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I t  i s  sometimes assumed t h a t  the development o f  wonder chemicals w i l l  
solve the  problems t h a t  a r i s e  i n  n o- t i l l a g e  such as p e r s i s t e n t  o r  r e s i s t a n t  
weeds o r  the  changes i n  weed ecology t h a t  come w i t h  the prac t ice .  I t  i s  
d i f f i c u l t  t o  be a prophet when one can hard ly  keep up w i t h  what i s  going on 
a t  t he  present time, b u t  l eav ing  the  f u t u r e  o f  n o - t i l l a g e  t o  the mercy o f  
expensive chemicals o f  t he  present o r  f u t u r e  does not  seem reasonable t o  
me. It does no t  seem reasonable f o r  two reasons: First, the price of crops 
most adaptable t o  n o - t i l l a g e  i s  almost c e r t a i n  t o  remain low f o r  the  near 
future, b a r r i n g  a world-wide d isaster .  Even i f  we should c o n t r o l  product ion
i n  the  Uni ted States, nobody e l se  w i l l ,  and we have r e a l  compet i t ion i n  many 
p a r t s  o f  the world. Second, the  use o f  chemicals t o  c o n t r o l  weeds has 
l i m i t s .  These l i m i t s  are exceeded when it i s  much cheaper t o  mechanical ly 
t i l l  than t o  spray herb ic ide ,  o r  when changing t o  another crop can g i ve
b e t t e r  weed c o n t r o l  than t h a t  obta ined w i t h  the  present crop. 

Therefore, my view o f  t he  f u t u r e  does no t  env is ion  the sa l va t i on  o f  
n o- t i l l a g e  as r e s t i n g  on a research base o f  wonder chemicals. Instead, some 
old- fashioned p r i n c i p l e s  w i l l  probably be more important. These p r i n c i p l e s  
are heavy ground mulch t o  suppress weeds (and f o r  o ther  bene f i t s ) ,  crop 
compet i t ion w i t h  weeds and the  use o f  ro ta t i ons .  

To study the fu ture ,  l e t  us go back and study the  past. The f i r s t  
n o - t i l l a g e  I ever saw was i n  1960 i n  southwest V i rg in ia .  It was corn, 
p lan ted i n  a bluegrass sod, k i l l e d  w i t h  the  use o f  b lack p l a s t i c .  The corn 
was p lan ted using a s o i l  sampling tube t o  c u t  l i t t l e  d isks  o f  sod o u t  o f  t he  
s o i l .  And, It worked. With the dead sod, there  was a good ground cover t o  
suppress weeds and the  corn i t s e l f  was a good compet i tor  aga ins t  t he  weeds 
t h a t  d i d  come. 

As t ime went on, there  were l e s s  and l e s s  pastures t o  p l a n t  corn i n t o  
and a subs t i t u te  was devised. Th is  p r a c t i c e  was t o  p l a n t  r ye  o r  wheat as a 
w in te r  cover crop and k i l l  i t  w i t h  paraquat i n  the  spring. Corn was then 
p lan ted i n  the  residue. I f  there  was of ten encroachment by t rees  o r  bushes, 
the bushhog was employed, and o f t e n  became the best  f r i e n d  n o - t i l l a g e  would 
have. La te r  developments t h e  corn-wheat-soybean r o t a t i o n  which has been 
successful, pa r t l y  because it provides good natura l  g round cover (corns ta lks
and wheat stubble), and because it inc ludes a crop where  grasses can be 
fought, i f  n o t  c o n t r o l l e d  (soybeans). S t i l l  l a t e r  came the  use o f  legume 
cover crops dur ing the  w in te r  t o  suppress weeds and t o  prov ide  a t  l e a s t  some 
o f  the n i t rogen needed by corn. I n  a l l  these systems, c o n t r o l  o f  weeds by
compet i t ion i s  an important  par t .  The compet i t ion  i s  o f f e r e d  by the  shade 
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of a t a l l  p l a n t  such as corn, o r  by a thick-growing ground cover such as 
rye, wheat o r  vetch. I n  addi t ion,  the  r o t a t i o n  o f  a broadleaf p l a n t  w i t h  
members o f  the grass fami l y  a l lows some a l t e r n a t i v e s  f o r  chemical weed 
cont ro l .  The r o t a t i o n  i t s e l f  almost always g ives a y i e l d  improvement t o  
both crops. The reason f o r  the  e f f e c t  i s  n o t  t r u l y  understood, b u t  as shown 
i n  t a b l e  1, it does e x i s t .  Table 1 shows average y i e l d s  o f  corn  w i t h  th ree 
covers under no- t i l l age .  Where h a i r y  vetch was used, y i e l d s  were h igher and 
the  response t o  n i t rogen  was b e t t e r  as we l l .  

So, it appears t h a t  i n  the  past  there  has been success w i t h  good ground 
cover, crop shading and ro ta t i ons .  E a r l i e r ,  i t  was suggested t h a t  most 
progress i n  the  f u t u r e  would depend on these same p r inc ip les .  There i s  
another f a c t o r  invo lved also, which i s  why farmers accept n o- t i l l a g e  i n  the  
f i r s t  place. 

I have no formal study a t  hand, b u t  i n  t a l k i n g  t o  hundreds o f  farmers, 
would say t h a t  making money and/or saving money, t ime o r  work i s ,  w i thout  
doubt, the  f i r s t  considerat ion.  Because t ime and work can be equated i n  
some way with money, one would have t o  conclude t h a t  making o r  saving money 
i s  the  primary considerat ion.  A second reason, reducing erosion, i s  very 
secondary and i s  mentioned mostly because the  S o i l  Conservation Service has 
done such a good j o b  o f  brainwashing farmers f o r  the  past  50 years. A t h i r d  
reason, the  e f f e c t  o f  n o- t i l l a g e  on s o i l  water, f e r t i l i z e r  e f f i c i e n c y ,  etc., 
e x i s t s  most ly  i n  the  minds o f  techn ica l  workers. Most farmers never even 
consider these po in ts  and, i n  fac t ,  do n o t  know much about them even though 
working on them keeps us busy and paid. 

Then, why do farmers abandon n o- t i l l a g e ?  I suspect it i s  f o r  the  same 
primary reason; because it i s  not  economically good f o r  them. Hence, it 
seems t o  me, t h a t  we must concentrate, i n  the  fu ture ,  on n o- t i l l a g e  as seen 
from the farmer 's  p o i n t  o f  view. I f  t he  other advantages o f  l e s s  erosion 
and incremental savings i n  s o i l  water and f e r t i l i t y  are obtained, so much 
the be t te r .  But,  I r a t h e r  doubt t h a t  n o- t i l l a g e  w i l l  surv ive  on them alone. 

Table 2 shows the  re tu rns  t o  labor,  management and land  w i t h  a wheat-dry 
pea r o t a t i o n  w i t h  conventional and with no- t i l l age .  Di f ferences l i k e  these 
might  conceivably l e a d  t o  a c e r t a i n  stubbornness among farmers being courted 
w i t h  
farmers ' 

the  n o- t i l l a g e  gospel. Looking a t  n o - t i l l a g e  s t r i c t l y  from the 
standpoint, what can we see? 

F i r s t ,  we should see t h a t  i f  n o- t i l l a g e  costs  more ( o r  makes l e s s )  than 
conventional t i l l a g e ,  we can k i s s  i t  goodbye. I have j u s t  f i n i s h e d  
two-and-a-half years of work i n  the  Dominican Republic where I worked on 
no- t i l l age ,  among o ther  th ings.  Table 3 shows some r e s u l t s  with r e d  beans 
i n  1983. The r e s u l t s  looked almost promising and farmers were interested.  
Decent weed con t ro l  i n  beans requ i red three herbicides, Roundup, Lorox and 
Prowl and they were s l i g h t l y  more c o s t l y  than oxen and hoe-hands i n  the  year
1983. By 1984, t h e  Dominican peso had col lapsed against  the  d o l l a r  and the 
p r i c e  o f  herbic ides changed rap id l y ,  whereas the p r i c e  o f  beans and the cos t  
o f  l abor  moved up on ly  sli g h t l y  ( they  r e a l l y  moved down i n  d o l l a r  terms). 

Thinking t h a t  the  on ly  way t o  keep a research program i n  n o- t i l l a g e
a l i v e  was t o  try something simple and cheap, I used paraquat on pigeon 
peas. Pigeon pea i s  a crop t h a t  grows t a l l  and o f f e r s  good compet i t ion t o  

 I 
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weeds once it develops. The r e s u l t s  ( t a b l e  4) were very favorable when the 
p r i c e  o f  Paraquat was low (1983). Because o f  the la rge  y i e l d  increase, even 
when herb ic ide p r i ces  climbed, the  chemical weed con t ro l  was more p r o f i t a b l e  
than t h a t  w i t h  machete. 

There w i l l  be those who say t h a t  t h i s  i s  a small sample from an 
economical ly-stressed, postage stamp o f  a country and t h a t  i t  hard ly  appl ies 
i n  the  Uni ted States. That i s  poss ib le  b u t  doubtful .  The a t t i t u d e  o f  
Dominican farmers i s  no d i f f e r e n t  from t h a t  o f  American farmers. Both 
groups want t o  make money o r  a t  l e a s t  t o  survive. Both are  general ly  i n  
t r o u bl e  w i t h  the banks. Both hate unnecessary work and try t o  produce crops 
as cheaply as they can. Both are a f f l i c t e d  w i t h  the  disease known as " love 
o f  the land" and both t h i n k  t h a t  next  year, somehow, w i l l  be b e t t e r  than 
t h i s  year. The i r  mot iva t ions  are about the  same and t h e i r  response t o  
economic fac to rs  does not  seem t o  be d i f f e r e n t  than t h a t  o f  t h e i r  North 
American neighbors. 

If we can accept t h a t  a major reason f o r  the  growth o f  n o- t i l l a g e  has 
been economic and t h a t  there  are  basic physical  requirements f o r  no- t i l lage,  
then what does the f u t u r e  hold? 

1. 	 Cl imat ic  Res t r i c t i ons :  No- t i l l age  w i l l  never dominate where water i s  so 
scarce that a natura l  cover (mulch) cannot be establ ished p r e t t y  much f o r  
free. The crop produced f o r  the  cover w i l l  have t o  pay f o r  i t s e l f  and t h i s  
w i l l  be d i f f i c u l t  i f  the  cos t  o f  water i s  charged mostly o r  completely t o  
the  crop used as cover. A p e r f e c t  example would be wheat produced under 
i r r i g a t i o n  so t h a t  a crop o f  corn  o r  sorghum can be produced using the 
stubble as mulch. Unless the wheat y i e l d s  are  very h igh o r  unless the p r i c e  
o f  wheat r i s e s  magical ly,  which it w i l l  not, the  p r a c t i c e  i s  n o t  feasib le.  

Another c l i m a t i c  r e s t r i c t i o n  i s  c o l d  spr ing  weather. The bad e f f e c t  
under n o- t i l l a g e  i s  r e l a t e d  d i r e c t l y  t o  the  mulch which i n h i b i t s  s o i l  
warming through co lo r ,  i n s u l a t i o n  and h igher  s o i l  water content. The very
advantage o f  the  mulch i n  summer i s  i t s  p r i n c i p a l  disadvantage i n  the  
springtime. A t  what l a t i t u d e  w i l l  n o - t i l l a g e  stop and some form o f  l i m i t e d  
t i l l a g e  begin? No one r e a l l y  knows b u t  there  w i l l  be a cons is tent  r e s t r a i n t  
on n o - t i l l a g e  where s o i l  temperatures are low a t  p l a n t i n g  time. 

2. Weed Control Res t r i c t i ons :  As  i n  the  case o f  any other problem i n  
farming, there  are  ways t o  con t ro l  the  problem o f  weeds. I n  t h i s  case, one 
i s  confronted w i t h  the  need t o  con t ro l  weeds and the  means t o  con t ro l  them 
chemically. The c o n s t r a i n t  i s  the  cos t  o f  c o n t r o l l i n g  them. There i s  a 
c e r t a i n  romance i n  dreaming o f  the  wonder chemicals t h a t  w i l l  come t o  our 
a i d  and destroy our enemies, the  weeds. It i s  j u s t  dreaming unless these 
chemicals cos t  about the  same as say, 2,4-D, and they won't. They w i l l  cos t  
a l o t  more. 

How can the f u t u r e  be seen, then? We probably w i l l  r e l y  more on crop
competi t ion, good ground cover and cheap, o r  r e l a t i v e l y  cheap chemicals f o r  
weed cont ro l .  Added t o  t h i s ,  r o t a t i o n  o f  crops w i l l  p lay  a b i g  p a r t  and the 
r o t a t i o n s  w i l l  be much more va r ied  than those t h a t  we have now. They w i l l  
be designed t o  make money b u t  they w i l l  have a secondary purpose of 
con t ro l ling problem weeds. 
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Take, f o r  example, our  o l d  f r i end ,  Johnsongrass. It i s  always happy 
when corn i s  around because they both have about the  same growth h a b i t  and 
because chemical weed con t ro l  a t  an a f fo rdab le  p r i c e  does n o t  e x i s t  i n  a 
r e a l l y  i n f e s t e d  f i e l d .  One approach i s  t o  swi tch t o  soybeans and wipe the 
Johnsongrass w i t h  Roundup. A l te rnate ly ,  one cou ld  spray w i t h  one o f  the 
newer herb ic ides t o  k i l l  t he  Johnsongrass. The t r u t h  i s ,  however, t h a t  when 
corn comes again, the re  w i l l  appear much more Johnsongrass than anyone
thought possible. 

A d i f f e r e n t  and perhaps cheaper approach i s  t o  p l a n t  the  f i e l d  t o  a hay 
crop f o r  two years. Cu t t i ng  the  f i e l d  r e g u l a r l y  w i l l  cause the Johnsongrass 
great  pa in  and sap it o f  much o f  i t s  v i t a l i t y .  Cash money w i l l  have been 
saved, b u t  w i l l  money have been made? That w i l l  depend on the y i e l d  and use 
o f  the  hay crop. But a t  l e a s t  i t  i s  an a l t e r n a t i v e  and it provides a good 
mulch f o r  n o- t i l l a g e  corn. 

I n  the  fu ture ,  I be l i eve  we w i l l  see a l o t  more o f  t h i s  approach t o  weed 
problems. I t  i s  espec ia l l y  feas ib le  when there  i s  l e s s  incen t i ve  t o  p l a n t  
every acre t o  basic g r a i n  crops, and o the r  product ion a l t e r n a t i v e s  become 
more a t t r a c t i v e .  

I n  the  fu ture ,  I be l i eve  t h a t  the  use o f  post- p lant ing  sprayings w i l l  be 
even more important  than i t  i s  a t  present. The products used w i l l  c e r t a i n l y  
inc lude such t ime- tested products as 2,4-D and Paraquat, because they are 
cheap. For example, i n  place o f  t r y i n g  t o  concoct a rec ipe  a t  p l a n t i n g  t o  
con t ro l  a l l  poss ib le  weed disasters,  i t  may make more sense t o  use 
pos t- p lan t ing sprays, d i r e c t e d  o r  non-direc ted  t o  con t ro l  some weed 
problems. Using t h i s  system, the farmer has the p o s s i b i l i t y  o f  saving a l o t  
o f  money. The system takes observation, p lanning and t imel iness b u t  o f f e r s  
rea l  advantages. For one th ing,  the  farmer does h i s  own planning ins tead o f  
leaving i t  t o  the  chemical companies o r  the  experiment s ta t ions .  For 
another th ing,  we might  l e a r n  a l o t  from h i s  successes and f a i l u r e s .  

As w i t h  any other farm problem, our concern should be t o  resolve i t  as 
simply and cheaply as possible. Somehow, f o u r  herbicide- tank mixes do n o t  
seem simple t o  me and they c e r t a i n l y  do n o t  come cheap. I s  i t  n o t  l i k e l y
t h a t  post- p lant ing  sprays are a v i a b l e  a l te rna t i ve ,  espec ia l l y  i f  they can 
be used w i t h  r e l a t i v e l y  cheap chemicals? 

3. 	 Taking Advantage o f  Some Consequences o f  No-Til lage: N o- t i l l a g e
sometimes leads t o  the  reappearance o f  woods. I remember we l l  bushhogging a 
marginal f i e l d  which had been i n  n o- t i l l a g e  corn and no t ing  t h a t  the  f i e l d  
had a near ly  p e r f e c t  stand o f  young ash. I have wished several t imes t h a t  I 
had j u s t  l e f t  i t  so t h a t  m y  grandchi ldren cou ld  have s o l d  the t rees  i n  the  
year  20 something. It i s  probably an extreme notion, b u t  f o r  some f i e l d s  o r  
corners o f  f i e l d s  i t  may make b e t t e r  sense than f i g h t i n g  nature. And, 
suppose it had been walnut. 

Another idea, l e s s  romantic, i s  t o  take advantage o f  the  increased 
organic mat ter  and organic n i t rogen  content  o f  the  s o i l  under n o- t i l l a g e  by
plowing i t  and p l a n t i n g  i t  t o  a high-value crop. This approach takes 
advantage o f  some f r e e  n i t rogen,  good s o i l  s t ruc tu re  and a t  the  same time, 
a l lows one t o  g i ve  the  weeds a good mechanical workout if they happen t o  be 
a problem. There genera l ly  w i l l  be very l i t t l e  erosion because the physical  
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c h a r a c t e r i s t i c s  o f  the  s o i l  w i l l  be exce l len t .  I t  i s much l i k e using an o l d  
pasture s o i l  and w i t h  s i m i l a r  advantages. 

4. 	 Not Being No-Ti l lage Fanatics: I n  the  manner o f  most r e l i g i o u s  
fanat ics ,  we have sometimes been too severe w i t h  our c r i t i c s  when they 
quest ion the use o f  more and more chemical con t ro l  schemes simply so we can 
s t i c k  w i t h  our p u r i s t i c  not ions o f  no- t i l l age .  They may have a good po in t .  
There are  o ther  ways o f  c o n t r o l l i n g  weeds besides the use o f  chemicals and 
they have a very l ong  h i s t o r y  o f  working. It may be time t o  consider a 
mix ture  o f  chemical , mechanical and compet i t ive weed con t ro l  i n  no- t i l l age .  
Perhaps t h a t  i s  what the  f u t u r e  holds. I f  i t  does, it should not  be a bad 
future,  keeping i n  mind t h a t  us ing chemicals alone j u s t  t o  keep the f a i t h  
pure i s  p r e t t y  foo l i sh .  

I hope the f u t u r e  w i l l  i nc lude more about how t o  mechanically cont ro l  
weeds wi thout  t u r n i n g  the s o i l .  A l l  these methods are b a s i c a l l y  va r ia t i ons  
on the  theme o f  s tubble mulching. One o f  the  c leve res t  I have seen i s  an 

Argentine corn  p l a n t e r  w i t h  duckfoot po in ts  which c u t s  the  weeds j u s t  below 

the  mulch cover. It seems t o  work w e l l  where there  are no rocks o r  stumps. 

I  a lso  hope we can l e a r n  more about us ing compet i t ion t o  l i m i t  weed growth, 

whether it be by changing p l a n t i n g  pat terns  o r  by t u r n i n g  t o  more 

impermeable ground mulches. There i s  a l o t  t o  be learned about t h i s  subject. 


Summary 

The p r i n c i p l e s  which were important i n  the  development o f  n o- t i l l a g e  i n  
the  f i r s t  place are s t i l l  important. They inc lude crop competi t ion, a good 
ground cover and ro ta t ions .  The basic des i re  o f  the  farmer t o  make money i s  
a l so  important. Because o f  these p r i n c i p l e s  and the necessi ty  f o r  farmer 
surv iva l ,  I have suggested t h a t  the  f u t u r e  w i l l  have t o  look  t o  the  past. 
The n o - t i l l a g e  movement w i l l  have t o  pay more a t t e n t i o n  t o  these 
fundamentals and perhaps l e s s  a t t e n t i o n  t o  the  s i r e n  songs o f  the  new and 
expensive chemicals. Some have t h e i r  place, b u t  I doubt t h a t  they o f f e r  
salvation t o  no- t i l l age .  I n  the  end, the  basic p r i n c i p l e s  are  f a r  more 
important. 

References 

Ebelhar, W., W. W. Frye and R. L. Blevins.  1982. Un ive rs i t y  o f  Kentucky, 
Lexington. Unpublished data. 

Hinman, H. R. ,  S. G. Mohasci and D. L. Young. 1983. Impact o f  tenure s ta tus  
on economic incent ives  f o r  conservat ion t i l l a g e .  J .  So i l  and Water Conserv. 
38:287-290. 



--- --- 

24 7 

T a b l e  l .  Yields o f  corn under no- t i l l age  w i t h  various cover crops
(Ebel har e t  a1 . 1982). 

N F e r t i l i z e r ,  kg/ha
Cover 0 50 100 -------grain y i e l d ,  kg/ha-------
Hairy Vetch 6410 6840 9040 
Rye 4030 5720 7580 
Corn Sta lks  3790 5230 6820 

Table 2. 	 Returns t o  labor  and management and land f o r  a winter wheat-dry peas
ro ta t ion  o f  445 ha, Palouse, Idaho-Washington (Hinman e t  a l .  1983). 

Conventional Ti1 lage Returns No-Ti1 lage Returns 
Conditions Labor&Mgt Land Total La bor&Mgt Land Total 
Same Yield $11,952 $37,301 $49,253 $2,074 $32,258 $34,332 

Expected Yield 
Reduction (same) (same) (same) $20,185 $22,561 $ 3,454 

Table 3. 	 Yields, values,  and production cos ts  of conventional and no- t i l l age
red beans i n  t he  Dominican Republic w i t h  1983 and 1984 pr ices
(average o f  three  experiments).  

Conventional T i l l age  No-Ti 11age 
1983 1984 1983 1984 

Yield, kg/ha 
Value RD$ 
cos t s  

Seed RD$ 
Land Prep & Weed 

Control RD$ 
F e r t i l  i z e r  RD$ 

Gross Net 

347 354 
473.20 788.00 482.70 804.50 

95.40 159.00 95.40 159.00 

151.00 199.00 165.60 522.60 

33.30 89.70 33.30 89.70 

193.60 340.30 186.40 33.20 

Table 4. 	 Yields, value, and production cos t s  o f  pigeon peas i n  the  Dominican 
Republic w i t h  1983 and 1984 pr ices .  Weeds control led  w i t h  paraquat 
o r  by machete (average o f  seven experiments).  

"Chapeo" w i t h  Machete 
1983 1984 1983 

Paraquat 
1984 

Yield , kg/ha --1257 1899 --
Value RD$ 553 636 835 961 
Weed Control RD$ 32 48 56 131 
Picking RD$ 56 84 84 126 
Gross Net RD$ 465 504 695 704 




