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PHYSICAL CONDITIONS OF S O I L  AFFECTING NO-TILIAGE TECHNIQUES 

ALBERT C .  TROUSE, JR,  

F i e l d s  have been t i l l e d  t o  bu ry  s u r f a c e  d e b r i s  f o r  many g e n e r a t i o n s ,  
and  t h e y  have been overworked i n  o r d e r  to l e a v e  a c o v e r i n g  of smooth, 
p u l v e r i z e d  soil. Although t h e s e  f i e l d s  may present a n  a t t r a c t i v e  appea r­
a n c e ,  t h e  s o i l  i s  exposed  t o  t h e  f o r c e s  of  w i n d  and w a t e r  w i t h  p o t e n t i a l l y  
d e v a s t a t i n g  e f f e c t s ,  To r educe  t h e  damage, as w e l l  a s  t o  keep  c o s t s  down, 
f i e l d s  toddy shou ld  be t i l l e d  o n l y  to reclaim t h e  u n d e s i r a b l e  f e a t u r e s  i n  
a s o i l  p r o f i l e .  I f  s o i l s  need t i l l a g e ,  t h e y  shou ld  h e  t i l l e d  no d e e p e r  
t h a n  n e c e s s a r y  f o r  r e c l a m a t i o n  o f  a l l  b a r r i r r s  t o  a s s u r e  deep  a i r ,  w a t e r ,  
and r o o t  p e r m e a b i l i t y .  I n d i s c r i m i n a n t  t i l l a g e  not  o n l y  wastes f u e l ,  money, 
and t i m e ,  bu t  l e a v e s  t h e  s o i l  v u l n e r a b l e  t o  s e r i o u s  recompact ion .  The 
f i r s t  p a s s  of  a wheel  o v e r  w e l l - t i l l e d  s o i l  s e r i o u s l y  a f f e c t s  r o o t  and 
water p e r m e a b i l i t y  so t h a t  by t h e  t i m e  a f i e l d  h a s  been t r a f f i c k e d  i n  
many l o c a t i o n s  t o  a p p l y  all needed c u l t u r a l  o p e r a t i o n s ,  a g r e a t  p o r t i o n  
o f  t h e  f i e l d  h a s  become a poor medium f o r  m o i s t u r e  c a p t u r e  and r o o t  
development.  

C o n s e r v a t i o n  t i l l a g e  and r e l a t e d  p r a c t i c e s  have been s u g g e s t e d  t o  con-
s e r v e  moisture. and r e d u c e  e r o s i o n .  But f a r m e r s  w i l l  o n l y  adop t  t h o s e  
c o n s e r v a t i o n  methods t h a t  a l l o w  them t o  produce  a c r o p  p r o f i t a b l y .  No-
t i l l a g e  farming, which  became f e a s i b l e  with t h e  adven t  o f  c h e m i c a l s  t o  
c o n t r o l  weeds,  is one  of  t h e  p r i n c i p l e  ways t o  c o n s e r v e  s o i l  w h i l e  
u t i l i z i n g  t h e  l a n d .  More water can  be abso rbed  where t h e  r a i n  d r o p s  
f a l l  when a mulch i s  l e f t  o n  t h e  s o i l  s u r f a c e .  T h i s  l e a v e s  less  water 
t o  wash r i l l s  t h a t  j o i n  t o  accumula t e  e r o s i v e  volumes of  r u n o f f  c a p a b l e  
o f  c a r r y i n g  away t o n s  of  t o p s o i l .  We a re  now becoming aware o f  t h e  
e x p e n s i v e  and w a s t e f u l  p r o p o r t i o n  o f  t h e  a p p l i e d  f e r t i l i z e r s  and t h e  
amount of p r o t e c t i v e  c h e m i c a l s  t h a t  a r e  c a r r i e d  o f f  t h e  f a rm i n  t h i s  
r u n o f f .  A t  t h e  same t i m e ,  w e  a r e  more aware of  t h e  sed imen t ,  p l a n t  
n u t r i e n t s ,  and c h e m i c a l  p e s t i c i d e s  c a r r i e d  t o  o u r  s t r e a m s  and lakes  
and t h e  e f f e c t  t h e y  have  on t h e  q u a l i t y  o f  o u r  water. 

I f  n o - t i l l  f a rming  i s  a s i m p l e  and s u r e  answer t o  s o i l  and water c o n s e r­
v a t i o n ,  why h a s  i t  n o t  become more r e a d i l y  a c c e p t e d ?  I n i t i a l  f a i l u r e s  
and  t h e r e  have  been many--have d i s c o u r a g e d  some f a r m e r s ,  b u t  f a i l u r e s  do 
n o t  mean t h a t  t h e  sys t em w i l l  n o t  work. More o f t e n  f a r m e r s  have  n o t  
s u f f i c i e n t l y  m a s t e r e d  t h e  new s k i l l s  and t e c h n i q u e s  n e c e s s a r y  f o r  no-
till f a r m i n g  to be s u c c e s s f u l .  J u s t  as farmers have  to  d e v e l o p  s k i l l s  
u s i n g  t h e  f a m i l i a r  t o o l s  f o r  s u c c e s s  w i t h  c o n v e n t i o n a l  f a r m i n g ,  s o  must  
t h e y  master t h e  new no-till f a r m i n g  t o o l s  and t e c h n i q u e s ,  

Fo r  n o - t i l l  f a rming  t o  be a c c e p t a b l e  s p e c i a l  c h e m i c a l s  and d i f f e r e n t  
implements  had t o  be d e v i s e d .  Some have  been  a v a i l a b l e  t o  t h e  American 
f a r m e r  f o r  s e v e r a l  d e c a d e s ,  and ,  a s  i n t e r e s t  i n  n o - t i l l a g e  p r a c t i c e s  h a s  
expanded,  b e t t e r  c h e m i c a l s  and improved n o - t i l l  implements  are  r a p i d l y  
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b e i n g  i n t r o d u c e d .  However, t o  keep  up w i t h  advancements ,  a de te rmined  
f a rmer  must make t i m e  t o  a c q u i r e  s p e c i a l  knowledge t o  know which chemi­
c a l s  and implements a r e  needed f o r  h i s  s p e c i f i c  s e t  of c o n d i t i o n s ,  and 
how and where and when t o  a p p l y  them. And, a l t h o u g h  f a r m e r s  s k i l l e d  
i n  t h e  use of  c h e m i c a l s  c a n  c o n t r o l  most weeds w i t h o u t  t i l l a g e ,  l i m i t e d  
s h a l l o w  c u l t i v a t i o n s  may s t i l l  be  n e c e s s a r y  t o  c o n t r o l  c e r t a i n  u n d e s i r a b l e  
p l a n t  c o m p e t i t i o n .  However, new t e c h n o l o g y  is needed f o r  c u l t i v a t i n g  
no-tillage crops if a residue cover is to remain effective. 

Farmers i n t e r e s t e d  i n  making n o - t i l l  f a rming  work may have  d i f f i c u l t y  
d e v e l o p i n g  c e r t a i n  needed c r o p  r o t a t i o n s  i n t o  a n o - t i l l  sys tem.  They 
m a y  have  c r o p  r e s i d u e  problems c a p a b l e  o f  i n t e r f e r i n g  w i t h  p l a n t i n g  o r  
of  d e l a y i n g  t h e  warming o f  s o i l  i n  t h e  s p r i n g .  I n v a r i a b l y  t h e y  w i l l  
e n c o u n t e r  o b s t a c l e s  i n  c o n t r o l l i n g  c e r t a i n  weed s p e c i e s .  R e s o l u t i o n s  
t o  t h e s e  problems a r e  needed i f  f a r m e r s  a r e  t o  be  s u c c e s s f u l .  They 
must become p i o n e e r s ,  d i s c o v e r i n g  s o l u t i o n s  t o  t h e i r  problems j u s t  as 
t h e i r  p r e d e c e s s o r s  d i d  when t h e y  c l e a r e d  o u r  n a t i o n  u s i n g  t h e  o n l y  
t o o l s  and t e c h n i q u e s  a v a i l a b l e  t o  them. 

S o i l  s u r f a c e s  must remain  permeable  t o  r a i n s  i n  o r d e r  t o  c a p t u r e  and s t o r e  
more m o i s t u r e  f o r  p r o f i t a h l e  use .  S t a n d i n g  s t u b b l e ,  when k i l l e d  w i t h  
c h e m i c a l s ,  c a n  c o n s e r v e  m o i s t u r e ,  r e d u c e  e r o s i o n ,  and i n c r e a s e  y i e l d s  i n  
f a l l o w  farmed s e c t i o n s  of  t h e  c o u n t r y  (Good and Smika, 1 9 7 8 ) .  However, i n  
a d d i t i o n  t o  a good s u r f a c e  s o i l  c o n d i t i o n ,  f a r m e r s  must a l s o  r e c o g n i z e  t h e  
s i g n i f i c a n c e  of  a good r o o t h e d .  A f t e r  a l l ,  a seedhed i s  needed f o r  o n l y  a 
few d a y s ,  whereas  a good r o o t b e d  i s  r e q u i r e d  f o r  t h e  l i f e  of  t h e  c r o p .  
Al though good weed c o n t r o l  i s  i m p e r a t i v e ,  n o - t i l l a g e  f a rming  c a n  f a i l  
u n l e s s  p r o p e r  a t t e n t i o n  is focused  on a l l  c o n d i t i o n s  of  t h e  e n t i r e  
s o i l  p r o f i l e .  

I n  t h i s  pape r  t h e  p h y s i c a l  p r o p e r t i e s  of  s o i l  w i l l  h e  d i s c u s s e d  as t h e y  
a f f e c t  n o - t i l l a g e  f a r m i n g .  Three  t y p e s  of n o - t i l l a g e  f a rming  w i l l  b e  
c o n s i d e r e d  t o  p o i n t  o u t  t h e i r  u s e  as r e l a t e d  t o  t h e  s o i l  c o n d i t i o n :  
(A) S t a n d a r d  n o - t i l l a g e ,  where a s p e c i a l  p l a n t e r  i n s e r t s  t h e  s e e d  i n t o  
a s p a r s e l y  p r e p a r e d  seedbed ;  ( B )  N o- t i l l a g e- p l u s ,  where s e e d s  are p l a n t e d  
o v e r  an access way t h r o u g h  a s o i l  h o r i z o n  i n  poor  p h y s i c a l  c o n d i t i o n ;  and 
( C )  N o- t i l l a g e- - n o- t r a f f i c  f a r m i n g ,  a new c o n c e p t  where a l l  o p e r a t i o n s ,  
from p r e p l a n t i n g  t h r o u g h  p o s t h a r v e s t i n g ,  are done on  w i d e l y  s e p a r a t e d  
wheelways. 

N o- t i l l a g e- p l u s  c a n n o t ,  i n  t h e  s t r i c t es t  s e n s e ,  b e  c a l l e d  " n o- t i l l a g e  
farming." To t h e  p u r i s t ,  however, even t h e  s t a n d a r d  n o - t i l l  p l a n t e r  i s  
accused  of  " t i l l i n g " a seedbed.  However, n e i t h e r  sys t em e x p o s e s  t h e  
l a n d  t o  m o i s t u r e  l o s s e s  o r  wind and water e r o s i o n  p r i o r  t o  p l a n t i n g  
o r  d u r i n g  e a r l y  crop- growth s t a g e .  On the other hand, no-tillage--no­
t r a f f i c  f a rming  u s u a l l y  r e q u i r e s  a d r a s t i c  t i l l a g e  t o  remove a l l  e x i s t i n g  
h a r r i e r s  t o  water ,  a i r ,  and r o o t  movement b e f o r e  its e s t a b l i s h m e n t ;  b u t ,  
a f t e r  b e i n g  e s t a b l i s h e d ,  i t  becomes t y p i c a l  of t h e  s t a n d a r d  n o - t i l l  
sys tem.  
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A .  S t a n d a r d  No-Tillage Farming 

A s  w e l l  a s  r e d u c i n g  r u n o f f  and e r o s i o n ,  n o - t i l l a g e  f a r m i n g  c a n  reduce 
t h e  t i m e ,  e f f o r t ,  and c o s t  of p r e p a r i n g  a f i e l d  f o r  p l a n t i n g ,  Of t en  t h i s  
t r a n s l a t e s  i n t o  t h e  p o s s i b i l i t i e s  o f  m u l t i p l e  c r o p p i n g  which can  i n c r e a s e  
t h e  p r o d u c t i o n  c a p a h i l i t  ies of eve ry  a c r e .  P h i l l i p s  and Young (1973) 
have  d i s c u s s e d  t h e  many a d v a n t a g e s  to be  ga ined  from n o - t i l l a g e  f a r m i n g ,  
La1 (1976) and Smith and L i l l a r d  (1976) have  demons t r a t ed  t h a t  no-
t i l l a g e  f a rming  Substantially i n c r e a s e d  t h e  p roduc t  i o n  of  each  c r o p  grown 
o v e r  t h a t  o b t a i n e d  w i t h  c o n v e n t i o n a l  t i l l a g e - o r i e n t e d  f a rming .  

However, p r o d u c t i o n  from e a c h  n o - t i l l a g e  c r o p  i s  i n c r e a s e d  o n l y  when t h e  
s o i l s  farmed are a l r e a d y  i n  a good p h y s i c a l  c o n d i t i o n .  I n i t i a l l y ,  soils 
must  be w i t h o u t  barriers to r o o t  and water movement and must n o t  be com­
p a c t e d  d u r i n g  c r o p  p r o d u c t i o n .  Well- aggregated so i l s  w i t h  a s t a b l e  f a b r i c  
s t r e n g t h  c a p a b l e  o f  s u p p o r t i n g  t h e  c u l t u r a l  equipment used to  produce  t h e  
c r o p  c a n  w i t h s t a n d  t r a f f i c k i n g .  S o i l s  w i t h  s u c h  p h y s i c a l  c h a r a c t e r i s t i c s  
a r e  found o n l y  i n  n e a r - v i r g i n  a r e a s  o r  i n  well-managed, e s t a b l i s h e d  pas­
tu res .  U n f o r t u n a t e l y ,  most of o u r  h e a v i l y  farmed f i e l d s  l o s t  t h e s e  a t t r i ­
b u t e s  y e a r s  ago ,  and we have  t o o  few a c r e s  t oday  t h a t  are w e l l - s u i t e d  t o  
s t a n d a r d  no-till a g e  t e c h n i q u e s .  

Fo r  t h e  n o - t i l l a g e  method of  f a rming  t o  be  s u c c e s s f u l ,  t h e  f a rmer  must 
o b t a i n  a c r o p  s t a n d  u s i n g  newly d e s i g n e d  p l a n t e r s .  These p l a n t e r s  are 
s p e c i f i c a l l y  d e s i g n e d  to  p l a c e  s e e d s  i n t o  s o i l  n o t  p r e v i o u s l y  p r e p a r e d  
f o r  t h e i r  e n t r y  by  c u t t i n g  t h r o u g h  t h e  s u r f a c e  r e s i d u e  and l o o s e n i n g  
a s h a l l o w ,  na r row seedbed.  Where and when s o i l  c o n d i t i o n s  a r e  i n a d e q u a t e  
f o r  deep ,  r a p i d  m o i s t u r e  p e r c o l a t i o n  and r o o t  p e n e t r a t i o n ,  t h i s  method 
f a i l s  because  a s u i t a b l e  r o o t b e d  h a s  not  been  p r o v i d e d .  

F i e l d s  i d e a l l y  s u i t e d  f o r  n o - t i l l  f a rming  can g r a d u a l l y  l o s e  the i r  pro­
d u c t i v e  c a p a c i t y  th rough  mismanagement. Mismanagement of s o i l  s t r u c t u r e  
d e t e r i o r a t e s  t h e  s u r f a c e  s o i l  c o n d i t i o n  s o  t h a t  t h e  minimum e f f o r t  e x e r t e d  
by  most n o - t i l l  p l a n t i n g  tools canno t  merge t h e  seedbed w i t h  t h e  r o o t b e d .  
V e h i c l e s  t o o  heavy f o r  t h e  once  s t a b l e  a g g r e g a t e s  may s h a t t e r  t h e  s u r f a c e  
a g g r e g a t e s  and compact t h e  s o i l  s u r f a c e .  A p p l i c a t i o n  of  c u l t u r a l  ope ra­
t i o n s  when s o i l s  are weakened by rains,  o r  by excessive s l i p p a g e  of  d r i v e  
whee l s  a p p l y i n g  s h e a r  stresses, e a s i l y  f r a c t u r e  t h e  once  s t a b l e  s o i l  
f a b r i c  and l e a d  t o  s u r f a c e  compact ion .  I n c r e a s e s  i n  compact ion  o f  t h e  
s u r f a c e  s o i l  w i l l  s e r i o u s l y  r educe  t h e  amount of  m o i s t u r e  e n t e r i n g  a 
s o i l  t o  be s t o r e d  f o r  c r o p  use.  S o i l  compact ion  is also r e s p o n s i b l e  f o r  
r e d u c i n g  r o o t  development  which r e d u c e s  t h e  r a t e  of m o i s t u r e  and n u t r i e n t s  
r e t r i e v e d .  A s  s o i l  compac t ion  becomes more p r e v a l e n t ,  c r o p  y i e l d s  w i l l  
d e c r e a s e  and t h e  f i e l d  w i l l  become less d e s i r a b l e  f o r  a d d i t i o n a l  n o - t i l l  
f a rming .  Decreased  y i e l d s  are n o t  n e c e s s a r i l y  c h a r a c t e r i s t i c  of t h e  no-
till sys t em s i n c e  a few long- term e x p e r i m e n t s  have  shown t h a t  p r o d u c t i o n  
can be m a i n t a i n e d  w i t h  p r o p e r  management. I n s t e a d ,  it is e v i d e n c e  t h a t  
b e t t e r  management is  r e q u i r e d  to make t h e  s t a n d a r d  n o - t i l l  f a rming  
sys t em work on  a s u s t a i n e d  b a s i s .  
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B.  No- Ti l lage- Plus  Farming 

J u s t  a s  some n o - t i l l  p l a n t e r s  c a n  be adap ted  t o  o b t a i n  a s l i g h t l y  deeper  
o r  wider  seedbed,  so can  t h e  n o - t i l l  p l a n t e r  be mod i f i ed  t o  p i e r c e  s t i l l  
d e e p e r  b a r r i e r s  t o  r o o t  and w a t e r  movement. Normally,  s u c h  p l a n t e r s  will 
r e q u i r e  some form of c o u l t e r  t o  c u t  th rough  t h e  s u r f a c e  t r a s h  i n  f r o n t  o f  
a n  in- row subsoiler, fo l lowed  by a d e v i c e  t o  p u l v e r i z e ,  c o n d i t i o n ,  and 
f i r m  t h e  seedbed p r i o r  t o  p l a n t i n g .  C a l l e d  “ n o- t i l l a g e  p lus , ”  the  p l u s  
r e f e r s  t o  “ p l u s  s u b s o i l i n g "  --the t e c h n i q u e  o f f e r s  most of t h e  a d v a n t a g e s  
o f  n o- t i l l a g e  f a rming  i n  s o i l s  t h a t  r e q u i r e  deep r emed ia l  a c t i o n  below 
t h e  p l a n t e d  row- Lands t i l l e d  and t r a f f i c k e d  f o r  several y e a r s  w i t h  
s t a n d a r d  equipment d e v e l o p  compacted horizons, and o n l y  n o- t i l l a g e- p l u s  
c a n  p r o v i d e  r o o t b e d s  t h a t  r e a d i l y  a b s o r b  t h e  water n e c e s s a r y  f o r  
p r o f i t a b l e  p r o d u c t i o n  when l a n d s  are i n  poor  p h y s i c a l  c o n d i t i o n .  

Most c o n v e n t i o n a l l y  farmed f i e l d s  have  deep bands  compacted by i n d i s c r i m i ­
n a n t  t r a f f i c ,  a n d ,  u n l e s s  deep c h i s e l i n g  i s  done d i r e c t l y  b e n e a t h  t h e  row, 
c r o p s  are den ied  most n u t r i e n t s  and m o i s t u r e  s t o r e d  i n  s u b s o i l s .  With no-
t i l l a g e - p l u s ,  s o i l  i s  l o o s e n e d  d i r e c t l y  under  t h e  row by deep  c h i s e l i n g  as 
t h e  c r o p  i s  p l a n t e d .  Such c h i s e l i n g ,  o r  s h a l l o w  s u b s o i l i n g ,  s h o u l d  he  j u s t  
deep  enough t o  p i e r c e  t h e  h a r r i e r s  to  r a p i d  root development ,  and a l l o w  
r o o t s  normal a c c e s s  th rough  t h e  compacted s u r f a c e  b a r r i e r ,  dense  h a r r o w s o l e ,  
and r e s t r i c t i v e  plowpan. Roo t s  a r e  then  a b l e  t o  deve lop  a t  t h e i r  g e n e t i c  
c a p a h i l i t i e s  so t h a t  r a p i d  e a r l y  growth i s  a s s u r e d  and t h e  mass of t h e  r o o t  
sys t em c a n  p r o l i f e r a t e  and r e t r i e v e  t h e  m o i s t u r e  s t o r e d  i n  t h e  deepe r  
subso i l s .  

N o- t i l l a g e- p l u s  does  not p r o v i d e  r eady  access t o  h o r i z o n t a l  r o o t  develop­
ment th rough  t h e  s u r f a c e  s o i l  between t h e  rows. About t w o- t h i r d s  o f  t h e  
f e r t i l e  s u r f a c e  s o i l  h o r i z o n  remains compact ,  t h u s  denying t h e  n u t r i e n t s  
and m o i s t u r e  i t  c o n t a i n s  t o  t h e  c u r r e n t  c r o p .  Unless s u f f i c i e n t  f e r t i ­
l i z e r s  a re  p l a c e d  i n  t h e  l o o s e n e d  zone n e a r  e a c h  p l a n t e d  r o w ,  t h e  c r o p  
may have d i f f i c u l t y  o b t a i n i n g  a d e q u a t e  n u t r i t i o n  from t h e  s u r f a c e  s o i l  
a t  ra tes  which a l l o w  r a p i d  growth.  

Depr iv ing  c r o p s  o f  t h e  n u t r i e n t s  and m o i s t u r e  i n  t h e  f e r t i l e  s u r f a c e  s o i l  
h o r i z o n  is  n o t  new, For  a l o n g  t i m e  now, r o o t s  have  n o t  deve loped  i n  t h e  
i n t e r r o w  zone of  s u r f a c e  s o i l  i n  f i e l d s  t i l l e d  i n  t h e  c o n v e n t i o n a l  manner. 
I t  i s  n o t  commonly r e a l i z e d  how much i n t e r r o w  damage is done by t r a f f i c k ­
i n g  w h i l e  pe r fo rming  o u r  p r e s e n t  c u l t u r a l  p r a c t i c e s  s i n c e  y i e l d  i n c r e a s e s  
from new t echno logy ,  i n c l u d i n g  b e t t e r  v a r i e t i e s ,  a d d i t i o n a l  n u t r i e n t  
a v a i l a b i l i t i e s ,  and  improved p e s t i c i d e s ,  mask t h e  l o s s e s  r e s u l t i n g  from 
compaction. 

Compaction does  not o c c u r  o n l y  on  w e t  s o i l  o r  o n l y  under  heavy v e h i c l e s .  
S e r i o u s  compact ion  c a n  o c c u r  i n  w e l l - t i l l e d  s o i l - w h e n  i t  i s  q u i t e  d r y  under 
t h e  whee l s  o f  l i g h t  t r a c t o r s  and s p r a y e r s ,  and even under  t h e  equipment 
suppor t- , guide- , and depth- wheels .  I t  c a n n o t  b e  s t r e s s e d  s t r o n g l y  enough 
t h a t  r e g a r d l e s s  o f  t h e  t y p e  of implement used t o  t i l l  a f i e l d ,  a l l  subse­
q u e n t  t r a f f i c  c a n  compact t h e  t i l l e d  h o r i z o n .  T h i s  i n c l u d e s  a l l  secondary  
t i l l a g e  implements  and p l a n t i n g  equipment .  I n  f a c t ,  t h e  b e n e f i t  o f  p r imary  
t i l l a g e  is f r e q u e n t l y  l o s t  b e f o r e  t h e  p l a n t e d  s e e d s  g e r m i n a t e .  T h e r e f o r e ,  
t h a t  p a r t  o f  the f e r t i l e  h o r i z o n  n o t  l o o s e n e d  under  t h e  n o- t i l l a g e- p l u s  
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t e c h n i q u e  i s  i n  no worse  c o n d i t i o n  than  t h e  i n t e r r o w  s o i l  i n  f i e ld . :  t i l l e d  
and t r a f f i c k e d  c o n v e n t i o n a l l y .  I n  a d d i t i o n ,  b e c a u s e  no-tillage-plus 
l o o s e n s  t h e  zone b e n e a t h  t h e  p l a n t e d  row through t h e  plowpan, i t  o f f e r s  
b e t t e r  rooting c o n d i t i o n s  than  t h e  c o n v e n t i o n a l  sys t em.  

Two i m p o r t a n t  f a c t o r s  t h a t  can  l i m i t  p r o d u c t i o n  w i t h  n o- t i l l a g e- p l u s  a r e :  
(1) set t lement  w i t h i n  t h e  e x c e s s i v e l y  loosened  seedbed and ( 2 )  i n a d e q u a t e  
seedbed p r e p a r a r i o n .  

Some form o f  seedbed c o n d i t i o n i n g  is r e q u i r e d  t o  a s s u r e  t h d t  s e e d s  o r  young 
s e e d l i n g s  a r e  not  washed i n t o  t h e  s u h s o i l e r  s l o t  s i n c e  s u h s o i l i n g  o f t e n  
l e a v e s  t h e  soil b e n e a t h  t h e  p l a n t e d  row i n  an u n s t a b l e  c o n d i t i o n .  The 
l o o s e n e d  soil c o n t a i n s  lumps t h a t  can t e m p o r a r i l y  b r i d g e  t h e  subsoiler s l o t ,  
f o rming  a l a r g e  vo id  nea r  t h e  bot tom of t h e  s l o t  which l e a v e s  t h e  seedbed 
v u l n e r a b l e  t o  s e t t l e m e n t  d u r i n g  heavy r a i n s .  S e t t l e m e n t s  can  be d i s a s t e r o u s  
t o  s t a n d  e s t a b l i s h m e n t ,  e s p e c i a l l y  d u r i n g  t h e  first 3 weeks a f t e r  p l a n t i n g .  

I n  t h e  c o n v r n t i o n a l  sys tem,  f a r m e r s  can  har row r e p r a t e d l y  b e f o r e  p l a n t i n g ,  
i f  n e c e s s a r y ,  t o  p r e p a r e  a seedbed .  Not s o  w i t h  n o- t i l l a g e- p l u s ,  s i n c e  
f a r m e r s  must a s s u r e  t h e  p r o p e r  p u l v e r i z a t i o n  f o r  a good seedbed d u r i n g  a 
s i n g l e  p a s s .  W i t h  n o- t i l l a g e- p l u s ,  f a r m e r s  must a d j u s t  all a c t i o n s  of t h e  
mach ine ry  p r i o r  t o  t h e  f i r s t  pass  because t h e y  do not  have a second chance  
b e f o r e  p l a n t i n g .  S k i l l  i s  r e q u i r e d  t o  a s s u r e  a d e q u a t e  p u l v e r i z a t i o n  f o r  a 
s a t i s f a c t o r y  seedbed i n  any  n o - t i l l  o p e r a t i o n ;  a good seedbed i s  a p re-
r e q u i s i t e  f o r  a d e q u a t e  p l a n t  emergence--and a n  a d e q u a t e  s t a n d  i s  re­
q u i r e d  f o r  good p r o d u c t i o n .  

C .  No-Tillage--No-Traff i c  Farming 

The u l t i m a t e  i n  n o - t i l l a g e  f a rming  would a l l o w  f o r  t h e  c r o p  t o  t a k e  advan­
t a g e  o f  t h e  e n t i r e  f e r t i l e  s u r f a c e  s o i l  h o r i z o n ,  as w e l l  as t h e  deep ,  sub-
s u r f a c e  m a t e r i a l ;  i t  would a l l o w  f o r  t h e  c a p t u r e  o f  most  of  e a c h  r a i n ,  and 
a l l o w  r o o t s  t o  d e v e l o p  t o  t h e i r  g e n e t i c  c a p a c i t y ,  I n  a d d i t i o n ,  t h e  r o o t i n g  
volume would n o t  b e  l o s t  p r o g r e s s i v e l y  because  of  t h e  a d d i t i o n a l  compact ion  
t h a t  o c c u r s  t h r o u g h  c o n t i n u e d  c o n v e n t i o n a l  t r a f f i c .  With t h e  no- t i l l- - no­
t r a f f i c  t e c h n i q u e ,  s u p e r i o r  y i e l d s  c a n  b e  e x p e c t e d  and s u s t a i n e d  i n d e f i n i t e ­
l y  when a l l  o t h e r  c r o p  needs  are p r o p e r l y  managed and m a i n t a i n e d .  However, 
n o- t i l l  n o- t r a f f i cf a rming  is d i f f i c u l t ,  i f  no t  i m p o s s i b l e ,  u s i n g  t h e  
mach ine ry  and implements  a v a i l a b l e  t oday .  

F i e l d s  must f i r s t  b e  p u t  i n t o  a n  i d e a l  p h y s i c a l  c o n d i t i o n  w i t h  o n l y  a few 
narrow,  pe rmanen t ly  e s t a b l i s h e d  wheelways f o r  equipment t r a v e l .  A l l  ope ra­
t i o n s  f rom p r e p l a n t i n g  t h r o u g h  p o s t h a r v e s t i n g  must  h e  done  from t h e s e  wheel-
ways so t h a t  s o i l  b a r r i e r s  w i l l  n o t  b e  re- formed w i t h i n  t h e  farmed p o r t i o n s  
o f  t h e  f i e l d .  Deep p r o f i l e  m o d i f i c a t i o n s  are  p o s s i b l e  t o  improve s o i l  
c h a r a c t e r i s t i c s  be tween wheelways,  b u t  r e g a r d l e s s  o f  improvements,  t h e  s o i l  
c a n n o t  b e  m a i n t a i n e d  i n  a p r o d u c t i v e  c o n d i t i o n  when s u b j e c t e d  t o  t h e  f o r c e s  
of man’s machines .  

Our l o n g  te rm s t u d i e s  have  shown t h a t  when d e e p l y  m o d i f i e d  s o i l s  were used 
t o  p roduce  c r o p s ,  n a t u r a l  s e t t l e m e n t  was n o t  o b j e c t i o n a b l e .  Without  t r a f ­
f i c ,  s u c h  s o i l s  remained pe rmeab le  to  w a t e r  and l o o s e  enough f o r  good r o o t  
p r o l i f e r a t i o n  w i t h o u t  a n n u a l  t i l l a g e .  Our u n t i l l e d ,  u n t r a f f i c k e d  s t r i p s  
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c a p t u r e d  more of  e a c h  r a i n  and r educed  b o t h  r u n o f f  and t h e  amount o f  s o i l  
and f i e l d - a p p l i e d  c h e m i c a l s  t h a t  l e f t  t h e  s t r i p s  t o  become p o l l u t a n t s .  
Y i e l d s  no t  o n l y  e q u a l l e d  t h o s e  o f  t e s t  s t r i p s  t i l l e d  e a c h  y e a r  and kep t  
f r e e  o f  t r a f f i c ,  b u t  were s u p e r i o r  t o  t h o s e  from s t r i p s  t i l l e d  a n n u a l l y  
and t r a f f i c k e d  i n  t h e  t r a d i t i o n a l  manner. A d d i t i o n a l  a n a l y s e s  i n d i c a t e d  
t h a t  n o- t i l l - - n o- t r a f f i c  n o t  on ly  reduced o p e r a t i o n a l  c o s t s ,  b u t  bene­
f i t e d  from more t i m e l y  a p p l i c a t i o n  of a l l  o p e r a t i o n s .  

To my knowledge, o n l y  one  f a r m e r  i n  t h e  Uni ted  S t a t e s  h a s  u n d e r t a k e n  t h e  
equipment a1t e r a t i o n s  n e c e s s a r y  t o  pe r fo rm no- t i l l age- - no- t ra ff i c  f a rming  
on  a r e a l i s t i c  scale.  H e  i s  p l e a s e d  w i t h  h i s  p r o d u c t i o n  and c o s t  reduc­
t i o n s  o v e r  t h e  p a s t  4 y e a r s .  H i s  v e h i c l e s  o p e r a t e  on o n l y  60- inch c e n t e r s ,  
which means t h a t  o n l y  a b o u t  t w o- t h i r d s  o f  t h e  s u r f a c e  of  h i s  f i e l d s  can  be  
used  f o r  p r o d u c t i o n ,  s i n c e  o n e- t h i r d  forms t h e  t r a f f i c  ne twork .  H e  u s e s  
t h e  same wheelways d u r i n g  all o p e r a t i o n s ,  i n c l u d i n g  h a r v e s t i n g ,  w i t h o u t  
t r a f f i c k i n g  h i s  beds ,  and is a b l e  t o  m u l t i p l e- c r o p  i n t o  l o o s e  s o i l  w i t h o u t  
t i l l a g e .  

I v i s u a l i z e  t h a t ,  i n  t h e  f u t u r e ,  a l l  o p e r a t i o n s ,  i n c l u d i n g  h a r v e s t i n g ,  
w i l l .  be done from spann ing  u n i t s  t h a t  s p a n  much wide r  areas so t h a t  f rom 
96 t o  98 p e r c e n t  of t h e  f i e l d  w i l l  be  f r e e  of  wheel t r a f f i c .  More of t h e  
f i e l d  w i l l  b e  f r e e  t o  a b s o r b  t h e  r a i n s  and remain  f r e e  of b a r r i e r s  t o  
r a p i d  r o o t  p r o l i f e r a t i o n .  The o n l y  downward t h r u s t  upon t h e  s o i l  would 
b e  under  t h e  whee l s  of  s p a n n e r s  t h a t  would f u l l y  s u p p o r t  a l l  w e i g h t s  now 
a p p l i e d  t o  t h e  f i e l d ,  i n c l u d i n g  t h a t  of t h e  h a r v e s t e d  c r o p .  

C o n c l u s i o n s  

T r a f f i c ,  f o l l o w i n g  t i l l a g e ,  i s  t h e  major  c u l p r i t  r e s p o n s i b l e  f o r  so i l  com­
p a c t i o n .  Compacted s o i l  p r e v e n t s  t h e  e f f e c t i v e  e n t r y  o f  r a i n  and i r r i g a ­
t i o n  waters i n t o  s o i l  and p r e v e n t s  u t i l i z a t i o n  by r o o t s  o f  m o i s t u r e  
s t o r e d  w i t h i n  and o f t e n  beyond t h e  compacted s o i l  bands .  When r o o t s  are 
u n a b l e  t o  f u n c t i o n  a t  rates r e q u i r e d  f o r  a d e q u a t e  m o i s t u r e  and n u t r i e n t  
r e t r ieva l ,  c r o p  p r o d u c t i o n  d e c l i n e s .  Depressed  i n t e r r o w  t r a f f i c w a y s  
accumula te  and c h a n n e l  e r o s i v e  volumes o f  water from f i e l d s ,  which n o t  
o n l y  d e n i e s  water t o  t h e  c r o p ,  b u t  e r o d e s  f i e l d s ,  f l o o d s  l o w l a n d s ,  and 
p o l l u t e s  streams and l a k e s .  S o i l  and water c o n s e r v a t i o n  measures  are 
r e q u i r e d  t o  improve mechanized f a r m l a n d s  f o r  s u s t a i n e d  p r o d u c t i o n .  

S t a n d a r d  n o - t i l l a g e  f a rming  i s  w e l l- s u i t e d  t o  l a n d s  a l r e a d y  i n  e x c e l l e n t  
p h y s i c a l  c o n d i t i o n ,  b u t  such  l a n d s  a r e  few, and t h e i r  p h y s i c a l  c o n d i t i o n  
c a n  b e  expec ted  t o  d e t e r i o r a t e  w i t h  s u s t a i n e d  use .  

N o- t i l l a g e- p l u s  c a n  be  used  on l a n d s  t h a t  are  a l r e a d y  i n  poor  p h y s i c a l  
c o n d i t i o n .  I t  c a n  s u s t a i n  c r o p  p r o d u c t i o n ,  b u t  c a n n o t  p roduce  y i e l d s  
t h a t  s o i l s  are c a p a b l e  of  p roduc ing  and t h a t  may b e  c a l l e d  f o r  i n  t h e  
2 1 s t  Century .  

The newest  c o n c e p t  i n  keep ing  w i t h  t h e  n o - t i l l  p r i n c i p l e  is n o- t i l l a g e  
n o - t r a f f i c  f a rming .  T h i s  sys tem,  p romises  b o t h  s u s t a i n e d  and optimum 
p r o d u c t i o n .  I t s  v a l u e  needs  t o  b e  proved,  however, b e f o r e  f a r m e r s  and 
i n d u s t r y  w i l l  b e  w i l l i n g  t o  abandon p r e s e n t  f a rming  implements  and 
t e c h n i q u e s  f o r  a whole new sys t em o f  a g r i c u l t u r e  t h a t  demands an 
e n t i r e l y  new a r r a y  of  v e h i c l e s ,  t o o l s ,  and p r a c t i c e s .  
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