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Figure 1. The location of field sample plots and the study area in Iran, Kurdistan province and Baneh county 
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Table 1. Species composition in the studied forest based on stems and basal area per hectare in 2005 and 2019 
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libani Quercus 
4.44 5.66 39.5 39.7 110 105 32.5 32.4  
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infectoria Q. 
4.52 5.44 40.3 38.2 104 98 30.8 30.2  
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brantii Q. 
2.01 2.85 17.9 20  118 115 35 35.7  

���C9
� +���� 

eciesCompanion sp 
0.25 0.29 2.3 2.1 6 6 1.7 1.6  

�8 

Total 
11.23 14.24 100 100 337 323 100 100  
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Figure 2. Tree distribution in diameter at breast height classes 
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Figure 3. Distribution of Quercus brantii (A), Q. infectoria (B), Q. libani (C) and all species (D) in diameter classes 
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Figure 4. Tree distribution (all species) in diameter at breast height classes (current and expected) 
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Table 2. Summary statistics of diameter at breast height (cm) by species and all species in 2005 and 2019 

���C 

Species  

��
�� 

Median 
�8,
` U�����  

deviationQuartile   
����8 

Minimum  
������ 

Maximum  
1384  
2005  

1398 

2019  

1384  
2005  

1398 

2019  
1384  
2005  

1398 

2019  
1384  
2005  

1398 

2019  
9� � 

Quercus libani  
17.5 21 8.5  9  5  7  59  70.4  

,�#�F
� 

Q. infectoria  
18  20.9  9.2  9  5  7.5  111.5  115  

,�#��� 

Q. brantii  
12.5  15.5  3.3  3  5  6.5  50  55.5  

�8  
All species  

14.5  17.8  7  7  5  6.5  111.5  115  

  

9�[\ 5��,  
 E
$��� ^�
!��$,�� 9�[\ 5��,/  � S���
�� ��
�� S��

��
�� 
�(� S!L�C �d� ,# ���C  �<	
[� #,�� +,�# ,#��g���� 
41/2 � 1/2 ���� �!�  
$ ,#(�#��  �(�) 3 � �:% 5(. 
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�(� S!L�C �d� ,# (�8) ���C 

Table 3. Summary statistics of annual diameter increment (mm/year) by species and all species 

������  
Maximum 

����8  
Minimum 

�8,
` U�����  
deviationQuartile  

��
��  
Median  

S���
��  
Mean 

���C  
Species 

 

16.1 0.2 0.65 2.1 2.52 
9� � 

libani Quercus  

14.4 0.4 0.55 2.1 2.4 
,�#�F
�  
infectoria Q. 

10.9 0.1 0.56 2.2  2.32 
,�#��� 

Q. brantii 

16.1 0.1 0.6 2.1  2.41 
�8 

All species 
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Figure 5. Mean annual diameter increment in diameter at breast height classes 
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Table 4. Summary statistics of total height by species and all species in 2005 and 2019 

���C 

Species  

) S���
��(�!� 

Mean (m)  

5��, ((�,#) 

(%) Increment  

) ,
�<� U�����(�!� 

deviation (m)Standard   

(�!�) ����8 

Minimum (m)  
) ������(�!� 

Maximum (m)  
1384  
2005  

1398 

2019  

1384-1398 

2019-2005  
1384  
2005 

1398 

2019  
1384  
2005  

1398 

2019  
1384  
2005  

1398 

2019  
9� � 

Quercus libani  
6.5 8.9 36.7  1.9  2.4  3.4  5.6  9.3  16  

,�#�F
� 

Q. infectoria  
5.9  7.3  23.1  1.4  1.7  2.4  4.3  9.5  11.8  

,�#��� 

Q. brantii  
5.3  7.2  37.1  1.4  1.9  3.3  3.8  8.2  11.1  

�8 

All species  
5.9  7.8  32.4 1.6  2.1  2.4  3.8  9.5  16  
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(C) and all species (D) in total height  Q. libani(B), Q. infectoria (A), brantii uercus QFigure 6. Distribution of 
classes  
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Table 5. Summary statistics of total height increment (cm/year) by species and all species in studied forest 

������  
Maximum 

����8  
Minimum 

,
�<� U����� 

Standard deviation 

��
��  
Median  

S���
��  
Mean 

���C 

Species 

50.11 0.23 10.83 12.26  13.73  
9� � 

libaniuercus Q 

39.75 0.1 10.86 4.86 9.01 
,�#�F
� 

infectoria .Q 

75.71 0.89 16.83 12.81 16.55 
,�#��� 

brantii .Q 

75.71 0.1 13.16 10.14 12.59 
�8 

All species 
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Figure 7. Mean annual height increment in diameter classes 
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Table 6. Summary statistics of crown area (m2) by species and all species in 2005 and 2019 

���C 

Species  

��
�� 

Median  

�8,
` U����� 

Quartile deviation  
����8 

Minimum  
������ 

Maximum  
1384  
2005  

1398 

2019  
1384  
2005  

1398 

2019  
1384  
2005  

1398 

2019  
1384  
2005  

1398 

2019  
9� � 

Quercus libani  
8.85 24.44 12  43  3  5  72  76.8  

,�#�F
� 

Q. infectoria  
11.98  19.78  3.9  22  1.2  7  69.7  84.48  

,�#��� 

Q. brantii  
8.69  15.77  5.3  15  2.8  4.37  73.1  84.75  

�8 

All species  
10.52  18.45  5  23  1.2  4.37  73.1  84.75  
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Figure 8. Distribution of Quercus brantii (A), Q. infectoria (B), Q. libani (C) and all species (D) in crown area 
classes 
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Table 7. Summary statistics of crown area increment (m2/year) by species and all species 

������  
Maximum 

����8  
Minimum 

�8,
` U�����  
Quartile deviation 

��
��  
Median  

S���
��  
Mean 

���C 

Species 

2.17 0.7 0.31  0.32  0.58  
9� � 

libani uercusQ 

2.65 0.11 0.39 0.5 0.71 
,�#�F
� 

Q. infectoria 

4.04 0.02 0.49 0.49  0.96 
,�#��� 

Q. brantii 

4.04 0.02 0.38 0.44  0.73 
) �8 
�(��d� ,# (���C S!L�C 

All species 
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Table 8. The mortality rate of oak trees in studied forest 

�8  
Total 

9� � 

Q. libani 

,�#�F
� 

Q. infectoria 

,�#��� 

brantiiuercus Q 
 

c�� 

!6,# 

Tree type 

0.4 0.4 - - 
#�(<� )���� ,# ,
!:� ,# +,�# �$,��+(%( 

studied period) in per hectareNumber (stems  K�6+(% 

Dead 
100 100 - - 

#�(<� )(�,# ,# +,�#( 

studied period) in Number (percent 

14 5 6 3 
#�(<� )���� ,# ,
!:� ,# +,�# �$,��+(%( 

period) in studiedhectare Number (stems per  ;[\+(% 

Harvested 
100 36 43 21 

#�(<� )(�,# ,# +,�#( 

studied period)in Number (percent  
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Figure 9. The mortality rate of oak trees (dead and harvested) by species (A), and in diameter at breast classes 
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Figure 10. Distribution of seedling in height classes higher than 2 m (A) and lower than 2 m (B), and distribution 
of coppice in height classes higher than 2 m (C) and lower than 2 m (D) 
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Abstract 
   The purpose of this study was to monitor changes in the structural characteristics of a pollarded 

oak forest in Baneh county of Kurdistan province, Iran. Fifty-nine permanent sample plots were 

recovered for 14 years (2005-2019). In each plot, the diameter at breast height (dbh) for all trees 

(dbh ≥ 5 cm) was measured. Woody species less than 5 cm in dbh were recorded as regeneration 

in two height classes less than and greater than 2 meters by species and form (coppice and 

seedling). Total height and crown area for two trees in each sample plot (i.e., the nearest tree to 

the center of the plot and the largest tree in terms of dbh in the plot) were measured. The results 

showed that the difference between the beginning and the end of the studied period was significant 

in terms of the distribution pattern of trees in diameter classes (p<0.01); while there was no 

significant difference in the distribution pattern of trees in the total height and canopy area classes. 

The average annual increment of diameter, height and crown area in oak trees (excluding species) 

was 2.41 mm, 12.59 cm and 0.73 m2, respectively. A comparison of the current diameter 

distribution curve with the expected diameter distribution showed that the number of trees in 

diameter classes lower than 12.5 cm was less than the expected value, indicating poor 

regeneration. In order to reveal the consequences of pollarding as a traditional silvopastoral 

system and to make appropriate management decisions in order to improve the condition of 

pollarded oak forests, the use of permanent sample plots is suggested as a suitable method for 

studying the changes in structural indices of these forests. 
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