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INTRODUCTION 

Soi l  erosion has been considered a ser ious  hazard t o  row crop production 
on sloping cu l t iva ted  Piedmont lands s ince  the  ea r ly  1930's.  Soil erosion 
induced by conventional t i l l a g e  causes s o i l  management problems. I n  the  
1940's Adams (1 )  observed y i e l d  reduction of 34 t o  40% f o r  row crops
(cotton and corn) on Southern Piedmont s o i l s  (Capabil i ty Class IV land)
where the  top 15 cm (6  inches) had been eroded by water. Langdale e t  al. 
(5)  recent ly  observed a s i m i l a r  40% corn y i e l d  reduction, even though
modern f e r t i l i z e r s  , herbicides , and improved v a r i e t i e s  have increased 
corn y ie lds  more than 100% in the past  30 years .  

Sediment from s o i l  erosion has recently been iden t i f i ed  as our most 
ser ious  pol lu tant  ( 8 ) ,  and i t  serves as a c a r r i e r  of agrichemicals. In 
the Southern Piedmont the  source of most farm-transported sediment i s  
conventionally t i l l e d ,  row cropped land ( 3 ) .  Barnett and Hendrickson ( 2 )
demonstrated the hazards of continuous t i l l i n g  cotton f o r  20 years .  Their 
annual s o i l  losses  from runoff p lo ts  ranged from 11 t o  119 metric tons/ha
( 5  t o  53 tons/acre)  on Capability Class I I I  land. They concluded t h a t  
summer thunderstorms account f o r  25% of the  annual r a i n f a l l  and cause 56% 
of the  annual runoff as well as  86%of the  annual s o i l  loss. Wil l i s  and 
Evans (13) estimated a current  monetary value of $59.00/ha ($24.00/acre)
f o r  the major nut r ients  ( N ,  P ,  and K) contained i n  the  general ly accepted
natural s o i l  loss  of 11.2 metric tons/ha/yr (5.0 tons /acre /yr) .  

T h i s  paper describes the e f f e c t s  of recent  conservation t i l l a g e  procedures 
on runoff and sediment t r anspor t  from r a i n f a l l  simulator p lo ts  and small 
upland watersheds a t  the Southern Piedmont Conservation Research Center. 
Both p lots  and watersheds were located primari ly on eroded Cecil sandy loam 
s o i l  ( T y p i c  Hapludults) w i t h  slopes ranging from 3 t o  7% ( 9 ) .  Ti l lage  and 
cropping sequences used on these  research si tes a r e  given in  Table 1 .  
Summer annuals, e i t h e r  soybeans (Glycine max L .  Merr.) o r  grain sorghum
(Sorghum vulgare Pers.)  followed small grain-barley (Hordeum vulgare L . )  
o r  rye (Secale cereale L . ) ,  which provided a mulch upon harvest .  

C o n t r i b u t i o n  from Southern Piedmont Conservation Research Center,
Watkinsvil l e ,  GA 30677, Agricultural Research, Science and Education 
Administration, U .  S .  Department of Agriculture,  i n  cooperation w i t h  
t he  University of Georgia Experiment S ta t ion .  

Soil S c i e n t i s t ,  Agricultural  Engineer, and Soil S c i e n t i s t ,  respect ively ,  
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Table 1 .  	 Ti l l age  treatments,  cropping sequence, s lope ,  ana crop 
row or ien ta t ion  on r a i n f a l l  s imulator  p lo t s  and watersheds. 

T i  11age* Crop Sequence Slope Row Orientat ion 

Rainfal l  Simulator Plots  

CT/NT Comb. Rye/Soybean 6 Contour 
CT/NT plus Grazed + Comb. Rye/Soybean 6 Slope 

Conservation Watershed (Terraced) 

CT/CT Plowed down Rye/Soybean 1 - 3 Contour 
NT/ NT Combined Barley/Grain Sorghum 1 - 3 Contour 

Nonconservation Watershed (Nonterraced) 

CT Fa1 low/Soybean 2 - 7 Contour 
NT/NT Comb. Barley/Grain Sorghum 2 - 7 Slope 

* CT = conventional t i l l ;  NT = n o - t i l l ;  NT plus = n o- t i l l  p lus .  

Rainfall Simulator Plots  

All r a i n f a l l  s imulator  tests (7)  were performed on 6% slopes w i t h  an average 
K value of 0.25. Simulated r a i n f a l l  was applied i n  12.7-cm increments a t  a 
constant  r a t e  o f  6.4 cm/hour (erosion index, EI, = 174 metric tons-m/ha).
Unless otherwise spec i f i ed ,  t o t a l  rye residues averaged approximately 2.5 
metric tons/ha w i t h  p l o t  lengths of 10.7 m .  The standard 6-cm f l u t e d  
c o u l t e r  ( n o - t i l l )  and n o- t i l l  plus (10,  l l ) ,  as well a s  conventional t i l l a g e  
treatments,  were imposed’on p l o t s .  The no- t i l l  plus implement u t i l i z e s  a 
spring- loaded f l u t e d  c o u l t e r ,  a 5.0-cm wide c h i s e l ,  and a s l o t  f i l l e r  t i n e  
(10,  11) .  This reduced t i l l a g e  treatment was in-row chise led  20 cm deep. 

Conservation Watershed 

One Southern Piedmont Conservation Research Center watershed i s  located on 
3.0% sloping land with pa ra l l e l  t e r races  (25.6 m apa r t )  and bisect ing grass 
waterways b e h i n d  flumes (12).  This watershed was 1.26 ha in  s i z e  and 
refer red  t o  as P-3. Three consecutive years of convent ional ly- t i l led  soy-
beans w i t h  fa l l- planted rye (green manur ing)  were grown (October 1972 t o  
October 1975) on this watershed (Table 1 ) .  Three consecutive years
(October 1975 t o  October 1978) of continuous double crop no- t i l l ing  of 
barley and grain sorghum followed. 
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Nonconservation Watershed 

Another Southern Piedmont Conservation Research Center watershed, P-1 , i s  
located on 2.0 t o  7.0% sloping land without t e r races  o r  grass waterways ( 6 ) .
This 2.71-ha watershed was planted t o  soybeans us ing  conventional t i l l a g e
methods f o r  two consecutive years .  The watershed was fallowed between 
November and April each year .  Rows were oriented approximately pa ra l l e l  t o  
ground contours. Af ter  harvesting the  second soybean crop,  a 0.28-ha 
grassed waterway 11 m wide was es tabl ished before n o- t i l l  double cropping
barley and g r a i n  sorghum continuously f o r  two consecutive years .  Rows of 
both of these  crops were oriented up- and downhill t o  permit herbicide 
appl ica t ion pa ra l l e l  t o  the  grass waterway. 

DISCUSSION 

Rainfall Simulator Plots  

Cumulative runoff response t o  t i l l a g e  d u r i n g  low antecedent s o i l  moisture 
i s  presented i n  Fig .  1 .  Excessive runoff (72%) associated with the t i l l e d -
fallow p lo t s  shows how vulnerable clean t i l l  s o i l  i s  t o  natural  high- intensi ty 
storms ( 2 ) .  W i t h  crop residue mulch (standing rye stubble plus combine resi
dues) n o- t i l l  prac t ices  created surface  conditions t h a t  reduced runoff volume 
(56%).  The combined e f f e c t  of chiseling 20 cm deep ( n o- t i l l  p lus)  and a rye
residue mulch almost eliminated runoff (5%) when antecedent s o i l  moisture was 
low. However, runoff data in Fig. 2 and Table 2 suggest t h a t  "in-row ch i se l
i n g " associated w i t h  the no- t i l l  plus treatment diminishes i n  importance as 
s o i l  water,  slope length ,  and soybean canopy increase.  Slope l e n g t h  i s  
probably the  most important parameter, because the  chances a re  remote f o r  
h igh- intens i ty  rainstorms occurring when antecedent s o i l  moisture i s  h i g h
a f t e r  soybean canopy development i n  double crop systems ( 6 ) .  For the  n o- t i l l  
plus treatment in-row chise l ing d i d  not a f f e c t  runoff a f t e r  canopy develop
ment under h i g h  antecedent s o i l  moisture and rye residues.  The i n t e r a c t i v e  
e f f e c t s  of rye residue quant i ty  and soybean canopy development d i d  not appear 
t o  a l t e r  runoff values f o r  n o- t i l l  treatment (Table 3 ) .  

Table 2. 	 Runoff and sediment losses from r a i n f a l l  simulator p lo ts
planted t o  soybeans w i t h  the  no- t i l l  p l u s *  system and from 
t i l l e d  fallow a t  low and h i g h  antecedent s o i l  moisture. 

S1ope Rye Stubble T i l l ed  
Length,  m Low** Hi gh Low High 

Runoff, % 

10.7 4 . 2  36.7 19.2 62.0 71.5 87.5 
21.4 12.9 67.4 43.8 80.8 85.0 91.8 

Sediment, metric tons/ha 
10.7 0.05 0.40 0.09 0.22 36.3 39.2 
21.4 0.29 0.72 0.11 0.18 50.1 39.4 

* The n o- t i l l  plus treatment u t i l i z e d  a f lu ted  c o u l t e r  and in-row 
chise l ing (20 cm deep on Cecil s c l  s o i l  w i t h  6.0% s lope . )

** Antecedent s o i l  moisture was considered low during i n i t i a l  r a i n f a l l  
s imulator  runs, which began a t  average s o i l  moisture. Antecedent 
s o i l  moisture was considered h i g h  during the  second runs made within 
24 hours on wet s o i l .  
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Table 3.  	 Runoff and sediment losses from low antecedent s o i l  
moisture p lo t s  planted t o  soybeans w i t h  the  no- t i l l  
system i n  varying q u a n t i t i e s  of rye mulch. 

Canopy Rye Residue, metric tons/ha 

2.46** 3.02 3.58 4.70 

Runoff, % 

Rye Stubble 
Hal f-Canopy
F u l  1-Canopy 

57.1 57.6 57.6 
57.7 58.6 59.7 
58.2 52.2 56.6 

54.2 
51.4 
58.1 

Sediment, metric tons/ha 
Rye Stubble 
Hal f-Canopy
Full -Canopy 

0.11 0.09 0.07 
0.11 0.09 0.09 
0.05 0.07 0.05 

0.07 
0.09 
0.09 

* 	 The n o- t i l l  treatment u t i l i z e d  a 6-cm f l u t e d  c o u l t e r  without 
addit ional  t i l lage.

** Standing rye stubble only. 

Both of the reduced t i l l a g e  treatments provided adequate s o i l  erosion control 
f o r  soybean production on Southern Piedmont s o i l s  (Fig.  3, Tables 2 and 3 ) .
Rows may even be or iented  up- and downhill on slopes of <6% and s lope  lengths
<20 m. Harrold and Edwards (4)  e f f e c t i v e l y  control led  soil erosion during 
a 100-year frequency storm on a 21% sloping watershed w i t h  no- t i l l  corn. 
The sediment loss  (-40 metric tons/ha) associa ted  w i t h  the  t i l l ed- fa l low 
treatment i n  Fig. 3 approximates the  average annual sediment values of 
Southern Piedmont watersheds w i t h  s i m i l a r  s lopes ( 6 ) .  Since the  simulated 
r a i n f a l l  represented approximately one-thi r d  of the annual r a i n f a l l  energy,
this shows t h e  obvious importance of residue mulches f o r  control l ing  erosion.  
Although sediment y i e l d  values reported f o r  the n o- t i l l  treatment a r e  small 
(Table 3 ) ,  d i f ferences  associa ted  w i t h  rye residue quant i ty  and soybean 
canopy a r e  l a rge  enough t o  change C-values ( F i g .  4 )  of the  universal s o i l -
loss equation (14) .  

Conservation Watershed 

Hydrologic data representing the  conservation watershed a r e  presented i n  
Table 4 and F i g .  5. We concluded that tillage and residue management provided
the only rea l  d i f ference  i n  runoff and s o i l  erosion.  Although runoff (12%)
and s o i l  erosion (2.8 metric tons/ha/yr)  were control led  w i t h i n  respectable
limits d u r i n g  the  t i l l a g e  period w i t h  conservation p rac t i ces ,  no- t i l lage
double crop management reduced r u n o f f  and erosion s l i g h t l y  more than 50 and 
90% respect ively .  Even on a per  u n i t  erosion index ( E I ) ,  the  s o i l  erosion 
reduction i s  s t i l l  near 90%. Average annual r a i n f a l l  was not highly d i f f e r e n t  
(123.3 vs 118.5 cm) between t i l l a g e  periods. Dur ing  the no- t i l l  period,
approximately 80% of the runoff occurred d u r i n g  seasons 3 and 4 (Table 4 ) .
This was a period of m i n i m u m  ground cover a t  the p r e - t i l l e r  small grain s t age .  
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Table 4. 	 Hydrologic parameters associated w i t h  t i l l a g e  on a 
conservation watershed. 

Erosion Runoff 
Season* Rai nfal 1 Index Events Runoff Sediment 

1 (May-Jul)
2 (Aug-Oct)
3 (Nov-Jan)
4 (Feb-Apr) 
Avg. Annual 

Mean 

1 (May-Jul)
2 (Aug-Oct)
3 (Nov-Jan)
4 (Feb-Apr) 
Avg. Annual 

Mean 

cm metri c tons-m/ ha no. cm metric tons/ha 

T i  1lage Period 

33.6 289 4 4.2 2.06 
21.7 107 2 1 .3  0.25 
30.3 142 4 2.8 0.11 
37.7 201 5 6.4 0.39 

123.3 739 15 14.7 2.81 

No-Ti 11 Period 

30.4 122 1 0.5 0.02 
30.1 188 3 0 .8  0.01 
34.0 105 5 3.3 0.11 
24.0 62 1 1.7 0.05 

118.5 477 10 6.3 0.19 

Most of the  runoff d u r i n g  the t i l l a g e  period occurred d u r i n g  seasons 1 and 4. 
However, s l i g h t l y  more than 70% of a l l  s o i l  erosion occurred d u r i n g  season 1 
of the t i l l a g e  period (Table 4 ) .  Sediment y i e l d  data i s  expressed on a 
monthly basis i n  F ig .  5 t o  emphasize the erosion hazard d u r i n g  season 1 w i t h  
conventional t i l l a g e  pract ices .  

Nonconservation Watershed 

Hydrologic data a re  given in Table 5.  Except f o r  extremes d u r i n g  the  t i l l a g e
period, data trends were s imi la r  t o  those of the  conservation watershed. 
During the t i l l a g e  period, s o i l  erosion was a d i s a s t e r  (22 .2  metric tons/ha).
Cumulative monthly sediment y ie lds  a r e  given i n  F i g .  6 t o  show how c lose ly
h i g h  energy r a i n f a l l  coincides w i t h  s ing le  cropped, conventional t i l l e d  
soybeans. Sixty percent of the  annual runoff and 85% of the s o i l  erosion 
occurred d u r i n g  t h i s  season. D u r i n g  the no- t i l l age  period, s imi la r  percentages
of a l l  runoff and s o i l  erosion occurred i n  season 4.  Flume-measured runoff 
and sediment were reduced 2.5- and 194-fold by continuous no- t i l l ing .  These 
wide di f ferences  c l e a r l y  suggested t h a t  n o- t i l l  systems may be used i n  the  
Southern Piedmont with s t r a t e g i c a l l y  located grass waterways t o  minimize 
runoff and sediment t r anspor t  on slopes up t o  7%. Results d u r i n g  the t i l l a g e
period on this watershed were analogous t o  those observed on most current  
convent ional ly- t i l led  farms i n  the Southern Piedmont. 
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Table 5. 	 Hydrologic parameters associated w i t h  conventional and 
no- t i l l  nonconservation watersheds. 

Erosion Runoff 
Season Rainfall Index Events Runoff Sed i men t 

cm metric tons-m/ha no. cm metric tons/ha 

1 (May-Jul) 38.1 389 
2 (Aug-Oct) 20.2 115 
3 (Nov-Jan) 37.0 115 
4 (Feb-Apr) 32.3 138 
Avg. Annual 

Mean 127.6 757 

(May-Jul ) 32.5 262 
(Aug-Oct) 20.5 119 
(Nov-Jan) 27.3 63 
( Feb-Apr) 43.5 172 

Avg. Annual 
Mean 123.8 616 

T i  11age Period 

10 13.3 22.22 
4 2.3 0.86 
6 2 .o 0.51 
6 4.5 2.67 

26 22.1 26.26 

No-Ti 11 Period 

3 1 . 5  0.02 
2 0.1 0.01 
3 0.5 0.01 
8 6.6 0.10 

16 8.7 0.14 

CONCLUSIONS 

Reduced t i l l a g e  i s  e s sen t i a l  f o r  e f f e c t i v e  control  of runoff and s o i l  
erosion during h i g h  energy r a i n f a l l  probabi l i ty  months (May - Ju ly )  on 
>3.0% sloping row crop land i n  the  Southern Piedmont. All o f  the reduced 
t i l l a g e  procedures used adequately control led  s o i l  erosion from r a i n f a l l  
s imulator  p lo t s  and watersheds. The n o- t i l l  plus treatment reduced runoff 
t o  20% (average f o r  low and high antecedent s o i l  moisture r a i n f a l l  s imulator  
runs on 10.7-m slope lengths)  which i s  a precedent i n  conservation t i l l a g e .
I n  double cropped-reduced t i l l a g e  systems, s lope length was extremely
important,  whereas average percent slope and crop canopy o r  residue quant i ty  
were only mildly important i n  runoff control .  I f  continuous reduced t i l l a g e  
systems a r e  used, crop rows may be or iented  up- and downhill w i t h  an occa
s ional  properly- located grass waterway. 
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Fig. 2 .  Simulated runoff response t o  t i l l a g e  associated 
w i t h  h i g h  antecedent s o i l  moisture. 
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F i g .  4 .  	 Cover management fac to r  r e la t ion  t o  no-
t i l l  soybean canopy and rye residue on r a i n f a l l  
s imulator  p lo t s .  
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F i g .  5 .  Average annual cumulative erosion index 
( E I )  r e l a t ion  t o  average annual cumulative 
sediment y i e l d  on the  conservation watershed. 
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F i g .  6. 	 Average annual cumulative erosion index (EI )
r e l a t i o n  t o  average annual cumulative sediment 
y ie ld  on the  nonconservation watershed. 




