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INTRODUCTION 

Excessive s o i l  l o s s  from row-cropped land  due t o  water e r o s i o n  cont inues  
t o  be a prominent problem i n  West Tennessee. Proven e ros ion  c o n t r o l  
p r a c t i c e s  are o f t e n  r e j e c t e d  by farmers  on t h e  b a s i s  of implementation and 
maintenance c o s t s  and incompa t ib i l i t y  wi th  machinery ope ra t ion  and e x i s t i n g  
f i e l d  arrangement. The wind-deposited s o i l s  t yp i fy ing  t h e  area are h ighly  
s u s c e p t i b l e  t o  e ros ion  when v e g e t a t i v e  cover i s  not  p re sen t .  Farmers have 
h i s t o r i c a l l y  favored c l e a n  c u l t i v a t i o n  t o  i n s u r e  es tab l i shment  of adequate 
p l a n t  s t ands  and a s s u r e  e f f e c t i v e  weed con t ro l .  Demand f o r  soybeans has  
r e s u l t e d  i n  increased  use of marginal  land having s t e e p  s lopes  f o r  row crop 
product ion us ing  convent ional  t i l l a g e  p r a c t i c e s .  A s  a r e s u l t ,  s o i l  l o s s  
f r equen t ly  exceeds t o l e r a b l e  l i m i t s ;  and water q u a l i t y  i n  r e c e i v i n g  streams 
is impaired by sediment and accompanying p o l l u t a n t s .  

One of t h e  most e f f e c t i v e  methods of c o n t r o l l i n g  water e ros ion  i s  t o  maintain 
e i t h e r  growing vege ta t ion  o r  p l a n t  r e s i d u e  on t h e  s o i l  su r f ace .  Vegetat ion 
tends t o  absorb the  energy of f a l l i n g  ra indrops ,  reduce t h e  v e l o c i t y  of s u r f a c e  
runof f ,  and inc rease  i n f i l t r a t i o n  capac i ty  through improved s o i l  s t r u c t u r e .  No-
t i l l a g e  c u l t u r a l  practices provide a scheme f o r  engaging i n  row crop product ion 
whi le  s imultaneously main ta in ing  a p r o t e c t i v e  cover of v e g e t a t i v e  material on 
the  s o i l  su r f ace .  Improvements i n  p l a n t i n g  equipment and advances i n  h e r b i c i d e  
and a p p l i c a t o r  technology are expected t o  a l low more producers t o  r e a l i z e  t he  
documented advantages of n o- t i l l a g e  cropping without  excess ive  r i s k  of poor 
s t a n d s  and inadequate  weed c o n t r o l .  Curren t ly  about 100,000 acres of soy-
beans are n o- t i l l  seeded annual ly i n  Tennessee; most of these  p l an t ings  are 
i n  wheat s t u b b l e  as p a r t  of a double c rop  program. 

SOIL AND WATER CONSERVATION STUDIES 

Research involv ing  double cropping of soybeans and wheat w a s  i n i t i a t e d  a t  
t he  Milan Experiment S t a t i o n  i n  West Tennessee i n  1963. Several area farmers 
were a l r eady  employing t h e  p r a c t i c e  on a r e g u l a r  b a s i s .  To eva lua t e  t h e  
conserva t ion  imp l i ca t ions  of s e v e r a l  cropping and management p r a c t i c e s ,  two 
watersheds were instrumented t o  monitor r a i n f a l l  and runof f .  F i e ld  8 con­
ta ined  9 . 3  a c r e s  with an average s l o p e  of two percent .  Predominant s o i l s  
were Calloway and Henry s i l t  loams. F i e l d  9 i n i t i a l l y  cons i s t ed  of 36 acres 
with about two percent  average s lope .  I n  September 1975, t he  f i e l d  w a s  
graded t o  an average s lope  of about 1 . 2  percent  and d ive r s ions  were i n s t a l l e d ,  
reducing t h e  watershed area t o  28 a c r e s .  Co l l i n s  and Loring s i l t  loams were 
the  predominant s o i l  types .  
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Seasonal d i s t r i b u t i o n  of r a i n f a l l  and runoff r a t e s  and volumes on F i e l d  8 
is shown i n  F igure  1. For t he  12-year per iod of record ,  t h e  maximum r a i n-
f a l l  intensity and peak rate of runoff  occurred dur ing  t h e  period conta in ing  
the  months of A p r i l  through June. These events  thus occurred when s o i l  
under convent ional  c u l t i v a t i o n  was most vu lne rab le  t o  s o i l  loss  as p a r t i c l e s  
loosened dur ing  seedbed p repa ra t ion  were r e a d i l y  a v a i l a b l e  f o r  t r a n s p o r t  in 
runoff  w a t e r .  The volume of runof f ,  i n  percentage of annual  average,  was 
a l s o  g r e a t e s t  dur ing  t h i s  three-month per iod .  While about h a l f  of t h e  annual 
r a i n f a l l  occurred dur ing  t h e  f i r s t  s i x  months of t h e  year ,  61.4 percent  of 
the  t o t a l  runoff occurred i n  t hese  months. Average annual s u r f a c e  runoff 
from t h e  watershed over  t h e  per iod  of record  was 32 pe rcen t  of t he  r a i n f a l l  
volume. 

Table 1 shows r a i n f a l l ,  r unof f ,  and sediment y i e l d  from F i e l d s  8 and 9 �or 
s e l e c t e d  storms. Crops were soybeans, e i t h e r  produced wi th  convent ional  cu l­
t i v a t i o n  o r  n o- t i l l  p lan ted  i n  wheat s t u b b l e  i n  a double c rop  program. The 
s e l e c t e d  storms occurred a t  times when g r e a t e s t  s o i l  l o s s  d i f f e r e n c e s  be-
tween t h e  two  systems would be expected.  Sediment y i e l d ,  as used he re ,  
r e f e r s  t o  suspended sediment measured a t  t h e  o u t l e t s  of grassed  waterways 
which c a r r i e d  s u r f a c e  runoff  from t h e  two f i e l d s .  Some of t h e  s o i l  eroded 
by ra indrops  and s u r f a c e  runoff  would have been redepos i ted  a t  p o i n t s  lower 
i n  t h e  f i e l d s  and would n o t  have reached t h e  monitor ing s t a t i o n  dur ing  a 
g iven  storm. Consequently, a c t u a l  s o i l  e ros ion  on t h e  f i e l d  would have been 
g r e a t e r  than t h a t  i n d i c a t e d  by sediment y i e l d .  

F i e l d  8 was convent iona l ly  t i l l e d  i n  1974 and double cropped i n  1975, To 
i l l u s t r a t e  t he  advantage of  v e g e t a t i v e  cover ,  compare t h e  storms occurr ing  
June 10, 1974 and A p r i l  30, 1975. Note t h a t ,  f o r  similar antecedent  con­
d i t i o n s ,  h i g h e s t  sediment y i e l d s  u sua l ly  correspond t o  h i g h e s t  rates and 
volumes o f  r a i n f a l l  and runof f .  The r a i n f a l l  i n t e n s i t y  of t h e  1975 s torm 
was almost t h r e e  t i m e s  t h a t  of t h e  1974 event ,  and t o t a l  r a i n f a l l  volume 
was over  f i v e  t i m e s  as g r e a t .  Y e t  t h e  1974 storm, occu r r ing  when the  f i e l d  
w a s  c l ean ly  c u l t i v a t e d ,  produced t h r e e  times as much sediment as the  1975 
storm. T o t a l  r a i n f a l l  between the  storm of A p r i l  30, 1975 and t h a t  of  
December 15 ,  1975 w a s  30.1 inches .  However, t h e r e  w a s  on ly  1.0 inch of 
runoff  and sediment y i e l d s  were q u i t e  low. This  w a s  a t t r i b u t e d  p r imar i ly  
t o  t h e  presence of v e g e t a t i o n  and s t u b b l e  r e s i d u e  a s s o c i a t e d  wi th  t h e  
double cropping system. 

F i e l d  8 was d isked  on May 5, 1976 t o  prepare  a convent ional  seedbed. The 
f i r s t  s torm t h e r e a f t e r  occurred on May 13. The 2.82-inch s torm (1.20 
inches  per  hour maximum i n t e n s i t y )  r e s u l t e d  i n  a sediment y i e l d  averaging 
181 pounds pe r  acre. A 2.53-inch r a i n  f e l l  on the  c l ean ly  c u l t i v a t e d  f i e l d  
on June 2, 1976; and r e s u l t i n g  runoff  w a s  1.58 inches .  Not only  w a s  sediment 
y i e l d  h igh  a t  141  pounds per  a c r e ,  bu t  i n f i l t r a t i o n  was less than 38 percent .  

The advantage o f  n o- t i l l  p r a c t i c e s  f o r  e ros ion  c o n t r o l  is v i v i d l y  i l l u s t r a t e d  
by t h e  t h r e e  s torm even t s  shown f o r  F i e l d  9 f o r  1976. To ta l  r a i n f a l l  and 
runoff  dur ing  t h e  March 5 s torm were n o t  very g r e a t  (1.25 and 0.32 inches,  
r e spec t ive ly )  . However, t he  h igh  rainfall i n t e n s i t y  (4 .68  inches per  hour) ,  
coupled wi th  the  s p a r s e  v e g e t a t i v e  cover provided by t h e  wheat a t  t h a t  t i m e ,  
r e s u l t h d  in a sediment y i e l d  of 137 pounds per  acre. On Apr i l  24, when t h e  
r a i n f a l l  rate and q u a n t i t y  w e r e  less and t h e  wheat growth w a s  cons iderably  
g r e a t e r ,  t h e  sediment y i e l d  w a s  on ly  7 pounds per  a c r e .  When the  s torm of 
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Ju ly  14  occur red ,  t h e  wheat had been ha rves t ed  and soybeans had been 
p l an t ed  i n  t h e  s t u b b l e .  Due t o  t h e  e x c e l l e n t  ground cover  on  undis tu rbed  
s o i l ,  t h e  runof f  of 0 .02  i nches  w a s  on ly  one pe rcen t  of t h e  r a i n f a l l  and 
sediment y i e l d  was on ly  3 pounds pe r  acre. 

F i e l d  9 conta ined  a mix ture  of conven t iona l l y  t i l l e d  and n o - t i l l  soybeans 
i n  1977 and 1978. Table 1 shows t h a t  more s o i l  was l o s t  i n  1978 when a 
h ighe r  percen tage  of t h e  area was conven t iona l l y  t i l l e d .  Observat ion of 
runof f  water e n t e r i n g  t h e  grassed  waterway du r ing  t h e  s p r i n g  and summer 
months i n d i c a t e d  t h a t  v i r t u a l l y  a l l  of t h e  s o i l  e r o s i o n  which occur red  w a s  
on t h e  conven t iona l l y  t i l l e d  a r e a s .  

PERFORMANCE OF DOUBLE CROP SOYBEANS 

A t o t a l  of 310 a c r e s  of double  c r o p  soybeans were grown i n  produc t ion  f i e l d s  
a t  Milan between 1971 and 1979 as i n d i c a t e d  i n  Table  2 .  Produc t ion  p r a c t i c e s  
changed from yea r  t o  yea r  as improved variet ies ,  h e r b i c i d e s ,  and f i e l d  
machines were developed and became a v a i l a b l e .  The most promising p r a c t i c e s  
i n d i c a t e d  by replicated experiments  conducted s imul taneous ly  were app l i ed  
i n  t h e  produc t ion  f i e l d s .  Mean per- acre  y i e l d  was 32 bushe l s  over  t h e  
nine- year per iod .  Yie lds  o f  s i n g l e  c rop  soybeans i n  similar produc t ion  
f i e l d s  averaged 36 bushe l s  pe r  a c r e .  Thus, y i e l d s  of n o - t i l l  double  crop 
soybeans averaged 11 pe rcen t  below y i e l d s  of s i n g l e  c rop  beans grown with 
convent iona l  t i l l a g e .  

Seve ra l  r e s e a r c h e r s  have no ted  t h a t  row spac ing  i n  s t u b b l e  p l an t ed  soybeans 
w a s  more impor tan t  than  i n  convent iona l  p l a n t i n g s .  Thus, f i v e  soybean 
varieties were eva lua t ed  from 1974 through 1976 i n  rows spaced 40 and 20 
inches  a p a r t  p l an t ed  n o - t i l l  i n  wheat s t u b b l e .  Table  3 shows t h a t  a pos i­
t ive y i e l d  response  t o  t h e  c l o s e r  row spac ing  was ob ta ined  each yea r .  The 
average  response  of t h e  f i v e  v a r i e t i e s  t o  t h e  c l o s e r  row spac ing  was about  
5 bushe l s  per  acre y i e l d  i n c r e a s e .  There w a s  no s i g n i f i c a n t  variety/row 
spac ing  i n t e r a c t i o n  i n  any y e a r .  

. 	 Performance of fou r  soybean var ie t ies  was eva lua t ed  from 1977 through 1979 
i n  rows spaced 10 and 20 i nches  a p a r t .  P l a n t i n g s  were n o- t i l l a g e  immediately 
fo l lowing  wheat harvest. Soybeans i n  t h e  10- inch rows y i e l d e d  a n  average  
of t h r e e  bushe l s  pe r  a c r e  more than  p l a n t i n g s  i n  20-inch rows as shown i n  
Table  4.  However, t h e  y i e l d  response  w a s  s i g n i f i c a n t  i n  on ly  one yea r ,  
1977. The o v e r a l l  low y i e l d s  observed i n  1977 were a t t r i b u t e d  t o  s e v e r e  
drought  c o n d i t i o n s .  The h i g h e r  p roduc t ion  f i e l d  y i e l d s  i n  1977, shown i n  
Table 2,  r e s u l t e d  from p l a n t i n g s  made a f t e r  t h e  s e v e r e  drought  c o n d i t i o n s  
had ended. A s  i n  t h e  prev ious  row spac ing  s tudy ,  t h e r e  was no variety/row 
spac ing  i n t e r a c t i o n  i n  any of t h e  t h r e e  y e a r s .  

P l a n t i n g s  i n  narrow rows may h e l p  reduce s o i l  e r o s i o n  as w e l l  as i n c r e a s e  
y i e l d .  The p l a n t  canopy w i l l  tend t o  absorb most of t h e  r a ind rop  impact 
energy,  and t h e  a d d i t i o n a l  p l a n t  m a t e r i a l  w i l l  p h y s i c a l l y  r e s t r a i n  t h e  s o i l  

Date of p l a n t i n g  s t u d i e s  have i n d i c a t e d  t h a t  p l a n t i n g  a f t e r  June 1 r e s u l t s  
i n  reduced soybean y i e l d s .  A s  i n d i c a t e d  i n  Table  1, produc t ion  f i e l d s  
p l an t ed  i n  s t u b b l e  were never  seeded b e f o r e  mid-June. Cons idera t ion  i s  
be ing  g iven  t o  s eed ing  soybeans i n  green wheat t o  overcome t h e  pena l ty  o f  
l a t e  s eed ing  i n h e r e n t  wi th  s t u b b l e  p l a n t i n g  systems.  Performance of soybeans 
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grown i n  f i v e  cropping sys tems ,  inc luding  seeding i n  green wheat, w a s  com­
pared a t  Milan from 1977 t o  1979. The c u l t u r a l  p r a c t i c e s  are descr ibed and 
average annual y i e l d s  are given i n  Table 5. Recall t h a t  drought condi t ions  
e x i s t e d  a t  t he  t i m e  of p l a n t i n g  i n  1 9 7 7  and continued f o r  s e v e r a l  days. 
Seeding i n  green wheat d id  not  r e s u l t  i n  increased  y i e l d s  over s t u b b l e  
p l an t ing .  S o i l  moisture content  a t  p l an t ing  w a s  observed t o  be c r i t i c a l  
f o r  beans seeded a e r i a l l y  i f  adequate  s t a n d s  were t o  be e s t a b l i s h e d .  Only 
f i e l d s  r e l a t i v e l y  f r e e  of  weeds lend themselves t o  seeding  i n  t h e  growing 
wheat. 

SUMMARY 

No- t i l l  p l a n t i n g  i n  s t u b b l e  is an e f f e c t i v e  practice f o r  reducing s o i l  l o s s  
by water e ros ion .  For a 12-year per iod  of  record ,  maximum r a i n f a l l  in ten­
s i t y  apd peak rate of runoff  occurred dur ing  the  months of  A p r i l  through 
June. These months inc lude  t h e  per iod  of concent ra ted  seedbed p repa ra t ion  
and p l a n t i n g  under a convent ional  t i l l a g e  system; and l o s s e s  of unprotected,  
f r e s h l y  t i l l e d  s o i l  may be l a r g e .  

Yie lds  of double c rop  soybeans s t u b b l e  p lan ted  i n  wheat averaged 11 percent  
below those  of s i n g l e  c rop  soybeans i n  convent ional  seedbeds. Average 
y i e l d s  of  double c rop  beans were increased  by f i v e  bushe ls  p e r  acre when 
row spacing w a s  reduced from 40 t o  20 inches .  Seeding i n  green  wheat did 
not  produce a y i e l d  advantage over  p l a n t i n g  i n  s t u b b l e  fo l lowing  wheat 
harves t  . 
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Figure 1. 	 Seasonal distribution of rainfall and runoff on Field 8 

at Milan, Tennessee, 1966-1977. 




Table 1. 	 Rainfall, r uno f f ,  and sediment y i e l d  during s e l e c t e d  events  and associated with 
convent iona l  t i l l a g e  (CT) and n o - t i l l  (NT) soybean produc t ion  on two f i e l d s  a t  
Milan Experiment S t a t i o n  

R a i n f a l l  f f Sediment 
Max. Rate To ta l  Peak Rate T o t a l  Yield 

F i e ld  Date T i l l a g e  Crop ( i n . )  ( i n .  (in.) 

5 / 1 5 / 7 4  Soybeans, 1.44 0.60 0.29 0.31 6 
CT No Winter 0.72 0.27 0.12 0.23 

7 / 4 / 7 4  Cover 3 .57  0.97 0.25 0 .31 3 3  

75 Double 2.64 0 .83  0.45 0.67 10 
NT Crop, 2.00 1 . 4 3  0.34 0.69 3 

1 2 / 1 5 / 7 5  beans and 0.80 1.48 0.05 0.07 0 . 4  
Wheat 

3 / 5 / 7 6  Double 1.25 0.32 0.32 137 
4 / 2 4 / 7 6  NT Crop,  2.40 0 .90 0.12 0.11 7 

14I 7 6  beans and 1.60 1 .60 0.02 0.02 3 
Wheat 

7 / 1 1 / 7 7  90% NT Soybeans 4.27 0.70 0.12 0.13 2 
and Wheat 0.90 0.80 0.02 0.07 2 

9 / 2 4 / 7 7  10% CT Soybeans 2.07 1 .73 0.06 0.27 10 -
1 / 9 / 7 8  90% CT Soybeans 2.28 4.14 0.47 1 .74 7 1  
51 2.28 1.15 0.29 0.50 86 
6 / 2 1 / 7 8  10% NT Soybeans 4.30 0.80 0 .41  0.30 101 

and wheat 

8 

8 

9 

9 

9 
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Table 2. 	 Performance of soybeans p lan ted  
n o- t i l l  i n  wheat s t u b b l e  a t  Milan 
Experiment S t a t i o n  from 1971 t o  
1979 

P lan t ing  No. o f  Mean Yield,  
Year Date Acres Bu/A-
1971  6/15-18 11 36 

1972 6/14-17 28 24 

1973 6/19 5 41 

1 974 6/20 2 8  28 

1975 6/18-23 47 30 

1976 6/14-22 82 27 

1977 7/5 32 24 

1978 6 /26  18 34 

1979 6/14-16 59 42 

Table 3. 	 Mean y i e l d s  of f i v e  soybean v a r i e t i e s  
p lan ted  n o- t i l l  wi th  row spacings of 
20 and 40 inches  i n  wheat s t u b b l e  a t  
Milan Experiment S t a t i o n  

Row 

Spacing, Mean Yield,  Bushels per  Acre 

inches 1974 1975 1976 

40 35 1 7  2 3  

20 38 26 2 1  
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Table 4. 	 Mean y i e l d s  of four  soybean v a r i e t i e s  
p lan ted  n o- t i l l  wi th  row spacings of 
10 and 20 inches  in wheat s t u b b l e  a t  
Milan Experiment S t a t i o n  

Row 
Spacing, Mean Yie ld ,  Bushels per Acre 

1978inches  1977 - 1979 

20 8 29 31 23 

10 1 4  30 34 26 

Table 5 .  	 Performance of soybeans grown i n  f i v e  cropping systems a t  
Milan Experiment S t a t i o n  from 1977 t o  1979 

Mean Yield (Bu/A) 
1977C u l t u r a l  P r a c t i c e  -

1. S i n g l e  crop,  convent ional  seedbed 56 39 44 46 

2. No- ti l l  i n  wheat s t u b b l e  7 34 44 28 

3. Conventional seedbed a f t e r  wheat h a r v e s t  4 37 41 27 

4. D r i l l e d  i n  green wheat b e f o r e  heading 6 28 46 26 

5. Simulated aer ia l  seeding  i n  green wheat 0 14 36 1 7  




