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Table 1. Study natural plant communities (Asadi et al., 2021) 
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specie/species 

 3%$ 
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(mean) of 

slope (%) 

 D&�; !]�  

Coverage 

(%) 

  wY	 �� o�[6��

((/�) �)�  
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sea level (m) 

��
G��-'�/	�(J�  

Parrotio persicae-

Carpinetum betuli 

Carpinus betulus - 

Prarrotica persica 

r��$ -  

 r(l 

South - 

West 

4 - 25 

(25) 
49 194 - 524 

 ��I-'�/L����  

Zelkovo carpinifoliae-

Quercetum castaneifoliae 

Quercus castaneifolia 
r��$ -  

 r(l 
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West 

9 - 65 

(26) 

35 

201 - 575 

Zelkova carpinifolia 18 
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Fagus orientalis 30 
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Solano kieseritzkii-
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West 
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(29) 
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r��$ -  

m(& 

South - 

East 

5 - 60 

(25) 
40 343 - 718 
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���
< ± ���/&� 
���� ]�R= 
i� 	�(�  ��� ����$ �  F�= �  

Table 2. Comparison of mean ± standard error of soil characteristics in study communities 

  �(4� ���"���$ 

Maple plantation 

��
G��- '�/	�(J�  
Parrotio persicae-

Carpinetum betuli 

 ��I- '�/L����  
Zelkovo 

carpinifoliae-

Quercetum 

castaneifoliae 

K�6����$ �M)�- '�/L&��  
Solano kieseritzkii-

Fagetum orientalis 

�(4�  3�;-'�/L
�
G��  

Aceri velutinid-

Parrotietum 
persicae 

����$ '�
4(4-'�/L&��  

Euphorbio 

amygdaloidae-
Fagetum orientale 

F 

 3���� (!]� )  

Moisture (%) 
26.49 ± 0.86 c 33.18 ± 0.95 ab 32.24 ± 1.38 ab 22.73 ± 1.22 c 34.80 ± 2.08 a 27.51 ± 1.60 bc 11.43 ** 

 (!]� ) g� 

Clay (%) 
25.41 ± 0.64 ab 24.02 ± 1.41 ab 25.82 ± 1.09 ab 26.61 ± 0.88 a 25.85 ± 1.46 ab 22.31 ± 0.67 b 2.81 * 

 3�
	 (!]� )  

Silt (%) 
41.60 ± 0.58 a 37.86 ± 1.05 b 37.97 ± 0.98 b 41.08 ± 0.42 a 36.27 ± 0.67 b 41.83 ± 0.80 a 9.39 ** 

 (!]� ) <& 

Sand (%) 
32.65 ± 0.74 a 35.68 ± 1.27 a 35.51 ± 1.51 a 32.14 ± 0.93 a 36.98 ± 1.68 a 34.26 ± 1.02 a 2.63 * 

 �(@�x �\��z 

Bulk density (g cm-3) 
1.72 ± 0.03 ab 1.74 ± 0.05 ab 1.63 ± 0.02 b 1.71 ± 0.02 ab 1.78 ± 0.03 a 1.69 ± 0.03 ab 2.91 * 

 (!]� ) #� '��(/
� 
Nitrogen (%) 

3.86 ± 0.13 ab 4.27 ± 0.21 a 3.36 ± 0.12 bc 2.60 ± 0.10 d 4.09 ± 0.24 a 3.29 ± 0.09 c 21.49 ** 

  #��Z P
	�/;��
�) r:$(�(.��
� (� �(.  

Potassium (mg kg-1) 
336.96 ± 18.97 a 316.23 ± 27.83 ab 260.81 ± 22.51 bc 160.25 ± 10.75 d 328.79 ± 28.06 ab 215.13 ± 14.78 cd 8.08 ** 

��
�) r:$ #��Z ([L4 (�(.��
� (� �(.  

Phosphorus (mg kg-1) 
3.41 ± 0.32 ab 3.79 ± 0.52 ab 3.74 ± 0.34 ab 1.95 ± 0.14 c 4.65 ± 0.55 a 2.81 ± 0.35 bc 16.46 ** 

 (!]� ) �\I <�(� 

Organic carbon (%) 
1.82 ± 0.06 a 1.78 ± 0.13 a 1.86 ± 0.12 a 1.57 ± 0.09 a 1.89 ± 0.18 a 1.64 ± 0.09 a 1.57 ns 

 C/)!
	� 
pH 

6.44 ± 0.32 a 6.38 ± 0.08 ab 6.44 ± 0.06 a 6.20 ± 0.03 b 6.39 ± 0.06 ab 6.37 ± 0.05 ab 4.73 ** 

�	 ) �")(/"\� 3)�!@ ((/� (� W�J)�  

EC (dc m-1) 
0.47 ± 0.01 a 0.47 ± 0.02 a 0.44 ± 0.02 ab 0.40 ± 0.01 b 0.47 ± 0.02 a 0.43 ± 0.02 ab 5.25 ** 

 (� �(.���) <�(� �(
=> (��/"@  
Carbon stock (Mg ha-1) 

62.07 ± 1.73 a 60.63 ± 3.81 a 60.03 ± 3.90 a 53.34 ± 2.79 a 66.99 ± 6.17 a 55.16 ± 3.28 a 2.06 ns 

'��� b�/`� V�(T � �  i��[6 �!�@ 
���
<�@ J�� wY	 �  
'�� 5   3	� !]� - ns��� V?/=�  �$� �!� :�
��  ��� V?/=� :*���  J�� wY	 �  
'�� 05/0��� V?/=� :** 
���  J�� wY	 �  
'��  01/0  
Different letters indicate difference between means in 0.05 of significance level - ns: Non-significant, *: Difference in 0.05 of significance level, **: Difference in 0.01 of significance level. 
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Figure 1. Changes in average stored Carbon in soil ± standard deviation in study communities, with 

the results of Tukey test. 
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Figure 2. Changes in average stored Carbon in AGB ± standard deviation in study communities, with 

the results of Tukey test. 
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Figure 3. PCA analysis based on the soil characteristics and above ground biomass in study 

communities. Code 1: Maple plantation, Code 2: Parrotio persicae-Carpinetum betulu, Code 3: 

Zelkovo carpinifoliae-Quercetum castaneifoliae, Code 4: Solano kieseritzkii-Fagetum orientalis, Code 

5: Aceri velutini-Parrotietum persicae, Code 6: Euphorbio amygdaloidea-Fagetum orientale  
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�� ���/&�(�  ��� ����$ �  ��
���� � �6�	�  

Table 3 - Mean ± standard error of number per hectare, DBH, basal area per hectare and above ground biomass Carbon in study communities 

 
���"���$ �(4�  

Maple plantation 

��
G��-'�/	�(J�  

Parrotio 

persicae-

Carpinetum 

betuli 

 ��I-'�/L����  

Zelkovo 

carpinifoliae-

Quercetum 

castaneifoliae 

K�6����$ �M)�-

�'�/L&�  

Solano kieseritzkii-

Fagetum orientalis 

�(4� 3�;-'�/L
�
G��  

Aceri velutinid-

Parrotietum 

persicae 

����$ '�
4(4-'�/L&��  

Euphorbio 

amygdaloidae-

Fagetum orientale 

F 

��/"@ �   �!�6 

Number per hectare 

378.68 ± 31.08 ab 370.00 ± 34.52 ab 455.27 ± 32.76 a 275.90 ± 16.35 b 422.40 ± 45.73 a 376.79 ± 28.61 ab 5.08 ** 

�	) C�
	(��(� (YZ/��(��/"@ (� (/�  

DBH (cm ha-1) 

22.46 ± 1.39 b 32.69 ± 2.76 a 28.83 ± 2.41 ab 32.34 ± 1.44 a 30.73 ± 2.13 ab 33.73 ± 2.25 a 5.14 ** 

 (��/"@ (� ��(�(/�) �YN� wY	 

Basal area (m2 ha-1) 
28.32 ± 3.04 b 37.89 ± 3.58 ab 39.56 ± 4.71 ab 42.15 ± 2.52 a 40.83 ± 4.76 ab 37.12 ± 3.87 ab 2.23 ** 

 �� <�(�  (� �(.���) ��
���� � �6

(��/"@ 

Above ground biomass 

carbon (Mg ha-1) 

54.78 ± 5.55 c 214.64 ± 21.22 ab 242.82 ± 23.33 a 167.61 ± 15.44 b 196.54 ± 15.28 ab 190.90 ± 15.50 ab 17.70 ** 

'��� b�/`� V�(T � �  i��[6 �!�@ 
���
<�@ J�� wY	 �  
'�� 5  '���I �� � �[/	� �� !]� HSD  3	�- ��� V?/=� :*���  J�� wY	 �  
'�� 5 ��� V?/=� :** 
!]� ���  J�� wY	 �  
'�� 1  !]�  

Different letters indicate difference between means in 5 per cent of significance level using HSD test - *: Difference in 5 per cent of significance level, **: Difference in 1 per cent of significance 

level 
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 e�!$4 -  ��@��p� <
� ��/L�J@PCA CR`���� <�(� � ���= ��@ �	�(�  ��� ����$ ��
���� � �6 

Table 4. Correlation between PCA axes of soil characteristics and above ground biomass carbon of 

study communities 

 CR`���@  

Factors 

 e�� ��p� 

First axis 

 ��  ��p� 

Second axis 

 ��	 ��p� 

Third axis 
 �(@�x �\��z 

Bulk density 
0.01 0.01 -0.01 

 <�(� 

Carbon  
0.02 0.20 0.40 

 �")(/"\� 3)�!@  

EC 
0.01 0.05 -0.01 

C/)!
	�  

pH 
0.01 0.01 0.01 

 3���� 

Moisture  
0.08 0.34 -0.23 

g� 

Clay  
0.01 0.06 -0.02 

<& 

Sand  
0.01 0.11 -0.01 

3�
	 

Silt  
0.01 0.06 0.04 

 P
	�/; 

Potassium  
0.11 0.73 -0.52 

 ([L4 

Phosphorus  
0.02 0.54 0.71 

'��(/
� 

Nitrogen  
0.00 0.03 -0.01 

 �� <�(� ��
���� � �6 

Above ground biomass Carbon  
0.99 0.05 -0.05 

�E)� () �N� 

Eigenvalues 
0.64 0.38 0.16 

 W��)��� <

�6 !]�  

Percentage of variance determination 
44.63 26.52 11.06 

 W��)��� <

�6 ��JG6 !]�  

Cumulative percentage of variance determination 
44.63 71.14 82.21 

 ����I !]� Broken-stick 

Broken-stick statistic percentage 
25.86 17.53 13.36 

C/L$(�  �!��CR`�� �!&'I W��)��� <

�6 !]�  C� 3	� �)�@��p� ��(� 
C���$ (@ ��@  ����I �� �@Broken-stick    ��/L�J@ () �N� � � �� (/�
�

'I �c�� �@30/0 C� �@ ��� <)� .3	�#��� '����� �  W��)��� <

�6 �  �� (A� <)(/�
� C� �)�@ .!�!& �4(�� !�/&�  �@  

Bold numbers are each community factors, for axes in which percentage of variance determination is higher than the Broken-
stick statistics, and their correlation values are higher than 0.30. These factors are declared as the ones with the highest effect 

in variance determination of the data. 
 

 B3�  

C�  <�(�  �(
=>�=�&  ��  �")  '���� P%�  ��
L�  ��@

 C� C� 3	� ���%$ D)��(.  |��. o�� (
AB6 3p6 i!&

)  ��  ��(Z �/=� Barre et al., 2017C� F�= .(  '����
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P%��� � <�(� �(
=> ����  <)(6  ��
��()� �  �� � �6

C����  <�(�  �(
=>  P%�  ����  <
��  '����'�.��	  ��@

�� C/=��& ��
��)  !��&Pan et al., 2011 
<)�(����  .(

  #
"�6  ��M$�  C�  ��
��  �@�
.  ����$  (A�  3=��&

C� ��
�� #��$ �!�@ �� ��J&  CR`�� �  <)� (� 
!�)I

  <)�  H)�/�  g�	�  (�  .3	�  3
J@�  M{�T  ��
L�  P%�

  wY	 <
���
�  <)(/J� 
�(4�  ���"���$ � �6  
D@�E;

�YN� C� ��  o�y�� <
J@ C� 
3	� � �  ��R/=�  �=

"J���  <�(�  C$�6  #��Z  V?/=�  3��  3	�  < � �6

P� .!&��  ��
�� ����$ ��  ���"���$ � �6 ��
���� -  

  3	�  <"J�  
���"���$  � �6  �  (YZ  <
���
�  ' ��

3
\��4  �Z��  C�  �  w
p]  ��($�  �!�  ��  �&��  ��@

#��$) !&�� � �6 <)� �  3&�� �� W; �	��&Guha 

et al., 2019��
� <)(/�
� C"�)� �� .(  C� U��(� (YZ <
�

����$ '�
4(4 C���$- ��I C���$ ��� 
3	� '�/L&�� -

a
	(6  <�(�  <)(/�
�  '�/L������  �  C/4�)  � �6

C� 3	� <"J� C�  ��  �� ��
����  ��/"@ �   �!�6 3��

C���$ (�)  C� 3�L� C���$ <)� �c�� ��?� .!&�� �@
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Abstract 

Current study reviews effect of the Darabkola forest plant communities on Carbon sequestration in soil 
and Above Ground Biomass (AGB). It compared five natural communities, including Parrotio persicae-

Carpinetum betuli, Zelkovo carpinifoliae-Quercetum castaneifoliae, Solano kieseritzkii-Fagetum 

orientalis, Aceri velutini-Parrotietum persicae, Euphorbio amygdaloidea-Fagetum orientale, and one 

Maple plantation stand. Sampling was done using systematic randomized with 400×400 meters 

dimensions. After removal of marginal points, soil samples were collected from center of 163 plots with 

20×20 meters dimension. Results of ANOVA, mean comparison, and PCA showed that the highest soil 
Potassium belongs to the plantation stand (336.96±18.97), while the least one, belongs to Solano 

kieseritzkii-Fagetum orientalis (160.25±10.75). On the other hand, soil Phosphorus was the highest in 

the Aceri velutini-Parrotietum persicae (4.65±0.55), and it was the lowest in Solano kieseritzkii-

Fagetum orientalis (1.95±0.14). Aceri velutinid-Parrotietum persicae (34.80±2.08) and Solano 

kieseritzkii-Fagetum orientalis (22.73±1.22) had the highest and the lowest soil moisture content, 

respectively. However, the study proved that different communities did not affect soil sand percent and 

carbon sequestration. Zelkovo carpinifoliae-Quercetum castaneifoliae (242.82±23.22) had the highest, 

and plantation stand (54.78±5.55) had the lowest carbon sequestration in AGB. 

Keywords: Forest plantation, Plant community, Natural forest, Carbon sequestration, Hyrcanian forest. 
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