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 4���2- 4�B &: �#����? &'� C�@��� �@>�? 9@��D� ��# ��
&�E � 

Acer and  excelsior Fraxinuson seedlings of  effects treatment differentResults of analysis of variance of . Table 2

cappadocicum  

;9�� w������ 

variationSource of   

� 

Fraxinus excelsior  
%,�#�� 

Acer cappadocicum  

F  �=��,�#5 

ignificanceS  F  �=��,�#5 

ignificanceS  
�6 D�L >� 

Total dry weight  2.66  ns0.1  2.78  ns0.097  

 Y"g,��� 

Root volume  2.66  ns0.11  5.62  *0.01  

�a
$ D�L >� 

Dry weight of stem  2.82  ns0.95  2.65  ns0.11  

, D�L >���� 

Dry weight of roots  0.51  ns0.48  0.91  ns0.34  

�a
$ Y"g 

Stem volume  3.12  ns0.08  10.21  **0.0017  

+,�# �LJ ,#  
7� \
.�,� 

of the periodSeedling height at the end   5.07  *0.026  0.096  ns0.76  

�a
$  �: 

Stem length  4.1  *0.027  0.07  ns0.79  

�h���
� i_$ f�� 

Average leaf area  0.94  ns0.33  10.32  **0.001  

, ;_�� i_$��� 

Root cross section  1.25  ns0.27  5.53  *0.02  

f�� D�L >� 

Dry weight of leaves  5.01  *0.03  5.38  *0.022  

+,�# �LJ ,#  
7� f�� #�(=� 

Number of seedling leaves at the end of the period  1.67  ns0.2  0.04  ns0.85  

 �_a���  
7� ,# �LJ +,�# 

Seedling collar diameter at the end of the period  4.62  *0.033  2.1  ns0.15  

,  �:��� 

Root length  0.1  ns0.75  4.63  *0.03  

f�� #�(=�5
� �(!�� ,#  
7�5 +,�# 

leaves at the beginning of the seedling Number of 

period  
2.55  ns0.11  1.26  ns0.26  

 �_a���  
7� ,# 5�(!�� +,�# 

Seedling collar diameter at the beginning of the period  0.023  ns0.881  1.45  ns0.23  

�(!�� ,#  
7� \
.�,�5 +,�# 

Seedling height at the beginning of the period  0.136  ns0.71  16.89  **0.000  

��O���6 

Chlorophyll  0.926  ns0.52 1.411  ns0.24 

H!�$�!O 

Photosynthesis  0.58  ns0.79  0.96  ns0.49 

** ��=� 
���:� i_$ ,# 5,�#99  �(�,#* ��=� 
���:� i_$ ,# 5,�#95  �(�,#ns ��=���n,�#  
significant-Significant at p<0.01; *: Significant at p<0.05; ns: non**:  
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Figure 2. Mean comparison results of collar diameter of the last stage (a), height of the last stage (b), leaf dry 

weight (c) and stem length (d) of Fraxinus excelsior in different treatments 
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Figure 3. Mean comparison results of the average height of the first stage (a), root volume (b), root cross section 

(c), root length (d), leaf dry weight (e), leaf area (f) and stem volume (g) of Acer cappadocicum in different 

treatments 
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Figure 3. Mean comparison results of total chlorophyll content of Fraxinus excelsior (a) and Acer cappadocicum 
(b), and photosynthesis of the two species (c and d, respectively) between the different treatments 
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Figure 4. Variations in height (a) and diameter growth (b) of Acer cappadocicum between different treatments 
The heights in the first to fifth stages are indicated by h1 to h5. In the same way, b1 to b6 indicate diameters at 

each stage. 
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Figure 5. Variations in height (a) and diameter growth (b) of Fraxinus excelsior between different treatments 
The heights in the first to fifth stages are indicated by h1 to h5. In the same way, b1 to b6 indicate diameters at 

each stage. 
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4��� 3- �I�H��# J�: ��#���� PCA � ��#&�\�� ^0@����+E !U����&�<!�E �
 �
 ��< D� � ��
&�E 

Acer cappadocicumand Fraxinus excelsior variables measured in  morphological Correlation between PCA axes and. Table 3  

��w!� 

Variable  

� 

excelsior Fraxinus  
,�#��%  

cappadocicum Acer  
,��� 1 

Axis 1  

,��� 2 

Axis 2  

,��� 1 

Axis 1  

,��� 2 

Axis 2  

�6 D�L >� 

Total dry weight  
0.35  0.02  0.37  0.16-  

���, Y"g 

Root volume  
0.34  0.26  0.3  0.32  

�a
$ D�L >� 

Dry weight of stem  
0.31  0.09  0.35  0.13-  

���, D�L >� 

Dry weight of roots  
0.31  0.18-  0.32  0.18-  

�a
$ Y"g 

Stem volume  
0.31  0.22  0.3  0.25  

+,�# �LJ ,#  
7� \
.�,� 

Seedling height at the end of the period  
0.25  0.13-  0.09  0.07-  

�a
$  �: 

Stem length  
0.24  0.11-  0.15  0.14-  

f�� i_$ h���
�� 

Average leaf area  
0.24  0.18 0.23  0.18  

���, ;_�� i_$ 

Root cross section  
0.24  0.25  0.34  0.33  

 >�f�� D�L 

Dry weight of leaves  
0.19  0.01  0.22  0.03-  

+,�# �LJ ,#  
7� f�� #�(=� 

Number of seedling leaves at the end of the 

period  
0.15  0.09-  0.09  0.13-  

+,�# �LJ ,#  
7� ��� �_a 

Seedling collar diameter at the end of the period  
0.09  0.13-  0.11  0.05-  

  �:���, 

Root length  
0.09  0.18  0.3  0.26  

+,�# 5�(!�� ,#  
7� f�� #�(=� 

Number of seedling leaves at the beginning of 

the period  
0.01  0.18-  0.01  0.16-  

+,�# 5�(!�� ,#  
7� ��� �_a 

Seedling collar diameter at the beginning of the 

period  
0.01-  0.06-  0.01-  0.07-  

+,�# 5�(!�� ,#  
7� \
.�,� 

Seedling height at the beginning of the period  
0.01  0.06-  0.03-  0.2-  

��#
�� +��� 

Eigenvalues  
2.48  0.27  0.99  0.17  
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��w!� 

Variable  

� 

excelsior Fraxinus  
,�#��%  

cappadocicum Acer  
,��� 1 

Axis 1  

,��� 2 

Axis 2  

,��� 1 

Axis 1  

,��� 2 

Axis 2  

(�,# h��9� x�
�,�� 

Percentage of variance  
64  7 56.87  10.13  

(�,# �=�"� h��9� x�
�,�� 

variance explanationCumulative percentage of   
64  71  56.87  67  

 +,
�J (�,#stick-Broken 

stick statistics-Percentage of Broken 
14.82  10.98  14.89  10.98  


��]�� �% &@U DM�# _. !��8% !�E �^�� �<�@���# ^0@����+E &# ��< ��&: �@�#���� �� D�8 ���+#
 �% �*�
 &@
�G� !�@� DM�# &�8�: U� !���M stick-Broken � ���G� 

�I�H��# DM�# &�8�: U� 3/0 �+�H# .J@� �<�@��#� J@&�8�: &�'b? �� �
 J���? C�@��� !
�
�# �+�E�
. 

Underlined numbers in bold indicate morphological factors of each species for axes whose percentage of specific values is 
higher than the Broken-stick statistic and their correlation values are above 0.3. These factors had the greatest effects in 

explaining the variance of the data. 
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Figure 7. Classification of PCA analysis based on morphological traits of two species of Fraxinus excelsior (a) and Acer 

cappadocicum (b) 
1: Control, 2: 1% of rice husk, 3: 0.5% of rice husk, 4: 2% of rice husk biochar, 5: 1% of rice husk biochar, 6: 0.5 percent of 

rice husk biochar, 7: 300 g of cow manure, 8: 150 g of cow manure, 9: Maximum chemical fertilizer and 10: Minimum 
chemical fertilizer. 
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Abstract 

    The aim of this study was to investigate the effects of rice husk, rice husk biochar, cow manure 

and chemical fertilizers on the morphological and physiological characteristics of coliseum maple 

(Acer cappadocicum Gled.) and ash (Fraxinus excelsior L.) seedlings. A total of 60 pots were 

considered for nine modifying treatments and nursery soil with three replications in a completely 

randomized design in Lajim nursery located in Savadkuh county, north of Iran. Results showed 

that different treatments had significant effects on some morphological characteristics of ash. The 

highest diameter, height, stem length of this species were observed in 150 g of cow manure 

treatment and the highest dry leaf weight was observed in 300 g of cow manure treatment. 

Different treatments had significant effects on the height of first stage, leaf area, volume, cross 

section and length of roots, leaf dry weight and stem volume of coliseum maple seedlings. The 

highest height in first stage of this species was observed in the control and the highest root volume 

was observed in the treatments of 300 and 150 g of cow manure and 2% of rice husk treatments. 

The highest root cross section, root length, leaf dry weight and stem volume of coliseum maple 

seedlings were observed in 300 g of cow manure treatment and the highest mean leaf area was 

observed in 150 g of cow manure treatment. In addition, no significant difference was observed 

in chlorophyll content and photosynthesis of different treatments. In general, the obtained results 

show that the use of cow manure compared to chemical fertilizers and biochar has a better function 

in increasing the growth of Fraxinus excelsior and Acer cappadocicum seedlings during a period 

of plant growth in the nursery. 

 

Keywords: Biochar, cow manure, Lajim nursery, leaf chlorophyll. 
 


