
++

 

[ &  l  [ &  I-D U  R\ ?=  ' !OL  (B  )582(
-<  & < >  1# #G1

  
N !!3 @# !! < c# !!5 , N !!3 * $3 !!  O!!# b5 ~!! " L/!!  !!2 & , N !!3 C !!  !!  '!!( /!!? * !! 2 

 /!!> !!  .!!  & , N !!3 1#/!!  !!2 C$ !!  L !!W  N !!3 ,  !!$ ( !!  , '!!$< # @2 !!( & , N !!3 
/>  .)!;<  -!# < 8! /  8!" 4   N !3 , !  I !" '!   2 ! = !# 4" &  $-! " !  '!W $  

 />  .!" !  1 !" &   2 ! = !# 4" &  !$ ( !  '!( !> " !  '! P,  & , N !3 ,  ,  &  # 1 > #&
, " !( )b!  '#. * " 1 " &  " 1 9i 2 ., !  8!  )b!  '!#. '!( & , N !3 C!( !2 C$ !  m!P

 !> " !  [ !b$  1# !$%" > "  99( .1# !" & , N !3 C!( !2 C$ !  , 1 !> #& !  # !$  ! " & ! "
 !  1 !> #& ! 2 '!" & , N !3 C!( C$ !  J A 5 '( C#  'W $  J!4 5 , !  * !  @# !<   !  ! /5 

#   # & , N 3 C( ` 2 ." !( !> " !   < !( m!" $ !" & !  ! G !" # !%95 '!" 1 !> #& ' e W G &
/!!> !!  ' !! /5 1 !!> #& !!" * !! 2 /!!K" m!!" $ !!" '!! %5 !!" 7 !! R 12G, !!= ..G 1 !!>  !!5 f,  1!!#  !!"

( '$<  2 /3 3 5 '" )b  '#. W#   ,  , N 3 = -< 'W $   , '$< # @2.

"  ! :7/0   & , N 3 C( C$  7 R 1 > #& O(  1 > 

1-4 4 5 , L/  X , * %5 M  &G H-  & , -( */   >  9> ( * #/W-  
E  , $ P  ) ^ :aidin_arshadi@yahoo.com 



++

$:
" C( 5 N 3 j '"8 P Y 5 *G"L + l/0b N 3 2 B )"/?   N 3 * > ,/   ,5P/ 

7/0 ) 2 #&  .[G €/A  @2 ( , N 3 - 2& @2 ( ~ " '( /" )b  #. /+, N 3 @# < 8  &  #
  N 3 W# 5 @# < , #/> [G , [  ,  W#  ~ " 'W $  ,/!> .'-!4  '!" ! $  '!( 4? !9  S./! !2

 , -(  *G " ( ,  /2  , < =/^/5 *G !" ! 2 '( 99(  O# b5 ( /K"  )b  2 '#. )  5 ,  &
  a 5 #&     < ? &  , > O# b5   N 3 * $3 /> .& @ !" J!   N !3 = -< * " 1 " & "30

 A$  1 > #& & Cb> '#. # , $  $  /> .'!" PG /  8  1#  " P, ,G QK!  '!" !#&  !  /!  , !#&
 '(  /> 2  u5  N 3 * $3   /5)4.(

@# ! < ~! " , !> = -< , O# b5 R  N 3 * $3  X & @ " & , N 3  8 P  '" C    '( /K M 2
/>  N 3 c" 9  W# 5 .'(  /+, f,  1# 9R 8 -  1#  c<  " #& h > '" :

aP :O(  ,  &  A$  , ,  5 @2 ( 
[:& , N 3 " # & , N 3 C( 2 f,  & A$  , 2 = # 4" ˆAX 
…:, iP  & , N 3 9  2 C$  & A$  , PG 2 /( # / /2 /  & A$.... 
:$  ' P,  & , N 3  @2 (& , -( 2 C

)  > cI ,  * P/$  , 1 44  '+/5 /  & , N 3 " , & , N 3 C( 1#/  2 f,  &,  , 9#  &.
' (  & = -< N 3 C2QK ,C2J  Y/.Y / %3 R /$( 5 1   +  

& L + l/0b 2 B ,) , 4 3N@# < " # 'W $  )( X [G* # + ,/!2 ` !? '-!# @2 !( 
'$< # ,P/5 *  S I $ 7/0 @2 ( " #)6,9.(

/>  'e  *G & 0$b  h > '( > "  1 > #& %9- ^ O(  1 >  7,  ) I:

[ &:
N 3 )b  2 '#. 1$ > " )   ' , 1 > #& /+, 1 H9  2 1 >  , 2 /$( 5  G , )<  8 P  '" '( 

 /!> !  !W#  K!  '#. #& N 3 ? * > )b  # , "G [G  E   ./! %" ~! " H$!  1!#  & A$!
 />  2 '-#  , )"/?  '" )   N 3 #m^€/A  .'" E#   'K4  1 > #& & A$  * & 1# $%" )  = d^ '4K  .#&

 N 3 )-= " ~ " )"/?  =  "  C( 5 , > '$ > 2 .! A  1 !> #& " !( ) . " )"/?  '( # 2 N 3 
/>   L W  8 ( /K" )b  ' A  O# b5 , /   .)b!  ' A!  )-= " ~ " N 3 '$ $ .  ) 3 '( 9  1# "

/>  .`M5  ,  1#  &/>   ' /5, /"   .
 Y  --( ,   /$( 5 )  'R = '( )A= * /5    < 0    /  , !   , 1 > #& J  Y  P, m=

  [/    ` 0  /HP  ,  " $ %  2 /$( < , /" )  & $ %  9 P  /!> .€/!A  @# !<  ! ( /!K"
W#  , )"/?)b  J? 9  O# b5 )%+ L&. 2 AX  '-#  €/A  " 58 % 5 2 /> .

4 [ &  ]:
9> " u$  & # 5 E# & 9 /5  % G 2 '3 > 5 /$( 5 * /5 , €/A  J  '" '$ " , /" /  j/  &  2 1 > #& 6( .

 /+, 1 > #& j/  ,  ( /K" :, )" Y> 5.
)  > 8 -5 [ I , 2 '3 > 9 # W  ) I , & )" Y j/  .!  ! < !# 9+ 2 ( L W  " C2  H#  KI

 /   80$  H$  '" * /5 .L < ,   1 > #&  ) I # '3 >L,C/>  '$3  8 > .]!#/ 5 8" I ' KI ./
 I |  / +   - ^ L   '" 1 9i 2 , &   /  --( ,   @2 ( ~ " N 3 $%" f " ~ " /3 5 P " '( =  



+++

 />  '3 >  7/? # & .'!( /!> !  '!$< = ;  > " 1 ^ <  N 5 '" '3 > : 5  L    /  O s  
9(  );<  " @ " &  /$( 5 L, P /)9(

1 > #& 9$ 2 C 4$  , 3 8 > , '" ./  2 .-!-( , !   '!" ! 3 1 !> #& '( 2   * -  4 4 5 # $ 
  … $X  $ ( .N 3 C 4$  j/  1 > #& " ' # 4  1 > #& @-( " L&. --( ,   R , -< 2

 , X7P  20$ (  > " .  ( /K" N !3 !" , /!" , !A$  J  '" '$ " 1 > #& +  " &   /  ,
 9> /P 2120 P  190 /P 2 N 3 " ,190P  380 > "  c"  $  $  " 15/   .1!#  '! e W G &

' /5 8" I )   />  7  #& 2 ,   ' ,2P  3/!" )  " $ / ( !   ' ! /5 5. !" !2 ) !  ,
/>)15.(

)"/?  S./  '( #m^ L W  O 9  "/?  k# >  $ # " 9 > #& 1 # ^ 2 !  ' /5 $- " 5 /!>) .& !$ ( )!"/?
'  ) < B .(

 7/? C 4$ s /K" , '$< # @2 ( 2 = # 4" 4  & , -( 2 1 >  5 # &  " @# !<  ~! " ! $  * P
> 2 /3 N 3 @# <  , .

l G  B:
, !#   !   1 !> #& &  A$  9$ 2 #  , #   & , -(  A$  /  ,  5 C    '( /K 2

> "  #& h > '" #:
1./0b  L + @2 ( ~ " 9 > #&  ( /K" = -!< S W  7  1# 9R )>m= & U^ '( > N 3 2 B l

 /+, '" N 3 9(  ,   m" >  k# > , =  " ' P,  )P X '" l/0b  L + , #G)2.(
2.@# < J Cb> ~ " @# < €/A  #m^ [GN 3 ,@# < ˆAX ,%H  )"/? N 3 = .
3."L W   ,G  C2 <  N 3  /+/  c" 9  '" $- " $  *  , '$< # / %" N 3 '-#  €/A  9 > #& .
4.L W   9 > #& N 3 ~ " / %" k# > # < N 3 ,@# < 3€ 8" I )"/? } $ = , > ! 

@# <   s ./0  l/0b" ./0 " # .
5.A$C( 5 @2 ( ~ " 1 > #& &N 3 *G '#/%5 / %" ,= '('  c  * # = )  '" @2 ( *d !( 

8" I } $ = 1" ( (   # &  ,/> .
6.'3 > 1 " ' < * /" O 9  /  'W $   , ( /3 " H# # '" N 3 J  > '$b = h/K  1 > #& 2

5'3 > 1 " N 3 €  />  3 SM ( , '$< = I Y 5 ) 5 2 .
7.N !3 hM!  !# !  ); s @# <  ~ "  /5  1 > #& " ( 9> " /> #  5 1 # ^ 2 N 3 ' # /  

 2 /3 U  'W $  '( /> K  2 .#. j/  , '  N 3 k# > & jM?  , 9#  &    /5  ( 3 *, ^ 2 '
#   # ,  $%" " ( .

8.O!# b5 , /" )"/?  Ž 4"  8 /  & # )b  ' A  /+, > "  " I s /0" )-( '(  " 9   2 = /  
/>   ' /5 '#. 1#.

9.1 > #& €/A  N 3 |  '" 2 … $X  #& ,   '" 99(   .  ` 0  '" S $W $  , $#/I 2 /$( 5 '" ,  1#  &
C#  &   '  QK  $- " .



++3

,  <=:

!  )# # !  7 !  1 !  , ( ' %5  N 3 = -< '-4  $ # " 9 > #& Y/  +  )%+ J I  & , -( = #  &
 )b  J? 9  %95  9 > #& L W  L W .

N 3 a $b  |  " & ,1N 3 # l 3 %-b"  & ,2 &  # '( )  # 2  %9- ^ * /5 .c" !9  '!" '!+/5 !"
  /  1#  , , !X f,  1!#  '!( )!  1!#  &  ( X >  G 1 H  '( /    * /510!  !  

G 2 /3 1 # ^ < 0., = O s  X 7 X  !+  '!" L I  )b  '#. /+, } X  /  * & , -( , & 2 
 +   *G $" Y J  , /   1 > #& 8  1#  #& 99()" '-4  (  /!3 l !3 M -!  : 4  3 " .

% G J I  & , -( '( # 2 /-( , ' /5 '",  2 /-( C ! 5 '!( $ R/!( j !  1 9i 2 , )  -  $<  + 
 L W  * # J  " , '$ / ^ /K" 1 > #& & A$  &/92 )   '<  '" *, 4  '-4  />.

# $  * -  2 '(Y ) * ( N 3 5J 40$ $  , X5/8 @# < )"/? ' $ & N 3 J
10P50, > 8 X $ $  * L +l/0b 2 B N 3 , X 15 @2 ( )  '$< # .U^&)>m= 3

7 * L + l/0b 2 B N 3 '")P X 8 I &* ( ) N 3  ).
) , 4 #& '#. 2 N 3 , ) P < '-# = ~ " , * > '-#  & ' %5 @2 ( [G,/ # ms )%+ 
* 2 = /> .9 > #& N 3  /5 ~ " ' " 7/0 8" 4 "G } $ 2 #, $I/! c!KI C$ ! 

"G d#/" %( 3 9> />)15.( E-3 '-# "@# < @95 $"/? '!$< # @2 ( '!( )! *G1! )! 
:/" '"@2 ( ' 2/" ( 2&J# ? %= " '"L   2 > " # /2)2.(

N 3 9 > #& " 1 H  /K"  2))A (J  545$  { '" 'I  2 " --( ,   '" $2/15 $  
17  15/  / ( > " .1 > #& " ' # 4   1 > #& 1 < ?  7 " * , < P/  23P  4!#& N 3 $- " " " !3  1#
 9( .4  '" --( ,   ' P X 20P  30@# <   " # ./    8 -  X 5 > 5  2 1 > #& '$ P

> "  ,  #  &  $- " " &   /    4  7 X 1#  " P,    @2 (  &  .
# $  * -  2 '(9 > #& N 3 "~@2 ( y3 > e 2 $ ^ 9  y3 > :, b '!" * !13, !  L !+ 

l/0b 2 B N 3 '"* 4 ,@# < e 2 $ ^ 9  7/? '-# '"* 15)"/?   8!" I A$! 
 = J L W   #& 9 >)30P  50$ $  &QK N 3 (*  '"16!A  !  €/#m!^ '!" * ! 60

 , '-# 9 & O '"*21)  >  .
'-#  f $ = ,  "  N 3 = -< Y  * 44 N 3 = -< '( )  1#  & ( X # $  ,   I ' P K  /  "/P 2

  @2 (  '-#  ( > 2 ./5 # ms 9  [m+ *  1#  " ,M'-#  k * !> -!< N !3 E!# ! < 2
 @2 ( " #)11.(

)!  !5 O 9  )  -#  "  2 = )> ( , -  ' /5   * -<  , K  -#  '(  2 = )> ( 9 > #& &  " .&
)  5 O 9  9I 9uR , 9 & O  9   2 = )> ( , 1#.< ~ " 1 > #& Q  " ( '" '-#  , )"/?  €/A  @#

 7/0   , > N 350P  400" #  @# <   )1.(
, X  & ' /+ & " '$A2 , 2 '-#  9 & O  = ' /   "20!? , !( €/!A  N !3  /!  /K" $ $  

2 '-#  0< ' /515J  #& 5 2 '-#  &  30$ $  99(  €/A  C2  .
N 3  N 3 & , /P )< " " # 2-)"/?  ,  1 # ^ 3 2 € * !( N/!^ , )   9R Y 5 5

& k# > / %" ,  " ( Y 5 k4< , '$>   N 3  -()3.(

1 - variable-depth 
2 - site-specific 



++4

 " /;9  '" 7  '   '" C#  4 4 5   '( -# &G L W  )"/?  3€ , ˆAX ,  " 1 > #& " ( Y  
' < " 9 > #&  +  '( G )  '" 'W $  1#  >75!  , )!"/?  @# !<  O+/  'I  , 1 " $  $  

O 5 5 '" L 9= 7/015,21[  & A$  *, " f,  " ' # 4    />  #/)8.(
}  "'3 > O 9  ' < N 3 8 ( H$b = )%+ # G > L W  4 4 5 $ !# " 1 > #& 260!5 80!  

> " 9 > #&  J  &  $- ")15(.
! = !   !I ! " /!  "/3 '" *G c<  8X  2   x  " E# 7  9R 2 )b  '#. 8 -5 ' 9#  8 P  '" .1!#

~ " 8 //> … 3 & , -( ,  } $  & , > $- " )b  '#. J  'P  ' 2 '( /> .
) * ( 4 N 3 ~ " @# < [G8" I 7 4$  ,@# < m< 9 %H  [G /> '(%$9 '"@# !< )!"/? 
N 3 '7 > ))13.(N 3 & ,J '"J30P  40$ $  ~ " @# < #m^€/A  [G@# <  , N 3

 9I 9uR / %" '#/%5 N 3 ,@2 ( L + l/03 2 B N 3 ,= /^ > 9I 9uR ))15.(
'" 8 P   * > & , -( ,@# < *&,& , -( %9 > C( 5 N 3 /0" E#8 -! !9R ! " 8!" 4 

& , -( # ^ '$3 9> > ,Y  8 >8" 4$ 1 > N 3 = ,C I ))12.(

4  0:
 … $X  #& --( ,   '" 1 > #& .J  5  N 3 9 > #& " ' /   * /9  '"45-!-( , !   !$  $  

{  '" 'I  2 "2/1, X  $  17> "  15/  / ( ." * , <  '( )  (€ 8" I '$ P P/  1 > #& 1 < ? 7
5  N 3  3P  44  '" --( ,   ' P X #   3 $- "  /5  " " 20P  30" #  @2 (  )2.(

7 !  '3 !> !2 !" J!  $  $  2 &  '" &   /  --( ,   '( )A= * /5    P R 2 12G, = /  
23/0P69/0> "  $  " 15/   / ( .

J%  ,  ':
$ # " 1 > #& 2 '3 > O 9  ' < N 3 8 ( H$b = )%+ # G  > L W  4 4 5 }  "60580!  

> " 9 > #&  J  &  $- " .> '$b = h/K  1 > #& 2 '3 > 1 " ' < * /" O 9  /   N 3 J
 L,  '!$   ,  /!> !  !3 M !( , '$< = I Y 5 ) 5 2 '3 > 1 " N 3 € 5 'W $  , /   /3 " H# # '"

/>   ' /5 , /   '<  '" *, 4  1 > #& &  A$  C > " '$>   = -< 8 -  , /   C( $  N 3 =  ' 9#)16.(
/< , #  '" '+/5 "  f,  , 1#  &  4 A 5 * /$  j  & , N 3 C( Y  1 9i 2 , )A  2 N 3  1 > #& #

/   +  C2 " ./  '" 1 > #& 2 '" =  , > "  & , N 3 C( %>,   A$  /  ,  & # 7 R 12G, =
 & # '(  ` 2 ,   /5  /> A$  O( )!B AX !H#  , /!" K!  N 3 &  G , )b  '#. * " 1 "

 !  '!  )b!  '#. W#   3 5 , & , -( 2 1 >  , ,  G , )<  @2 ( , @# < 8 /  8" 4   N 3
> " ./>  ' /5 * & , -( , 1 44  ( '" f,  1#  $- " " mP.



++

U 5 . - !  D O&D' %: 



++A

W ::

1-X   A> .1374.& , N 3 %9 > .A117.
2-$# 2 /^ 8]AP /"  .1382.[ !  @4  '!   *G " !( )# # !  , N !3 ! # < k# !> /! %" #/! .'! 92

5 2.>49.
3-CB ( %> .#, ^ L 4  X.1384 .N 3 , 1 >  'K" ." s * W# " €G 2 H-  %+ .A150-180.
4-%  a( .… #  I " .1378 .1 >  @4  , N 3 )# # N 3 # < /03 & , -( 2 .!;$  '! + 5

*M = H-  .l88.
5-# |G' I [.1380 .Y :M$3 'j/   PG "N 3 6( X " P HR d#, 2 !B E-!3 @# !W9= ,)!"/? 

 " N 3 7/? = -< .L/ ,*/9< & , -( ,c" 9 ?.>3:l49-63.
6-I, 0  L.… X  j.2)j.1378 .Y )"/? N 3 ,/(  "#m^ C( 5 N 3 ' N /P.L/ ,*/9< 

& , -( ,c" 9 ?.>4:27-39.
7-L P  .f  ( .* #/P .1380.& , -( */     .l227.
8-}  ) 2 … #  9.1382 .C#  L 9= 7/0   , N 3 )"/?  3€ , ˆAX " 9 > #& Y .4 4 5 ' W

+ & , -( 9%4.>14.
9-1  3 .1380."> 5  1 > #& , - ^ )  , f 5  Y.>  9> ( '   * # ^ .

10- Ngunjiri, G. M. N. and J. C. Siemens. 1995. Wheel traffic effects on corn growth. 
Transactions of the ASAE. 38(3): 691-699 
 
11- Alessa, L. and C.G. Earnhart. 2000. Effect of soil compaction on root morphology, 
implications for campsite rehabilitation. 
12- Soane, B. D. and C. Van Quwerkerk. 1994. Soil compaction in crop production. 
Elsevier, P. 66 
13- Twomlow, S. J., R. J. Parkinson and I. Reid. 1994. Temporal changes in soil 
physical conditions after deep loosening of a silt - loam in SW England. Soil and 
Tillage Res. 31: 37-47. 
14- Cassel, D. K. and E. C. Edwards. 1985. Effects of subsoiling and irrigation on corn 
production. Soil Sci. Soc. Am. J. 49(4): 996-1001. 
15- Anonymous, 1992. Soil use and management. Vol.S:42 
 



++B

 

Effect of combined subsoiler-chisel machines on crop performance 
 

1-Aidin Arshadi      2-Farzad Afshari 
 

aidin_arshadi@yahoo.com 
farzadafshari@yahoo.com 

 

Abstract: 
 
As we know, conventional tillage destroys soil structure and cause to erosion 
expedition. In new tillage systems primary tillage has reduced and fewer acts 
considered.  Hence, more percentage of organic residues will be longed so erosion 
control is easier. Subsoiler is one of such implement that is primary implement and 
destroy organic residue less than others. Main goal of subsoiling is hardpan break 
downing. Indeed, in reduce tillage systems it is one of proper selections. After 
evaluation of subsoiler and reduce tillage performance, we conclude that mixing reduce 
tillage and subsoiler may be beneficent. Combination of this two method can help us to 
improving efficiency and led us parallel in reduce tillage aims. It is obvious that 
subsoiler couldn’t prepare seed bed, so we advise chisel plow usage with subsoiler 
simultaneity. With this method machinery traffic will reduced and therefore soil 
compaction and hardpan composing will delay. 
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