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ABSTRACT 

T i l l a g e  and c ropp ing  sequence s tud ies  were conducted on a H a r t s e l l s  f i n e  
sandy loam f rom 1981 t o  1984 t o  determine t h e  i n f l u e n c e  o f  t i l l a g e  systems and 
c rop  r o t a t i o n  on soybean r e l a t i v e  y i e l d s .  The t i l l a g e  systems were conven
t i o n a l ,  strip-tillage, and n o - t i l l a g e .  Crop r o t a t i o n  was cont inuous soybeans, 
corn-soybeans ( f u l l  season), corn-wheat-soybeans (double-cropped soybeans). I n  
1982 through 1984, convent ional  t i l l a g e  w i t h  cont inuous soybeans r e s u l t e d  i n  
lower  soybean y i e l d s  than  s t r i p - t i l l a g e  o r  n o - t i l l a g e .  Corn-soybean r o t a t i o n  
c o n s i s t e n t l y  r e s u l t e d  i n  h i ghe r  soybean y i e l d s  than cont inuous soybeans. 
Double-cropped soybean y i e l d s  were reduced by 10%when compared t o  f u l l  season 
soybeans, b u t  wheat y i e l d s  assoc ia ted  w i t h  double-cropped soybeans ranged f rom 
3000 t o  3900 kg/ha. The b u i l d u p  o f  soybean c y s t  nematodes (cont inuous soybean 
w i t h  conven t iona l  t i l l a g e )  appears t o  have a g rea te r  e f f e c t  on soybean y i e l d s  
than  s o i l  compaction, s o i l  n u t r i e n t  l e v e l s ,  o r  r a i n f a l l  d i s t r i b u t i o n .  

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

Conservat ion t i l l a g e  i s  a system of managing c rop  r e s i d u e  on t h e  s o i l  su r
f a c e  w i t h  minimum o r  no t i l l a g e .  Goals o f  conserva t ion  t i l l a g e  a re  t o  leave 
enough p l a n t  r e s i d u e  on t h e  s o i l  surface f o r  c o n t r o l  o f  water and wind e ros ion ,  
t o  reduce energy requi rements;  and t o  conserve s o i l  water ( 5 ) .  Al though t h e  
use o f  crop res idues  on t h e  s o i l  su r f ace  has been w i d e l y  p r a c t i c e d  f o r  many 
years,  a d d i t i o n a l  i n f o r m a t i o n  i s  needed on t h e  i n f l u e n c e  o f  t i l l a g e  systems on 
p h y s i c a l ,  chemical ,  and b i o l o g i c a l  s o i l  environment, and on crop p roduc t ion .  
Wi th  t h e  development o f  e f f e c t i v e  chemical weed c o n t r o l  and s u i t a b l e  p l a n t i n g  
equipment, t h e  p o t e n t i a l  f o r  conserva t ion  t i l l a g e  systems has increased.  Dur ing 
t h e  pas t  severa l  years,  research  i n  t i l l a g e  systems has been expanded t o  i n c l u d e  
c rop  r o t a t i o n  and c ropp ing  systems. The purpose o f  t h i s  s tudy,  which was estab
l i s h e d  i n  1980, was t o  determine t h e  i n f l u e n c e  o f  crop r o t a t i o n  and cropping 
systems on soybean y i e l d s .  

M a t e r i a l s  and Methods 

Convent ional  t i l l a g e  was compared t o  s t r i p - t i l l a g e  and n o - t i l l a g e  systems 
w i t h  soybeans, corn,  and wheat on a H a r t s e l l s  f i n e  sandy loam ( f ine- loamy,  s i l i 
ceous, thermic ,  Typic  Hap ludu l t s )  s o i l .  The s t r i p - t i l l a g e  cons i s ted  o f  p l a n t i n g  
corn  and soybeans over  20 t o  23 cm deep c h i s e l  s l o t s  ( in- row c h i s e l i n g ) ;  w i t h  
n o - t i l l a g e  corn  and soybeans were p l an ted  w i t h  a double- disk opener p l a n t e r  
d i r e c t l y  i n  t h e  u n t i l l e d  s o i l  sur face.  Row spac ing was 90 cm f o r  co rn  and 68 cm 
f o r  soybeans. The soybean p l o t s  were 1 5  m long,  w i t h  t h e  cen te r  two rows har
vested f o r  y i e l d s .  

Cropping sequences were cont inuous soybeans; cont inuous corn, corn-
soybeans, and corn-wheat f o r  grain-soybeans. Wheat was p lan ted  as w i n t e r  cover 
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on a l l  p l o t s  i n c l u d i n g  those n o t  used f o r  g r a i n  crop. The wheat was k i l l e d  w i t h  
an over- the- top  a p p l i c a t i o n  o f  paraquat 10 days be fo re  p l a n t i n g  corn o r  soybeans. 
P l a n t i n g  dates ranged from 14 March t o  1 A p r i l  f o r  corn,  f rom 1 May t o  10 May 
f o r  f u l l  season soybeans, and 15 June t o 1 J u l y  f o r  double-cropped soybeans. 
P l a n t i n g  da te  f o r  t h e  double-cropped soybeans depended on s o i l  mo i s tu re  con
d i t i o n s  when wheat was harvested.  

Resu l ts  and D iscuss ion  

The h i g h e s t  soybean y i e l d s  i n  t h e  f i r s t  c y c l e  occur red  w i t h  cont inuous, 
f u l l  season soybeans i n  t h e  s t r i p - and n o - t i l l a g e  systems (Table 1). However, 
i n  t h e  second, t h i r d ,  and f o u r t h  years,  t h e  n o - t i l l a g e  system r o t a t e d  w i t h  corn 
r e s u l t e d  in t h e  h i ghes t  y i e l d s .  The y i e l d s  f o r  t h i s  t rea tment  were 45.2 bu/acre 
i n  1981, 46.7 i n  1982, 35.4 i n  1983, and 44.2 i n  1984. Y i e l d  averages f o r  f u l l  
season soybeans r o t a t e d  w i t h  corn were 32.7, 41.8 and 42.9 bu/acre f o r  conven
t i o n a l ,  s t r i p ,  and n o - t i l l a g e .  

A f t e r  1981, y i e l d s  o f  cont inuous soybeans grown w i t h  convent ional  t i l l a g e  
ranged f rom 29 t o  88% as h i g h  as t h e  n o - t i l l a g e  soybeans r o t a t e d  w i t h  corn.  
Wi th  cont inuous f u l l  season soybeans, y i e l d  averages were 26.9, 36.4, and 41.7 
bu/acre f o r  conven t iona l ,  s t r i p - , and n o - t i l l a g e .  Y ie l ds  o f  t h e  double-cropped 
soybeans were lower  each year  than  fu l l - season soybeans r o t a t e d  w i t h  corn. 
Y i e l d  averages f o r  double-cropped soybeans were 35.9, 38.6, and 34.3 bu/acre f o r  
conven t iona l ,  s t r i p - , and n o - t i l l a g e .  

To determine t h e  bes t  r o t a t i o n  and t i l l a g e  systems f o r  c o n s i s t e n t  soybean 
p roduc t ion ,  these  f a c t o r s  should be cons idered:  s o i l  n u t r i e n t  l e v e l s ,  s o i l  
phys i ca l  c o n d i t i o n  (compaction, t i l l a g e  pans), c l i m a t e  ( r a i n f a l l  d i s t r i b u t i o n )  
and change i n  s o i l  m i c r o f l o r a  by t i l l a g e  and r o t a t i o n  systems. 

S o i l  n u t r i e n t  l e v e l s  a r e  e a s i l y  mon i to red  by s o i l  t e s t  t o  e l i m i n a t e  them as 
l i m i t i n g  f a c t o r s  i n  soybean y i e l d s .  Each f a l l  n u t r i e n t s  were a p p l i e d  t o  a l l  
p l o t s  t o  m a i n t a i n  h i g h  l e v e l s  o f  P and K; however, f e r t i l i z e r  was a p p l i e d  on an 
i n d i v i d u a l  p l o t  bas i s  s i nce  d i f f e r i n g  amounts of P and K were removed, depending 
on t i l l a g e  and c rop  r o t a t i o n .  N i t r ogen  (90  l b / a c r e )  was app l i ed  t o  wheat f o r  
cover and wheat f o r  g r a i n .  

High s o i l  s t r e n g t h  and low s o i l  oxygen a r e  two impor tan t  f a c t o r s  r e s t r i c t 
i n g  r o o t  growth i n  s o i l  w i t h  compact ib le  l a y e r s .  Conservat ion t i l l a g e  systems 
e l i m i n a t e d  these  l i m i t i n g  f a c t o r s .  Wi th  conven t iona l  t i l l a g e ,  soybean r o o t i n g  
was r e s t r i c t e d  t o  a s o i l  volume o f  15  cm o r  t h e  Ap l a y e r .  The r e s t r i c t e d  
r o o t i n g  depth was a l s o  v e r i f i e d  by t a k i n g  s o i l  penetrometer measurements under 
t h e  row i n  June 1983 (Table 2) .  S o i l  s t r e n g t h  was l e s s  than 1 Pascal a t  t he  
40-cm depth f o r  t h e  s t r i p - t i l l a g e  system. The energy f o r  p e n e t r a t i o n  o f  t he  no-
t i l l a g e  system was reduced o n l y  a t  t h e  0- t o  15-cm depth, and increased f rom t h e  
15- t o  60-cm s o i l  depths. Thus, under c o n d i t i o n s  o f  low r a i n f a l l  d u r i n g  c r i t i 
c a l  mo i s tu re  pe r i ods ,  inc reased  s o i l  s t r e n g t h  cou ld  have an adverse e f f e c t  on 
soybean y i e l d s  by r e s t r i c t i n g  r o o t  growth and water removal t o  t h e  s o i l  volume 
above t h e  hardpan. 

T i l l a g e  systems t h a t  enhance water i n f i l t r a t i o n  and/or reduce evapora t ion  
have a b e t t e r  chance o f  m a i n t a i n i n g  adequate s o i l  water d u r i n g  pe r i ods  o f  
drought  s t r e s s .  I n  1982-1984, poor r a i n f a l l  d i s t r i b u t i o n  ( F i g .  1) r e s u l t e d  i n  



42 


periods of drought stress of 14 days or more. However, soybean yields did not 
appear to be affected in the tillage systems that maintained some residue on the 
soil surface (strip-tillage and no-tillage). The moisture conserving advantage
of the mulch may have been one of the primary factors responsible for higher
yields with conservation tillage than with conventional tillage in 1982-1984. 

After 4 years o f  continuous soybeans, yield in 1983 with conventional till-
age was only 10 bu/acre. The soybean plants were stunted in late August and 
began to defoliate prematurely (1,2,3,4). Observation of the soybean roots and 
soil samples collected in late August suggested a nematode infestation. In 1984 
high populatons of soybean cyst nematodes were found in soil samples from con
tinuous soybean-conventional tillage. 

In summary, soybean yields in this conservation tillage study were influ
enced by rainfall distribution, soil physical conditions, and change in the soil 
microflora. Effects of rainfall distribution can only be controlled by supple-
mental irrigation, while the adverse effects of soil compaction can be 
controlled to some extent by maintaining some plant residue on the soi surface 
t o  enhance water infiltration and reduce evaporation losses. Nematode popula
tions can be kept in check by growing corn or some other grass in rota ion with 
soybeans; however, the greatest increase in soybean yields due to rota ion was 
more evident when grown with some form of conservation tillage system. 
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Table 1. 	 E f f e c t s  o f  t i l l a g e  and crop r o t a t i o n  on soybean r e l a t i v e  
y i e l d s  f o r  1981 through 1984 a t  C r o s s v i l l e ,  Alabama 

R e l a t i v e  y i e l d  o f  soybeans (% o f  s tandard)" 
T i  11age 
systems 1981 1982 1983 1984 

Convent ional  88 
Continuous soybean

65 29 63 
S t r i  p - t i11age 114 88 66 67 
N o  - t i 1l a g e  127 89 93 79 

Convent ional  81 
Soybeans-corn r o t a t i o n  

89 70 63 
S t r i  p - t i  11age 
N o  - t i1l a g e  

94 
1 oo* 

98 94 100 
100* l oo* 100" 

Convent ional  96 
Wheat-soybeans-corn 

91 81 66 
S t r i  p - t i11age 
N o  - t i l l a g e  

94 
71 

92 79 92 
88 77 82 

* 
Y i e l d s  f o r ' s t a n d a r d  were 45.2 bu/acre i n  1981; 46.7 i n  1982; 
35.4 i n  1983; and 44.2 i n  1984. 

Table 2. 	 E f f e c t s  o f  conserva t ion  t i l l a g e  systems on s o i l  
s t r e n g t h  a t  C r o s s v i l l e ,  Alabama i n  1983. 

Convent ional  0.75 1.18 1.73 1.93 
S t r i  p - t i11age 0.29 0.59 0.89 1.41 
N o- t i  1l a g e  0.51 1.00 1.62 1.15 
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