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 Z" , �Y�°5 '� �{ É,�-Ì^ )��� , É&�/(Z3 cZ <{ {Y| 5 ,'¸Ì�, �/$(Z< '� Z" Ê<{Z0530)!�Y Ã|> Ã{ZA$�Y c�( .Ê#Z!2�$»Y�Z^

�Y {�/» f,� Z" ÃY�¼2 | |> É�Ì= Ã&Y| Y JÌ4v5 1#Y �{ '(&Y |95�Z^� OÌ5�5 '" Ã{ZA$:
1–KZ; Ê°ËBÌ> RZÌ7Â?; D�ÌV Ã�Y|¿Y 
1-16>Z] [ÌÌGe 

J¼� &Y '���» NZ3 &Y Ê<{Z05 �/K" Ê#Z2 ' /¼  NZ3 )<Z" 1ÌÌ 5 ÉY�"20-0:/¸b» &Y U^ , Ã|> '$>Y{�" �$¼Ì$ Z�
 Ê�Z9-(Z3 ÃZH-#Z»&G '" )<Z" 1ÌÌ 5 , '#�W5 )%+ *G &Y ÉY ' /¼  ,Z% G *{/¼  *Z�Y�3 Ê Ì^? c"Z9» , É&�,Z-( cZ4Ì4v5 �(�»

| |> Ã{Y{ 7Z4$ Y .ÉY�+Y |��{ Z" šÊ$¸Ì� L/P NZ3 )<Z" }M(,'¸�ZX l#Z$  J^?2/21%,}�55%, )¸Ì�8/23%1>
{/"]21,24[.
2-16]Â-� [ÌÌGe 

J¼� '" Ê<{Z05 ÉZ2 ' /¼  '���» a¸$b» :Z4  &Y Ê2ZH-#Z»&G J#�K" NZ3 )"/?� 1ÌÌ 5 ÉY�"25-0�" �$¼Ì$ Z�
|> 1#&/5 , É�Y|%H  )"/?� 1ÌÌ 5 �/;9» '" '$�" �{ ÉZ2 `�B �{ , Ã|> '$>Y{ .�{ *,G �{ NZ3 ' /¼  *{�( E-3 &Y U^

 ÉZ»{105 c|» '" {Y�HÌ$ Z� '+�{ 8, |#{�= 1#&/5 �Ì  �/5Z°Ì�{ �{ *G *{�( {�� , )�Z� 'K"Y� &Y)1()"/?� '^�Zv» ÉY�"
ZA$�Y E-3 *&, ÉZ9^» �"|> Ã{]21,24[.

100w d

d

M M

M M

�


�


*G �{ '(:
Mw=`�B ÃY�¼2 '" [/?�» NZ3 *&, 

Md=`�B ÃY�¼2 '" E-3 NZ3 *&, 
M=ÊPZ3 `�B *&, 

3-1Ê¿�  b0Â,» �/3 
, 8^I JÌ4v5 1#Y�{ {Z! "Y '" Ê(Z3 8Ì<,�^ &Y ,É�Y{�" N Z3 8Ì" &Y Ã{ZA$�Y Z" É&�/(Z3 &Y | "20�{20c!"�» �$¼Ì$ Z!�

 J¼�&Y ,Ê<{Z05 Ê# Z2 ' /¼ 20-0Z!2 '!3/¸( Ê! &, �KI k�/$» šl/0b» ÉZ2 EPY k�/5 , Ã|> '$>Y{�" c�( �2 &Y �$¼Ì$ Z�
|> É�Ì= Ã&Y| Y .Y| Y &Y �$=��" ÉZ2 '3/¸( �KI É�Ì= Ã&Y| Y ÉY�" UÌP/( Z2 EPY Ã&30{�/» É�$¼Ì$ Z� )<�=�Y�I Ã{ZA$�Y .'" f,�

 '!K"Y� &Y )!#Z%  �{ , Ã|> '$<�= �;  �{ *G Ê#.Z" EPY �KI ÉY�" EPY �2 É,� Ã| Z» ÉZ+ '" '3/¸( *&, '( {/" c�/� 1#Y)2(
|> '^�Zv» Ê &, k�/$» �KI]21,4[.

)2( MWD=¿XiWi

*G �{ '(:
MWD =�$¼Ì$ Z� O�X �" Ê &, 1ÌH ZÌ» �KI 

)"/?�) (%) ˺(
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Xi=�$¼Ì$ Z� O�X �" EPY �2 �{ Ã| Z» ÊIZ" ÉZ2 '3/¸( �KI Ã&Y| Y k�/$» 
Wi=Ã|> É�Y{�" ' /¼  NZ3 *&, &Y É|��{ c�/� '" EPY �2 �{ Ã| Z» ÊIZ" ÉZ2 '3/¸( *&,)É�Z-�Y(

2–DY ÄL�B» 6L�0 
a¸$b» ÉZ2 Ã| { �{ ÉY '���» )��� 1ÌÌ 5 ÉY�" )!^Y Z" , Ã|> yb-» QK� E# Ê"Z4-" }�2 , �¸Ì5/¸°Ì� ÉY�"

, ÃZH$�{ {�� 1$>Y{ �ZÌ$3Y �{ , �$»/ �( Z" *Z»& )<�= �Y�I '^�Zv» {�/» ÉY '���» )��� ,Ã|>�Z( QK�.
3–½Â»�M �' Ã'Z1,0Y '�Â» RYÁ'Y Á Z4�Â,¯Y�e RZ?NU» 

1�/=�< Ê�» �/$(Y�5399 ̧Ì5/¸°Ì� Ê Y�,{ *Y/5 c^9» *Y/9� '" �#| Z+ , �3140 {�/!» Ê"Z4-!" }�!2 *|Ì-!( ÉY�!" 
)<�= �Y�I Ã{ZA$�Y .7,|+ �{1)�Y Ã|»G Z2�/$(Y�5 cZ0b-» .

7,|+ 1-Ã{ZA$�Y {�/» ÉZ2�/$(Y�5 cZ0b-» 

7|» �¸Ì5/¸°Ì�šh�? 1#Y É&�/(Z3 ÉZ2 1Ì>Z» 1NG300M4L| Z5 Ê"Z4-" }�2 ,2|>Z" Ê» �Y{ Ã�H9( .7,|+2
|2{ Ê» *Z-  Y� cY,{Y cZ0b-».

7,|+2-3 ÉZ2 1Ì>Z» cZ0b-» É&�/(Z 

D�ÌV ÄCÌ,¿Á <=] 
É�/$(Y�5 ÉZ2 )��� Z" É&�/(Z375/0,1/1,58/1ZY �" �$» )!"ZY )��!� �{�¸Ì5/¸°Ì� ÉY�" 'Ì 540 '!4ÌI{ �{ �,{ 

�/5,� )��� Z" ,,Y Ê5 Ê^59/3É�/$(Y�5 )��� , 'Ì ZY �" �$»05/2|> LZW Y Ê"Z4-" }�2 ÉY�" 'Ì ZY �" �$» .ÉY�!" É�Z( J¼�
 �¸Ì5/¸°Ì�15Ê"Z4-" }�2 ÉY�", �$¼Ì$ Z�5/12|> É�Ì= Ã&Y| Y�$¼Ì$ Z� .É�Y{�!" '! /¼ , cZ-#Z»&G 'Ì¸( 1ÌH Z!Ì» QK!� �{ Z!2 

Ê$"/?�6/3%|#{�= Y�+Y .Z% G 1#&/5 , *{/¼  EPY J#�? &Y Z% G Ê &, k�/$» �KI , Ã|> '$>Y{�" c�( �2 &Y Ê<{Z05 ÉZ2 ' /¼ 
 |#{�= 1ÌÌ 5 ÊPZ$ÌW#{ É,&Y�5 '¸Ì�/" .k!�/5 '!3/¸( |! " '!� |!»Z $» É�Ì= Ã&Y| Y &Y �Ì  Z2 EPY Ã&Y| Y &Y �$=��" ÉZ2 '3/¸(�KI

ÌP/( |#{�= '^�Zv» Z% G Ê�|92 1ÌH ZÌ» É '^�Zv» , U.�Y�<Y L�  �{ Ã|»G )�|" cZ�M?YSPSS É�Z!»G 8Ì¸v5, '#�W5 {�/» 
84$�» Z# |»Z $» cZ�#Z4» ,1° Y{ f,� '" 1ÌH ZÌ» '�#Z4» ,U Z#�Y, '#�W5 */»&G š|9$<�= �Y�I3cY�!YY '" �¸Ì5/¸°Ì� �Z¼Ì5 '#�W5, 

1- Product of Kverneland Group Co,Italy 

2- Product of Kardaneh Iran ,Mashhad 

3 - Orthogonal 

�/$(Y�5 cZ0b-» 1�/=�< Ê�»399�#| Z+3140
Ê¼�Y *Y/5 110�Zb" O�Y 105�Zb" O�Y 
Ê¼�Y �,{2200'4ÌI{ �{ �,{ 2000'4ÌI{ �{ �,{

Ã{ZA$�Y {�/» Ã| { 2,4,5Ê>/=�3 4ÌH9�1
EÌ$�. Ã&Y| Y 34S-15/4,1834 S-4/18

*&,)L�= /¸Ì((3304 3680

&�/(Z3 cZ0b-» �¸Ì5/¸°Ì� Ê"Z4-" }�2 
�Z( {��)�$»(3�$» 7/3�$» 

�Z( J¼�)}.�$»(155/12
&�/(Z3 |XY, {Y| 5 12�/5,� 36�Y{ Ã�H9( ,Ã�^ 

|XY, �KI)}.�$»(2550
7Z05Y j/  �Y/� Ê--( 
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)<�= LZW Y 8"Z4$» , Ê¸�Y . �{É�Y{ Ê9 » QK� �{ cZ�#Z4» 1#�5 �Y{ Ê9 » )#Z%1%| {/" h�> 1#Y '" :,Z!2�Z¼Ì5 1Ì!" `M$3Y
 É&�/(Z!3 cZ <{ Z" )��� 8"Z4$» �YY , É&�/(Z3 cZ <{ ,É&�/(Z3 '¸Ì�, j/  .7,|!+ �{ '!( �/K Z!¼23�!YY š{/-!Ì» Ã|2Z-!» 

)�Y `M$3Y ÉY�Y{ , )�Ì  *Z�°# É&�/(Z3 a¸$b» ÉZ2�Z¼Ì5 .ÌÌu5 O#��cY1{,|X 32%*Z-!  y3Z> 1#Y ,)�Y Ã|»G )�|"
,a¸$b» ÉZ2 �Z¼Ì5 �{ Ê &, k�/$» �KI Ê=|9(Y�^ *Y�Ì» '(|2|Ì»32%)�Y 8( 1ÌH ZÌ» �Y|4».

7,|+3-Z2 �Z¼Ì5 U Z#�Y, '#�W5 

�ÌÌu5 c"Z9» j/¼W»
cZ "�» 

'+�{
É{Y&G 

1ÌH ZÌ»
j/¼W»
cZ "�» 

F 01/0 Sig. 
Ê=|9(Y�^ O#�� 

(%) 

Z2�Z¼Ì5 1Ì" 081/1 9 120/0 954/3 005/0
Z2 �Z¼Ì5 83Y{ 607/0 20 030/0

8( 688/1 29 93/31

Z" Ê"Z4-" }�2 '" J¸ $» ÉZ2�Z¼Ì5DiZ"�¸Ì5/¸°Ì� *G &Y ,Cij| Y Ã|> Ã{Y{ *Z-  .U#/ �#&i, É&�/(Z3 cZ <{ {Y| 5 
U#/ �#&j|!2{ Ê» *Z-  É{/ � c�/� '" Y� Ã{ZA$�Y {�/» Ã| { Z# )��� .�Y /!¼  �{1É&�/(Z!3 a!¸$b» ÉZ!2�Z¼Ì5 1ÌH Z!Ì» 

)�Y Ã|> '�#Z4» .

�Y{/¼ 1-É&�/(Z3 a¸$b» ÉZ2�Z¼Ì5 1ÌH ZÌ» '�#Z4» 

|2|Ì» *Z-  Y� Z2 �Z¼Ì5 1Ì" `M$3Y Ã|> É�Ì= Ã&Y| Y ÉZ2 1ÌH ZÌ» '�#Z4».*Y�Ì» 1#�$¼(,{/-Ì» ';XM» '(�/K Z¼2
 '" J¸ $» Ê &, k�/$» �KI 2ÉZ2 )��� Z" OÌ5�5 '" É&�/(Z3 �Z" 1/1,58/1,75/0)!�Y 'Ì ZY�" �$» .�!KI �Z!;$ Y `M!3 �!"

 )��� �{ Ê &, k�/$»75/0)�Y 1#�#Z� &Y �$=��" 'Ì ZY �" �$».,E-!3, ÉY '!3/¸( k#Y�> �{ É&�/(Z3 '" |#Z" Y� �»Y 1#Y 8ÌP{
 ƒ9Ì5�/� �{ Ê¼;  Ê" 'WÌ$  �{ , Z2 'uÌ5 É|Ìe/¸°Ì� )(�X2SZ!$#Z%  , '"�!� , ÊH$�!°> '!" Z!2 '!3/¸( )!»,Z4» , Z2 '3/¸(

{Y{ )^�  Z2 '3/¸( , Z2 'uÌ5 8°> '" '+/5 Z" 'uÌ5 }�$�{ &Y Z2 '3/¸( 1$b#�=.

1 - Coeficient of Variation 
2 -Sorting 
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7,|+4-|��{ E# ÉZAPG ›QK� �{ 1° Y{ f,� '" 1ÌH ZÌ» cZ�#Z4» 

,Ã|> LZW Y cZ�#Z4» '" '+/5 Z"1Y/$Ì» Y� a¸$b» ÉZ2 )��� �{ �¸Ì5/¸°Ì� Z" É&�/(Z3 �Z" 7{Z » *3Z#4Z" É&�/(Z3 �Z" 
)� Y{ Ê"Z4-" }�2 .|2|Ì¼  *Z-  Y� Z2�Z¼Ì5 1#Y 1Ì" �Y{ Ê9 » `M$3Y �Ì  1° Y{ f,�)7,|+4.(

|> LZW Y Ê9Ì>Z» a¸$b» ÉZ2�Z¼Ì5 1Ì" �Ì  84$�» cZ�#Z4» .7Z!¼$XY QK� �{ E�#{ Z" �¸Ì5/¸°Ì� ÉZ2 Ã,�= '�#Z4»
1%{/" �Y{ Ê9 » .{Y{ *Z-  '�#Z4» 1#Y É,� �ÌYZ!5 •Z!vP &Y �¸Ì5/¸°Ì!� , Ê"Z4-" }�2 1Ì"MWD , {�Y{ {/!+, `M$!3Y1�Z!"

 |X �{ �¸Ì5/¸°Ì� a¸$b» ÉZ2 )��� �{ É&�/(Z33Z#4)�Y Ê"Z4-" }�2 Z" É&�/(Z3 �Z" .k!�/5 �m" �$�" 'Ì%5 )ÌAÌ( Ê9 #
)�Y L/��» cZÌ¸¼� �Z" 1#|9R 7{Z » �Y,{ �¸Ì5]1,19[.

Ê-3�R , ÊK3 )(�X OÌ(�5 �H ZÌ" | Y/5 Ê» šÊ#Z%9$" L| Z5 Ê"Z4-" }�2 ÊK3 )(�X Z" '�#Z4» �{�¸Ì5/¸°Ì� �{
|>Z" *Z�°# k#Y�> �{ Z2 '3/¸( *{�( {�3�{ ,*G �5.Z" Ê#G�Z(, 1Ì>Z» 1#Y Ê<�0» É�� Y �5.Z" *Z»| Y� .{�(�Z( Ê? '(Y�R

 É '"�� š|99( Ê» ŽZA#Y Ê¼%» @4  Ê°Ì»Z9#{ ÉZ2,�Ì  �Y,{ ÉZ2�5Y/Ì$P/( Ê$(�X Ê��9#Y , {/> Ê» {�Y, Z2 '3/¸( '" '( Ê Z%=Z 
 , Z% G �{ N�5 {ZW#Y ~�Z" '( {/> Ê» 84$9» �Ì  �,ZW» ÉZ2 '3/¸( '" N/> &Y Ê$¼�I ,Ã{�( {�3 Y� Z% G '°9#Y �" Ã,M� Z2 'uÌ5

|> |2Y/3 Z2 '3/¸( *|> {�3 ÉY�" É�� Y *Z»| Y� @#Y�<Y]10[.

ZAPG = 01/0
�Z¼Ì5 {Y| 5 

1 2 3
C22 3 a0435/2
C23 3 a1202/2
C21 3 ab 5642/2
C11 3 ab 2520/3
D4 3 ab 3350/3
C12 3 ab 6275/3
C13 3 ab 9641/3
D3 3 ab 4187/4
D2 3 bc 5834/6
D1 3 c8804/8

Sig. 078/0 022/0 01/0
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8°>2-/(Z3 cY,{YE�#{ , �¸Ì5/¸°Ì� OÌ5�5 '" ŒR '" )�Y� &Y Ã{ZA$�Y {�/» É&� 

�Y{/¼ 2-Ê &, k�/$» �KI Ã&Y| Y É,� É&�/(Z3 cZ <{ , )��� �YY 

)!<�= c�/� Z% G 8"Z4$» �YY , É&�/(Z3 cZ <{ , )��� Ê¸�Y cY�YY '" �¸Ì5/¸°Ì� ÉZ2�Z¼Ì5 '#�W5 .'�!#Z4» 1!#Y �{
É&�/(Z3 cZ <{�YY 7Z¼$XY QK� �{1%{Y !  *Z-  {/3 &Y É�Y{ Ê9 » )����YY ,�/05 `M3 �" ÊP, {/" �Y{ Ê9 » .�Y{/!¼ 2|! ,� 

É,� Y� É&�/(Z3 cZ <{ , )��� cY�YYMWD |2{ Ê» *Z-  .)��!� 8!"Z4$» �!YY |#|!> É�Y{ Ê9 » ZW9#Y�{ '+/5 8"ZI '$° 
 7Z¼$XY QK� �{ É&�/(Z3 cZ <{,1%)�Y .Y �H ZÌ" 'WÌ$  1#Y cZ! <{ �!YY �Ì  , a¸$b» cZ <{ �{ )��� �YY ,'( )�Y O¸K» 1#

 )�Y c,ZA$» a¸$b» ÉZ%$��� Ê? É&�/(Z3)�Y{/¼ 2.(�Y 4» &Y Ê>/^ C-R Z"MWD �Z!¼Ì5 &Y Ã|> É�Ì= Ã&Y| Y C21 *Y/!$Ì» 
)A=:@2Z( É,� Ê=|99( )#/45 �YY É&�/(Z3 cZ <{ @#Y�<Y , )��� @2Z(MWD U° PZ" , | �Y{ .Y|4» 1#�$¼( �MWD 

ÉZ2�Z¼Ì5 '" J¸ $» Ê���" 1#Y�{C22,C23 )�Y .1#�5.Z!" , &Z!Ì  {�/» É�� Y 8IY|X '" '+/5 Z" OÌ(�5 1#�$%" '°9#Y '" '+/5 Z"
 É�Z( )��� ,�Y,{ ÉZ2�¸Ì5 ÉY�" É�Z( x� 35/1Cb> J¼� ,'Ì ZY �" �$»12�/5,� ÊKÌv» )��� , �$¼Ì$ Z�5,91'!Ì ZY �" �$» 

)�Y Ã|> '$3Z9>]16[.{1Ì" )��� '9»Y1/1Z558/1)�Y 7/^I 8"ZI , '9Ì%" 'Ì ZY �" �$».
'Z%:UÌ5Á D�ÌV ÄCÌ,¿ 

Ã&Y|! Y É,� �ÌYZ!5 , 1Ì!>Z» ,{ 1!#Y {�!°¸¼� 1Ì" '( {Y{ *Z-  L| Z5 Ê"Z4-" }�2 , �¸Ì5/¸°Ì� Z" É&�/(Z3 �YY ' PZK»
MWD {�Y{ {/+, c,ZA5 .Z" '°#�/K"1�$�" *Y/$Ì» �¸Ì5/¸°Ì� Z" É&�/(Z3�Z" 7{Z » É�m"3Z#4Ã{Z!»G E�#{ Z" É&�/(Z3 �Z" 

)3Z� .Ã&Y| Y É&�/(Z3 cZ <{ {Y| 5 @#Y�<Y Z"MWD |! Y/$Ì» É&�/(Z3 cZ <{ , )��� h/K� �YY LZs{Y , '$>Y{ Ê-2Z( | ,� 
|9( )#/45 Y� | ,� 1#Y .� Y Ê2{&Z" ,�$¼( {{�5 {Y| 5 cY&ZÌ$»Y Z" �¸Ì5/¸°Ì� '( |2{ Ê» *Z-  ' PZK» 1#Y ÉdÃ{ZA$!�Y �?Z3 '" �5.Z" 

c�/!� '!" EK¸s, �P/P ,'PZ» ,12G,Z= */R Ê#Z2 1Ì>Z» )Ì¸"ZI &Y É�Y{�/3�" , É|9^PZ» *Y/5 '" )^�  ,Y Ê5 Ê^ Ê Y�,{ *Y/5 &Y
 |#G�Z¼> '" '4K9» 1#Y �{ Ê"Z4-" }�2 ÉY�" Ê^�Z9» 1#�H#Z+ | Y/5 Ê» ZW°# .Ê$��� É '9»Y{1/1Z558/1)��!� '!Ì ZY �!" �$»

'9Ì%" |> '$3Z9> �¸Ì5/¸°Ì� ÉY�" É&�/(Z3 .{/-Ì» {Z%9-Ì^ '9Ì»& 1#Y �{ cZ PZK» '»Y{Y �{:)!<Z" Z!" J?Z!9» �#Z!� �{ Ê���" 1#Y
 , É�2ZB l/0b» *&, , :,�b» y3Z> '¸¼+ &Y NZ3 �H#{ ÉZ2 �Ìu$» Ê"Z#&�Y , �H#{ ÉZ2... �ÌYZ5 ,Ê°Ì5Z¼9Ì� y3Z> �ÌÌu5 ,

7/0v» {�°¸¼� É,� É&�/(Z3 C$�Ì� 1#Y �Z9( �{ )#Z%  �{ , {�Ì= c�/� a¸$b» )>Z( , É�ZÌ"G ÉZ2 C$�Ì� Z" *G )4"ZK» ,
{/> '$3Y{�^ *G É{Z0$IY 'Ì+/5 '" ,1Ì>Z» 1#Y Ê9< 8eZ�».
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d;’»Á W]Z:» 

1-Â) E!7.].YXDÂw_ .2X�Z¯Â) X(.1382 .NZ3 )"/?� |��{ �ÌYZ5 Ê���" ,É,� �" �¸Ì5/5,� �/v» �,{ , É,�-Ì^ )���
3 *Y�Ì»,NZ3 *|> {� '¸W» ^É&�,Z-( L/¸� �{ @2,d,L/� |¸+ ,7,Y Ã�Z¼> ,'vA�:57-70.

2-ÊGÌ1& .s.Y.1374 .'vA� ,Ê2ZH- Y{ �-  �(�» ,*Y�%5 ,7,Y ‹ZR ,É&�/(Z3 ÉZ2 1Ì>Z»:1-2

3-DÂw_.2Z:%] X2.s.1377.{�°¸¼  �" Cb> J¼� , NZ3 )"/?� �ÌYZ5 Ê�� L/P NZ3 E# �{ Ê"Z4-" 12G,Z=.� '¸W» L/¸
,, É&�,Z-( */9< Ã�Z¼>,Ê Ì^? c"Z9»2,'vA� :85-96.

4-Adam, K.M. and D.C. Erbach. 1992. Secondary Tillage Effect on Soil    Aggregation. 
Transaction of ASAE 35(6):1771-1776. 

5-ASAE Standard,2005, ASAE.S.414.1 
6-Bernacki, H ; J. Haman, C.Z. Kanfojki. 1972.Agricultural Machines: Theory and 

Construction,Vol.1. The Scientific Publications Foreign Cooperative. Center of Central 
Institute for Scientific Technical and Information, Warsaw, Poland, pp.382–387. 

7-Berntsen,R. and B.Berre  . 2002. Soil Fragmentation and the Efficiency of Tillage 
Implements,Soil and Tillage Research (64):137–147. 

8-Chan,C.W, K.Wood, R.G.Holmes. 1993.Powered Harrow Operating Parameters:Effects 
on Soil Physical Properties,Transaction of ASAE vol36(5):1279-1285 

9-Culpin,C. 1986. Farm Machinery, Collins Professional and Technical Books, London, 
11th ed.P:55. 

10-Destain ,M.F. and K.Houmy. 1990. Effects of Design and Kinematic Parameters of 
Rotary Cultivators on Soil Structure, Soil and Tillage Research,vol (17):291-301. 
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