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No- t i l l  product ion of corn,  soybeans, and g r a i n  sorghum has increased 
r ap id ly  during t h e  p a s t  15 years .  With development o f  n o - t i l l  small g r a i n  
d r i l l s  i n  r ecen t  yea r s ,  a large inc rease  of n o- t i l l  small g r a i n  product ion 
is expected. No- t i l l  seeding of forages  is a l s o  expanding. 

Recent s h i f t s  i n  t i l lage management have created concern among
producers about t h e  in f luence  these management systems w i l l  have on s o i l  
p roduc t iv i ty  and t h e  need f o r  d i f f e r e n t  f e r t i l i z e r  management practices. 
During t h e  r ap id  expansion o f  no t i l l age  i n  t h e  e a r l y  1970's, research da ta  
was not  a v a i l a b l e  t o  provide d i r e c t i o n  f o r  n o- t i l l  s o i l  management 
practices. Because of t h e  lack of data, information obtained from 
researchers as well as progress ive  farmers received much a t t e n t i o n  from t h e  
farm press without  much concern about i ts  a d a p t a b i l i t y .  Farmers i n  t h e  
south were wondering why publ ic ized  r e s u l t s  from farther nor th  were 
d i f f e r e n t  from what they were being t o l d ,  and nor thern  farmers were 
wondering why n o- t i l l  p r a c t i c e s  o f t e n  performed d i f f e r e n t l y  f o r  them as 
compared t o  r e s u l t s  publ ic ized  from t h e  south.  

By t h e  l a t e  1970's s u f f i c i e n t  information from long-term n o- t i l l  
s t u d i e s  i n  the  Southeast  was a v a i l a b l e  t o  show t h e  effect of long-term 
n o- t i l l  production on s o i l  characteristics. It became apparent  from t h i s  
information t h a t  t h e  effect of n o- t i l l  on some s o i l  characteristics was 
great enough t o  merit cons ide ra t ion  i n  developing n o- t i l l  product ion 
systems. 

EFFECT OF NO TILL ON SOIL  PROPERTIES 

Moisture Content, 

A s  expected,  a mulch reduces evaporat ion of s o i l  moisture.  S tud ie s  
have shown t h a t  evapora t ion  l o s s e s  from no t i l lage was much less than t h a t  
from conventional  t i l lage,  p a r t i c u l a r l y  i n  t h e  i n t e r v a l  from p lan t ing  u n t i l  
t h e  crop canopy completely shades t h e  s o i l  su r face .  Addit ional ly,  t h e  mulch 
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i n c r e a s e s  water i n f i l t r a t i o n ,  p a r t i c u l a r l y  on s l o p i n g  s u r f a c e s .  The n e t  
r e s u l t  is  about  15 t o  258 more a v a i l a b l e  s o i l  mois tu re  du r ing  t h e  growing 
season  w i t h  no t i l l age  t h a n  convent iona l  t i l lage .  

S o i l  Temperature 

The mulch i n  n o- t i l l a g e  systems ac ts  as  a n  i n s u l a t i o n  barrier between 
t h e  s o i l  s u r f a c e  and the  atmosphere. As a r e s u l t ,  changes i n  s o i l  
t empera ture  are cons ide r ab ly  s lower  w i t h  no t i l l a g e  t h a n  convent iona l  
t i l lage. T h i s  means c o o l e r  s o i l  t empe ra tu r e s  i n  t h e  s p r i n g  and summer and 
warmer s o i l  t empe ra tu r e s  i n  l a t e  f a l l  w i t h  r e s u l t a n t  less tempera ture  
f l u c t u a t i o n  under no t i l lage .  While c o o l e r  s o i l  t empe ra tu r e s  can  be 
b e n e f i c i a l  i n  mid summer by s lowing p l a n t  metabolism, t hey  can  sometimes 
cause  d e l a y s  i n  s p r i n g  p l an t i ng .  T h i s  de l ay  can be greater on s o i l s  which 
have f r a g i p a n s ,  hardpans o r  o t h e r  barriers t h a t  restrict i n t e r n a l  d r a inage  
and create water logged s o i l s .  Although t h e  optimum co rn  p l a n t i n g  date is 
mid-May i n  Kentucky, research (Herbek e t  a l . ,  1984) has shown t h a t  n o - t i l l  
corn  p l an t ed  on a Z a n e s v i l l e  s o i l  ( f r a g i p a n  a t  about  24- inches)  i n  e a r l y  
June  w i l l  y i e l d  as well as  conven t i ona l l y  p l an t ed  corn  i n  mid-May. 

The key p o i n t  is  t h a t  no t i l l age  r e s u l t s  i n  c o o l e r  s o i l s  i n  t h e  s p r i n g  
t h a n  convent iona l  t i l lage,  and wh i l e  t h i s  is no p a r t i c u l a r  problem f o r  
normal p l a n t i n g  on wel l- drained s o i l ,  p l a n t i n g  on water- logged s o i l s  should 
be delayed u n t i l  t h ey  d r a i n  and w a r m  i n  t h e  seeding zone. An area n o t  y e t  
adequa te ly  de sc r i bed  is t h e  effect t h a t  warmer s o i l  i n  l a te  f a l l  w i l l  have 
n o- t i l l e d  small g r a i n .  Some research i s  c u r r e n t l y  underway i n  Kentucky on 
t h i s  t o p i c .  

R e d i s t r i b u t i o n  of  Organ ic Matter and Immobi l e  N u t r i e n t s  

P l a n t s  act as a pump i n  t h e  s o i l  r e l a t i v e  t o  removing mine ra l s  and 
accumulat ing them i n  t h e i r  t o p s  and r o o t s .  With convent iona l  t i l l age ,  p l a n t  
r e s i d u e s  from t h e  p r ev ious  c rop  are mixed t o  va ry ing  deg ree s  w i t h  t h e  
s u r f a c e  so i l  t o  plow depth.  A s  a r e s u l t ,  o r g a n i c  matter and mine ra l s  are 
mixed back i n t o  t h e  plow l a y e r .  I n  c o n t r a s t ,  t h e r e  is no mixing of  c rop  
r e s i d u e s  back i n t o  t h e  s o i l  w i t h  continuous no tillage. A l l  r e s i d u e s  from 
p rev ious  c rops  accumulate a t  t h e  s o i l  s u r f a c e ,  and r e s u l t s  i n  development of  
a s u r f a c e  mulch l a y e r  made up o f  p a r t i a l l y  decomposed p l a n t  r e s i dues .  
Decomposition o f  t h i s  t h i n  s u r f a c e  l a y e r  o f  o r g a n i c  material produces  acids 
and g r e a t l y  i n c r e a s e s  a c i d i t y  i n  t h e  t o p  1 t o  2 i n c h e s  o f  under ly ing  s o i l .  
With  convent iona l  t i l l age ,  t h i s  h i g h l y  acidic l a y e r  would never  accumulate 
a t  t h e  s u r f a c e  because t h e  sou rce  of  t h e  a c i d i t y  ( p l a n t  r e s i d u e s )  would be 
d i l u t e d  g r e a t l y  when plowed and d i sked  i n t o  t h e  s o i l .  The same is  t r u e  f o r  
m ine ra l s  con ta ined  i n  t h e  p l a n t  r e s i dues .  Those which react s t r o n g l y  w i t h  
s o i l  move ve ry  l i t t l e  and accumulate i n  the  s u r f a c e  1-2 i n c h e s  i n  n o- t i l l a g e  
systems. I n i t i a l l y ,  t h e r e  was some concern t h a t  t h e  s u r f a c e  accumulat ion o f  
n u t r i e n t s ,  e s p e c i a l l y  P, would n o t  be a v a i l a b l e  f o r  p l a n t  uptake.  Research 
conducted i n  Kentucky, Georgia,  and V i r g i n i a  h a s  shown, however, t h a t  t h e  
s u r f a c e  accumulat ion of  n u t r i e n t s  would n o t  r e s u l t  i n  a n  i n s u f f i c i e n t  
n u t r i e n t  supply  even i f  f e r t i l i t y  l e v e l s  below t h e  s u r f a c e  1 t o  2 i n c h e s  
were low. 
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Greater Microbial Ac t iv i ty  

As expec ted ,  accumulat ion of o rgan i c  r e s i d u e s  a t  t h e  s o i l  s u r f a c e  
r e s u l t s  i n  greater mic rob i a l  a c t i v i t y  i n  n o- t i l l e d  t han  conven t i ona l l y  
t i l l e d  s o i l s .  Greater numbers o f  bo th  a e r o b i c  and ane rob i c  b a c t e r i a  have 
been measured under  n o - t i l l  as compared t o  convent iona l  till. Even though 
large numbers o f  a e robes  are p r e s e n t ,  t h e  r e l a t i v e l y  large presence  o f  
anerobes ,  t o g e t h e r  w i t h  a h i g h e r  s o i l  mois tu re  c o n t e n t  under no t i l lage ,  
r e s u l t s  i n  n o- t i l l e d  s o i l s  having a greater p o t e n t i a l  f o r  loss  o f  p l a n t  
a v a i l a b l e  n u t r i e n t s  by d e n i t r i f i c a t i o n  and immobi l i za t ion  t han  
conven t i ona l l y  t i l l e d  s o i l s .  

Residual  S o i l  Nitrogen 

Although no t i l l age  can r e s u l t  i n  greater leaching on wel l- drained 
s o i l s  and greater d e n i t r i f i c a t i o n  on poor ly  d r a ined  s o i l s ,  r e c e n t l y  
pub l i shed  r e s e a r c h  h a s  shown t h a t  t h e  r e s i d u a l  s o i l  N c o n t e n t  is  h i g h e r  w i th  
no t i l l age .  While s t u d i e s  to- da te  have n o t  i n d i c a t e d  t h e  ex ten t  t o  which 
t h i s  bu i l dup  of r e s i d u a l  so i l  n i t r o g e n  c o n t r i b u t e s  t o  p l a n t- a v a i l a b l e  
n i t r o g e n ,  t hey  have shown t h a t  i t  is  i n  t h e  o r g a n i c  form, and t h a t  n i t r o g e n  
f e r t i l i z e r  used i n  c rop  produc t ion  r e s u l t s  i n  a greater bu i l dup  o f  r e s i d u a l  
s o i l  n i t r ogen .  Although much o f  t h i s  i nc r ea sed  n i t r o g e n  con t en t  is  n o t  
r e a d i l y  a v a i l a b l e  t o  c rops ,  i t  does  n o t  mean N i s  l o s t  from t h e  n o- t i l l  
system. Low a v a i l a b i l i t y  of  t h i s  l a b i l e  organic pool of s o i l  N assumedly 
r e p r e s e n t s  on ly  a diminished n i t r i f i c a t i o n  o f  o rgan i c  n i t r o g e n  reserves due 
t o  the  s o i l  n o t  be ing  a e r a t e d  as t h e  case i n  p r e p a r a t i o n  of  a convent iona l  
seedbed. 

Bulk Densi ty  

The n o - t i l l  p r a c t i c e  i n  i tself  does  n o t  cause  s o i l  compaction. S i m i l a r  
machinery t r a f f i c  i s  used on conven t i ona l l y  prepared seedbeds even more 
i n t e n s i v e l y  w i th  on no till. Reported low y i e l d s  from n o- t i l l e d  s o i l s  as 
compared t o  conven t i ona l l y  p l an t ed  c r o p s  appear  t o  r e s u l t  from n o- t i l l i n g  
i n t o  s o i l s  which were a l r e a d y  t o o  compact f o r  good r o o t  pe rmeab i l i t y  through 
t h e  soil or s o i l s  which a l r e a d y  conta ined  t r a f f i c  pans r e s u l t i n g  from 
moldboard plowing or d i s k i n g  i n  p r ev ious  c o n v e n t i o n a l- t i l l a g e  p r a c t i c e s .  
Repor t s  are q u i t e  clear t h a t  i f  compaction problems a l r e a d y  e x i s t ,  n o - t i l l  
p l a n t i n g  i n t o  such c o n d i t i o n s  i s  n o t  l i k e l y  t o  produce as well as  
convent iona l  p l an t i ng .  However, i f  such  c o n d i t i o n s  are known, n o - t i l l  
p l a n t i n g  can  be s u c c e s s f u l  i f  "in-row" s u b s o i l e r s  are used. Touchton and 
Johnson (1982) r e p o r t e d  t h a t  n o - t i l l  soybean y i e l d s  on Appling and 
Cedarbluff  s o i l s  i n  Georgia were e q u i v a l e n t  t o  y i e l d s  from moldboard plowed 
or c h i s e l  plowed seedbeds when an "in-row" s u b s o i l e r  was used w i t h  t h e  
n o - t i l l  p l a n t e r .  Subsequent wheat y i e l d s  d r i l l e d  i n t o  d i sked  soybean 
r e s i d u e s  were b e t t e r  f o l l owing  soybeans p l an t ed  i n t o  moldboard plowed, 
c h i s e l  plowed, or n o - t i l l  w i t h  "in-row" s u b s o i l e d  t han  from n o - t i l l  wi thou t  
"in-row" s u b s o i l i n g .  Touchton (1984) h a s  a l s o  r e p o r t e d  r e s u l t s  showing t h a t  
"in-row" s u b s o i l i n g  was n o t  l i k e l y  t o  be as  b e n e f i c i a l  on Decatur  and 
Hartsells s o i l s  of n o r t h  Alabama as on t h e  more sandy t e x t u r e d  Coastal 
P l a i n s  s o i l s  o f  sou th  Alabama. These s t u d i e s  also showed t h a t  use  of a 
s tar ter  f e r t i l i z e r  p laced  i n t o  the  "in-row" s u b s o i l  s l i t  s i g n i f i c a n t l y  
improved y i e l d s  on these s o i l s  w i th  t r a f f i c  pans  as compared t o  "in-row" 
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s u b s o i l i n g  wi thout  u se  of a s t a r t e r  f e r t i l i z e r .  

OTHER AGRONOMIC CHARACTERISTICS OF NO-TILL 

Rooting Habi t  

There is much greater r o o t  a c t i v i t y  i n  t h e  s u r f a c e  3 i n c h e s  from 
n o- t i l l e d  c r o p s  as compared t o  c r o p s  p l an t ed  i n  a convent iona l  seedbed. 
Assumedly, t h i s  r e s u l t s  from t h e  greater s o i l  mois tu re  c o n t e n t  a s soc i a t ed  
w i t h  no- t i l l age .  

Effect of Topdressing A l l  L ime  and F e r t i l i z e r  on Crop Y i e l d s  

S ince  there  is no p r a c t i c a l  way t o  i n c o r p o r a t e  lime o r  f e r t i l i z e r  i n t o  
t h e  s o i l  i n  con t inuous  n o- t i l l e d  f i e lds ,  it  must be s u r f a c e  app l i ed .  
Although there has been much concern about  t h e  e f f e c t i v e n e s s  of  such 
a p p l i c a t i o n s ,  p a r t i c u l a r l y  on a c i d  so i l s  w i t h  low r e s i d u a l  f e r t i l i t y ,  
s e v e r a l  b a s i c  s t u d i e s  have been conducted showing them t o  be e f f e c t i v e  
(Belcher and Ragland, 1972; Singh e t  al . ,  1966; Hargrove e t  a l . ,  1982). 
T h i s  probably r e s u l t s  from t h e  greater s u r f a c e  r o o t i n g  a c t i v i t y  of n o- t i l l e d  
c rops ,  m a k i n g  t h e  s u r f a c e  a p p l i e d  lime and f e r t i l i z e r  (and t h e  r e s i d u a l  
f e r t i l i t y  which accumulates  a t  t h e  s u r f a c e  under n o- t i l l )  more u t i l i z a b l e  by 
t h e  crop.  So long  as there is  r o o t i n g  a c t i v i t y  a t  o r  n e a r  t h e  s u r f a c e ,  
topdressed  a p p l i c a t i o n  of  r e l a t i v e l y  immobile n u t r i e n t s  might be viewed 
simply as a h o r i z o n t a l  band, w i t h  a t t e n d a n t  band e f f i c i e n c y  r e s u l t i n g  from 
i ts  use. 

There is concern about  N e f f i c i e n c y  w i t h  n o- t i l l  sys tems,  j u s t  as  w i t h  
c o n v e n t i o n a l- t i l l a g e  systems. The l i k e l y  r o u t e s  o f  i n e f f i c i e n c y  are t h e  
same...leaching, v o l a t i l i z a t i o n ,  d e n i t r i f i c a t i o n ,  and immobil izat ion.  S o i l  
and climatic characteristics w i l l  o f t e n  b e  t h e  de te rmin ing  f a c t o r s  as  t o  
which r o u t e  o r  r o u t e s  o f  N i n e f f i c i e n c y  w i l l  b e  most l i k e l y .  Such p r a c t i c e s  
as i n c o r p o r a t i o n ,  s p l i t  a p p l i c a t i o n s ,  s u r f a c e  b roadcas t i ng ,  band 
a p p l i c a t i o n ,  u se  o f  w i n t e r  legume cover  c rops ,  o r  use  o f  n i t r i f i c a t i o n  
i n h i b i t o r s  should be used i n  terms of t h e  r e l a t i v e  merits which have been 
tested and demonstra ted under t h e  v a r i o u s  s o i l  and climatic s i t u a t i o n s  found 
throughout  the  sou th .  

S ince  f e r t i l i z e r  N i s  u s u a l l y  s u r f a c e  a p p l i e d  f o r  n o- t i l l ,  there  is  a 
greater p o t e n t i a l  r i s k  f o r  leaching, v o l a t i l i z a t i o n ,  d e n i t r i f i c a t i o n ,  and 
immobi l i za t ion .  O f  t h e  commonly used N sou rce s ,  t h e  p o t e n t i a l  r i s k  of  
s u r f a c e  l o s s e s  from s u r f a c e  a p p l i c a t i o n  o f  u r e a  t o  n o - t i l l  corn  i s  greater 
t h a n  from ammonium n i t r a t e  o r  urea-ammonium n i t r a t e  s o l u t i o n s  (Bandel e t  
a l . ,  1980; Touchton and Hargrove, 1982; McKibben, 1975). I n  a Kentucky 
r e p o r t  by Wells e t  al .  (1976) i t  was i n d i c a t e d  t h a t  a l though  u r ea  ha s  a 
greater p o t e n t i a l  f o r  s u r f a c e  losses, v a r i a b i l i t y  of  r e s u l t s  due t o  
u n p r e d i c t a b l e  r a i n f a l l  make i t  d i f f i c u l t  t o  d i s c r i m i n a t e  among these sou rce s  
f o r  n o- t i l l  corn.  
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Subsur face  a p p l i c a t i o n  of N has been shown t o  improve t h e  e f f i c i e n c y  
for  use  by n o- t i l l  Corn. Assumedly, t h i s  p r a c t i c e  would lower  the r i s k  f o r  
v o l a t i l i z a t i o n  and immobil izat ion.  Delayed a p p l i c a t i o n s  o f  N g i v e  similar 
i nc r ea sed  e f f i c i e n c y  (Smith  e t  a l . ,  1984). Touchton e t  al. ,  (1982) reported 
succes s  i n  u s ing  crimson c l o v e r  as a w i n t e r  cover  crop on a Cecil sandy loam 
s o i l  i n  Georgia for n o- t i l l i n g  g r a i n  sorghum. They showed t h a t  i f  the g r a i n
sorghum was n o t  p l an t ed  u n t i l  a f t e r  t h e  crimson c l o v e r  set seed, t h e  crimson 
c l o v e r  would s u c c e s s f u l l y  reseed i t se l f ,  e l i m i n a t i n g  t h e  need fo r  purchasing 
cover  crop seed i n  t h e  f a l l .  A d d i t i o n a l l y ,  t hey  found t h a t  n i t r ogen  f i x e d  
by and released from t h e  crimson c l o v e r  was s u f f i c i e n t  t o  get m a x i m u m  g r a i n
sorghum y i e l d s  wi thout  a p p l i c a t i o n  o f  f e r t i l i z e r  N. 

Wells (1984) has summarized n i t r o g e n  fert i l izer management fo r  n o - t i l l  
co rn  as follows: 

"Study o f  n o - t i l l  corn  exper iments  r epo r t ed  t o  the  
c u r r e n t  time i n d i c a t e s  tha t  more e f f i c i e n t  u se  of f e r t i l i z e r  
N r e s u l t s  from n o- t i l l  corn  t han  from conven t iona l l y  grown 
corn.  It should be noted t h a t  most data publ i shed  t o  date 
come from t h e  upper sou th  and e a s t e r n  seaboard areas. T h i s  
better e f f i c i e n c y  is assumedly t h e  r e s u l t  of less mois ture  
stress i n  n o- t i l l  corn ,  which p rov ides  t h e  p o t e n t i a l  for 
h igher  y i e l d s  from d r y  land  corn  produc t ion  a t  h ighe r  l e v e l s  
of fe r t i l i ze r  N use t h a n  i s  g e n e r a l l y  poss ib le  w i t h  
convent iona l  t i l lage .  Even though use  o f  n o- t i l l  p roduc t ion  
t e chn iques  i n c r e a s e s  r i s k s  f o r  immobil izat ion,  
d e n i t r i f i c a t i o n ,  and leaching of f e r t i l i z e r  N, r e s u l t s  have 
g e n e r a l l y  shown t h a t  co rn  y i e l d s  are e q u i v a l e n t  t o  and o f t e n  
bet ter  f o r  n o- t i l l  t h a n  convent iona l  tillage a t  rates of 
f e r t i l i z e r  N usage l i k e l y  t o  be recommended f o r  commercial 
product ion.  Although such  r i s k s  are great on so i l s  l i k e l y  t o  
be  n e a r  mois ture  s a t u r a t i o n  du r ing  t h e  e a r l y  growing season,  
delayed or  s p l i t  a p p l i c a t i o n s  o f  f e r t i l i z e r  N, or use  of t h e  
n i t r i f i c a t i o n  i n h i b i t o r ,  n i t r a p y r i n ,  have been shown t o  be 
e f f e c t i v e  i n  overcoming them f o r  s u r f a c e  N a p p l i c a t i o n  on 
such so i l s .  There i s  some i n d i c a t i o n  t h a t  such r i s k s  can  
a l s o  be lowered by subsu r f ace  a p p l i c a t i o n  o f  f e r t i l i z e r  N. 

" Studies  d i rected at  i n c r e a s i n g  r e s i d u a l  s o i l  N con t en t  
as a means o f  compensating f o r  t h e  lower  m i n e r a l i z a t i o n  of 
s o i l  o rgan i c  N i n h e r e n t  wi th  n o- t i l l ,  have shown good 
r e s u l t s .  T h i s  has involved  use  of w i n t e r  annual  legumes as 
cover  c r o p s  and p l a n t i n g  n o- t i l l  corn  i n t o  k i l l e d  legume 
sods." 

-ll. -
Although there is o f t e n  much concern over  s u r f a c e  a p p l i c a t i o n  of P and 

K t o  n o - t i l l  crops, p a r t i c u l a r l y  on low test ing s o i l s  s t u d i e s  as p rev ious ly  
c i ted  (Singh e t  a l , ,  1966; Belcher and Ragland e t  al . ,  1982) have shown i t  
t o  be as e f f e c t i v e  as inco rpo ra t i on .  However, i t  has  been shown t h a t  a row 
a p p l i c a t i o n  of P and K on s o i l s  which were compacted improved y i e l d s  o f  co rn  
g r a i n  sorghum, and c o t t o n  (Touchton, 1984). Sharpe e t  a l . ,  (1984) reported 
on a s tudy  conducted on a Cecil sandy loam s o i l  i n  Georgia t o  determine 
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whether. i t  was necessa ry  t o  raise a low P testing soi l  t o  h i g h  before 
n o- t i l l i n g .  They compared rates  of  P i n i t i a l l y  worked i n t o  t h e  s o i l  b e f o r e  
n o - t i l l i n g  a g a i n s t  annual  o r  b iannua l  broadcast a p p l i c a t i o n  of  P f o r  double  
cropped soybeans and wheat ove r  a 4 y e a r  per iod .  They found t h a t  a n  i n i t i a l  
a p p l i c a t i o n  of  114 l b s  P/A (260 l b s  was s u f f i c i e n t  t o  ma in t a in  maximum 
wheat and soybean y i e l d s  f o r  a t  leas t  3 y e a r s  on t h i s  low P s o i l .  Annual 
b roadcas t  a p p l i c a t i o n  o f  57 l b s  P/A (130 l b s  P 0 ) e i t h e r  a l l  i n  t h e  f a l l  
before seeding wheat o r  ha l f  i n  t h e  f a l l  and before seed ing  soybeans 
a l s o  mainta ined maximum y i e l d s .  
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