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Oriental -Caucasian oak Table 1. Mean ± standard error of quantitative and descriptive characteristics of 

forests studystands in different habitats of the  hornbeam 

 

 ��������� �]W
�����)��5(  

Diameter at 

breast 

height (cm) 

 f�)�'� �7

(��5)  
Total height 

)m( 

 �'6� �]W
��5) c��(  
Large 

 canopy

diameter 

)m( 

 A^�7 �]W
(��5) c��  
Small 

canopy 

diameter 

)m( 

 ��#=�) e7���
('��B9 '�  

 Density

Number (

)per hectare 

;� f�)�'�  

 ��'� ~]�
(��5)  

Altitude 

.)m.a.s.l( 

o�   
(#	'�)  

(%) Slope 

DM  
����N��U  

Slope 

aspect  

 

���4B���  
Tuskestan  

23.14±5.93 8.62±0.73 2.82±0.56 2.38±0.6 208.04±82.3 2297.63±8.3  32.42 ±9.33 
���l ���   

NW 

G�
V  
Lavij 

68.27±4.3 23.54±1.85 8.81±0.73 6.1±0.66  150.04±38.2 2132.41±8.7 35.22±3.23  
�W�  ���  

NE  
`�B�  

Neka 
37.17±5.61  14.62 ±1.32 6.85±0.64 5.02±0.5  198.02±32.6  2221.43±6.4 23.12±6.33  

�W�  

E  
   

�7 ��� ���� G����  �9 '� ��'� ~]� ;� f�)�'� T�����5
&��� ;� A� T�� ;� �7 ��� �
�)�5 �9�|�  ;� f�)�'� T�����5

 ���4B��� @'
� &��� '� ��'� ~]� f�)�'� ��A��6��� 
2300  ��'� ~]� ;� ��5��� ���� �' @����� @�#� ��5�� 

 �#)1( .�������  ��	�Y G����DM@�9  �5���
&���&����
' '� 19
[E �'�5 @'
� @�9 *���4B��� @�9

�5���E��  ����7 
 G�
Vo�l� �����  o���� ���  *���l
��� �W�  
 �W�  . ��#9��5 *f�y�5 T�� �� &
Z� ����

#���� &'�E '� �7 �'��5 ;� @�DM@�9  ���� 
 �C��  6��
��&��� '� o����&����
' @'
� @�9 @�9�5���E��  ����7 


 .�'�� ��
 6��  
�� G���� @��>5 �� &#5< D�����a o�7�� @� ���K'�

&������ ;� A��9 '� @'
� @�9 19
[E �'�5 @�9
D �� �)��25 �����U�  �
#)2( '� �7 ��� ���� G���� .
 ���4B��� &����
' @'
� ���a ���K'� ;� 1�� ��90 

�� e7��� #	'��5 I�4�5 @'
� wC�K &��� ����� .�� 
#9��5 �� ������ ��*�� ���a o�7��&��� @� '� @'
� @�9

 `�B� 
 G�
V���B  ��� ��2�5<#�  �9 ���2�5< #	'� �7
���a ;� A� �
# '� ���K'� @�92 &#5< D��.  

  

 L��M2- �B$H P".�� ���*)*$� ��6G&M ���� �
�D���� *�$� �
�  

Oriental hornbeam-Caucasian oak Table 2. The percentage of species composition of trees of  

forests studyof the  stands  

A��'��  
.L Sorbus torminalis  

��Y
 qZ�a  
.L Prunus avium  

:�'  

Fagus 

orientalis  

'�C  
Oriental hornbeam  

@'
� 

Caucasian oak  
  

-  -  -  6  94 
���4B���  
Tuskestan  

8  -  9  20  63 
G�
V  
Lavij 

-  4  26  41  29 
`�B�  

Neka 
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Table 3. The results of the correlation test between the amounts of nutrients, physiographic factors, and 

in each different soil layers stands studyquantitative characteristics of the  

 

J�K ��]���; b��  
Subsurface depth of soil  

 
J�K ��#=5 b��  

Mineral depth of the soil 

�C< T��7 

Organic 

carbon 

�h
����  
Nitrogen 

�)4N  
Phosphor 

e����E  
Pottasium 

 

�C< T��7 

Organic 

carbon 

�h
����  
Nitrogen 

�)4N  
Phosphor 

e����E  
Pottasiu

m 

��
��

�E o
��y

  
P

ea
rs

o
n
’s

 c
o
ef

fi
ci

en
t

  

�C< T��7  
Organic 

carbon  

-  ns 0.254  ns 0.523  ns 0.268  -  ns 0.594-  ns 0.02-  ns 0.316  

�h
����  
Nitrogen  

ns 0.254  -  ns 0.092  ns 0.096  ns 0.594  -  ns 0.25-  ns 0.149  

�)4N  
Phosphorus  

ns 0.523  ns 0.092  -  ns 0.541  ns 0.02-  ns 0.25-  -  ns 0.32-  

e����E  
Potassium  

ns 0.268  ns 0.096  ns 0.541  -  ns 0.316  ns 0.149  ns 0.32-  -  

��������� �]W  
Diameter at 

breast 

height  

ns 0.09 -  ns 0.16  ns 0.43-  ns 0.19-  ns 0.093  ns 0.19-  * 0.66  ns 0.32  

�7 f�)�'�  
Total 

height  
ns 0.19 -  ns 0.19  * 0.64 -  * 0.76 -  ns 0.17- ns 0.31- ** 0.87 ns 0.62-  

 d���5 �]W
c��  

Average 

canopy 

diameter  

ns 0.49 -  ns 0.47  ns 0.69 -  ns 0.47 -  ns 0.62-  ns 0.49-  *0.73  *0.63-  

e7���  
Density  

ns 0.34  ns 0.21 -  ns 0.61  ns 0.23 -  ns 0.21  ns 0.28 ns 0.33- ns 0.31-  

o�   
Slope 

ns 0.04 -  ns 0.17  ns 0.31 -  ns 0.29 -  ns 0.56- ns 0.53- ns 0.02 ns 0.56- 

 ;� f�)�'�
��'� ~]�  
Altitude  

ns 0.16  ns 0.41  * 0.72  ns 0.45  ns0.17 ns 0.39  ns 0.46- ns 0.23- 

���� o��y  
Eta 

coefficie

nt  

DM @�9
��5��  

Slope 
aspect  

-   
ns 0.36-  ns 0.43  ns 0.82  ns 0.77-  

ns: ��=5 ��l *'��*  
**�� :��=5 o���� �����?� ~]� '� '��99  
95 #	'�  
significant, **: Significant at p<0.01; *: Significant at p<0.05-ns: non  
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Table 4. The results of the correlation test of organic carbon and amounts of nutrients between different soil layers of 

stands studythe   

J�K ��#=5 b��  
Mineral depth of the soil    

e����E  
Pottasium  

�)4N  
Phosphor  

�h
����  
Nitrogen  

�C< T��7 

Organic carbon  
ns 0.31  ns 0.11-  ns 0.12-  ns 0.41  �C< T��7 

Organic carbon  

J�K ��]���; b��  
Subsurface depth 

of soil  

ns 0.13-  ns 0.23  ns 0.16-  ns 0.24-  �h
����  
Nitrogen  

ns 0.29 *0.63  ns 0.58  ns 0.44-  �)4N  
Phosphor  

* 0.75  ns 0.61-  ns 0.31  ns 0.40  e����E  
Pottasium  

 

ns: ��=5 ��l *'��*  
**�� :��=5 o���� �����?� ~]� '� '��99  
95 #	'�  
significant, **: Significant at p<0.01; *: Significant at p<0.05-ns: non  
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Table 5. The results of the paired t-test of nutritional elements between the subsurface depth and the mineral soil 

depth of the study stands 

 
 T�����5 iZ�K�± &�>� �'��=5  

Mean difference ± standard error 

�>�'�  
Bias 

�����?� �
#Y ~]�)95%(  
95%Confidence limits (level ) 

t 

�C< T��7  
Organic carbon  

0.39±0.15 0.0002  0.72-0.07  ns 2.41  

�h
����  
Nitrogen  

0.03±0.01 0.0003 0.05-0.008  * 2.59  

�)4N  
Phosphorus  

5.32±7. 2 0.025- 10.68-0.92  ns 1.85  

e����E  
Potassium  

102.3±38.67 0.41-  163.58-43.01  ns 2.46  

ns: ��=5 ��l *'��*  
**: ����=5 o���� �����?� ~]� '� '��99  
95 #	'�  
significant, **: Significant at p<0.01; *: Significant at p<0.05-ns: non  
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way multivariate analysis of variance in relation to the changes of soil nutrients -Table 6. The results of one

stands studyin the with 

J�K ��]���; b��  
Subsurface depth of soil 

 
J�K ��#=5 b�� 

Mineral depth of the soil 

  f�� @�]K ��=��5 f���5
III  

square error Sum of 

)III( 

��=��5 T�����5  
Mean square 

F 

  f�� @�]K ��=��5 f���5
III  

Sum of square error 

)III( 

��=��5 T�����5  
Mean square 

F  

�C< T��7  
Organic 

carbon 

0.066  0.033  ns 0.41  
 

0.31  0.155 ns 0.43  

�h
����  
Nitrogen 

0.001  0.00  ns 0.89  
 

0.018 0.001 ns 1.03  

�)4N  
Phosphorus 

417.26  208.63  * 7.21  
 

6.41  3.21 * 5.51 

e����E  
Potassium 

262093.06  131046.53  **15.34  
 

76950.81  38475.41 ** 18.67 

ns: ��=5 ��l *'��*  
**�� :��=5 o���� �����?� ~]� '� '��99  
95 #	'�  
Significant at p<0.05significant, **: Significant at p<0.01; *: -ns: non  
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Abstract 
     The unique characteristics of Caucasian oak (CO) stands, located at high altitudes in the Hyrcanian forests, provide 

valuable insights into the variations of organic carbon (OC) and soil nutrients (NPK), as well as biological and physical 

changes within these habitats. Understanding these variations is crucial for effective forest management and 

conservation efforts. To this end, the current study established four 20 × 20 m2 sample plots in each of the CO habitats 

of Panomehsar in Lavij, Kolanga in Neka, and Tuskestan in Gorgan. Soil samples were collected from two depths (0-

15 cm and 15-30 cm) in each plot and analyzed in the laboratory. Biophysical characteristics of trees, such as breast 

height diameter, total height, average crown diameter, density, and physiographical units, were also recorded. The 

results showed that OC and nitrogen (N) levels in both soil layers were not significantly different across the study 

forests (p > 0.05), while available phosphorus (P) and potassium (K) levels varied significantly among them (p < 0.05). 

There were no significant correlations between OC and N levels in the soil layers, or with the biophysical attributes of 

the trees based on Pearson tests. The findings indicated that OC and NPK variations were independent of each other, 

with no significant relationship between them observed in the study sites. Moreover, the nature of OC variations was 

found to be slow, making it challenging to discern the impact of tree species on these variations within the stands. In 

conclusion, the study sheds light on the slow nature of OC variations in CO stands and highlights the need for careful 

consideration of their effects on management and conservation efforts. 
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