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S o i l  compac t ion  is  one of t h e  mosc c h a l l e n g i n g  v a r i a b l e s  i n  c r o p  
p r o d u c t i o n  i n  t h e  Midwest .  It a f f e c t s  e a r l y  c r o p  g rowth  and can l e a d  
t o  y i e l d  r e d u c t i o n s .  The most u n u s u a l  a s p e c t  of  s o i l  compact ion  is  t h e  
v a r i e t y  of c r o p  symptoms t h a t  can  d e v e l o p .  

Few a b s o l u t e  answer s  a r e  a v a i l a b l e  on t h e  t o p i c  of s o i l  coapac-  
t i o n .  Our r e s e a r c h  is l i x i t e d  t o  t h e  e f f e c t s  of  d i f f e r e n t  s o i l  
c o n d i t i o n s  on y i e l d s  and some e a r l y  synptoms t h a t  c a n  be caused  by s o i l  
compact i o n .  

We have d e v e l o p e d  t h r e e  p r i n c i p l e s  t h a t  a p p e a r  t o  work w e l l  f o r  
I n d i a n a  s o i l  c o n d i t i o n s .  F i r s t  w e  have shown t h a t  t h e  e f f e c t s  of s o i l  
compact ion  can  a f f e c t  y i e l d  f o r  more t h a n  one  g rowing  s e a s o n .  T a b l e  1 
c o n t a i n s  t h e  r e s u l t s  of  an  e x p e r i n e n t  a t  t h e  Pu rduc  Agronony F a r s  w i t h  
s e v e r e  subsof  1 compac t ion .  The d e n s i t y  o f  t h e  t o p  t h r e e  i n c h e s  o  5 t h e  
s u b s o i l  was  i n c r e a s e d  o n l y  once  i n  1979 ,   fro^ 1.6-1.7 g/cm t o  

3 1.7-1 . g  g/cm by d r i v i n g  on t h e  s u b s o i l  a f t e r  r en~ova l  of t h e  
t o p s o i l .  Y i e l d  r e d u c t i o n s  t h e  f i r s t  two y e a r s  o f  t h e  s t u d y  were  
c o n s i s t e n t  bu t  c a u s e d  by v e r y  d i f f e r e n t  c o n d i t i o n s .  The f i r s t  y e a r  
e x c e s s  w a t e r  was a  problem even  on t h e  w e l l  t i l l e d  p l o t .  The second  
y e a r  was u n u s u a l l y  h o t  and d r v  and  t h e  y i e l d  r e d u c t i o n s  were r e l a c e d  t o  
t h o s e  c o n d i t i o : ~ ~ .  I n  1931 t h e  growing s e a s o n  was more n o r ~ n a l  and 
compact ion  c o n t i n u e d  t o  a f f e c t  y i e l d s  but  n o t  a s  c o n s i s t e n t l y  a s  
b e f o r e .  T h e r e  was c o n s i d e r a b l e  v a r i a b i l i t y  w i t h i n  t h e  compacted p l o t s  
i n  p l a n t  h e i g h t  and a p p e a r a n c e .  The v a r i a b i l i t y  between p l o c s  and 
w i t h i n  an  i n d i v i d u a l  p l o t  i n c r e a s e d  i n  1982 and  1933 ;  a l t h o u g h  y i e l d  
a v e r a g e s  were l ower  i n  compacted p l o t s  t h e  r e s u l t s  were n o t  
s t a t i s t i c a l l y  s i g n i f i c a n t .  T h i s  i l l u s t r a t e s  a  s e c o n d  p r i n c i p l e  t h a t  a t  
l e a s t  w i t h  s i l t  loam and s i l t y  c l a y  l o a n  s o i l s  compac t ion  a p p e a r s  t o  
improve  w i t h  t i n e .  T a b l e  2 d e i n o n s t r a t e s  t h e  sa,ne p o i n t  w i t h  s u r f a c e  
c o n ~ p a c t i o n .  The s u r f a c e  compac t ion  v a s  c a u s e d  by 16  t r i p s  w i t h  a  two 
w l ~ e e l  d r i v e  t r a c t o r  unde r  s l i g h t l y  m o i s t  c o n d i t i o n s .  The m e a s u r a b l e  
e f f e c t s  of  s o i l  compac t ion  on y i e l d  remained  f o r  two y e a r s .  T h i s  
p r i n c i p l e  does  n o t  a p p l y  e q u a l l y  t o  a l l  s o i l s  and c l i m a t e  c o n d i t i o n s  
however.  T a b l e  3 is a s u b s o i l  compact ion  e x p e r i n e n t  a t  t h e  P inney-  
Pu rdue  A g r i c u l t u r a l  C e n t e r  i n  n o r t h w e s t  I n d i a n a .  I t  is  s i n i l a r  t o  t h e  
e x p e r i n e n t  a t  t h e  Agronomy Farin e x c e p t  t h a t  t h e  s o i l  is a  w e l l  d r a i n e d  
s a n d y  l o a n .  A l t h o u g h  we o b t a i n e d  e x c e l l e n t  y i e l d s  i n  1932 w i t h  
f a v o r a b l e  w e a t h e r  c o n d i t i o n s ,  y i e l d s  For 1933  and  1984 w i t h  more 
u n u s u a l  c o n d i t i o n s  were  lower  even  though c o m p a c t i o n  was no t  i n c r e a s e d  
i n  any  manner. S i m i l a r  r e d u c t i o n s  a p p e a r  l i k e l y  f o r  1985 w i t h  
p a r t i c u l a r l y  d r y  c o n d i t i o n s .  Sandy s o i l s  do n o t  a p p e a r  t o  come back  i n  
t h e  s a n e  manner a s  t h e  s i l t  loam s o i l s .  

T a b l e  3 a l s o  d e m o n s t r a t e s  a  v e r y  i m p o r t a n t  t h i r d  p r i n c i p l e  a b o u t  
s o i l  compact ion .  The e f f e c t s  o f  s o i l  compac t ion  on y i e l d s  a r e  s t r o n g l y  



r e l a t e d  t o  e n v i r o n m e n t a l  c o n d i t i o n s .  With a d e q u a t e  and  t i m e l y  r a i n f a l l  
s o i l  compact ion  d i d  n o t  p r e s e n t  a  problem.  Y i e l d  o r  c r o p  a f f e c t s  on 
compacted s o i l s  a r e  d i f f i c u l t  t o  p r e d i c t .  I n  a  g i v e n  y e a r  t h e  e f f e c t s  
may o r  may n o t  be  p r e s e n t .  A s  w i t h  T a b l e  3 we s e t  n e a r  r e c o r d  y i e l d  
l e v e l s  one y e a r  and t h e n  had y i e l d  r e d u c t i o n s  c a u s e d  by compact ion  
which  had been c r e a t e d  a  y e a r  o r  two p r e v i o u s .  I n  a f i e l d  s i t u a t i o n  
t h i s  would be e x t r e m e l y  d i f f i c u l t  t o  e x p l a i n .  

The re  a r e  o t h e r  p rob lems  t h a t  can  be caused  by s o i l  compac t ion  t h a t  
may n o t  r e s u l t  i n  y i e l d  l o s s  b u t  a r e  t r o u b l e s o m e  n o n e t h e l e s s .  T h e s e  
are c r o p  p rob lems  t h a t  show up  e a r l y  i n  t h e  s e a s o n .  I have o b s e r v e d  
t h e s e  i n  o u r  p l o t s  w i t h  s u c h  compac t ion  p rob lems  as v a r i a b l e  g rowth  
r a t e ,  f e r t i l i t y  d e f i c i e n c i e s ,  s l ow emergence and  s o i l  compac t ion  
induced  h e r b i c i d e  i n j u r y .  Some s o i l s  c a n  be compacted q u i t e  e a s i l y .  
F i g u r e  1 shows a  r e l a t i o n s h i p  b  tween s o i l  m o i s t u r e  c o n t e n t  and 5 compact ion  r e s u l t i n g  f rom a  15 l b / i n  l oad  f o r  a  t y p i c a l  2% o r g a n i c  
m a t t e r  s i l t  loam. Mote t h a t  t h e  r a n g e  of  w a t e r  c o n t e n t  f o r  maximum 
compact ion  is  f a i r l y  b road  and  o c c u r s  a t  m o i s t u r e  c o n t e n t s  which a r e  
t y p i c a l  f o r  s p r i n g  t i l l a g e .  A s  a  r e s u l t  o p e r a t i o n s  i n  t h e  s p r i n g  c a n  
d e v e l o p  s o i l  d e n s i t i e s  which  c o u l d  i n f l u e n c e  p l a n t  g rowth .  

T a b l e  4 c o n t a i n s  r e s u l t s  of a g r e e n h o u s e  expe r imen t  t h a t  
d e m o n s t r a t e d  one  o f  t h e  p rob lems  t h a t  can  o c c u r .  T h i s  shows t h e  
e f f e c t s  of h i g h e r  s o i l  d e n s i t y  on s e e d l i n g  i n j u r y  from r e s i d u a l  
h e r b i c i d e .  No te  a r e s i d u a l  r a t e  of h e r b i c i d e  t h a t  d i d  l i t t l e  o r  no 
damage w i t h o u t  compac t ion  can  a p p e a r  t o  c a u s e  a s  much i n j u r y  a s  t w i c e  
as much of t h e  c h e m i c a l  when t h e  s e e d l i n g  is  growing i n  compacted 
s o i l .  A l though  t h i s  e x p e r i m e n t  used  o n l y  one  compound we f e e l  f rom 
f i e l d  o b s e r v a t i o n s  t h a t  s e v e r a l  o t h e r  commonly u s e d  h e r b i c i d e s  w i l l  be 
s i m i l a r l y  a f f e c t e d  by s o i l  compac t ion .  

Easy a n s w e r s  a r e  d i f f i c u l t  t o  f i n d  when e v a l u a t i n g  t h e  e f f e c t s  of  
s o i l  compac t ion .  The most i m p o r t a n t  p o i n t  is t o  be aware  t h a t  s o i l  
compact ion  c a n  a f f e c t  c r o p  per formance  and t h a t  i t  shou ld  be a 
c o n s i d e r a t i o n  i n  t r o u b l e s h o o t i n g .  



T a b l e  1. R e s u l t s  of S u b s o i l  Compaction Expe r imen t  a t  t h e  Purdue  
Agronomy Farm, West L a f a y e t t e ,  I n d i a n a  1979-83. 

Year  S o i l  C o n d i t i o n  

Uncompacted 
Compacted 

Uncompacted 
Compacted 

Uncompacted 
Compacted 

Corn Y i e l d  (Bu/A) 

** = S t a t i s t i c a l l y  s i g n i f i c a n t  a t  0 .01 
* = S t a t i s t i c a l l y  s i g n i f i c a n t  a t  0.05 

T a b l e  2 .  R e s u l t s  of  S u r f a c e  Compaction Expe r imen t  a t  t h e  Purdue  
Xgronomy F a n n ,  West L a f a y e t t e ,  I n d i a n a  1982-84. 

Year  P r e v i o u s  Cover 1 9 8 1 / S o i l  C o n d i t i o n  Corn Y i e l d  3u/A 

1982 Soybeans  Not Compacted 159**  
Soybeans  Compacted 1982 129 

1983 Soybeans  Not Compacted 107** 
Soybeans  Compacted 1482 9 2 

1984 Soybeans  Not Com?acted 
Soybeans  Compacted 1932 

** = S t a t i s t i c a l l y  s i g n i f i c a n t  a t  0 .01  

T a b l e  3. R e s u l t s  of S u b s o i l  Compaction Expe r imen t  a t  Pinney-Purdue 
Farm, Wanatah,  I n d i a n a  1982-84. 

Year - S o i l  C o n d i t i o n  Corn Y i e l d  (BU/A)  

Uncompacted 
Compacted 

Uncompac t ed 
Compac t d  

Uncompacted 
Compacted 

** = S t a t i s t i c a l l y  s i g n i f i c a n t  a t  0.01 



Table 4 .  The effect of surface compaction and trifluralin on growth 
characteristics of corn seedlings. 

Growth characteristics of corn 

Bulk Density 

Trifluralin rate (ppm)* 

0.0 0.125 0 .250 

------------ (% of control)------------ 

Degree of root tip swelling 

0 a 22 c 45 de 

O a 22 c 52 e 

16 b 44 d 82 f 

Number of secondary roots 

70  bc 54 d 

64  c 49 d 

54  d 39 e 

Length of secondary roots 

100 a 68 b 50 c 

95 a 64  b 48 c 

62 b 48 c 29 d 

* = Means within a measurement set followed by the same letter are not 
significantly different at the 1% level according to Newman-Keuls 
sequential range test. 
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