
� ����  ��	 
 �)
���� ����� 
 ���
��� ���� 
 ���� ( / �� !"� #$ /  %��&' #() 
 *(+ /"�,�-./00

���

1�234!�5 6�78� ����� �$��79� �7) �
 
,:��� ;!1<�&�1� =,�- �>
1

) ?��,��� @A�!��@�B �! �>
17


4�<�� 1C�D@&9�* ;
 �1��:���� @&9�
��E) %�� .

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

%@�<+

 �1� ��E�� =�
1�234�$!�5 6�78� ����� ��79� �) �>
17�- �,=;��� ;!1F�&� 1�  �>
17�) 
,:)NUE(Nitrogen Use Efficiency  @GA�! 
 

���,) ?��� �>
17)NARF (FractionNitrogen Apparent Recovery�� �@�B �! ;
.)Triticum aestivum L(�,���� ;
: �! =I�  
! , %�J7K

L94�        ��  �: M15 �� 
 N�	 O�LPQRQ  !1B :1D: ,@ .     �
: ��  �! S,����   ���� T1� UI�V �!�$� �� 
�!�W4 *��� X  
 ��G&�4 Q  �:1G<4 

@' ��Y): . �
: ��&�4 )@$�' (#5 
 Z1W� 1- 
,:[\ 1A��� 
��&4 Z1W� *��'Z1W�]) �,[^�"�(�(�� ��>
17�) ( �
! ��&�4 _ = Z1W�

Pab             
1��- �:��F�@�B Z1� =� %�
: ���� �: �>
17�) ��7<$ �! �1B���� )   %�
: N1  ��� = (_    ��  ��&�4  =,       �� %�
: ���� �: �>
17�) ��  c

 !1B�B S'�-�(SCU)     =,�- O��A =�  +    ���(+ ��&�4 _%�
: N1  
! =   ��&4 Z1W�Pab          �G��� �: =,�- O��A =� �>
17�) �1B���� SCU _

 #Y�- ��&�4 =  Z1W�Pab             %�
: N1  
! �! %�
: ���� �: �>
17�) ��7<$ �! �1B���� ) ��:� Z1�� I�&�� e
 ( 4 
     #�G' ��G&� = G,   ��G  c

          =,�- O��A =� Z1W�1- *��� !�5 ���� �: �>
17�) +    @' ��Y): %�
: N1  
! .   �1� �: f-
 �7) ,   !�L� ;�
: ��  g,  :[\ 1A��� 1
,   !:��G� 

  �$!�5 �! !�D���  Z1W�1- *��5 )   �7- ;1CK��  
� 
 #� (  
SCU) !1B�B (e��34  ) �:@L� ;�   �1WG� �>
1G7
  �G4 PRb5 �   ��G7F$ �! �1B�G�

�::",     4 ?C$ 
 @' %!:! S� �
: ��&�4 T1' =� ��& = �
! ��&�4 _@$�' = ��  ��&�4 _%�
: N1  
! =    ���G(+ ��G&�4 _%�
: N1G  =  =  g�G-

        #Y�- ��&�4 _������ �� �� %�
: N1  =   �[� 1,� =,�- %�
: + #�' ��&�4 _%�
: N1  ��(+ =  �G��� �: =,�- %�
:SCU +    
 %�
: N1G  ��G(+

   #7C$ ��&�4 =%�
:        Z1W�1- *��� !�� ���� �: =,�-  +    !1B ��&�: %�
: N1  ��(+,@ .   %!��� O���&� �: f-     @G,!1B %!��- T1� ;e��� ���  .

 !�� 1,�        ��	 ����� h� : 1� ���) !��� ��$e��34@'  .�7),      #�G' 
 �
! ��G$��&�4 �! =G):! !1G<�&� ;!:! ���G) �
: ��  �! =�A�i g

)aPja   
 abXk 5 �  ��7F$ �! �1B�� (! �L� �,    @$�' �� =K )QbXR 5 �  ��7F$ �! �1B�� (=� ��� ���
�:!�    lm  �! ,  :"G�: @A�! c, S, ?G�� .

NUE) R/PQ   
 n/PQ 5 �  5 �! �1B����1B�� (  
NARF) n/jP   
 n/QR @A�! ( ) �  : �! ",       @G�7�1B�:1V 141� %
1B �! ��&�4 
! e .  ;�
! ��G  �!

   !1<�&� e,17���)XQQa 5 �  ��7F$ �! �1B��( :��5 ;
,) n/PX 5 �  5 �! �1B����1B�� ( ��� 
, ) ?���  �>
17)ab @A�!  (     %@$��G� #�' ��&�4 �!

@' . :"�: ?��,   ;!1F�&� SNUE   
 NARF    ���� �
! ��  �! ,    �D =� o��1� p�4@&� S,"J,�
SCU         �- %�
: �G� Z1WG�1- *��5 !�5 
  G, ;=

:"�:,  ) �:@L� S�    KL4 O���! !:@�4 
 �>
17� !�� q . �!�W7V: %!��� :1� �  ! 1$     &$ 
 =� �9� ��  
� 4 e�        
 =G7�1B �:1GV 1G41� %
1GB �! �$��&

��J)��     U�414 =� =):��, =)�B1$ ��&�: �
@� �()� ePj ;R 
 j!1B ,@ .�� #\� =� =5�!�W7V: %!���4 �� �
! ��&�17�,!�� e  . GI� r! =G� eF G, *

!@�7��   :"�: =�&D �: ,  ��7F$ !1F�&� S�   :"�: ;�@�B =):! ,  SNUE   
 NARF 	s ;�%1�� �  :[\ 1A��� 
, �  G� 	s N�G	 �! 17� G�%1 ��G � ;

B��D�1�    ?���@$ �: )����
,  �W4 
 �@ ()�   9� tCi 
 �>
17� � q, �D ;?K,"J,�
,   �1W� %�
: ��  c
)   ?'�5 �: *�V (     *G��5 !�G5 ��

 
 Z1W�1-, �SCU !��� @�,34?�1B �:1V  .:1����,u:1D: ;e
�7) �!�&) ,�@�B ��7 : @�+ �! =�A�i g	� ;���5 "A�4�� =
!!1B.

%>:
��$�@��� : �@�B.)Triticum aestivum L() 
,:��� ;!1<�&� ;� �>
17)NUE( �>
17�) ?��,��� @A�! ;)NARF (

� . ���� ��	� !"#� $ ��%�# &'
�
 (���)*
�+,-�. /*
# ��)*,01
$�!+ 2/3!"#� 4 0��
 2�5!"#�'6
/7 ��#�8
 0

* :�%9:# �;� 0<�=
�97 >�?;7,9'"$ :mjmalakouti@modares.ac.ir

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
88

.1
3.

49
.9

.1
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                             1 / 10

https://dor.isc.ac/dor/20.1001.1.24763594.1388.13.49.9.1
https://iutjournals.iut.ac.ir/jstnar/article-1-982-fa.html


 ��	 
 �� ���� )
���� ����� 
 ���
��� ���� 
 ���� ( / �� !"� #$ /  %��&' #() 
 *(+ /"�,�-./00

���

=�@L�

  <�@:�A7B�    �C�� (:��  /D	E7       (D+ �D�# �F ��  D:# ,G�   /DH
� 

#I�#	   1
$�!+ <J�KL7 ��3MNO P4   
�!D+ 
�  �DQ4   RDM%S7 

     # $ 2��� ��+ T�K7 ��Q�7	        M+ �#�D)O (D� ��+ 1# ��71�� U D' /

)7#' #�V �,	 "     ��# 2��� W�)�� .(     1# I'" �#�	# 
�B     UD
 ��D'M'7 

       ,DO#
1 >�� 
� ,��K7 ��X�YZ���B     1# P'D� 0G�    #
 /DH
� 

��X "[$�%'" 4�Q,  ,7 \'9!
 �#� .:'          /D':�
 (D� (D]�
 �D� 0U3��

     NQ 
� 41
$�!X <J�KL7 U
 ��'M'7'  
�X 0>�� U  DO#
1 ,	#,

��X            # ,
#/D'8N
 �D� ��# W1J $ 2��� U'	�� 
�!X 
� �Q   �D	�^ 1

      �Q��+ 
#/_7 $ ��71 `��)7 
� �''a
4 " '"[$�%, #I�# 	  P	   /D��)� 0

�� $ �B .(

 �.F �=^	     1# 0��]�7 �
#Ib U�� 7 'M'  " U
 ��'  ��KD7 �[$�%,  
� 

  0��8]B�      D7 T�K7 <cV 
� /H
� ,   ���Db)�� .(  
�!DX 
�  4�DQ


�X <cV 
� (%��!'� �[$�%'" ,	#)NUE(Nitrogen Use Efficiency0

�Y X       4#1# (D� ("#� W�b�M'           /DH
� $ ,��KD7 �[$�D%'" W�b�DM'X �DQ

 ��DDX �DD��	1�� DD"[$�%'" 4�DDQ,)NARF (FractionNitrogen 

Apparent Recovery �� $ ��# /H
� G�_� /H
� ' d�^ (� (

  =e 1# ,fM%S7'          (DX (%�
 
/Q 0,LA� g�"#$
 $ /'@K
 0,	�!�F \

 >��DD@7�/�Y �DD�#  
J� �
�DD'M'7 )� $ �G .(:� (DD�DD'�� \DD	�,	

"'       b �hX#/i 2��f%�# 4#�� �F ,A';_
 T�K7 0�[$�%'   j87 
�';� 2�

��# . 
/
 2��f%�#	 ,         ,D7 /D*
 \K� >�^ 
� �[$�%'" 1#   /D"#�


NUE $  NARF#I�# #
 	 /Q� P)� 0�0��0�B $ �G.(

    (� (]�
 ��        %��b 
#�e U      (N'" $ k!. (_A)7 
� �#�	# k!.0

      $ l�. U'	�� ,:F �#�7  I'"�$
�Q4 �"      4�DQ��X T�KD7 g�MA7

,"[$�%'"0NUE   $ NARF  U'	��  2���     4�Q��X 1# 2��f%�# $  \D7�+

  0T�K7��/)X  2/"
#�1�� $ �Q
  2
$# j	I"F 4�Q1F   ;_
 T�K7 $ ' m

  �8"F         ,D"[$�%'" 4�DQ��X 4$

/DQ PQ�X 4#�� D7,   /D)"#�
  /D'f7

/)*�� ./�	8,   ��#     &	�S
 �$/� >�KL7 P	#I�# 4#��  �� `��)7 	 (

�.               ,DO#
1 ,	#
�DX �D� 4��DX `��)7 1# 2��f%�# 0�;	1 m'L7 $ l

   �D�# 4
$�n �
J�� . jDQ U'D)o          `D=)7 $ T�KD7 ��D71 �D	�O
 

 ��X T�K7�Q4 "[$�%'" ,        ,D7 0,DA'L7 m	#�D* �� &��)%7   /D"#�


       pO�� 04
�%9Q ��9MNO P	#I�# �� 2$cO    �D�
 
/DQ 1# �D@"�N7

`��)7 4��X  ���b  .(� jV
:# $�,(�   # m';D_
 
�D�  2
$  T�KD7 $

    \i#�7 
� �F( )� ,D"1  0     U%D�
 (e�D�  (D*�. $      \D':� (D� 0U%D�


        4/D*
 �':�@� $ W/)b /*
 ��71 ���� ,"J�^ 0�#$#�� ,	�!�F

          ��%;71 $ I'	�� >�K� 
� �*�X 1# q� W/)b jX r�%=;"0   ,	F
�DX 

�Q��X  $ (�  D	  �DQ��+ 2s4  D"[$�%'" , �D"g�MA7      T�KD7 $ 2��D� 

"'  " �
�7 �[$�%'   ��71 
� W/)b 1�        (��DH (� �#/)o �*�+ 1# \=e 

N" tcH $, /*��)G $ �.(

  2��f%�#               1# �D5	� ,D9	 0J�D� ,9	[�D:�	I'� ,	#
�DX �� W�e
# 1#

2#
  
�X P	#I�# 4�Q   b ��o 0��# ,	#' ,7 2�    D"[$�%'" ��X 1# /"#�
,

        # ,A'L7 �;	1 �u# $ 2��X 4�%!'� 2��f%�# ,��K7	  ��DX U   #
 �DQ

9	[�DD:�	I'� ,	#
�DDX �^�DDS� 0J�DD� ,DDO#
1 ,	#
�DDX $ ,
�DD^ (DD�

    /Q� PQ�X 4�'5N!o)�Y .(jQU')o    ��DX &��)7 4
#�5	�] �� 

 ��. $           
�DX 0�*�X 1# \=e U'71 vA� 
� ��X PS� 1# 4
#�  ,D	#

��X "[$�%'" 4�Q, #I�# 	  
/Q $ P   7 PQ�+ �F ��
,	   /D��)G  0�  $ 

�Y   .(

DD__L7     '  (DDX /DD"��N" �
#IDDb �/DD@%7 U 1# 2��f%DD�#SCU

1��      2I'	�� W/)b �!X 
� #
 �[$�%'" ���	  
�D^ (D� ,D)@7  4
#�

 7 P	#I�#,  /Q�)Y  0G  0� $ � .(7��.,    (D� ��D. <�D_'_L
 
�

     #I�# �� (X /'�
 ( '%" U	#	     ;D_
 <�D@�� �#/@
 P'  D%i m,   �D
 

               P	#ID�# (D"#� ��D3MNO 0��%D�1�. W/D)b w
#ID7 
� 
�� 
�8o

7,  /��	)� .(RA:  ,8M:# �#
�9NQ $   
� l�.�Q  D��� 4   k=D� �

      T�K7 (X /"��X �
#Ib x�XSCU     �_7 
� �*�X 1# \=e 	 (;

 �u# ��!S�,  �� 2
$# 	   #ID�# pO�� 0(	 � P D'      $ W/D)b ��D9MNO �%!

NUE/	��b .


�3M7,  �#
�3NQ $  � '   :� (� /)%*#� ��' /7 \	�	   
� >�_@7�" �

        0T�KD7 �$
 $ ��71 0w�" g�S%"#NUE   $ NARF  �DQ��+ 4

"'"[$�%, �� '	 �;Q U .#
 
� �8"F�%�4 #ID�# 	 PNUE $ NARF 0

�71F	!,   �� G 
 '   
� 
�N��     
� W/)b (O
I7 �B      
� 
�!D+ ��%D�# 

 O#
1 >��,�BZ���� � '  /D"��N" 2�� . �D%"	  �D71F y	    �#� ��!D" P

�]	I5	),      $ T�K7�� \7�+ ��+ SCU         0�D*�+ 1# \D=e 2
$# �D� 

  #I�# �� 2$cO	  P�� /H
� 4     0("#� ��3MNO 
� ��   /H
� NUE

 $�G /H
� NARF#
 #I�# 	 �#� P)�B  .(

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
88

.1
3.

49
.9

.1
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                             2 / 10

https://dor.isc.ac/dor/20.1001.1.24763594.1388.13.49.9.1
https://iutjournals.iut.ac.ir/jstnar/article-1-982-fa.html


!�5 6�78� ����� 1�234
 
,:��� ;!1<�&�1� =,�- �>
1�7) ��79� ��$... 

���

V'=,  _L
 
� '     %" (D� ��D. <�_'   D�
 (D '   1# ,D.�� 
� (D+ /

l�.�Q         \D9'" �K)O ��=" \':� (� 0,9QF 4)Ni(   2
$# j	ID"F 0 1F

                �D%NX j'"�D7F <�D)��X (D� ,��KD7 2
$# ( '%" 
� $ 2��=" >�@�

   �8" 
� $ \	/=
	 F
�+ �,	  �� �F '	 ��# U .    ,A	#�D* U')o �L


  '" ,CI] 
#/_7 ��$I�# 
�DX 0l�. (� \9   
� #
 2
$# T�KD7 ,D	#

 ,7 P	#I�# �*�+ 1# \=e /Q�)B  .(� "F 1#,	    �D7 
�!D+ 
� (D+ 

�71F	P�Q4 �$/L7 4 a
 �
�7 
� ''" ��+ w�" �' D"[$�%,  1# \D=e 

   
� #�DD: 02/D* �
#IDDb W/DD)b w
#IDD7 
� �D*�+DD	�DD71F z	 P

(O
I7#4       " ��X w�" 
��''a
 �� 0(:�� $� '"[$�%,     0��D3MNO 0(D	�� 

NUE $  NARF��b ,�
��  	/.

w
� 
 !:���$

 0��DDD3MNO P	#IDDD�# 
�DDD{)7 (DDD� NUE $ NARFW/DDD)b 
� 

).Triticum aestivum L(0�71F 	!,(O
I7 #4 
� $�O#
1 >��,

�BZ���� $ �YZ���B 
� gF $ l�DD. <�DD_'_L
 2�5%;DD	# 
� 

U'9!7     (� (%;�#$ x�X �*�(;�E7      x�X gF $ l�. <�_'_L
 

�'��2 ��b 	/.  
�   >$# >��P	�71F 
�          \D7�X l�DM� t�D^ &D:�e 

,���K
   �D�G     $ 
�DN'
 �         >$# 
�DN'
 t�D* (D� 
#�D9
 =  /Q�D*

) ,	#�DDV �DDH�)O ,7�DDN
 T�KD7T�KDD7 jDD+ $ T�KDD7 �DD� Z

   $ -�. ��71F 6��#��:,   �[$�%'" T�K7 �$/� (     W$� 
�DN'
 �=

   >$# 
�N'
 +  T�K7�Y�         `D=)7 1# �[$�D%'" 
�D%9Q 
� W�b�DM'X 

    T�O (� 2
$#37/)b  �#
�  $�!'�)   
�� (� 2
$# -��(   W�� 
�N'
 �

=    >$# 
�N'
  +	   W�� z    `=)7 1# �[$�%'"SCU     (	�� <
�H (�  +

 
�DDN'
 �2
$# -�DD� $�W
�DD8o= >$# 
�DDN'
  + W�DDN
 T�KDD7�Y�

      ̀ =)7 1# (	�� <
�H (� �[$�%'" W�b�M'XSCU     j )D� 
�DN'
 � =   
�DN'
 

  >$# +  T�K7�Y�          ̀ D=)7 1# �[$�D%'" 
�D%9Q 
� W�b�DM'X     
� 2
$# $�

-��   2
$# ) O
#1 T�O' :�N@7 U, ($  j!* 
�N'
 =    >$# 
�N'
  + D	 z

W��   (D	�� <
�H (� T�K7�� \7�X ��+ `=)7 1# �[$�%'" +  -�D� $�

 2
$#��b #�]#	/   .

     T�K7 �� \7�+ ��+   )#	     >�7�� �� ��+ UZn  ~�Z�YZ�Z�Y

�%L74�Y  " /H
� ' 0�[$�%�  �f;D� /H
� (P2O5) 0�Y  /DH
� 

%���'  j(K2O)   $�M+ `��)7 1#   
��%�'   $ j	  $
 /H
� z4  `D=)7 1# 

 $
 <�f:��4       :�
 
�!D+ \D.#� $ ��#  D'  D7 /, ��D* .(   �D� 2
$#

  ��b�Db P*��4(SCU)  ��D+ 4      /D)+ �D�#  �DQ
  �D%L7 4��

 " /H
�'   $ �[$�%��    �D�# ��b�b /H
�  ."'   
� ��D]�7 �[$�D%

#	       " 
#/_7 $ 2��� �Q
 /)+ 0��+ U'"[$�%,      </7 >�^ 
� (+  D	 z

  # 1# (%fQ	           D7 �
#$ >�DML7 <
�H (� gF �$
� 
� �F U, ��D*

(7- day dissolution rate) �$/i ����# /H
� .

  �
�� 1# q�     , �%" 	  y>��      (� ��]�7 <J�3*# `�
 $ >$# $ D	 2s

U'7�
  ��D_7 	    #�DV �DH�)O �,	       �DQ��+ 
� ��D]�7 �#1�D7 4   \D7�+ 

T�K7��)    D��%� 0�f;D�'  $
 $ j4 (  $SCU)  ��b�Db (  #ID�# $	 P

 " 
#/_7' ��K7 �[$�%,   �
 ��� + '  
�%3Q 
� W�b�M     ���DN" (��n# $ 

 ;_
 <�@��'    >$# 
�N'
 \7�* �Q
�N'
 0m =  /Q�*) T�KD7   ,7�DN
 

     � l�. ��71F 4�)=7 �� �Q��X  ( �[$�%'" I](     W$� 
�DN'
 � =  
�DN'


  >$# +    2
$# -�� $�)   � �#
�37/D)b T�O D'$�!(      W�D� 
�DN'
 � =

 >$# 
�N'
 +   �N'
 �2
$# -�� (� W
�8o 
 = >$# 
�N'
 +  -�D� y)�

       j )� 
�N'
 �4
�'�F gF �� 2
$# = 
�� �	1 (	�� 2
$# +   -�D� 
�D8o

    j!* 
�N'
 �2
$# =     `=)7 1# (	�� 2
$#SCU +      $ 2
$# -�D� 
�D8o

   j%fQ 
�N'
 =        T�K7�� \7�X ��X `=)7 1# (	�� 2
$# +   -�D� 
�8o

 ��b 2
$#	/ .   2/* tcH# W/)b 
$��  1�%!'� je
 )   �Q 
�  >�D� $� (

   j+#�
 ��B��         �Db1�� 
�D9f	�
 U'D*�7 (M'D�$ (� `��7 �%7 
� ("#� 

    (D� ,DN'Me# m	#�* $ ,�F 1�'" 6��# �� ,��K7 gF �#I'7 $ (%*�+

     
� ,%!" 4
�'�F <
�HY  ���")>$# >�� ( $�  �D��" )  >�D� 
�

W$�(  0  T�K7/	��b .  21
�D=7 \7�* �*#� (Mi�7 
� <�'MNO ('M+

 RMO ��  ̀ �� 01�Q 4�Q   4
�N'� >�%)X 0<��F   (MD� 0U']$ 0�Q  ,)9D*

   $ `e�N� 
�^ (�       <�DX ,7�DN
 
� �D.#�)3	  �DQ4�Y  D@��7�%7 ,

)Y/�×G �%7  (    2��D7F <�'MNO $ W� "#     0jSD* /D)"�7 U'D71 41�D�

(:�7 $ z;	�/	��b >�NO# ,!+ .

 MV <�f;����� '   7 (D� � D'  �#I��� + '      
� 
�D%3Q 
� W�b�DM

 $ >$# >�DD��Y�+ '�DD%3Q 
� W�b�DDMW$� >�DD� 
� 
 0 <�f:�DD�

��%�'     >$# >�� 
� j�Y�      W$� >�� 
� $ ��� + '   
�%3Q 
� W�b�M

   ��%� <�f:�� `=)7 1#'  j$  )7 <�f:��  D'I	  j���   $
 <�f:�D� 04

B�  �# $ ' 
�� /	  z�Y + '     
�
 (D� 
�%3Q 
� W�b�M D'   $� �DQ 
� &

>��    �*�+ 1# \=e    D� -�. ��71F 6��#��  (     /D* 2��D� 
�DX . 
�

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
88

.1
3.

49
.9

.1
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                             3 / 10

https://dor.isc.ac/dor/20.1001.1.24763594.1388.13.49.9.1
https://iutjournals.iut.ac.ir/jstnar/article-1-982-fa.html


 ��	 
 �� ���� )
���� ����� 
 ���
��� ���� 
 ���� ( / �� !"� #$ /  %��&' #() 
 *(+ /"�,�-./00

���

   (D
�� P	�71F ��	�� DQ   vAD� 1# W/D)b 4���  `D��7�%7   
�D^ (D�

 RX ,���K
       z!. 1# /@� $ 2/* ��0���+  ("#� ��3MNO   2�D+ 0 $

  21#/"# �[$�%'" /H
�4�'b  0NUE]  " ,	F
�X'  # 1# �[$�% D	   (DA�#
 U

��# (=��L7 \��e.

]�[
Nf

YYNUE N0NX −
=

    (A�#
 U	# 
�NUE X  �[$�%'" ,	F
�)+'+ 
� W�b�M' W�b�DM(0yNX

      04��DX 
�N'
 
� ��9MNOYN0          $ /Q�D* 
�DN'
 
� ��D9MNO Nf

   + &;i�� ,��K7 �[$�%'"'   ,7 
�%3Q 
� W�b�M/*�� [  $NARF

]1��	 �Q�� ���4 " ' NQ �[$�%' /H
� &;i�� (!  $ ��D'� 	 D3, 1# 

1 m�#$
	��#  (=��L7  \��e �

]�    [100×





 −

=
B

EDNARF

 $	 �

]�[
Nf

Nat uptakeNNat uptakeN
NARF 0X −

=

    (A�#
 U	# 
�NARF        0/DH
� &;Di �� �[$�%'" 4�Q�� ���	1�� 

D 7 '        04��X 
�N'
 
� 2�'b m��
 ,	#�V �K)O g�] �#IE7' �#I

       /Q�D* 
�DN'
 
� 2�'b m��
 ,	#�V �K)O g�])   T�KD7 �$/D�

��X(  0Nf   $ B 7          �DM'X &;Di �D� ,��KD7 �[$�D%'" 
#/_  
� W�Db

 0
�%3QNuptake at Nx7 '" g�] �#I' �[$�%) �{MV × ��D3MNO (


 
�'��+ 
�N4 $ Nuptake at N07 '" g�] �#I'
 
� �[$�%' 
�DN

 ,7 /Q�*  /*��)�  0�   $ �G .(�L7       1# 2��f%�# ��  4
�7F \'ML
 $ (=�

W�"
#I�#4�QSPSS $ EXCEL W� "# /* .

 # 2�1��4��K%e)              
� 2/D* (��Dn# W/D)b �$�D� 1# \DH�i /7F
�


' ��+ 
�N4 ;_
 'j  IQ �� 	  ()U'7�
  �DQ��+     (D	�� �[$�D%'" 4    �D)=7 �D� 4

e' "�8] �N, (#��4     ��b (=��L7 >�� $� �Q 	/ .e'�N "�8] ,   �DQ��+ 

   >�NO# �$/�	    + 2
$# 
#�De 1# ("#
�' 7�b�DM,Y���
  D	 0>�SCUG���


	 T�K7 �� \7�+ ��+ 0>�G���
 	 W/)b ("#� $ >��Y��
 	��� >� .

�7), g

.]�
: ��  

�%"	 I 
 y D	 � ('I	 D*�3'N'�,	     �D71F �
�D7 (DO
I7 -�D. 	 
� P

>$/]�    �D�# 2/* 2/"� )b  .       )D* W�D: l�D. �D���,    $ 2��D� 

  #�V �H�)O �{MV,	     $ (� -�. 2��f%�# \��e  D	   $
 0�f;D� 2s4  $ 

  # 
� 
��	  3QF -�. U,    "#�L� /i 1# �%N+ , ���  .7' �#�7 �#I :F ,

 ;� -�.' �� 
�	'   
�* $ 2��� U4       2��D=" /*
 2/))+ �$/L7 \7�O 

 ��#)�.(

.].],���5 ;=):! !1<�&� 
��� 
 , ?��)��>
17

    (� ����7 y	�%"�'u�
        " ��D+ RDM%S7 `��D)7 T�K7 ' D"[$�%,  �D� 

  0��9MNONUE    $  NARF   
�  >$/D]�     �D�# 2/D* 2�
$F  .  �D�

     (D	I 
 y	�D%" (� (]�
 
#$  D	 0q"� �'u�D

 '�N �DQ
4   �D� RDM%S7 

    
� ("#� ��3MNO ,)@7 /H
� k	 >�N%i# vA�/* 
#�.  ��D9MNO 

  
 
� ("#�'   /Q�* 
�N��G� + '          /D7F �D�� (D� 
�D%3Q 
� W�b�DM .


�N'
�Q4     :� (� j!* $ W$� '  � U%*#� \'�%!	    
� 0(D"#� ��9MNO U

 /)%��b 
#�e �
�� 2$�b) >$/]�(.

  ,e�� �u# ,�
�� 
�{)7 (�     #ID'7 0�Q��X 2/"�7   1# qD� �DH�)O �

  21#/"# I'" �*#���  E7 $ 4�'b	    
 
� (+ ��� �F /' �DQ
�N4 ��D+ 4

7' # �#I	   $ (� �H�)O U	    $
 $ ��b�b 0�f;� 2s4      1# \D=e (� �=;" 

� �!X ��71'��# 2��� �%!.

  U	�
J��  �#I'7  ,	F
�X"'  �[$�% )�/��   $ �/�� + '   
� W�b�DM

+'W�b�M(  4�Q
�N'
 
�       j!D* $ W$�      /D* \DH�i) $/D]  >�  $ 

\9*� .(   �MO (�    ���� ���� k=�   \L7 -�.   P	�D71F �
�D70

1�'" � '�%!4  ;_
 (� ' " m'  �[$�%  6�;i#��b	/ .     j!D* 
�DN'
 
�

  ��X 1# 2��f%�# \7�+ T�K7��          ,	F
�DX �#ID'7 U%D�
 J�D� pO�� 

 /	��b �[$�%'" .
�N'
�Q4   j!D* $ W$�    ,D)@7 Tc%D.# �D�
#�4

   (� �=;"��	 �
�N'
 0�QNUE� 4�%!'� #/)%* . jDQ U'D)o DNQ ' U


'
�N �
J�� �Q	  UNARF           /D)%��b 
#�De �
�� 2$�b 
� $ (%*#� #
 

) >$/]� \3* $ �.(

.]x]�!�W7V: %!����$!�5 

 4��K%e# 2�1��   
 $ (=��L7 '�Q
�N4        2$�Db 
� j!* $ W�� 0W$� 

  /)%��b 
#�e �
�� .   4��KD%e# 2�1�D� #  D	 
 U' 
�DN   �DQ    >�DNO# �$/D�

QDDDb�DX 4#�DD� (DD"#
�	 ("�DDQ��D&DD'
�
 (DD� ��/Y 0 ��/Y $ Y/�

��b	 /)>$/]Y.(

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
88

.1
3.

49
.9

.1
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                             4 / 10

https://dor.isc.ac/dor/20.1001.1.24763594.1388.13.49.9.1
https://iutjournals.iut.ac.ir/jstnar/article-1-982-fa.html


!�5 6�78� ����� 1�234
 
,:��� ;!1<�&�1� =,�- �>
1�7) ��79� ��$... 

���

 �
@D.. =,"Y4 g,�7) ��	 �1� ?94 
:"�: �
: ��  �! ,S

pHECTNVOCU*�M'�6
PKFeMnZnCuB

(dS/m) )/H
�(),M'7W�b�M'X 
� W�b(

�/��/���BY/�BG�G��������/���/GY�/���/���/�

 �
@Dx .�D 12: �� ?'�� �: *�V %�
: 
�,"J,SCU 
 *��� !�����5 ;�@�B !1<�&� 1� 
,��� @A�! 
 ,?��

)����� �
: ��  �! �>
17,S

�N'

�Q4��+ 4
("#� ��9MNO

)
�%9Q 
� W�b�M'X(
F
�+,	" '�[$�%

)+'+ 
� W�b�M'W�b�M(
1��	" ���'�[$�%

)/H
�(

>$# 
�N'
: /Q�* ) �$/�"'�[$�%(c��G�ZZ

W$� 
�N'
 :
' >$# 
�N+2
$#  ��  m';_
 (�)O
#1 T�O'� U'$�!(aY�BYa�/��a�/B�

W�� 
�N'
:
'>$# 
�N + W�� k	"' `=)7 1# �[$�%SCUbBBBYb�/�bY/��

W
�8o 
�N'
:
' >$# 
�N +SCU�  ((	�� 2
$# 4�]bBB��b�/�b�/��

j )� 
�N'
:
' >$# 
�N +
 $� 
� 2
$# m';_)O
#1 T�O':�N@7 U,(bBY��b�/�bG/�Y

j!* 
�N'
: 
' >$# 
�N +\7�X ��X T�K7�� � ((	�� 2
$# 4�]aY�G�a�/��a�/��

*<'. . �� ?'�� �: *�V %�
: 
�,"J,�D 12:*��� !�� 
 SCU 
,:��� S,:"�: 1� �>
17�) �1$�y ?��,��� @A�! 


 S,���� �
: ��  �! �@�B �!).(

 �
@D/ .���� �
! ��  �! =�I�m� !��� *9� ��	 =,"Y4 g,�7),S

pHEC
)dS/m(OCU*�M'�6
\X �[$�%'"

/H
�

��%�         �f;�'j
)7'M,+ 
� W�b'W�b�M(

�/��/���/�B��B����/��/Y�B�

MgS−
3NOFeMnZnCuB

g�] \��e 
#/_7) ,M'7 W�b�M'X 
� W�b(

����/��/����/B��/���/���/�Y�/�

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
88

.1
3.

49
.9

.1
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                             5 / 10

https://dor.isc.ac/dor/20.1001.1.24763594.1388.13.49.9.1
https://iutjournals.iut.ac.ir/jstnar/article-1-982-fa.html


 ��	 
 �� ���� )
���� ����� 
 ���
��� ���� 
 ���� ( / �� !"� #$ /  %��&' #() 
 *(+ /"�,�-./00

��B

x] �
! ��  

�%"	 I 
 y	 � ('I	*�3'N'�,	   �71F �
�7 -�. 	     
� W$� >�D�
� P

>$/]��# 2/* 2/"� )b (� .

 # 
�	  =;" 
#/_7 -�. U,:F �#�7 ,�_7 
� 	. �� (;O#
1 -�,

  � >$# >��' : 0�%!'   # 6
 /H
� U3	   DN+ -�D. U,�  D'  2��D� �%!


�*4     2��=" /*
 2/))+ �$/L7 \7�O  .  )7 0�f;� �{MV'I	  
�� 0j

$
 $4"#�L� /i 1# �%N+ 2��f%�# \��e , ��� )�.(

x].],���5 ;=):! !1<�&� 
��� 
 ,) ?����>
17

        (DX �#� ��!" q"�	
#$ (	I 
 >$/] �'u�D
    
�DN'
 T�KD7  �DQ 4

  ��X RM%S7 `��)7   D"[$�%'" 4�DQ,          �D� �D8"F T�KD7 �	�	/D7 $ 

      ,)@7 /H
� k	 vA� 
� 0("#� ��9MNO��� 
#� ."'   pDO�� �[$�D%

#I�#	 ��9MNO P )@7 ,   /D	��b W/)b 
#� .   U'5"�D'7 (;D	�_7    �D� �DQ

     
�N'
 (X �#� ��!" U9"#� ��71F  :# W$� 4�Q,      kD	 
� (NQ j%fQ 

           �Df
 4
�D7F �D{" 1# $ (%D*#� 
#�e 2$�b  ,D)@7 <$     jDQ �D� 4
#�

  /)%*#/")>$/]B .(            /Q�D* 
�DN'
 
� (D"#� ��D9MNO (X ,:�i 
�

��G�               (D"#� ��D9MNO �#ID'7 U	�%!D'� 0��D� 
�D%9Q 
� W�b�M'X 

     j!* 
�N'
 (� ����7)G��Y+ '
�%3Q 
� W�b�M (
 $'   j%DfQ 
�DN

)G���   
�%9Q 
� W�b�M'X  (        W�D� 
�N'
 (� �=;" (X ���)  T�DO

 $�!'� U'O
#1(  0G H
�         /Q�D* 
�N'
 (� �=;" $ /���   /DH
� 

   /"�#� ��!" ��9MNO P	#I�# .    y	�D%" U	# �'u�D
    LDH �	�	/D7 ' v

 " T�K7'   
� �[$�%l�.�Q4       ��9MNO P	#I�# 
� #
 z=� ���� 

,7 ��!" /Q�) >$/]B(.

     
�N'
 (X �#� ��!" q"�	
#$ (	I 
 >$/]   j%DfQ �D
 W$� 4�Q

  
�NUE   $ NARF  ,)@7 <$�f
      vA� 
� 4
�7F 
#�  /H
� k	

  /)%*#/" )  >$/]B  $ \9*� .(:' U3NUE y)� >�N%i# vA� 
� 

 ,)@7 /H
� ��� 
#� .
�N'
  �D� j!* �/�G    �#1# (D� (D"#� W�b�DM'X 

     U	�
J�� 0,��K7 �[$�%'" W�b�M'XNUE    U	�%!'� $ NARF  I'" 


�DDN'
 
� �	��DD_7 �DD� &DD'
�
 (DD� j%DDfQ $ j!DD* 4�DDQY� $ B�

     	��_7 (� (X /	��b 2/Q�!7 /H
� k	�I" ,"�8] m��%7 � �D�#

)�G.(

   y	�%" U	#/	E7    ��� �F  \7�X ��X  D�   (      �DH�)O U%D*#� �^�D.

     ��X $ 4
$�n ,	#�VSCU  � I'"   (       , 	
/D
 ���DX �#1F �^�D.

   :$# \i#�7 
� �[$�%'"'           0��D3NMO P	#ID�# &=D� 0W/D)b /D*
 (

NUE  $ NARF/"/*  .   0��D3MNO ���D� J�� �5	� \':�NUE #
 

 #I�# UNn	   
 $ 
#/_7 P   " <�D@�� �#/@'   ��KD7 �[$�D%,   ��D]$ 

  ({ic7 \��e �	��_7  #�DV �DH�)O �	�� 1# 4#,	  (DMN] 1# P 0K 0 

Zn  0S   $ �'u�
             (D':$# \Di#�7 
� W/D)b /*
 �� �H�)O U	# �=h7 

("#�]( )� $ ,"1 �;"#� ,Q�) >$/]B \3* $ �(.

x]x]�!�W7V: %!����$!�5 

 4��K%e# 2�1��   
 $ (=��L7 '�Q
�N4W��  $ j!* 0    2$�b 
� j%fQ 

 /)%��b 
#�e �
�� .4��K%e# 2�1��# 	
 U'     �DQ >�DNO# �$/D� �DQ
�N

  ("�b	 #�� ("#
�4    
�
 (D� �Q��+  D'  &B/�B  0Y/��   $ G/B   (=D��L7 

��b	 /) >$/]Y.(

 z9�

     1# �n�i >�i 
���� 7 'M'     ��KD7 ��D+ U
 ��,     0��D8] 
� ��

     " ��+ <
�H (� �F /H
�'"[$�%,   D7 T�K7 ,   ���Db)��  .( 1#

T�^ � 	 �h+# �5	  �O
#1'            1# ��D+ T�KD7 W�D5)Q (D� 
�!D+ U

   N" 2��f%�# -�. ��71F,�N"	/)  )o 0U	#���)� 0'   D7 �{" (� U,  /D�


  (+ ��+ T�K7�Q4  T�K7�� \7�+    $ SCU �   ( �D]4  �� 2
$#  D	 (

)  �*�+ 1# \=e(  0    #ID�# �D� 2$cO	    
�D%3Q ��D3MNO P4  ��D=8� $ 

+'f'�0NUE   $ NARF   7 ��_

# #
 , /DQ� . # $ D	  #ID�# U	   �D� P

	(%���Q4__L7 '�/@%7 U4 �
#� �_��A7 )� 0� 0� 0�� $ ��  .(

    _L
 >�� $� �Q y	�%"'     :� (� (X �#� ��!" �'  #ID�# \	P  /DH

/H
�4    �Q��+ T�K7 �� ��3MNO 4 " '"[$�%,    ��D+�N+ �[$�%'" 0

      ,7 �{" (� $ 2��� /*
 2�b�Mb  /�
 ��DX �DQ4    \D7�X   T�KD7��

$SCU  
#�e 
�'%.# 
� \':� (�U%*#�b�H�)O #�V ,	  4
$�Dn

N0P 0K $Zn7  $ /DD*
 (DD':$# \DDi#�7 
� 2�DD'b 1�DD'" �DD� ���DDA

jQU')o          (D"#�] W�D5)Q 
� �[$�D%'" , 	
/D
 41���Q
  ,D"1  $ 

( )�0,"1          P	#ID�# ( '%" 
� $ ��9MNO P	#I�# &]�7 NUE  $ 

NARF/	��b2     ,D)@7 Tc%.# �� $   4
#�  $ (D� D	  >$# >�D� 
� 2s

�71F	  P   
#�e �
�� 2$�b 
� %��b /) .  U	�
J��   0(D"#� ��3MNO �#I'7

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
88

.1
3.

49
.9

.1
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                             6 / 10

https://dor.isc.ac/dor/20.1001.1.24763594.1388.13.49.9.1
https://iutjournals.iut.ac.ir/jstnar/article-1-982-fa.html


!�5 6�78� ����� 1�234
 
,:��� ;!1<�&�1� =,�- �>
1�7) ��79� ��$... 

��Y

 �
@D{ . �� ?'�� �: *�V %�
: 
�,"J,�D 12:SCU 
 *��� !��?��,��� @A�! 
 
,���5 ;�@�B !1<�&� 1� 

S,���� �
! ��  �! �>
17�)

�N'

�Q4��+ 4
("#� ��9MNO

)
�%9Q 
� W�b�M'X(
F
�+,	" '�[$�%

)+'+ 
� W�b�M'W�b�M(
1��	" ���'�[$�%

)/H
�(

' >$# 
�N :/Q�*b��G�ZZ

' W$� 
�N :
' >$# 
�N +m';_
 $� 2
$#aY�BBabY/�YaG/�B

' W�� 
�N :
' >$# 
�N +m';_
 (� 2
$#aY���ab�/�Ya�/��

'W
�8o 
�N:
' >$# 
�N + m';_
 y)� 2
$#aY���ab�/�Ya�/��

' j )� 
�N : 
�� �	1 (	�� 2
$#+4
�'�F gF �� m';_
 
�8o aY���bY/�Ba�/��

' j!* 
�N : `=)7 1# (	�� 2
$#SCU + 2
$# m';_
 
�8oaG��Yaa�/�Ga�/Y�

' j%fQ 
�N : T�K7�� \7�+ ��+ `=)7 1# (	�� 2
$# +2
$# m';_
 
�8oaG���a�/�Ga�/B�

 *<'x. 
 Z1W�1- *��� !�� �� ?'�� �: *�V %�
: 
�,"J,�D 12: SCU @A�! 
 
�:�� 
,:��� S,:"�: 1� 

S,���� �
! ��  �! �@�B �! �>
17�) ?��,���

 �
@D| .�!�W7V: %!���4 �! ��$��&� ��&�: �
@� 141� ,�$!�5 1� =):����1W� 
?'�5 �: *�V 

>��
'�Q
�N4�
�� 
e'N ��+ �
"'"[$�%,�� 	 (
)����
 	>�(

:�
' W/)b /
��n#,) +' W�b�M


�%3Q 
�(

�N;e�Q4:�
 '/4
��n# W/)b,

)����
 	>�(
4��K%e# 2�1��


'j )� 
�N :
'O
#1 T�O 
�N':�N@7 U,��YBY�/����/Y�/G

'W$� 
�N :
'O
#1 T�O 
�N'� U'$�!YY����/����/��/��

'W�� 
�N :	� z" W�' `��)7 1# �[$�%SCU���BY�/����/Y�/Y >$#


'j!* 
�N :	" W�� z'T�K7 �� \7�+ ��+ `=)7 1# �[$�%�������/���G/GY/�


'W$� 
�N :
'O
#1 T�O 
�N':�N@7 U,�������/����/��/�

'W�� 
�N :
'O
#1 T�O 
�N'� U'$�!GG����/�Y��/�B/�B

'j!* 
�N :	 W�� z"' `��)7 1# �[$�%SCU�/�YG��G����/��Y/��

W$�


'j%fQ 
�N :	" W�� z'T�K7 �� \7�+ ��+ `=)7 1# �[$�%�/B���G�/����/��G/B

- :"�8] �N;e,+ �Q 2
$# ��+ ' W�b�MY���
 	��b�b P*�� �� 2
$# 0>�4(SCU)�Y��
 	 T�K7�� \7�+ ��+ 0>�G���
 	 W/)b ("#� $ >�
+'7�b�M,�Y��
 	2/* (%��b �{" 
� >�$  >�NO# <
�H 
� 	# ("#
�	<$�f
 U�I" jQ (� �Q	z/* /Q#�. �
.

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
88

.1
3.

49
.9

.1
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                             7 / 10

https://dor.isc.ac/dor/20.1001.1.24763594.1388.13.49.9.1
https://iutjournals.iut.ac.ir/jstnar/article-1-982-fa.html


 ��	 
 �� ���� )
���� ����� 
 ���
��� ���� 
 ���� ( / �� !"� #$ /  %��&' #() 
 *(+ /"�,�-./00

��G

NUE  $NARF  5	�] �� D        ��DX �D� �*�X 1# \=e 2
$# ,)	I �DQ4

  K7 �� \7�XD  $ T�SCU��� (�/7F  . DX 1# 2��f%�#D �� D7�+D \

 K7 ��DT�     D7 U%�
 J�� pO�� D  D] �#I'D  D%'" g�D $ �[$�  �D� 	 �

 #�V �H�)O,	  # 
� ��]�7	   " $ ��+ U D'  #ID�# I	PNUE  /D	��b 

)� 0� $ �.(

  y	�%" ��� (�        #�D� �#� ��!" PQ$s� U	# 1# 2/7F 4  #ID�# 	 P

  0��3MNONUE $ NARF   �D*�+ 1# \D=e 2
$# ��# �%8� 0)���

:#,��� + '  ��K7 2
$# W�b�M, 
�%3Q 
�  (  T�Di W/)b w
#I7 1#

    ��+ 1# �F >��@7 $�Q4 $ T�K7�� \7�+ 	 �SCU%�#  ��D* 2��f .

#IDD�#	 ;DD_
 <�DD@�� �#/DD@
 P'(DD )� \DDi#�7 
� 2
$# mDD"1, 0

(e��     1# \=e $ U%�
\b,Q�  $ (� 	   
� 2sl�.�Q4 O#
1 ,   ���� �� 


 �
�7 z=�	�'���b 
#�e / .

  # (� �{"	U     0W�� 2
#IQ 
� (+T/Q >�KL7 /':�
 � '  �%!  (D�

  W�b�DDM'X �DDQ �#1#��DD+ ,��KDD7  #���DD)� 0�DD�#	<
$�DDn U

#DD	�DD] U	I5	),�%DD�#
 
� 4:�
 DD'�� /DD	DD� 
#/'DD� 1# P'P

 7 6�;i#,���b . # 
� D	_L
 U D'   #ID�# �D=h7 PD_" �	  �#/D@
 P

     $ (�  2
$# -�� <�@��	    �71F W$� >�� 
� 2s	     /D* 2�#� ��!" P

  %" �� (+' _L
 ( '  1 �#�5!Q$s� <�_	��4     �D*#� �_��A7 )�  0� 0

� $ ��.(

7)�=YB�1�

      �71 ���� ,"J�^ 0�#$#�� ,	�!�F \':� (�     �':�@� $ W/)b /*
 �

   ��%;71 $ I'	�� >�K� 
� �*�X 1# q� W/)b jX r�%=;" 4/*
 $

jQU')o ,b/"
��           �
#�D7 �D	�O
 0>�KD� UD	# 4�Q1 D	�   4#�D� 

 ,	F
�X P	#I�#�Q��+4��# ,7#I:# ,"[$�%'" :

�Z           \7�X ��X �� �*�X 1# \=e ,��K7 2
$# ,)	I5	�]  T�K7��

$SCU 0T�DDH ,DD9	I'� <�'H�KDD. 1# �DD{" ,	�'N'DD* $ 

l�DD.�DDQ W/DD)b �!DDX�	1 40 ,DD7 ('DDH�
 �DD*�.�DD%8� 

  ��#      �D��� �D� RM%S7 �^�)7 
�   <$�Df%7 4�DQ0   kD	  W�D�

         \D7�X ��X 1# W/)b 1�'" �
�7 �[$�%'"   T�KD7��  $ D	  �SCU

U'7�
��*  .

�Z    �;7 \i 4�%�#
 
� 	   �_

# 0,A'L7 �;	1 \4  �7c� vA� 

  2/DD)	JF PQ�DDX $ (DD@7�]4 <#�DD%'" (NO3)gF 
� 4�DDQ

,)'71�	1    
� $  41
$�!X <J�KL7   I'" $  ��    U%��Db �{" 
�

(=)] 4��K%e# 4�Q0    1# 2��f%�# SCU $ 	  � \7�X ��X    4�D] (� 0

     4#�D� �*�X 1# \=e 2
$#    �#
�37/D)b    �D)Q�� 
�!DX  41�D�

��*.

�Z    W�e
# 1#  >$/] 
� x
/)7�Q $ \9*�Q  ��=)%D�# U')o d�� 4

,DD7 ���DDbNUE $NARF!DDX (DD� �=;DD" �#�DD	# 
� 4�Q
�

   U'	�� (%��!'���#) jQ ��)X#NUE
� � ' �^�D)7 �%!  
�!DX 

   m	#�* �L
/	#F>       ,7 T�K7 m';_
 (� 
� 2
$# (X   0���Db

  �$/i��Z�     #1# (� W/)b ("#� W�b�M'X 4   �[$�%'" W�b�M'X �Q 

,DD7 ,��KDD7�F ,"�DD8] mDD��%7 1# (DDX /DD*��	DD)@, 1# ��

+' W�b�MU'	�� W�b�M'X 
� ��# �
)�� .(

�Z  :� (�              
�';D� ,	�D	�� �5	� T�^ 1# $ ,:F �#�7 ���� U'	�� \'

   "[$�%'" 4�Q��X (X ,	J��,       \=e 2
$# W�� k	 T�i 0/"
#� 

               �D	 $ m;De $� 
� �[$�D%'" W�N
 T�K7 $ �*�X 1# U'7�D


     `=)7 1# �[$�%'" W�N
SCU        ��9MNO �{" 1# jQ �*�X 1# \=e 

         �7 
�N'
 U	# >�NO# $ 2��� U'	�� ,	F
�X �{" 1# jQ $ �
/'	�


���5" 
#�e .

�Z 4��K%e# 2�1�� #�� 4       
 $ (=D��L7 >�� $� �Q ' �DQ
�N4  0W$� 

        $ >$# >�� 
� j!* $ W��W��       W$� >�� 
� j%fQ $ j!* 0

   7 $ (%��b 
#�e �
�� 2$�b 
�'5"�' �8"F U  (D"�b�Q >�NO# �$/�

    &'
�
 (� �Q��X 4#�� ("#
�	�� 0� $ � Db D��	 /)  >$/D]� .(

 V
 (�D �F j  (+�1�� 4��K%e# 2 
 '  � W$� 
�N' 7 �%!,   D:$ /D*��,

 J� (�	  \';�D4
�   DN] 1# D  D�# (MD#I	  DMNO PD  D3Q ��3D
�%4

"#�D   #ID�# 0W/)b (	  PNUE   $ NARF     �DH�)O ���D+ (��Dn# 0

#�V,	 � '     -�D. (� �%!).� D'2� 1�D�4( b�DM] 0'�4 DQ 1# D 
/

 �DDDD�
)�!DDDD�F,	(" 0' @KDDDD
 1# �DDDD@"�N7 0<#�DDDD%' /

�Q1�b4NH3   $ N2O     D7 \D7#�O (+ E�u4  W�Db 
�   �/D* �D


 DD71 2�DD+'�8" 
� $ /)%;DDQ UDD	:�
 �DD'  �DDfi $ I=DD� /

L7'D 1 m	;D �] 0�	I5	)D,	 � zD   KD7 2
$# W�D��,)   \D=e

 �*�+ 1# (         $ T�KD7�� \D7�+ ��D+ �� �D	SCU    �
�D7  /D'	�


7,/*�� .

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
88

.1
3.

49
.9

.1
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                             8 / 10

https://dor.isc.ac/dor/20.1001.1.24763594.1388.13.49.9.1
https://iutjournals.iut.ac.ir/jstnar/article-1-982-fa.html


!�5 6�78� ����� 1�234
 
,:��� ;!1<�&�1� =,�- �>
1�7) ��79� ��$... 

���

�Z`DDN] 1# /DD)�4�DD%" 	 (DDX /DD	��b ��=)%DD�# U'DD)o (:�DD� $� y

    $ T�K7�� \7�X 4�Q��XSCU   �D] W/D)b w
#ID7 
� 	5I	 U

=��)7,      7 �*�X 1# \=e 2
$# 4#�� ,/)*�� . #���D)�	  DC#�]# 0U,

 �%" ���N"	     W/)b ��%�# /)o 
� (MH�i y.'    DH�
 0
�!D+ I' (

7,���b.

��:"J �} 

U	/�             <�D_'_L
 (;D�E7 
� �#
�D9NQ (D'MX <�DNi1 1# (M'�$

�
 j"�. 
�+�� $ gF $ l�.'@,,7 ,"#�
/e $ �9!
 /	�N".

�����!���%!�C7 :

�. W 04�=X#����.���� .                     x�DX (D_A)7 W/D)b ,Dn#
# 
� <$�Df%7 �D��� �� ,9QF l�. $� 
� �[$�%'" T�K7 ,	#
�X ��=8� . ��D	��  (D7�"

l�. /*
# ,��)*
�X,��)*041
$�!X 2/9!"#� 06
/7 �'��
 2�5!"#� �#�8
 0.

�.� , W�" .���� . 41
$�!X (7�"
�7F . >$# /M] :   ,DO#
1 >�D� ,V�� $ ,O#
1 <J�KL7��Z���� .     <�DOc^# 4
$�D)� $ 
�D7F �D%��

(7�"�� �"$�@7$ 4I	
41
$�!X ��8] <
#1$ 4��K%e#0 2
�N* (	�!" ��/��0�#�8
 .

�. 1 0,7��. .���� .  ,�
���'u�
      " ��X m';_
 $ T�K7 ��71 '         W/D)b U'?
$�D� /DH
� $ ��9MNO �� ("[$�% .      ,!DQ$s� ,DNMO (DM 7

7EgF $ l�. <�_'_L
 (;���):� (�Z�� .

�.V'=,  0W .� .���� .�
��,  " P_" '  #I�# 
� \3	 :�@� P' I"F �	       ��+ RM%S7 `��)7 �� <
� $ W/)b ��3MNO $ 1F
$# j �DQ4" ' D"[$�%, .

��	���%+� (7�"4-�. ��)*,0��
 2�5!"#� '6
/7 �0�#�8
 .

�.RA: W 0,8M:#. W 0 .x .  t $ ,
�9M7 .4
�fH .���� .        D� 2
$# 1# 2��f%�# �� �[$�%'" ,	#
�X P	#I�#       
� 4��b�Db PD*�� � l�D. �DQ 4

 x�X ���� k=� . <�LfH���Z��� 0�$
 W/)b (	�a
 U	�" 4�Q)    
�D9NQ $ ,
�D9M7 <J�D_7 (DO�N 7�#(  �)D� <#
�!D%"# 00

�#�8
.

�. W 0,
�9M7 .x. 1 0 .  1 $ ,7��. .�b�. .���� .�$
   W/)b (	�a
 U	�" 4�Q .    1
$�!+ ��8] <
#1$ �O#
1 �"$�@740  �)� <#
�!%"#  0

�#�8
.

�.9M7 W 0,
� .x.  0� . $ 1
$�!+ �  .�+	N'��.���� .S!
 `7�] �$
'H�
 $ �'8� ('#�� ��+ ()41
$�!+ 4�� 	
#/.    �D� j%DfQ ��Do 

�5"1��4\7�+ 0��
 2�5!"#� �!" I+�7 <#
�!%"# '
/7 ��#�8
 06.

�.7�{", 6 0 .���� .@
''  /7 �$
 U	�	%,  #�� &��)7 4 #I�# 	 :�
 P'   F
�+ ��=8� $ /,	 �Q��+ 4 " ' � ("[$�% W/)b 
.��	��  ,��)*
�X (7�"

l�. /*
#,��)*041
$�!X 2/9!"#� 0��
 2�5!"#� �#�8
 06
/7 �'.

9. Fan, X., F. Li, F. Lin and D. Kumar. 2004. Fertilization with a new type of coated urea: Evaluation for nitrogen 
efficiency and yield in winter wheat. Plant Nutr. 25: 853-865.

10. Hamdallah, G. 2000. Soil fertility management: the need for new concepts in the region. A paper presented at 
regional workshop on Soil Fertility Management through Farmer Field Schools in the Near East, Amman, Jordan.

11. Heffer, P. 2008.  Assessment of fertilizer use by crop at the global level. International Fertilizer Industry 
Association, Rue Marbeuf, Paris, France. www. Fertilizer.org. 5p. 

12. Mae, T., A. Inaba, Y. Kaneta, S. Masaki, M. Sasaki, M. Aizawa, S. Okawa, S. Hasegawa and A. Makino. 2005. A 
large-grain rice cultivar, Akita 63, exhibits high yield with high physiological N-use efficiency. Field Crops 
Research Journal (www.elsevier.com/locate / fcr).

13. Malakouti, M. J. 2005. The trends in nitrogen fertilizer use and the necessity for increasing nitrogen use efficiency 
(NUE) in the calcareous soils of Iran. 1st International Iranian Urea/Ammonia Conference, Ministry of Oil,
Tehran, Iran.

14. Malakouti, M. J., A. Bybordi, M. Lotfollahi, A. A. Shahabi, K. Siavoshi, R. Vakil, J. Ghaderi, J. Shahabifar, A. 
Majidi, A. R. Jafarnajadi, F.  Dehghani, M. H. Keshavarz, M. Ghasemzadeh, R. Ghanbarpouri,  M. Dashadi, M.  

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
88

.1
3.

49
.9

.1
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                             9 / 10

https://dor.isc.ac/dor/20.1001.1.24763594.1388.13.49.9.1
https://iutjournals.iut.ac.ir/jstnar/article-1-982-fa.html


 ��	 
 �� ���� )
���� ����� 
 ���
��� ���� 
 ���� ( / �� !"� #$ /  %��&' #() 
 *(+ /"�,�-./00

���

Babaakbari and N. Zaynalifard. 2008. Comparison of complete and sulfur coated urea fertilizers with pre-plant 
urea in increasing grain yield and nitrogen use efficiency in wheat. J. Agric. Sci. and Technol. 10: 173-183.

15. Sepehr, E., M. J. Malakouti and F. Nougolipour. 2008. Evaluation of phosphorus efficiency in Iranian cereals in a P-
deficient calcareous soil. Eurosoil 2008 International Conference (Soil-Society-Environment). Book of abstracts: 
Pp. 182. In: W. E. H. Blum, M. H. Gerzabek and M. Vodrazkza (Eds.), Vienna, Austria.

16. Raun, W. R. and G.V. Johnson. 1999. Improving nitrogen use efficiency for cereal production. Agron. J. 91:357-363.

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
88

.1
3.

49
.9

.1
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            10 / 10

https://dor.isc.ac/dor/20.1001.1.24763594.1388.13.49.9.1
https://iutjournals.iut.ac.ir/jstnar/article-1-982-fa.html
http://www.tcpdf.org

