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 $%&1- �() *�+,��� -.��/� -0�� ����� -12�(� 3��� 4	�0� �3  

stands ys of DBH in the studFigure 1. Compare mean 

  
 $%&2- �050��3�" ��() 60���7 ���-12�(� 3��� ���  

stands studyFigure 2. DBH distribution of the  
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 ���81- ��,��) -0�� ����� �() :,����� -�;<"�3�" �3 (������ -12�(� 3���  

Table 1. Analysis of the variance of DBH (cm) in the study stands 

�����e� C@�� 

Source 
�
A��� d��"�  

Sum of Squares 

>#�:X ��,#  
df 

�
A��� R���
�� 

Mean Square 
F 

��A�>,�# 

Sig. 

 R��+��=
� 

Between groups 
14522.927 4 3630.732 85.842 *000. 

+��= �,#
� 

Within groups 
42337.709 1001 42.295 

  

�D 

Total 
56860.636 1005 

   

 

���8 2- �/�-.� *�+,������ �() ����� -0�� �,��)����(  ���" >�� -� �3 �3�"-12�(� 3��� ��� 

Table 2. Tukey test for mean comparison of DBH (cm) in the study stands 

+#�� )I( 

Stand (I) 

+#�� )J( 

Stand (J) 

�R���
� ��
.�
� 

Mean Difference (I-J) 

 >
MP,
�A�  
Std. Error 

�A��,�#> 

Sig. 

1 2 3.089 0.724 0.000* 

3 4.090 0.676 0.000* 

4 -4.355 0.741 0.000* 

5 -4.987 0.787 0.000* 

2 1 -3.089 0.724 0.000* 

3 1.001 0.571 0.402ns 

4 -7.444 0.647 0.000* 

5 -8.076 0.698 0.000* 

3 1 -4.090 0.676 0.000* 

2 -1.001 0.571 0.402 ns 

4 -8.445 0.594 0.000* 

5 -9.077 0.64918 0.000* 

4 1 4.355 0.74194 0.000* 

2 7.444 0.647 0.000* 

3 8.445 0.594 0.000* 

5 -0.632 0.717 0.904 ns 

5 1 4.987 0.787 0.000* 

2 8.076 0.698 0.000* 

3 9.077 0.649 0.000* 

4 0.632 0.717 0.904 ns 

* ��A� bW!P� 
���B� qM$ ,# ,�#95  /(�,#ns ��A� bW!P� �(�,�#  

***: Significant at p<0.01; *: Significant at p<0.05 
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D ���
G ,# 
!P,# �MN �N�(g3  ×3 R��!�D �!� 
)12 (�!��!�
$  8%
D ���
G ,# �3  ×4 R��!��� �!� )20 

(�!��!�
$  ,�(�� 8%
D ���
G ,# ?�� 
!P,# �MN �wD�(g .#��
5/3  ×5  ,�(�� R��!��� �!�)55  (�!��!�
$ 8%
D ���
G ,# �
3  ×5  ,�(�� R��!�D)43  (�!��!�
$ 
!P,# �MN R���
�� .#��

 8%
D ���
G ,#3  ×3  R��!�D �!�)59/26  (�!��!�
$ ,# �
 8%
D ���
G3  ×4 )67/35  (�!��!�
$ ��	�i .#�� R��!���

 ,# 
!P,# �MN+#��>
� 8%
D ���
G 
� 5  ×5  �3  ×5  �!�
 � �!���8@w� i 
�� #�� ��	� 
!P,# �MN,# ��
$+#��
� 
 OD ,
�9� #�� ,# � 
!P,# +#��5/3  ×5  �!�� 3  ×4  �!�

�.�� �MN �=(��D Y��r .#�� 
!P,# #
�� ,�� +#��
�  �.��
 8%
D ���
G ,# 
��3  ×5  8$�, �� >�!��� �=(��D #���

 8%�#  �(�)3 .( 

  

 ���83- ���������7 ��,��) -0�� ����� �() ����@����� A&�� $B��C �3 ���0B D��E�3 (���  

Statistical parameters of dbh (cm) of poplar trees at different planting distance .3Table  

�!��,
� 
Parameter 

8%
D ����G  
Planting distance  

5 × 5 5 × 3 3 × 3 5 ×3.5 4 ×3 

�N�(g 

Minimum 
18 16 12 19 20 

�wD�(g 

Maximum 
52 43 46 55 52 

��
�� 
Median 

30 27 26 36 36 

R���
�� 
Mean 

30.68 27.59 26.59 35.04 35.67 

v�
�,�� 
Variance 

56.84 21.89 46.92 49.86 39.47 

,
�A� b����� 
Std. deviation 

7.54 4.68 6.85 7.06 6.28 

�����e� Y��r 

Coef. of variation 
0.25 0.17 0.26 0.20 0.18 

,
�A� +
@!%� 
Std. error 

0.66 0.32 0.38 0.51 0.52 

��	�i 

Skewness 
0.47 0.51 0.15 -0.10 -0.07 

�=(��D Y��r 

Excess Kurtosis 
-0.298 0.618 -0.29 -0.39 -0.09 

 CM�� qM$ R���
�� 
Basal Area 

783.27 614.76 591.82 1002.58 1029.51 
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  �(�4- �!��,
� ��#
�� +(% #,�X�� >
�C�:��>
� ���$ ����� �MN 

Values of estimated parameters of dbh distributions 4.Table   

C�:�� 
Distribution 

    �oT�� ��#
��C���� >
� 

Values of functions characters 
5 × 5   5 × 3  3 × 3  5 ×3.5  4 ×3 


!� 
Beta 

α1 = 1.65 

α2 = 3.36 

a = 17.54 

b = 57.31  

 α1 =19.63 

α2 = 305.41 

a = 6.22 

b = 360.33  

 

α1 = 3.74 

α2 =  5.20 

a = 8.18 

b = 52.13  

 α1 = 6.30 

α2 = 6.36 

a = 9.12 

b = 61.17  

 

α1 = 14.60 

α2 = 12.19 

a = -0.47 
b = 65.84  

��
�� 
Exponential 

λ = 0.033 
 

λ = 0.036  λ = 0.038 
 

λ = 0.029  λ =0.028 

>�!��,
� �# ��
�� 
Exponential (2P) 

λ = 0.079 

γ = 18.0 
 λ = 0.086 

γ = 16.0 
 

λ = 0.069 

γ = 12.0 
 λ = 0.062 

γ = 19.0 
 

λ = 0.064 

γ= 20.0 

�
= 

Gamma 

σ = 16.56 

β  = 1.85 

 σ = 34.78 

β = 0.79 
 

σ = 15.07 

β = 1.76 

 σ = 24.62 

β = 1.42 
 

σ = 32.23 

β = 1.11 

>�!��,
� �$ 
�
= 

Gamma (3P) 

α = 4.68  

β = 3.60  
γ = 13.80 

 α = 26.30 

β = 0.91 
γ = 3.75 

 

α = 69.56 

β = 0.82 
γ = -30.39 

 α = 112.63 

β = 0.67 
γ = -40.49 

 

α = 109.86 

β= 0.61 
γ= -31.46 

 �9�
�SB 

Johnson SB 

γ = 0.90 

δ =1.33 

λ = 48.51 

ζ = 13.52 

 

-  

γ = 0.56 

δ =2.15 

λ = 62.65 

ζ = -0.84 

 γ= -0.33 

δ = 1.93 

λ = 58.42 

ζ = 3.46 

 

γ= -0.91 

δ = 4.31 

λ = 110.94 

ζ = -25.59 
 
���c	 

Log-Normal 
σ = 0.24 

µ = 3.39 

 σ = 0.17 

µ = 3.30 
 

σ = 0.27 

µ = 3.25 

 σ = 0.21 

µ = 3.53 
 

σ = 0.21 

µ = 3.53 

>�!��,
� �$  
���c	 
Log-Normal (3P) 

σ = 0.27 

µ = 3.28 

γ= 3.10 

 σ = 0.14 

µ = 3.49 

γ= -5.64 
 

σ = 0.062 

µ = 4.69 

γ= -83.31 

 σ = 0.041 

µ = 5.15 

γ= -137.15 
 

σ = 6.28 

µ = 5.19 

γ= -144.76 
 
��� 

Normal 

σ = 7.54 

µ = 30.68 

 σ = 4.68 

µ = 27.59 
 

σ = 6.85 

µ = 26.59 

 σ = 7.06 

µ = 35.04 
 

σ = 6.28 

µ = 35.67 

 �@�� 

Weibull 

σ = 4.91 

β = 33.26 

 σ = 7.27 

β = 29.35 
 

σ = 4.57 

β = 29.03 

 σ = 5.81 

β = 37.70 
 

σ = 6.68 

β = 38.08 

>�!��,
��$  �@�� 

Weibull (3P) 

α = 1.88 

β = 15.39 

γ = 17.00 

 α = 2.91 

β = 14.36 

γ = 14.76 

 

α = 2.83 

β = 19.98 

γ = 8.79 

 α = 3.61 

β = 25.06 

γ = 12.47 

 

α = 3.84 

β = 23.80 

γ = 14.14 

 

) 8%
D ���
G R��!��� 
� +#�� ,#5 ×5  >�MN C�:�� (�!�
�� >���� 
!� C�
� :� 
!P,#  �� �@�, ,# C�
� R�� � #�D�@�,>(�� 

 8%
D ���
G ,# .(%3  ×5  d�� :� 
!P,# �MN C�:�� C�
� �!�
 8%
D ���
G ,# � #�� >�!��,
� �$  
��� c	3 ×3  ?�� �!�

 
!P,# >�MN C�:����
��  
� +#�� R��,
7i ,# .#��  
��� C�
�
 8%
D ���
G5/3  ×5 �� 
!P,# >�MN C�:�� �!� C�
� �,��

  �@���@�,>(�� (%  ,# �D ���
G 8%
3 × 4 �!�  >�MN C�:��
�� 
!P,##��  
��� C�
� �,�� �D #�# 
�� [�
!� R��Z�� .

 �P�� (�
� R��@� ��� :� �@$
�� +#�� ,# �, >�MN C�:�� >
�

 >�!��,
� �# ��
�� / �@�� C���� ���� X :� .(�!%�(� �A	
M� #,��
 8%
D ���
G 
� +#�� ,# ��
�� �5 ×5  / 
��� C���� /�!�  �@��

 �9�
� � ��
�� />�!��,
� �# ��
�� / �@�� />�!��,
� �$SB 
 8%
D ���
G 
� +#�� ,#5 ×5  ��
�� / 
��� c	 /
�
= C���� /�!�

 8%
D ���
G 
� +#�� ,# ��
�� � >�!��,
� �#3 ×3  � �!�5/3 ×
5 �!� C�
� �  +#�� ,# >�!��,
��# ��
�� � ��
��3 × 4 �!� #�� 

  �(�)4  �5$ .( ��
 (�
� �D (�#�� ,#
N  �, >�MN ,
!P
$
X 
�� ,# �D (��D R��@�Y$
�� 
� �G�A�  �� �@�, 
� C���� R���

 �6%) (�(% O�$�� �3.(  
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 ���85- D��!@ ��3�/�G��H���2�� >!��� ���%�, ���- �!�" ���� G�,��I��A&�� $B��C �3 -0�� ����� �() ��� ����� 

Smirnov goodness statistical test for dbh distributions at different planting -Values of Kolmogorov .5Table 

distance 

8%
D ���
G  
Planting distance 

C�:�� 

Distribution 

�@�, 

Rank 

+,
�X 

Statistic 
Critical Value P-value 

5 × 5 


!� 
Beta 

1  0.065 0.119 0.62ns 

 �9�
�SB 

Johnson SB 
2 0.071 0.119 0.52ns 

>�!��,
� �$  �@�� 

Weibull (3P) 
3 0.084 0.119 0.31ns 

>�!��,
� �$ 
�
= 

Gamma (3P) 
4  0.090  0.119 0.23ns 

 
��� c	 
Log-Normal 

5  0.091  0.119 0.22ns 


�
= 

Gamma 
6  0.092  0.119 0.22ns 

>�!��,
� �$  
��� c	 
Log-Normal (3P) 

7  0.092  0.119 0.21ns 

 
��� 
Normal 

8  0.114  0.119 0.07ns 

 �@�� 

Weibull 
9  0.124  0.119 0.03* 

>�!��,
� �# ��
�� 
Exponential (2P) 

10  0.215  0.119 0.0* 

��
�� 
Exponential 

11  0.446  0.119 0.0* 

5 × 3 

>�!��,
� �$  
��� c	 
Log-Normal (3P) 

1  0.083 0.092 0.098ns 

>�!��,
� �$ 
�
= 

Gamma (3P) 
2 0.083 0.092 0.094ns 


!� 
Beta 

3 0.084 0.092 0.089ns 


�
= 

Gamma 
4  0.084 0.092 0.089ns 

 
��� c	 
Log-Normal 

5  0.085 0.092 0.082ns 

 
��� 
Normal 

6  0.096 0.092 0.03* 

>�!��,
� �$  �@�� 7  0.099 0.092 0.03* 
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8%
D ���
G  
Planting distance 

C�:�� 

Distribution 

�@�, 

Rank 

+,
�X 

Statistic 
Critical Value P-value 

Weibull (3P) 

 �@�� 

Weibull 
8  0.124 0.092 0.002* 

>�!��,
� �# ��
�� 
Exponential (2P) 

9  0.355 0.092 0.0* 

��
�� 
Exponential 

10  0.429 0.092 0.0* 

 �9�
�SB 

Johnson SB 
11  - - - 

3 × 3 

 
��� 1  0.049 0.075 0.38ns 

>�!��,
� �$  
��� c	 
Log-Normal (3P) 

2 0.057 0.075 0.22ns 

 �9�
�SB 

Johnson SB 
3 0.061 0.075 0.18ns 

 �@�� 

Weibull 
4  0.061 0.075 0.17ns 

>�!��,
� �$  �@�� 

Weibull (3P) 
5  0.063 0.075 0.15ns 

>�!��,
� �$ 
�
= 

Gamma (3P) 
6  0.063 0.075 0.15ns 


!� 
Beta 

7  0.069 0.075 0.09ns 


�
= 

Gamma 
8  0.078 0.075 0.04* 

 
��� c	 
Log-Normal 

9  0.099 0.075 0.003* 

>�!��,
� �# ��
�� 
Exponential (2P) 

10  0.27 0.075 0.0* 

��
�� 
Exponential 

11  0.39 0.075 0.0* 

5 × 3.5 

 �@�� 

Weibull 
1  0.065 0.098  0.38ns 

>�!��,
� �$  �@�� 

Weibull (3P) 
2 0.072 0.098  0.25ns 

 �9�
�SB 

Johnson SB 
3 0.076 0.098  0.21ns 


!� 
Beta 

4  0.078 0.098  0.19ns 
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8%
D ���
G  
Planting distance 

C�:�� 

Distribution 

�@�, 

Rank 

+,
�X 

Statistic 
Critical Value P-value 

 
��� 
Normal 

5  0.078 0.098  0.18ns 

>�!��,
� �$  
��� c	 
Log-Normal (3P) 

6  0.084 0.098  0.13ns 

>�!��,
� �$ 
�
= 

Gamma (3P) 
7  0.087 0.098  0.11ns 


�
= 

Gamma 
8  0.104 0.098  0.03* 

 
��� c	 
Log-Normal 

9  0.117 0.098  0.009* 

>�!��,
� �# ��
�� 
Exponential (2P) 

10  0.264 0.098  0.0* 

��
�� 
Exponential 

11  0.443 0.098  0.0* 

4 × 3 

 
��� 
Normal 

1  0.055 0.113 0.76ns 

 �9�
�SB 

Johnson SB 
2 0.057 0.113 0.70ns 


!� 
Beta 

3 0.059 0.113 0.67ns 

>�!��,
� �$  
��� c	 
Log-Normal (3P) 

4  0.059 0.113 0.66ns 

>�!��,
� �$  �@�� 

Weibull (3P) 
5  0.062 0.113 0.62ns 

>�!��,
� �$ 
�
= 

Gamma (3P) 
6  0.064 0.113 0.57ns 

  
�
= 

Gamma 
7  0.075 0.113 0.36ns 

   �@�� 

Weibull 
8  0.075 0.113 0.36ns 

   
��� c	 
Log-Normal 

9  0.086 0.113 0.22ns 

  >�!��,
� �# ��
�� 
Exponential (2P) 

10  0.035 0.113 0.0* 

  ��
�� 
Exponential 

11  0.047 0.113 0.0* 

  * ��A� bW!P� 
���B� qM$ ,# ,�#95  /(�,#ns ��A� bW!P� �(�,�#  

***: Significant at p<0.01; *: Significant at p<0.05 
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(f) 

 $%&3-  J��H��.��P-P  �!�" A&�� $B��C �3 -0�� ����� �() ���5 ×5  L(�2�) ���3 ×5  L(M) ���3 ×3  L(N) ���5/3 ×5  (3) ���

 �3 ×4 ) ������� *���Q� >!��� ( 

distanceFigure 3. Histogram of dbh distributions at different planting   
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Abstract 

     The number of trees in each diameter at the breast height (DBH) class is considered the 

diameter distribution model and it is one of the most critical parameters in describing the structure 

of the stands. The diameter distribution of trees is one of the most important aspects that should 

be considered by forest managers when deciding on forest management strategies. This study 

aimed to investigate the diameter distribution functions of poplar (Populus deltoides) trees in the 

plantation in the Guilan province under the influence of different planting distances. To use 

models of diameter distribution functions as a tool to obtain reliable information about the 

structure, growth, and performance of plantations, and to manage silvicultural treatments in these 

stands. For this purpose, the measurement of all trees’ DBH in the one hectare plots was used in 

five pure poplar plantations with 5×5 m, 3×5 m, 3×3 m, 3.5×5 m, and 3×4 m planting distance. 

Kolmogorov-Smirnov fitting test showed a specific distribution function in each stand. The 

diameter distribution of the trees followed the Beta function in the stand with a planting distance 

of 5×5 m. The diameter distribution function has of Log-Normal (3P) distribution at a planting 

distance of 3×5 m. The diameter distribution of trees was a Normal function at a planting distance 

of 3×3 m, at a planting distance of 3.5×5 m in the fourth stand, the diameter distribution of the 

trees was fitted as a Weibull function and Normal distribution was shown in 3×4 m planting 

distance in the last stand. The present study showed that planting distance on the plantation is a 

factor in changing the diameter distribution functions. At less planting distance, the diameter 

distribution of trees was normal, and by increasing the planting distance, various diameter 

distributions were obtained in the stands. Therefore, the present research can be used as a 

reference study by introducing the diameter distribution model for a mono-culture homogeneous 

pure stand regarding planting distance. This is practical for stand management to reach a desired 

distribution or management to transform from a pure stand to a mixed species stand by combining 

several species with appropriate distribution. In addition, transitioning from a single species 

structure to a diverse structure using growth performance models is required to simulate this 

stand's dynamics, the initial step is the determination of the tree’s diameter distribution models as 

a basic study. 
 

Keywords: Diamter at breast height (DBH), Diameter structure, Even-age forest, Modeling, 

Plantation, Populus deltoides.  

 


