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Man has  l ea rned  a g r e a t  d e a l  about  e ros ion  and i t s  con t ro l .  How- 

ever ,  s o i l  e r o s i o n  i s  considered t o  be occurr ing  a t  excess ive  rates i n  

many a r e a s .  Much has  been s a i d  and w r i t t e n  about t h e  problem i n  t h e  

p a s t  f i f t y  years---yet t h e  problem p e r s i s t s .  Some progress  has  been 

made i n  reducing t h e  l o s s  of s o i l  from crop-producing areas, b u t  many 

people b e l i e v e  t h a t  t h e  progress  i s  inadequate  t o  i n c r e a s e  o r  even 

main ta in  f u t u r e  food product ion  needs. 

The problem of  s o i l  e r o s i o n  and i t s  subsequent e f f e c t s  on c rop  

product ion,  water q u a l i t y  and sediment depos i t i on  is  very  complex. 

Technology, economics, p o l i t i c s  and s o c i a l  f e a s i b i l i t y  f a c t o r s  must b e  

considered j o i n t l y  t o  d e f i n e  adequate  e ros ion  c o n t r o l .  Farmers, l a n d  

owners, s o i l  and water  conserva t ion  d i s t r i c t s ,  s p e c i a l  i n t e r e s t  groups 

and p o l i t i c a l  groups must i n t e r a c t  i n  developing p o l i c i e s  on t h e  amount 

of e ros ion  t h a t  can be t o l e r a t e d .  Science needs t o  provide informat ion  

on t h e  consequences of v a r i o u s  op t ions  a v a i l a b l e .  

Eros ion  Research i n  t h e  Cornbel t  

Considerable  r e s e a r c h  has  been conducted i n  t h e  co rnbe l t  s i n c e  t h e  

e a r l y  1900's  t o  determine t h e  e f f e c t s  of va r ious  crop and s o i l  management 

p r a c t i c e s  on s o i l  l o s s e s .  The Missour i  Experiment S t a t i o n  s t a r t e d  

runoff  and e r o s i o n  p l o t  s t u d i e s  i n  1917. Duley (1924) and M i l l e r  and 

Kuesekopf (1932) r epo r t ed  comparisons of runoff  and e r o s i o n  d a t a  



from n a t u r a l  p r e c i p i t a t i o n  among v a r i o u s  cropping systems. The p l o t s  

used i n  t h e s e  s t u d i e s  were des igna ted  a s  a Nat iona l  H i s t o r i c a l  Landmark 

i n  1965. A f t e r  t h e  e ros ion  p l o t  s t u d i e s  w e r e  s t a r t e d  i n  Missouri ,  

similar s t u d i e s  were conducted i n  Iowa, I l l i n o i s ,  Indiana,  Wisconsin 

and Minnesota. Most of t h e s e  i n v e s t i g a t i o n s  were made dur ing  t h e  per iod  

of t h e  1940 ' s  through t h e  1960's  and show runoff  and s o i l  l o s s  d a t a  comparisons 

f o r  v a r i o u s  crop management systems under v a r i e d  s o i l  and n a t u r a l  p r e c i p i t a t i o n  

cond i t i ons .  Short-term r e s u l t s  ( l e s s  than  t e n  yea r s  and i n  many cases  

l e s s  t han  5 y e a r s )  have been r epor t ed  from t h e s e  s t u d i e s .  Consequently, 

t h e  cumulat ive e f f e c t  of e ros ion  on crop p roduc t iv i ty  i s  d i f f i c u l t  t o  

eva lua t e .  I r o n i c a l l y ,  h igh  e ros ion  yea r s  f r equen t ly  co inc ide  wi th  h igh  

crop  product ion  yea r s .  

Technology advances i n  p l a n t  gene t i c s ,  f e r t i l i z e r  management and 

p e s t  c o n t r o l  i n  t h e  p a s t  few yea r s  have masked o u t  t h e  e f f e c t s  of e ros ion  

on crop product ion  f o r  some s o i l s .  

Erosion - Crop Product ion Re la t ionsh ips  

Spomer and P i e s t  (1981) r e c e n t l y  repor ted  t h a t  Iowa corn y i e l d s  

i nc reased  r a p i d l y  i n  t h e  p a s t  20 yea r s  even though s o i l  e ros ion  from 

unprotec ted  corn  f i e l d s  g r e a t l y  exceeded s o i l  l o s s  t o l e r a n c e  va lues .  

Mechanical s c a l p i n g  of a deep l o e s s  s o i l  s u r f a c e  a t  Clar inda,  Iowa 

(Musgrave and Norton, 1937) and Shelby s i l t  loam at  Bethany, Missouri  

(Smith e t  a l . ,  1945) showed corn  y i e l d s  were 20 and 40%, r e s p e c t i v e l y ,  

of t h o s e  from c o n t r o l  p l o t s .  A nine-year s tudy  i n  Ohio (Borst  et a l . ,  

1945) showed t h a t  corn y i e l d s  were d r a s t i c a l l y  reduced from seve re ly  

eroded Muskingum loam (36 inches  t o  bedrock).  F i e l d  t r i a l s  i n  Minnesota 

and Wisconsin (Hayes e t  a l . ,  1949) showed t h a t  g r a i n  y i e l d  from seve re ly  

eroded s o i l s  i n  Minnesota were about  two-thirds  of t hose  f o r  s l i g h t l y  



eroded s o i l s .  I n  Wisconsin, y i e l d s  from severely eroded land were about 

three-fourths of those from s l i g h t l y  eroded land. 

Unpublished p l o t  study da ta  from a claypan s o i l  a t  Kingdom City,  

Missouri, have shown t h a t  corn y i e l d s  have increased desp i t e  in tens ive  

conventional t i l l a g e  f o r  t h e  p a s t  37 years  (1941-1977). The study has 

a l s o  shown t h a t  cumulative s o i l  l o s s  by water erosion among 39 p l o t s  f o r  

t h e  37-year period ranged from 0.1 t o  1.8 inches. A soybean y ie ld  

v a r i a b i l i t y  study conducted i n  1979 and 1980 showed a very low r e l a t i o n s h i p  

t o  cumulative 37-year s o i l  l o s s .  According t o  Jensen (1978), "It seems 

unl ikely  t h a t  any f u t u r e  advancement i n  technology w i l l  be a b l e  t o  

genera te  a sus ta ined r i s e  i n  product iv i ty  from present  high l eve l s . "  

Future erosion-productivi ty re la t ionsh ips  may w e l l  be more s i g n i f i c a n t  

than pas t  da ta  revea l s  i f  Jensen's  appra i sa l  is correct .  

S o i l  Loss Tolerance 

It i s  genera l ly  agreed t h a t  s o i l s  vary widely i n  t h e i r  development, 

physical  and chemical c h a r a c t e r i s t i c s ,  production p o t e n t i a l  and erosion.  

Early at tempts by Zingg (1940) to  p red ic t  amounts of erosion encouraged 

e f f o r t s  t o  speci fy  amounts of s o i l  erosion t h a t  might be to le ra ted  on 

s p e c i f i c  s o i l s  (Hays and Clark, 1941, and Smith, 1941). Browning e t  a l .  

(1947) made a thorough review of s o i l  erosion research i n  t h e  Midwest 

and i d e n t i f i e d  maximum average permissible s o i l  l o s s  without decreasing 

product iv i ty .  The prime f a c t o r  used i n  determining these  values was the  

l o s s  of p roduc t iv i ty  per inch of top s o i l  l o s t .  I n  the  1950's,  B a r t e l l i  

and Boatman proposed a maximum l i m i t  of 7 tons/ac/yr  f o r  deep s o i l s  wi th  

favorable subso i l s  i n  I l l i n o i s  and Iowa. The T a m  s o i l  was c i t e d  a s  a 

deep s o i l  on which erosion would have t h e  l e a s t  e f f e c t  on crop y i e l d s .  

Thompson (1952) and Van Doren and B a r t e l l i  (1956) lowered 



t h e  t o l e r a n c e  l e v e l s  t o  6 and 4.5 t / a c / y r .  Tolerance graded downward t o  

0.5 and 1.5 f o r  shal lower s o i l s  i n  Iowa. A t o l e r a n c e  l e v e l  of 5 t / a c / y r  

f o r  T a m  and s i m i l a r  deep s o i l  w a s  f r equen t ly  used between t h e  la te  

1950's  and t h e  mid 1970's  when t h e  SCS began t o  r e e v a l u a t e  t h e  i s s u e s  

(Young, 1978).  

Curren t  c r i t e r i a  f o r  s o i l  l o s s  t o l e r a n c e  was d iscussed  by D. E. 

McCormack et al .  (1979). S o i l  l o s s  t o l e r a n c e  w a s  def ined  as t h e  maximum 

r a t e  of annual  s o i l  e ros ion  t h a t  w i l l  permit a h igh  l e v e l  of p r o d u c t i v i t y  

t o  b e  obta ined  economically and i n d e f i n i t e l y .  As poin ted  o u t  by t h e s e  

au tho r s ,  t h e  d e f i n i t i o n  implies--but does no t  d i r e c t l y  s t a t e - - tha t  t h e r e  

should be  no l o s s  i n  t h e  long-term p r o d u c t i v i t y  of t h e  s o i l  and t h a t  

long-term p r o d u c t i v i t y  depends on main ta in ing  t h e  th i ckness  of t h e  

hor izon  and a s u f f i c i e n t  roo t ing  depth. Rates of t o p s o i l  formation of 5 

t / a c / y r  and development of a f avo rab le  r o o t i n g  zone from weathering of 

unconsol ida ted  pa ren t  m a t e r i a l s  of 0.5 t / a c / y r  were considered as major 

f a c t o r s  i n  e s t a b l i s h i n g  c u r r e n t  l e v e l s  of s o i l  l o s s  t o l e r a n c e  wh i l e  

main ta in ing  p roduc t iv i ty .  

App l i ca t ion  of S o i l  Loss Tolerance Levels  and Associated Recent Research 

Shrader  e t  a l .  (1963) proposed two gene ra l  groups i n t o  which 

upland s o i l s  i n  t h e  c e n t r a l  and e a s t e r n  United S t a t e s  could be  d iv ided  

f o r  c h a r a c t e r i z i n g  t h e  e f f e c t s  of e r o s i o n  on product ion.  The f i r s t  

group inc luded  s o i l s  i n  which t e x t u r e ,  permeabi l i ty ,  ease of t i l l a g e  and 

o t h e r  c h a r a c t e r i s t i c s  of t h e  s u b s o i l  were s i m i l a r  t o  p r o p e r t i e s  of t h e  

s o i l  su r f ace .  The deep l o e s s  s o i l s  of southwestern Iowa were c i t e d  a s  

be ing  r e p r e s e n t a t i v e  of t h i s  group. Appl ica t ion  of c u r r e n t  technology, 

p r i n c i p a l l y  increased  f e r t i l i z a t i o n ,  has  masked o u t  product ion  e f f e c t s  

of e ros ion .  Spomer and P i e s t ' s  (1981) work, c i t e d  



e a r l i e r ,  supports  t h i s  theory. Shrader and co-workers (1963) a l s o  

evaluated t h e  economics f o r  various l e v e l s  of erosion control .  Over- 

and under-design f o r  erosion con t ro l  reduced maximum ne t  farm revenue 

obtainable.  The second s o i l  group considered included s o i l s  f o r  which 

t he  subso i l  provides an i n f e r i o r  medium f o r  p lan t  growth a s  compared t o  

the  surface  s o i l .  Erosion from these  s o i l s  a l so  r e s u l t s  i n  increased 

production cos t s ,  but  y ie lds  a r e  l e s s  than those obtained without 

occurrence of erosion.  Consequently, ne t  farm income is lower from 

eroded than non-eroded phases of these  so i l s .  The claypan s o i l s  occurring 

along t h e  southern f r i nges  of t he  cornbelt  and other shallow s o i l s  were 

c i t ed  a s  represen ta t ive  of t h i s  s o i l  group. Jamison e t  a l .  (1968) 

described s o i l  and water management problems associated with claypan 

s o i l s  i n  Missouri. These researchers  concluded t ha t  the  shallow slowly 

permeable s o i l s  were no t  wel l  su i t ed  f o r  row crop production because of 

water management problem extremes and erosion hazards. It was recommended 

t ha t  these  s o i l s  were bes t  su i t ed  f o r  forage crop production. However, 

i n t e n s i t y  of row cropping and associated t i l l a g e  has increased on the  

claypan s o i l s  i n  recen t  years. The increased use of f e r t i l i z e r s  s i nce  

the  1950's has increased corn yie lds .  Adequate water during the  cropping 

season provided by favorable amounts and d i s t r i bu t i on  of r a i n f a l l  o r  the  

app l ica t ion  of supplemental water has produced dramatically high corn 

y i e ld s  comparable t o  t h e  deeper cornbelt  s o i l s .  

Unpublished da ta  from 37 years  (1941-77) of records from the  Kingdom 

City, Mo., claypan p l o t  study has shown average annual s o i l  l o s s  from 

corn following corn under conventional t i l l a g e  was only 3 . 6  t / ac .  A 

s ing l e  p l o t  cropped continuously t o  corn 24 years (1954-72) with conventional 



t i l l a g e  had an  average  annual  s o i l  l o s s  of 2.7 t / a c .  High e ros ion  yea r s  

i n  t h e  e a r l y  1940 ' s  and t h e  l a t e  1960 ' s  con t r ibu ted  s u b s t a n t i a l l y  t o  

t h e s e  l o s s e s .  The 37-year average annual  l o s s e s  are w e l l  below t h e  s o i l  

l o s s  t o l e r a n c e  l e v e l  of 5 tons /ac /yr .  The p l o t  s tudy  d a t a  i n d i c a t e s  

t h a t  e i t h e r  e r o s i o n  i s  no t  a major problem f o r  t h e  s o i l - c l i m a t i c  cond i t i ons  

s t u d i e d  o r  t h e  s o i l  l o s s  t o l e r a n c e  v a l u e  p re sen t ly  used i s  too high.  

The claypan p l o t  s tudy i n  Missouri  sugges ts  t h a t  t h e  water  management 

problem i s  g r e a t e r  than t h e  e ros ion  problem. Average annual runoff  was 

a t  least two t imes g r e a t e r  f o r  t h e  claypan than  from t h e  deeper ,  more 

permeable s o i l s  i n  t h e  co rnbe l t .  The a p p l i c a t i o n  of e ros ion  c o n t r o l  

p r i n c i p l e s  advanced by Shrader  et a l .  (1963) may a l s o  be used t o  e v a l u a t e  

water  management. 

C. R. Amerman and R. B. Grossman (personal  communication) i n i t i a t e d  

claypan s o i l  p r o f i l e  mod i f i ca t ion  r e sea rch  i n  1976 r e l e v a n t  t o  e r o s i o n  

c o n t r o l  and water  management i s sues .  These r e sea rche r s  conducted i n f i l -  

t r a t i o n  s t u d i e s  a f t e r  mechanical ly  modifying t h e  claypan l a y e r  w i th  and 

wi thout  t rea tment  of calcium hydroxide. The modified claypan l a y e r  t h a t  

d id  n o t  r e c e i v e  calcium hydroxide r e s e a l e d  t h e  fol lowing summer a f t e r  

t rea tment  a s  evidenced by low permeabi l i ty  rates from i n f i l t r o m e t e r  

a p p l i c a t i o n s  a t  rates of 2% inches  per  hour f o r  2 hours.  The calcium 

hydroxide t r e a t e d  mechanical ly  modified claypan l a y e r  maintained h igh  

i n f i l t r a t i o n  r a t e s  f i v e  yea r s  a f t e r  t rea tment .  Although such d r a s t i c  

t rea tment  i s  n o t  considered f e a s i b l e  w i t h i n  t h e  c u r r e n t  economic and 

s o c i o l o g i c a l  c l ima te ,  t h i s  s tudy  has  demonstrated t echno log ica l  p o t e n t i a l  

f o r  improving s o i l  and w a t e r  management. 

Another e x o t i c  area of technology t h a t  could w e l l  have long-range 

p o t e n t i a l  would be  t h e  rec lamat ion  of sediment d e p o s i t s  by r e t u r n i n g  

such m a t e r i a l s  t o  eroded s u r f a c e s  o r  apply ing  t h e  materials t o  shal low 



low production s o i l s .  Providing sediment catchment basins to  f i e l d - s i z e  

a r e a s  may have shorter-range po ten t i a l .  Questions regarding p lan t  

responses, and e f f e c t s  on subsequent runoff and erosion f o r  d i s t r i b u t i o n  

of kediment mate r i a l s  need t o  be answered. To what extent  should t h i s  

type of research be conducted t h a t  may not  prove t o  be f r u i t f u l  f o r  

many years  o r  generat ions? 
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