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In order to investigate the effect of different biochar and chemical fertilizers 

on growth and nutrient concentrations of sugarcane, a factorial layout has 

been conducted based on a randomized complete block design with three 

replications in the greenhouse of Imam Khomeini Agro-Industrial Company in 

Khuzestan during 2020. The experimental factors include biochar types 

(sugarcane bagasse, rice husk, rice straw, wheat straw and wood chips) and 

Chemical fertilizers ((control), (Nitrogen, Phosphorus and Potassium), 

(Nitrogen and Phosphorus), (Nitrogen and Potassium), (Phosphorus and 

Potassium), (Nitrogen), (Phosphorus), (Potassium)). The effect of interaction 

between biochar and chemical fertilizer treatments on the concentration of 

silicon, phosphorus and potassium of the plant has been significant at one 

percent and on the concentration of plant nitrogen at five percent. Also, the 

effect of interaction between biochar and chemical fertilizer treatments on 

fresh and dry weight of the plant has been significant at one percent and on 

plant height at five percent. The highest concentration of Si has been gained 

from the treatments of mixture of rice straw biochar and nitrogen, phosphorus 

and potassium fertilizer, mixture of rice straw biochar and nitrogen and 

phosphorus fertilizer. Compared to the control, the treatments of mixture of 

rice straw biochar and nitrogen, phosphorus, and potassium fertilizer have had 

the highest concentration of nitrogen and phosphorus in the plant, increasing 

the concentration of nitrogen and phosphorus by 49% and 36%, respectively. 

The highest height and fresh weight of the plant are related to the treatments 

of mixture of rice straw biochar and nitrogen, phosphorus and potassium 

fertilizer. According to the results, the application of biochar and chemical 

fertilizers mixture is recommended to increase the growth and nutrient 

concentrations of sugarcane. 

 

Cite this article: Ranjbar, M., Sadegh-Zadeh, F., Emadi, M., Ghajar Sepanlou, M., & Ahmadpour Dashliboroun, A. 

(2022). The Effect of Various Biochar and Chemical Fertilizers on Growth and  Nutrient Concentrations of 

Sugarcane. Journal of Crops Improvement, 24 (4), 1233-1246. DOI: http//doi.org/10.22059/jci.2022.334893.2646 

 

 

© The Authors.                                                                    Publisher: University of Tehran Press. 

DOI: http://doi.org/10.22059/jci.2022.334893.2646 
 



  

  

 
گاه ���ان  ا��شارات دا�ش

  � زرا�ی �شاورزی
Homepage: https://jci.ut.ac.ir/ 

�رو�ی�ی: � ۲۳۴۵-۶۹۵۷شا  ال

 

����� ��	
� ���� ���� � ��� �� ������ ��� � ����� �	��	 ����� ����   
  

����� ����	
1 | ��� ���������2 | ���� ����
3 | ���� �!" �#	
4 | ��%�� ��&#�'� ���()�#��*+�,5  

  

1 . �����	 
����� � ���� 
������� �����	 ������ ���� 
�����  �!��� �"#$% &'��	 � !�����( ���� 
�)���   :+	����� .,��� �!���
m.ranjbar@stu.sanru.ac.ir  

2���� �����	 � ���� 
��� . ������ ���� 
�����  �!��� �"#$% &'��	 � !�����( ���� 
�)���  .,��� �!��� :+	����� fardin.upm@gmail.com  

3 .���� �����	 � ���� 
��� ������ ���� 
�����  �!��� �"#$% &'��	 � !�����( ���� 
�)���  .,��� �!��� :+	����� mostafaemadi@gmail.com  

4 .���� �����	 � ���� 
��� ������ ���� 
�����  �!��� �"#$% &'��	 � !�����( ���� 
�)���  .,��� �!��� :+	����� sepanlu@yahoo.com  

5. ���� �����	 � ���� 
��� �!�����( 
�����  ����1� ,��23 �#�4 
�)���  .,��� ����1� :+	����� gh.ahmadpoor@yahoo.com  

  

.)/
 0�12�  �#345   

 :.)/
 7����1�56 78�9	  

  

  

�8�9 ���:�: 10/09/1400  

�8�9 ��;��, :04/03/1401  

�8�9 <&�=� :23/03/1401  

�8�9 �>?�� :26/09/1401  

  

  

#3�@�A�+ :B   

 ����#� >���'  

 �?��' +@��6  

 �?��' 
�(  

 �,A��@#�  

B�� ,�� .  

+' ��CD �E��� ���' � F#�#�#� GH�D ��4� �' ��#2#4  �( � ��3�#' I����  �'��( �#JKL ����' ��H�	

+' ���	�M ����#� !���N O�% P8�Q �  R��@(�S T��EUV	�(  G(�4 +��W�� �  ����L +� �' �S �XL

 ����� ��� �  ,�@���� (
�)��#2� ��	� G"�E � G�(1399  I���� R	�4 ���	�M R	��� .�4 ��[��

 ��#2#4 !�1 �( � ( ��� \�3 � ���� 
�( �?��' 
�( �?��' +@��6 ����#� >���') ��3�#' �(�1�4))

 �(�]�S � ,A��@#�) �(F#��@6 � �]�S �,A��@#�) �(�]�S) �(,A��@#�) �(F#��@6 � �]�S) �(F#��@6 � ,A��@#�)

((F#��@6) F1�' �J� +(  �  ,��� ?�@� . �' �F#�#�#� GH�D �' ��#2#4  �( � ��3�#' !�1��2#L ^�(

��"	 �E�  ?�6 _`� �  
�#� ,A��@#� �' � �E�  B _`� �  
�#� F#��@6 � �]�S . �' �� F1 a#�3  �J�

F1�'�2#L ^�( 
�#� I�]L�� �' � �E�  B _`� �  
�#� B�� � �L ,�� �' ��#2#4  �( � ��3�#' !�1�

��"	 �E�  ?�6 _`� �  .�4 �� ^#' �L ?��' 
�( ��3�#' !�1��2#L +' b�'�	 
�#� F#�#�#� GH�D a

+' 
��21  ?��' 
�( ��3�#' � F#��@6 � �]�S �,A��@#�+' 
��21 #' ��2#L . �' �]�S � ,A��@#� ?��' 
�( ��3�

+' 
��21  F#��@6 � �]�S �,A��@#�^#' �L+' �� 
�#� �]�S � ,A��@#� GH�D a  G$�� +(  �  c�X@��  ��

 �� ,A��@#� GH�D �1�4 +'49  �� �]�S GH�D �36  . �  ^�dS� �E� ^#' �L 
�#� �L ,�� � I�]L�� a

 ?��' 
�( ��3�#' ��2#L +' b�'�	+' 
��21 � �]�S �,A��@#�  ?�@� +' +e�L �' . �' F#��@6+' G�   �
�	M

 ��3�#' �� 
 �]@��+' 
��21  ���#� ��CD �E��� ���' GH�D � �4� ^�dS� !��' ��#2#4 !�1 �(

 +#E�L�	  �4.  
  

�C? � :�$[���.� � f �E �.g �
 ��  �2��.� �! ����h���e�Q� .� � ��6�2i� �4� �  I �,��')1401 .(JKL#�  �'��( I���� '#��3� �  �( 4#2#�� �' �4� � GH�D 

�E��� �CD� �#��� .+' !�����( ����� �24 )4 �(1233 -1246. DOI: http://doi.org/10.22059/jci.2022.334893.2646  

  

 :�4��,���L 
�)���  T����@�� +��k	               .© .,�������  
  

 

 

 

 

 



DE83� ��,�@ 7���� ,3�5� + ��@ %3�3�� �, #%� + :F�G ��C� �<G�� �3�4>    1235 

1"#�$# .  

 
 �@��  �'��( 
���	� B +' !�����( Tl�Xm	 �#8�L ^�dS� !��' !�����( +�#	� �  ��#2#4 !�1 �(

,��)� R��	 ) G�� 
�4 R�$L 
���(Tanure et al., 2019 +#�WL P$� �Tl�Xm	 F(��@	 G�( �S�% �� .(

�	 ��� ��CD �E���) G�� ��#� ��	 ,�1�#� �4� !��' +(  �4Faucon et al., 2015�]@�� a��'��' .( �� 
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o#m	 ,��' ,5#�(� � � !���  � ��m	 ,5#�(� �  !�1�	  p�@W	 �#8�L �	. �4  !����6 ��� �  ��3�#' a'�(

) G�� �Jk	 ��#�' ��� �  a'�( P#��L �  ��3�#'  �'��( � +@4�  �l�' ��#�'Wang et al., 2016+' ��3�#' .( -
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�#� �4� !��' !���N ��CD �E��� �� ! ��  ��"L �2) �1 Zhang et al., 2021 .(

G�� ^�dS� a� +' ��CD �E��� �21��S �	 ��3�#' !l�' ���#L�( � �$L G#S�q R#8 ) �4�'Carrier et al., 
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�#� �4� ^�dS� P$� �g�X	)  �4You et al., 2021 .(  

+#�L ��3�#' ,M +@��6 ����� 
�( �?��' 
�( ����	 !�����( T�"�N �� 
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 �(,A��@#�)6/66 ��#	!  �����#( �' ��� ��#��	M  � (�]�S) T�]�S5/55 ��#	T�]8�� �����#( �' ���  (F#��@6) F#��@6
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)Alizadeh, 2008+' !��#'M !�"' Ri��	 !��' yh� .( G'�%� �  � ���� T��E75  �L100 #S�q �E�  \M +��d	 G

,���� +'+��2� 
�#� ���1 ����� �� �
�	 +� G4C� �� y6 .�4 +S�N� �1+' F#�#�#� GH�D � !�� �'  �V(�L� �' F{1 n��

)Elliott & Snyder, 1991+' R( ,A��@#� �( ) ����[( F{1 n��Nelson & Sommers, 1980�]�S �( +' n�� 

|��) �[��Olsen & Sommers, 1982F#��@6 � ( ) �@	�@S F#�S �' B����( �#�� �' F{1 �� y6Sherwood 
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410, UK G}��Q () �4Chapman & Pratt, 1961F1 .( 
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�#� I�]L�� !d�S �@	 �� 
 �]@�� �' a#�3 �' � �4 !�#�


����� 
�#� B�� ,�� �����L �� 
 �]@����5� ���' .�4 !�#� ��D� � ��� +��2� ��#2#4 � ��d#S !�11 �@�� !�

���e �  ) !�12) � (3
 �  !��	M R#�mL � +d[L .G�� 
�	M (��� �� 
 �]@�� �' �1  ��dS�Statistix-8  +W��)8 � (

a#)��#	�1  ,�	�M �'LSD .���4 +��9	 �E�  ?�6 ��2@i� _`� �   

  
 I+#!2�SZ�+ �[�, .Q[ ��3�3% + �4�\3� �B  

��5�  �i��  ���9	  ��5�  �i��  ���9	  

pH  -  6/7  �#�#�#F R'�Q >�@�   (mg kg-1)  5/32  
���@�8� G��1  (dS m-1)  8/3  a1M R'�Q >�@�   (mg kg-1)  8/5  

�8M a'�(  (%)  59/0  d�)�	 R'�Q >�@�   (mg kg-1)  43/4  

F#��( T��'�(  (%)  63/24  y	 R'�Q >�@�   (mg kg-1)  8/0  
���#L�( � �$L G#S�q  (cmolc kg-1)  54/13  ��! R'�Q >�@�   (mg kg-1)  47/0  

R( ,A��@#�  (%)  05/0  a4  (%)  20  
R'�Q �]�S >�@�   (mg kg-1)  12  �#G�  (%)  52  

R'�Q F#��@6 >�@�   (mg kg-1)  182  >�  (%)  28  

  
 I+#!3�SZ�+ �[�, . �B�5�3, ��3�3% + �4�\3� �B���? ����
  

��5�  �i��  ���#� >���' ��3�#'  ?��' +@��6 ��3�#'  ?��' 
�( ��3�#'  ���� 
�( ��3�#'   ��� \�3 ��3�#'  

pH  -  6/6  3/7  5/7  4/7  8/6  
���@�8� G��1  (dS m-1)  8/0  1/1  2  5/1  6/0  

���#L�( � �$L G#S�q  (cmolc kg-1)  65/87  78/54  23/69  62/45  21/31  
R( ,A��@#�  (%)  85/0  5/0  1/1  63/0  23/0  

R'�Q �]�S >�@�   (mg kg-1)  7/499  3/467  6/511  5/330  1/298  
R'�Q F#��@6 >�@�   (mg g-1)  028/5  23/8  243/11  035/10  221/2  

R'�Q F#�#�#� >�@�   (mg g-1)  753/1  015/2  351/2  564/1  975/0  

R'�Q a1M >�@�   (mg kg-1)  1/431  3/376  2/485  4/323  5/413  
R'�Q d�)�	 >�@�   (mg kg-1)  5/80  295  1/388  1/150  1/123  

y	 R'�Q >�@�   (mg kg-1)  81/15  22/11  01/12  53/10  9  
R'�Q !�� >�@�   (mg kg-1)  02/91  78/38  31/62  12/51  21/85  

  

3*+� � ,�-� .  

3 .1.�/ 0�1-2 � �345 678��-�� 60�4���1 ���� .  

� �]�S �F#�#�#� GH�D �' ��#2#4  �( � ��3�#' R'�9@	 T��J� � �  ,��� y����� +d[L ?�@�  _`� �  
�#� F#��@6

��"	 �E�  ?�6 _`� �  
�#� ,A��@#� �' � �E�  B ���e) �4 �� 4.(  

  
 I+#!4R�#�� ���<G ��C� �[�, �, B��38 �D� ]����+ .�\�8 T�?� .�4>3� ����B �B 

T��##uL &$�	  ! ��M +e�   
T�"'�	 a#)��#	 

F#�#�#�  ,A��@#�  �]�S  F#��@6 

��3�#'  5 **6888/0  **6544/1 **004/0 **1197/2 

��#2#4  �(  7  **0106/0  **0345/0 **00016/0 **0346/0 

��3�#' ×��#2#4  �(  35 **0006/0  *0017/0 **0000068/0 **0018/0 

�`�  94  001/0  001/0 0000035/0 0005/0 

) T��##uL P�N%(   63/1 35/1 04/1 86/1  

., ** + * �C_
 `38�8 I�?'� a�  �� ���5  +1 .#���  



1238                                      �� �����	
 ����� ���� ����� � ���� ����� � ������1401 

 � �  ,��� 
�#� F#�#�#� GH�D �' �1��2#L �J� a#)��#	 +��9	 ?�@�^#' �L +' b�'�	 
�#� F#�#�#� GH�D a

 ��3�#' !�1��2#L+' 
��21  ��#2#4 !�1 �( +\.�.\) F#��@6 � �]�S �,A��@#�NPK+' ?��' 
�( ��3�#' � (  
��21

 +\.�.\) �]�S � ,A��@#� ��#2#4 !�1 �(NP( ��"	 gV@�� �1��2#L �9'�	 � �1��2#L a� a#' +(  �'  �e� !�� 

 ���e) G4� 5+' ��3�#' !�1��2#L .( +' � ����L  P$� ��#2#4 !�1 �( � �1�4 +' G$�� ��#2#4 !�1 �( 
��21

^#' ^�dS� ' 
�( ��3�#' ��2#L ��4 +S�N� ��3�#' +( ��1��2#L a#' �  .���4 
�#� F#�#�#� GH�D �L^#' ?��  a�L

F(  ��� \�3 ��3�#' ��2#L � 
�#� F#�#�#� GH�D  ���e) ��@4�  �� 
�#� F#�#�#� GH�D a�L5 ^�dS� P$� ��3�#' .(

) �4 
�#� ��CD �E��� GH�DNelissen et al., 2014&2[L ,�1�#� T�"�N �� 
�4�#8�L ��3�#' .(  B �F#�#�#� 
���(

) G�� F#�#�#� �� ��D &$�	Abbas et al., 2017 GH�D ^�dS� P$� ��3�#' �I�N�	 a� +' +e�L �' a��'��' .(

) �4 
�#� F#�#�#�Limmer et al., 2018+' ��3�#' .(��5�  �$�' R#8 R'�Q F#�#�#� ^�dS� � ��� !�1  �,M >�@� 

+'R'�Q ��% )  �  ^�dS� �� ,�1�#� o��L F#�#�#� \Ce ��e�LWang et al., 2018 .(  

  
#! I+5R�#�� X3W3�3  :F�G �, B��38 �D� �3;�3
 .W�/
 .�4>3� ����B �B  

��2#L  
�#� F#�#�#� GH�D 

(%)  
��2#L  
�#� F#�#�#� GH�D 

(%)  
��2#L  
�#� F#�#�#� GH�D 

(%) 

�1�4  44/02 \.�.\  9/0i s.�.\  75/0 q 

NPK 56/0x + \.�.\NPK 94/0defg + s.�.\NPK 81/0 mn 

NP  55/0xy  \.�.\+NP  95/0cde + s.�.\NP  796/0 no 

NK  53/0yz1 + \.�.\NK  93/0fgh  + s.�.\NK  790/0 nop 

PK  53/0yz + \.�.\PK  94/0efg  + s.�.\PK  78/0 op 

N  51/01 + \.�.\N  91/0hi  + s.�.\N  77/0 pq 

P  52/0z1 + \.�.\P  91/0hi + s.�.\P  76/0 q 

K  51/01 + \.�.\K  92/0ghi  + s.�.\K  75/0 q 

,.\.\ 82/0lm \.�.\  94/0efg ,.�.\  64/0 w 

+ ,.\.\ NPK 86/0j + \.�.\NPK 05/1a + ,.�.\NPK 71/0 r 

+ ,.\.\NP 87/0j + \.�.\NP  03/1a  + ,.�.\NP  69/0 rst 

+ ,.\.\NK 85/0jk + \.�.\NK  97/0c + ,.�.\NK  686/0 stu 

+ ,.\.\PK  87/0j  + \.�.\PK  99/0b + ,.�.\PK  7/0 rs 

+ ,.\.\N  833/0kl  + \.�.\N  95/0def + ,.�.\N  67/0 uv 

+ ,.\.\P  836/0kl + \.�.\P  96/0cd  + ,.�.\P  680/0 tu 

+ ,.\.\K  830/0klm  + \.�.\K  94/0def  + ,.�.\K  65/0 vw 

�3;�3
�
 Q�?>
 c�' ����� *�?  �B �� .@ ��B�C_
 c1?[� #"� #C%, ��
K a�  �� ���5 �
 #���.#%,  

 5 �5�3, :*.M.N) O(R#CS �@ �5�3, :P.Q.N) O(T��, �@ �5�3, :N.Q.N) O(T��, .? �& �5�3, :N.U.N) O(�4>3� VS, �5�3, :*.N.N) .(���� N�  

  

 ��3�#' ��2#L+' 
��21  +\.�.\) F#��@6 � �]�S �,A��@#� ��#2#4 !�1 �(NPK �(^#' �L +' �� ,A��@#� GH�D a

 � c�X@��  �� ^�dS� P$� �1�4 +' G$��49  ���e) �4 
�#� ,A��@#� !�E� 6+' .( � ��2#L a� a#' +( !��%

 ?��' 
�( ��3�#' ��2#L+' 
��21  +\.�.\) �]�S � ,A��@#� ��#2#4 !�1 �(NP�"	 gV@�� ( .G4���  �e� !�� 

 ^�dS� P$� �1��3�#' �9'�	 +' G$�� ���#� >���' � ?��' 
�( !�1��3�#'#' ̂�L  !�1��2#L .�4 
�#� ,A��@#� GH�D

 
��21 � ����L +' ��3�#'^#' ^�dS� ��#2#4  �( � �1�4 !�1��2#L +' G$�� ��#2#4 !�1 �( �'  ,A��@#� GH�D �L

 ���e) �� �  ,��� �� 
�#�6 �� 
�#� o��L ,A��@#� \Ce ��3�#' �� 
 �]@��  �  ,��� ��1�56 ?�@� .(58  ^�dS� �E� 

)  � Mandal et al., 2019+' 
���  �'��( .(  o��L ,A��@#� \Ce ^�dS� � ,A��@#� ���'M ^1�( P$� ��3�#' 
��21

) �4 
�#�Shi et al., 2020.(  ��3�#' �� 
 �]@��  �  �� ,A��@#� � ^1�( �� ��1M ����� ��� _`� �� ��#��	M ��� ���@��
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�#� >�@� )  �  ���QMandal et al., 2019' .( �  ,A��@#� ��#2#4  �( �� 
 �]@�� ����( ^�dS� P$� ��3�#

F@�#�) �4 ���#� G�( !�1Weng et al., 2020.(  

  
 I+#!6R�#�� *A+�?3� :F�G �, B��38 �D� �3;�3
 .W�/
 .�4>3� ����B �B  

��2#L  
�#� ,A��@#� GH�D )%(  ��2#L  
�#� ,A��@#� GH�D )%(  ��2#L  
�#� ,A��@#� GH�D )%( 

�1�4  2w \.�.\  31/2nop s.�.\  39/2 ijkl 

NPK 21/2tu + \.�.\NPK 39/2ijkl + s.�.\NPK 47/2 h 

NP  18/2uv + \.�.\NP  37/2jklm + s.�.\NP  44/2 hi 

NK  2/2tu + \.�.\NK  38/2jklm  + s.�.\NK  46/2 h 

PK  14/2v + \.�.\PK  34/2lmno  + s.�.\PK  4/2 ij 

N  17/2uv + \.�.\N  35/2klmn  + s.�.\N  43/2 hij 

P  126/2v + \.�.\P  31/2nop + s.�.\P  39/2 ijkl 

K  126/2v + \.�.\K  33/2 mnop  + s.�.\K  4/2 ijk 

,.\.\ 58/2g \.�.\  78/2c ,.�.\  24/2 st 

+ ,.\.\ NPK 71/2d + \.�.\NPK 97/2a + ,.�.\NPK 3/2 nopq 

+ ,.\.\NP 67/2de + \.�.\NP  93/2ab  + ,.�.\NP  29/2 nopqr 

+ ,.\.\NK 68/2de + \.�.\NK  91/2b + ,.�.\NK  29/2 opqrs 

+ ,.\.\PK  63/2efg  + \.�.\PK  83/2c + ,.�.\PK  28/2 pqrs 

+ ,.\.\N  64/2ef  + \.�.\N  89/2b + ,.�.\N  28/2 pqrs 

+ ,.\.\P  59/2fg + \.�.\P  81/2c  + ,.�.\P  25/2 qrst 

+ ,.\.\K  58/2g  + \.�.\K  79/2c  + ,.�.\K  24/2 rst 

�3;�3
�
 Q�?>
 c�' ����� *�?  �B �� .@ ��B�C_
 c1?[� #"� #C%, ��
K a�  �� ���5 �
 #���.#%,  

 5 �5�3, :*.M.N) O(R#CS �@ �5�3, :P.Q.N) O(T��, �@ �5�3, :N.Q.N) O(T��, .? �& �5�3, :N.U.N) O(�4>3� VS, �5�3, :*.N.N) .(���� N�  

  

^#' +' ��3�#' ��2#L +' b�'�	 
�#� �]�S GH�D a�L  +\.�.\) F#��@6 � �]�S �,A��@#� ��#2#4 !�1 �( 
��21NPK (

 �1�4 +' G$�� +(  �'36  R�4)  �  ^�dS� �� 
�#� �]�S GH�D �E� 1��"	 gV@�� �)  !�1��2#L � ��2#L a� a#' .( !�� 

+' ��3�#' !�1��2#L .G4�   �e�  ����L+' �  ^�dS� ��#2#4 !�1 �( � �1�4 !�1��2#L +' G$�� ��#2#4 !�1 �( 
��21

^#' ^#' ���#� >���' � ?��' 
�( !�1��3�#' ���3�#' !�1��2#L a#' �  .�� �  ,��� �� 
�#� �]�S GH�D �L  �]�S GH�D a�L

F(  ��� \�3 ��3�#' � 
�#� 4�  �1�4 ��2#L +' G$�� �� 
�#� �]�S GH�D a�L R�4) ��@1.(  

 ��3�#' !�1��2#L � �  ,��� 
�#� F#��@6 GH�D �' �1��2#L �J� a#)��#	 +��9	 ?�@�+' 
��21  ��#2#4 !�1 �(

 � �]�S �,A��@#� +\.�.\) F#��@6NPK+' ��3�#' � (  +\.�.\) F#��@6 � ,A��@#� ��#2#4 !�1 �( 
��21NK (

^#'  R�4) ��@4�  �� 
�#� F#��@6 GH�D a�L2+' ��3�#' !�1��2#L � �1��2#L a� a#' .(  � �]�S ��#2#4 !�1 �( 
��21

 +\.�.\) F#��@6PK+' ��3�#' � (  +\.�.\) F#��@6 ��#2#4  �( 
��21K��"	 gV@�� ( .G4���  �e� !�� 

+' ��3�#' !�1��2#L +' � ����L  P$� ��#2#4 !�1 �( � �1�4 ��2#L +' G$�� ��#2#4 !�1 �( 
��21^#' ^�dS�  �L

+S�N� ��3�#' +( ��1��2#L a#' �  .�4 
�#� F#��@6 GH�D  ���� 
�( � ?��' 
�( !�1��3�#' �4^#' �L \�3 ��3�#' � a

  ���F( �L R�4) ��@4�  �� 
�#� F#��@6 ^�dS� a2 .(  

  �$�' P$� ��3�#' +(  �  ,��� ��1�56 ?�@�) �4 ,�1�#� +CuLKavitha et al., 2018.(   �$�' �' ��3�#'

��5� R'�Q F#��@6 � �]�S ^�dS� P$� ��� !�1 ) �4 
�#� >�@� Yan et al., 2021+' ��3�#' .( ,����  &$�	 B

 �� 
�#� �]�S GH�D ��]�S)  �  ^�dS�Manolikaki et al., 2016+') ��3�#' .( ��D R#8   F#9@�	 +N�� �' (�]�S , �'

M � �$L G#S�q �##uL � � �]�SR'�Q �]�S ^�dS� P$� ���#� ) �4 
�#� >�@� Peng et al., 2012 ^�	�M �  .(
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) GS� ^�dS� 
�#� �  F#��@6 � �]�S ,�d#	 ���� +' ��3�#' , �dS� ������Jabborova et al., 2020+' ��3�#' .(  R#8 

R'�Q ��CD �E��� GH�D �' �l�' 
5� _`� � �8�)3 �RW�W@	 ��@���  
�#� >�@� ) G4�C� �#JKLGithinji, 2014 .(

+' ��3�#' �� 
 �]@�� �4 n��d���"	 ��%G�� !��  )  �  ^�dS� ,�1�#� �  �� F#��@6 � �]�S \Ce � �21��SChen et 

al., 2020
�#�� ���m	 ��CD �E��� +(  �  ,��� ��1�56 ?�@� .(  ���CD �E���  �$2( o��4 �  ��3�#' �  
�4

 
�#� \Ce !��')  �' >�@�  � Cao et al., 2014.(    

  

  
 h4%1R�#�� ��W� :F�G �, B��38 �3DE8 . I�?'� a�  �� ��
K �F� �� Q�?>
 c�' O�4>3� ����B �B5 �C_
 #������ ���.#C%,  

�5�3, :P.Q.N) O(T��, �@ �5�3, :N.Q.N) O(T��, .? �& �5�3, :N.U.N) O(�4>3� VS, �5�3, :*.N.N) (���� N�5 �5�3, :*.M.N) O(R#CS �@  

  

 
 h4%2R�#�� X3 ?& :F�G �, B��38 �3DE8 . I�?'� a�  �� ��
K �F� �� Q�?>
 c�' O�4>3� ����B �B5 �C_
 #��� ���

���.#C%,  

 :P.Q.N) O(T��, �@ �5�3, :N.Q.N) O(T��, .? �& �5�3, :N.U.N) O(�4>3� VS, �5�3, :*.N.N) O(R#CS �@ �5�3,

(���� N�5 �5�3, :*.M.N)  
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3 .2.�/ 9�: 7;� � �  7;� 6�3 �	 .  

 � �L ,�� �' � �E�  ?�6 _`� �  
�#� I�]L�� �' ��#2#4  �( � ��3�#' R'�9@	 T��J� +(  �  ,��� y����� +d[L ?�@�
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