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I n t r o d u c t i o n  

Reported inc reases  i n  s o i l  b u l k  dens i ty ,  s o i l  s t reng th ,  and lower  
r o o t  d e n s i t i e s  under n o - t i l l a g e  demonstrate t h e  need f o r  t i l l a g e  under 
some c o n d i t i o n s  (1,5,6). However, long- term c ropp ing  systems u s i n g  no-
t i l l a g e  management have p o t e n t i a l  f o r  r educ ing  eros ion,  f u e l  and l a b o r  
costs ,  and enhancing wate r  use e f f i c i e n c y .  Prev ious s t u d i e s  f r om l oca
t i o n s  on heavy c l a y  s o i l s  w i t h  poor dra inage have n o t  f avo red  n o - t i l l a g e  
( 4 ) .  The B lack land  P r a i r i e  o f  Texas i s  comprised o f  se l f-mulch ing,
m o n t m o r i l l o n i t i c  c l a y  and s i l t y - c l a y  s o i l s  t h a t  have good su r f ace  d ra in-
age, b u t  poor  i n t e r n a l  d ra inage  when wet. The s o i l s  a r e  ve ry  s t i c k y  and 
h i g h l y  e r o d i b l e  when wet. Because y i e l d  o f  crops grown w i t h  n o - t i l l a g e  
have v a r i e d  w i t h  r espec t  t o  l oca t i on ,  environment, and s o i l  type, our  
o b j e c t i v e s  were t o  determine t h e  long- term e f f e c t s  o f  n o - t i l l a g e  on s o i l  
p r o p e r t i e s ,  c rop  development, and y i e l d  f o r  t h e  heavy c l a y  s o i l s  o f  t h e  
Texas Black l ands. 

Methods 

A long- term s tudy  ( f o u r  years )  was e s t a b l i s h e d  i n  October, 1980 t o  
determine t h e  e f f e c t s  o f  conven t iona l  t i l l a g e  and n o - t i l l a g e  on s o i l  
p h y s i c a l  p r o p e r t i e s ,  c rop  development and y i e l d  o f  wheat, g r a i n  sorghum, 
and co t ton .  The exper imenta l  s i t e  was on an A u s t i n  s i l t y  c l a y  s o i l  w i t h  a 
1 t o  3% slope. The convent iona l  t i l l a g e  t rea tment  was comprised o f  
repea ted  d i s k  and c h i s e l  ope ra t i ons  ( t o  depths o f  10-12 cm) f o l l o w i n g  har
v e s t  t o  c o n t r o l  weeds and comple te ly  i n c o r p o r a t e  t h e  e x i s t i n g  c rop  
res idue.  A r o t a r y - t i n e  harrow was used t o  p rov ide  a u n i f o r m l y  f l a t  su r
face and weed f r e e  seedbed p r i o r  t o  conven t iona l  p l an t i ng .  N o - t i l l a g e  
t r ea tmen ts  were ma in ta ined  f r e e  o f  weeds u s i n g  combinat ions o f  p re -
emergence, post-emergence d i r e c t e d  spray, and pos t- harves t  h e r b i c i d e  
a p p l i c a t i o n s .  Both convent iona l  and n o - t i l l a g e  systems rece i ved  i d e n t i c a l  
q u a n t i t i e s  o f  n i t r o g e n  and phosphorous t o  maximize c rop  y i e l d s .  
F e r t i l i z e r  was a p p l i e d  i n  s o l u t i o n  f o m u l a t i o n  a t  10 cm depth p r i o r  t o  
p l a n t i n g  o f  c o t t o n  and g r a i n  sorghum. Urea-ammonium n i t r a t e  was d r i b b l e d  
on t h e  su r f ace  d u r i n g  t h e  t i l l e r i n g  s tage f o r  wheat. Crops were p l a n t e d  
w i t h  commerc ia l ly  a v a i l a b l e  equipment f i t  ed w i t h  double- disk f u r row  
openers and smooth r o l l i n g  c o u l t e r s .  Soi b u l k  dens i ty ,  cone p e n e t r a t i o n
res i s tance ,  a v a i l a b l e  water, and c rop  y i e  d and y i e l d  components were 
measured. 
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Resu1ts 

N o - t i l l a g e  management d i d  n o t  a l t e r  t h e  phys i ca l  p r o p e r t i e s  o f  our  
expanding s i l t y - c l a y  s o i l  a f t e r  t h r e e  c rop  years.  Both s o i l  s t r e n g t h  (as 
measured by cone p e n e t r a t i o n  r e s i s t a n c e )  and wet s o i l  bu l k  d e n s i t i e s  were 
s i m i l a r  between convent iona l  t i l l a g e  and n o - t i l l a g e  (Tables 1 and 2). 
P l a n t  a v a i l a b l e  s o i l  wa te r  inc reased  by 25 mm/year f o r  crops growing under 
n o - t i l l a g e (2) .  Root d e n s i t i e s (cm/cm3 ) i n t h e t o p 30 cm o f s o i l p r o f i l e  
were s i g n i f i c a n t l y  h i ghe r  f o r  n o - t i l l a g e  g r a i n  sorghum and co t ton ,  b u t  
were n o t  a f f e c t e d  by t i l l a g e  a t  depths g rea te r  than  30 cm (Table 3 ) .  
However, r o o t i n g  d e n s i t y  o f  wheat was n o t  a l t e r e d  by t i l l a g e  t reatments .  
Each crop produced t h i c k e r  ( l a r g e r  d iameter )  r o o t s  i n  t h e  upper 30 cm o f  
t h e  n o - t i l l a g e  t rea tment  (Table 4).  

G ra in  y i e l d s  o f  wheat and sorghum and l i n t  y i e l d s  o f  c o t t o n  were 
equ i va len t  under n o - t i l l a g e  and convent iona l  t i l l a g e  d u r i n g  t h e  1981-1983 
c rop  years.  One excep t ion  was t h e  low g r a i n  y i e l d  o f  1982 n o - t i l l a g e  
wheat. I n  t h i s  ins tance,  a severe drought, coupled w i t h  h i g h  l e v e l s  o f  
l e a f  r u s t  a t  t h e  t i l l e r i n g  and j o i n t i n g  development stages reduced t h e  no-
t i l l a g e  wheat c a p a c i t y  t o  produce t i l l e r s .  

Discuss ion 

The r e s u l t s  o f  ou r  study, t h u s  f a r ,  suggest t h a t  n o - t i l l a g e  i s  a 
v i a b l e  management a l t e r n a t i v e  t o  conven t iona l  t i l l a g e  o f  expansive c l a y  
s o i l s .  Crop y i e l d s  a r e  equ i va len t  under n o - t i l l a g e  w i t h  no adverse 
e f f e c t s  on s o i l  p r o p e r t i e s .  N o - t i l l a g e  increases r o o t i n g  o f  t h e  c rop  i n  
t h e  upper 30 cm o f  t h e  s o i l  p r o f i l e  p e r m i t t i n g  b e t t e r  c r o p  u t i l i z a t i o n  o f  
wa te r  and n u t r i e n t s .  Residue and s o i l  movement occurred d u r i n g  t h e  s tudy  
as evidenced b y  r i l l  fo rmat ion ,  demonstrat ing t h a t  n o - t i l l a g e  a lone w i l l  
n o t  e l i m i n a t e  eros ion.  M o d i f i c a t i o n  o f  t h e  system by t h e  use o f  permanent 
r a i s e d  beds w i t h  d i s c r e t e  f u r r o w  t o  c o n t r o l  t h e  f l o w  o f  excess water  may 
so l ve  t h i s  problem and p rov ide  o t h e r  b e n e f i t s  ( 3 )  t o  extend n o - t i l l a g e  
technology t o  h i g h  c l a y  s o i l s  i n  more humid reg ions.  In  add i t i on ,  no-
t i l l a g e  may reduce t h e  r i s k  assoc ia ted  w i t h  a l t e r n a t i v e  management 
p r a c t i c e s  such as double c ropp ing  o f  g r a i n  sorghum, soybeans, and c o t t o n  
f o l l o w i n g  smal l  g r a i n s  and r a t o o n  c ropp ing  g r a i n  sorghum, thereby  
i n c r e a s i n g  c rop  p r o d u c t i v i t y  by more e f f i c i e n t l y  u t i l i z i n g  a v a i l a b l e  
growing season and wate r  resources. 
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L . )  s t ove r  mulch on n o - t i l l a g e  co rn  y i e l d  

Table 1. Cone p e n e t r a t i o n  r e s i s - Table 2. Wet bu l k  d e n s i t i e s  o f  
tance  comparisons o f  conven t iona l  convent ional  t i llage (CT) and no-
t i l l a g e  (CT) and n o - t i l l a g e  (NT) on t i l l a g e  (NT) on a s w e l l i n g  c l a y  
a s w e l l i n g  c l a y  s o i l  near  t h e  upper s o i l  near t h e  upper l i m i t  o f  p l a n t  
limit o f  p l a n t  ava i lab le  s o i l  wa te r  ava i l a b l e  so i 1 water  a f t e r  t h r e e  
a f t e r  t h r e e  c rop  years.  c rop  years. 

Pene t ra t i on  Resis tance Bu lk  Dens i ty  
Depth CT NT Depth CT NT 

(cm) -kg/cm2 
(cm) g/cm3 

0-15 3.04 3.26 0-2 0.99 0.99 
15-30 16.51 18.59 2-4 1.23 1.18 
30-60 35.0 38.0 4-6 1.32 1.29 
60-90 40 .O 50.0 8-15 1.51 1.57 
LSD 0.05 NS 30-38 1.61 1.62 

( t i l l a g e  x depth)  50-58 1.64 1.64 
LSD 0.05 NS 

( t i l l a g e  x depth)  
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Tab le  3. 	 Root l e n g t h  d e n s i t y  (RLD) and s p e c i f i c  r o o t  we igh ts  (SRW) a t  
f l o w e r i n g  o f  wheat, sorghum and c o t t o n  as a f f e c t e d  b y  convent ion
a l  t i l l a g e  (CT) and n o - t i l l a g e  (NT) i n  1983. 

RLD SRW ( 1  x 10-5) 

Crop Depth CT NT CT NT 

- cm - cm/cm3 g/cm 

Wheat 0-15 16.11 13.38 4.0 4.8 
15-30 2.93 3.01 4.8 5.7 
30-60 1.38 1.40 5.5 6.0 
60-90 1.32 1.13 6.1 7.7 

LSD 0.05 NS 0.4 
( t i l l a g e  x depth)  

Sorghum 0-15 2.01 2.42 12.5 16.3 
15-30 1.32 1.86 7.4 9.2 
30-60 0.89 1.04 5.9 9.5 
60-90 0.89 0.81 5.8 9.4 

LSD 0.05 0.15 2.1 
( t i l l a g e  x depth) 

Co t ton  0-15 1.28 2.01 14.8 19.9 
15-30 1.69 1.82 10.2 9.4 
30-60 1.10 1.01 12.1 9.8 
60-90 0.88 0.84 11.3 11.1 

LSD 0.05 0.11 2.9 
( t i l l a g e  x depth)  

~~ ~~ 

Table 4. 	 Gra in  y i e l d s  o f  wheat and sorghum and l i n t  y i e l d  o f  c o t t o n  growth 
under conven t iona l  t i l l a g e  (CT) and n o - t i l l a g e  (NT) f o r  1981-1983 
c rop  years.  

Wheat Sorghum Cot ton 

Year CT NT CT NT CT NT 

------------- k g  g ra in /ha  --_--_------ - k g  l i n t / h a  -

1981 3170 2630 6320 6200 * * 
1982 1940 1250 4960 4530 254 216 
1983 3410 3270 3665 3637 568 56 5 

LSD 0.05 610 560 39 

( t i l l a g e  x yea r )  

* Data no t  ava i l ab le .  
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