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No- tillage farming i s  c r e d i t e d  wi th  conserving soi l ,  water, on-farm f u e l ,  
t i m e ,  and labor. I n  add i t i on ,  it increases  y i e l d ,  improves p l an t ing  and 
ha rves t  t iming,  reduces some weather risks and s o i l  damage, and permits  
fanning of land too s t e e p  t o  till under convent ional  systems ( P h i l l i p s  and 
Young, 1973). I f  convent ional  t i l l a g e  is unnecessary, t h e  e l imina t ion  of 
f u e l ,  l abo r ,  and material now used t o  produce, assemble, and d e l i v e r  t h e  
b ig  machinery f o r  convent ional  t i l l a g e  would inc rease  savings.  Successful  
no- t i l l age  farming, however, re l ies  heavi ly  on chemicals f o r  pes t  con t ro l ,  
and t h e r e  i s  some quest ion as t o  t h e  o v e r a l l  sav ings  when energy required 
to produce t h e s e  chemicals is considered. T r u e  sav ings  are  b e s t  evaluated 
by comparing t h e  t o t a l  f u e l  input  a g a i n s t  t h e  output  of  marketable a g r i
c u l t u r a l  products.  

Many of t h e  advantages a t t r i b u t e d  t o  no- t i l l age  farming do occur ,  hut 
only when soils are i n  except iona l  phys ica l  condi t ion.  Such s o i l s  a r e  
common i n  v i r g i n  l ands  and i n  w e l l  d ra ined  pas tures  and hay f i e l d s  t h a t  
have been w e l l  husbanded over  many years. These are s o i l s  without t h e  
pans and c r u s t s  t y p i c a l  i n  f i e l d s  t i l l e d  and t r a f f i c k e d  year  a f t e r  year 
w i th  heavy machinery. Af te r  yea r s  of convent ional  t i l l a g e  and t r a f f i c ,  
t h e  s t r u c t u r e  of t o p s o i l  degrades and e a s i l y  compacts i n t o  dense bands. 
Root systems confined by t r a f f i c  l anes  above impenetrable  plowpans have 
access only  t o  moisture s tored  between these  bands. Water unable t o  
seep r a p i d l y  through compressed bands rushes  down compacted t i re  l a n e s ,  
t r anspor t ing  va luab le  t o p s o i l  and expensive chemicals from t h e  f i e l d .  

Crops can surv ive  when r o o t s  are  confined t o  such narrow "window boxes,' '  
bu t  u s u a l l y  f a i l  t o  produce s a t i s f a c t o r i l y .  And when n o- t i l l a g e  farmed, 
c rops  o f t e n  y i e l d  less than  i n  convent ional ly plowed and harrowed f i e l d s .  
The simple, d i r e c t  seeding employed i n  s tandard n o- t i l l a g e  reduces water 
and wind eros ion ,  but  c rops  grown i n  s o i l s  i n  less-than-good physical  
condi t ion  r e q u i r e  l a r g e r  rootbeds than those  formed by t h e  s l i g h t  d i s
turbance provided by s tandard n o- t i l l a g e  p l an te r s .  Unless t h e  farmer can 
make a p r o f i t  using conservat ion systems, he cannot a f f o r d  t o  save s o i l ,  
water, and f u e l .  

NO-TILL-PLUS 

An alternate sys tem of n o- t i l l a g e  farming c a l l e d  "no- till- plus" has been 
developed t o  achieve  many of t h e  b e n e f i t s  of no- t i l l age  farming on l a n d s  
i n  poor phys ica l  condi t ion .  The system inco rpora t e s  an a d d i t i o n a l  opera
t i o n :  t h e  "plus" r e f e r r i n g  t o  p lus  subsoi l ing  i n  a l o c a t i o n  where seeds 
are t o  be planted.  Subsoi le rs  are  a t t ached  t o  n o- t i l l  p l a n t e r s  to  open 
a narrow channel through t h e  plowpan t o  c r e a t e  a pathway i n t o  t h e  sub-
s o i l  f o r  deep root  development and rap id  e n t r y  of water and oxygen. 
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Since t h i s  system does not  des t roy  e x i s t i n g  cover o r  d i s t u r b  s o i l  between 
t h e  planted rows, i t  can be accepted as "no- tillage' '  in s p i t e  of t h e  
d r a s t i c  t i l l a g e  performed i n  narrow s t r i p s .  One might consider  t h a t  t h i s  
p l a n t e r  simply prepares  a deeper seedbed than t h a t  formed by most s tandard 
no- t i l l age  p l an te r s .  

Severa l  equipment manufacturers  i n  t h e  Southeast produce machines f o r  
no-t i l l- p l u s  farming. However, no-t i l l - p l u s  p l a n t e r s  r e q u i r e  a d d i t i o n a l  
t r a c t o r  power t o  p u l l  t h e  4-, 6-, o r  8-row machines. It is necessary f o r  
t r a c t o r s  t o  supply from 30-35 hp per  row t o  p u l l  t hese  p l a n t e r s  in con
d i t i o n s  e x i s t i n g  i n  t h e  Coastal P l a ins  area. This fo rces  many farmers 
i n  t h e  Southeast  t o  upgrade t h e i r  t r a c t o r  s i z e s  t o  t h e  140 hp range t o  
handle a 4-row opera t ion .  However, many b e n e f i t s  of n o- t i l l a g e  farming 
can be achieved when f i e l d s  t h a t  a re  i n  less- than- ideal  phys i ca l  condi
t i o n  are farmed wi th  no- t i l l- p lus  equipment. 

ROOTBED CONDITIONING 

So i l s  a l r eady  i n  i d e a l  phys i ca l  condi t ion  provide  good rootbeds  and 
r e q u i r e  no more than enough condi t ion ing  to  a s s u r e  good seedbeds f o r  a 
short period of  time. Such f i e l d s  a re  exac t ly  i n  t h e  condi t ion  f o r  which 
t h e  s tandard n o- t i l l a g e  implements were designed. Standard n o- t i l l a g e  
farming, however, i s  was t e fu l  of f u e l  when s o i l  and water are not  con-
served and y i e l d s  are n o t  a t  least comparable to  those obtained by 
convent ional  farming techniques.  

When t h e  horizon is not  badly degraded and excess ive  mois ture  is only 
a s l i g h t  problem, a l a r g e r  seedbed can be b e n e f i c i a l .  This may a l low 
s u f f i c i e n t  d ra inage  f o r  r ap id  r o o t  development w i th in  t h e  loosened soil  
as o the r  r o o t s  slowly p e n e t r a t e  through mi ld ly  compressed pans. I n  many 
areas of t h e  Coastal P l a i n s ,  however, t h e  degrada t ion  of  t h e  horizon 
i s  so  severe  t h a t  inadequate  rootbeds and excess ive  runoff are major 
problems. No- till- plus p l a n t e r s  have evolved t o  provide t h e  condi t ion ing  
needed t o  achieve t h e  b e n e f i t s  of n o- t i l l a g e  farming on such soils. Where 
t h e  phys ica l  condi t ion  of t h e  subso i l  is s a t i s f a c t o r y ,  a narrow, man-made 
ex tens ion  from seedbed through t h e  pan t o  t h e  subsoi l  can provide an 
adequate  rootbed. The passageway must completely pene t r a t e  t h e  plowpan 
f o r  rap id  dra inage  of  excess ive  moisture and t o  a l l ow r o o t s  access t o  
mois ture  s to red  i n  t h e  subso i l .  A good rootbed i s  e s s e n t i a l  f o r  success
f u l  c rop  production and must be assured e i t h e r  by condi t ions  a l r eady  
e x i s t i n g  o r  by condi t ion ing  provided by machinery. 

NO-TILL-PLUS PLANTERS 

No- till- plus p l a n t e r s  c u r r e n t l y  incorpora te  a tandem arrangement of 
m u l t i p l e  condi t ion ing  t o o l s ,  followed by a p l an t ing  device.  Early models 
were e s s e n t i a l l y  assemblages of commercially a v a i l a b l e  t o o l s  t o  perform 
needed tasks .  S t r ing ing  o u t  t h e s e  t o o l s ,  e s p e c i a l l y  i n  multiple- row 
u n i t s ,  c r ea t ed  a load d i f f i c u l t  t o  l i f t  from t h e  s o i l  t o  a t r a v e l  posi
t ion .  Some t r a c t o r s  could ba re ly  l i f t  t h e  can t i l eve red  load,  a l though 
they  had t h e  power t o  p u l l  t h e  p l a n t e r s .  P l a n t e r s  w e r e  condensed through 
c l o s e r  assembly, o r  through modif icat ion and e l imina t ion  of s o m e  t oo l s .  
The load  is now centered  c l o s e r  t o  t h e  t o o l  bar ,  easing t h e  stresses on 
beams and t h e  hydrau l i c  l i f t  u n i t .  
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A s  w i t h  most n o- t i l l a g e  p l a n t e r s ,  t h e  no- t i l l- p lus  p l a n t e r  r e q u i r e s  a 
c o u l t e r .  S o i l s  in  va r ious  phys i ca l  c o n d i t i o n s  r e q u i r e  d i f f e r e n t  c o u l t e r  
f e a t u r e s  t o  slice through va r ious  cover  c rops ,  sod o r  s t ubb l e ,  and chopped 
stalks, g r a i n  straws, o r  o t h e r  v e g e t a l  matter on t h e  su r f ace .  Cou l t e r s  
are essential t o  reduce t h e  bu i ldup  of t r a s h  and r o o t s  on t h e  s u b s o i l e r  
shank and t o  f r e e  d e b r i s  from t h e  pa th  of t h e  p l a n t e r ,  bu t  they  a l s o  
assist in t h e  p u l v e r i z a t i o n  needed f o r  a good seedbed. Problems caused 
by l a r g e  c lods ,  massive s o i l s ,  and binding roo t  systems must b e  reduced 
by proper  c o u l t e r  a c t i on .  S i z e  and t ype  o f  c o u l t e r ,  a s  w e l l  as t h e  
action r equ i r ed  t o  form a p a r t i c u l a r  seedbed, depend upon implement 
de s ign  and many soil and weather f a c t o r s .  Coul te rs ,  as  w e l l  as each of 
t h e  subsequent t o o l s ,  must work t h e  s o i l  s u f f i c i e n t l y  and be  set deep 
enough t o  a i d  i n  seedbed p repa ra t i on  s i n c e  t h e r e  i s  on ly  one oppo r tun i t y  
t o  form t h e  seedbed. The proper c o u l t e r  s e t t i n g  i s  too  important  a s t e p  
t o  neg l ec t  i n  n o- t i l l a g e  farming. 

A s u b s o i l e r  o r  deep c h i s e l  fo l lows  t h e  c o u l t e r  i n  a l l  n o- t i l l - p l u s  
p l a n t e r s .  I t  is needed t o  form an  opening that p e n e t r a t e s  t h e  plowpan 
i n  a l o c a t i o n  where s o i l  w i l l  remain loosened dur ing  t h e  development of 
t h e  crop. S u b s o i l e r s  l oosen  s e c t i o n s  of s o i l  t h a t  are V-shaped down t o  
8-12 inches ,  and at  deeper dep ths  t h e  s u b s o i l e r  po in t  c r e a t e s  a channel  
point-width wide, completing a c r o s s  s e c t i o n  resembling a "Y." Usual ly ,  
s o i l  sheared from t h e  p r o f i l e  by t h i s  t o o l  i s  thrown forward, upward, and 
t o  t h e  s i d e s  o f  t h e  c e n t e r  of a c t i on .  A s  t h e  t o o l  pa s se s  by, some lumps 
of s o i l  f a l l  back i n t o  t h e  narrow groove a t  t h e  t a i l  of t h e  "Y" and b r idge  
t h e  gap. T h i s  t emporar i ly  suppor t s  t h e  remaining s o i l  t h a t  is  re turned  
t o  t h e  loosened zone, leaving a l a r g e  void near  i t s  bottom. 

To prevent  downward s i f t i n g  of s o i l ,  seeds ,  and s e e d l i n g s  i n t o  t h e  void 
dur ing  later  r a i n s ,  enough s o i l  must be re turned  t o  f i l l  t h e  channel o r  
t h e  loosened soil above t h e  void must be  s t a b i l i z e d .  Although i t  m u s t  
be firmed t o  suppor t  a seedbed, i t  should no t  be firmed so much as t o  
adverse ly  a f f e c t  a i r ,  water, o r  r o o t  permeabi l i ty .  Accomplishing t h i s  
f i rming  a c t i o n  i s  where t h e  des ign  p r i n c i p l e s  c u r r e n t l y  used i n  v a r i o u s  
no- t i l l- p lus  p l a n t e r s  d i f f e r ,  Some p l a n t e r s  u s e  r o t a r y  t i l lers ,  a p a i r  
o f  f i rming  wheels,  o r  an a r r a y  of t o o l s  t h a t  app ly  e i t h e r  a cons tan t  band 
of p r e s s u r e  o r  spo t  p r e s su re  t o  t h e  seedbed, After f i rming ,  some manufac
t u r e r s  add implements t o  r e t u r n  loosened s o i l  (thrown too  f a r  dur ing  
subso i l i ng )  t o  t h e  narrow band t h a t  i s  t o  be p l an t ed ,  but w i t h  a minimum 
o f  l o o s e  s t r a w  and r o o t  material that would f o u l  t h e  p l a n t i n g  dev ices .  
Usually,  a d d i t i o n a l  secondary t i l l a g e  is then  performed t o  a s s u r e  t h e  
w e l l  g ranula ted  seedbed requi red  f o r  s a t i s f a c t o r y  seed germination. The 
last  t o o l  i s  u s u a l l y  a p l a n t i n g  dev ice  designed t o  work i n  convent iona l ly  
prepared f i e l d s .  

The a c t i o n s  performed by t h e  implements between t h e  c o u l t e r  and p l an t i ng  
d e v i c e  a re  n o t  necessary  i n  s tandard no- t i l l age .  These a c t i o n s  r e q u i r e  
a d d i t i o n a l  power i n p u t s  which i n c r e a s e  t h e  f u e l  expendi tu re  and c o s t  of 
no- t i l l- p lus  farming. Farmers r e q u i r e  income from p r a c t i c e s  implemented, 
t h u s  expendi tu res  f o r  extra work a re  j u s t i f i e d  on ly  when s u f f i c i e n t  con
s e r v a t i o n  and a d d i t i o n a l  product ion a r e  assured.  

FORCE REDUCTION I N  NO-TILL-PIUS PLANTING 

There are  techniques  and des igns  that  can reduce t h e  fuel  demanded For an 
accep t ab l e  no-ti1l-plus ope ra t i on .  However, c e r t a i n  a p p l i c a t i o n s  depend 
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upon s o i l  and c l i m a t i c  cond i t i ons  and are s p e c i f i c  f o r  t h e  c rops  sown. 
It should be remembered that f o r c e s  i nc rease  as work i s  performed, and 
where s o m e  work is u s e f u l  and needed, some i s  was tefu l  o r  even harmful. 
Forces appl ied  t o  s o i l s  by t o o l s  should accomplish only needed reac t ions .  

a. Coul te rs  

Proper c o u l t e r  a c t i o n  i s  va luable  t o  a l l  n o- t i l l a g e  systems.  Draft  of 
1 4  c o u l t e r  types  has  been measured i n  t h e  s o i l  b i n s  a t  t h e  National 
T i l l a g e  Machinery Laboratory. When t r a v e l i n g  a t  a speed of  4.5 mph, i n  
f i rm s o i l  without cover ,  d r a f t  w a s  increased about 350% as depth w a s  
increased from 2 t o  6 inches ,  and about 20% more weight w a s  needed t o  
maintain depth. When g r e a t e r  depth  is not  requi red ,  f o r c e  is wasted. 
Under similar test cond i t i ons ,  increas ing  speed from 2.4 t o  7 . 1  mph in-
creased d r a f t  by only  7% when t h e  c o u l t e r s  were set at  a depth  of 4 inches,  
bu t  t h e  c o u l t e r s  did l i t t l e  b e n e f i c i a l  work wi th  t h e  a d d i t i o n a l  force.  

A series of  tests conducted i n  a moist ,  sandy loam s o i l  compared experi
mental c o u l t e r s  w i t h  s tandard smooth cou l t e r s .  A l l  c o u l t e r s  were 1 7  t o  18 
inches i n  diameter ,  3/16-inch t h i c k ,  worked a t  a 4- inch depth,  and traveled 
a t  4.5 mph. A 1- inch f l u t e d  c o u l t e r  increased d r a f t  by about 60%, and 
about 50%more weight w a s  requi red  t o  maintain depth. A 2-inch f l u t e d  
c o u l t e r  increased  d r a f t  90% and requi red  80%more weight. Wide f l u t e s  
i nc rease  s o i l  d i s tu rbance  and are sometimes necessary  f o r  adequate  pulver
iza t ion .  Where increased wid th  and pu lve r i za t ion  are needed, more soil  
can be d i s tu rbed  per  u n i t  of f o r c e  by f l u t e d  c o u l t e r s .  The r ipp led  
c o u l t e r  d i s tu rbed  a band of s o i l  about  one- third as wide, y e t  required 
almost a s  much power as t h e  1- inch f l u t e d  c o u l t e r .  Angling t h e  f l u t e s  
i n  c o u l t e r s  a t  about 45" increased t h e i r  d r a f t  about  10%. Large diameter 
c o u l t e r s  were not  t e s t e d ,  but  they  t ake  up more space and should need 
more weight t o  f o r c e  them i n t o  t h e  s o i l .  I f  space is not  a f a c t o r ,  how-
ever ,  t h e i r  u s e  should improve t h e  c u t t i n g  of t r a s h  and reduce d r a f t .  

The dominant purpose of t h e  c o u l t e r  is t o  cu t  through t r a s h ,  sod, and 
r o o t s ,  bu t  t h i s  could not  be t e s t e d  under cont ro l led  condi t ions .  Table 1 
s h o w s  t h e  response obtained from 3 s o i l s  without cover using 7 types  of 
c o u l t e r s  i n  t h e  17- t o  18- inch diameter range. The f o r c e  f o r  a s i n g l e  
smooth c o u l t e r ,  t r a v e l i n g  a t  4.5 mph (shown i n  Table l ) ,  would convert t o  
about 2 hp, and a 4-row u n i t  would then u t i l i z e  about 8 hp t o  c u t  through 
s o i l  without r o o t s ,  sod, o r  s t a l k s .  Four 2-inch f l u t e d  c o u l t e r s ,  working 
under t h e  same cond i t i ons ,  would r e q u i r e  1 2  hp, so 4 a d d i t i o n a l  horsepower 
would be  needed f o r  a 4-row u n i t  j u s t  t o  widen a c u t  through t h e  s o i l .  

b. Subso i l e r s  

The subso i l e r  on a no- t i l l- p lus  p l a n t e r  produces a pathway fo r  a i r ,  
water, and r o o t s  through compacted Ap horizons. Since subsoi l ing  
r e q u i r e s  most of t h e  on-farm energy used by no- t i l l- p lus  p l a n t e r s ,  i t  is 
i n  t h e  subso i l i ng  opera t ion  t h a t  proper u se  and design o f f e r  t h e  g r e a t e s t  
p o s s i b i l i t y  f o r  f u e l  reduct ion .  Two major f a c t o r s  a f f e c t i n g  d r a f t  during 
subsoiling--depth and speed--are under t h e  fa rmer ' s  con t ro l .  

Research under uniform s o i l  cond i t i ons  a t  t h e  Laboratory sugges ts  an ex
ponent ia l  i nc rease  in d r a f t  wi th  increased  depth. Table 2 shows t h e  mean 
va lues  f o r  f o u r  c h i s e l  des igns  working i n  a Norfolk sandy loam s o i l  and 
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compares them wi th  c a l c u l a t i o n s  squaring t h e  depth  value.  When t h e  depth 
is doubled, f o r  example, t h e  d r a f t  increases about fourfold the t a b l e  
shows t h a t  doubling t h e  depth  produced a measured d r a f t  of 8.4 N which 
compared c l o s e l y  t o  t h e  ca l cu la t ed  9.6 N value. I n  f i e l d s ,  however, 
moisture content  and s o i l  condi t ion  are r a r e l y  cons tan t  w i th  depth. 
Evidence shows, nonethe less ,  t h a t  d r a f t  is increased s u b s t a n t i a l l y  wi th  
each addi t ional .  increment of depth. I n  s u b s o i l s  where r o o t s  can develop 
e a s i l y ,  ba re ly  p i e rc ing  t h e  plowpan i s  as e f f e c t i v e  as  deep subsoi l ing  
i n  encouraging r o o t  p r o l i f e r a t i o n .  Inmaterial in which r o o t s  cannot 
develop, t h e  volume of s o i l  loosened by deep subsoi l ing  is i n s u f f i c i e n t .  
If no b e n e f i t  is t o  be der ived ,  why extend subsoi l ing  depth? 

Increasing speed from 2.2 t o  4.9 rnph increased d r a f t  about  40% when sub-
s o i l i n g  a t  a 14- inch depth  i n  t h e  Norfolk sandy loam b i n  (Table 3 ) .  Much 
of  t h a t  energy w a s  expended throwing s o i l  f u r t h e r  t o  t h e  s i d e s ,  necessi
t a t i n g  a d d i t i o n a l  energy t o  r e t u r n  i t  t o  t h e  seedbed. Almost no inc rease  
i n  volume of s o i l  d i s tu rbed  could be v e r i f i e d  f o r  t h i s  expenditure  of 
f u e l ,  and t h e  inc rease  i n  pu lve r i za t ion  w a s  n e g l i g i b l e .  

Ext rapola t ing  fo rces  obtained from a s i n g l e  subso i l e r  working 1 4  inches 
deep and convert ing them i n t o  horsepower requirements t o  s u b s o i l  4 rows 
should convince anyone t h a t  speed c o s t s  money. Calcu la t ions  wi th  t h e  
sandy loam in Table 3 i n d i c a t e  that a t  2.2 mph, 36 hp is required t o  
accomplish subso i l i ng ,  and at  4 .9  mph 1 1 2  hp i s  needed t o  accomplish t h e  
same task .  Table 3 shows t h a t  it t a k e s  more f o r c e  t o  subso i l  a t  g r e a t e r  
speeds, and s i n c e  i t  t akes  more energy t o  develop t h e  higher  speed, 
horsepower requirements  e s c a l a t e  rap id ly .  Farmers must dec ide  i f  
advantages from increased speed whi le  p l an t ing  are worth more f u e l  and 
increased wear and tear on equipment. 

Design f e a t u r e s  of t h e  b e t t e r  c u r r e n t l y  a v a i l a b l e  commercial s u b s o i l e r s  
can reduce d r a f t  by about 25% over  t h e  poorest  designed u n i t s  on t h e  
market. I f  low d r a f t  s u b s o i l e r s  a re  t o  be s e l e c t e d ,  c e r t a i n  f e a t u r e s  
should be considered. The subso i l e r  shank has a minor e f f e c t  on d r a f t  a s  
long as i t s  l e n g t h  is adequate  f o r  t h e  needed depth  and a l lows  f o r  c l ea r
ance of loosened soil and t r a s h  beneath t h e  t o o l  bar.  The th i ckness  
should g ive  needed support under t r a c t o r  d r i v i n g  cond i t i ons  and withstand 
impact w i th  rocks ,  tree r o o t s ,  o r  o t h e r  buried ob jec t s .  Increas ing  shank 
th ickness  has l i t t l e  e f f e c t  on d r a f t  when poin t  width a l lows  f o r  adequate  
l a te ra l  c l ea rance  between t h e  undisturbed s o i l  and shank. Beveling t h e  
l ead ing  edge of a shank can reduce subso i l e r  d r a f t  by about 5% in lumpy 
s o l l s ,  but  t h e  reduct ion  is a t  t h e  expense of decreased pulver iza t ion .  
With bevel ing,  l a r g e  d r a f t  reduct ions  are poss ib l e  when r o o t s  o r  t r a s h  
tend t o  b u i l d  around b lun t  shanks. 

Where t h e  l ead ing  edge of a shank has t h e  proper s lant- - often more than 
15" g r e a t e r  than vert ical- - and t h e  point  extends more than 1 0  inches in  
f r o n t ,  lumps and t r a s h  usua l ly  s l i d e  up t h e  non-beveled shank and a r e  
e a s i l y  c leared .  This f e a t u r e  a lone  reduces d r a f t  about 30% below t h a t  
of  t h e  o l d  ver t ica l  shanked subso i l e r s .  When s o i l s  adhere s t rong ly  t o  
a shank, more s l a n t  and g r e a t e r  la tera l  c l ea rances  are needed. The 
p r a c t i c e  of welding a hard facing; t o  reduce wear can extend t h e  l i f e  of 
a shank but  does so a t  t h e  expense of d r a f t .  It may be less expensive 
t o  replace worn shanks than t o  buy f u e l  t o  p u l l  t h e  s o i l  surrounding a 
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shank through every m i l e  of subsoi l ing .  Under many cond i t i ons  i n  t h e  
Coastal P l a ins ,  t h e  s u b s o i l e r  shanh on a no- t i l l- p lus  p l a n t e r  can be 3/4  
t o  1 inch  t h i c k  and about 4 inches deep. Less depth  of s e c t i o n  i n  t h e  
shank decreases  s t r e n g t h ,  and increas ing  i t s  depth inc reases  material 
c o s t s  and adds weight t o  t h e  u n i t ,  but wi th  l i t t l e  e f f e c t  on d r a f t .  

Width of t h e  s u b s o i l e r  channel where it  p i e rces  t h e  plowpan appears  t o  
b e  of l i t t l e  consequence t o  e i t h e r  taprooted o r  nodal-rooted crops as long 
as  t h e  channel remains open. However, under some s o i l  and c l i m a t i c  s i t u a
t i o n s ,  wide channels  may improve drainage,  bu t  forming channels  wider than 
needed wastes f u e l  doing unnecessary work and increases t h e  ease of 
s e r ious  recompaction. I n  many s o i l  condi t ions ,  a channel c rea ted  by a 
poin t  2 t o  2.5 inches  wide a p p e a r s  s u i t a b l e .  Narrow channels  are prone 
t o  easy c losu re  by l a t e r a l  f c r c e s  from in te r row t r a f f i c .  Wide channels  
lead t o  excess ive  se t t lement  and a r e  e a s i l y  compacted during la ter  i n t e r -
row t r a v e l .  

Studies involving wid th  of s u b s o i l e r  p o i n t s  are inconclus ive  due t o  t h e  
e f f e c t s  of o t h e r  f e a t u r e s  i n  poin t  des ign ,  shank geometry, and s o i l  
f a c t o r s .  Although inconclus ive ,  po in t  width p e r  se appears  t o  exert a 
small e f f e c t  on d r a f t ,  but  loosening more s o i l  than  required wastes fue l .  
Draft  is a f f e c t e d  s u b s t a n t i a l l y  by o t h e r  design f e a t u r e s  involving t h e  
poin t .  The top  s u r f a c e  of po in t s  wi th  an ang le  between 20" and 30" from 
h o r i z o n t a l  g i v e s  t h e  lowest  d r a f t  va lue  i n  many soils. Low d r a f t  is 
commonly produced when t h e  bottom of t h e  po in t  makes a 5" t o  10" angle  
w i th  t h e  f l o o r  of t h e  subsoi led  channel. With t h e s e  dimensions designed 
i n t o  s u b s o i l e r  po in t s ,  s o i l s  are l i f t e d  adequate ly  and shear  wi th  a 
minimum of f o r c e  wasted on compression and adhesion along t h e  t o p  of t h e  
po in t ,  I n  a d d i t i o n ,  energy expended i n  confinement and compaction of 
s o i l  behind and beneath t h e  po in t  is reduced. 

The v a r i e t y  of  f i rming devices  on no- t i l l- p lus  p l a n t e r s  has not  been 
evaluated under t e s t  condi t ions .  Our l i m i t e d  obse rva t ions  i n d i c a t e  t h a t  
some devices  cause excess ive  s o i l  puddling and recompaction, whereas 
o thh r s  produce low d r a f t  va lues  by doing an inadequate  job. Draft  meas
urements of p l an t ing  devices  and t h e i r  a t tachments  have not  been i n i t i a t e d .  

TRACTION IMPROVEMENT 

Improving t r a c t i v e  e f f i c i e n c y  whi le  p u l l i n g  no- t i l l- p lus  p l a n t e r s  i s  equal 
i n  va lue  t o  reducing t h e i r  d r a f t .  T rac to r s  are t h e  source of power used 
whi le  p l an t ing ,  and engine tuning and power t ransmission t o  wheels a re  
important ,  but power i s  t r a n s f e r r e d  from wheel r o t a t i o n  t o  forward d r i v e  
through f o r c e s  app l i ed  t o  s o i l s .  After  l oose  s o i l  is firmed dur ing  a 
f irst  pas s  of  a t r a c t o r ,  about  30%more p u l l  can be developed t r a v e l i n g  i n  
t h e  same pathway during t h e  second t r i p ,  and o f t e n  an a d d i t i o n a l  10%can 
be gained during t h e  next  t r i p .  P u l l  i n  plowed f i e l d s  can be increased 
more than 100% i n  f i rm,  u n t i l l e d  s o i l  wi th  dry sod; thus ,  n o- t i l l a g e  i s  
conducive t o  improved t r a c t i o n .  B e s i d e s  improving t r a c t i o n ,  d r iv ing  on 
firm, u n t i l l e d  s o i l  can inc rease  t h e  oppor tuni ty  t o  p l a n t ,  con t ro l  p e s t s ,  
and harvest a t  t h e  proper times. Trac t ion  becomes d i f f i c u l t  t o  eva lua t e  
when cover c rops  are involved because r e s u l t s  can v a r y  wi th  crop condi
t ion .  In  dense,  recumbent, succulent  cover,  p u l l  can be e f f e c t i v e l y  
reduced, wh i l e  t h e  same t r a c t o r  might s ca rce ly  s l i p  on sparce ,  d ry ,  
c l ipped ,  s tab le- s tooled  sod. 
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All wheels s l i p  as they  develop pu l l ,  but more t r a c t i o n  can be developed 
wi th  less s l i p  on s t a b l e  s o i l .  T i r e  s l i ppage  not only i nc reases  wear, but 
consumes f u e l  doing work not  converted in to  forward motion. T i r e  spec i a l
ists f e e l  t h a t  each percent  of s l i p  i nc reases  f u e l  consumption by about an 
equal  percentage. Although maximum t r a c t i o n  is not  achieved,  a p u l l  a t  
12% s l i p  wastes c l o s e  t o  1 2 % fue l .  By increas ing  weight on t ires,  
s l i ppage  can be reduced and p u l l  increased.  In a plowed s t r i p ,  f o r  
example, a 13.6 x 38 t i r e  i n f l a t e d  t o  22 p s i  produced 120%:more t r a c t i o n  
a t  10% s l i p  when car ry ing  3,630 l b s  than when ca r ry ing  1,820 lb s .  This 
is equiva len t  t o  developing about 40 hp more p u l l  w i th  a two-wheel-drive 
t r a c t o r .  However, i nc reas ing  load can inc rease  s inkage i n  loose  s o i l s .  
Sinkage wastes power compacting s o i l  i n  t h e  r u t s  formed beneath tires. 
In add i t i on ,  t h e  wheel. must climb t h e  small rise i n  f r o n t  of t h e  t i r e  o r  
expend energy f l a t t e n i n g  it. Here is where t i r e  geometry becomes an impor
t a n t  f a c t o r .  Wide tires f l a t t e n  a wide band of s o i l  t o  t h e i r  f r o n t ,  and 
dua l s  f l a t t e n  two mounds, both requi r ing  a d d i t i o n a l  power. Duals and wide 
t ires are used t o  reduce s inkage and improve f l o t a t i o n .  However, support
ing a load on a g r e a t e r  area of  so i l  reduces pressure  which a f f e c t s  
t r a c t i o n .  Both lengthening t h e  contac t  and increas ing  i t s  width gain 
f l o t a t i o n ,  but lengthening decreases  t h e  energy l o s t  i n  compacting a 
wide band of s o i l .  Contact l e n g t h  can be increased wi th  wheels of a 
l a r g e r  diameter ;  t r a c k s  ( s t e e l  o r  pneumatic); by reducing a i r  pressure  
i n  tires; and by arranging wheels i n  a tandem des ign  so rear wheels w i l l  
d r i v e  on s o i l  firmed by t h e  f r o n t  wheels. Radial t i re  cons t ruc t ion  is 
gaining prominence. On f i rm  s o i l ,  r a d i a l s  can produce about 10%more 
t r a c t i o n  than b i a s  t i res ,  but  t h e  advantage i s  reduced i n  l oose  s o i l .  

Resul ts  are always v a r i a b l e  when fo rces  are appl ied  t o  s o i l .  The resist
ance a s o i l  o f f e r s  a t i l l a g e  t o o l  and t h e  support given t o  a t i re  depend 
upon s o i l  s t rength .  And s t r e n g t h s  of a l l  s o i l s  can be monumentally 
altered by r e l a t i v e l y  small changes i n  mois ture  content .  

CONCLUSION 


Many f i e l d s  in t h e  Coastal P l a i n s  of Southeastern USA can be n o- t i l l a g e  
farmed only  i f  r o o t  acces s  t o  t h e  subso i l  is assured.  Although n o - t i l l -
p lus  p l a n t e r s  can provide t h i s ,  they expend more energy than s tandard 
no- t i l l age  p l an te r s .  Major d r a f t  reduct ions  and improved t r a c t o r  t r a c t i o n  
can be implemented by t h e  farmer-- reductions due t o  equipment des ign  are 
less dramatic.  No- ti l l- plus o f f e r s  b e n e f i t s  of n o- t i l l a g e  farming t o  
farmers  whose f i e l d s  are i n  less- than- idea l  phys ica l  condi t ion .  
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TABLE 1 

EFFECT OF COULTER TYPES ON MEAN DRAFT* 

D r a f t  F o r c e  (kN) 
Sandy Clay S i l t y  

Coul t  er s Loan Loam Loam 

1-in. f l u t e d  1.01 1.20 0.98 
2- in. f l u t e d  1 .08 1 .27 1.04 
Smooth 0.63 1.10 0.68 
1-in. bubb le  1 .03 1.28 1 .10  
Concave 1.11 1 .35  1.24 
Ripp le  1 .01  - 1.08 

ang led  f l u t e  1.06 1 .30 0.99 
~ ~~ 

* Speed = 4.5 mph; Depth = in.; D i a .  17  

TABLE 2 

EFFECT OF DEPTH ON MEAN DRAFT* 

8' 

A c t u a l  D r a f t  C a l c u l a t e d  D r a f t  
Depth 

X 2.4 2.4 x = 2.4 
2x 8.4 2.4 = 9.6 
3x 18.1 2.4 x = 21.6 
4 x  34.0 2.4 = 38.4 
6X 73.8 2.4 x = 86.4 

157.8 2.4 x = 153.6 

* N o r f o l k  sandy loam u s i n g  1-in. wide  chise l .  

TABLE 3 

EFFECT OF SPEED MEAN DRAFT AND HORSEPOWER" 

N o r f o l k  sandy loam Decatur  c l a y  loam 
Speed D r a f t  Horse- D r a f t  Horse-

power power 

1.0 2.2 9 12 .0  1 6  
1.4 3.1 8.0 1 5  16.0 30 
1.8 4.0 8.8 21 46 
2.2 4.9 9.5 28 21.0 62 

* A t  14- in .  d e p t h .  




