
SUMMARY: 
An equation which is easy to use on a small computer 
was derived to predict the effect of tillage on the 
removal of surface cover. The equation was checked 
using Iowa data for a chisel plow. More data is 
needed to fully verify the equation for other soil 
conditions and for tools other than a chisel plow. 
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I n t r o d u c t i o n  

T i l l a g e  t o o l s  a r e  o f t e n  analyzed i n  terms of f o r c e s  on t h e  t o o l  

r a t h e r  t han  how t h e  t o o l  a f f e c t s  r e s i d u e  on t h e  s o i l  s u r f a c e .  Unfor- 

t u n a t e l y  s o i l  e r o s i o n  i s  h i g h l y  dependent on t h e  amount of r e s i d u e  

cove r  remaining a f t e r  t i l l a g e .  While amounts of r e s i d u e  o r  f r a c t i o n  

of s o i l  cover  b e f o r e  and a f t e r  t i l l a g e  o p e r a t i o n s  have been measured 

(Colvin e t  a l ,  1980A; Dickerson e t  a l . ,  1967; Greb e t  a l . ,  1962; 

S loneke r  e t  a l . ,  1977; Woodruff e t  a l . ,  1966) none of t h e s e  research-  

e r s  de f ined  a n  equa t ion  t o  p r e d i c t  t h e i r  measured r e s u l t s .  While 

t h e  development of such  a n  equa t ion  may be  a  cha l l eng ing  endeavor,  

i t  is needed a s  one of t h e  many components f o r  b e t t e r  management of 

c rop  r e s i d u e  f o r  s o i l  conse rva t ion .  

Development of Genera l  Equat ion 

T i l l a g e  t o o l s  perform some o r  a l l  of t h e  fo l lowing  f u n c t i o n s :  

1. c u t  r e s i d u e ,  
2. r a k e  o r  d i v i d e  r e s i d u e ,  
3 .  move s o i l ,  and 
4. mix r e s i d u e  i n  s o i l .  

Residue can be i n  one of f o u r  forms o r  a  combination of t h e s e  f o r n s :  

1. unat tached  matured crop r e s i d u e ,  
2. una t tached  green  r e s i d u e ,  
3 .  a t t a c h e d  matured crop r e s i d u e ,  and 
4. a t t a c h e d  g reen  r e s idue .  

The n a t u r e  of t h e  r e s i d u e  ( s t ems ,  l e a v e s ,  s tem d iame te r ,  e t c . )  v a r i e s  

w i th  t h e  c rop  and weeds on t h e  f i e l d .  S o i l  type,  s o i l  mo i s tu re ,  tvne  

of t i l l a g e  t o o l ,  depth and speed of o p e r a t i o n  a l l  a f f e c t  t h e  amount 

of s o i l  moved, how t h e  r e s i d u e  is d iv ided  and how t h e  r e s i d u e  i s  mixed 

in the s o i l ,  



Some tillage tools such as planters and drills till only a strip 

with no change occurring to the untilled area. Other tools such as 

chisel plows and disks appear to till the complete area causing residue 

disturbance over the whole field. 

A simple equation using dimensions given in Fig. 1 can be 

written to predict the new fraction of cover after tillage, 

where 

Fs = new fraction of cover, 
FI = initial fraction of cover, 
WD = width disturbed by individual tool (not to exceed S), 
S = space between tools, 
r = a coefficient or function that varies with soil, 

residue and tillage tool variables. It is the 
fraction of the initial cover remaining on the 
disturbed strip after tillage. 

If, for example, we were analyzing a 0.76 m (30 inch) row no-till planter 

in a field with an initial fraction of cover of 0.95 and WD and T were 

equal to 0.15 m and 0.5, respectively, then the calculation would be 

equal to .95 (1- . 2  + .5(.2)), giving a new fraction of cover of 0.86. 

If we now adjustedtheplanter so that .38 m (15 in.) rows were obtained, 

the fraction of cover would drop to 0.76. If the same machine were run 

as a no-till drill with .25 m (10 in.) rows the fraction of cover would 

be 0.67. This illustrates the importance of row spacing and the amount 

of "within row" disturbance. If the row spacing becomes close enough so 

that WD is equal to S then equation (1) reduces to 

This is the form of equation that most researchers have used to evaluate 

their data. Colvin et a1 (1980B), for example, report r values 

for different machines and residue types. We will develop a function 

for T. We will use equation (1) as a general tillage equation. 





Development of Function for ? 

Since  r e s i d u e  t h a t  is a t t ached  t o  t he  s o i l  (e.g.  growing p l a n t s  o r  

wheat s t u b b l e )  w i l l  behave d i f f e r e n t l y  from re s idue  t h a t  i s  c u t  and 

l a y i n g  on t h e  s u r f a c e  (soybean s t r aw ,  wheat s t r aw ,  o r  corn  r e s i d u e  

where s t a l k s  have been chopped), we w i l l  l i m i t  our  development t o  

one cond i t i on  a t  a  time. We w i l l  d e a l  wi th  t h e  c u t  r e s idue  systems 

f i r s t .  

Cut Residue System. A c u t  r e s idue  system i s  p i c t u r e d  i n  F ig .  2 .  

I n  o r d e r  f o r  r e s idue  t o  be covered, s o i l  must move up through the  

r e s i d u e  then  f a l l  back on t h e  s o i l - r e s i d u e  s u r f a c e  covering both  s o i l  

and r e s idue .  The amount of r e s i d u e  t h a t  g e t s  covered depends on t h e  

amount of i n i t i a l  r e s idue  cover,  t he  amount of s o i l  t h a t  moves above 

t h e  r e s idue  l a y e r ,  and t h e  form t h a t  t h e  s o i l  is i n  when i t  f a l l s  

back t o  t h e  su r f ace .  One l a r g e  chunk of s o i l  f o r  example w i l l  n o t  

cover  a s  much a r e a  a s  t h e  same m a s s  of s o i l  broken i n t o  small p a r t i c l e s .  

The development w i l l  be i n  two p a r t s :  (1) the  p r e d i c t i o n  of t h e  

mass of s o i l  t h a t  moves above the  r e s idue ,  and (2)  t he  p r e d i c t i o n  of 

t h e  f r a c t i o n  of r e s idue  covered by t h i s  s o i l .  

P a r t  1 - P r e d i c t i o n  of S o i l  Movement Above 
Residue Layer 

The m a s s  of s o i l  t h a t  moves above t h e  p r e t i l l e d  s o i l  s u r f a c e  w i l l  

b e  de f ined  as k. The t o t a l  mass of s o i l  moved by t h e  t i l l a g e  t o o l  

w i l l  be def ined  a s  M t .  The r a t i o  M ~ / M ~  expresses  t h e  f r a c t i o n  of 

t o t a l  s o i l  t i l l e d  t h a t  moves above t h e  i n i t i a l  s o i l  su r f ace .  Not a l l  

of t h i s  s o i l ,  however, w i l l  move above t h e  r e s idue  l a y e r .  I f ,  f o r  ex- 

ample, a  p a r t i c l e  of s o i l  moves up under a p i ece  of r e s idue  (See P i g . 2  ) !  



A. UNTILLED SOI'L 

8. TILLED SOIL 

Fig.  2 .  A.  U n t i l l e d  s o i l  w i th  r e s i d u e  on t h e  s u r f a c e .  

B. T i l l e d  s o i l  w i t h  cross-hatched a r e a  r e p r e s e n t i n g  
t h e  f r a c t i o n  of t i l l e d  s o i l  t h a t  moves above 
t h e  p r e t i l l e d  s o i l  s u r f a c e .  



the residue and the soil w i l l  be raised above the pretilled surface; 

bu t ,  t he  r e s idue  w i l l  no t  be covered by t h e  s o i l .  The p r o b a b i l i t y  of 

s o i l  moving above t h e  r e s idue  l a y e r  can be expressed as the  f r a c t i o n  

of s o i l  t h a t  moves above the  p r e t i l l e d  s u r f a c e  t i m e s  t he  i n i t i a l  f rac-  

t i o n  of ba re  s o i l ,  

where 

P = p r o b a b i l i t y  of s o i l  moving above the  r e s i d u e  l a y e r ,  

FS = f r a c t i o n  of s t a b l e  r e s i d u e  cover ( t h i n ,  p a r t l y  de- 
cayed soybean l eaves  would n o t  be considered as s t a b l e  
r e s i d u e  cover) , 

Wt = width of t h e  i n d i v i d u a l  t i l l a g e  t o o l ,  such a s  f l u t e d  
c o l t e r ,  and 

WT = width t i l l e d  o r  width a f f e c t e d  by upward movement of 
s o i l ,  

Note t h a t  we have allowed f o r  t h e  t i l l a g e  t o o l  t o  d i v i d e  and remove 

r e s i d u e  by al lowing a  decrease  i n  t he  f r a c t i o n  of s t a b l e  r e s i d u e  cover  

by the  amount FS Wt,'\JT due t o  t h e  width of t h e  t o o l .  

The mass of s o i l  which moves above the  r e s i d u e  l a y e r  can b e  cal-  

c u l a t e d  by mul t ip ly ing  the  p r o b a b i l i t y  P t imes the  t o t a l  mass of s o i l  

which is be ing  moved by t i l l a g e ,  

where 

MS mass of s o i l  which moves above the  r e s idue  l a y e r ,  and 

%/Mt = a  f r a c t i o n  which i s  assumed t o  vary wi th  s o i l  mois ture ,  
s o i l  type,  speed and shape of t i l l a g e  t o o l .  

The t o t a l  mass be ing  t i l l e d  is equal  t o  t h e  bulk  d e n s i t y  t imes the  

average e f f e c t i v e  depth of t i l l a g e  over  t h e  a r e a  d i s t u r b e d  times the  

area, s o  



where 

BD = bu lk  dens i ty  be fo re  t i l l a g e ,  
d  = average e f f e c t i v e  depth of t i l l a g e  over  a r e a  d is -  

turbed,  and 
A = a r e a  of t i l l a g e  ( a r e a  d i s tu rbed )  . 

The average e f f e c t i v e  depth of t i l l a g e  i s  de f ined  h e r e  a s  t h e  depth 

t i m e s  t h e  width of d i s tu rbance  which w i l l  equa l  t h e  same c r o s s  sec- 

t i o n a l  a r e a  as t h a t  t i l l e d .  

The mass p e r  a r e a  M is equa l  t o  M / A  s o  
a  S 

From equa t ion  ( 6 ) ,  depth of t i l l a g e  and two dimensionless  para- 

meters  (Wt/WT, M ~ / M ~ )  appear  t o  be important  v a r i a b l e s  t o  p r e d i c t  t h e  

m a s s  of s o i l  p e r  u n i t  a r e a  t h a t  moves above t h e  r e s idue  l a y e r .  

P a r t  2 - P r e d i c t i o n  of r e s i d u e  covered 
by t i l l e d  s o i l  

Gregory (1982) showed t h a t  t h e  f r a c t i o n  of cover  achieved from 

a  mass of m a t e r i a l  randomly s c a t t e r e d  over  an a r e a  i s  g iven  by 

-k Ma F = 1 - e  

where 

F = f r a c t i o n  covered, 
k  = a  c o e f f i c i e n t  which has  u n i t s  of arealmass,  and 
Ma = mass of m a t e r i a l  expressed on a  p e r  a r e a  b a s i s .  

I f  Ma i s  t h e  mass pe r  a r e a  of s o i l  which covers  t h e  s o i l - r e s i d u e  

s u r f a c e ,  then  F i s  t h e  f r a c t i o n  of t h e  s o i l - r e s i d u e  s u r f a c e  covered by 

t i l l e d  s o i l .  The r educ t ion  i n  r e s idue  cover due t o  t h e  t i l l e d  s o i l  

f a l l i n g  on r e s i d u e  can now be expressed a s  t h e  product  of F and t h e  

i n i t i a l  f r a c t i o n o f  cover i n  t h e  d i s tu rbed  zone a s  expressed w i t h  t h e  

following equation 



where 

FI = fraction of initial cover, 
WD = width disturbed by the tillage operation, and 
WT = the width of the individual tillage tool such as 

the width of the chisel tine. 

The new fraction of residue cover Ft in this zone is equal to the 

initial cover minus the reduction in cover, 

The initial cover used in equations (8 and 9) is the cover after the 

tillage tool has passed by but before the soil has fallen back down. 

Equation (9) reduces to 

Equation (7) can now be used to evaluate F in equation (10) to obtain 

Equation (11) can be simplified to 

The coefficient T in equation (1) is the ratio of the new fraction 

of cover to the old fraction of cover so 

We can now use equation (6) to evaluate M to obtain a 

Obviously this equation is complex. It appears to offer no advan- 

tage over tables of measured coefficients. The equation, however, does 



sugges t  s e v e r a l  v a r i a b l e s  t h a t  may be t h e  key t o  a b e t t e r  understanding 

of t h e  i n t e r a c t i o n  of t i l l a g e  and t h e  r e s idue - so i l  system. These v a r i -  

a b l e s  are 

r a t i o  of t o o l  width t o  width d i s tu rbed ,  

r a t i o  of t h e  t o o l  width t o  width t i l l e d ,  

r a t i o  of mass of s o i l  moved above u n t i l l e d  top of 
s o i l  t o  t o t a l  mass (Mt) moved by t h e  t o o l ,  

e f f e c t i v e  depth of t i l l a g e ,  

c lod  s i z e  c o e f f i c i e n t  (a rea lmass) ,  and 

6 .  FS f r a c t i o n  of s t a b l e  r e s idue  cover. 

The v a r i a b l e s  k, Mu/Mt,  and BD a r e  a l l  s o i l  r e l a t e d  parameters .  

I f  we group t h e  v a r i a b l e s  i n t o  one v a r i a b l e  G ,  equa t ion  (14) reduces t o  

While t h i s  equat ion  looks  complicated, t h e  v a r i a b l e s  may be e a s i l y  

de f ined  f o r  some machines. The v a r i a b l e  FS can be e a s i l y  eva lua ted  

from r e s i d u e  mass us ing  t h e  f r a c t i o n  of cover equat ion  developed by 

Gregory (1982). The v a r i a b l e  Wt is t h e  width of t h e  t i l l a g e  t o o l  which 

can be measured d i r e c t l y .  I f  t h e  t i l l a g e  u n i t s  a r e  c l o s e  enough f o r  

t h e  d i s tu rbance  of one u n i t  t o  over lap  wi th  t h e  d i s tu rbance  of  t h e  o t h e r ,  

then WD w i l l  be  equal  t o  t h e  t o o l  spacing.  The furrow width w i l l  d e f i n e  

WT. The e f f e c t i v e  depth  of t i l l a g e  d can be computed from t h e  t i n e  depth 

and t h e  v a r i a b l e s  W t ,  WT and WD. The one v a r i a b l e  t h a t  i s  d i f f i c u l t  t o  

o b t a i n  is G. While t h i s  v a r i a b l e  is no t  e a s i l y  measured, i t  may be 

r e l a t i v e l y  cons t an t  i n  t h e  Midwest because much of t h e  a r e a  is covered 

wi th  s i l t  loam t o p s o i l .  



I n i t i a l  V e r i f i c a t i o n  of Equation (15) 

To check equa t ion  (15) ,  d a t a  r epo r t ed  by Colvin e t  a 1  (1980 A) 

f o r  a  c h i s e l  plow ope ra t ing  i n  chopped co rn  r e s i d u e  and soybean r e s i d u e  

were used. The co rn  d a t a  was used t o  determine va lues  of t h e  product  Gd. 

These va lues  were then  used t o  p r e d i c t  f r a c t i o n  of cover l e f t  a f t e r  

t i l l a g e  f o r  soybeans. 

Some informat ion  was needed t o  check t h e  equat ion  which w a s  n o t  

r epo r t ed .  T i l l a g e  depth was not  r epo r t ed  b u t  based on a  te lephone  

conversa t ion  wi th  Colvin i n  1982, a  t i l l a g e  depth  a t  t h e  t i n e  of 

20 cm (8 i n . )  was assumed. Furrow width (WT) a t  t h e  ground s u r f a c e  was 

needed bu t  t h i s  was n o t  repor ted .  We measured t h e  furrow width on a  

s t r a i g h t  shank 2 i n .  wide t i n e  (same a s  Colv in ' s  p1ow)and observed t h a t  

t h e  width was approximately equa l  t o  t h e  depth of o p e r a t i o n  when t h e  

t i n e  w a s  ope ra t ing  a t  a  depth of 15 cm (6 i n . ) .  Data from Schaaf e t  a 1  

(1980, Table 2 ,  page 79) revea led  t h a t  t h e  r a t i o  of furrow width t o  

depth of t i l l a g e  w a s  approximately cons t an t  f o r  a  g iven  t i l l a g e  t o o l .  

Based on t h e i r  d a t a  and our  f i e l d  measurement, we assumed a furrow width 

of 20 cm (8 i n . )  f o r  Colv in ' s  da t a .  A l l  of t h e  cover  a s s o c i a t e d  wi th  

t h e  co rn  r e s idue  was assumed t o  be s t a b l e .  From experiments w i th  soybean 

r e s idue  w e  have found t h a t  about  30 percent  of h igh  y i e l d i n g  (2700 kg/ha o r  

40 bu/ac +) soybean r e s i d u e  i s  i n  t h e  form of l eaves  and pod h u l l s .  We 

assumed t h a t  t h e  pod h u l l s  were s t a b l e  bu t  t h a t  t h e  l e a v e s  were f r a g i l e  

and would be des t royed  by t i l l a g e .  Of t h e  30%, we assumed t h a t  one h a l f  

were l eaves  g iv ing  a  s t a b l e  r e s idue  mass f o r  soybean r e s i d u e  of 85 pe rcen t .  

The f r a c t i o n  of s t a b l e  r e s i d u e  cover f o r  soybeans w a s  then  e s t ima ted  

us ing  soybean s t e m s  and Fig. 4 of Gregory (1982) .  



The measured values and predictions are given in Table 1. Using 

a Gd value based on average T values for corn gave very good predictions 

of -i values for soybeans. At site 1 the predicted value was within 5 

percent of the measured value and at site 2 the error was 10 percent. 

While several assumptions were made to check equation (15), it is be- 

lieved that they are reasonable. It was concluded at this point that 

equation (15) is an acceptable function to predict the effect of til- 

lage for the condition of unattached residue. 

Equation (15) was then used to show the effect of initial cover 

on the value of r for corn in Fig. 3 and soybeans in Fig. 4. The range 

of Gd values obtained in Table 1 was also used to give some indication 

of the range of variation that might be expected for r due to soil 

c ondi t ions. 

Attached Residue System. The attached residue system will behave 

differently from the cut residue system because the soil attached to 

the residue does not have the freedom to move without also moving the 

residue. The attached residue will also probably be partially standing 

and thus may not be covering the soil at full potential for the given 

residue mass. An attached residue system with some cut residue is 

shown in Fig. 5. 

During a tillage operation the cut residue should behave as described 

by equation (15). The attached residue, however, will move along with the 

soil. The attached residue, for example a wheat stubble, can be observed 

to occur in bundles of residue all attached to a soil clod. This bundle 

will cover the surface partly with residue and partly with the soil. If 

there were sufficient number of bundles to completely cover the surface 

then the final fraction of cover would equal the ratio of residue area to the 



2 . -  
I Table 1 Measured d a t a  and P r e d i c t i o n s  us ing  Equat ion (15) 

Corn Soybeans 

S i t e  1 

Ames  
Iowa 

S i t e  2  FI = 0.95 

WD = 30 cm 
Cas t ana 
Iowa FS = FI 

W t  = 5 cm 

FN = 0.65 

T = 0.684 
* WT = 20 cm 

Average 

S i t e  1 

Ames 
Iowa 

WD = 30 cm 

W t  = 5  cm P r e d i c t e d  

S i t e  2 FI: = 0.83 

WD = 30 cm 
Cas t a n a  
Iowa W t  = 5 cm Pred ic t ed  

. . . . .  
. . . .  

* 
Estimated va lues  a s  d iscussed  i n  t e x t  

1 Measured d a t a  from Colvin, e t  a l .  (1980 A) 

Average FN = 1 . 8  



FRACTION RESIDUE COVER 

Fig. 3 .  T i l lage  factor T for  a c h i s e l  plow operating i n  corn 
residue. Values were calculated with equation (15). 
Equation (15) was calibrated with measured data reported 
by Colvin e t  a1 (1980A). 



FRACTION RESIDUE COVER 

Fig.  4 .  Ti l lage  factor  T for  a c h i s e l  plow operating i n  
soybeans. Predictions were made with equation (15) 
and calibrated using corn data from Colvin e t  a1 (1980A). 



A. UNTILLED S O l L  

8. TILLED SOlL 

Fig.  5 .  A .  U n t i l l e d  s o i l  w i t h  u n a t t a c h e d  and a t t a c h e d  
c r o p  r e s i d u e  on s u r f a c e .  

B. T i l l e d  s o i l .  w i t h  c ross -ha tched  a r e a  r e p r e -  
s e n t i n g  t h e  f r a c t i o n  of t i l l e d  s o i l  t h a t  
moves above t h e  p r e t i l l e d  s o i l  s u r f a c e .  Note 
a l s o  t h a t  a t t a c h e d  r e s i d u e .  r emain ing  on t h e  
s u r f a c e  covers  more a r e a  t h a n  i t  d i d  b e f o r e  
t i l l a g e .  



t o t a l  a r e a  of r e s idue  p l u s  a r e a  of t h e  c lod  c r o s s  s e c t i o n .  The f r a c t i o n  

of cover given by t h e  r e s idue  p o r t i o n  of t he  bundles can be eva lua ted  

using equat ion  ( 7 ) .  Since f o r  every u n i t  of r e s idue  a r e a  we add t o  the  

system, w e  a l s o  add a f r a c t i o n  of a  u n i t  of s o i l  a r e a ,  t h e  f i n a l  f r ac -  

t i o n  of cover  given by the  bundles  can be computed by mul t ip ly ing  t h e  

f r a c t i o n  of cover obtained from the  r e s idue  p o r t i o n  of t h e  bundles  by 

t h e  r a t i o  of r e s idue  a r e a  over t o t a l  a r e a  of r e s idue  and s o i l ,  

where 

FA = f r a c t i o n  of r e s idue  cover a f t e r  t i l l a g e  from a t t ached  
r e s idue  before  t i l l a g e ,  

A = a r e a  of r e s idue ,  
$ = c r o s s  s e c t i o n  a r e a  of c lod ,  
K = a  c o e f f i c i e n t  f o r  a  given type of r e s i d u e  ( see  Gregory 

[I9821 f o r  va lues ) ,  and 
Mr = mass of m a t e r i a l  (a t tached  r e s i d u e ) .  

The f r a c t i o n  of cover from a t t ached  r e s idue  F w i l l  cover some 
A 

bare  s o i l  and some c u t  r e s idue  t h a t  d id  no t  g e t  covered by the  t i l l a g e  

opera t ion .  The t o t a l  cover is  computed by mul t ip ly ing  the  f r a c t i o n  

of ba re  s o i l  from both types of r e s idue  and s u b t r a c t i n g  t h i s  va lue  

from one; 

where 

Ff = t he  f i n a l  f r a c t i o n  of cover ,  
= t h e  va lue  from equat ion  (16, and 
= t he  va lue  from equat ion  (12).  

t 

Equation (17) can be s i m p l i f i e d  t o  



I f  equat ion  (18) is  divided by the  i n i t i a l  f r a c t i o n  o f  cover FI then 

r i n  equat ion  (1) is  obtained.  Thus a genera l  t i l l a g e  equat ion  can 

be w r i t t e n  a s  follows: 

where FA = ( Ar ( ~ - e ' ~  Mr) , and 
A s  + A r  

Example Problem 

Colvin e t  a l ,  (1980 A) repor ted  d a t a  f o r  f a l l  c h i s e l  plow a f t e r  

corn ha rves t .  No i n d i c a t i o n  of chopping s t a l k s  was given. They mea- 

sured  an i n i t i a l  f r a c t i o n  of cover of 0.98 and a cover a f t e r  t i l l a g e  

of 0.84. We w i l l  a t tempt t o  work t h i s  problem wi th  equat ion  (19).  

F i r s t  according t o  Gregory's work (1982) a cover f r a c t i o n  of .98 

would r e q u i r e  a  corn y i e l d  of about 9700 kg/ha (155 bu/ac) .  We w i l l  

assume t h a t  one-half of the  res idue  is s t i l l  a t tached and t h a t  the  

o t h e r  res idue  behaves a s  c u t  residue.  I f  one-half of t h i s  res idue  were 

cut  and spread out  on the  f i e l d ,  a cover of .86 should occur. Next 

w e  w i l l  assume t h a t  the  a t tached res idue  is i n  the  form of s t a l k s  6 1  

cm ( 2  f t . )  long, 2.5 cm ( 1  i n . )  wide, and a f t e r  t i l l a g e  w i l l  have a 

s o i l  c lod a t t ached  wi th  a  diameter 7.6 cm ( 3  i n . ) .  The r a t i o  of re.s- 

i due  a r e a  over t o t a l  a r e a  of res idue  and s o i l  is 0.77. This va lue  

times the  0.86 f o r  cover f o r  one-half of the  t o t a l  res idue  mass g ives  

a va lue  of 0.66 f o r  FA. Using a c h i s e l  plow of t h e  same dimensions 

as described i n  Table 1 and a res idue  cover on the  s o i l  s u r f a c e  of 

0.86, a  va lue  of 0.44 is obtained f o r  Ft. When these  va lues  a r e  sub- 

s t i t u t e d  i n t o  equat ion  (19) a value of 0.81 i s  obtained f o r  FN Note 



t h a t  W /S f o r  this problem is 1.0. Considering a l l  of t h e  assumptions 
D 

t h a t  were made, t h e  p r e d i c t i o n  of 0.81 i s  q u i t e  c l o s e  t o  the  measured 

va lue  of 0.84. More impor tant ly ,  t he  problem i l l u s t r a t e s  t h e  importance 

of cons ider ing  a t t ached  r e s idue  s e p a r a t e  from c u t  r e s idue .  Had w e  as- 

sumed a l l  of t h e  r e s idue  was c u t  and made the  c a l c u l a t i o n  f o r  an  i n i -  

t i a l  cover of 0.98, t he  new cover would have been only  0.56. From a  

management p o i n t  of view f o r  e ros ion  c o n t r o l ,  a farmer would be b e t t e r  

o f f  t o  c h i s e l  plow without  c u t t i n g  s t a l k s  than c u t t i n g  s t a l k s  and then  

c h i s e l  plowing. 

Conclusions 

An equat ion  h a s  been der ived  t o  p r e d i c t  t he  e f f e c t  of t i l l a g e  on 

t h e  removal of s u r f a c e  cover.  The equat ion  was i n i t i a l l y  checked 

wi th  d a t a  c o l l e c t e d  i n  Iowa. More d a t a  i s  needed t o  f u l l y  v e r i f y  t h e  

equat ion  f o r  o t h e r  s o i l  cond i t ions  and f o r  t o o l s  o t h e r  than  a  c h i s e l  

plow. The equat ion  appears  t o  be complex but  c e r t a i n l y  not  d i f f i c u l t  

t o  use on a  sma l l  computer. 
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