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The f i r s t  p l a n t e r  sys tem des igned  s p e c i f i c a l l y  f o r  n o- t i l l a g e  farming 
was i n t r o d u c e d  i n  t h e  commercial  market a lmos t  two decades  ago (Agrichemical  
Age, 1982). S ince  then ,  an impress ive  v a r i e t y  of machines and component 
o p t i o n s  have been developed and manufactured. I l l u s t r a t i n g  t h i s  e x t e n s i v e  
e v o l u t i o n  i s  t h e  f a c t  t h a t  t h e r e  are c u r r e n t l y  commercially a v a i l a b l e  more 
than  4,000 d i f f e r e n t  combinat ions  of  c o u l t e r s ,  openers ,  c o v e r i n g  d i s k s ,  
presswheels,  and o t h e r  components f o r  row p l a n t e r s  a l o n e  ( S u c c e s s f u l  Farming, 
1983b). In  s p i t e  of t h i s  p r o l i f e r a t i o n  of a v a i l a b l e  machinery, many of the  
pe rce ived  problems a s s o c i a t e d  w i t h  n o- t i l l a g e  p roduc t ion  a r e  equipment 
r e l a t e d .  In a su rvey  conducted  by P i o n e e r  Hi-Bred I n t e r n a t i o n a l ,  t h e  t h r e e  
most impor tan t  r e a s o n s  f a r m e r s  gave f o r  opposing c o n s e r v a t i o n  t i l l a g e  were (1)  
i n a d e q u a t e  weed c o n t r o l ,  ( 2 )  h i g h  chemica l  c o s t s ,  and ( 3 )  l a c k  of p roper  
equipment (Agrichemical  Age, 1983). B e t t e r  equipment was l i s t e d  by 34 p e r c e n t  
o f  t h e  respondents t o  t h a t  same survey  as a t e c h n o l o g i c a l  f a c t o r  t h a t  cou ld  
i n f l u e n c e  farmers t o  i n c r e a s e  c o n s e r v a t i o n  t i l l a g e  p r a c t i c e s .  

A 1982 survey  of 509 West Tennessee f a r m e r s  was conducted t o  i d e n t i f y  
t h e  c r o p  producers '  views of t h e  advan tages  and d i s a d v a n t a g e s  of n o- t i l l a g e  
production t echn iques  (Leu tho ld  and Hart, 1984). Farmer response t o  e i g h t  
l i s t e d  d i s a d v a n t a g e s  a r e  summarized by u s e r  c a t e g o r y  i n  T a b l e  1. Note t h a t  
s e v e r a l  of t h e  major d i s a d v a n t a g e s  of n o- t i l l a g e  a s  pe rce ived  by f a r m e r s  a r e  
e i t h e r  d i r e c t l y  o r  i n d i r e c t l y  r e l a t e d  t o  machinery. 

T a b l e  1. P r o p o r t i o n  of West Tennessee farmer  su rvey  responden ts  who perce ived  
v a r i o u s  problems of n o- t i l l a g e  as major d i s a d v a n t a g e s  

User Category--
A l l  Former Continued 

F a rm e r s  Users Nonusers Users  
Disadvan tages  of N o- t i l l a g e  (N-509) - (N-54) (N-156) (N-223) 

percentage-----------------
1. I n c r e a s e d  chemical  c o s t s  60.5 64.8 57.1 57.9 
2. Weed c o n t r o l  problems 49.5 59.3 60.3 40.4 
3. Cost  of n o - t i l l  equipment 37.5 42.6 48.7 27.4 
4. More d i f f i c u l t  t o  manage 29.9 35.2 37.2 25.1 
5. More p r e c i s e  p l a n t i n g  needed 19.3 27.8 18.6 17.4 
6. 	 N e c e s s i t y  of a l s o  keep ing  

c o n v e n t i o n a l  p l a n t e r s  19.3 27.8 27.6 13.5 
7. Spray r e s i d u e s  13.6 24.1 20.5 7.6 
8. Y i e l d  v a r i a b i l i t y  13.0 22.2 18.0 6.7 
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Long regarded as v i t a l  t o  t h e  success of any n o- t i l l a g e  c r o p  p roduc t ion  
system i s  t h e  a b i l i t y  t o  ( 1 )  e s t a b l i s h  adequate  p l a n t  s t a n d s  and ( 2 )  
e f f e c t i v e l y  c o n t r o l  t h e  c r o p  p e s t s ,  most n o t a b l y  weeds. N e i t h e r  of t h e s e  t a s k s  
i s  e a s i l y  accomplished i n  a p r a c t i c a l  sense  wi thou t  p roper  equipment and good 
machinery management. Consequent ly ,  bo th  r e s e a r c h e r s  and manufac tu re r s  have 
c o n t i n u a l l y  sought  t o  develop more e f f e c t i v e  p l a n t i n g  and chemical  a p p l i c a t i o n  
equipment and t o  i d e n t i f y  widely  r e l i a b l e  o p e r a t i n g  p rocedures  f o r  t h a t  
equ ipment .  In the p a s t  few y e a r s ,  c o n s i d e r a b l e  a t t e n t i o n  has  been g i v e n  t o  
deve lop ing  f e r t i l i z e r  a p p l i c a t i o n  equipment t o  meet t h e  unique requ i rements  of 
n o- t i l l a g e  c u l t u r a l  p r a c t i c e s .  An overview of t h e  a v a i l a b l e  equipment and 
recommended o p e r a t i n g  p rocedures  i n  t h e  g e n e r a l  a r e a s  of p l a n t i n g ,  sp ray ing ,  
and f e r t i l i z e r  a p p l i c a t i o n  f o r  n o- t i l l a g e  i s  p r e s e n t e d  below. 

PLANTING EQUIPMENT 

No- t i l l age  p l a n t e r s  g e n e r a l l y  f e a t u r e  more rugged c o n s t r u c t i o n ,  have 
more s o i l- c o n t a c t i n g  components o r  assemblies, and consequen t ly  c o s t  15 t o  25 
p e r c e n t  more than c o n v e n t i o n a l  p l a n t e r s  (Mowitz, 1985). The p r i n c i p a l  
functions of a n o- t i l l a g e  p l a n t e r  a r e  t o  p repare  a seed  zone i n  p r e v i o u s l y  
u n t i l l e d  s o i l  and t o  p l a c e  c r o p  s e e d s  such  t h a t  an adequa te  s t a n d  of p l a n t s  i n  
an  a c c e p t a b l e  p a t t e r n  is e s t a b l i s h e d .  Genera l  p r e p a r a t i o n  of t h e  seed  zone i s  
t h e  f u n c t i o n  of t h e  pr imary fu r row opener  which may be a p a s s i v e  r o l l i n g  
c o u l t e r ,  a powered c o u l t e r ,  a powered t i l l e r ,  a r i g i d  b lade  o r  shank, o r  some 
combinat ion of these .  P a s s i v e  r o l l i n g  c o u l t e r s  (smooth, s e r r a t e d ,  r i p p l e ,  o r  
f l u t e d )  are by f a r  t h e  most widely  used primary furrow openers .  The c o u l t e r  
shou ld  c l e a n l y  c u t  th rough  s u r f a c e  r e s i d u e  w i t h o u t  pushing p o r t i o n s  of t h e  
r e s i d u e  down i n t o  t h e  opened s l o t .  S t u d i e s  have i n d i c a t e d  t h a t  p l a n t  r e s i d u e  
p r e s s e d  i n t o  t h e  furrow r e s u l t s  i n  reduced s e e d l i n g  emergence because t h e  
r e s i d u e  p r e v e n t s  t h e  s e e d- s o i l  c o n t a c t  n e c e s s a r y  f o r  germinat ion (Sanford,  
1982). Thus, c o u l t e r  edges  shou ld  be k e p t  sharp.  Some r e s e a r c h  s u g g e s t s  t h a t  
c l e a r i n g  t h e  r e s i d u e  from a narrow s t r i p  i n  f r o n t  of t h e  fu r row opener  can be 
advantageous  i n  enhancing germina t ion  (Mangold, 1985). Attachments f e a t u r i n g  
t i n e s  o r  d i s k s  des igned f o r  c l e a r i n g  away r e s i d u e  i n  t h e  p a t h  of t h e  furrow 
opener  a r e  widely  a v a i l a b l e  but  may be more u s e f u l  i n  reduced t i l l a g e  p l a n t i n g  
than  i n  n o- t i l l a g e  environments .  

The c o u l t e r  shou ld  un i fo rmly  p e n e t r a t e  t h e  s o i l  t o  a d e p t h  somewhat 
g r e a t e r  than t h e  d e p t h  of d e s i r e d  seed  placement. When the  s o i l  i s  e s p e c i a l l y  
ha rd ,  a c h i e v i n g  t h i s  p e n e t r a t i o n  may r e q u i r e  t h e  a d d i t i o n  of a s u b s t a n t i a l  
q u a n t i t y  of ba l las t ,  perhaps  400 t o  500 pounds pe r  row. 

Deba te  o v e r  which type of c o u l t e r  i s  b e s t  f o r  a p a r t i c u l a r  p l a n t i n g  
s i t u a t i o n  c o n t i n u e s .  Smooth c o u l t e r s  r e q u i r e  less f o r c e  t o  c u t  heavy r e s i d u e  
and t o  p e n e t r a t e  hard,  d r y  s o i l  than  do wider  r i p p l e  and f l u t e d  c o u l t e r s  
(Erbach and Choi, 1983). Smooth c o u l t e r s ,  on t h e  o t h e r  hand, open a v e r y  
narrow s l o t  and perform l i t t l e  t i l l a g e  w i t h i n  t h e  s l o t .  Wider f l u t e d  and 
r i p p l e  c o u l t e r s  perform more t i l l a g e  and produce more loose  s o i l  but  tend t o  
be more speed s e n s i t i v e  than  smooth c o u l t e r s .  A t  h i g h  o p e r a t i n g  s p e e d s  and 
w i t h  c e r t a i n  s o i l  mois tu re  c o n d i t i o n s ,  wider  c o u l t e r s  tend t o  throw s o i l  o u t  
o f  the  furrow. T h i s  s o i l  d i sp lacement  i s  u n d e s i r a b l e  f o r  a t  least  two reasons :  
(1) l o o s e  s o i l  needed t o  cover  t h e  seed  i s  e f f e c t i v e l y  l o s t ,  and ( 2 )  s o i l  
thrown o u t  of the  fu r row makes m a i n t a i n i n g  a uniform s e e d i n g  d e p t h  more 
d i f f i c u l t .  The g e n e r a l  t r e n d  i s  toward t h e  narrower c o u l t e r  d e s i g n  (smooth, 
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r i p p l e ,  o r  f l u t e d )  because r e s e a r c h  i n d i c a t e s  t h a t  a narrow s l o t  r e s u l t s  i n  
more p r e c i s i o n  i n  seed  placement and t h a t  t h e  narrow c o u l t e r s  f u n c t i o n  b e t t e r  
o v e r  a wider  range of p l a n t i n g  c o n d i t i o n s  ( S u c c e s s f u l  Farming, 1983b). 
M u l t i p l e  c o u l t e r s  are sometimes used f o r  opening and c o n d i t i o n i n g  t h e  furrow. 
In the u s u a l  scheme, a smooth c o u l t e r  i n  f r o n t  c u t s  t h e  r e s i d u e  and creates a 
s l o t  i n  t h e  s o i l  whi le  a f o l l o w i n g  r i p p l e  o r  f l u t e d  c o u l t e r  p r o v i d e s  
additionial tillage w i t h i n  t h e  s l o t .  The o v e r a l l  d i s t a n c e  from t h e  l e a d i n g  
fu r row opening dev ice  t o  t h e  rear-most s o i l- c o n t a c t i n g  component on t h e  
p l a n t e r  should  be as s h o r t  as p o s s i b l e  t o  i n s u r e  p roper  t r a c k i n g  when p l a n t i n g  
on the  con tour .  

The primary furrow opening assembly may i n c l u d e  a shank t o  p rov ide  deep 
t i l l a g e  d i r e c t l y  under  t h e  c r o p  row. S t u d i e s  have shown t h a t  in-row s u b s o i l i n g  
may be n e c e s s a r y  t o  o b t a i n  n o - t i l l  c r o p  y i e l d s  comparable t o  c o n v e n t i o n a l  
t i l l a g e  y i e l d s  i n  s o i l s  p a r t i c u l a r l y  s u s c e p t i b l e  t o  compaction and plow pan 
fo rmat ion  (Touchton arid Johnson,  1982). A smooth c o u l t e r  i s  u s u a l l y  mounted i n  
f r o n t  of t h e  shank t o  c u t  t h e  s u r f a c e  r e s i d u e ,  i n i t i a t e  s l o t  fo rmat ion ,  and 
p r e v e n t  c o l l e c t i o n  of t r a s h  on t h e  shank. Attachments behind t h e  shank are 
n e c e s s a r y  t o  i n s u r e  t h a t  t h e  deep s l o t  i s  complete ly  r e f i l l e d  w i t h  moderate ly  
compacted s o i l ;  o t h e r w i s e ,  u n i f o r m i t y  of s e e d i n g  d e p t h  i s  l i k e l y  t o  be 
d i f f i c u l t  t o  ach ieve .  

Disk- type p l a n t e r  o p e n e r s  are t y p i c a l l y  used on n o- t i l l a g e  u n i t s ,  
a l t h o u g h  runner  openers  a r e  s u c c e s s f u l l y  employed on some models. Double- disk 
planter openers  are g e n e r a l l y  p r e f e r r e d  behind r o l l i n g  c o u l t e r s  because they  
d i s t u r b  r e l a t i v e l y  l i t t l e  s o i l  and c u t  through t h e  r e s i d u e  w e l l .  A t  least  one 
commercial p l a n t e r  model employs an o f f s e t  double- disk opener  des igned  t o  
p e n e t r a t e  t h e  u n t i l l e d  s o i l  d i r e c t l y  w i t h o u t  b e n e f i t  of a l e a d i n g  c o u l t e r  f o r  
opening a s l o t .  Depth c o n t r o l  a t  t h e  p l a n t e r  opener  is impor tan t  i n  a s s u r i n g  
u n i f o r m i t y  i n  t h e  d e p t h  of seed  placement.  Best r e s u l t s  are o b t a i n e d  when 
depth’ is c o n t r o l l e d  f o r  e a c h  p l a n t e r  u n i t  independen t ly  and when t h e  d e p t h  
c o n t r o l  d e v i c e  is l o c a t e d  v e r y  n e a r  t h e  p l a n t e r  opener.  

Furrow c l o s i n g  d e v i c e s  and p r e s s  wheels a r e  used t o  i n s u r e  t h a t  t h e  
d e p o s i t e d  seed  a r e  covered w i t h  s o i l  and t h a t  t h e  s o i l  i s  brought  f i r m l y  i n  
c o n t a c t  w i t h  the  seed.  The d i f f i c u l t y  i n  c l o s i n g  t h e  fu r row behind t h e  p l a n t e r  
opener  depends upon t h e  c h a r a c t e r i s t i c s  of t h e  s o i l ,  e s p e c i a l l y  t h e  mois tu re  
c o n t e n t .  To v i v i d l y  i l l u s t r a t e  t h e  importance of t h e  o p e r a t i n g  c o n d i t i o n s ,  
c o n s i d e r  t h e  r e s u l t s  of Tennessee  tests  e v a l u a t i n g  commercial n o- t i l l a g e  
p l a n t e r  performance i n  s e e d i n g  soybeans i n  wheat s t u b b l e .  A p l a n t e r  equipped 
w i t h  a pneumatic c e n t e r- r i b  p r e s s  wheel o p e r a t e d  i n  Calloway s i l t  loam a t  21 
p e r c e n t  mois tu re  (db) f a i l e d  t o  a d e q u a t e l y  c l o s e  t h e  furrows l e a v i n g  an 
average  of 28 p e r c e n t  of t h e  s e e d s  exposed whi le  a s i m i l a r l y  equipped p l a n t e r  
o p e r a t e d  i n  Memphis s i l t  loam a t  20 p e r c e n t  mois tu re  ach ieved  complete fu r row 
c l o s u r e  and e x c e l l e n t  s e e d  coverage.  In t h e s e  same tests, a g g r e s s i v e  c o v e r i n g  
d e v i c e s  ( m u l t i p l e  press wheels  and fu r row c l o s u r e  d i s k s )  tended t o  cover  a 
g r e a t e r  pe rcen tage  of metered seed  under  d r y  s o i l  c o n d i t i o n s  than  a s i n g l e  
p r e s s  wheel d e s i g n  ( B e l l ,  1984). The p r e s s  wheel should  a s s u r e  t h a t  t h e  s o i l  
i s  f i rmed around t h e  s e e d  t o  e s t a b l i s h  s e e d- s o i l  c o n t a c t  w i t h o u t  e x c e s s i v e l y  
compacting t h e  s o i l  th rough  which t h e  s e e d l i n g  must emerge. 
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SPRAYING EQUIPMENT 

H e r b i c i d e  f o r m u l a t i o n s  a p p l i e d  f o r  n o- t i l l a g e  p l a n t i n g  should be 
d e l i v e r e d  so as t o  accomplish  two th ings :  (1) thorough coverage of t h e  f o l i a g e  
of e x i s t i n g  v e g e t a t i o n  t o  e f f e c t  p o s t  emergence c o n t r o l  and ( 2 )  uniform 
penetration of s u r f a c e  r e s i d u e  e n r o u t e  t o  t h e  s o i l  s u r f a c e  t o  e s t a b l i s h  
preemergence weed c o n t r o l .  S p e c i f i c  s t u d i e s  w i t h  met r ibuz in  and a t r a z i n e  
i n d i c a t e d  t h a t  l e s s  than 50 p e r c e n t  of t h e  chemicals  p e n e t r a t e d  t h e  straw and 
s t u b b l e  and reached t h e  s o i l  s u r f a c e  (Ghadi r i  e t  a l . ,  1984; Banks and 
Robinson, 1982). R e s u l t s  of  a s t u d y  examining s t r a w  and s t u b b l e  p e n e t r a t i o n  
u s i n g  f l a t  f a n  n o z z l e s  t o  app ly  10 t o  30 g a l l o n s  p e r  a c r e  showed t h a t  t h e  
pe rcen tage  of chemical  r e a c h i n g  t h e  s o i l  i n c r e a s e d  as a p p l i c a t i o n  r a t e  
i n c r e a s e d  (Ger l ing  and S o l i e ,  1984). While t h e  o p e r a t i n g  p r e s s u r e  d i d  n o t  
a f f e c t  t h e  pe rcen tage  p e n e t r a t i o n ,  t h e  q u a n t i t y  of s u r f a c e  r e s i d u e  d i d  have a 
pronounced e f fec t .  Some s o u r c e s  s u g g e s t  a p p l i c a t i o n  r a t e s  as h i g h  as 60 
g a l l o n s  per acre where v e g e t a t i o n  i s  heavy o r  growth i s  rank ( S u c c e s s f u l  
Farming, 1983a). Y e t  t h e r e  i s  tremendous i n t e r e s t  i n  and considerable r e s e a r c h  
r e l a t e d  t o  t h e  use  of r e l a t i v e l y  low volume a p p l i c a t i o n  i n  n o- t i l l a g e .  
C e n t r i f u g a l- t y p e  d r o p l e t  forming d e v i c e s  known a s  c o n t r o l l e d  d r o p l e t  
a p p l i c a t o r s  (CDA), which g e n e r a t e  small d r o p l e t s  r e l a t i v e l y  uniform i n  s i z e ,  
are c u r r e n t l y  being widely  marketed as low volume a p p l i c a t o r s .  S e v e r a l  
s t u d i e s ,  i n c l u d i n g  one i n  Tennessee,  where soybeans were n o - t i l l  seeded i n  
wheat s t u b b l e ,  showed t h a t  weed c o n t r o l  o b t a i n e d  w i t h  4 g a l l o n s  p e r  a c r e  was 
e q u a l  t o  t h a t  o b t a i n e d  w i t h  a p p l i c a t i o n s  of 20 g a l l o n s  pe r  a c r e .  Fur thermore,  
low volume a p p l i c a t i o n s  w i t h  f l a t  f a n  n o z z l e s  were j u s t  as e f f e c t i v e  as those  
made w i t h  CDA. Among t h e  d i s a d v a n t a g e s  c i t e d  by c r i t i c s  of CDA a r e  poor canopy 
o r  s t u b b l e  p e n e t r a t i o n  and enhanced d r i f t  p o t e n t i a l  n a t u r a l l y  a s s o c i a t e d  w i t h  
s m a l l  d r o p l e t s .  Perhaps  Gordon Berg (1985) i n  a r e c e n t  a r t i c l e  summarized t h e  
q u e s t i o n  of CDA v e r s u s  c o n v e n t i o n a l  s p r a y  a p p l i c a t i o n  b e s t  by n o t i n g  t h a t  " t h e  
j u r y  i s  s t i l l  out." 

Exper imenta l  air- assist  n o z z l e s  which employ a stream of compressed a i r  
t o  a i d  i n  fo rmat ion  and d e l i v e r y  of d r o p l e t s  t o  t h e  t a r g e t  s u r f a c e  have been 
i n t r o d u c e d  as low volume a p p l i c a t i o n  u n i t s .  The d r o p l e t s  are d e l i v e r e d  from a 
modif ied f l o o d  t i p  i n  a t a p e r e d  edge f l a t  sp ray  p a t t e r n  f o r  b roadcas t  
a p p l i c a t i o n .  D e s i g n  m o d i f i c a t i o n s  t o  t h e  p ro to type  n o z z l e s  c o n t i n u e  t o  be made 
based upon t h e  r e s u l t s  of f i e l d  and l a b o r a t o r y  tests. 

Renewed i n t e r e s t  h a s  been shown i n  postemergence d i r e c t e d  s p r a y e r s  f o r  
u s e  i n  n o- t i l l a g e  crops .  While e f f e c t i v e  over- the- top postemergence h e r b i c i d e s  
have been made widely  a v a i l a b l e ,  postemergent d i r e c t e d  s p r a y i n g  may s t i l l  
o f f e r  an economical ly  a t t r a c t i v e  a l t e r n a t i v e  from the  s t a n d p o i n t  of t o t a l  c o s t  
o f  h e r b i c i d e s  r e q u i r e d  t o  produce a crop.  However, many row c r o p s  c u r r e n t l y  
grown n o- t i l l a g e  are seeded i n  rows spaced 20 i n c h e s  or less. In a Tennessee 
s t u d y ,  s i x  commercial and e x p e r i m e n t a l  d i r e c t e d  s p r a y  a p p l i c a t o r s  were 
e v a l u a t e d  f o r  e f f e c t i v e n e s s  of o p e r a t i o n  i n  soybeans p l a n t e d  w i t h  20- inch row 
spacing. Each of the  s p r a y e r s  f e a t u r e d  d e v i c e s  f o r  s h i e l d i n g  t h e  soybean 
p l a n t s  from t h e  sp ray  be ing  a p p l i e d  between t h e  c r o p  rows. Recommended n o z z l e  
t i p s  ranged from f lood- type t o  f l a t  f a n  and even spray .  Study r e s u l t s  
i n d i c a t e d  t h a t  w i t h  c a r e f u l  management d i r e c t e d  s p r a y i n g  i s  a f e a s i b l e  
a l t e r n a t i v e  i n  20- inch rows and t h a t  a good s e l e c t i o n  of a p p r o p r i a t e  equipment 
i s  commercially a v a i l a b l e .  
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N e w  equipment f o r  i n j e c t i n g  chemical  c o n c e n t r a t e  i n t o  t h e  f l u i d  c i r c u i t  
n e a r  t h e  p o i n t  of s p r a y  d i s c h a r g e  from t h e  machine i s  be ing  i n t r o d u c e d  i n  t h e  
marketplace .  The overwhelming advantage of t h i s  technology i s  t h a t  a n  o p e r a t o r  
can put  a bulk  c o n t a i n e r  of chemical  on t h e  s p r a y e r  and i n j e c t  t h e  material 
r i g h t  i n  t h e  f i e l d ,  e l i m i n a t i n g  t h e  n e c e s s i t y  f o r  tank mixing and d i s p o s a l  of 
e x c e s s  l i q u i d .  Some e x p e r t s  s u g g e s t  t h a t  t h e r e  remain s e v e r a l  problems t o  
r e s o l v e  b e f o r e  d i r e c t  chemica l  i n j e c t i o n  s y s t e m s  become commomplace. However, 
most a g r e e  t h a t  such systems o f f e r  tremendous p o t e n t i a l  f o r  i n c r e a s i n g  t h e  
e f f i c i e n c y  and s a f e t y  of chemical  a p p l i c a t i o n  g e n e r a l l y .  

While t h e r e  a r e  p r e s e n t l y  a v a i l a b l e  r a d a r  speed d e t e c t o r s ,  s p r a y e r  
moni to r s ,  and e l e c t r o n i c  c o n t r o l  sys tems des igned  t o  enhance t h e  p r e c i s i o n  of 
chemica l  a p p l i c a t i o n ,  a r e c e n t  s t u d y  i n  Nebraska r e v e a l e d  t h a t  60 p e r c e n t  of 
t h e  a p p l i c a t o r s  surveyed missed t h e i r  e s t i m a t e d  a p p l i c a t i o n  rate by more than  
10 p e r c e n t .  About a t h i r d  o v e r a p p l i e d  by more than  10 p e r c e n t  w i t h  an average 
e r r o r  of 30 p e r c e n t  (Agrichemical  Age, 1985). While fa rmers  must s t a y  abreast 
o f  changes i n  technology,  t h i s  and similar s t u d i e s  i n d i c a t e  t h a t  a t t e n t i o n  
shou ld  be g iven  t o  m a i n t a i n i n g  chemical  a p p l i c a t i o n  equipment i n  good working 
c o n d i t i o n  and t o  p roper  c a l i b r a t i o n  and o p e r a t i o n  of t h e  equipment.  

FERTILIZER APPLICATION EQUIPMENT 

F e r t i l i z e r  a p p l i c a t i o n  on t h e  s o i l  s u r f a c e  h a s  been t h e  g e n e r a l  p r a c t i c e  
i n  n o- t i l l a g e  h i s t o r i c a l l y .  C e r t a i n  n i t r o g e n o u s  f e r t i l i z e r s  were n o t  used  
because of t h e  s i g n i f i c a n t  n u t r i e n t  l o s s  due t o  v o l a t i l i z a t i o n .  There  was a l s o  
t h e  s u g g e s t i o n  t h a t  t h e  p resence  of c r o p  r e s i d u e s  on t h e  s o i l  s u r f a c e  made t h e  
n i t r o g e n  less a v a i l a b l e  f o r  c r o p  use .  Some s t u d i e s  i n d i c a t e  t h a t  n u t r i e n t s  can 
become s t r a t i f i e d  i n  t h e  s o i l  i f  t h e  s o i l  i s  c o n t i n u o u s l y  n o- t i l l e d  and n o t  
s t i r r e d  and mixed through t i l l a g e .  Cons iderab le  r e s e a r c h  s u g g e s t s  p o t e n t i a l  
performance advantages  a s s o c i a t e d  w i t h  i n j e c t i n g  f e r t i l i z e r  m a t e r i a l s  i n t o  the 
s o i l  a t  a p a r t i c u l a r  time i n  t h e  p l a n t  growth c y c l e  o r  i n  a s t r a t e g i c  l o c a t i o n  
r e l a t i v e  t o  t h e  p l a n t .  F e r t i l i z e r  i n j e c t i o n  u n i t s  used i n  c o n v e n t i o n a l  
c u l t i v a t i o n  g e n e r a l l y  c o n s i s t e d  of a shank o r  b lade w i t h  a f e r t i l i z e r  d e l i v e r y  
tube on t h e  back s i d e .  Such a d e v i c e  was n o t  d i r e c t l y  a p p l i c a b l e  t o  n o- t i l l a g e  
c ropp ing  p r a c t i c e s .  But w i t h  t h e  a d d i t i o n  of a smooth c o u l t e r  i n  f r o n t  of t h e  
b lade  t o  c u t  the  r e s i d u e  and t o  s t a r t  forming t h e  s l i t  i n  t h e  s o i l ,  t h e  dev ice  
worked q u i t e  w e l l  i n  n o- t i l l a g e  environments .  Consequently,  s e v e r a l  brands of 
such  l i q u i d  o r  d r y  f e r t i l i z e r  i n j e c t o r s  are c u r r e n t l y  a v a i l a b l e  commercially.  
They are des igned  as e i t h e r  p l a n t e r  t o o l b a r  a t t a c h m e n t s  o r  f o r  u s e  w i t h  
s e p a r a t e  f e r t i l i z e r  a p p l i c a t o r s .  Use of a d e p t h  c o n t r o l  d e v i c e  f o r  t h e  c o u l t e r  
i s  g e n e r a l l y  recommended so t h a t  f e r t i l i z e r  placement can be maintained a t  t h e  
d e s i r e d  depth .  

A new machine which u s e s  h i g h  p r e s s u r e  t o  f o r c e  a stream of l i q u i d  
f e r t i l i z e r  through c r o p  s t u b b l e  and i n t o  t h e  s o i l  has  been developed 
s p e c i f i c a l l y  f o r  n o- t i l l a g e  a p p l i c a t i o n s  (Richardson,  1984). F e r t i l i z e r  a t  
p r e s s u r e s  of up t o  2,000 p s i  f l o w s  through a s o l i d  stream n o z z l e  mounted on a 
shoe which s l i d e s  o v e r  t h e  ground s u r f a c e .  Depth of f e r t i l i z e r  p e n e t r a t i o n  
depends on t h e  s o i l  c o n d i t i o n  i n c l u d i n g  mois tu re  c o n t e n t ,  t h e  h e i g h t  of t h e  
n o z z l e  r e l a t i v e  t o  t h e  ground s u r f a c e ,  and t h e  l i q u i d  p r e s s u r e .  A p p l i c a t i o n  
rate  depends upon t h e  o r i f i c e  s i z e  s e l e c t e d .  
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A CLOSING COMMENT 


The survey mentioned n e a r  t h e  beginning of t h i s  p a p e r  sugges ted  t h a t  
s e v e r a l  of the perceived problems a s s o c i a t e d  w i t h  c o n s e r v a t i o n  t i l l a g e  were 
r e l a t e d  t o  t h e  p roduc t ion  equipment used (Agrichemical  Age, 1983). However, 96 
p e r c e n t  of t h e  c o n s e r v a t i o n  t i l l a g e  p r a c t i o n e r s  surveyed i n  t h a t  s t u d y  
i n d i c a t e d  a t  least  a moderate l e v e l  of s a t i s f a c t i o n  w i t h  t h e  p r a c t i c e  and t h e  
r e s u l t s  ob ta ined .  Continued i n n o v a t i v e  developments i n  equipment and 
o p e r a t i o n a l  methodology f o r  n o- t i l l a g e  w i l l  f a r t h e r  a l l e v i a t e  pe rce ived  
shor tcomings  of t h e  p r a c t i c e .  A t  a 1984 n a t i o n a l  confe rence  on c o n s e r v a t i o n  
t i l l a g e ,  i n d u s t r y  r e p r e s e n t a t i v e s  i n d i c a t e d  t h a t  they were anx ious  and ready 
t o  d e s i g n ,  manufacture ,  and market new equipment f o r  c o n s e r v a t i o n  fa rming  
(Lindemann e t  a l . ,  1984). 
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