
FARM MACHINERY DEVELOPMENT FOR NO-TILLAGE AGRICULTURE 

John E. Morrison 

USDA, Agricultural Research Service 
Grass1and , Soi 1 and Water Research Laboratory

P. 0. Box 6112 
Temple, TX 76503-6112 

Proceedings 1986 Southern Region No-Ti1 lage Conference 
Lexington, K Y  -- June 1986 

INTRODUCTION 

No- tillage agr icu l tu re  i s  a viable philosophy and pract ice  f o r  1980's 
ag r icu l tu re  i n  the United S ta tes  because of the in te rac t ion  of many
fac to r s ,  i l l u s t r a t e d  by the following c i r c l e  of i n t e r r e l a t e d  needs, tech
nologies, and results: 

-f Needed erosion control f o r  continued agr icu l tu re  
Residues provide f o r  erosion control No-Till t o  main
t a i n  the residues -+ Reduced energy requirements because 
of No-till Lower equipment c o s t s  from reduced energy
requirements More economical production because of 
lower equipment c o s t s  Continued agr icu l tu re  i s  
possible w i t h  more economical production 

Agriculture i s  a business and agr icu l tu ra l  management i s  driven by eco
nomic decisions.  Wi th  no forseable t r ends  toward sustained h i g h e r  prices
f o r  agr icu l tu ra l  products r e l a t i v e  t o  the c o s t s  of production items, i t  
appears t h a t  more economical production i s  required f o r  continued a g r i 
c u l t u r e  i n  i t s  present form. Such production economy must be f o r  t o t a l  
farming en te rp r i ses  and not just f o r  one crop w i t h i n  an en te rp r i se .  

Unlike land,  insurance, avai lable  family l abor ,  seed, and f e r t i l i z e r  
c o s t s ,  farm machinery inventory and management a r e  highly variable c o s t s  
w i t h i n  an en te rp r i se  budget. W i t h  equal production, reductions i n  
machinery-related c o s t s  produce increased p r o f i t s .  W i t h  re-evaluated pro
duction goals s e t  t o  maximize net p r o f i t s  r a the r  than y ie lds ,  machinery-
re la ted  c o s t s  m i g h t  be reduced fur ther .  

Please note t h a t  herbicide weed control has not been mentioned. For this 
paper, weed control i s  considered t o  be pa r t  of t h e  functional machine 
system w i t h  the appl ica t ion of herbicides being mechanical operat ions 
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s u b s t i t u t i n g  for mechanical weed control .  This i s  b u t  one of several 
machinery selection and management options w h i c h  must be evaluated t o  
maximize the farm enterprise p r o f i t s .  

Farm machine systems a r e  subs tan t i a l ly  based upon approaches t o  four 
basic functions: 

1 ) Residue Management , 
2 )  F e r t i l i z e r  Application, 
3)  Crop Establ i shment ,
4 )  Weed Control. 

Conventional t i l l a g e  philosophy says t h a t  residues must be completely
buried so t h a t  a broadcast f i e l d  surface can be t i l l e d  unt i l  t h e  desired 
surface l a y e r  soi l  structure i s  produced f o r  a seedbed. Weed control by
mechanical c u l t i v a t i o n  i s  compatible w i t h  conventional residue management
and seedbed preparat ion.  

In con t ras t  w i t h  conventional t i l l a g e ,  no- t i l lage  philosophy says t h a t  
residues must be k e p t  on the soil surface year-around t o  conserve soi l  
moisture and t o  protec t  soil from erosion.  ( A t  t h i s  p o i n t ,  we should 
admit t h a t  few farmers are go ing  t o  make any change i n  production
prac t i ces  i f  the re  a r e  not economic incentives; items such a s  "erosion 
control ,"  reduced "groundwater pol lu t ion," and m i n i m u m  " o f f s i t e  impacts" 
are laudable environmental protection goals ,  b u t  they will  only be p u r
sued i f  the pract ices  w h i c h  achieve them are a l s o  sensible, pract ical  , 
manageable, and p r o f i t a b l e ) .  Therefore, the object ive  f o r  development of 
farm machinery f o r  no- t i l lage  i s  t o  make ava i l ab le  machines f o r  the  main
tenance o f  surface residues while e s tab l i sh ing  crops ,  applying f e r t i l 
i z e r s ,  and con t ro l l ing  i n s e c t s  and weeds. 

Machines For Residue Management 

No- tillage f i e l d  machines must be conceived and designed t o  e i t h e r  mani
pulate residues o r  minimize residue disturbance so t h a t  the  following 
separate goals a r e  achieved: 

1 )  Soil cover i s  maintained f o r  required level  of conservation,  

2)  	 Subsequent machine operat ions w h i c h  contact  t h e  residue and 
soi l  may be accomplished w i t h  r e l i a b l e ,  uniform r e s u l t s ,  

3)  Crop response and weed control a r e  uniform. 

Residue manipulation includes straw and s tover  chopper/spreaders on wide 
combines, shredders, and  p lan te r  s t r i p - t i l l e r s  o r  s t r ip- cleaners .  
Standard straw spreaders on combines will n o t  spread evenly across the  
w i d t h  of c u t  and ac tua l ly  separate the  material according t o  s i z e  and 
weight, Fig .  1 .  This s i tua t ion  commonly r e s u l t s  i n  h i g h  concentrations 
of chaf f ,  spi l led g ra in ,  and weed seed i n  t h e  cen te r  of t h e  combine path
and only l a r g e ,  coarse pieces of residue a t  the  outer  edges (Allmaras 
e t  a l . ,  1985). After  making such a nonuniform residue d i s t r ibu t ion  w i t h  
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a combine, no one would expect uniform performance by subsequent
machines, f e r t i l i z e r s ,  herbicides, o r  crop plants. Machines adapted t o  
and adjusted f o r  one residue condition will encounter d i f f e r e n t  types and 
s i z e s  of residues across the f i e l d  and d i f f e r e n t  soi l  moisture contents  
under the different amounts of soi l  cover. F e r t i l i z e r  performance will  
be d i f f e r e n t  across  the  f i e l d  depending upon the  l e v e l s  of nu t r i en t  
a v a i l a b i l i t y  r esu l t ing  from various amounts of residues, s o i l  moistures,
and soi l  temperatures (Lohry, 1985). Volunteer crop plants  will  be con
centra ted  i n  the path o f  the combine. Weed pressure and herbicide con-
t a c t  w i t h  t he  soi l  will vary w i t h  nonuniform residue spreading. Crop 
response, without row c lea r ing ,  will vary between d i f f e r e n t  soi l  
moistures and temperatures a s  well a s  between d i f f e r e n t  l e v e l s  of ava i l-
able nutrients across  the f ie ld .  These influences on system performance
should be s u f f i c i e n t  t o  convince almost anyone t h a t  residues must be u n i 
formly distributed over the surface of t h e  f i e l d  by harvesters .  Chopper/
spreader attachments should be adjusted t o  throw residues the  fu l l  w i d t h  
of c u t  f o r  each combine. 
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Figure 1. 	 Combine straw spreader and chopper d i s t r ibu t ions  o f  residues 
across t h e  c u t  swath. Residues above the  dashed curve l ine  a r e  
chaff .  (Unpublished, USDA-ARS, Pendleton, O R . )  



Shredding of stalks and stubble remaining a f t e r  harvest i s  one method 
used t o  produce the appearance of uniform residue spreading, b u t  
mater ia ls  previously deposited on the soi l  surface by a combine a r e  not 
measurably red i s t r ibu ted ,  only covered. Shredding may not be a des i rable  
pract ice .  When no- t i l lage  f i e l d  operat ions have been reduced t o  5 o r  6 
tr ips per y e a r  t h e  el imination of the  stubble shredd ing  operation is  a 
s i g n i f i c a n t  reduction in  the  t o t a l  machine operation budget .  I will 
admit t h a t  we use a s t a l k  shredder, bu t  only once in  3 o r  4 years  and 
then only f o r  the special  case of immediately a f t e r  cotton plant ing,  so 
t h a t  standing residues will  not be gathered by the cotton s t r i p p e r s  a t  
harvest , 1oweri n g 1i n t  quali t y  . 
Standing stubble remains i n t a c t  longer,  doesn ' t  f l o a t  away w i t h  overland 
water flow, and provides more protect ion from raindrop-impact induced 
erosion (Morrison e t  a l . ,  1985). F e r t i l i z e r  applicat ion and planting
operat ions a r e  much more r e l i a b l e  i f  the residues a r e  anchored and a r e  
not ly ing on the soi l  surface requiring posi t ive  c u t t i n g  f o r  soi l  opening
(Erbach e t  a1 ., 1983). 

P lanter  s t r i p - t i l l e r s  and s t r ip- c leaners  use powered t i l l e r s  t o  incorpo
rate residues i n t o  t h e  soi l  o r  d i scs ,  shovels, o r  sweeps t o  move surface 
soi l  and residues out of the path of individual row planting units,  
F i g .  2. These devices a r e  used both on the f l a t  and on r idge- t i l lage .
S t r i p  t i l l a g e  i s  used t o  improve planting performance and crop response
uniformity. 

In some ways, strip t i l l a g e  i s  a " f i x- i t "  approach t o  obtaining our 
goals. If residue d i s t r i b u t i o n ,  weeds, and f i e l d  t r a f f i c  can not be ade
quately control led  t o  provide uniform condit ions a t  planting time, then 
s t r ip  t i l l a g e  may be necessary u n t i l  those problems can be corrected.  
The l i m i t a t i o n s  t o  strip t i l l a g e  a r e  accented when we need t o  e f fec t ive ly
e s t a b l i s h  narrow-row o r  solid-seeded crops such a s  wheat o r  soybeans,
w i t h i n  a p a r t i c u l a r  residue management program. S t r i p- t i l l a g e  w i t h  
sol id- seeding becomes t o t a l  t i l l a g e  and row cleaners  deposit removed 
residues on adjacent  rows; i n  shor t ,  i t  doesn ' t  work. Narrow-row crops
require a s  favorable growing condit ions a s  do wide-row crops and narrow-
row f e r t i l i z i n g  and planting machines must perform adequately, therefore ,  
we must use residue management technologies which do not limit p ro f i t ab le
ro ta t ions  and management of crops. 

TWO DISCS V-WING SWEEP/SHOVEL 	 HORIZONTAL 
DISK 

Figure 2. S t r i p  t i l l a g e  residue s t r ip- cleaning t o o l s  f o r  wide row crops. 
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Machines For Fertilizer Application 

No-tillage f e r t i l i z e r  app l i ca to r s  can be grouped i n t o  four  c lasses :  

1 )  	 Applicators w h i c h  place l i q u i d  or dry f e r t i l i z e r  materials on 
top  of the  soi l  and residue,  

2 )  	 Applicators which penetrate the  so i l  surface and place l i q u i d
and/or dry f e r t i l i z e r  materials i n  a s lo t ,  

3) 	 Applicators w h i c h  place dry,  l i q u i d ,  and/or vaporious f e r t i l 
i ze r  mater ia ls  a t  predetermined subsurface d e p t h s ,  

4)  	 Applicators w h i c h  are i n  combination w i t h  i n d i v i d u a l  p lan te r  
row units t o  place f e r t i l i z e r  mater ia ls  i n ,  under,  o r  beside 
the  seed furrow. 

The f i r s t  three c l a s s e s  of appl ica tors  may be separate machines f o r  pre-
o r  post-planting operat ions,  o r  mounted on planters, d r i l l s ,  o r  a i r  
seeders. The major d i f ferences  i n  the  various uses of these app l ica to r s  
are the applicable f i e l d  and residue condit ions and the  expected crop
u t i l i z a t i o n  ef f ic iency.  

Surface f e r t i l i z e r  appl ica t ion i s  t h e  most popular and the most inappro
pr ia te  method f o r  no- t i l lage  f e r t i l i z a t i o n .  Surface broadcast applica
t i o n  was developed f o r  the d i s t r i b u t i o n  of f e r t i l i z e r s  pr ior  t o  incorpo
rat ion by primary or secondary t i l l a g e .  Without t i l l a g e  incorpora t ion ,
the  f e r t i l i z e r  use ef f ic iency i s  reduced, residues a r e  prematurely decom
posed, and surface soils become progressively more ac id ic  (Mengel e t  a1 .,
1982; Blevins e t  a1 ., 1977). Surface dr ibble  of concentrated bands o f  
urea-ammonium n i t r a t e  s o l u t i o n  were found t o  be 58%t o  77% more e f f i c i e n t  
f o r  p l a n t  N uptake than  broadcast f e r t i l i z a t i o n  (Touchton and Hargrove,
1982). B o t h  of these surface methods depos i t  f e r t i l i z e r  mater ia ls  where 
they a r e  vulnerable t o  losses  by v o l a t i l i z a t i o n  and runoff water flow, 
and a l so ,  contr ibute  t o  o f f s i t e  water p o l l u t i o n .  Dribble  banding i s  
current ly  the  better choice of surface f e r t i l i z e r  appl ica t ion techniques
i f  subsurface appl ica t ion equipment i s  n o t  avai lable .  Dr ibb le  banding  
may be the  only appropriate method f o r  s p r i n g  topdressing of winter 
ce rea l s .  Dr ibb led  l i q u i d  f e r t i l i z e r s  a r e  dispensed from tubes spaced
a l o n g  a l a t e r a l  boom. Squeeze pumps, pressure pumps and nozzles, o r  e le
vated d i s t r i b u t i o n  manifolds are the l i q u i d  meters. Dry f e r t i l i z e r s  may
be dribbled from metering boxes, 1a te ra l  auger tubes,  o r  a i  r-del i very
tubes. 

S lo t  in jec t ions  a r e  the newest f e r t i l i z a t i o n  technologies f o r  
conservat ion- t i l lage  systems, F ig .  3. They a l l  involve the creat ion of a 
cu t ,  depression, or " s lo t" i n  the so i l  surface f o r  deposition of l i q u i d  
o r  dry f e r t i l i z e r  mater ia ls  i n  a concentrated band. Advantages are m i n i -
mum soil and residue disturbance,  adaptat ion t o  a wide range of so i l  and 
residue condit ions,  protect ion from major vo la t i l i za t ion  and runoff 
losses ,  and subsurface placement below the  highly biological ly ac t ive  
soil  surface layer .  Each s l o t  in ject ion method achieves port ions of 
these goals ,  a s  described below. 
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COULTER/NOZZLE 

V WHEEL & S W E E P  

HIGH- PRESSURE NOZZLE 

F i g u r e  3. S lo t  i n j e c t o r s  f o r  no- t i l lage  f e r t i l i z a t i o n .  

Rolling cou l t e r s  w i t h  so l id  stream spray nozzles a r e  s l o t  i n j e c t o r s  which 
shoot l i q u i d  f e r t i l i z e r  mater ia ls  i n t o  the  p a r t i a l l y  open s lot  d i rec t ly  
behind the  cou l t e r .  These "coulter/nozzle" appl ica tors  a r e  re la t ive ly
inexpensive, durable, and r e l i a b l e  devices. They can be mounted on a 
too lba r  as a separate machine o r  on plan te r s  o r  dr i l ls  t o  place f e r t i l 
i z e r  beside or between rows. We use coulter/nozzles a s  one a l t e r n a t i v e  
on our  experimental appl ica tors  and include dual angled rear presswheels 
t o  c lose  the f e r t i l i z e d  s l o t ,  F ig .  4. The vert ical  d i s t r ibu t ion  of the  
f e r t i l i z e r s  and resulting plant  use ef f ic iency a re  under study a t  several 
loca t ions ,  including Temple, Texas. 

V-wheel type s l o t  i n j e c t o r s  have been introduced by one company t o  
operate in residue- free condit ions behind row t r a sh  c leaners .  Their 
u n i t s  a r e  equ ipped  w i t h  tubes t o  d e l i v e r  metered l iqu id  f e r t i l i z e r s  i n t o  
the  s l o t  pressed open by the  t h i n  V-wheel. We visual ize  t h e  potential  
use of such V-wheels beh ind  ro l l ing  c o u l t e r s  t o  cu t  no- t i l l age  residues,  
penetrate firm soi l  surfaces ,  and open a wider s l o t  than achieved w i t h  
coulter/nozzles.  V-wheel s l o t  i n j e c t o r s  d e l i v e r  a l l  of the  f e r t i l i z e r  
material below t h e  soi l  surface and m i g h t  a l s o  be adaptable t o  de l ive r  
dry materials .  



Figure 4. Experimental f e r t i l i z e r  appl ica t ion u n i t  w i t h  a solid-stream 
nozzle d i r e c t i n g  a j e t  of solut ion i n t o  the  s l o t  behind the 
smooth r o l l i n g  cou l t e r .  The nozzle replaces an app l i ca to r
knife i n  t h i s  u n i t .  ( U n p u b l i s h e d ,  USDA-ARS, Temple, T X ) .  

High pressure nozzle s lo t  in jec t ion  has been developed f o r  no- t i l lage
condit ions.  A t r a i l i n g  sled moves over the  soil surface w i t h  a so l id  
stream nozzle positioned just above t h e  surface d i rec t ing  a stream of 
l i q u i d  f e r t i l i z e r  a t  pressures around 2,000 psi. The goal i s  t o  use the 
h i g h  pressure stream t o  c u t  a s l o t  in the so i l  t o  place the bulk of the  
f e r t i l i z e r  material subsurface. Residue and hard surface soi l  r e f l e c t  
port ions of t h e  f e r t i l i z e r  material .  In  1984 t e s t s  a t  Colby, Kansas, 50 
t o  70% of the  f e r t i l i z e r  remained i n  t h e  top  0.4 inch of surface soil  
(Sunderman, 1984). Performance was dependent on pressure, flow r a t e ,  and 
f i l t r a t i o n  of the  l i q u i d  f e r t i l i z e r .  

Subsurface f e r t i l  i z e r  appl ica tors  may be acceptable f o r  no- t i l lage  o r  
they may be t o t a l l y  worthless, causing more damage t h a n  benefi ts .  Bene
f i t s  from subsurface appl ica t ions  include u t i l i z a t i o n  of lower cos t  anhy
drous  ammonia nitrogen source. The mater ia ls  a r e  placed below the bio
log ica l ly  ac t ive  surface l a y e r  and i n t o  so i l  which may be moist enough
f o r  continued crop root uptake a s  the  growing season progresses. T h i s  i s  
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due t o  surface residues mainta in ing h igher s o i l  moistures c l o s e r  t o  t h e  
s o i l  surface than i n  conventional bare s o i l s  (Lal , 1978), so t h a t  sub-
surface depths o f  3 t o  4 inches may be adequate. 

Subsurface a p p l i c a t i o n  problems occur when the surface residues are not  
completely c u t  and machine p lugging causes stoppages. Problems also 
occur when a p p l i c a t o r  t o o l s  d isplace s i g n i f i c a n t  amounts o f  s o i l  i n  t h e i r  
paths l eav ing  deep, wide furrows (Chichester e t  al., 1985). These condi
t i o n s  occur dur ing  t y p i c a l  p rep lant  and p l a n t i n g  seasons when s o i l s  are 
moist ,  a t  low strengths, and adhesive. The wide bands o f  d is turbed s o i l  
i n t e r f e r e  w i t h  subsequent p l a n t i n g  operat ions, cover needed surface r e s i 
dues, leave loosened s o i l  more suscept ib le t o  eros ion  and micro- gu l ly  
channel ing o f  runoff, and expose bur ied  weed seed f o r  germination. Soi l  
disturbance can be reduced by depth con t ro l  and by se lec t i on  o f  appro
p r i a t e  a p p l i c a t o r  designs (Chichester e t  al ., 1985). 

Several a p p l i c a t o r  k n i f e  designs are  a v a i l a b l e  f o r  subsurface applica
to rs .  Conventional , t h i c k ,  forward curved knives d isp lace t o o  much s o i l  
f o r  n o- t i l l a g e ,  espec ia l l y  a t  speeds above 4 mph, Table 1. Thin back-
swept knives minimize s o i l  disturbance, but requ i re  s i g n i f i c a n t  down-
pressure and re lease f e r t i l i z e r s  h igher i n  t h e  furrow than forward 
shanks. Shallow re lease may be unacceptable f o r  seal i n g- i n  anhydrous 
ammonia vapors. Thin forward knives are a good compromise on k n i f e  
desi gns . 
Spoked-wheel p o i n t - i n j e c t o r s  penetrate residues and surface s o i l  l aye rs  
t o  deposi t  pockets o f  f e r t i l i z e r  every 8 inches a t  Iowa State Un ivers i ty  
(Baker e t  al., 1985), F i g  5. They can be used e i t h e r  as a separate 
machine o r  mounted on a p lan ter .  Experiments cont inue w i t h  both  l i q u i d  
and anhydrous ammonia app l ica t ions .  This a p p l i c a t o r  minimizes d i s t u r 
bances o f  bo th  surface res idue and s o i l .  

Table 1. E ight  f e r t i l i z e r  a p p l i c a t o r  knives ranked i n  order  o f  
minimum disturbance o f  s o i l  surface cover (Chichester e t  al., 1985). 

Mean Width o f  So i l  
Kn i fe  Type Shank Width Toe Width Cover Disturbance? 

cm cm cm 

Thick Backswept 
Thin Bac kswept 

1.5 
1 

1.5 
1 

20a 
30b 

Forward w / s e a l e r  1.3 2.0 33bc 
Thin Forward 1.1 2.4 36cd 
Forward 1.3 2.0 38d 
Thick Forward 1.5 3.6 40d 
Forward w/poi n t  1 4.5 46e 
Thick Forward w/point  1.6 5.1 47e 

Data averaged overall t reatment comparisons. Means assigned 
t h e  same l e t t e r  are no t  d i f f e r e n t  by Duncan m u l t i p l e  range t e s t  a t  
t h e  5% l e v e l  o f  s ign i f i cance .  
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Figure 5. 	 Experimental Iowa S ta te  University spoked-wheel appl ica tor .
(Baker e t  a l .  , 1985). 

Single and double d i s c s  have been used f o r  yea rs  a s  subsurface f e r t i l i z e r  
banding app l i ca to r s  on planters .  Their main use has been f o r  dry fe r t i l 
i z e r s ,  b u t  l i q u i d s  can a l s o  be used. These app l ica to r s  require a s  much 
downpressure f o r  soi l  penetrat ion a s  do p lan te r  openers, so t h a t  their 
use a s  s ide  banding attachments double the downpressure requirements f o r  
no- t i l lage  p lanters .  Total ava i l ab le  downpressure f o r  a l l  openers i s  
l imi ted  by t h e  empty weight o f  the  p lanter .  The e f f e c t  of shallow f e r 
t i l i z a t i o n  i s  not a s  damaging a s  crop stand es tabl ishnent  f a i l u r e s  due t o  
shallow planting from inadequate downpressure. When such planting
hazards a r e  common, i t  would be b e t t e r  t o  el iminate such app l i ca to r s  from 
the  p lan te r  and use them attached t o  a too lba r  f o r  a separate machine 
operation a s  e i t h e r  pre-plant o r  post-plant s idedress.  We rare ly  see i t  
done, b u t  s ingle  o r  double d i sc  openers can be used on a separate tool bar 
just 1i ke knife appl i ca to r s .  

Deep placement of f e r t i l i z e r s  may be used when in-row deep chise l ing o r  
subsoil ing i s  being conducted ahead o f  the  p lan te r  opener t o  address a 
root o r  water penetrat ion problem i n  t h e  lower so i l  horizons. In these 
cases ,  any of the various f e r t i l i z e r  mater ia ls  may be delivered down t h e  
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backside of the  deep t i l l a g e  tool shank. This places f e r t i l i z e r  i n  so i l  
zones which will be a t  higher moisture contents  longer i n t o  t h e  growing 
season and, the re fo re ,  should be more ava i l ab le  f o r  l a t e  season plant
uptake than w i t h  any o the r  method. 

In-row s t a r t e r ,  "pop-up," f e r t i l i z e r s  a r e  being overlooked by many no-
t i l l e r s  a s  an appropriate technology. We use l i q u i d  10-34-0 s t a r t e r  f e r 
t i l i z e r  a t  100 t o  150 lbs/A w i t h  a l l  of our no- t i l l age  wheat, corn,  grain
sorghum, and cotton.  We add l i q u i d  systemic insec t i c ides  fo r  control of 
pes ts  such a s  cutworms. In-row s t a r t e r  can provide par t  o r  a l l  of the 
c r o p ' s  phosphorous requirement, which i s  reported t o  enhance emergence
and ear ly  growth d u r i n g  cool soi l  condit ions (Moncrief and Schulte, 
1979). S t a r t e r  f e r t i l i z e r s  a r e  e a s i l y  applied through a tube placed i n  
the furrow opener, F ig .  6. Applicators such a s  spl i t- boots  and winged
c o u l t e r s  a r e  rea l ly  s t a r t e r  f e r t i l i z e r  devices because most of them can 
not be used t o  apply the complete plant  requirement ra tes .  I t  may be 
just a s  good t o  l imit the  r a t e  of appl ica t ion t o  allowable in-row values 
and de l ive r  t h e  mater ia ls  d i r e c t l y  i n t o  t h e  seed furrow t o  avoid the  
c o s t ,  maintenance, and ex t ra  soi l  d i s t u r b i n g  w i d t h  o f  spl i t- boots .  

Figure 6. 	 S t a r t e r  f e r t i l i z e r  tube mounted i n  r ea r  of a double-disc 
opener on an experimental no- t i l lage  planter .  (Unpublished,
USOA-ARS , Temp1 e , TX I .  
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Machines for Crop Establishment 

No-tillage crop establishment involves one pass of a planting machine. That machine may do 
several things in addition to depositing seed in the soil, including cutting residue, clearing a path, 
and applying fertilizers, insecticides, and herbicides. Performances of these machines have been 
closely linked to successes and failures of attempts at no-tillage cropping (Erbach et al., 1983). 

Research and development efforts have concentrated on improving planting technology for row 
crops. Many innovations have been incorporated into machines which are quite acceptable for 
some no-tillage planting conditions. These machines are available with many options as seen in 
Table 2. Of course, only a limited number of these options are available or needed for the 
intended use of different machines. Comprehensive strategies for selection of appropriate 
planter types and options are now being developed by the American Society of Agricultural 
Engineers and our laboratory at Temple. An “expert system” computer software package is 
being developed to serve as a guide to the selection of conservation-tillage planters, drills, and 
air seeders, Fig. 7. 
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|


Slope % & Lengths 
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Crop Rotations 


|


Types of Tillage 


|


Review of Rules 


| 


Matching Available 
Machine Options 

Erosion Predicted 
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Figure 7. 	 “Expert System” computer flow chart for selecting appropriate machines and 
available options for conservation planting. (Unpublished, USDA-ARS, Temple, 
TX). 



Table 2. Component options f o r  conservat ion p lanters ,  d r i l l s ,  and a i r  d r i l l s .  

Wide 

I n i t i a l  Penetrat ion 
Components 

Preparat ion 
Components 

Depth Control  
Components 

So i l  Opening f o r  
Components 

Seed F i rming 
Components 

Seed Covering Seed S l o t  Closure 

Smooth t e r  *Sweep Rear presswheels Double d i sc  Rubber- tired wheel Single cover ing d i sc  zero pressure wheel 
Notched c o u l t e r  *V-Wing *Side gauge wheels Staggered double d isc  Stee l  - p la te  wheel Double cover ing  d i sc  Single r i b  wheel 
Rippled c o u l t e r  *Two-di Skid p l a t e  on each opener Runner Paddles Double r i b  wheel 
Bubble c o u l t e r  r o w  c leaner  Tandemed f r o n t  wheels and Stub runner Narrow rubber wheel 
Narrow f l u t e d  

cou l t e r  
d isc  

mw c 1eaner 
rea r  presswheel s 

Frame 1 f t i  Single d i sc  
s tee l  wheel 

Dual angled rubber wheels 
f l u t e d  c o u l t e r  Wide f l u t e d  c o u l t e r  wheels Coul te r- boot  angled s t e e l  wheels 

Powered blade o r  Ripple c h i s e l  Depth r i n g s  on f r o n t  Chisel -boot S p l i t  s tee l  wheels 
c o u l t e r  *Subsoil r i p p e r  lead ing c o u l t e r  Double cover ing  d i scs  

Staggered double d isc  *Dual angled *Dual wide f l a t  wheels 
*S t r i p  ro tary  t i l l e r  l e r s  

Smooth c o u l t e r  
bands 

*Components which a r e  too  wide o r  which d i s t u r b  t o o  much s o i l  t o  be e f f e c t i v e l y  on narrow-row, sol id- seeding conservat ion d r i l l s .  
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There i s  no j u s t i f i c a t i o n  f o r  us ing  more exacting spec i f i ca t ions  f o r  no-
t i l l a g e  row planting than f o r  no- t i l lage  d r i l l i n g  o r  solid-seeding. How-
ever, no- t i l lage  d r i l l s  remain crude and ine f fec t ive  compared t o  current  
no- t i l lage  row planters  (Erbach e t  a1 ., 1983). The d r i l l s  general ly have 
lower technology residue c u t t i n g ,  t r a s h  c learance ,  d e p t h  control , seed 
firming, furrow c losure ,  f l o t a t i o n ,  and downpressure systems than do the 
best no- t i l lage  p lanters .  Air- dri l l  s only d i f f e r  from conventional 
d r i l l s  by u s ing  a i r  del ivery ra the r  than gravi ty  delivery of seed t o  the 
furrow openers. Drill component options a r e  t h e  same a s  f o r  p lanters ,
Table 2, i f  applicable t o  narrow rows. 

Air seeders d e l i v e r  cen t ra l ly  metered seed t o  wide sweeps w i t h  mult iple
discharge por ts .  They can be used a s  conservation machines, b u t  the  use 
of ful l-width sweep t i l l a g e  removes them from no- t i l lage  pract ice .  

Crop rows a re  ge t t ing  narrower and narrower a s  fanners change from old 
technologies. The 30-inch m i n i m u m  corn row spacing f o r  combine corn 
headers i s  a major cons t ra in t  t o  the use of narrow rows, approaching
solid-seeded f o r  a l l  o ther  major crops. A t  Temple, we plant  no- t i l lage  
corn on 16-inch spaced rows and harvest a t  half speed w i t h  combine grain
headers. Bet ter  harvesting solut ions  a r e  needed f o r  corn t o  allow 
narrower rows, so t h a t  the narrow row f e r t i l i z i n g ,  seeding, and spraying
equipment f o r  o the r  crops on a farm will a l s o  f i t  corn rows. 

General guidelines f o r  the se lec t ion of p lan te r  and dr i l l s  f o r  no- t i l lage
agr icu l tu re  a r e  a s  follows: 

Use r o l l i n g  components a s  much a s  possible t o  achieve s e l f -
cleaning and t o  minimize stoppages, 

C u t  residues w i t h  a ro l l ing  c o u l t e r  o r  a staggered double d i sc  
opener, 

Control the depth of the  c o u l t e r  i n  s t icky s o i l s ,  

Control planting d e p t h  a s  c lose  t o  the location of seed drop a s  
possible o r  by tandem front  and back wheels, 

Minimum disturbance of the soi l  surrounding t h e  seed furrow i s  
preferred , 

Posi t ive  seed s l o t  covering o r  c losure  i s  a must, 

Use f e r t i l i z e r ,  insec t i c ide ,  and herbicide attachments only i f  
they do not degrade seeding performance, 

Use downpressure systems which al1ow individual row unit flota
t i o n ,  

Use downpressure systems which automatically ad jus t  t o  changing
f i e l d  condit ions,  

Flota t ion  and downpressure should be independent of var ia t ions  
i n  the weight of seed and f e r t i l i z e r  hoppers and tanks. 
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Machines f o r  Weed Control 


No- tillage weed control machines a r e  herbicide sprayers. Sweep c u l t i 
vators,  rod weeders, and herbicide incorporation devices a l l  perform
t i l l a g e  and a re  excluded from no- t i l l age  systems. No- tillage herbicide 
sprayers a r e  of f i v e  general types;  

1 )  Band sprayers behind p lan te r  row units,  

2) Broadcast spray booms on the rea r  of p lan te r s  o r  d r i l l s ,  

3 )  Tractor-mounted o r  towed boom sprayers,  

4 )  Sel f-propel1 ed boom sprayers,  

5) Directed sprayers f o r  "chemical cu l t iva t ion" of weeds. 

Band sprayers only t r e a t  row areas  and a r e  more common f o r  reduced 
t i l l a g e  systems where mechanical cu l t iva t ion  i s  used f o r  weed control 
between rows. 

Broadcast sprayer attachments on planters  and d r i l l s  a r e  very common and 
pract ica l  management t o o l s .  Herbicides a r e  applied u p  t o  the  end of the  
planting period e l iminat ing  the  ex t ra  l a b o r  required t o  have a separate
spraying r i g  following the p lan te r  and t h e  hazard of leaving port ions of 
a f i e l d  without t reatment.  Conversely, on-board herbicide spraying
requires addit ional  down-time f o r  r e f i l l i n g  and mix ing ,  and a l a r g e  tank,  
pump, and con t ro l s  on the  planting t r a c t o r .  If the  mounted tank and 
pumps a r e  be ing  used for coincident  f e r t i l i z e r  appl ica t ions  and t h e  addi
t ional  loads wil l  require the purchase of a l a r g e r  t r a c t o r ,  then separate
planting and spraying operat ions may be t h e  most economical procedures. 

Every no- t i l lage  farm i s  going t o  have broadcast spraying equipment. I t  
will  be used f o r  insec t i c ide  a s  well a s  herbicide treatment. For those 
w i t h  f ron t  o r  saddle tanks on a t r a c t o r ,  the most economical sprayer i s  a 
40-ft wide folding boom mounted on t h e  t r a c t o r  3-point hitch. Alterna
t i v e s  a r e  3-point h i tch  mounted boom sprayers w i t h  tanks ,  and towed boom 
sprayers w i t h  a tank on a t r a i l e r .  

Self-propelled boom sprayers a r e  very convenient machines, b u t  can be 
j u s t i f i e d  only i f  a t r a c t o r  i s  not ava i l ab le ,  o r  i f  special chemical 
t reatments must be made t o  t a l l  crops and ae r ia l  spraying i s  not ava i l-
able  o r  pract ica l  f o r  those s i t u a t i o n s .  Care should be taken i n  
se lec t ing  a se l f- propel led  sprayer so t h a t  the  wheel t r ead  w i d t h s  match 
fu tu re  needs. For con t ro l l ed- t ra f f i c  considerat ions and sol id-seeded 
crops,  four-wheel sprayers a r e  preferable over three-wheel machines t o  
confine a l l  machine t r a f f i c  t o  the  same interrow t r a f f i c  lanes.  

A d i rec ted  sprayer should be i n  every no- t i l l age  farmer 's  shed, Fig .  8. 
Hopefully, he will never need t o  use i t  because his broadcast weed 
control programs will be adequate. B u t ,  f o r  the  times when the  planting-
time herbicides a r e  not e f f e c t i v e  and t h e r e  a r e  no appropriate over-the-
top herbicides,  d i rec ted  spraying between crop rows may be the  only 
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method of control .  These machines c o n s i s t  of a toolbar  w i t h  t r a i l i n g
sleds which posi t ion nozzles between rows. The nozzles a r e  aimed a t  the  
base of the crop plants  and the  row middles, depending on t h e  weed 
problem and the  crop suscep t ib i l i ty  t o  t h e  herbicide. One nozzle is  
adequate between narrow rows. Users argue a s  t o  the merits of crop
sh ie lds  on direc ted  sprayers. Shields may not be needed i f  low pressure, 
coarse sprays a r e  used t o  avoid swirling herbicide mists i n  t h e  plant  
canopy. 

Manufacture's d i rec t ions  should be followed f o r  matching sprayer tank, 
pumps, and plumbing s i zes  and mater ia ls  f o r  personal needs. Most no-
t i l l a g e  sprayers end up  being used t o  pump corrosive f e r t i l i z e r s ,  so 
s t a i n l e s s  steel f i t t i ngs  and nozzles a r e  good investments. New easy-off 
sprayer nozzle caps and col or-coded nozzles from several manufacturers 
a i d  good sprayer management. Electronic sprayer r a t e  control and moni
to r ing  equipment may be pract ical  investments f o r  l a rge  acreage oper
a t o r s ,  especia l ly  f o r  those who do a l l  of t h e i r  spraying and l i q u i d  f e r
t i l i z e r  appl ica t ion work w i t h  one machine. 

Figure 8. 	 Simple sled- type di rec ted  sprayer u n i t  without crop sh ie lds  
t o  operate between crop rows. 
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Other Machines 

The only other f i e l d  machines used i n  no- t i l l age  agriculture are mostly
connected w i t h  crop harvesting. In general , harvesting machines a r e  
interacting w i t h  above-ground p l a n t  material and do not require special
spec i f i ca t ions  due t o  surface residue and undisturbed so i l  condi t ions .  
However, harvesting operations can impose objectionable soi l  compaction
and wheel t r a f f i c  ruts from random machine and truck t r a f f i c .  For con
t i n u e d  no- t i l lage ,  i t  i s  advisable t o  establish a common wheel track 
width f o r  a l l  machines and vehicles,  eliminate dual wheels on t r a c t o r s  
and combines, and manage y e a r  around c o n t r o l l e d- t r a f f i c  (Morrison, 1985). 
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