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Abstract 

Background and objectives: Globally, paulownia (Paulownia fortunei (Seem.) Hemsl.) is one 

of the most important wood species used in forestry. Despite extensive research on this genus, the 

influence of climatic factors on the growth and anatomical wood properties of paulownia has not 

been thoroughly investigated. Therefore, this research aims to examine how climatic factors—

such as temperature, precipitation, relative humidity, and sunshine hours—affect radial growth 

and specific wood anatomical traits of cultivated paulownia trees in Gorgan County, Golestan 

Province, Northwest Iran. 

Materials and methods: Five 20-year-old Paulownia fortunei trees were selected from 

Hashemabad in Gorgan County. These trees were felled in late 2012, and a five-centimeter-thick 

disk was extracted from each stem base. Strips from the bark to the pith were cut radially from 

each disk, and the surfaces of the specimens were smoothed using a microtome blade before 

scanning. To enhance the contrast between the vessels and the background tissue, a charcoal 

blackening technique was employed prior to scanning. Using images obtained from image 

processing software, several features were measured: growth ring width, average vessel lumen 

area, porosity, vessel frequency, vessel area greater than 0.06 mm², radial and tangential diameter 

of vessels, and ray frequency in each growth ring. To eliminate the effect of juvenile wood—

which consists of very wide rings in the early years of growth—five rings near the pith were 

excluded from measurements and analyses. Consequently, growth rings from 1998 to 2012 (15 

years) were evaluated. Pearson correlation was used to investigate the relationships between 

climatic variables (monthly, bimonthly, seasonal, bi-seasonal, and tri-seasonal) and growth 

variables (growth rate and quantitative anatomical wood characteristics) from three months prior 

to growth until the end of the growing season. Additionally, internal relationships among the 

measured variables were assessed similarly. 

Results: The radial growth of paulownia exhibited a decreasing trend with age, particularly 

notable at seven and thirteen years. Other anatomical features (vascular traits and ray frequency) 

showed an increasing trend; however, vessel frequency did not exhibit a clear age trend. 

Correlation analysis revealed that all anatomical characteristics had an inverse relationship with 

growth rate; thus, as growth ring width increased, other characteristics (e.g., vessel area and vessel 

diameter) decreased. Vascular traits and ray frequency primarily showed positive correlations 

with each other, while the correlation between vessel frequency and other variables was weaker. 

Among climatic factors, total monthly rainfall and average sunshine hours in spring (especially 

May and June) significantly impacted radial growth and anatomical features of paulownia wood. 

Climatic factors from three months prior to the growth period (the previous winter) did not show 

significant correlations with anatomical characteristics; furthermore, correlations between 
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anatomical traits and summer climatic factors were much weaker than those observed in spring. 

Increased spring rainfall enhanced radial growth while reducing anatomical features such as 

vessel size and ray frequency; average sunshine hours had a similar but less intense effect on these 

traits. Temperature and air humidity did not significantly affect the studied characteristics. 

Conclusion: Overall, it can be concluded that paulownia has high water and light requirements 

but shows low sensitivity to temperature in the studied region. The months of May and June (mid 

to late spring) are particularly influential for radial growth and hydraulic architecture (water 

transport system) in paulownia trees. Increased precipitation and average sunshine hours promote 

radial growth but reduce vessel size. Additionally, ray frequency can be considered a valuable 

wood anatomical characteristic for studying the relationship between climate and tree physiology 

in future research. 

 

Keywords: Fast-growing tree, growth rate, hydraulic conductivity of xylem, number of sunny 

hours, rainfall, wood anatomy. 
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2022., et alHarsini -Najafi(��� � ,����/ ��P�S;  N � (�
O�	�L % �	��9�I�; "�+�� ���� :)� .N �L��(� W�P RP�S; 
R	;�)(% ��( %	TU/ >���$ �X	#Y� % R �( �Z%$ � 

�&S �*�P *���V N � ,�8[(� :)�:'�� (�  ,�8)%.'
,�&%& :)�.   
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� O��P�	"�/�%� 
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f�� 7 )	�� Q) g& �	� )2014., et alOladi �' ���Q8)� ( .
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 >�')2.(   

 

  

 @�1-  �/�� 1/�3��B��		C� ��� )EF (� H��8� �9�/��� )I�7$ ( ��:�J7.�� �$�K���3 L��3���> :?�� �& 2012-8199 ��P	�  
temperature (line) and total rainfall (column) of Hashemabad  montly average The trend of changes in. Figure 1

2012-8weather station for the period of 199  
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O>�'  �!(�	,� ����'� . N � &S� %0��	 =%�	: >� 
��� :=� �� �( O`#h 7  �%* >Xh%� L� �V >`�� y 
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:)� ��' ��	'�; ���V L� �Z%$. �%* �L����	&%*  ����/

 %P (� O�'��#	�%8�� G[� )�X��  %P (� r^�� 2�� �
�( O`#h �� Z%$ �G`�)�( O�'� ����/ .�' M)(� �P  O�

� � N ��8'�� s�X/ x[� Ov(�! 8)��  .���' ��%X'
 %P (� O�'� ����/ �de)�#	�%8� OH�/�O �(�; 2��x[ 

M)(��' O
)�@� �' )>�' 2 .(*�% �( O`#h %P ��� 
Z%$ �'(�� � &S��P* V���*  ������%= O�'� �P

�L����&	%*  2��H) �'1( �L���� R���%; .OXP  �P���V
 �)(% �'"%� L� ���Q8)� � � (�a=�SPSS "(�.� }(�� �

�����P  L� %8�	 :h�4� � � �P���V)06/0 �#	�%8� �%� (
O,���$ �' O8=%&%w�(� :'(� *�P���V��.   

�%* ,��H %T� W�h��� O`#h >��' O��P* 4	(�  (� N.;
2�)�P* �( :4^� R �����' �a� O`#h ]�; 7  ab� O ���

�L���� L�&	%*�P #@/ �	>�P  .���' O8'��& (���� Nl	/%/� 
O`#h�P* �( ��  2�) L�1998  �/2012 *�_	� )15  (2�)
)(%� ���'���� .�P* �V� ��P� � O��P��	a �%*  %���8� �(��

)1998  �/2012  (*�_	��a� L� 7%/ N � ��084 )��'��P� 
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*%)) �' "�+�� ��@�� DL�% � (����L *�Pet Bošel'a 

2012., al .( 
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to measure vascular characteristics (top). An ring a tree Preparation steps of scanned images of . Figure 2
used to count the number of rays per millimeter (bottom) image anexample of  
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XP �� b8�	�P%* �V� >��' � ��P�	0��	N ���� �	0��	N 
&��(� i�X+� ���P :��(� � �	0��	N :$�) ����/ *�P

 � ��8=V�&S ���� ���/��V *�P � (� N O �L� >�'
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V��W 1- :?��/� ��3�7����'��	9:�� � :�����3 ��	
�� ���� �$��� 

Measured parameters and. 1Table  limatological datac investigated 
Parameter Examined period Climatological data 

(mm) idthwing r-Tree Spring and Summer Average temperature (°C) 

)2(mm reaaumen lessel vAverage  Winter (%) Average humidity 

(%) Porosity Spring Sum of rainfall (mm) 

)2/mmn( requencyfVessel  Summer (hour) sof sunny hour Average 

(%) 2igger than 0.06 mmbrea aVessel  April and May  

(mm) iameterdessel vadial rAverage  May and June  

(mm) iameterdessel vangential tAverage  April  

/mm)n( requencyfRay  May  

 June  

  

�����  

b/ ���(		v�% � &S��P��� ���/��V * �a=� � R N)  
b/		v�% �&S ��)(% �(�� *�P 2�) L� 1988  �/2012 

 *�_	� >�' (�3 ���V :)� .(� 2�)*�P ��8��   �:[(� ��'(
��.;* �� �% �( R L �� .�� ��  O#h%� L� (�&,��H���  �
)(	,� c9� O#h%� O���� 9�a� ���(� ��.; (�* �( O`#h �� 

 ��P����' .�L� �� (� RP�� N ��  ::=�  *%8�	 v�'
O`#h*�P 2�)) MP�a	) � M8QP �� �(*�P 1999  �2005 .(

v�%		b/ ���( O�~�)  :h�4� N	0��	��%Qh*�P ���V %GY �*
:'(� *�P���V �!(� ��P���V �)�X� � �$��' L� %/06/0 

�#	�%8�  �� �a=� �v�� N � (� �� �( O`#h >^#^/ � �%�
����N �� . �09� N � �2�hO >��� (���(��(� V ����/ (� �P���

 .:)� ���� (�%�/ FG) �h���a=� � R  O�'� ����/ �,�8[(� N)
 �h�� (�2��  a	����(* �a=� �� �� ,������ ��P� 2�) �/ 

2008 *�_	�� b/		v�%  ,V}��� ��.  2�) L�2009 *�_	�� 
 7 �a=� R.H ��  (� ,V� �� .�'   
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.�� O(��*O� �a=� � R ��.;* �� �% �( R� � &S�*�P 
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XP� ��.;* 

O`#h �( R Ol	/%/ ���V �!(� �>^#^/ �*�P j(a%/  L�
06/0  FG) �h�� (� ���V ����/ ��' :=� �9�h(� �O� N	 

� �� �( O`#h *��.; $��' %GY� ���V� ���� OG�( *(��
 ��P��� .����	0��	N  :h�4��%Qh*�P ���V*  �

� &S�*�P ��/��V� %0 � �084
XP� 8
t�� .��� ,��� 
N %8�	 084
XP� %	b8� N � Ol	/%/ )�X� %GY �� ���V � 
 �!(����V*�P j(a%/  L�06/0 �#	�%8� �%� �� .

�	0��	N �%Qh :h�4�*�P *���V  �h�� (� ���V ����/ �
 �h�� (� O�'� ����/ � FG)2��� 084
XP� ����*(�� 

��:'� .>^#^/ �( O`#h ��  � (�P���V :h�4� i�X+�)
OXP � &S�*�P  %0 ��L����&	%*O) ��'� aH	0��	N  %GY
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aulownia with pring width, vascular characteristics and number of rays in -treein  Variations. Figure 3
increasing age  

V��W 2- -�� ��3 �J7.)�3 I�$�	' R	� �9=��[�\ �����/> ��3 

characteristics icalbetween wood anatom sPearson’s correlation coefficient. Table 2  
Ray 

Frequency 

tangential Average 

vessel diameter 

Average radial 

vessel diameter 

area  Percentage of vessel

2bigger than 0.06 mm 

Vessel 

frequency 
Porosity 

Average vessel 

lumen area  
  

*0.55- *0.56- 0.38- **0.79- **0.74- **0.83- *0.64-   ring width-Tree 

0.48 **0.83 **0.75 **0.83 0.23 *0.61    
Average vessel lumen 

area 

**0.6 **0.67 0.49 **0.88 **850.    Porosity 

0.34 0.21 0.01 *0.55      Vessel frequency 

**0.67 **0.87 **0.73      

Percentage of vessel 

area bigger than 0.06 

2mm 

**0.65 **0.93       
Average radial vessel 

 diameter 

**0.73        
Average tangential 

 vessel diameter 

Significant at p<0.01; *: Significant at p<0.05**:   
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��~�� ��8=V(�. (� %/ l
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O (�. >?= �8Y��L� >�') O��P�� *�PV � �� �> (�NI�f (
O� �' r^�� ��' O8=%& %w� (� O NI�f � �� ��� �� l/�%�

M.�> (�V L� %/ ��84P�� OP���� �L� (� �X	#Y� >���$ .- NI�f� 
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	� !e��� �7�DR ����� �`� R	J/�	� =  !�/�>DT �$��� �`� R	J/�	� = �/�>! RF ����� = 1��� �� �Q�� V�&! **  =�K�� I�K	�&� _`$ �� ����99 �a�� � 

*  =�K�� I�K	�&� _`$ �� ����95 �a��.  

of significant correlations between anatomical features and climatic factorsHeatplot . Figure 4 
l area essePercentage of vring width, AVLA = Average vessel lumen area, Porosity = Porosity, VF = Vessel frequency, BVP = -TRW = Tree

Significant  =** , , DR = Average radial vessel diameter, DT = Average tangential vessel diameter, RF = Ray frequency2bigger than 0.06 mm
.Significant at p<0.05 =*  at p<0.01, and  
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consecutive  earson's correlation coefficients between anatomical features and climatic factors in twoP. Figure 5
)May and June( springmonths of  

area Percentage of vessel ring width, AVLA = Average vessel lumen area, Porosity = Porosity, VF = Vessel frequency, BVP = -TRW = Tree
Significant  =** , , DR = Average radial vessel diameter, DT = Average tangential vessel diameter, RF = Ray frequency2bigger than 0.06 mm

.Significant at p<0.05 =*  at p<0.01, and  
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, DR = 2area bigger than 0.06 mm Percentage of vesselAverage vessel lumen area, Porosity = Porosity, VF = Vessel frequency, BVP = 
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