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

��� 

-.�! 	./� 012�3� 	�� ��� �� 4�� ���5��.6���� ��.6���� ���/� 

7��89 ��3��**�	:;/� 	�� 89<

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

$=�>� 

����? @��� � A2/2>� �9/� B��� ����5C�&D� @E�FG� A� ��H�I�H J
��� �� -.�! 0� 	�/&�� >�����I �����K� �� 	;��L
9 �

4�� ��MI9 N2�
� � �29�� O	PI�P$ OQ29/! �. ��H�I�H ���6A�9 ���� .��� ��&1��; �� J�3G; B29STUV2 �� W�.6���KX 	K�� 

@�3�3G; ��P&129 �� �>�H ��2�3�5>! 9/Y9 �9��9 �� ! �� �Z9� ����! ������ .[2���? ��0K� �K�� @��K\6��K�5�� 	���FK; "K�� 

; 0�=9/��� �; [! �� �>! ��MI9 .4�� "��! ���� �; �K. ���60K� ��K�/� ���� JK � 0K� �9�/KH/� �DK! @��K\cmV] +��K��� 
12�W+08��(T1)O12� ����� W��WJ � 0� cmS]_U+08�� (T2)12� ����� OWB�P�� J � 0� cmS`_SV+08�� (T3) O5J � 0� ��;9��&8�

cmS] +08�� (T4) O5� 0� ��;9��&8� J cmS` +08�� (T5)�J � 0� �9�� B�?��H cm`(T6)��� .�9� ���I a2�&I5�� A.�� b/F� �9��� 0

4�� ���T2 �; T6 0� N�;/; 0� �9���`cO`SOdcO`e�df0� A�1I >\�� �� O���/� 4��ef� �� /&�8 =O��&5[�� AK��2 .K5��K�� "

�&1�� �� ���I ���� �K. ���6����T2 �K; T6 0K� ;0K� NK�;/ �9�K��eVOedOeVO`e�ee0K� A�1KI >K\�� �K� O��K�/� 4��eS/e

� /� A���=O��&5A��2 [�� .0���� A��/g 4�� �� �9 ���T2 �; T6 0� A�1I �� O���/� 4��VVc/]�=0� OA��� /� ��& 0� N�;/; �9���

e/VOV/VOe/VOU/S�T/VA��2 [29��9 /�9/� .0.��5 	I�� Q��&� /hZ �K�(MWD) �� T2 �K; T5 0K� A�1KI B�PI�K�� �K� ��K�/� 4�� 

fV/S	&I�� 0� O/&� 0� N�;/; �9���VfOVSOS]�`�� � /&��� >\�� T6 �9��� 0�d>\�� 5/& !>.�K. 0K�2��6����T2 �K; T6 A�1KI 

0� 0�2�� �� ���/� 4��`]]]]]� /� ��2� =0� O��& 0� N�;/; �9���e]OTVO`eO`]�d]>\�� 5�9� ���I [��.

�i9� ��� 5�>�� :�.6O���/� ����5��.612� O����WO5��H O��;9��&8� �9�� B�? 

0�>3� 

��
���� 
� !�"#�$ %�&' ()&*�+ ,-. /011 23' 45��5 � �6 3(
�

27�
 � /�-' ��
 �5
5� /08. 9	�:
 /�; � /0* 9	�:
 ��6 �5

�<5(=	5-36 � >? @	5�3* 23' 27A' 2�	B&� 3C=	�&D&3* � =

���E-FG+ ,-. HH0&#-
 I06 )&*�+ ,-. � %�+  H45��5 � �6

.�	  /�; � 01+�-< 
�J? �5
5� H
�&7�5 
�"�<5 
�.

L�M.5 =7N<(
��O�.5 �/��3+? 4�3&PDQ %�-3' /5-� � �3<

 + 2R
� �
 /0* SQ�' )&+ C�� �5�' %-&<5B&.��5 
� � 
�(�3T

 UV�1+WXX %�<5)W.(4�Z&ZG
 U"V /0* L�M.5 ��03[ 
�\X%

+ �O�33.5  533C&.�C
� =33(+ � 
��833C /B&.��5�33' 4�33&PDQ 

���=+ I�F+ � 
� ���;)��.(]6�3� )&31^�� 
�H]_3< 

4`-F3G+ 03&#-
 231	B6 
� =_R-
 a'�b 3( �
5� � 
��8 .�3'

c�<5 4
5 � 
�+?(/��+? 21	B6 ]_< H� 
��8  5 )&3+  � �3<

(21	B6 a7< -� 
� E-FG+ 0&#-
 ��6 E�3< 
� %�d\eWfdg

�.h&6 -iQ=<01_+ � =1� 4�Z&ZG
 jN' =DPQ �H�+(4�Z&ZG
 B(%�7< -� =:&"V k'�1+ � � 
��8 

�.��7<5+ =<01_+ C&.�l)&*�+ ��6(� 
��8+ �C%-&<5B&.�H8.5�C/0(� 
��8 5-65 %5�D^ 0&_* /�m8.5� H

*:+ E-hA+C#5 �A� H4�"
�C&.��7C=:elyas_dehghan@yahoo.com 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
88

.1
3.

47
.5

5.
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
06

 ]
 

                             1 / 12

https://dor.isc.ac/dor/20.1001.1.24763594.1388.13.47.55.3
https://iutjournals.iut.ac.ir/jstnar/article-1-1086-en.html


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

��� 

23' n.�3' � 4
o H-3R HL031; �5�' �3'5�' p3&
�
Xg/WWHd/WWH

qq/Wr�rr/Wf�-' 0s
� )�.(�� 4�&PDQ =;��7A;�� 
�

	  5 %? �`�' 21	B6 �lI�3V �
�3".�	  
�3J? �3m	� I�3V  5

���%�8. Hp<�1+�. � 0[  5 j&' � 
� =<
�' 4
��t /016�

��
 
� ��m. �' ���6/��+? + � �<�<5 )& .

)&33*�+  5 /��u733<5 �33� %-;�33.-; 45��5 � �336�� 
�
�33J? 

�� ��
 =
��u7+�=+ ��R �' =6�&; ��	�Z' � /�&; H0.
5�; .
�

]7A&<(]���vw3< 
� ���3	  ��03[ �
 =6�&; ��	�Z' � 
�

���=+ =b�' 5�# H01.�+�-R� D+ �	�Z' C2&_
 4�&PDQ 
� �<5 )

�7A' �(�*� 
�' �M	5 Ex7�5 01	�D. �.	3Cp3<�1+ 45��5  5 =

�5�'()	5 
� 
� )&+  2.-; �36(�3<5 � �3$ 23M1� 
-3
5-&7#- .

("< �6
-
5-&7#-lB&^  5 �
E�5�3' � 017A36 �6 3( U3DQ 
� 
�

(��0[ � �7DWrey=7.�< /0* =[5�V �7+ 0.5 )r.((
-
5-&7#- �6

�� vw< 
� 5
 =6�&; ��	�Z' �78&'�2'5
 �3_.? �3	 /�
5�; ��R 

=7.�< 01^ UDQ �
 �� �' ��7+�=+ z-PN+ =Gw< (0311)��.(

=<
�' 
�J?A	�l�3� =;��83� �' �3	 
� l�3� �� =3<
 

��
 �	�33< �33' %? 2A33	�Z+ �33� ��336�� 
��5� %�833. 33( 
� 2

���A	� �' � 
�l)	5 %�0' H(�	  
� =7N< � /��8� 2	` 2

��M	5 ]N* 2	`��; 	 �l5�3
 =7�5-.(=3DM[ ]�3��{3u[ 

+=�-* .]6�� )&1^�A	� �' � 
�l23( )3	5 �' /�xQ k.�3+ 

� =;��8�/
�'� =+ �-*H2'=3+ �3|.  5 ��&;-3PR S3Q�' 03<


 �A338.���/
�33'���33� ,5-33.5 
� ��336 B33&.=33+ �-33*)��.(

)6?��; 2' 
5�� ��6 
-V]6%�+  A	� H)6?��; ��R l��3m	�

c�6 �� vw<  5 
-"Q  5 }� � 27��; 5
 �6�~&6 .-; �	 
�&* 2

278� =D. ��R�' �5 0.
5�;)��.(

j6��333� n	�3337. ��
 �333&.� 
� /0333* L�333M.5 ��3336 

��
 �33� ��336�%�833. %-;�33.-; 4`-F33G+ �5�33' � 
� 

�<5 /�5�(+5 H=3PG+ @	5�3* 2' 27A' 2C�36 HI50365 � 4�3.� 

333	l��
  5 �333� ��3336�L-333<�+ � 
�)�H��H���rX(H

��33� � 
�(2331&D)qH�����(�33	 �=33' �33��� 
�)��(H

=+ 0*�' 27*5� ��
�' ��m	� �' 0.5-
 .

��
 2A	�Z+ �3� ��6��5�3&� @3<-
 � 
� D6 �3C%5
� 

�-D. )*�
(2)	�78&'/� �' 2' �O�.5 � ��-< I�F+ p&
�


 A	�  5l
 H&
%5��3;�' )6?��3; � ='�Z83' )6?��3; H
-3
5- 
5�

2' �<� 0+? )��(.=#� 2A	�Z+��
 ��6 �3��� 
� +� L-3<�

=7��33u[@33<-
 �5� %�833. %5�m8336���  5 �33m	� =33��' 33( 2

���=7��u[ � 
� UV�1+ =��' 
� 3' %��Z+ ���F7b5 �|.  5 2

�A&. 2��s )��H���rr.(

��
 �J5 2A	�Z+ �' =<�D#5 � %�Z6� ��� ��6 HL-<�+ � 
�

 
5�� )6?��; � 
-
5-&7#-( HlA	� 
�'��)UDQ 2'g=7.�3< �37+ (

��CPDQ �' H%�73< -� 
���3* 2Zw1+ 
� n.�' ��CPDQ �5BR5 �

��
 2( 0.�-D. �
5B; ��� ��6 �3|.  5 =3<
�' �
-+ � 
�

=1:+ 4��u
 �-7P* ��CPDQ 017*50. 
5�)g.(

a&.? � 21&C< ��� ��
 2< �J5 =<
�' �' � 
�We]N3*

 %5��;�' +HlA	� 
�'��re��� ��3� �3' =Gw3< � 
�  
�

 
5�� +lA	� 
�"C	 �fe=;�	� �' HlA	� 
�'�� =C	B&� ��6

 23&(�
 
� =+-3# =3<
 ��3� l3	 
� L031; ��3CPDQ � ���

 
503Z+ )	�783&' 23( 0.�-D. �
5B;MWD 23' @3<-
 p3&
�


��333� ��333� HlA333	� 
�333'�� �333' � 
� ]N333* �333' � 
� 

%5��;�' +��3� � lA3	� 
�3'�� 
5��  
� +l3	 lA3	� 
�3'

2' 0+? �<� .]6 �_.? D. �
5B; )&1^ j	5B3�5 2( 0.�-MWD �

2�-P( =7N+  23.5-R j6�( SQ�' �6 
�3' =3. ��6 03* L031; 

)Wy.(��
 =<
�' �' B&. �-�# � 2' �
 ��� ��6 �' 2&#�5 � 
�

)6?��; 5��;�' ��6 %��� � lA	� �' 2	-.�J � ='�Z8' � 
5�  
�

 =3. � @3<-7+ �3wb / 503.5 2( 0.�-D. �
5B; H>5
5� 
� 
5��

2�-P( �
 
� �6���� ��6 � lA3	� 
�3' 23< �3' 2	-.�J � 
�

��� 
�"C	 =+ ��'5�' 
5��  
� 01()\.(

�� ��
 >�N7.5�2+�.�' � �	�	0+ � � 
� 4�&PDQ �B	


/��+? �5�3' )&+  � �< 3( 23Q
B+ 
� 93P7N+ 4`-F3G+ �8

 ���3* 2' =<�7<� 01+ �&. H@	5�3* �
-3+ 
� =
�3QxV5 � �36

 L�M.5 p	�:+ � �	5B+ H=m.-m^ ��
 �3� %-;�.-; ��6�� 
�

�<5 .��
 =3<
�' 
� �3� ��36�� I50365 23' 27A3' H� 
�

 ���* H@	5�* 031.�+ =.-;�3.-; ��36 31	B6 %5B3&+ H4�3&PDQ 2

��-33< I�F33+�33� =;��833� H�O�33.5 ���-F33N+ % � H

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
88

.1
3.

47
.5

5.
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
06

 ]
 

                             2 / 12

https://dor.isc.ac/dor/20.1001.1.24763594.1388.13.47.55.3
https://iutjournals.iut.ac.ir/jstnar/article-1-1086-en.html


-.�! 	./� 012�3� 	�� ��� �� 4�� ����56�. ���� �6�. ���� ���/� 

��� 

�� �o-u. �+��Z+ � ��6���03s
� H=3'? � ���' j	�<�� H

�� %0* ��� %5B&+ H=6�&; ��	�Z' %5��;�'�H �3&. �
-3+ %�+  

�&��� Hvw< 0[5� 
� 2Q
B+ /� �' �2	�+�< %5B&+ H�5 H�
5�3;

=;�-#? =3+ 
5�b ='�	 
5 �
-+ /�&$ � =w&G+ �A	  ��6 ��3&; .

)	5ZG
 2' B&. U& �<� 
-|1+ 4�3QxV5 23' ='�	 �33D(=
� 23	�� 

���* =��' �
-+ @	5�3* 
� /��u73<5 �5�3' H=1� ��6 3( �
�

0* 5�R5 2'�8+.

52' 4�QxV =+ j6��� )	5 
� /0+? �<� �	�	0+ 
� 0.5-


 2+�.�' ��B	
 )&*�+ %�;��. ��6���=3	5�R5 �-w< 
� � 
�

 ��&; 
5�b /��u7<5 �
-+ .j	�+ ? 
� H)	5 �' /�xQ B3&. =	�6 3( 2

�33J5 2A33	�Z+ �5�33' HU33&ZG
 )33	5 2'�833+ @	5�33* 
� H/0331	? 
�

��
 �� ��6��3R5 93P7N+ 4`-FG+ ��
 � 
� 03165-� 5

=+ H0* ���3* � ��3CPDQ �3_1
 %5-
 5
 /�3&; �3' @"
�3+ ��36

/ 50.5 23' n	�37.  5 � /�-3D. ��&; / 503.5  5 /03+? �3<� ��3&;

���* �3_.? 
5�3C
  5 � /��( /��u7<5 j	�+ ? )	5 
� =1� ��6

�-D. �
5��-� %-;�.-; 4`-FG+ �5�'.

�9�� �4����

E�< %�7A'�
 
� j	�+ ? )	5Wfdr
�	l������3[ =3<
 

4�Z&ZG
 /�m7A	5 
� L01; ��	�Z'(03* 5�3R5 
���3* � 
��8 .

4�Z&ZG
 /�m7A	5 3( 2P3s�� 
� 
���3* � 
��8yX(��7+-3P&

 �<5 /0* kb5�  5-65 E�D* .���3"#�$ 2Zw1+ )	5 ��6!��3|.  5

 �&Z� 4 5 � =#? �5-+017A6.=	5-6 � >? �|.  5 23Zw1+ )	5 B&. 

�5
5� 8� ]&Pb5 l�8� 2D&.l2.�&#�3< )&m.�&+ � /�-' �3+� �

233' %? =;033.
�' p33&
�
rf233R
� c-&A33P< �rqq=33P&+ �337+ 

=+ 0*�' .�� 4�FN8+�
� j	�3+ ? �5�3R5 a3G+ E�03R�

�<5 /0* /�
�?.

)33	5 
�U33&ZG
�33� ��
 ���
 n133� � L-33<�+ � 
�

(]���� 
� -P' ��V p#�b 
����6(23< 
� =���F3
 a3+�


C�
-+ 
5� 017��; 
5�b ='�	 
5 � 2A	�Z+ .�� ��6
�D&
�� 
�

 5 0.�-' 4
�"Q:

�eL-33<�+ ��
33	 l
�33' %5��33;�' )6?��33; U33DQ 233' 
5�rX

=7.�< �7++��
�' A	�l]6 �' �-DQ +2#�+ (T1).

reA	� 
�' �� l"<lUDQ 2' ]6 �' �-DQ WX–d=7.�< �7+ +

2#�+(T2).

fe
�33' �� A33	�l233' ]336 �33' �-33DQ )&m133< U33DQ WgeWr

=7.�< �7+ +2#�+ (T3).

qe33	 l
�33' (
-33
5-&7#-233�P&' �5233' U33DQ WX=7.�33< �337+ +

2#�+ (T4).

ge33	 l
�33' (
-33
5-&7#-233�P&' �5233' U33DQ Wg=7.�33< �337+ +

2#�+ (T5).

\e	l
�' 
5�� )6?��; )
-
5-&

(UDQ 2'g=7.�< �7+ (T6).

=;�	� )&*�+ ��6 73<5 �
-+ 45��5 � �6 
� j	�3+ ? 
� /��u

E�033R ��33<5 /033* /�
�? .`o 233' L 33( �33<5 �33( 
�33D&
 2

���UDQ 2' 
-
5-&

 �' � 
�g=7.�3< �37+ 23' 
-3|1+ =3<
�' 

%�C+5 	 ��M	5l�F7N+ �7A' 23' �O�3.5 I�F3+ �' 
503Z+ 3( ]

>�N7.5 0* .]6)&1^ �� >�N7.5 a&#� UDQ WX�Wg=7.�< �37+ 


� �6 (L50  5 �3� ��6
�D&
 ���3' � 
(A3	� � 
-3
5-&7#-lH

+5 ��M	5C%�='�	 
5 �&J�
 UDQ (
�45��5 )	5 �' ���3* ��36 

=<
�' �
-+�-' .��36
�D&
 
� 23#�+  5 /��u7<5 a&#�T2 �3
 T5 

I�[ B&.�
5-D6�. �-R  5 =*�. ��6 278� ��6 �+ � �6�_. H�6 

 5 /0.�+ ��R�'�8(�-' =P"b .

���* )	5 
� =<
�' �
-+ ��6 U3&ZG
  5 03.�-' 4
�3"Q 

�� 21	B6�� 
� 6 
� C
�7 ��-3< I�F+ 
50Z+ H6 
� C
�37 H

 �&. �
-+ %�+  L�M.5 �5�'(H
� 2Q
B+ �&��� %5B3&+ H]7A&< �5

 %0* ���(2�-P �� ��6�� �-FN+ % � � �6�.��
 �36

�����:'5 2' =
�:wb 
� � 
�WrX×gX�7+ 
5�3b ='�3	 
5 �
-+ 

���; .3	 23:wb �6 
�l-3. 
5��3Q 23'gL�3M.5 �5�3' �37+ 

UDQ 4�D&|1
(@	5�* )&&:
 � 
�(� /03.� �|.  5 p<�1+ �
�

 5�
 ���8&� �Q�<(��3^ �B3�# 03s
� � 
-37 P3s�� � �362

WX 2' 2:wb �6 2
 � �<  5 �7+ 5�
 %�  
�� ��i� %5-1Q(� 
-37

 0* 27��; �|. 
� p<�1+ �Q�< 2' %0&<
 .)&+  
���+  5 }�

)<5 4
�"Q 
���+ ���  5 a"b )&+  �
�&'?  5 �I036 �' � 
�

 )&+  2&_
 4�&PDQ �'5�' 
� ��� 4��Z+ j6�((H)&3&:
 �5�3' 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
88

.1
3.

47
.5

5.
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
06

 ]
 

                             3 / 12

https://dor.isc.ac/dor/20.1001.1.24763594.1388.13.47.55.3
https://iutjournals.iut.ac.ir/jstnar/article-1-1086-en.html


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

��� 

��>Y*.����! ������� @�3�3G; ��P&129 k�. @�FD�� 

>�R a'�b � ���&+ �s�1Q(mg.kg-1)
UDQ ��� 

(cm) 

���' 

��� Cu Zn Mn Fe 
PH EC 

(ds.m-1)
K

(mg.kg-1)
P

(mg.kg-1)
OC 
(%) 

��e�=<
 �/�����/��/���� �/��/�

��>Y<.	Hl2� B�!�� ��� [2���? �� ���%&�9 ���� @9��9 � �� 

/�m7<� L�. 
� /0. �< ���*

E0+ 
��* 

,-. 
E�F
5 


�� ��Q
�	
-h
 
(cm) 

]&|1
 =m.-m^ 
UDQ 

�Q�<
���8&� 
(km/h) 

)6?��; 
%5��;�' 
5� 

=+�_< ���* 
4�:wb ��m16? 
%�<5�� (GAK) 

�j&� 
5-< ��� 
� �' ��6 


-7�5�
 �&#�
0&6
�e�

�A�5 �A	��	0.�R 
(John Deere) 

�� /�� )/��;-PR=	��>�Z8' 
/�m1� 2"# �5/��; H"ZQ=��>�Z8' 

I�s 2"#(
=88� ��� 

]&|1
 ��^ 
�&#�
0&6 UDQ 

�e�


-
5-&7#-�
2�P&' �5

)&*�+ �0&#-
 /��;
0_8+ �7<�
 

�2�&
 E�:� )�
�1� 2�&
 �	
27A�*(2�&
 2Ps�� H�6��� 

=P&+ �7+ 

5-< ��� 

� �' �&#�
0&6 ��6

-7�5�
 

�e�


5�� )6?��; 
���* 

%5�	5 c
�� -1<5 
(SNOW PARS) 

�Hn.x� ��2�&
 ∟*a�.
n.x� 
-G+ ���; �"A. 2' �6 


-7�5�
 =60.5-
 
-G+ �2'�.

5-< ��� 

�8u� ��6 
UDQ ]&|1
 

�e�

2#�+ e
H��^ 
�_^2Ps�� pZQ ��6
-G+

-PR ���7+ 
=88� ��� L�65 =7<� ��6 �e�


-7�5�
 �	0.�R���� 
�H
01P&< ��/0.� )-PR�pZQ ��/03.� (H23. � 
� /03* /��B3�5 
-37�5�
 -3PR��� 

HL�;-P&� 2Ps����6
-G+ pZQ �-PRcm��� H�&7<` �36 ��3Q �3' -3.���%/
�D3* H
�&7<` pZQ 18.4-34/15-34 -PR �750-18H�DQ ��E�< .

�333� p333<�1+ %�333+ �2333.-D. H� 
� �333�  5 �
5��333'� 5

UDQ ��6WgeX�fXeWg=7.�3< �37+ �3'-V
 03s
� � L�3M.5

����� % � ��1"+ �' �8�l03* 2"<�G+ .�3'-V
 03s
�

����3� ��36
�D&
 E�3DQ5 %�+  
� �L-3<�+ � 
�)]N3*(H

A	�lH(��; � 
-
5-&7#- 6?p&
�
 2' 
5�� )W�Hf/W�H\/W\�

g/Wd�-' 0s
� .0s
� �
-+ 
� �P"b 4�QxV5 �-". 2' 2R-
 �'

 2' H%5��;�' ]N* �5�' ��� p<�1+ �'-V
  �
 l3	 4
-3s

 � /�  ]N* )6?��; @<-
 5
 )&+   5 
5-. l	 %�&+ 
�]6%�+  

23.-D. B&. ���  5 )&3:+ %? �3'-V
 � L�3M.5 =���F3
 ��3&;

=+ 0*.16]N3* �5�3' %? @	5�3* � /0* �
��; ��� 2( =+�m

 �3'-V
 � L�M.5 2V-'�+ 
�D&
 
� ]N* 4�&PDQ H0	��; p<�1+

 2' ��� ]N* %�+  p<�1+ �'-V
 %5-1Q)@<-7+��(%�|. 
�

0* �"J � 27��;.

/ 50.5 ��
 ���* �
�5�' � ��&; 
� =3<
�' �
-3+ ��36

�-' �	  ��* 2' j	�+ ?:

��9>I9 b/F� �/�HA.�� 

)&&:
 �5�' 
50Z+ ��-< /0* I�F+ �' ��
  5�/��u7<5 �� 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
88

.1
3.

47
.5

5.
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
06

 ]
 

                             4 / 12

https://dor.isc.ac/dor/20.1001.1.24763594.1388.13.47.55.3
https://iutjournals.iut.ac.ir/jstnar/article-1-1086-en.html


-.�! 	./� 012�3� 	�� ��� �� 4�� ����56�. ���� �6�. ���� ���/� 

��� 

0*.�' ��
 
� �H�� 4�3&PDQ ,��3*  5 a"b ��-3< %B3N+

 5
 
-7(5�
 (�� !x+� p# �B	
 (B3&. 4�3&PDQ %�3	��  5 }� � /��

 p# /
�'�� ��-< %BN+ =+ B	
 ���;. �3&. �
-+ ��-< 
50Z+ 

�� �5�'(%B3N+ �0M+ %�� ��-3< �3	�� 
� H4�3&PDQ %�3'5�' 


50Z+ L�3M.5 403+ �	 �[�A+ 
� =��F+ ��-< 3( @3<-
 
�

�<5 )&*�+.

��9>I9 �/�H5�. �&1�� ���I ���� ���� "6���� 

)&&:
 �5�'(�3� ]7A3&< �36 �5�3'  �&. �
-+ %�+  a�H� 
�

 %�+  ,-DM+ 507'5 ��3_7.5 � 507'5 
� )&*�+ %�  
�� � 0&u+ ��6

 �6 �5�' 2Q
B+ 3(  5 L50 3� 4�3&PDQj&H]7A3&< 
� /03* =31&'

 %�+  @<-
 2' n1< k3DR �3' }�< � /0* 2"<�G+ 2.�;50R 
-V

(�� 9P7N+ a[5�+ L�M.5 %�+  %���� 
�( �&. �
-+ %�+  a

0* 2"<�G+ ]7A&<.

0���� A��/g �9

(/0* L�M.5 
�)/��+ �	 vw< pA[ �' (231&+  
� )&*�+ @<-


���H� 
�(�*5��' � �*5� H�*� 	 40+ 
� 5
lH�Q�3< 

233Q
B+ �33&��� =33+ �5 0331	-;)�.(j	�33+ ? )33	5 
� �33&���

2Q
B+ �5 5 ]7A&< �6 :+Cc-,-DM+ (a%�3+  � 03&u+ ��36

 0&u+ �&$ /0* I�F+ �5�' 4�&PDQ L�M.5 vw< 
�	l6C
�37 

)2Q
B+ @	5�*
� (2w'5
  5 /��u7<5 �' �W0* 2"<�G+.

]�[a
AC
T

=

5 
��M1	:

Ca=2Q
B+ �&��� �5)ha/h ( 

A=4�&PDQ �
-+ �[�A+(ha) 

T=(%�+  a)/0* 9P
 � 0&u+ ((h) 

�. �>! �/. �9���6

=33. � @33<-7+ �33wb (MWD)(Mean Weight Diameter) 

�<5 =F��*(�3� %03* ��3� %5B3&+ )&&:
 �5�' !�+-DQ 2�

=+ /��u7<5 �-*)�.(�3� L�M.5  5 }� ��
 )	5 
��� � 
� 


233.-D. 50337'5 H
�33D&
 �336 �33�  5 =33DM[ ��336�/��033G+ 
� H


��(gX*gX��� UDQ �
 vw<  5 �2' H� 
� H��-3DQ 4
-s

 2.-D. }�< � /0* 27*5��' #5  5 5
 �6l=#5-37+ =	�36 3( �3wb 2

�3333_.? 23333. �
ry/WHgq/rHdW/fHXd/gHfg/\H\r/y�d�/d

=7.�< �7+ 2' ��wb  5 p&
�
(^-l�
B' 2' �
 23' )&	��  5 � �


 /03* /03&^ ]6 ��
 `�' 03.�-' % � � /03.5
�; (23�-P ��36

=b�' #5 �6 ��
 /0.�+l]6 �% � )&1^(2�-P 
-3"Q ��6 3( /��

 #5  5l��? )�'(2. �
 �wb )	�7D (23w'5
  5 /��u7<5 �' � )&&:


�
50Z+ MWD 2"<�G+ 0*)�(.

]�[
n

i i

ti

D .W
MWD

W=
=∑

1

�M1	5 
�:

MWD = =. � @<-7+ �wb(2�-P �6(cm) 

Di=)&m.�&+2.5� �wb �� ��6�#5 /��0G+ �6 
� l(cm) 

Wi =  �� % ��
-"Q (#5  5 /��l2V-'�+ (#5 ��
 2l)	�	  

�<5 /0.�+ =b�' %? (g) 

Wt =  % �(�� 2.-D. a�(g) 

�/��g m�FD� ����.6

��6�� �-FN+ % � / 50.5 �5�' �
�&:+ �� =;��8� ��&;�

=+ 0*�' .�6 UDQ 
� ���* )	5 )&&:
 �5�'(��
  5 L50 ��6

����3�  5 a3"b H� 
��23.-D. HE�5 �
�3&'?  5 03:' � � 
�

�33� /�
-33N. �33<��233' H=���F33
 233wZ. 233<  5 2P&33<� 2337+

2.-D. ���  5 �
5��' I�� 
� � 0	��; �*5��' 2.5-7<5 ��6 �5

2m. H�N8+ % � � ]M[ �' 8�  5 }� � �
5�l(%�� 2.-D. 

�33� �#�33� % � )&33&:
 � /�m833	�+ ? 
���-F33N+ % � H

2.-D. ��6�� 2w'5
  5 /��u7<5 �' �6 �0* 2"<�G+ .

]�[M
V

ρ =

�M1	5 
�:

ρ=��6�� �-FN+ % �)g/cm3(

M= ��� %�8�l(g) 

V=�� ]M[�2.-D. 2.5-7<5 �	 �
5��' (cm3)

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
88

.1
3.

47
.5

5.
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
06

 ]
 

                             5 / 12

https://dor.isc.ac/dor/20.1001.1.24763594.1388.13.47.55.3
https://iutjournals.iut.ac.ir/jstnar/article-1-1086-en.html


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

��� 

�2���. 06���� 


� 	 @	5�*C� 93P7N+ 4`-F3G+ 03&#-
 �3&P'�b �|.  5 %�A

/��_. =��F+ ��6 031.�+ 3(/�83[ � �- 3(jL�3M.5 231	B6 H�36

�� 4�&PDQ�� 
�(�<�_.? �01+�-< )&&:
 0&P)��.()	5 
�

 )&m.�&+ Hj6��� 21	B6 4�&PDQ 4�3R5 c�3<5 �3' )&3+  2&_


 � =PG+ 23�5
5 
� c�13*�< �5�3�5  5 �3u. j3* 23' 23:R5�+ �'

 4�+0�+C�� /B&.��2' � 
� /
�R5 4
-s ]6 � �5 �3_1
 )&1^

�*(+ 4�+0� �3C23Zw1+ 
� �Z7A3+ /B&.�)�3*(%�N#503"Q �

=#�D*(2' H6 �' E�	
 4
-sC03* 2"3<�G+ 
�7 .L�3M.5  5 }3�

 kDR � j	�+ ? /�5� �
�? H�6	BM
 }.�	
5� 2/�5� �603* L�M.5 /

�)&m.�&+4�us2'��
 231+5� 031^ %-+ ? �5.5� 3C)2A3	�Z+ 

0*.

a2�&InG� �

A.�� b/F� 

/�5� }.�	
5� 2	BM
 n	�7. �5� %�8. �6(I�F3+ %5B3&+ �|.  5 2

)&33' H��-33<
���33� ��336�=331:+ Ix733�5 � 
� 
� 
5�

vw<W%�*5� �-R�)E�0R�.(�� ��
��3' L-3<�+ � 
�

 ,-DM+Xg�/q�6 �' �7&# C�� � 
�7��3' 
5�� )6?��3; �' � 
�

 I�F3+fq�/Wg&#6 �3' �37C23' H
�37 � )	�783&' �5
5� p3&
�


(0.�-' ��-< I�F+ 
50Z+ )	�7D)E�0R�.(

�� UDQ j	5B�5�]83^ 
�&A' �J5 ]N* � � 
� �3' ��3&;

 ��-< I�F+�
5� .	 �6 �5 5 2'l=7.�< U3DQ j	5B3�5 �37+

����� 
50Z+ � 
�(=(3'�R 03	�' 22�-3* /03.5��;�' �3	 �3R

 ��0[WgX 6 
� )
 C	5B�5 
�7=+ j)	5 H0'�	(j	5B3�5 %�0' 
�

 +5 ��-3< 21	B6 
� 2|[x+ a'�b 3C%��-3' 0365-N. �	�3�)�.(

�3� 
� ��-3< I�F3+ 
503Z+ ��3	  j	5B�5�L-3<�+ � 
�

 ��
 �m	� 2' �"A. 2' H�6 �3� %0.5��;�' a&#��%�-3' ��3	  �

�� UDQ�)&3*�+ ���3
 4�:�� � � 
� 45��5 � �36 �3<5 .
�

�� ]7A&<�L-<�+ � 
�Hq\% 53(�3_1
 =��F3+ ��-3< a

�� %0.5��;�' ]N* �5�'��<5 /0* I�F+ )E�0R �.()3	5

 27��	 �' n	�7. �1	 ��6)��(D6 � �5�&� �C%5
�)Wg(�3Z'�w+

�
5�.

)&' �"T+ �B�# 
50Z+WgeWX
-
-+ =1D	5 �' /�xQ 0s
� 

�� =*�' L�� �&&�
 ��M	5 �5�' H/0.� 2":R ��j	5B�5 �(j8

�
5(H�<5 L ` 
-7=#� Ix3
5 S3Q�' %? 03[  5 j&3' j	5B�5 

=+ �O�.5 �-*)W.(0s
� 0[  5 j&' j	5B�5 HL-<�+ ��
 
�

 �G+ ��^ �B�#�5�
 (A3	� 4�&PDQ �5�' 
-7l��
 23#�+ �

���A3	� 
�3D&
 
� 2'�83+ 4�3&PDQ 2' �"A. /�
-� ]N* l

"<l�<5 /0* SQ�' H(�O�.5 � =��F+ ��-<  5 �
50Z+ 2

6
 �3� 45
o  5 ��78&' ]M[ ��' �5�' /0* ��23' 3(��
 
� .

]336 )&331^33( A33	� �5�33' ���833&� �Q�33< j6�l��
 
� 

S33Q�' L-33<�+33(233Q
B+ /� �33' � �33&��� j6� j	5B33�5 � �5 

40+(
�(5�
 
-
-+ %��(L�M.5 �5�' 
-7(�3<5 /0* )&:+ 
� .

��
 a33+5-Q )33	5 =331:+ j	5B33�5 S33Q�' 2337�
 ]336 I�F33+ 
5� 

�� 
�D&
 
� ��-<��36
�D&
 �3m	� 23' �"A3. L-<�+ � 
�

 �<5 /0*)E�0R�.(


�D&
 
� %5��;�' ]N* 4�&PDQ I�[ �3� ��36��3' � 
�

A	�l"<lSQ�' )&m1< �3(��-3< I�F3+ 0	03* j6�

 2' �"A. �<5 /0* L-<�+ ��
 .=1:+ j	5B�5 a&#� I�F+ 
5�

 �� 
�D&
 
� ��-<�A	� �' � 
�l�"A. )&m1< A3	� 2'l

"33<l�33� U33DQ j	5B33�5 H� 5 � 
�WX233' Wg=7.�33< � �337+

 j	5B�5(�+��Z+ a(A	� =88l2'  �&. �()&	�� /0.� 
� 
� �


�Q�< �(��36
�D&
 2A3	�Z+ 
� �&:3t� )	5 H�<5 /�-' �7D

����' � 
�(UDQ 2' 
-
5-&7#-WX�Wg=7.�< 2' B&. �7+ ='-3�

=+ /0	� �-*.

)	5 n	�7.U&ZG
 �5� %�8. 3( U3DQ 
� 23(	 
� 3C �5�3' %�A

 A	� 
�' l	 ��'
�(l�(H/�
-N. ]N* )&+  ��
 �' 
-
5-&7#-

 A33	� 
� ��-33< I�F33+ 
5033Z+lqX%( 5 �337D(
-33
5-&7#-

�-')E�0R�.(=+ �+5 )	5 23' 0.5-
 �3+��Z+ %�-3' �783&' a3&#�

(=88(A	� 2' �"A. 
-
5-7&#-l�3' 
-3
5-&7#-( 
� 5�	  H0*�' 

	5 �-R� L�3M.5 �5�3' H�-3' lA3	�  5 �7D( %? 
�( ��Q 2( )

)&m1< /0.� 2' 4�&PDQ B3&. ���83&� �Q�3< � /�-3'  �&. ��


 �-' �7D( .lA3	� 4�3&PDQ 
�3'��  5 /��u73<5 �+5 
�3D&
 
� =3.  

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
88

.1
3.

47
.5

5.
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
06

 ]
 

                             6 / 12

https://dor.isc.ac/dor/20.1001.1.24763594.1388.13.47.55.3
https://iutjournals.iut.ac.ir/jstnar/article-1-1086-en.html


-.�! 	./� 012�3� 	�� ��� �� 4�� ����56�. ���� �6�. ���� ���/� 

��� 

��>Y+.oI�2�9� 02�M; @�
�/� /p94�� k�. ��� -.�! /� ���� 	��/� ���� 	�� ��� 

�	��Z+4�:'�+ 
45�&&�
 k"1+ 

2R
� 

��5 ? ��-< I�F+
%�+  a� 

]7A&<  �&. �
-+

2Q
B+ �&��� �5

]7A&< 

@<-7+ �wb 

2�-P� =. � �6

�-FN+ % �

��� ��6�� 


5��
 ����/����/�����/����/����/�

��
 ��� � 
�  �**���/��� **���/�**���/�**���/�ns ���/�

=8	�+ ? ��w� �� ���/����/����/����/����/�

45�&&�
 p	�t(C.V) ��/�%��/�%��/�%��/�%��/�%

n.s : =1:+ 4��u
 �A&. 
5�.** :=1:+ 4��u
 vw< 
� 
5��%

��>Yq.B�PI��� 012�3�-.�! k�. 4�� C�&D� r�h� �� 	��/� ���� 	�� ��� ���� 

m.�&+2' �_.? 2A	�Z+ � 4�us )& ��
 %-+ ? 21+5� 01^ �5)�.5�)E�D7[5 vw< 
��(%*
��
 

��� � 
� ��-< 

/0* I�F+ 

(l/ha) 

%�+  a� 

]7A&<  �&. �
-+ 

(h/ha) 

2Q
B+ �&��� �5

]7A&< 

(ha/h) 

@<-7+ �wb 

2�-P� =. � �6

(cm) 

% � 

��6�� �-FN+

(g/cm3)
L-<�+(T1) a���/��a��/�c���/�cd ��/�a��/�

�"< �A	� (T2) d���/��c��/�a���/�a��/�a��/�

)&m1< �A	� (T3) b���/��c��/�a���/�ab ��/�b��/�


-
5-&7#-�cm�� (T4) e���/��c��/�a���/�bc ��/�ab ��/�


-
5-&7#-�cm�� (T5) c���/��b��/�b���/�cd ��/�ab ��/�


5�� )6?��;cm�(T6) f��� /��c��/�a���/�d��/�ab ��/�

*:)&m.�&+ )&' 4��u
 %-7< �6 
� =1:+ 0.
5� ��78+ I�[ �	 ab50[ 2� =	�6 �A&. 
5�.

��� S3Q�' 
-
5-&7#-( 
�"C	 
�D&
 �' 2A	�Z+ 
� lA	� �' � 
�

 
�D&
 )	5 
� /0* I�F+ ��-< ,-DM+ 2( �<5 /0* �"A3. 

��� 
�D&
 2'-( �' � 
� 03'�	 j	5B3�5 
-
5-&7#)E�03R�.(
�

����' � 
�(2M1� 
-
5-&7#- UDQ 2' � �$WX=7.�< �7+(T4) H

=PQ )	5 ]$
(	 �5�'  �&. �
-+ %�+  2lc�� (�"A. 
-
5-&7#-

 	 2'lA	� c�� l27��	 j	5B�5 H)	5�'�1' 2' ]7A&< )	5 
� �PQ

 	 2' %0* /01A'lc�� (,-DM+ H
-
5-&7#-(+ %�+  a �3&. �
-

33( A33	� �33' 4�33&PDQ ��033[ 
� � 2337��	 j6�l)T2 �T3 ( �


-
5-&

(T6)�<5 27��; 
5�b .

(=1:+ j6� 
5�(�3� 
�3D&
 
� ��-3< I�F3+ a��3' � 
�

 ��
 �3m	� 23' �"A. 
5�� )6?��; �3� ��36�23' � 
� a3&#�

(�� UDQ j6��2' � 
�g=7.�< H�7+(23' �B�# 0s
� j6�

 H�us ��0[(��
 j6� �)&*�+ 0+? 23D6 L�3M.5 � 45��5 � �6

�� 4�&PDQ�	 
� � 
�l
-"Q 
�' �<5.

5���I ���� ���� "

�5� %�83. }.�3	
5� 23	BM
 E�03R n	�37. 3( ��
 )&3' 2��336

����|.  5 � 
�(23Q-DM+ L�3M.5 �5�3'  �3&. �
-3+ %�+  a

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
88

.1
3.

47
.5

5.
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
06

 ]
 

                             7 / 12

https://dor.isc.ac/dor/20.1001.1.24763594.1388.13.47.55.3
https://iutjournals.iut.ac.ir/jstnar/article-1-1086-en.html


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

��� 

��>Ys.B�PI���-.�! 4�� �9/� 	��/� ���� ��� k�. ��H�I�H ��� ��/� �� ���%&�9 ���� @9��9 t�I u�v%; 0� ���&1�� 

��� ��
 � 
� 

)]7A&<(
45��5 ,-. 

I�F+

��-< 

(l/ha) 

%�+  a� 

 �&. �
-+ 

(h/ha) 

�&���

2Q
B+ �5

(ha/h) 

2Q
B+ /� �' �5
�B�# 

��^ 

(%) 

�Q�<

���8&� 

(km/h) 
)6?��; 
50.5��;�' ��/����/����/��/����/����/�

E�5 �A	� ��/����/���/��/����/����/�

L�� �A	� ��/���/���/��/����/����/�

L-<�+ 

UDQ 2' %5��;�' ]N* 

cm ��(T1) 
2#�+ ��/���/���/��/���/����/�

E�5 �A	� ��/���/���/��/����/����/�

L�� �A	� ��/���/���/��/����/����/�
UDQ 2' �"< �A	� 

cm��e�(T2) 
2#�+ ��/���/���/��/����/���/�

E�5 �A	� ��/����/���/��/����/����/�

L�� �A	� ��/���/���/��/����/����/�
�A	� UDQ 2' )&m1< 

cm�� e��(T3) 
2#�+ ��/���/���/��/����/����/�

2�P&' �5��/����/���/��/����/���/� UDQ 2' 
-
5-&7#-�cm�� 

(T4) 2#�+ ��/���/���/��/����/����/�

2�P&' �5��/����/���/��/����/���/�
UDQ 2' 
-
5-&7#-�cm�� 

(T5) 2#�+ ��/���/���/��/����/����/�

)6?��; 2' 
5�� 

UDQ cm �(T6) 

-
5-&

 ��/����/���/��/����/���/�

j&� 4�&PDQ H]7A&< �6 
� /0* =1&' =1:+ Ix7�5 vw3< 
� 
5�

W%�*5� �-R�)E�0R�.(��
  5 /��u7<5 ]3( ��6 ��3� � 
�

 23' �"A3.  �3&. �
-+ %�+  j6�( SQ�' 03* L-3<�+ ��
 .)3	5

 ]7A&< 
� ���* ��6(]���� 
�T2 HT4 HT6 �T3 �"A3. 

2' %�+  �' L-<�+ ��
qW/q6 �' �Q�< C2' H
�7 23' p&
�
 %5B3&+

gd HgqHgdHq\�g\0s
� (���	 j6�)E�0Rq.(n	�37. )	5

 27��	 �' �6D6 � �<-"+? �C��
 2A	�Z+ �' 2( %5
� ��6���� 
�

L-<�+ ' �=���� 
� �5�' ( �3&. �
-+ %�+  �|.  5 Hn.�' �*�

 �� 4�&PDQ �5�'�21	B6 � � 
�(=' ��
 H��;
� �3��� 
�

H017A.5� �
�' L-<�+ ��
  5 5
 ]6�
5� =.5-�)W�(.

	 �5�R5 �5�'  �&. �
-+ %�+  j	5B�5l23' �"A3. ]7A3&< 

��6 �
 2'  �&. ��1:+ 2' �m	� ]7A&<(�78&' p<�1+ �
� /�-3' 

p<�1+ %�+  %�-' ��0G+ 4
-s 
� �(031+ �&. H�
� j	5B3�5

 + %�;��. 
�C�<5 4�&PDQ kb-+ 2' L�M.5 �5�' /B&.�.3(%�3+  a

�� ��
 
�  �&. �
-+�L-<�+ � 
�qW/q
�37C6 �3' �Q�3< 

 5 j&' 2( �-'qq%%5��3;�' ]N3* 4�3&PDQ L�3M.5 I�s %?

 �3<5 /0* .3(=31:+ j6� ��
 
�  �3&. �
-3+ %�3+  
5� ��36

���A	� �' � 
�l"<l)d\/W
�37C6 �' �Q�< (lA3	� �

)&m1<)XW/r
�7C6 �' �Q�< (23' �"A. !�
03DQ L-3<�+ ��


�<5 /�-' ]N* 4�&PDQ I�[  5 =*�. .

� �' 	 �5�' �78&' %�+  2'  �&. �-Rl
-3"Q 
�3' (
-3
5-&7#-

 	 2' �"A.lA	� 
-"Q 
�' l	 UDQ 
� C23' %03* /01A' H%�A

	l
-3"Q 
�3' (S3Q�' 
�3D&
 )3	5 
� 
-3
5-&7#- 3( %�3+  j6� 

A33	� 
-33"Q 
�33' �� 233' �"A33.  �33&. �
-33+l�33<5 /033* .

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
88

.1
3.

47
.5

5.
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
06

 ]
 

                             8 / 12

https://dor.isc.ac/dor/20.1001.1.24763594.1388.13.47.55.3
https://iutjournals.iut.ac.ir/jstnar/article-1-1086-en.html


-.�! 	./� 012�3� 	�� ��� �� 4�� ����56�. ���� �6�. ���� ���/� 

��� 

�33� U33DQ j	5B33�5�
�33D&
 
� � 
�(U33DQ 233' 
-33
5-&7#- 

Wg =7.�< 2' �"A. �7+(UDQ 2' 
-
5-&7#-WX=7.�3< S3Q�' H�37+

(�
-+ %�+  j	5B�5 2M&7. 
� � ���8&� �Q�< 
� 0	0* j6�

 �<5 /0*  �&.)E�0R�.(

��
 �J5 2A	�Z+ �' =<�D#5 � %�Z6� ��� ��6 HL-<�+ � 
�

 �5B3R5 � ��3CPDQ �3' 
5�� )6?��; � 
-
5-&7#-( HlA	� 
�'��

 2Zw1+ 
� n.�' ��CPDQ 23( 03.�-D. �
5B3; H%�7< -� 
���* 

��
 ��� ��6 �-7P3* ��3CPDQ �3|.  5 =3<
�' �
-3+ � 
�

 =1:+ 4��u
 ��3� ��
 � 017*50. 
5� 23' 
-3
5-&7#-( �3' � 
�

 UDQg=7.�< 03.�-D. ��_183&� n.�3' �8( �5�' 5
 �7+)g.(
�

)	5 �-R� �' B&. U&ZG
 )	5(3	 �5�3'  �3&. �
-+ %�+  2l
�3' 

-&

 
-"Q�� 
�D&
 
� 
-
5�3	 �' �'5�' H
5�� )6?��; �' � 
�l

%5��3;�' ]N3* �5�3' 
-3"Q 
�' )	5�'�31' H�3<5 �	�3< I�3[ 

A	� 2PDR  5 4�&PDQlS3Q�' 
�3D&
 )	5 
� 2#�+ �3(
� j6�

(�<5 /0*  �&. �
-+ %�+  a.

0���� A��/g �9

/�5� }.�	
5� 2	BM
 E�0R n	�7. �-3D. )3*�
 �36 3( �3|.  5 2

�&���2Q
B+ ��
 )&' 4��u
 �5 �� ��6�vw< 
� � 
�W%

=1:+ �-' 
5�)E�0R�.(��
 �� ��6�A	� �' � 
�l"3< lH

A	�lH)&m1< (UDQ 2' 
-
5-&7#-WX=7.�< )Dt 
-
5-&

 � �7+

33	 
� )7��33; 
5�33bl��
  5 H�
�33+? /��33; � L-33<�+ ��336

(UDQ 2' 
-
5-&7#-Wg=7.�< 03.�-' �
�' �7+ .23Q
B+ �3&��� �5

��
 
� ��6(]���� 
�T2 �
 T6 �' L-<�+ ��
 2' �"A. 

2Q
B+ �&��� �5rry/X2' H2' p&
�
 %5B3&+q/rHr/rHq/rHd/W

�f/r�5� %�8. j	5B�5 �'5�' )E�0R�.(

2' 2R-
 �' :+ 2w'5
 �-R� 3C 23Q
B+ �3&��� )&3' c- � �5

 =+ Hvw< 0[5� 
�  �&. �
-+ %�+  �3��; 23M&7. %5-3
 3( �36 2

=P+�Q(SQ�' 2(�3� L�3M.5 �5�'  �&. �
-+ %�+  j6��� 
�

 	 
�l=3+ �-3* )&3:+ vw3< �3&��� j	5B3�5 S3Q�' 03.5-


2Q
B+ SQ�' �	�_. 
� � /0* )&*�+ �	 ]7A&< %? �5(
� j6�

 5�
 �50:
(45��5 � 
-7 �
-+ 2' L�M.5 �5�'  �&. � 4�3&PDQ kb-+

(2	�+�< 
� j6� jN' )	5 
�  �&. �
-+ �
5�;0* 065-� B&. .

	I�� Q��&� /hZ50.�� ��(MWD) 

�33|.  5MWDH��
 )&33' �33� ��336�
�&A33' Ix733�5 � 
�

=1:+ �-R� �
5� 4��u
 � �*5�T1 �' T2 �T3 =1:+ H�-3' 
5�

=#� �' T4 �T5=1:+ �-". 
5�)E�0R�.((
503Z+ )	�37DMWD 

233' ��
  5 p33&
�
 �33� ��336�HL-33<�+ H
-33
5-&

 �33' � 
�

-
5-&7#-( A	� � 
l2'0+? �<� .
50Z+MWD 23' �"A. H��


 )&m.�3&+ �3' L-<�+�r/W=7.�3< 
� H�37+T2 �3
 T5 23' p3&
�


2' %5B3&+r�HrWHWX�g
� � j	5B3�5 03s
� T6 23' %5B3&+\

���	 j6�( 0s
� .)6?��; 	 �' �_1
 H
5��lI�F+ � ���
 
�' 

(��� %5B&+ )	�78&' H21	B6 � ��-< 
50Z+ )	�7D(��� %��

)
50Z+ )	�7D(MWD ( ��
 �m	� 2' �"A. 5
 ��3( ��3M	5 �6 .

237��	 �' U&ZG
 )	5 n	�7. ��3M	5 �3' =31"+ a3&.? � 21&C3< ��36

 
50Z+ )	�78&'MWD 2' ��3� @3<-
 p3&
�
 
�3'�� �3' � 
�

��33� HlA33	� %5��33;�' ]N33* �33' � 
� +� lA33	� 
�33'��

��� 
5��  
� +l	lA	� 
�')Wy(]6 �5B; )&1^ 23' �
 �


 23�-P( =3. � @<-7+ �wb / 50.5 ��'5�' �' �1"+ �-�# �
� �36

��
 ��33� ��336 l33	 � lA33	� 
�33' 233< �33' 233	-.�J � 
� 
�33'

��� ]6 H
5��  
� ?�
5� =m16)\.(

�. �/��g m�FD� ���6

�3� ��6�� �-FN+ % � �|.  5�)&3' HE�5 �
�3&'?  5 03:' 

��
 �� ��6�=1:+ 4��u
 � 
� 0. �-R� 
5� �*5)E�0R�.(

2' ��6�� �-FN+ % � )	�78&' 
50Z+fq/W=7.�< �' L�; �7+

��
  5 p333:C+ ��333� ��3336 
-333
5-&7#-( � L-333<�+ � 
� 

233�P&' 233' �5 233' B33&. %? )	�337D( � 033+? �33<� 
5033Z+ry/W

=7.�< �' L�; ��� ��
  5 p:C+ �7+ )&m13< lA	� �' � 
�

 UDQ 2'WgeWr=7.�< 3* as�[ �7+ 0)E�03Rq.(23M&7. )3	5 

=+ %�8. ��6�3� �-F3N+ % � 
� /03* ��M	5 �&&�
 2( 06�

 ��� ��
  5 =*�. ��� �3J5 
� !̀ �D7[5 � E�5 �
�&'? �' H� 
�

 =+ %�&+  5 H��� /
�'�� �A8.��� ��
 .23( �3<5 �(o 2' L ` 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
88

.1
3.

47
.5

5.
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
06

 ]
 

                             9 / 12

https://dor.isc.ac/dor/20.1001.1.24763594.1388.13.47.55.3
https://iutjournals.iut.ac.ir/jstnar/article-1-1086-en.html


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

��� 

"v!S.4�� 0�2�� k�. C�&D� ��� �� ��! 03h�� �� ����	�G� 0� /Y9 7��9/� 	�9�� ��� �� STUc_STUd 

HU33&ZG
 )33	5 
��&J�33
��33� ��
 % � 45�33&&�
 �33' � 
�

 2' ��� ��6�� �-FN+ )CD+ � /0* =<
�' E�< l	 40+

 )3	5 03.�
 =3<
�' 5�3# H0*�' 4��u7+ n	�7. 40+01P' 
� �<5

=+ 2#�< 01^ U&ZG
 l	 
� 45�&&�
 0*�' 0&u+ 
�&A' 0.5-
 .

0�2���.6���� 

��
 2A	�Z+ �� 9P7N+ ��6��
-3+ 231	B6 �P"+ �|.  5 � 
�

 j&3� 4�3&PDQ ,-3DM+ �5�3'  �&. �36 
� /03* =31&' 3(  5 L50

]7A&< �� ��6�%�8. � 
� )&3' ��3	  Ix73�5 �-3R� /0316�

��
 �m	� �' L-<�+ ��
 �� ��6��<5 � 
�)a�*W.(

5�� UDQ j	5B��]8^ 
�&A' �J5 � 
� 6 �3' ��3&; 231	B �36 �

��-< I�F+�
5�)�.(2'a&#�(�� UDQ j6��I�3[ � � 
�

 H�36���
 � 4�3&PDQ =��' 3( �3� 231	B6 a���
 
� � 
� ��36

(]���� 
�T2 �
 T6 23' 23' p3&
�
 %5B3&+qXHfrHgqHgX�\X

2' �"A. 0s
� 231	B6 �' HL-<�+ ��
gXXXXX 6 �3' E�3	
 CH
�37

(�<5 27��	 j6� .2' n	�7. �<� 237��	 �3' j	�+ ? )	5 
� /0+? ��36

 D6 � �5�&�CpA( �' =1"+ %5
� )	�78&'/� �' � ��-3< I�F+ 

2' �O�.5 A3	�  5 p&
�
l
 H&
)6?��3; � ='�Z83' )6?��3; H
-3
5-

%5��;�' 
5�)Wg(27��	 �D6 � �DM&<C%5
� �3' =1"+ \Xeqq03s
� 

��
 21	B6 
� j6�( ]3( ��36 ��3� � lA3	� HEB3&^ �3' � 
�

���E�3:�  
�)(Power harrow 23' �"A3. ��3� ��
 �3' � 
�

 >��1
 
� %5��;�' ]N* 2R-; =Q5
  e-Re5��3.�( ��* 
� 2�-PQ

)Wd(�
5� =.5-ND6 .

0M�&I�/�H 

�.��� ��
 >�N7.5 
� HE-F3G+ l3	 �83( �5�3' � 
�

 ���* �' /�xQ 03+?
� � E-F3G+ ��CPDQ 0	�' H=1� ��6

 �
-+ B&. vw< 0[5� 
� �#�� ��3&; 
5�b 2R-
 .3+5 =#- 
�

 HU&ZG
 )	5 L�M.5 @	5�* =1:+ 4
-s 
� 4��3u
 %08. 
5�

 HE-FG+ ��CPDQ=+%5-
 c�<5 �' ���* �
-3+ =1� ��6

 	 �6 H=<
�'l��
  5 ��6 3(]�3��� 
�)=Gw3< (H5


 ��
 )	Bm	�33R H
�33&7�5 
� %�33+  � 45��5 ,-33. 233' 27A33'

�-D. L-<�+.

�.H��-3< I�F3+ 
503Z+ )	�7D( 23' ��
 
� p3&
�
 ��36

33(]�33��U33DQ 233' 
5�� )6?��33; �33' � 
�g=7.�33< H�337+

(UDQ 2' 
-
5-&7#-WX=7.�< A	� H�7+l"3< lH(
-3
5-&7#-

 U3DQ 23'Wg=7.�3< A3	� H�37+l)&m13< L-3<�+ ��
 �

2' 0+? �<�.

0

100

200

300

400

500��
PI
�

�
��

B
2

0�)
�9
��

�2
��
&=
�
/�
��

(

4����� 6�. �

��PI���� B20� 500 300 340 230 250 200

T1 T2 T3 T4 T5 T6

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
88

.1
3.

47
.5

5.
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
06

 ]
 

                            10 / 12

https://dor.isc.ac/dor/20.1001.1.24763594.1388.13.47.55.3
https://iutjournals.iut.ac.ir/jstnar/article-1-1086-en.html


-.�! 	./� 012�3� 	�� ��� �� 4�� ����56�. ���� �6�. ���� ���/� 

��� 

�.��
 ��33633(]�33��� 
��33' (U33DQ 233' 
-33
5-&7#-WX

=7.�< A	� H�7+l"<lQ 2' 
5�� )6?��; HUDg=7.�3< H�37+

A	�lH)&m1< (U3DQ 2' 
-
5-&7#-Wg=7.�3< ��
 � �37+

233' HL-33<�+ Hp33&
�
233Q
B+ �33&��� )	�7833&' �5
5� � �5

0.�-'  �&. �
-+ %�+  )	�7D(.

�.��
 ��6(]���� 
� �' ��; H
5�� )6?(
-
5-&7#-cmWX H

(
-
5-&7#-cmWg A	� Hl"<lA	� �l2' )&m1< Hp3&
�


)	�7D( �5
5�0.�-' vw< 0[5� 
� 4�&PDQ 21	B6 .

����� ���� ���%&�9 

W.L H=<�D#5.H�.(=.�& �%.=D	-# .WfdX .+ =.�"+C%-&<5B&.�(� 
��8 .L�� ��^ .�+2+-F:+ 4�i[ 45
�87.5 2A<)c(H]b.

r.L H=<�D#5.H,.=:b�' �4.-
(=P.Wfy� .�16��(=:&"V k'�1+ � � 
��8.]_. 0PR H)&*�+ ��6 3(8� 
��.��3^ � 45
�837.5 

%5�_
 /�m8.5�.

f.L�. ='.Wfdy.21	B6 0&#-
 4`-FG+ � 
��8()@<-7+ 21	B6 0&#-
 l	 
�7C6 4`-FG+ � 
��8( 2' l&Cu
 a3[5�+ 93P7N+ 

�8( 
� a(
-8(< 
� E�=Q5
 d\–Wfdg.(4
5 � ��_R (� 
��8%5�_
 H.

q., H=.5��A�.HL.=.�7AP'5  5 H.H=u	�* 5.=1AG+ 1+HjL.� �5�.-.�'�_*,.�3D6 .Wfdr.+5 =3<
�' 3C �3� %��
� =Gw3< � 
�

(�8;='? L01 .=<01_+ � =1� 4�Z&ZG
 2PM+(8� 
��Wy)q:(r�eqg.

g.5 H%�Z6� .�L.=<�D#5 .Wfdg .�J5��
 �� 9P7N+ ��6�PDQ �' � 
�CPDQ �5BR5 � ��C��]b
 ��2' n.�' ��
�8C2(
� �
�

�7< -� 
���* 2Zw1+%.8( =<01_+ 4�Z&ZG
 2PM+ � 
��y)r�:(d�eWXX.

\.L H2' �
 .�L.�-�# .Wfdg .��
 2A	�Z+ 2.5� 4
o ��CPDQ �' l8� @	5�* �G
 �7A' 2&_
 9P7G+ ��6 5�L01;  5 0:' .23PM+

 =<01_+ � =1� 4�Z&ZG
(� 
��8 y)r�:(W�efr.

y.L H2' �
.HL.,.<-�CH=.�L.�*(��5.
.&.C�5B.Wfy� .
�&J���
 �� 9P7N+ ��6�PDQ �' � 
�C4
o �3' >��31
 
� L031; �� .

=	�_. �
5B;H=<01_+ � =1� 4�Z&ZG
 2A<�+ (H� 
��8 /
�D* 2	�8. W\\.

�., H-R vPs.HL.H�-�#�.�0D[5 �L.2' �
 .WfdX.�&J�
�� �'-V
 0s
� ��� %0* ��� %5B&+ �' ]N* UDQ ���3(j6�

�� 4�&PDQ�2	-.�J � 
� .=<01_+ 4�Z&ZG
 2PM+(� 
��8r)\:(WeWr.

�.(^-C, H= .�5.=.�wP< .Wfyy .4�&PDQ � E-s5(
� � 
��8 8� UV�1+l)2DR�
(.� -+? �8.(H� 
��8(��.

WX.�
-F1+ � H�5
 .Wfyq .5�
(� �6
-7 )&*�+ ��6(� 
��8 .0PRHE�5 L
�_^ ��^ H�1&< =PQ-' /�m8.5� 45
�87.5 H%50D6 .

��., H�D6.�5.=	-8� �0<5 .Wfy\.��
 45�J5 ]&Z7A+ ��6(=' H�*� %5��;�' �� � � 
��PDQ �' L-<�+ � 
�CL01; 2.5� ��

='? /B&	�� .L-PQ 2PM+(%5�	5 � 
��8 W:ffeW�.

12. Ambassa-Kiki, R., Y. Abobaker and T. Boulama. 1996. Zero-tillage for rice production on Cameroonian vertisols. 
Soil and Tillage Res. 39(1-2): 75-84.  

13. Hemmat, A. and A. Eskandari. 2004. Tillage system effects upon productivity of dryland winter wheat-chickpea 
rotation in the northwest region of Iran. Soil and Tillage Res. 78(1): 37-52. 

14. Kelemme, R. M. 1985. A stochastic dominance comparison of reduced tillage systems in corn and soybean 
production under risk. Amer. J. Agric. Econ. 67: 550-557. 

15. Kheiralla, A., F. Azmiyahya and W. Ishak. 2004. Modeling of Power and energy requirement for tillage implements 
operating in Sardang Sandy clay loam, Malay Sia. Soil and Tillage Res. 78: 21-34. 

16. Rashid. A. S. and De Datta, S. K. 1986. Reducing tillage techniques for wetland rice as affected by herbicides. Soil 
and Tillage Res. 6(4): 291-303.  

17. Sakine, O. and C. Anıl 2006. Effect of different tillage systems on the quality and crop productivity of a clay–loam 
soil in semi-arid north-western Turkey. Soil and Tillage Res. 88 (1-2): 95-106. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
88

.1
3.

47
.5

5.
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
06

 ]
 

                            11 / 12

https://dor.isc.ac/dor/20.1001.1.24763594.1388.13.47.55.3
https://iutjournals.iut.ac.ir/jstnar/article-1-1086-en.html


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

��� 

18. Sijtsma, G. H., A. J., Campbell, N. B. Mclaughlim and M. R. Carter. 1998. Comparative tillage costs for crop 
rotation utilizing minimum tillage on a farm scale. Soil and Tillage Res. 49: 223-231. 

19. Tessier, S., B. Lachance, C. Lague, Y. Chen, L. Chi and D. Bachand. 1997. Soil compaction reduction with a 
modified one-way disker. Soil and Tillage Res. 42: 63-77. 

20. Unger, P. W. 1977. Tillage effects on winter wheat production where the irrigated and dryland crops are alternated. 
Agron. J. 69: 944-950.  

21. Ying, C., S. Tessier and B. Irvine. 2004. Drill and crop performances as affected by different drill configurations for 
no-till seeding. Soil and Tillage Res. 77: 147-155. 

22. Zenter, R. P., S. Tessier, M. Peru, F. B. Dyck and C. A. Campbell. 1991. Economics of tillage systems for spring 
wheat production in southwestern Saskatchewan (Canada). Soil and Tillage Res. 21: 225-242. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
88

.1
3.

47
.5

5.
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
06

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            12 / 12

https://dor.isc.ac/dor/20.1001.1.24763594.1388.13.47.55.3
https://iutjournals.iut.ac.ir/jstnar/article-1-1086-en.html
http://www.tcpdf.org

