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Abstract 
Background and objectives: Understanding the spatio-temporal variability of tree radial growth and its 

ecological response provides a basis for assessing forest vulnerability and growth under environmental 

changes. The growth response of plant communities, including different stand types, may depend on 

climatic parameters, silvicultural practices, and competition-induced stress. Dendrochronology is a 

reliable and highly reproducible technique for detecting tree growth patterns over time. Given the 

increasing national demand for wood resources and the role of stone pine (Pinus pinea L.) in afforestation 

programs in northern Iran, the present study aimed to evaluate the growth response of this species to 

thinning operations by analyzing changes in radial growth in the Zaghmarz –Behshahr plantation, 

northern Iran. 

Methodology: A plantation stand of stone pine located in the Zaghmarz nursery, 3 km south of the 

Caspian Sea, was selected. After a field survey, 20 trees from the thinned sections of the stand were 

randomly sampled, and two increment cores were extracted from each tree (west-facing core: Sample 1; 

east-facing core: Sample 2) at breast height using an increment borer. In the laboratory, ring widths were 

measured under a binocular microscope using the LINTAB measurement table and TSAPWin software 

with an accuracy of 0.01 mm. 

Results: The results indicated that the developed chronology, with a mean sensitivity of 11.0 and GLK 

values ranging from 60% to 100%, showed good quality and a strong common growth signal among the 

sampled trees. Considering the relatively high mean ring widths in most trees (approximately 0.3–0.5 

mm), the thinning conducted in 2005 appears to have effectively reduced competition and improved tree 

access to light and growth resources. Complete alignment between the east- and west-facing cores of each 

tree reflected a relatively uniform reduction in competition and balanced light availability following 

thinning. Moreover, the results showed that thinning had a positive and substantial effect on radial growth 

in stone pine, as the mean ring width during the ten-year period after thinning was about 20% higher than 

that during the ten-year period prior to thinning. Examination of growth orientation indicated that mean 

radial growth on the west side of the trunk was approximately 8% higher than that on the east side, likely 

due to greater light availability following the removal of canopy competition. 

Conclusion: The findings confirm that thinning in stone pine stands has a long-term positive effect on 

radial growth and can be recommended as an effective management strategy in northern Iran’s 

afforestation programs. 
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/01 1- 3'45$� ��67� #�$� 8"�9: �# (<=� ���
�� (> ����� ���!�?�� � (@ �����A1 �ABA�  
County Behshahr (c) and Province, Mazandaran (b) Iran, of map the (a) on: area study the of Location. 1 Figure  
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/01 2- 3'*��5 ���� �# ,��7: Graph Math C����D�� TSAP  
software TSAP the of window Graph Math the in Editability. 2 Figure  
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!�T���(' Nowacki � Abrams )1997 (3�U.� ">%" 
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�� 3,* ��'/ f�9�%��"> g8 /� 3�� 	e%"' 7��.  

  
E�!F 1- �
#��� �����G (��� ���H(!7� I!1 8
�D�� (

�"�) !1� K����� !��# I��''�L !1�  

 Change Growth on based intensity release growth classifying for values Threshold. 1 Table  
value Threshold  (GC%) Percentage Change Growth  

release Moderate  10% ≥ GC  

release Major  25% ≥ GC  
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Y
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:
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 ��d�� �������> �� 	e% Y�D	� ">� 

�������> Y;S�'!� /� 3�� 1994 !�K�' /�bB �"> 7��.  
  

E�!F 2- 
)9
�(�" ,�)
��71 ����M�,!1  

characteristics chronology Calculated. 2 Table 
trees of Number  eviationd Standard  sensitivity Mean  earend y Chronology  earstart y Chronology  Species  

20 49.1 11.0 2023 1994 .L pinea Pinus  
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/01 3- (�� 
���? N'O��'� (�7A: ��*P(�" 
B
�� ���Q�# (��� @�+ 
��#�� �# ,��# 2023–1994  

2023)–(1994. L pinea Pinus in width ring-tree mean of series Time. 3 Figure 

  

Y%,U% �-
 :
�S�Y
 !�T7�� 3�"  �� ���Q�� /� �"'B
3 Y
 .7�� �"> Y}��� ���U> Y%,U% @ 4  !��'B 	e% /� Y


��('Y%,U% 	��� ��,)% �����(' J,S� �� �T !���95 �99  �

9/99 ��� �
 "L����(' :
�S� �-L� ����> ."��>�� ���
	���;' GLK Y%,U% Y�'�� �� �T60  ��100 	Z "L�� ��
7>��. 

  
E�!F 3- �
#��� GLK N'� ,�)
��71(�" (#�� � ,�)
��71 
*��  

chronology master the and chronologies individual between values GLK. 3 Table  

 Sample

)vegetative(  
year Start  year End length Chronology  (mm) width ring growth radial Mean  GLK  GSL 

1  2004  

2023  

  

20  446.0  75  ***  

2 2003  21  169.0  93 ***  

 3 2011  13  141.0  100  ***  

4  2007  17  335.0  60  –  

5  2012  13  521.0  100  ***  

6  2009  15  258.0  100  ***  

7  2014  10  342.0  86  *  

 8 2013  11  493.0  100  ***  

9  1994  30  854.0  67  *  

10  1995  29  190.0  87  ***  

11  2004  20  204.0  89  ***  

12  2002  22  180.0  90  ***  

13  2006  18  126.0  94  ***  

14  2004  20  187.0  94  ***  

15  1998  26  352.0  100  ***  

16  2010  14  315.0  92  ***  

17  2011  13  308.0  91  **  

18  2012  12  133.0  100  ***  

19  1998  26  178.0  81  ***  

20  1996  28  611.0  94  ***  
.significant result-” indicates a non–and *** indicate statistical significance at the 95%, 99%, and 99.9% confidence levels, respectively; “*, **,  
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"��2T � /� !,�6� !���D� ���� Y
7)2% %�2#�� !�	�8 

�'"��
.  



146 ���� 	
 ��	
 ��� 	���� ���	
.. 

  

/01 4- 
7M7� 8
�� �# ��$�� U��6L 
���?,!1 ?� V
 3Q�#  
tree same the from samples synchronized-time two of curves Growth. 4 Figure  

  

���	
 "%�� X��%��' !��c8 Y;-l�T ��$% ��� Y
 ��� 
��	
 R)� ���@D� ��('��� ">� �.�(> 7�� �">. 

Y
!�,*Y
 X��%��' ���� !	SZ ]�
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 �� YT� g8 /� 

��� ��	
 ��"l 1/20 "L�� 	�$�
 /� YT� ��8 /� �B 

Y"'B 7�� )3�"  4( .  

  

E�!F 4- ��
��� N'O��'� 8
�� 
W�41 @�+ 
��#�� 8': � X: ?� V7L �#�+ �# 3��5(�" V7L,!1  

sections thinned in thinning after and before pine almond of growth radial mean of Comparison. 4 Table  

period Time  
 ring Mean

(mm) width  
deviation Standard  thinning-pre to compared change Percentage  

thinning before years Ten  34.2  18.0  -  

thinning after years Ten  81.2  24.0  increase in growth 1%.20  
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 & Nowacki of method the to according stands thinned in pine almond in increases growth radial sudden of Classification. 5 Table

(1997) Abrams  
period Time   years ten previous the to compared change Percentage  classification Change  

thinning of Year   
~

+30% increase sudden Moderate   

 after years 4 to 1

thinning  
+25% and +15% Between  increase sudden Major  

 after years 8 to 5

thinning  
+20% and +11% Between  increase sudden Major  

years 8 After  ~10% to decrease Gradual threshold increase sudden Outside  
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thinning after years ten and before years ten pine almond of growth radial mean of Comparison. 6 Table  
direction Sampling   (mm) width ring Mean  (%) direction other to compared Difference  

West   78.2 3.8  

East   65.2 -  
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