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  �$*�� �*� .�# ?�K/7� Q>%�' ��(RFW)    �$*�� �$*� .�# �

(RDW)4  .��*�� �*2S #     �$*�� EF*� ��*"(RA) 5   �$*�� �*2S # 
6(RV)   �$�� ?�O@ ���� �             �*� �$*�� �$*� .�# GCH*� =!C< �� +�

   �$�� �2S) �$�� �;�)T ((RDW/RV)          �*2S �*� �$*�� �*� .�# �
  ���(RMD)7         ��*� �*2S �*� �$*�� �$*� .�# �8(DRMD) � 

    �$�� &�7 �;�)T(RLD)9      �$�� EF� �;�)T # 10(RSD)  �C��V
 
���%) 9 # 7.(  

)3(       5/0)) � × �$�� &�7  /(�$�� �� .�#× 4 = (�$�� �F<  
)4(         )� × �$�� �F< ×�$�� &�7  = (�$�� EF� �;�)T  

������������������������������������������������������������
1- Sodium hexametaphosphate 
2- Root Fresh Weight (REW) 
3- Atkinson 
4- Root Dry Weight (RDW) 
5- Root Area (RA) 
6- Root Volume 
7- Root Mass Density (RMD) 
8- Dry Root Mass Density (DRMD) 
9- Root Length Density(RLD) 
10- Root Surface Area Density (RSD) =TL×RD×3.14 

R�� EF�(LA) 11 R�� EF� +�!� ������ ��)>�' �� �'�O>�� �� 
 +`!
#�(Li Core3100, USA)������      EF*� GCH*� # ��*% +�!�

�$�� EF� �� R��(LA/RA) �% �C��V
 l�>(
 +�"��A!� �'  . �'
 ���A� .���c    .#� �' �$� .�# Q!!B� +��� �") +�
'72  �>��*� �-�' 

 ?�**
 �**� '��**�48GK�**�  ( �$**� .�# �r**� # ���**% ����,$**�
���A�  R�*� �$� .�# �����" ����� = �$� .�# ��"(LDW) 12 �
.�# �<�***� �$***� 13(SDW) �$***�� �$***� .�# �(RDW)14 

����**��  ���**% +�**!� .  ���**�� �**� �$**�� �$**� .�# GCH**�  +�**"
����"(R/S)15     �% �C��V
 l�>(
 +�"��A!� �'  .�'�'  �*" +  �*@�S � 

��`4� ��� �� �'�O>�� ��SAS `2� '��
 ���V� # !=��< G4�� �.  
  

���� � ��
�  
�����          ��!	 " #$% &
' ��
�(�) � ���*�+ �
�:  ���*� 

 ��**� ?�**!�AK �� �**%��   # ���!A!**% ��**,�`!4 ?�!@�5**� +��#
  �**
 �**!!i� �� ��**� �,�U�**;�!�    ?�!@�5**� .� ]**C� �**� # �**"'

    �
 �!!i� `!� �$�� �,�U�;�4��
 �	 .    �*���� ��*�	
 ��      # ���*� �*��
      ����� # �$�� �%� �� ��� G4��    ��	� ����" +�"         �*� ��*� I�*� #' �

   �C� G4��) ��	,�� �LF	
 ����   �;`�� .�>��t% ] (   Q!)	� #)  ��,$*��'
+��#�$  ./!� ��)$��'  ( �% G%�'�� .     ��,$*��' |��7� �LF	
 ���

     ��� G4�� +���' +��#�$#          �	*% G*4�� +���' ��*	,�� �LF	
 ��� 
'�� .   �;� �'�
  #'  ���     '#�S # +#�H
 �C��L�2    '�*� �*@�'      #' �*" # 

       �	>*%�' �C��	
 G!B~# +`!(�@�S ��� �� ���.    N��*>�    �*� _�*��

������  ��j�# +�!�     ���A� ���!A!% # �,�`!4 +�"     &#�- �' ��� +�"

1G�� ��% �{���  .  
         G
#�L
 ��!��� ��% +�!� ������ ��� �,!��,
 G
#�L
 M��%

   �	B
 ?#�O� +P�O� N	�            +�*"��A!� �' �*@�' �*� EF� �' �� +��'
 '�' .�$� �$��
�� l�>(
)&#�-2.(  

     =��L>
 ��� Q!)��!
 �H��L
           �*� �* '�' .�$*� ��� G4�� # ����
           �*� ��*� �,!��*,
 G
#�L
 �G4�� I�� #' �" �' ��� ���� ���`4�
                  G*
#�L
 Q��*>A �* +��*7 �*� �G*4�� ���`*4� +��' �*	B
 ��7

            �	*% ��*� ���� �@�' �O@ ��A!� �' ���� �,!��,
)  
 �*� G*
#�L 
14/232 &�,��c��!  (         ��*A!� �' ��*� G
#�L
 Q��>$!� #20   �*@�' 

�    ��� ��� ���) 
 ��  G
#�L94/1155  &�,*��c��!  (   �*% ��"�$*
� 
        +�" ���� Q!� +��' �	B
 ?#�O� Q!	}A"10   # 20     ��*� �' �@�' 

 �$� ��"�$
 �	%)&#�-2.(  
������������������������������������������������������������
11- Leaf Area (LA) 
12- Leaf Dry Weight (LDW) 
13- Stem Dry Weight (SDW) 
14- Root Dry Weight (RDW) 
15- Root/Soot 
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 ,��-1-���*�+ /
�0�2' ��
�� ��
�(�) � �)
	 " #$% &
' �
� 3��(�   

�+
� 4� ���5 6) �b  SP FC OM  TN  EC  pH 
 &
'                )�@�'( 

 
(g.cm-3))�@�'(    dS.m-1

  50 4/29  6/20   3/1    41/47 18/29  2  149/0    37/0    06/7  ���  
�	%    5  5  90      65/1    64/21 43/7  98/1  092/0    51/0    92/6  

�b :���� +�"�d e�5(
 ��-:SP I�C%� G��7� ���# �@�' #  TN:��� = .U#�>!� .  
  

 ,��-2-8 6�9�
�� 3;�
<� &
' ����
�� ���
<� �=� &
' �+
� �� >	=? @�A5 #�
<�� /= 
���
<� &
' ����
��  

(KPa)  >	=? �0��  &
' �+
�  
c39/472   �O@  
b07/726  10  ��� 
a94/1155  20  
b14/ 232   �O@  
a02/709  10  �	% 
a76/ 762  20   

Q!)��!
 .�>� �" �' �� �	>H" ��>$
 |#�S +���' � ���" y���   
  �	B
 ?#�O� ��� .�
�� ������ +��'  

  
       �"�* hK�� ��� G
#�L
 ���`4�       P�*O� s*AK .�*% '#�*V
 

  �$��       ��!� �%� �"� �2!>� �' # �*
       ����*�� �*2!>� �' �'�*%   +�*!�
    �
 ��� �2	� P�O� G
#�L
           +��v*c ���*� �� ���*� M��*% �����

�%�� ��� .  
 

�
�� B���C�+��� /
�0�2'  
�����  �	
 ��
�  

 .�# # �**� .�# ���**�� =** �$**�  �$**� .�# # ����**" +�**"
R��(LDW) )  EF�1�@�'  (�<�� �$� .�# #(SDW) )   EF*�

5 �@�'  (    �	B
 ?#�O� l�>(
 +�"��A!� �'    �	>%�' +��')&#�-3 .( ���
               .�# �*
� �'�� ��' �	B
 x�4 ?�O@ �� `!� ��� G4�� �' ���� =��L>


  �*	B
 ?#�O� ��C	� �$� }!" �' +��'     '��*� .�$*� �*"��A!� �� ���*,
)&#�-3 .(             ��*� ���*� � '�' .�$� ��� G4�� �' ���� =��L>
 ���

   ����� �� = .�# �"� �� �2	
  ��� G4�� I�� #' �" �' ����" +�"
             �	% # ��� ��� �' �@�' �O@ ���� � +��7 �� ��%)   :*!��� ��

   Q!)��!
 ��85/15  #37/7 ��� (     � = .�# ���L
 Q���m�� � ����� �    +�*"
           �	>%�' ��� ��% ���>
 +�"��A!� �� �H��L
 �' �� ����") &#�*-4 .(

   ����� �$� .�# Q���m��          �"�% ��A!� �� _���
 `!� ����" +�")  �O*@
 ���� �@�' (     Q!)��!
 �� :!��� ��74/2    #  41/1      �*�� ��� �' ��� 

     �	B
 ?#�O� � '�� �	% #          �	>*%�' �*"��A!� ���*� �� +��') &#�*-4.( 
             �*�� ��� �' �@�' �O@ ���� �� _���
 R�� �$� .�# Q���m��

) Q!)��!
 ��81/1��� (   �	B
 ?#�O� � '��       G*%�' �"��A!� ���� �� +��'
)&#�-4 .(              �<�*� �$*� .�# +��*� ��*� G4�� �' ���� =��L>
 ���

              ���*� �*� �*�� ��� _���
 �<�� �$� .�# Q���m�� � '�' .�$�
   �@�' �O@)   Q!)��!
 ��64/0��� (    �*	B
 ?#�O� � '��      ���*� �*� +��'

    �	B
 ?#�O� �
� �G%�' �"��A!�        +��*� ��� ���� +�"��A!� Q!� +��'
         �$� ��"�$
 �	% ��� �' �<�� �$� .�#) &#�*-4 .(    =*��L>
 �*��

               ���*�� �*� �$*�� �$*� .�# GCH*� +#� ��� G4�� �' ����    +�*"
  ����"(Root/Soot)          �*	B
 ��*@�' N	*c &�*A>S� EF� �'     G*�� ��'

)&#�-5(          ����� �� �$�� �$� .�# GCH�  � +��7 �� �     ����*" +�"
   ���>
 +�"��A!� �'   '��' ���`*4� �*�� ���) &#�*-5 .(   Q*�� G*�K

  �
 �� I�~�
             GCH*� �<�� �%� �� ��� ���� �>$!� ��� �� �%�� .���
    GH*��' �$*�� �� .            .���*,A" # #'��*c z*��� �t��$*
 N��*>�)15 ( #

�,A" # +��5���!
 .��)14 (G�� ��% g��`� .  
���� �� R�� EF� (LA)   ��*� ���� +�"��A!� �')  EF*� �'

  &�A>S�1 �@�'  (            I�*� �' ���� =��L>
 ��� # ��� I�� +�"��A!� �' #
  ���)    &�A>S� EF� �'5 �@�'  (   �*	B
 ?#�*O� +��'      �*�'�' .�$*� �� 

)&#�-5 .(              ���*� �*@�' �O*@ ��*A!� �*� _���
 R�� EF� Q��>$!�
   ��� ���)   Q!)��!
 ��64/20     ]*��
 �*>
 �>���  ( '�*� .    ��*� ���*�

          ���� � +��7 �� ��% R�� EF� �"� hK��20     ��*� �' �@�' 
    �	% # ���)     Q!)��!
 �� :!��� ��68/10   # 86/10    ]*��
 �>
 �>���  (

 �	>%�' �� R�� EF� .�`!
 Q��>A)#�-&4 .(  
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#�)1-D�� �)� =� &
' >	=? =8  �
�� ���� �
�  

 
  +��>V
 R�� =!4#��           ?#�*O� �$*��
�� +�*"��A!� Q!� �' `!� �"

�	B
    �� +��' )   &�A>S� EF�1 �@�'  (   ��'�' .�$�)&#�-5 .(  ��A!�20 
     Q!)��!
 �� ���� �@�'78/32          �*� ���*� �@�' �O@ ��A!� # Q��>A 

 Q!)��!
36/41 �  �	>*%�' �� R�� =!4#�� ���L
 Q��>$!�) &#�*-6.( 
    Q��4�>H�� g��`� �� N��>� Q��    ���� #)10 (    �*���� #)5 (  G*L��F


'��' .       ��� ��� �' R�� =!4#�� .�`!
)   Q!)��!
 ��43/39 (  �� �>$!�

   �	% ���)   Q!)��!
 ��02/35(   '�� �)&#�-7 .(      �*� R�*� EF� GCH�
      ��� G4�� ��A!� �' zL4 �$�� EF�  �	B
 ?#�O� �    �� +��')   &�*A>S�1 

�@�' (   '�' .�$�)&#�-5(   EF*� �*� R�� EF� GCH� � +��7 �� �
                  .'�*A� u�*4 G*��� �*� # '�*� ��� ��� �� �>$!� �	% ��� �$��
   �� �*>A �	% ��� �$�� EF� � G%�' ��td� .��� �
 �R�� EF�

 G�� ��� ���) &#�-7.(  
  

 ,��-3-D�� /
F0 G�
��� 3�*H?  �
�&
' I�� � >	=? �
��
(�? �� D�J� ����   
  /
K�=� 6�9�
��  

=��L? M�
J�  
  

3-��  
"N��  

 #	 =? O"�
���� D��  

 #	 B�' O"�
���� D��  

 B�' O"�
P=�  

 B�' O"�
3%
5  

 B�' O"�
3�$J5  

����2  **97/57 **70/2  **52/1  *088/0  028/0 
��� G4�� 1  **48/241  **90/0  30/0  052/0  035/0  

� ��� ×��� G4�� 2  **41/70  **87/0  *29/0  *092/0  014/0  
�F� 10  85/0  06/0  06/0  018/0  017/0  

 ?��!!i� :��~)%(   57/18  34/19  41/29  92/42  75/111  
    * # :**�	B
 �@�' �� # N	c &�A>S� 6�F� �' :!��� ��G�� ��'.  
  

 ,��-4-I�� � >	=? �
��
(�? #�
<�� =8 6�9�
�� 3;�
<� D�� /
F0 =� &
'  D�J� ���� �
�  
R/S 
 

LA 
(cm2) 

SDW  
(g) 

LDW
(g) 

 O"�B�'���� D�� 
(gr)  

���� D�� =? O"�  
(gr)  

>	=? �0��  &
' �+
�  
103/0 a 64/20 a 64/0 a 81/1 a 74/2 a 85/15 a  �O@   
237/0 b 94/18 a 25/0 b 87/0 b 18/1 b 84/6 b 10  ��� 
218/0 b 68/10 b 21/0 b 39/0 c 75/0 b 20/3 c 20   
237/0 a 85/19 a 25/0 a 06/1 a 41/1 a 37/7 a �O@   
146/0 a 58/12 b 32/0 a 73/0 ab 14/1 ab 47/4 b 10  �	% 
230/0 a 86/10 b 20/0 a 50/0 b 78/0 b 35/3 b 20   

Q!)��!
 .�>� �" �' �	B
 ?#�O� ��� .�
�� y��� �� �	>H" ��>$
 |#�S +���' � ���" ������ +��'  
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 ,��-5- D�� /
F0 G�
��� 3�*H?  D�J� ���� �
�  
  /
K�=� 6�9�
��  
=��L? M�
J�  

  
3-��  

"N��  ���� D�� 3� 3��� B�' O"�  SA5B? P=�
3?��

 #�+�=�	 ��T
=��3��� SA5 3� P=� SA5  

����2  0043/0  **79/134 **93/110 0007/0  
��� G4�� 1  0012/0  *29/24 **56/87 **0786/0  

 ���� ×���� G4� 2  *0182/0  *68/18 13/1 0015/0  
�F� 10  0029/0  26/3 49/6 0031/0  

 ?��!!i� :��~)%(   64/27  58/11 84/6 71/46  
 * # :**�	B
 �@�' �� # N	c &�A>S� 6�F� �' :!��� ��G�� ��'.  
 

 ,��-6-#�+�=�	 ��T 6�9�
�� 3;�
<�   � =��3��� SA5 3� P=� SA5 �$;� D�J�   
 >	=? �0��  =�� #�+�=�	 ��T  3��� SA5 3� P=� SA5  

�O@  a 36/41a 13/0
10 a 53/37a 11/0
20 b 78/32a 12/0

Q!)��!
 .�>� �" �' �	B
 ?#�O� ��� .�
�� y��� �� �	>H" ��>$
 |#�S +���' � ���" ������ +��'  
  

 ,��-7-#�+�=�	 ��T 6�9�
�� 3;�
<�   � =���� SA5 3� P=� SA5 �$;�3� D�J�   
&
' �+
�  =�� #�+�=�	 ��T   P=� SA5 :3��� SA5  

�	%  b 02/35  a18/0
��� a 43/39b05/0

Q!)��!
 .�>� �" �' �	B
 ?#�O� ��� .�
�� y��� �� �	>H" ��>$
 |#�S +���' � ���" ������ +��'  
 

���� ���� ��  
� ��� �� �$��
�� +�"��A!�a �!��$�� �� .�# ?�O@ ��(RFW) � 

  �$*�� �2S(RV) �     ��*� �*2S �*� �$*�� �*� .�#(RMD) � .�#
 ��**� �**2S �**� �$**�� �$**�(DRMD)  .�# �**� �<�**� .�# �

�$��(RDW/SDW) �$�� &�7 �(TL) �$�� EF� �(RA)  �;�)T �
�$�� &�7(RLD) �$�� EF� �;�)T �(RSD) )   EF*�1 �*@�'  ( #

�$�� �$� .�#(RDW)   �$*�� = .U#�>!� # )  EF*�5 �*@�' ( �
 
 ?#�O��	B           �$�� �;�)T ��� �� �
� ��>%�' �" �� +��'(RDW/RV) 

 �	B
 ?#�O�  �	>%��� +��') &#��-8 # 11 .(  �"�* hK�� ��� ����

  �$�� ?�O@ �!�   ���� �' +�            ?#�*O� ���`*4� Q*�� �*
� �% ��	� +�"
�	B
         '��*� .�$*� ��*� I�� �� +��' .     .�# # �$*�� �*� .�# Q���m�*�

     % ��A!� �� _���
 �$�� �$�  �"�)     Q!)��!
 �� :!��� ��74/3    #  3/0 
��� ('�� .             ���*� .#�*� ��*A!� �� _���
 `!� �$�� �2S Q��>$!�)  �*�

  Q!)��!
25/4  :B,
 �>A!>���  ( �	B
 ?#�O� � '��   +�*"��A!� �� +��'
G%�' ��% ���>
 .Q���m��RMD  # DRMD  �O*@ ��A!� �� _���
 

 ���**� �**@�') Q!)��**!
 �**� :**!��� �**�74/0 # 061/0 �**� ����**�! 
:B,
�>
 ( '��)&#�-9 .( 

  

 ,��-8-3��� /
F0 G�
��� 3�*H?   D�J� �  
    /
K�=� 6�9�
��    

=��L? M�
J�  "N 3-����  RFW  RDW  RV  RMD  DRMD  3��� #	 O��=���
����  2  **54/7  *0270/0  **29/7  **299/0  **00108/0  097/0  

��� G4��  1  41/2  0014/0  00/2  096/0  00005/0  *199/0  
 ����×��� G4��   2  01/1  0102/0  79/0  040/0  *00046/0  *138/0  

�F�  10  56/0  0037/0  72/0  022/0  00011/0  032/0  
 ?��!!i� :��~)%(   57/18  34/19  41/29  92/42  75/111  27/12  

 * # :**�	B
 �@�' �� # N	c &�A>S� 6�F� �' :!��� ��G�� ��'.  
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 ,��-9-F0 6�9�
�� 3;�
<� 3��� /
  D�J� � 

 >	=? �0��  RFW  
(g) 

RDW  
(g)  

RV 
(cm3) 

RMD  
(kg.m-3)  

DRMD  
(kg.m-3)  
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Abstract 

In order to study the effect of soil compaction on root and shoot growth of wheat plants (Shahriar variety), a 
greenhouse pot experiment was conducted in Guilan University. The study design was factorial with completely 
randomized in three replications. Treatments included three compaction levels; (normal compaction, compaction 
of ten percent and twenty percent) and two type of soil texture (clay and sand) will include 18 pots. Soil 
mechanical resistance index measured with the device influence the resistance gauge significant differences 
among treatments indicated. Root and shoot traits measured included plant fresh weight and total shoot dry 
weight, leaf dry weight (LDW), stem dry weight (SDW), root fresh weight (RFW), root dry weight (RDW), leaf 
area (LA), root area (RA), root volume (RV), root length (TL), root dry weight ratio of shoots, leaf area to root 
ratio (LA/RA), root length density (RLD), root surface area density (RSD), root mass density (RMD), dry root 
mass density (DRMD) and nitrogen content of roots, significant difference in the levels indicated treatments. The 
results showed that increasing the compaction of soil are affected characteristics related to the shoot and root of 
wheat plants, and twenty percent of the compaction (influence resistance 1200 KPa in the clay soil and 762.76 
Kpa in the sandy soil) is limited roots and shoots growth than the natural soil. 
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