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SUMMARY: 
Water y i e l d  and e r o s i o n  d a t a  from 88m2 r e s e a r c h  p l o t s  
f o r  a  ten-year  s t u d y  p e r i o d  of v a r i o u s  l and  u s e  t r e a t -
ments and a seven-year s t u d y  p e r i o d  of v a r i o u s  c o r n  c rop  
t i l l a g e  sys tems  a r e  p r e s e n t e d .  The U n i v e r s a l  S o i l  LOSS 
Equa t ion  and Modif ied U n i v e r s a l  S o i l  Loss  Equa t ion  were  
used  t o  p r e d i c t  e r o s i o n  from observed r a i n f a l l - r u n o f f  
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Land Use Treatment E f f e c t s  on Claypan S o i l  

1/Runoff and Erosion- 

2/L. A. Kramer and R. E. Burwell-

In t roduc t ion  

The e f f e c t s  of va r ious  land t rea tments  on runoff  and e ros ion  a r e  

o f t e n  es t imated  from l i m i t e d  da t a .  Water y i e l d  and e r o s i o n  d a t a  were 

measured by t h e  USDA Science and Education Adminis t ra t ion  from e r o s i o n  

r e sea rch  p l o t s  on t h e  Midwest Claypan Experiment S t a t i o n  nea r  Kingdom 

C i t y ,  Missouri .  Data a r e  repor ted  f o r  a ten-year s tudy pe r iod ,  1960-

1969, f o r  l and  u s e  t rea tments  of f a l l ow,  cont inuous corn ,  and a four-

yea r  r o t a t i o n  of corn ,  wheat, meadow, and meadow. Data a r e  a l s o  

r epo r t ed  f o r  a s ix-year  s tudy  per iod  1971-1976 f o r  cont inuous corn 

grown under s i x  d i f f e r e n t  t i l l a g e - r e s i d u e  t rea tments .  

The Universa l  S o i l  Loss Equation (USLE) (6) and t h e  Modified 

Universa l  S o i l  Loss Equation (MUSLE) (5) were app l i ed  t o  cont inuous 

corn under s p r i n g  plow and convent ional  t i l l a g e  land  u s e  f o r  a seven-

year  pe r iod ,  1963-1969. Observed e ros ion  d a t a  a r e  compared t o  pre- 

d i c t e d  e r o s i o n  d a t a  on a n  event  and seasona l  b a s i s .  

Claypan S o i l  

A very  impor tan t  crop product ion r eg ion  i n  Missour i ,  I l l i n o i s ,  and 

Oklahoma i s  t h e  c laypan  p r a i r i e  land  resource  a rea .  The r e s e a r c h  p l o t s  

a r e  l o c a t e d  on a Mexico s i l t  loam s o i l  (Mesic Udo l l i c  Ochraqualfs)  

t y p i c a l  of t h e  c e n t r a l  p a r t  of t h i s  l and  r e sou rce  a r e a .  This  s o i l  has  

-1/ Con t r ibu t ion  of t h e  Watershed Research Uni t ,  A g r i c u l t u r a l  Research, 

Sc ience  and Educat ion Administrat ion,  U. S. Department of Agr i cu l tu re ,  

Columbia, Missouri .  

-2/  A g r i c u l t u r a l  Engineer,  Watershed Research Uni t ,  AR, SEA, USDA, 

Columbia, Missour i ,  and S o i l  S c i e n t i s t ,  AR, SEA, USDA, Columbia, Missouri .  
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a dark  s i l t  loam t o p s o i l  of 178 t o  280 mm depth. Below the  t o p s o i l  i s  

a s i l t y  c lay  horizon of . 3  t o  .6 m depth which has a high montmorillo- 

n i t i c  c lay  content of 45 t o  50 percent.  This is  the  claypan horizon 

which has formed during s o i l  development and maturity. The claypan 

l a y e r  has  very low sa tu ra ted  hydraulic conductivity. The s i l t y  c lay  

loam subso i l  below the  claypan i s  moderately permeable. 

Experimental P l o t  Design 

The experimental eros ion p l o t s  a r e  27.4 m long along t h e  s lope  and 

3.2 m wide across  slope.  The p l o t  a r e a  is  88 mL. The surface  s lope  v a r i e s  

from 2.5 t o  3.5 percent.  A s tandard system of c o l l e c t i n g  runoff water 

and sediment i n  s to rage  tanks was i n s t a l l e d  a t  t h e  lower end of each 

p l o t  (1, 2 ,  3). The p l o t  runoff and sediment c o l l e c t i o n  tanks w e r e  

serviced a f t e r  each runoff producing storm period. Runoff r a t e  measur- 

ing  flumes were a l s o  i n s t a l l e d  on two p l o t s  with continuous corn land 

use. The da ta  reported w e r e  compiled from individual  storm records 

during t h e  study periods.  

Land Use Cover Treatments 

During the  1960-1969 study period, land treatments of fal low, 

continuous corn, and a four-year r o t a t i o n  of corn, wheat, meadow, 

meadow w e r e  i n  e f f e c t  each year. The fa l low p l o t  was plowed and disked 

i n  t h e  spr ing and c u l t i v a t e d  a s  needed during t h e  crop season t o  keep 

t h e  su r face  loose  and weed-free. The continuous corn p l o t  was plowed 

and disked i n  t h e  sp r ing  t o  prepare a seedbed and cu l t iva ted  f o r  weed 

con t ro l  a s  needed. The r o t a t i o n  corn p l o t  was managed t h e  same a s  t h e  

continuous corn p lot .  The wheat p l o t s  w e r e  disked and sown i n  e a r l y  

f a l l  a f t e r  corn harves t  and inter-seeded with g rass  and legumes. The 
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f i r s t  and second-year meadow p l o t s  were harves ted  a s  hay a s  t h e  season 

permi t ted  each year .  

During t h e  1971-1976 s tudy  per iod ,  va r ious  t i l l a g e  and crop 

management systems f o r  continuous corn were i n  e f f e c t  each year .  

For corn harves ted  f o r  g r a i n ,  p l an t  r e s idues  were l e f t  on t h e  p l o t s .  

For corn harves ted  f o r  s i l a g e ,  a l l  p l an t  growth was removed from t h e  

p l o t s  a t  s i l a g e  ha rves t .  The d i f f e r e n t  management t rea tments  were a s  

fo l lows: 

Corn harves ted  f o r  g r a i n  

1. 	 Conventional t i l l a g e  - Spring plowed, d i sked ,  p l an ted ,  

c u l t i v a t e d  f o r  weed c o n t r o l ,  harvested.  

2. 	 Conventional t i l l a g e  - F a l l  plowed, disked i n  s p r i n g ,  p l an t ed ,  

c u l t i v a t e d  f o r  weed c o n t r o l ,  harvested.  

3 .  	 F i e l d  c u l t i v a t i o n  - Spring f i e l d  c u l t i v a t e d ,  f i e l d  c u l t i v a t e d  

be fo re  p l a n t i n g ,  p lan ted ,  c u l t i v a t e d  f o r  weed c o n t r o l ,  

harves ted .  

4 .  	 No-Till - No- t i l l  p l an t ed ,  harvested.  

Corn harves ted  f o r  s i l a g e  

1. 	 Winter cover c rop  - No- t i l l  p lan ted ,  w in te r  cover k i l l e d  by 

h e r b i c i d e s ,  ha rves t ed ,  r y e  g r a i n  sown, r y e  growth ha rves t ed  

twice i n  s p r i n g  before  corn p l an t ing .  

2. 	 No win te r  cover - No- t i l l  p l an t ed ,  harvested.  

The f e r t i l i t y  of each t rea tment  was maintained each yea r  a t  

recommended l e v e l s  accord ing  t o  s o i l  t e s t s .  



- 

L. A. Kramer, p. 4 

P r e c i p i t a t i o n  

The period of record,  1960-1969, inc ludes  dry and wet y e a r s  which 

range from 625 t o  1487 mm per  year .  During t h e  l a s t  4 years  of t h e  

per iod ,  i r r i g a t i o n  water  w a s  appl ied  t o  t h e  p l o t s  t o  supplement r a i n f a l l .  

The average annual p r e c i p i t a t i o n  and i r r i g a t i o n  was 962 mm which i s  

n e a r l y  t h e  same as t h e  long-term, 87-year average p r e c i p i t a t i o n  f o r  

Columbia, Missouri.  During t h e  period 1971-1976, i r r i g a t i o n  water  w a s  

appl ied  t o  t h e  p l o t s  t o  supplement r a i n f a l l  t h e  f i r s t  f i v e  y e a r s  a t  an  

average annual  r a t e  of 79 mm. The annual  r a i n f a l l ,  p lus  i r r i g a t i o n  f o r  

t h i s  pe r iod ,  ranged from 553 t o  1338 mm. The annual average r a i n f a l l  w a s  

only about 10 mm l e s s  than t h e  long-term average p r e c i p i t a t i o n .  

Runoff and Erosion, 1960-1969 

The r a i n f a l l ,  runof f ,  and eros ion  d a t a  were summarized f o r  t h e  

yea r s  1960-1969 f o r  seasons defined by crop  growth s t a g e s  o r  t i l l a g e  

even t s  and f o r  growing season,  dormant season and annual  per iods .  The 

pe r iods  used f o r  d a t a  summary gene ra l ly  fo l low those  def ined  i n  Agr i cu l tu re  

Handbook 282 t o  e s t a b l i s h  seasonal  f a c t o r s  of t h e  Universa l  S o i l  Loss 

Equation (7) f o r  corn cropping. 

Season 1 (May 15 - June 13) r e p r e s e n t s  t h e  seedbed cond i t ion  def ined  

from corn p l a n t i n g  t o  one month a f t e r  p l an t ing .  Season 2 (June 14 t o  

J u l y  13) i s  t h e  crop es tab l i shment  per iod  from 1 t o  2 months a f t e r  

p l an t ing .  Season 3 ( Ju ly  14 t o  October 16) i s  t h e  crop growth per iod  

from two months a f t e r  p l a n t i n g  t o  ha rves t .  Season 4 (October 16 t o  

December 31) is a p o s t  harves t - res idue  per iod  ending a t  t h e  end of t h e  

ca lendar  year .  Season 5 (January 1 t o  A p r i l  21) i s  a p o s t  harves t -  

r e s i d u e  period from t h e  f i r s t  of t h e  yea r  t o  t h e  primary t i l l a g e  da te .  

Season 7 (Apr i l  21 t o  May 15) i s  t h e  rough fa l low pe r iod  from s p r i n g  
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plowing t o  corn p l an t ing .  Runoff and e ros ion  from snowmelt 

even t s  (Season 6) were minor con t r ibu t ions  t o  t h e  d a t a  and va r i ed  

g r e a t l y  from year  t o  year .  Therefore,  Season 6 d a t a  were included 

i n  Season 5. 

Runoff and e r o s i o n  d a t a  f o r  a l l  t h e  land use t rea tments  s tud ied  

were summarized by t h e s e  season d e f i n i t i o n s  based on t h e  s p r i n g  plow 

cont inuous corn l and  u s e  t rea tment .  Average annual  va lues  f o r  each 

s tudy  period and season  were t abu la t ed .  For t h e  1960-69 per iod ,  average 

annual  r a i n f a l l  and runoff  per  season f o r  t h e  s tudy  land  cover  t rea tments  

a r e  summarized i n  Table 1. Two p l o t s  were used f o r  each cover t rea tment  

each yea r  and t h e  d a t a  r ep re sen t  p l o t  average observa t ions .  Average annual  

runoff  of 207 mm from t h e  f a l low cover t rea tment  w a s  t h e  most of a l l  t h e  

t rea tments .  The -average annual  runoff of 104 mrn from t h e  continuous corn 

was about  one-half t h e  f a l l ow runoff .  The four-year r o t a t i o n  corn and 

r o t a t i o n  wheat average annual runof f s  w e r e  each about  80% of t h e  cont inuous 

co rn  runoff .  The average annual runoff  of f i r s t  and second year  meadow 

was only  70% and 60%, r e s p e c t i v e l y ,  of t h e  cont inuous corn t rea tment  runof f .  

Average annual  r a i n f a l l  and i r r i g a t i o n  was 962 mm. An average of 

60% was rece ived  du r ing  t h e  corn growing season  which inc ludes  pe r iods  

1, 2 and 3,  o r  42% of t h e  year .  For a l l  cover  t r ea tmen t s ,  t h e  growing 

season  runoff  volume w a s  a g r e a t e r  (65% t o  78%) p a r t  of t h e  annual  t o t a l  

than  t h e  growing season  r a i n f a l l .  

I n  seasons  1 and 2 a f t e r  co rn  p l an t ing ,  runoff  was much h ighe r  

f o r  t h e  f a l l o w  and corn t rea tments  than  f o r  t h e  wheat and meadow 

t r ea tmen t s  which had more ground cover and p l a n t  growth i n  t h i s  

per iod .  Season 3 runoff  from r o t a t i o n  wheat was h ighe r  t han  from 

e i t h e r  r o t a t i o n  corn  o r  r o t a t i o n  meadow t rea tments .  This  per iod  i s  
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Table 1 .--Average Annual Observed R a i n f a l l  and Runoff per  Season, 1960-69 

Cover Treatment 

11 2/ Fallow Continuous Rotat ion Rota t ion  Rota t ion  Rota t ionSeasos r  Rainfal l -
Corn Corn Wheat Meadow Meadow 

Growing S e a s o r r  31 574 135 7 8 62 59 51 46 

Dormant Seasos r41 388 7 2 2 6 18 19 2 3 2 0 

Annual To ta l  962 20 7 104 80 7 8 7 4 6 6 

-1/ Season D e f i n i t i o n  and Average Calendar Period 

1 - 0 t o  30 days a f t e r  corn  p l a n t i n g ,  (May 15 - June 13) 

2 - 31 t o  60 days a f t e r  corn p l an t ing ,  (June 14 - J u l y  13) 

3 - 61  days a f t e r  p l a n t i n g  t o  corn ha rves t ,  ( Ju ly  14 - October 16) 

4 - corn  ha rves t  t o  end of year  (October 16 - December 31) 

5 - f i r s t  of year  t o  s p r i n g  plowing (January 1 - A p r i l  21) 

7 - s p r i n g  plowing t o  corn  p l a n t i n g  (Apr i l  21 - May 15) 


-2/ Includes i r r i g a t i o n  a p p l i c a t i o n s  i n  seasons 1, 2, 3, and 4 t o  supplement r a i n f a l l .  

-31 Seasons 1, 2, and 3 combined. 

-4/ Seasons 4, 5, and 7 combined. 
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a f t e r  wheat h a r v e s t  when t h e  inter-seeded meadow cover was being 

e s t a b l i s h e d .  Consequently, s o i l  cover  was much l e s s  on t h e  r o t a t i o n  

wheat i n  season  3 than on t h e  corn and e s t a b l i s h e d  meadow t rea tments .  The 

runoff  from a l l  t r ea tmen t s  except  f a l l ow dur ing  seasons 4 and 5 was 

l e s s  va r i ed .  The f a l low t rea tment  d i d  n o t  have p l a n t  r e s i d u e s  on t h e  

s o i l  s u r f a c e ,  i n  comparison t o  t h e  o t h e r  t rea tments .  

Season 7 was t h e  s h o r t e s t  season and had t h e  lowest runoff f o r  

a l l  t rea tments .  Runoff w a s  p a r t i c u l a r l y  low f o r  t h e  two corn t rea tments  

which w e r e  plowed a t  t h e  beginning of season 7 .  

Average annual  e r o s i o n  d a t a  a s soc i a t ed  wi th  t h e  runoff d a t a  prev ious ly  

d i scussed  a r e  t abu la t ed  i n  Table 2 .  Average annual e ros ion  f o r  t h e  

f a l l o w  treatment  of 33 .33  m e t r i c  t o n l h e c t a r e  was over  5 t imes t h e  con-

t inuous  corn e r o s i o n  of 6.22  m e t r i c  t on lhec t a re .  ~ r o s i o nfrom t h e  four-  

yea r  r o t a t i o n  corn was only  70% of t h e  cont inuous corn e ros ion .  Average 

annual  e ros ion  f o r  t h e  r o t a t i o n  wheat and meadow t rea tments  was only 1 

t o  2% of t h e  cont inuous corn e ros ion .  The average annual  e ros ion  du r ing  

t h e  growing and dormant seasons was q u i t e  d i f f e r e n t  f o r  t h e  va r ious  

l a n d  cover t rea tments .  The growing season  r e p r e s e n t s  42% of t h e  year .  

The f a l l o w  p l o t  e r o s i o n  dur ing  t h i s  pe r iod  was 77% of t h e  t o t a l ,  b u t  

f o r  t h e  cont inuous corn and r o t a t i o n  corn p l o t s ,  e ros ion  dur ing  t h i s  

pe r iod  w a s  about 97% of t h e  t o t a l .  

Most of t h e  growing season e r o s i o n  from t h e  corn t rea tments  

occurred  i n  seasons  1 and 2 when t h e  corn p l a n t s  were beginning growth 

and development. Erosion from t h e  f a l l o w  treatment  was over twice t h e  

corn  t rea tment  e r o s i o n ,  bu t  e ros ion  from t h e  r o t a t i o n  wheat and meadow 

t r ea tmen t s  was n e a r l y  zero  f o r  bo th  seasons  1 and 2 .  

Season 3 had one-third of t h e  average  annual  r a i n f a l l  and about  40% 

of t h e  annual  runoff .  There was e r o s i o n  from a l l  cover t rea tments .  
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Table 2 .--Average 

1/S e a s o y  

Annual Observed Erosion pe r  Season, 1960-69 

Cover Treatment 

Fallow Continuous Rota t ion  Rotat ion Rota t ion  
Corn Corn Wheat Me ad ow 

CWMM- CWMM- C F 
........................... t(rnetria)/ha-----------------------------

Rota t ion  
Meadow 

CWMM-

2 /Growing S e a s o l r  

Dormant S e a s o l r3 /  

Annual T o t a l  

25.82 

7.51 

33.33 

5 -99 

0 .23 

6.22 

' 

4.37 

0.07 

4.44 

0.02 

0.10 

0.12 

0.01 

0 -04 

0.05 

0 .08  

0.04 

0.12 

1 /-

2 /-

3 /-

Seasons a r e  defined i n  Table 1 .  

Seasons 1 ,  2 ,  and 3 combined. 

Seasons 4 ,  5 ,  and 7 combined. 
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I n  season 3 ,  when t h e  corn growth and ground cover were maximum, 

t h e  f a l l o w  t rea tment  e ros ion  w a s  about 20 times t h e  corn e ros ion .  

Thirty-seven percent  of t h e  f a l l ow e ros ion  occurred i n  season 3 .  

Season 4,  a f t e r  corn h a r v e s t ,  w a s  a r e l a t i v e l y  minor season f o r  

e r o s i o n  f o r  a l l  t r ea tmen t s ;  however, t h e  f a l l o w  e ros ion  w a s  much 

g r e a t e r  than t h e  r e s t  of t h e  t rea tments  because of t h e  absence of 

p l a n t  r e s i d u e s  o r  growth on t h e  fa l low p l o t .  I n  t h e  fo l lowing  season ,  

season 5 ,  t h e  f a l l o w  treatment  e r o s i o n  w a s  n e a r l y  30 t imes t h e  continu- 

ous  corn  t r ea tmen t .  The r o t a t i o m  corn t reatment  e ros ion  f o r  season 5 

w a s  on ly  about  7% of t h e  cont inuous corn e ros ion .  I n  t h i s  pe r iod ,  t h e  

r o t a t i o n  corn t rea tment  w a s  s t i l l  i n  meadow sod i n  t h e  four-year r o t a -

t i o n  sequence. Season 7 e ros ion  w a s  a smal l  p a r t  of t h e  annual  

e r o s i o n  f o r  a l l  t h e  t rea tments .  

Runoff and Erosion, 1971-1976 

The r a i n f a l l ,  r unof f ,  and e r o s i o n  d a t a  f o r  t h e  y e a r s  1971-1976 were 

summarized i n  a manner s i m i l a r  t o  t h e  1960-1969 d a t a  prev ious ly  d iscussed .  

One d i f f e r e n c e  i n  t h e  season d e f i n i t i o n s  w a s  t h e  i n c l u s i o n  of f a l l  

plowing as another  season d e f i n i t i o n .  Season 4 previous ly  def ined  as 

pos t -harves t  t o  t h e  end of t h e  ca lendar  yea r  was d iv ided  i n t o  seasons  

4A and 4B. Season 4A (October 15 t o  November 6 )  i s  t h e  pos t -harves t  t o  

f a l l  plow pe r iod  and season 4B (November 6 t o  December 31) is t h e  f a l l  

plow t o  t h e  end of t h e  ca lendar  year  per iod.  

The 1971-1976 d a t a  a l l  r ep re sen t  land cover of cont inuous corn  grown 

f o r  g r a i n  o r  f o r  s i l a g e .  For t h e  g r a i n  p l o t s ,  a l l  crop r e s i d u e s  a f t e r  
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h a r v e s t  were l e f t  on t h e  p l o t .  The fou r  primary t i l l a g e  t r ea tmen t s  

on t h e  corn g r a i n  p l o t s  r e s u l t e d  i n  d i f f e r e n t  runoff amounts. A s  

shown i n  Table 3,  average annual  runoff f o r  t h e  spring-plow t rea tment  

was 142 mm. The fa l l -p low.runoff  was only  80% and t h e  f i e l d  c u l t i v a t i o n  

t rea tment  runoff  was 90% of t h e  spring-plow.:treatment runoff .  

However, t h e  n o - t i l l  t rea tment  runoff  of 171 mm was 20% g r e a t e r  than  

t h e  s p r i n g  plow runof f .  

For t h e  two s i l a g e  corn t rea tments  which were n o - t i l l  p l an t ed ,  

a l l  t h e  corn p l a n t  above ground was removed. Small g r a i n  w a s  seeded on 

one s i l a g e  t rea tment  t o  provide a win te r  cover f o r  comparison. The 

t rea tment  w i th  t h e  w i n t e r  cover had one-half t h e  average annual  runoff  

of t h e  s i l a g e  p l o t  w i t h  c rop  r e s i d u e s  removed. The n o - t i l l  s i l a g e  p l o t  

w i t h  w i n t e r  cover  had t h e  lowest  n o - t i l l  t rea tment  runoff  and was 

comparable t o  t h e  f i e l d  c u l t i v a t i o n  corn g r a i n  t reatment  where s t a l k  

r e s i d u e s  provided s u r f a c e  cover.  

Compared t o  t h e  s p r i n g  plow corn g r a i n  t rea tment  runof f ,  t h e  growing 

season runoff f o r  f a l l  plow was n e a r l y  t h e  same. However, t h e  runoff  f o r  seasons  

4B and 5 i n  t h e  dormant season  w a s  much lower f o r  t h e  f a l l  plow than t h e  

s p r i n g  plow t rea tment .  I n  season 7, from s p r i n g  plowing t o  p l a n t i n g ,  

t h e  oppos i t e  was observed. 

Compared t o  t h e  s p r i n g  plow corn  g r a i n  t rea tment  runof f ,  t h e  growing 

season runoff f o r  t h e  f i e l d  c u l t i v a t i o n  t rea tment  was n e a r l y  t h e  same. There 

was some r educ t ion  i n  runoff  i n  t h e  dormant season f o r  t h e  f i e l d  c u l t i v a -  

t i o n  t rea tment ,  which maintained a g r e a t e r  amount of c rop  r e s idues  on t h e  

s o i l  s u r f a c e  throughout  t h e  year .  



L.  A .  Kramer, p. 11 

Table 3 .--Average Annual Observed R a i n f a l l  and Runoff per  Season from Continuous Corn 
1971-1976 

Harvested 
Corn Harvested f o r  Grain f o r  S i l a g e  

Spring F a l l  F i e ld  
No Primary T i l l a g e  

~ a i n fallL1 Plow Plow Cul t iva t ion  
Crop Winter No Crop 

Residue Cover Residue 
--------------------'----------mm--mm------mm---------------------------------

3 

4A 

4B 

5 

7 

Growing Season- 31 

Dormant Season- 4 / 

Annual T o t a l  

-1/ Season D e f i n i t i o n  and Average Calendar Per iod  

1 - 0 t o  30 days a f t e r  p l an t ing ,  (May 14 - June 14) 
2 - 31 t o  60 days a f t e r  p l a n t i n g ,  (June 15 - J u l y  15) 
3 - 61 days a f t e r  p l a n t i n g  t o  h a r v e s t ,  ( Ju ly  16. - October 15) 
4A - h a r v e s t  t o  f a l l  plow, (October 15 - November 6) 
4B - f a l l  plow t o  end of yea r ,  (November 6 - December 31) 
5 - f i r s t  of year  t o  s p r i n g  plow, (January 1 - A p r i l  10) 
7 - s p r i n g  plow t o  p l a n t i n g ,  (Apr i l  10 - May 14) 

-21 Inc ludes  i r r i g a t i o n  a p p l i c a t i o n s  i n  seasons 2 and 3 t o  supplement r a i n f a l l .  

-31 Seasons 1, 2, and 3 combined. 

-41 Seasons 4A, 4B, 5, and 7 combined. 



Runoff from t h e  n o - t i l l  corn g r a i n  t rea tment  was 32% g r e a t e r  than 

runoff from t h e  s p r i n g  plow treatment  dur ing  t h e  growing season and 15% g r e a t e r  

i n  t h e  dormant season. Compared t o  t h e  s p r i n g  plow treatment  i n  t h e  

growing season, t h e  s o i l  of t h e  n o - t i l l  t reatment  was more consol ida ted  

and had more s u r f a c e  s e a l i n g  due t o  weathering, r a i n f a l l ,  and farm 

equipment t r a f f i c .  The s o i l  on t h e  sp r ing  plow treatment  was t i l l e d  

p e r i o d i c a l l y  by plowing and weed c u l t i v a t i o n ,  which provided f o r  less 

conso l ida t ion  of t h e  s o i l  s u r f a c e  condi t ion .  

For a l l  seasons ,  t h e  s i l a g e  corn  t rea tment  wi th  crop r e s idues  

removed had g r e a t e r  runoff than t h e  s i l a g e  corn t reatment  wi th  a s m a l l  

g r a i n  winter  cover.  This  was most ev iden t  i n  seasons 3 ,  4A, and 4B 

dur ing  t h e  t i m e  a f t e r  s i l a g e  ha rves t  when t h e r e  w a s  no s o i l  cover on t h i s  

t reatment .  

Average annual e ros ion  per  season f o r  1971-1976 f o r  continuous 

corn under va r ious  t i l l a g e - r e s i d u e  t rea tments  previous ly  descr ibed  i s  

t abu la t ed  i n  Table 4. The average annual  e r o s i o n  of t h e  n o - t i l l  corn 

g r a i n  t reatment  w a s  .73 me t r i c  t on /hec ta re ,  which was t h e  lowest  e ros ion  

of a l l  corn land use  t rea tments  t e s t e d .  Erosion of .80 me t r i c  t on /hec ta re  

from t h e  n o - t i l l  s i l a g e  corn wi th  a seeded win te r  cover crop was s i m i l a r  

t o  t h e  n o - t i l l  corn g r a i n  r e s u l t s .  The n o - t i l l  s i l a g e  corn t reatment  

without  c rop  r e s i d u e s  on t h e  s o i l  had t h e  h i g h e s t  average annual e r o s i o n  

of 21.45 m e t r i c  t o n  per  h e c t a r e .  Of t h e  t h r e e  d i f f e r e n t  primary t i l l a g e  

t rea tments  f o r  corn  grown f o r  g ra in ,  t h e  f i e l d  c u l t i v a t i o n  t reatment  

had t h e  lowest  average annual e ros ion  of 1.86 metric ton /hec ta re ,  t h e  

s p r i n g  plow treatment  had t h e  next  lowest  e r o s i o n  of 2.84 me t r i c  t on /hec ta re ,  

and t h e  f a l l  plow t rea tment  had t h e  g r e a t e s t  e r o s i o n  of 7.84 me t r i c  

ton/hec tare .  For t h e s e  t h r e e  primary t i l l a g e  t rea tments ,  45 t o  63% 

of t h e  annual e ros ion  occurred i n  season 1, w i t h i n  one month a f t e r  p l a n t i n g ,  
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Table 4.--Average Annual Observed Erosion pe r  Season from Continuous Corn 
1971-1976 

Harvested 
Corn Harvested f o r  Grain f o r  S i l a g e  

11 Spring F a l l  F i e l d  No Primary T i l l a g e  
Season- Plow Plow Cu l t iva t ion  

Crop Winter No Crop 
Residue Cover Residue 

..................... t(metric)/ha-----------------------------


7 0.09 1.45 0.25 0.10 0.09 5.62 

Growing Season- 21 2.39 5.33 1.31 0.51 0.37 6.49 

Dormant Season-31 0.45 2.51 0.55 0.22 0.43 14.96 

Annual T o t a l  2.84 7.84 1.86 0.73 0.80 21.45 

-11 Seasons a r e  def ined  i n  Table 3. 

-2 1 Seasons 1, 2, and 3 combined. 

-31 Seasons 4A, 4B, 5 and 7 combined. 
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bu t  only  7 t o  14% of the  annual runoff occurred i n  t h i s  season. For 

t h e  n o - t i l l  t rea tment  of corn grown f o r  g ra in ,  only 12 t o  21% of t h e  

annual  e ros ion  occurred i n  season 1. 

Dormant o r  w in te r  season e ros ion  f o r  t h e  f a l l  plow treatment  was 

g r e a t e r  than dormant season e ros ion  f o r  a l l  t h e  o t h e r  t rea tments  which 

had s o i l  cover from e i t h e r  crop r e s idues  o r  seeded smal l  g ra in .  

The t o l e r a b l e  annual  s o i l  l o s s  f o r  t h e  Mexico s o i l  type is about 

6.6 me t r i c  ton  per  h e c t a r e  (4) .  Considering a l l  t rea tments  s tud ied  i n  

1960-1969 and 1971-1976, t h e  t o l e r a b l e  s o i l  l o s s  was exceeded by only 

t h r e e  t rea tments .  The f a l low cover (which w a s  a n  experimental  r e fe rence  

t rea tment  and n o t  an  a g r i c u l t u r a l  p r a c t i c e ) ,  t h e  f a l l  plow continuous 

corn,  and t h e  n o - t i l l  s i l a g e  corn wi th  a l l  crop r e s idues  removed (not  

an ex tens ive  p r a c t i c e )  w e r e  t rea tments  wi th  excess ive  eros ion .  Erosion 

from t h e  common p r a c t i c e  of s p r i n g  plow continuous corn was less than t h e  

t o l e r a b l e  s o i l  l o s s  f o r  t h i s  16-year s tudy period.  The 16-year average 

annual  r a i n f a l l  w a s  n e a r l y  t h e  same as t h e  long-term 87-year average 

f o r  t h i s  a r e a ,  and t h e  16-year average annual  e ros ion  index (EI) f a c t o r  

of t h e  Universa l  S o i l  Loss Equation (6) w a s  3.7% g r e a t e r .  

P r e d i c t i o n  of Erosion from Continuous Corn Land Use 

The Universa l  S o i l  Loss Equation (USLE) is  one method of p r e d i c t i n g  

s o i l  e ros ion  from upland f i e l d  a r e a s  (7) .  It was designed t o  p r e d i c t  

long-time average e ros ion  from s p e c i f i c  land cover-management systems. 

It i s  proposed t o  compute average s o i l  l o s s  f o r  p a r t i c u l a r  c rops t age  

seasons  w i t h i n  a c rop  year .  Erosion i s  p red ic t ed  by USLE a s  a product 

of f i v e  f a c t o r s  by t h e  equat ion:  
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A = R * K * L S * C * P ,  t / a c  

where 

R = r a i n f a l l  e ros ion  index f a c t o r  

K = s o i l  e r o d i b i l i t y  f a c t o r  

LS = s l o p e  length-steepness f a c t o r  


C = cover-management f a c t o r  


P = conservat ion suppor t  p r a c t i c e  f a c t o r  


For the  s tudy e ros ion  p l o t s ,  t h e  equat ion s i m p l i f i e s  to:  

A 5 R *  . 2 8 *  -31  * C  * 1 

= .0868 * R * C 

The C f a c t o r s  f o r  each crops tage  period f o r  spring-plowed con-

t inuous  corn,  w i th  good management and h igh  p roduc t iv i ty  w e r e  ob ta ined  

from Handbook 537 t o  r ep resen t  t h e  s tudy p l o t  condi t ions .  Seasonal  C 

f a c t o r s  a r e  l i s t e d  i n  Table 5.  

R va lues  w e r e  determined from d e t a i l e d  r a i n  d a t a  obta ined  from a 

recording r a i n  gage ad jacen t  t o  t h e  p l o t  study loca t ion .  For t h e  per iod  

1963-1969, t h e  r a i n  events  which produced runoff were determined. The 

R va lues  f o r  a l l  r a i n  events  producing runoff each season of each year  

w e r e  determined and annual  s o i l  l o s s  pe r  season was computed. The 

average annual observed e r o s i o n ,  and USLE p red ic t ed  e ros ion  f o r  each 

season a r e  t abu la t ed  i n  Table 6. Average annual  t o t a l  e ros ion  p red ic t ed  

by USLE was 16%highe r  than  t h e  observed. Except f o r  season 2,  USLE 

p red ic t ed  e ros ion  w a s  more than t h e  season average observed e ros ion  

f o r  a l l  seasons. I n  season 2 t h e r e  w e r e  s e v e r a l  l a r g e  events  observed i n  

1969 which w e r e  t he  g r e a t e s t  e ros ion  amounts f o r  a l l  events  observed. 

A r eg res s ion  of USLE p red ic t ed  and observed event  e ros ion  i s  shown i n  

Figure 1. Over one-half t h e  d a t a  p o i n t s  a r e  c l u s t e r e d  near  the  o r i g i n  
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Table 5.--USLE Seasonal  C Fac to r s  f o r  Continuous Corn 

Season 

1 

Crop S t age  Pe r iods  

Seedbed, 
(P l an t ing  t o  10% Canopy, 20 Da) 

C Fac to r  
(High P r o d u c t i v i t y )  

.55 

Establ ishment ,  
(10% Canopy t o  50% Canopy, 20 Da) 

Development, 
(50% Canopy t o  75% Canopy, 20 Da) 

3B Maturat ion,  
(75% Canopy t o  Harvest)  

4-5 Residue, 
(Harvest  t o  Plowing) 

7 Rough Fallow, 
(Plowing t o  P l an t ing )  .31 



- - - 
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Table 6.--Average Annual Observed and Predic ted  Erosion Per  Season 
From Continuous Corn 1963-1969 

Season-11 Observed USLE MUSLE 
Predic ted  Predic ted  

------------------t(rnetric)/ha----------------------

21Growing Season- 7.99 8.49 6.75 

3IDormant S e a s o r r  .26 1.11 .52 

Annual To ta l  8.25 9.60 7.27 

1/- Season D e f i n i t i o n  and Average Calendar Period 

1 - 0 t o  20 days a f t e r  p l an t ing ,  (May 19 - June 3) 
2 - 21 t o  40 days a f t e r  p l an t ing ,  (June 4  - June 22) 
3A - 41 t o  60 days a f t e r  p l a n t i n g ,  (June 23 - Ju ly  12) 
3B - 61 days a f t e r  p l a n t i n g  t o  h a r v e s t ,  ( Ju ly  13 --October  19) 
4-5 h a r v e s t  t o  s p r i n g  plow (October 19 - A p r i l  23) 
7 - s p r i n g  plow t o  p l a n t i n g  (Apr i l  23 - May 14) 

21- Seasons 1, 2, 3A, and 3B combined. 

31- Seasons 4-5 and 7  combined. 
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was t h e  USLE p red ic t ed  e ros ion .  

A s c a t t e r  graph of t h e  observed and MUSLE predic ted  event  e r o s i o n  

is  shown i n  F igure  2. Over h a l f  of t h e  p o i n t s  a r e  c l u s t e r e d  near  t h e  

o r i g i n .  A r e g r e s s i o n  of  p red ic t ed  e ros ion  wi th  observed e ros ion  

r e s u l t e d  i n  an r2 of .77. The MUSLE equat ion  provided a b e t t e r  

p r e d i c t i o n  of  even t  e ros ion  method than t h e  USLE equat ion.  However, 

f o r  t h e  l a r g e s t  even t s  t h e r e  was s t i l l  cons iderable  s c a t t e r  and a 

b i a s  toward under-predict ion of l a r g e  event  e ros ion .  

Summary and Conclusions 

Water y i e l d  and e r o s i o n  d a t a  from 88 m2 claypan s o i l  r e sea rch  p l o t s  

w e r e  eva lua ted  t o  determine land  use  t rea tment  e f f e c t s .  For a 10-year 

s tudy  per iod  (1960-1969), l and  use  t rea tments  of fa l low,  continuous corn,  

and a four-year  r o t a t i o n  of corn,  wheat, meadow, meadow were maintained 

each year .  For a 6-year s tudy  per iod  (1971-1976), continuous corn land use  

wi th  d i f f e r e n t  t i l l a g e - r e s i d u e  management t rea tments  were maintained each  

year .  For corn grown f o r  g r a i n  wi th  s t a l k  r e s i d u e s  l e f t  on t h e  ground, 

primary t i l l a g e  t r ea tmen t s  of s p r i n g  plow, f a l l  plow, sp r ing  f i e l d  

c u l t i v a t i o n ,  and n o - t i l l  p l a n t i n g  were performed. For corn grown f o r  

s i l a g e  w i t h  n o - t i l l  p l a n t i n g ,  two s o i l  cover management t r ea tmen t s  were 

performed. A l l  p l a n t  p o r t i o n s  above ground were removed f o r  s i l a g e  i n  

one t rea tment  and a r y e  win te r  cover c rop  was sown a f t e r  s i l a g e  h a r v e s t  

f o r  t h e  second t rea tment .  

Average annual  r a i n f a l l  p l u s  i r r i g a t i o n  was about t h e  same a s  t h e  

long-term, 87-year average r a i n f a l l  f o r  bo th  s tudy  per iods .  The average 

annual  e r o s i o n  index  (EI) of t h e  USLE was 3.7% g r e a t e r  than expected 

f o r  t h e  combined s tudy  per iod .  
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of the sca t te r  p l o t .  There i s  considerable sca t te r  in  the event data. 


These r e s u l t s  were n o t  unexpected s i n c e  the  USLE equat ion  i s  n o t  


proposed f o r  event  e r o s i o n  p red ic t ion .  The c o e f f i c i e n t  of de te rmina t ion ,  


r2, va lue  f o r  t h e  r e g r e s s i o n  equat ion  was .27. The r e g r e s s i o n  


c o e f f i c i e n t s  sugges t  t he  USLE equat ion  over -predic t s  smal l  even t s  and 


under-predicts  l a r g e  events .  


A modi f i ca t ion  of USLE was proposed by Williams (5)  t o  p r e d i c t  

event  runoff .  I n  t h e  Modified S o i l  Loss Equation (MUSLE), t h e  r a i n f a l l  

f a c t o r  was rep laced  w i t h  a runoff f a c t o r .  The MUSLE equat ion  is: 

s = 95 * (Q * q)*56  * K * LS * c * P , ton 

where . 

Q = runoff  event  volume, a c / f t  

3 q = runoff  event  peak r a t e ,  f t  / s e c  

The o t h e r  equat ion  f a c t o r s  were previous ly  def ined  f o r  t h e  USLE 

equat ion.  

The MUSLE equat ion  was a l s o  app l i ed  t o  t he  cont inuous corn  runoff  

even t s  f o r  t h e  per iod  1963-1969 when flume records  were a v a i l a b l e  

t o  determine peak f low r a t e s .  The average annual  p red ic t ed  e r o s i o n  per  

season is  l i s t e d  i n  Table 6. The average annual  t o t a l  e r o s i o n  p red ic t ed  

by MUSLE was 12% l e s s  than  t h e  observed; however, t h e  p red ic t ed  e r o s i o n  

was lower than  t h e  observed e r o s i o n  only i n  season 2. I n  a l l  t h e  

o t h e r  seasons ,  average p red ic t ed  e ros ion  was equa l  o r  g r e a t e r  than  

observed e ros ion .  A s  p rev ious ly  d iscussed ,  season 2 included l a r g e  

e ros ion  e v e n t s  of t h e  s tudy  period.  I n  a l l  seasons ,  t h e  MUSLE p red ic t ed  

average annual  season  e r o s i o n  was c l o s e r  t o  t h e  observed e r o s i o n  than  
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