
��� ����	 
��� � ������� ��� � � / ���������� /  ��� !�"# � $%&) (( /*�+�#,-./

���

0�1234 5�67� 8�9��:�;� � �<�06� �0=� � 0� >����? ��@��*�? A���� ��# �+�*

��BC�DE F�"�,�4�7����GH F�"� I,*�3�J�� 0@�KF C� � L

)���	�
 �	�� :��/�/��  � ���	�� �	�� :��/��/��(

J&��F

��0� ��M� A��0�123��N� +4 5�67� 0�:�;� � �<�06��	 >���� +4�0� ? �0=� � 0� �? � �@��*�? A���� ��# �+ �*(Brassica napus L.) �� 

O�P��+�    ���H IQ�� >��� �� +��   ���� ��� �� �.RS,-.T   NC3 A��*� �� �3�N�  �����? �F=�4�� �  �03 ��U�4�� �      V��WX AW� IY�F� >

��6?��+     O��� 80	 Z:�G �� � $���  ���[3 $��? �   �� -   F! �0K� ��0=3  .3����� �  � ���� ��0�  ��6?�� �� +   :�;� 5�67� 8�9� $ W�  >)] I

-  IR   � ^   ��6=� �� _3  ( 4 ��? ��FN� �� `9� A� �� �<�06)^] I,.]� L/]? �4 �0a�����6=� �� b:�P �<�06 ( F4FW! $X�c ���� 
�� �� .

   �*�? ��d�)  �G�OKAPI (      � >�? ���0%� ��� ��,/]     �F6�� �� e��[� IF�� ��� �  eDE A�c0� ���  ��� ��[C� I    F! >!��0� �H *�� A� .

�64+    4 01� ��� ���4 f�  :�;� � �<�06�    ? V�@X 0� >gW�       h0W� `9W� bP�W! � AG�� � h0� Q�P ��� IQ�P ���� �0=� � $��! A���� 

��� ��� ��� .   ? V�@X ��D� A��@�   A���� )  FX��_�i3�0#    B�? FX�� � ��P � a ���3 �� ����� ( >C30�123�X� V�01� �4 �:�;� � �<�06� >

 >�0a ��0G .�*�� ��+4 ��? e0[� j���6B! �<�06�4 ��*�� �<�06+�*�� �� � j+:�;� e0[� j� W�� ��	 A� >����� ��W6B! �4 �  �<�0W6

  j��?+>�� .     � 0� ��6?�� �� $��N6� 01��k��0� ���� V�@X �� ��F?��� �F�4 ��� . �0���?L/]? �4 �0a���@�3 �� ��6=� �� �<�06�  �W� l^

 :�;� _3�   �� >      V�@X �� j+�*�� _+06��� ��6=�����  ? � �@�     �0� ��"+� �� �*�? A����  . ��0� ��"4����� � �     @�3 �0���W? ��WM� A� 06�� WN�

����?�! � ���+:�;� �� �>����	 ���X�3 �� A���!.

�<������� �F�: �*�?(Brassica napus L.)4 I�:�;� I�<�06� �0=� � I>����? ��@�A���� 

A�FN�

���� � �� � !" #����$  !%� �
 �    &' �
 ( )*�
 +�   �,- .�/0,� '  ,� 1�

  2
�(3� �4 #�5'���$ /�
 6 7 )�   �8� ��9'� :4�; � . � �4 ,	   
 ,=( .

       > � �,4 �,/ � ?@ �
 �'�A8�&/ ,�  B,/ )B	�	   �,8�CD ( �6	 � �  #�,��

� !"�$  �E/ �
 )	  �8 �4 �5	  "��1 FG HI/ �6    2BD �= � �&�@ 

  �8�)� .(    
 1� J �%/ � K �4	 ,4� � 1��   
B,%&/ #�,��$   # ,L�� 

	      ��4 �BMD N� '� ( * �� 8 )F�O )�-' $> � � � ?@ �
 � !" B

 / �?@6B' D . � �,4 ,	  ��,D 
 ,=( .	 � ,� ( P3 Q	6  ( � ?,@ 

,,R�46
(B,,I/ 	��,,�$!;� �,,�6S' ,,�,,43 T,,@ �6 1� 	 (  5,,9

'�BC/1�$��$    �� U�R 	  � 1� V�   / W"�4 � 4X/ #���6    �,� 
 ,D

X/	 M5' �6  ��4 �Y'3 $ > � � " B   8 �
 �, ! ,�T&5 �,�$  1�(�?,@ $

  
�� 
� / � ?@	  � ���; B�
� .�	  >�Z �
 .6        �,D�@ �,4 �,@ �8� 

�' � �,�	6 1�    �X,!@ [C,=(Brassica spp.) �,@   B,D� :H, $

      > � �4 2(\" )B'��
 �'�&5/1 F\7 �4�?/� 
�E/ B	   Y= ,� :4�; �6

    '�/1 �
 XM8 � !" 1�6   �@ J�8 1� �8	   > � ]4�,C/ � ,�    �
 �, !" B

MK�  C� �% 2�Y4 �4 1 ��
�,4$ ,8�' �2B )B,'�
�13$ 4 :,�"  ,��&?$

�.^���� �4 BD�� 68�CD��_ `4�8 $ -?'�
(�"��1 ��	
�&8�  2Ba?'�
 )$1�(�?_b�B/ ��4�� 2�c?'�
 )#��Y� )

� .d�R 
�&8�#��Y� )b�B/ ��4�� 2�c?'�
 )$1�(�?_ 2Ba?'�
 )68�CD

* : '(�&a>� �5� )F�M��a/ J e5/�a6 :maghaalikhani@modares.ac.ir

Archive of SID

www.SID.ir

http://www.nitropdf.com/


 ����	 
��� � ������� ��� � ���� / ���������� /  ��� ! �"# � $%&)( (/*�+�# ,-./

���

 B/ �
	�	  ,c>� �$   ,"��1 P(�,C� ( �?,@ 6 ��,4 $   T���, 1�(�?,@ 

/6

�� .TY/��	 �X/ .	�$     > � fB� �4 �X!@ �?@ �  F��M" )� !" B�  B,'

1� :� (  Bg�
.�e�(��   ) ^8�C/ *�R � (@�� hD R6     ( �,4 P ,R  ,	 2i

��4$   )#��BCC@�� h?' � (���4$ !4�;  ,�      ,>3 
� ,/ Tj,� �6  �, !" �
 

( �X!@k (5'�&��G�4 :$> � ��X!@ �"�X/ 1� :5" B)�.(

	96  2
�Y' 1� ��$��l0�   �@ �,4 ���� ,�  @ ( ��A ,�    �
 �, !" �

�� "��1 #���6 ' � �8� #m(�& .��  ��4 �X!@ 2�$      
 ,R ^,8�C/ BD� 

 ' �4�1 #m(�&	
�$' � 
��
 1�)��(� 1� )	%� (� . �,� Y4 ��B,E/ .�  �,C

'�    nC@�( ( #m(�&����  @ ( �A6 � �  � �4 2�	 ' .      �
 f�H,/ �,� 2
�Y

8 @��T&5��$ "��1 6  54 � ?@ �  �8� TY/ �� .     ' �,4 �,= � �4 ,� 1�

G�4$ � �   ' �4 �X!@ 2��  4 f�H/ )#m(�&6(� ,	  �,�
 @ �$  ,D ����6	

'�#m(�&   � �"��1 �
 )	 � .�  �8� J �%/ 2� . D 
 @ f�H/����6	

4�   �X� �4 �-C/ �&?	  (��B,� n$      �
 ,>3 *�-'��,8 ( #3 6   ]4�,C/ 

1	 I/ �5�o6 / 6
 D .��4�C4	  �(� �p��� .��6	   J�&C@ � SC/ �4 

 ��
 @ f�H/$ D ����6	 ' �#m(�&  �X� ( ��
	  n��l0�����$  �,Y'3 

       ( �4 ^8�C/ 
�9!�" �4 J HZ ��C@ �
	  /1 �
 2i�.��$  ,"��1 6

���
$    VM8 ��4  )  >
 �,4 ,�  5,'�&� :�  ,��O :6 �  ,	  q�,R .   �
 �,�

(��B�$��7 �g�C" 6	 (/ TY/6BD�4 .

  2�� �!�= 1�����@$B=	B$  ��4 �@ $ �X� 	  n��l0� ���,�$  ( 

� !=��$  (��B� 1� $  �,�
 @ $  ,D ����6	       ���,; 2
�A&,8� 
� ,/ 

 4 )�&��  ����@��$ @�� � MK F�M�%6  '�@ # r 6 �,�$ > p1  ,�  �
 �

  1�(�?,@ N��X/$  ,/ 6   B,D�4)�s .( � 1� 2
�A&,8� ,	@�� .�  �
 F�,M

t���6 1�(�?@ $  >
 �4 � �X� :	 �u n�  ��@ J
�M� ��' 6   ( q�R 

���	 1 :	  ��4 �Y'3 
�$   ( P�= �c'$��
' /3 �/ )* 6   n,E' B,'� �

�l ,,/$ ?,,&5D n��,,@ �
 $��,,7 �,,g�C" 6	( �,,4 q�,,R ,,	 2i

'�  BCD�4 �&D�
 #m(�& .> p1��    ,!h!h&/ 
� ,/ ��6       �,4 �,@ BC&5,� 

 �@ #��&R�8	>�&56    > 9> / J�4�7 BC'�/ 
 R 6       �,4 ( 2
�,@ :�" 

>
�  J�'�@ .&D�
 :��$         � ,M" 21�=� )
 R �9MD �
 1�4  j,%46  1� 

	#     5/ ( 2
�
 �� ���  j%4 � M" �6   1� 	# ��$ 
 	     
(B5,/ �� �,c

/6  BCC@)�� .( 4�h&'� P�=6  1�,8
�13 ( $    �,g�C" 2B,D J�,&C@ 

��76	  > p1 1� �  / W"�4 �6Ig P�h&'� F� g �
 
 D�  N ,' v

> p1� �H/ �6 /�cC� )6  � �@ 	        �,4 2BCC@ w\g� #� C" �4 
� / .

  / ��t� q�R6  �K 1� )B' D	 � `�X	  ,���� n6  'G ,K 6   FB,/ 

 ��7 �g�C"6	    � BD� 
 MY4 �4 �   BCC@ V�@ 2�)�s .(    �,4 �,= � �,4

(	�i6��$     > p1 
�, �4 �HIC/  ,��   M; 1� �,� ,� !4�; : ,�   J
�,M� �

��@�' 6   G�4 )�xx   �� �xx / �!6  ,@� 6    �
 #G�( �xx    *�,� )��( )

 4�h&'� P�=6 ��@ �# ��$ A/ �  ' /3 BC'�/ B�  1�8
�13 ( * $  J�&C@ 

,,Y'3 2B,,D �)�� ( '��&R�,,8 P r��,,r F�,,Ml6 FB,,/ 1��
 �
 

)  '�,@  f\R�46 �,�$  ,8� J ,�%/ 6) (�k (    �,= � :,4�; � ,(

> p1,,���,,�$MK �,,%6 � ?,,@ �
 )�� ( �� ( ( #�,,83 y��h&,,8�

 ; *�-'��8� 
�H&;� ��$  ���94 )^8�C/ ��$ � 	 @�� .�   2��,�� F�M

 ��
 @ �4$ D ����6	 ,/ 6  B,'� ���l0� �,�
 @$ ,D ����6	4 ��  ,� �&?

 4 2
�@  Y4 f�H/ W"�� � �C	   2
�Y' 1� �&8
 .   B' ,D �,� .   1� fB,�

��=�$ � 	 �/13 .	 8��4 n6  A!� 
�4��@ �E6 ' �  > p1 ( #m(�&�   �,4 �

  
�9!�"����  @ ( � ,A6   �
 �X,!@ �, !"  ,	 ���
 q�,R V$  �,�4 

/ VM86BD�4.

n�� � ������

�/13	   "��1 J�8 �
 n6��z����   EI� �"�X/ �
 ���E6  2B9?'�
 

1�(�?@$ � 2�c?'�
 4�� B,/3�
 ��=� �4 )b�B/ � .   :,I/ N�,A���

�/13	 �
 vo8 1� n	 ����� ��{= F�H,&h/ ( �&/  ,��6	  �,4 #3 

����^`�x/51o  ;�D J K 6   ( `kk/35o    >��,D }�," 6  �,8�  .

  ��,=� 1� :,M;$ �,/13 	 �,' �' )n� 6,	   `,�" 1� ^,@�/ x �,,� �x

6&'�8�&/$    3 :,I/ q�R  �,/1	 Y� n ,�      �,&' �,@ B,D �	 X-� ~ ,	 �

�X	96  D ( ����6	    �
 #3   J(B=�  
�� �p��� 	 �8� 2B . �,/13	 n

  � &@� F� g �4	     q !4 w�K ^>�; �
 ( :��$  
�H� :/�@ 6  �4 

�   BD ��=� ���9�  .@���   > p1 +!&h/ w o8 ^�   :/�D �x  )�  )�

  (s     ' ( ��&9� �
 .� �' b�8� �4 �>�R #m(�&�� 1��  # ,/13 ( 2�

 4 )q�R   ��BE/ �sx  )��x   ( ��x@ � )2�(� ]MC/ 1� ��&9� �
 *�� !

���,,����$�/13 ,,	?69?,,� �� � :B,,'
�
 .&'�>�,,'3 �,,-�,,D X����6	

> p1�       #��,� �_�,D Q,8 � �,_ `,�EI� .	� �
 2
�A&8� 
� / �

    / �YD #
�%/ 1� �a8 �� Y� �'�� 
�� �	   �
 )B  J(B=�     2B,D �,	��� 

�8� .  ��=� 1� [�$ !�" �   
 ( ThD F� ,	 >(� V5 ,�    )�,"�X/ �
 �

> p1 *���� ( �	V' * 8�� �� #m(�&� � K �4 )���	 �
 �R� C9

Archive of SID

www.SID.ir

http://www.nitropdf.com/


 �0J� � 0� >�:�;� � �<�06�4 5�67� 8�9� 0�123���� �@�� �...

��s

��FK, .�64+*"3 f+� A�*+=�! � � ���+���H $C� O�P +j

`�"

cm

.DG$b�

Bg�


��4�B�	�&9>� �	96

(dS/m) 

�xzx������CD * >6�x/�

�-Z Bg�
6�
 �4 K� 

F.C 
�-Z Bg�
6

�
 �4 K�

C.E.W 

�
 :4�; �4 K� Bg

b�&8


A.W

 U Hh/ #1(

���u$(g/cm3)

:� nC@�(

N�MD�


� / Bg�


>36

��s��k�/��/��/x

' Bg�
�#m(�&:@P�= :4�; �A58�&��P�= :4�; T.�3(�$[/

(mg/kg)

xs/x>��>��x�/���/x

C.E.W. = Crop Extractable Water ,  F.C. = Field Capacity,   A.W. = Available Water,
 C. E. C.( Cation Exchange Capacity) = k/�  meq/�xxgr .
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21�B'����$ B'BD  .��4$ %� ��    
�,9!�" . .�e�(�,�     B,g�
 �B,&4� )

'�  � 2
 � #m(�&���6   � �(� �4 �8��&�   oE� 1� B%4 # �    2
�A&,8� �4 �

  2�c&8
 1�Kjeltec Auto 1030 Analyzer,Tecator21�B'� ���$

   :g�Z 1� [�8 BD  ' Bg�
 P�t�    
B" �
 #m(�&��/�   B,g�
 

.�e�(��    � !" *�R  �8
 �4  B/3 )� (:g�Z 1� (   B,g�
 P�,t

.�e�(��           
�,9!�" )V?,R 2
�/ 
�9!�" �
 � !" *�R  .�e�(�,�

)@�  ��&9� �
 *�� ! ( BD :g�Z .��4$ 21�B'� ���$ ' � 7 #m(�& ,� �

>36    @ F� g �4 2BD �&5D�    %� )��,&9� �
 *�� ! �,�  :,/�" (
 .

/�X>�6 / 6BD�4 .� ( ' �S!7� 7 #m(�&�  ,>3 �6    21 �,' �' �
   �
 P3

�� `�"�	.� �%8 � 1� ��	�? (� (/�E�" O A' #�X6P3  .� �
	 .

�/13	 ��4 n$ Y� �  21 �' �' �  1 1� P3	     � �%,8 � �,EoC/ � ,	  1� )�?

  2�c&,8
Soil Water Sampler (S.W.S.) (Model 1900, Soil 

Moisture Equipment Co.) B,,D 2
�A&,,8� ) :9,,D�.(B,,4 	 .

   X@�/ ��5; �
 � SC/$ F�@  4 )��  �8(�  &8
 ��(� �!6 2�AZ �$

   �o; �4�6&'�8�&/    `�" ( ��6&'�8�&/ � 	 BD 
�- .   q�,R [�8

4�    
�� V>� 2BD 2
�(3 #(�	 ��BE/ B$       BD � !h/ P3 �4 #3 1� 

  �R �>�Z ����$ � � BC@ �B  ��4 #3 1� �@ )$   ��5,; �,&Y4 ��M��� 

 /��,8�96  �,> > (Ceramic Cup)   �,Y&'� �
 )q�,R �,4 $  2�,AZ 

 BD 2
�A&8� . �j [�8$ 4�/ �    E4�,/ �,4 2�AZ ( 2�c&8
 �> > .6

 BD �� q�R .   ?,43 �,@ �-'3 1�6	' �   /�,cC� q�,R 1� #m(�,&6

 / ��A��6      G�4 ��5; �
 q�R �4 K� �@ B&�6		    �
 �,oE' V

 %/ `�"�   )q�R .4�  �u 1� n� "��1 �6    B,D�4 )s (  7 �
 ( ,� �

�	.  ?43 F� g6	 ' � D�' #m(�&6  D 1� �  54 �S!7 ^� r�' ��� X

  �8�)k()     ��=� 1� #�/1 �� �
 $ �/13 	    4 q�R �4 K� �@ n� n

�u 1�,,�,,"��1 �6  ,,4 )�,,D�
 ���,,; �,,8(�  �\,,R �,,�� �!

 &,8
6(Model 2005G2, Soil Moisture Equipment Co.) )

?9/6  / �4 � #�X�x8 &'�6�> > �4 ��4��$ 2�c&8
 S.W.S.  J�,�"� 


��	B .   8� 1� B%4 [�8�      �u 1� �,&�@ �,4 q�R �4 K� #B ,� �

"��16)    ��4 q�R �4 K� J�&C@$ %� ��      ,8( �,4 n9/ #�/1 .� �!

  2�c&8
T.D.R.    � ( BD *�-'� 	    ,4 #�,/1 .�  .k    �,� �  {&/ 1(�  ,� �


 4( 21 )        �,> > 1� 2B,D ]�= P3.S.W.S        f(�,u �
 ( y��,R ) 

8\�&�96 � 	   BD �&h)  :9D�( .� != � SC/ �4��${� 1�  ,�� �
 �

@��� D ^����6	 �' �'   8� 1� ��� � A> 8 B	  ,!7 V� / �,4 � ,� #�X�

8686  > �
 �  BD 2
�A&8� �& .�' �'   X-� #�/1 �� ��	  ,D �����6	  �
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$ 1 	  �k  &'�8 �=�
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��� �,c'$��
  B'B,D  .     �,!Z�/ �,� �


�' �'�(� �4 �� Cadmium Reduction Method 8039 (Hach 

Co.)��4 $ 21�B,'� � ,��$' � ( F��,&Salicylate Method (Hach 

Co.) ��4 $ 21�B'� ���$ ' /3 � 4 )* �8(�    �&/ &(�&9�,8� 2�c&8
 �!

(Model dr/2500, Hach Co.)X-� 	' N �-/ ( B'BD �� ( F��&

' /3� 21�B'� * ���$     ' �S!7 #� C" �4 2BD �  'B,%/ #m(�&6 21  P3

  &�� �S' �
 BD � .��4$ 21�B'� ���$  E�" O A' 6     �o4�� 1� )P3 � )

 ,4� ,43 #\6 I + P + ∆SW(z) - ETC - RDPR =  2
�A&,8� 

BD)�k .(� �
	 )J /� .DPR ,E�" O A' 6 / �,4 P3 � ,!6 )�,&/ I

43���$/ �4 �!6 )�&/ P�B'��4 6/ �4 � ,!6  )�,&/∆SW(z){� ,�� F��

RO �,,4 K�,,� `,,�" �
 q�,,R 2B,,D 2�x �,,� �x6&'�,,8�,,&/$

)21�B'����$    Q8 � 2BD T.D.R.       ,�-Z �,4 K� b�,8� �4 6  ( 

BM�	/ �4 2BD :�!6�&/( )ETChM� � �4 �"�X/ �'�1(� ��%� ( �
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ksx  �4��4 ^%9/�&/ ��x / �!6     �/13 �,"�X/ �
 )P3 �&/ ,	?6   �,4 

  �Z�5/�kxx       43 F� ,g �,4 ],4�/�&/  ,���$  � �
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    �B,'��4 :@ )BD f�H/6           ��,=� #�,/1 FB,/ �
 2B,D J1�,' $

�/13	  n��� / �!6 
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 �,o4��� ) ETCROP= ETO × KC   B,D 2
�A&,8�)�� (� �
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 )�o4��ETCROPhM�  ,� � ��,%� ( � ,� )2� ETOhM� ,�  ��,%� ( �
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�
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  ��,4 X&C8 & ( V?R #1( )��4 �Z�5/  �Y' �
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���,� . �X,�	 n

      ' ��G�4 w o8 �
 ��4 vo8 �R�D�   >
 �,4 #m(�& ,�  �X,� :	 n

      ��4 ��" J K *�(
 ( 21�B'� )
�B%� / ��6BD�4 .T�6c&54  �M�/ 

C%/ (6��
$) **�x/(r2 =  ,4 �    #1( ( ��,4 vo,8 �R�,D .

   :@ V?R �8
 �4    ]'�; )B/3 )� (       �,8� � 1� :,E' �4(Horst)

48��6{� �� F��(Leaf area index)LAI  %/ #� ,C" �,4 ��  ,���$

��4$      2 I' 
� / �
 F(�j; ��l0� ' �    � B,D� �
 #m(�& ,�   
� ,/ 2�

  
�
 ���; 2
�A&8� .   ( ���X� b�8� �4$ /�cC� 6   ' �,@ �   �
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� K$  � �@ ������$��x   ( sx @ � ' *�� !� ,&   �,4 ��,&9� �
 #m(�

���,,�4 ^,,��&?	 .)�/��x�@ � ��,,&9� �
 *�� ,,! (�,,&�@ (	 .

)k/���k @ �  ��&9� �
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