�± �.7/� (&�*)�  �+��	 4� ?/�/4� � 46�� �LS�� &
 \�
 ��6 e:  �*� �( ��/Y.  
Table 1. Values (mean ± Std. error) of soil properties in the control and single selection managed areas 

  &���t  
t Value 

 &�*)�  �+��	 
Std. 

Error 

 <*���*� 
Mean 

���� P��  
Forest Type 

 �&�^�
	 ?�j$  
Abbreviation 

\�
 �.7/� 

Soil properties  

7.547 ** 

3.14183 69.6 
  4� ?/�/4�  
Managed 

Moisture 
 ?(�,& 4]&
 

Moisture (%) 
2.41316 39.7 

46��  
Unmanaged 

-1.331  ns 

0.08327 1.4839 
  4� ?/�/4�  
Managed 

BD 
����� �( "�.) ��6�M ����J (g)F� ���  

Bulk density (g cm-3) 
0.037 1.6051 

46��  
Unmanaged 

-3.454 ** 

1.98969 8.818 
  4� ?/�/4�  
Managed 

Clay 
 k& 4]&
 
Clay (%) 

2.47158 19.778 
46��  

Unmanaged 

4.719 ** 

5.25363 76.448 
  4� ?/�/4�  
Managed 

Sand 
 <� 4]&
 
Sand (%) 

3.026 47.838 
46��  

Unmanaged 
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 ��	
	 K�4�1.  
Continued Table 1. 

  &���t  
t Value 

 &�*)�  �+��	 
Std. 

Error 

 <*���*� 
Mean 

���� P��  
Forest Type 

 �&�^�
	 ?�j$  
Abbreviation 

\�
 �.7/� 

Soil properties  

-4.810 ** 

3.37086 14.734 
  4� ?/�/4�  
Managed 

Silt 
?#*� 4]&
 

Silt (%) 
1.44917 32.384 

46��  
Unmanaged 

4.442 ** 

0.17891 6.472 
  4� ?/�/4�  
Managed 

pH 
��/4*�	 

pH 
0.11152 5.5356 

46��  
Unmanaged 

5.522 ** 

0.03145 0.6307 
  4� ?/�/4�  
Managed 

EC 
 (��� �( n�9/% ��
) �F/��F�	 ?/	46 
Electrical conductivity (ds m-1) 

0.03514 0.3703 
46��  

Unmanaged 

1.737 ns 

0.22497 6.8519 
  4� ?/�/4�  
Managed 

OC 
 ��� <(�� 4]&
 

Organic carbon (%) 
0.23142 6.2911 

46��  
Unmanaged 

22.487 
** 

0.01215 0.6164 
  4� ?/�/4�  
Managed 

N 
 �� -����*� 4]&
 

Total Nitrogen (%) 
0.00517 0.3195 

46��  
Unmanaged 

8.661 ** 

14.15156 331 
  4� ?/�/4�  
Managed 

K 
�#*�) mD� �(�I G*���8 ("�.�#*� �( "�.  

Available Potassium (mg kg-1) 
2.71129 206.2 

46��  
Unmanaged 

4.967 ** 

1.89033 18.8 
  4� ?/�/4�  
Managed 

P 
�#*�) mD� �(�I �NQ@ ("�.�#*� �( "�.  

Available phosphorous (mg kg-1) 
0.29059 9.3 

46��  
Unmanaged 

-1.849 ns 

0.40877 
13.287

3 

  4� ?/�/4�  
Managed 

Nit1 
�#*�) K�	  &�
 V	��*� ?R#� �( "�.

 ("�.�#*� 
Nitrate of first collection (md kg-1) 0.19574 

14.125
3 

46��  
Unmanaged 

-1.662 ns 

0.10113 12.764 
  4� ?/�/4�  
Managed 

Ammo1 

�#*�) K�	  &�
 G*���� ?R#�  �( "�.

 ("�.�#*� 
Ammonium  of first collection (md 

kg-1) 
0.41465 

13.473
3 

46��  
Unmanaged 

-0.978 ns 

0.0578 16.526 
  4� ?/�/4�  
Managed 

Nit2 
�#*�) "�
  &�
 V	��*� ?R#� �( "�.

 ("�.�#*� 
Nitrate of second collection (md kg-1) 0.66011 17.174 

46��  
Unmanaged 
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 ��	
	 K�4�1.  
Continued Table 1. 

  &���t  
t Value 

 &�*)�  �+��	 
Std. 

Error 

 <*���*� 
Mean 

���� P��  
Forest Type 

 �&�^�
	 ?�j$  
Abbreviation 

\�
 �.7/� 

Soil properties  

15.631 
** 

0.11554 14.126 
  4� ?/�/4�  
Managed 

Ammo2 

�#*�) "�
  &�
 "�*���� ?R#� �( "�.

 ("�.�#*� 
Ammonium  of second collection (md 

kg-1) 
0.001 12.32 

46��  
Unmanaged 

0.290 ns 

0.0117 0.108 
  4� ?/�/4�  
Managed 

Nitrification 
�#*�) V	��*� 4*��: (%�& &
 "�.  

Nitrification (mg day-1) 
0.01866 0.1016 

46��  
Unmanaged 

6.066 ** 

0.00048 0.0454 
  4� ?/�/4�  
Managed 

Ammonification 
�#*�) "�*���� 4*��: (%�& &
 "�.  

Ammonification (mg day-1) 
0.01382 -0.0384 

46��  
Unmanaged 

  

1�FG+ 1� 1��'���@�4 �.H� 
�� ��� 
��  

���/p  PCA  ( ?Q[� �N�b� �
 �� 
	
 -�!�*�    %	67  

&	�  %	  4]&
 /n��   
	
  ��+:  	&  �6**<  �� �4���  

�(&�,� ��    
�4O K�	  �N�b�  G5�50    �N�b�  �  4]&



Y�  "�
/e    �(17    K�4�) ?�	 4]&
2  k��	 �(  .(

���	 �  ��Q+96�  X��*��6�   �  ?+x�  u�+:&	  K�	  �N�b�

�I�    �<�  4]&
  �\�
  ?(�,&  �(pH	46  � / ?  

��F�	/F��   �*-����  ���8  ��NQ@  ���*�G  Ammo2   �

	�@/4�  ����*N*��F* -�    "�
 �N�b� ��(�L� &
 .?�	
  ��!*(

ac: ?T:* �  X��*�6��  ��: �( t+:��*4  �*V	��  � � ̀ 
�  

Nit2  �&�( .?@�. &	�I�   �
 &	
�9�4)(�  PCA  FN: * e  

&�F���  (*<  ���9��6�  4�  ;,���/� /? 4�    C�&  �(

e:Y./� �   :  �*&�9  �(  s
	
  -�!�  46�����.	 �    ��

���9��6�  4� /�/? 4�  ��!*(    &
 � K�	 �N�b� 
	4��	 &


  ���	�8  &	
�9�  ?�	& �[( /4��@�  -�!� ��  �a	   4�6


4� ?+x�/�/?  (�  	D� �]��$ �\�
 ?(�,& 
�+5(�/ �  

��  <(���  ��)@  �*?�6�  �*(��F�    ��(�L�  &
  .?�	

���9��6�  ( 46��*��!  X�� �(*�6��/  R� *�  �*�?#    �k&

���J�  �6�M�  
�(  ��  ��	  K�F�	*�  �*-����     	�96

�5�  &
  .4�
�(/�?  (  �(  ���:  �(*��!/<  #��$  &�(�    &


�N�b��6 �  X�� &�5J �g[���* �  �� <(���� �*-����    ���

�*V	��   �  �  K�	   &�
*V	��  �(  "�
   &�
  -	��$

`
�� �6�  �9�/ 4�   	�(�  F!: *�   #I	4O  
	
 �$�9_� �  

� `
�� �+��T� �*N *? 4�4� m�[��	 \�
 .  
 

 K�4�2-  b� n��/&	� �  7/� C%&	 �/
�L���N�.7/� �#]	 ��6 
&�� \�
 ��6 �6�78  
Table 2. The Eigenvalues and explained variance for each principal component of soil properties 

 �)9_: n��/&	� 4]&
 
Cumulative % 

n��/&	� 4]&
 
% of Variance 

  7/� C%&	 `
�� 
Eigenvalues 

 �N�b� 

Component 

50.048 50.048 8.508 1 

67.618 17.570 2.987 2 

76.494 8.876 1.509 3 

84.946 8.452 1.437 4 
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 K�4�3-  
&�� ��6�*X�� ���Q+96 �/
�L��6�78 �N�b� �( �#]	 ��6  
Table 3. Correlation coefficients of the studied variables with the principal components 

 �N�b� 

Component 
\�
 �.7/� 

Soil properties  
4 3 2 1 

-0.294 -0.120 0.051 0.856 
 ?(�,& 4]&
  
Moisture (%) 

0.461 0.578 -0.404 -0.256 
����� �( "�.) ��6�M ����J (g)F� ���  

Bulk density (g cm-3) 

-0.136 -0.042 0.277 -0.754 
k& 4]&
  

Clay (%) 

0.238 -0.032 -0.247 0.862 
<� 4]&
  

Sand (%) 

-0.288 0.083 0.199 -0.853 
?#*� 4]&
  

Silt (%) 

0.314 0.288 -0.124 0.790 
��/4*�	  

pH 

-0.010 -0.398 0.170 0.782 
 (��� �( n�9/% ��
) �F/��F�	 ?/	46  

)1-Electrical conductivity (ds m 

0.606 0.074 -0.203 0.473 
��� <(�� 4]&
*  

Organic carbon (%) * 

-0.210 -0.026 -0.056 0.953 
 �� -����*� 4]&
* 

Total Nitrogen (%) * 

-0.233 0.048 -0.027 0.863 
�#*�) mD� �(�I G*���8#*� �( "�. ("�.�  

)1-Available Potassium (mg kg 

0.123 -0.248 -0.084 0.764 
�#*�) mD� �(�I �NQ@#*� �( "�. ("�.�  

)1-Available phosphorous (mg kg 

0.458 -0.694 0.247 -0.411 
�#*�) K�	  &�
 V	��*� ?R#�("�.�#*� �( "�.*  

Nitrate of first collection (md kg-1)* 

-0.209 0.036 -0.855 -0.431 
*���� ?R#��#*�) K�	  &�
 "� ("�.�#*� �( "�.  

Ammonium )1-of first collection (md kg 

0.282 0.054 0.937 -0.156 
�#*�) "�
  &�
 V	��*� ?R#�("�.�#*� �( "�.*  

Nitrate of second collection (md kg-1)* 

-0.252 0.147 -0.030 0.932 
*���� ?R#��#*�) "�
  &�
 "� ("�.�#*� �( "�.  

Ammonium )1-of second collection (md kg 

-0.053 0.573 0.778 0.147 
�#*�) V	��*� 4*��: (%�& &
 "�.  

)1-Nitrification (mg day 

-0.022 0.067 0.523 0.841 
*���� 4*��:�#*�) "� (%�& &
 "�.  

)1-Ammonification (mg day 

-�!� * \�
 ?*N*� `
�� �+��T� �	�(  4� m�[��	 ��6�*X��  4�6
?�	 . 

*Indicates the variables selected to calculate the soil quality index . 
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�F� 2- �N�b� �( �/Y_: p/����.7/� �#]	 ��6 ?/�/4� � 46�� �LS�� &
 \�
 ��6 4�  )Moisture :4]&
 �?(�,& BD  :

����J ���6�M Clay :4]&
 �k& Sand :4]&
 �<� Silt :4]&
 �?#*� pH :���/4*�	 EC : ?/	46 ��F/��F�	 OC :4]&
 

<(�� ���� N :-����*� ���  K :G*���8 �(�I  �mD� P :�NQ@ �(�I  �mD� Nit1 � Nit2 : ?R#�  V	��*� &
  &�
 K�	 � �"�
 

Ammo1 � Ammo2 : ?R#� "�*���� &
  &�
 K�	 � �"�
 Nitrification :4*��: �V	��*� Ammonification :4*��: .("�*����  
Figure 2 – Principal component analysis (PCA) results of soil properties in the control and managed 

plots. Abbreviations of soil properties are as follows: Moisture = Moisture content; BD = Bulk 
density; EC = Electrical conductivity; OC = Organic carbon; N = Total nitrogen; K = Available 

potassium; P = Available phosphorus; Nit1/Nit2 = Nitrate concentration in the first/second collection; 
Ammo1/Ammo2 = Ammonium concentration in the first/second collection; Nitrification = Nitrate 

production; Ammonification = Ammonium production. 
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 �F�3- � `
�� ?/�/4� � 46�� �LS�� &
 \�
 ?*N*-�!� Z#�[� <*:� d��O)  4���)� dj�
	  4�6
  qS� &
 &	


 -��*9,	95  -��%� %	  
�N��	 �( 4]&
t  �L�Q� ?�	( .  
Figure 3. Soil quality index in the control and managed area (different Latin letters indicate significant 

differences at the 95% confidence level using an independent t-test) 
  

  
 �F�4- ���Q+96 -���*8 �.7/� ?/�/4� � 46�� �LS�� &
 ?*N*� `
�� �( \�
 ��6  4�  

Figure 4. Pearson correlation of soil properties with quality index in control and managed areas 
 

  
 �F�5-  
&�� ��6�*X�� �+Q� ?*96	�6�78 �*8 &
\�
 ?*N*� `
�� ��*( 

Figure 5. Relative importance of the studied variables in predicting soil quality index  
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�( �.7/���6 \�
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�[(   �I��  ������6  �����*6  �?�	
  ��  �(  ��@�/ ��6  

�6�78�#+I  ��6  &
  </	   �LS��   ��	�[96   
&	
  

)Goushehgir et al., 2022; Amolikondori et al., 

2020  .(�/	Y@	  ��)�&	
  ?(�,&  \�
   &
   �LS��  

?/�/4� 4�  i��9�O	  �( �*�
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  e9�  4��   � 

�
�J  
	��  �DX�  	&  ?/�L:  )  4��Udom and 
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 ?(�,& �/	Y@	

e/
Y�   �*� �(  &
  ?)*+,����  �*��o�	  ��[*��  ��6

)Collado et al., 2023?�
   
�:  �  (  ���  ?���

)Pinus sylvestris) (Renčo et al., 2024   46�!� Y*� (
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 �6�78 &
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g���  ��)�  �/	Y@	  46	�
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  ?(�,&  &	4L�  &	
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�(  
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  �   uj�
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