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ABSTRACT 

Hydrologic and sediment v a r i a b l e s  were measured f o r  1 5  years  i n  western Iowa 
a t  f o u r  watersheds loca ted  i n  t h e  l o e s s  s o i l s  reg ion  of t h e  Missouri Valley. 
Two watersheds were convent iona l ly  farmed wi th  continuous row-cropped corn. 
One watershed was i n  g r a s s  f o r  8 y e a r s  before  1972; s i n c e  then i t  has been 
continuously corn cropped w i t h  a t i l l - p l a n t  conserva t ion  t i l l a g e  system. A 
f o u r t h  watershed which was l e v e l  t e r raced  was continuously row cropped t o  corn 
from 1964 t o  1971; i n  1972, p a r a l l e l  t e r r a c e s  wi th  p ipe  d r a i n s  replaced t h e  
l e v e l  t e r r a c e s ,  and convent iona l  t i l l a g e  was changed t o  t h e  t i l l - p l a n t  system. 

The cropping change from g r a s s  t o  t i l l - p l a n t  corn  increased  t o t a l  runof f .  
Sediment y i e l d s  averaged 1 .1  t / h a  f o r  t h e  7 years  e f  record  s i n c e  1972. The 
l e v e l - t e r r a c e d  watershed, a f t e r  conversion t o  p a r a l l e l  t e r r a c e s  wi th  p i p e  
dra ins ,  y ie lded  higher s u r f a c e  runoff b u t  decreased baseflow. Sediment y i e l d s  
wi th  p a r a l l e l  t e r r a c e s  and p i p e  d r a i n s  increased s l i g h t l y  t o  2.9 t l h a  from 
2.0 tlha w i t h  l e v e l  t e r r a c e s .  

INTRODUCTION 

During t h e  p a s t  decade, many Iowa farmers have adopted a v a r i e t y  of conserva- 
t i o n  t i l l a g e  p r a c t i c e s .  Annual s t a t e w i d e  S o i l  Conservation Serv ice  (SCS) 
surveys show t h a t  t h e  t o t a l  a r e a  of conserva t ion- t i l l ed  land increased  
r a p i d l y  from 178,200 ha i n  1962 t o  4,374,000 i n  1978. Not a l l  conservation 
t i l l a g e  p r a c t i c e s  l e a v e  adequate crop r e s i d u e s  (about 2,000 kglha minimum o r  
50 percent  s u r f a c e  cover, according t o  Wischmeier, 1975) on t h e  s u r f a c e  t o  
s i g n i f i c a n t l y  reduce e ros ion ,  b u t  farmland wi th  adequate s u r f a c e  res idues  i n  
Iowa increased  from 92,340 ha i n  1968 t o  1,903,500 ha i n  1978, according t o  
SCS surveys .  

The e ros ion  p o t e n t i a l  i n  wes te rn  Iowa is g r e a t e s t  dur ing  May and June. 
Vanoni, 1975, repor ted  t h a t  sediment y i e l d s  measured on A g r i c u l t u r a l  Research 
watersheds f o r  t h e s e  two months have averaged more than 80 percent  of the  
annual  t o t a l .  The a c t u a l  May and June sediment y i e l d s ,  on conventionally-  
t i l l e d  watersheds.  1964-1978, ranged from 0.2 t o  222 t l h a ,  wi th  an average of 
27 t l h a .  

Conservation t i l l a g e  p r a c t i c e s  a r e  most e f f e c t i v e  i n  reducing e ros ion  dur ing  
t h e  e a r l y  crop s t a g e  when e ros ion  p o t e n t i a l  f o r  rowcrops is normally t h e  
g r e a t e s t  (Wischmeier, 1973). Such p r a c t i c e s  a r e  e a s i l y  adapted t o  row- 
cropping wi th  la rge-sca le  farm equipment and reduce t i l l a g e  opera t ions  f o r  
p repar ing  the  seedbed and p l a n t i n g  the crop.  

1/ Contr ibu t ion  of t h e  Watershed Research Unit ,  U. S. Department of Agri- - 
c u l t u r e ,  Science and Education Administrat ion,  i n  cooperat ion with t h e  Iowa 
Agr icu l ture  and Home Economics Experiment S t a t i o n ,  Ames, IA. 
2/ A g r i c u l t u r a l  Engineer, USDA, SEA-AR, Council Bluf fs ,  IA; and Hydraulic - 
Engineers, USDA, SEA-AR, Columbia, MO, r e s p e c t i v e l y .  

Laflen e t  a l .  (1978) demonstrated t h e  b e n e f i t s  of crop res idue  cover ia re- 
ducing s o i l  e ros ion  using simulated r a i n f a l l  on six d i f f e r e n t  t i l l a g e  prac-  
t i c e s  on three  Iowa s o i l s .  The i r  r e s u l t s  showed t h a t  s o i l  l o s s  was c o r r e  
l a t e d  wi th  res idue  cover when crop canopy was not  s i g n i f i c a n t .  The o b j e c t i v e  
of our s tudy was t o  e v a l u a t e  t h e  e f f e c t i v e n e s s  of a t i l l - p l a n t  c o n s e r v r t i o n  
p r a c t i c e ,  used a l o n e  and i n  combination wi th  t e r r a c e s ,  i n  reducing s o i l  
e ros ion  on f i e l d - s i z e  a r e a s  t h a t  a r e  continuously row-cropped t o  corn .  

WATERSHED DESCRIPTION 

Four research  watersheds near  Council  Bluf fs ,  Iowa, r e p r e s e n t a t i v e  of t h e  
deep l o e s s  s o i l s  region ad jacent  t o  the  Missouri  River f lood p l a i n  i n  w e s t e r n  
Iowa and northwestern Missouri ,  were s tud ied .  Depth of t h e  l o e s s  v a r i e s  from 
25 m on t h e  r i d g e s  t o  5 m i n  t h e  v a l l e y s .  The s i l t - loam s o i l s  on t h e s e  water- 
sheds a r e  c l a s s i f i e d  as Typic Hapludolls ,  Typic Haplorthents ,  and Cumulic 
Hapludolls  ( S o i l  Conservation Serv ice ,  1975). A l l  of these  s o i l s  a r e  f i n e -  
s i l t y ,  mixed mesics and have moderate t o  moderately rap id  permeabil i ty.  The 
area-weighted land  s l o p e  of t h e  f o u r  s tudy watersheds is 8 t o  9 p e r c e n t ,  and 
t h e  maximum s l o p e  is 18 percent .  Most main and upland v a l l e y s  have moderate 
t o  deeply i n c i s e d  channels. Each watershed is e n t i r e l y  t i l l a b l e ,  but  e r o s i o n  
is s e r i o u s  i f  conservation p r a c t i c e s  a r e  no t  used. Saxton e t  a l . ,  1971 ,  
descr ibed  t h e  ins t rumenta t ion  i n s t a l l e d  i n  1964 on t h e  four  research  water -  
sheds  t o  e v a l u a t e  t h e  e f f e c t i v e n e s s  of l eve l - te r raced  and g r a s s  c o n s e r v a t i o n  
p r a c t i c e s  f o r  c o n t r o l l i n g  g u l l y  and s h e e t - r i l l  e ros ion .  

Watersheds 1 and 2 were contour farmed; Watershed 4 was l e v e l  t e r raced ,  wi th  
s t e e p ,  grassed backslopes. These t h r e e  watersheds were conventionally t i l l e d  
(plow, d i s k ,  harrow, p l a n t )  and continuously corn-cropped, a connnon p r a c t i c e  
i n  t h e  a r e a .  Watershed 3 was i n  bromegrass, bromus inermis,  and r o t a t i o n  
grazed wi th  no o t h e r  conservation p r a c t i c e .  The complete watershed manage- 
ment h i s t o r y  is  given i n  Table 1. 

I n  1972, t i l l - p l a n t i n g  was i n i t i a t e d  on Watershed 3 t o  determine whether t h i s  
p r a c t i c e  would l i m i t  s o i l  l o s s  (Spomer e t  a l . ,  1975) t o  acceptab le  l e v e l s  and 
optimize f a r m a b i l i t y  of the  s t e e p  l o e s s  t e r r a i n .  The t e r r a c e  system on Water- 
shed 4 was changed i n  1972 t o  p a r a l l e l  t e r r a c e s  and en underground p i p e  
dra inage  system wi th  r i s e r s  (per fora ted  p ipe)  i n  t h e  low point  of the t e r r a c e  
channel. Ter race  i n t e r v a l s  were 89 m, twice the  1972 S o i l  Conservation Ser- 
v i c e  recommended t e r r a c e  spac ing  f o r  row-cropped land having a 14 p e r c e n t  
s l o p e .  Up- and downhill farming was used i n  the  t e r r a c e  i n t e r v a l .  Because 
of favorab le  t o p s o i l  depth,  i n t r a t e r r a c e  e r o s i o n  is permit ted s o  t h a t  topog- 
raphy modificat ion and "benching" w i l l  occur. Accumulated runoff is d r a i n e d  
through the  underground p i p e  system t o  an o u t l e t  i n  a g r a s s  waterway. The 
system was designed t o  d r a i n  5 cm of runoff from t h e  cont r ibu t ing  a r e a  i n  24 
hours.  To e v a l u a t e  t h e  combination of a wide t e r r a c e  i n t e r v a l  and conserva- 
t i o n  t i l l a g e ,  t h e  t i l l - p l a n t  system was a l s o  used on Watershed 4. 

HYDROLOGIC RESPONSE 

There a r e  15 years  of record  s u m a r i z e d  i n  Table 2 t o  eva lua te  clean t i l l a g e  
and r e s u l t a n t  e ros ion  on t h e  r o l l i n g  l o e s s  t e r r a i n  of contour-corn Watershed8 
1 and 2. R a i n f a l l  averaged 82 cm per  year ,  10 cm above the long-term average 
annual  r a i n f a l l  recorded by t h e  National  Oceanic and Atmospheric Adminfstra- 
t i o n  a t  nearby Omaha, Nebraska. Annual v a r i a t i o n  i n  p r e c i p i t a t i o n  amounts 
and storm c h a r a c t e r i s t i c s  r e s u l t e d  i n  l a r g e  f l u c t u a t i o n s  i n  runoff and sedi-  
ment y i e l d s .  For example, from 1964 t o  1971, t h e  baseflow (continuous f low 
Eetween storm events )  f o r  Watersheds 1 and 2 was about half  the sur face  
runof f ,  whereas, from 1972 t o  1978, i t  was more than twice the surface f low 
f o r  those same watersheds (Table 2) .  



This indicated a d i f ference  i n  the character of the  pre- and post-1972 s tows .  
These c l imat ic  va r i a t ions  make analys is  of annual r a i n f a l l  and runoff data  
f o r  an isola ted  watershed d i f f i c u l t .  A more f r u i t f u l  approach was t o  compare 
conservation watersheds with a control  watershed. I n  t h i s  case, Watersheds 1 
and 2 served a s  the  controls.  A doublrmass diagram was used f o r  t h i s  com- 
parison (Linsley e t  al . ,  1975). Consider the influence on t o t a l  runoff of 
the  two types of t e r r ace  systems invest igated on Watershed 4 (Fig. 1). The 
s t a n d a d  l w e l  t e r r aces  were changed to  l e v e l  t e r r aces  a t  double spacing with 
pipe o u t l e t s  i n  the  f a l l  of 1971 and the spring of 1972. This t r ans i t i on  
appears as an obvious break i n  the  doublemass diagram, which may have been 
caused by a reorganization of the  t o t a l  hydrologic regime of the  f i e l d .  Ex- 
cept  f o r  the break from 1971 t o  1972, the t o t a l  runoff from e i t h e r  of the 
t e r r ace  systems was not d is t inguishable  from t h a t  of the contour-corn water- 
sheds, a s  is indicated by the  s lope  of the  double-mass curve. This was e%- 
pected because t o t a l  runoff should be closely re la ted  t o  consumptive water 
use of the  corn. 

The annual runoff occurs i n  the.form of surface  flow during the  storm and as 
baseflow. The o r ig ina l  t e r r aces  had no o u t l e t  f o r  the s tored water. In f i l -  
t r a t ion  was enhanced, and baseflow was qu i t e  high a s  a resul t .  The modified 
t e r r ace  system included a pipe o u t l e t  to  reduce ponding i n  ter race  channels. 
Opportunity fo r  i n f i l t r a t i o n  was reduced and, a s  a consequence, baseflow was , reduced (Fig. 2). Flows from the  t e r r ace  pipe o u t l e t s  a t  Watershed 4 were 
included a s  surface  runoff.  A dramatic increase i n  surface  flow occurred 
from 1972 t o  1975, the  years  a f t e r  ter race  modification (Pig. 3). In  su-y, 
the annual water y i e ld  from t h e  two te r race  systems was not s ign i f i can t ly  . 

dif ferent .  There was, however, a change i n  the  b a s e f l o r s u r f a c e  flow compo- 
nents . 
Two crops, grass  (1964 t o  1971) and corn with t i l l - p l a n t  t i l l a g e  (1972 t o  
present) ,  have been studied on Watershed 3. Tota l  runoff increased with corn 
cropping on Watershed 3 a s  shown by the t r ans i t i on  i n  1972 (Fig. 1). This 
indicates  t h a t  grass  had a l a rge r  consumptive use than corn. Baseflow, shown 
i n  Fig. 2, increased s l i g h t l y  a f t e r  the  t rans i t ion.  Surface flow occurring 
i n  the I a t e  1960's and ea r ly  1970's was too small  t o  show a d e f i n i t e  transi-  
t ion  (Fig. 3).  Thus, surface  runoff fo r  the grass and t i l l -p lanted corn may 
be equal. 

I n  general,  t o t a l  runoff from the corn land was nearly the same regardless of 
practice.  Thete were, however, ' s igni f icant  d i f ferences  i n  the  separation 
between baseflow and surface  flow. Tota l  runoff from the  grass  watershed was 
more than o n e t h i r d  l e s s  than tha t  from the  corn-cropped watersheds. 

Because Watersheds 1 and 2 a r e  located 5 ku from Watersheds 3 and 4, indi- 
vidual storms seldom have s u f f i c i e n t  a r e a l  uniformity to  permit d i r e c t  com- 
parison of watershed response. On May 8 ,  1977, however, a f a i r l y  uniform 
r a i n f a l l  event occurred on a l l  four research watersheds for  which d i r e c t  
comparisons can be made. The t o t a l  r a i n f a l l  was 4.1 cm on Watersheds 1 and 2 
and 4.8 cm on Watersheds 3 and 4. The e f f ec t ive  duration of the  r a i n f a l l  was 
about 25 mFn. The runoff hydfographs a r e  compared i n  Fig. 4 using a loga- 
ri thmic discharge scale .  Peak discharges on conservation Watersheds 3 and 4 
were one-tenth and one-twentieth, respectively,  of those from the conven- 
t i ona l  contoured Watersheds 1 and 2. Over the h is tory  of the project ,  the 
peak discharges and surface  runoff volumes fo r  the  conservation watersheds 
have been about o n e t e n t h  and one-third, respectively,  of the  values measured 
from the  conventionally t i l l e d ,  contoured watersheds. 

SOIL EROSION 

A 15-year record of measured sediment y ie lds  (eroded s o i l  delivered t o  a 
watershed ou t l e t )  with conventional contour corn cropping is avai lable  t o  
evaluate the reduction of s o i l  erosion with t i l l - p l a n t  t i l l age .  Measured 

sediment y i e lds  fo r  Watersheds 1 and 2 during the  f i r s t  8 yrs ,  196* to  1971, 
ranged from 2.2 t o  222 t ha-1 yr'l (Table 2) and were, generally, considesed 
excessive. 

Watershed 3 was i n  grass  fo r  the f i r s t . 8  yrs  and has never been d m p  t i l i e d ;  
thus, s o i l  s t ruc tu re  was good, bulk density low, and i n f i l t r a t i o n  rapid .  A 

small sediment y ie ld ,  1.1 t ha-1 yr'l, was recorded fo r  Watershed 3 for the  
period 1972 t o  1978. This exceptional performance can be p a r t i a l l y  a t t r ibuted 
t o  planting d i r e c t l y  i n t o  the  chemically-killed bromegrass sod and to  the 
favorable i n f i l t r a t i o n  condition of t h e  porous s o i l  p ro f i l e  c rea t ed  by the 
dead and decaying grass roots,  

Since 1972, the  sedime~it y i e ld  from Watershed 4 (with double-spaced ter races  
and pipe  drains) has averaged 2.9 t ha-l yr-l, wel l  below the permtlssible 
s o i l  l o s s  but higher than 2 t h c l  yr-l measured from 1964 t o  1971, with the  
l e v e l  ter races  without pipe drains.  Some of t h i s  increase can be a t t r i b u t e d  
t o  sediment transported through the underground pipe drainage system and t o  
the  increased drainage area  below the lower ter race  with the 1971 t e r r ace  
revision. Terraced Watershed 4 has been continuously cropped to  mrn since 
1964. Large areas  were disturbed by t e r r ace  construction i n  1964 and 1971, 
which damaged s o i l  s t ruc tu re  and removed some topsoil .  Fai lure  OF some pipe 
d ra ins  and r e su l t an t  t e r r ace  breakovers i n  the newly constructed t e r r a c e  
system during an in tense  storm i n  May 1972 increased sediment y i e l d  t o  14.6 
t l h a  t h a t  year. 

The bar graph i n  Fig. 5 depic ts  average annual s o i l  losses  s ince  1972 fo r  the 
watersheds and graphically demonstrates the  effectiveness of the conservation 
treatments t o  reduce sediment yield.  The 2:1 sediment y ie ld  r a t i o  for  paired 
Watersheds 1 and 2 was p a r t i a l l y  explained by a resurvey of es tabi ished main 
waterway cross  sect ions  on Watersheds 1 and 2 i n  1979. On Watershed 1, the  
survey revealed t h a t  451.4 t of sediment was deposited i n  113 ha of the 
o u t l e t  waterway. This sediment, d i s t r ibu ted  over the  14- ea r  e r i o d ,  June 
1965 t o  August 1979, accounts f o r  an addi t ional  1.1 t ha-I yr-P o f  sediment 
fo r  the watershed. I f  added t o  the  13.7 t ha-l yr'l sham i n  Fig, 5, the 
average sediment y ie ld  would be 14.8 t l h a  for  the period 1972 t o  1978. The 
survey on Watershed 2 showed 1243 t of sediment deposited i n  a s i m i l a r  113- 
waterway fo r  the  same period. This amounts to  an addi t ional  3.1 t hav1 yr- Pa 
of sediment. I f  added t o  the 6.9 t ha-l yr-l shown i n  Fig. 5, t h e  average 
sediment y i e ld  would be 10.0 t ha-l yr'l f o r  the period 1972 t o  1978. Water- 
shed 1 has always had a larger  sediment y i e ld  than Watershed 2; i t s  area- 
weighted s lope is  9 percent a s  compared with 8 percent fo r  Watershed 2. This 
s teeper  s lope on Watershed 1 makes the expected s o i l  loss  20 percent  greater ,  
baeed on the increase of the topographic (LS) f ac to r  i n  the Universa l  So i l  
Loss Equation (USLE) (Wischmeier and Smith, 1978). The expected average 
annual sediment y ie ld  fo r  Watershed 2, adjusted t o  a 9-percent s lope ,  would 
be 12.0 t lha .  

S o i l  l o s s  is the t o t a l  quantity of s o i l  displaced, whereas sedimemt yie ld  is 
the  quantity of s o i l  leaving the  watershed. Wischaieier and Smith (1965) 
define excessive.annua1 s o i l  l o s s  a s  a r a t e  tha t  w i l l  deplete lons- tern  
productivity (about I1 t ha-1 f o r  western Iowa). The r a t i o  of sediment y i e ld  
t o  s o i l  l o s s  is termed the sediment delivery r a t i o .  Sediment yieEd was 
measured, and s o i l  l o s s  can be estimated using the USLE so that  t h e  delivery 
r a t i o  can be determined. 

On conventionally-ti l led Watersheds 1 and 2, the  delivery r a t i o  h a s  averaged 
55 percent. Using the 55-percent delivery r a t i o ,  s o i l  l o s s  for t h e s e  wilrer- 
sheds was estimated a t  61 t ha-1 yr-l, o r  f i v e  and one-half times the  per- 
Prissible s o i l  l o s s  tha t  w i l l  su s t a in  s o i l  capabi l i ty  and crop production. 
The 15-year average annual sediment y i e ld  for  conventionally-ti l led Watar- 
sheds 1 and 2 was about 33.5 t ha-l. The s o i l  l o s s  predicted by t h e  USLE 
for  Watershed 3 for  a t i l l -p l an t  system was 17 t ha-1 yr-l. Based on 7 years 



of da ta ,  t h e  sediment y i e l d  was 1.1 t ha-' yr-l- The r e s u l t i n g  d e l i v e r y  
r a t i o ,  6.5 percent ,  seemed unreasonably low. This  might i n d i c a t e  a low R 
f a c t o r  i n  t h e  USLE dur ing  these  years,  b u t  t h e  computed average annual  R 
f a c t o r  was 157, compared t o  a long-term average R f a c t o r  of 160. Because 80 
percent  of t h e  s o i l  l o s s  occurs  dur ing  May and June,  we determined t h e  R 
f a c t o r  f o r  these  months f o r  the  per iod  of record.  For 1965 through 1971, the  
average May and June  R f a c t o r  was 95; f o r  1972 through.1978, i t  averaged a 
near-normal 59. This  would sugges t  t h a t  l a r g e r  s o i l  l o s s e s  from t i l l - p l a n t e d  
Watershed 3 may be experienced i n  t h e  f u t u r e  when r a i n f a l l  events  aga in  
produce high R va lues  during t h e  e r o s i v e  per iod  of May and June. It i s  
u n l i k e l y  t h a t  e ros ion  w i l l  average t h e  pred ic ted  17 t ha-l  ~ r - l ,  al though i t  
could occur dur ing  a year wi th  excess ive  r a i n f a l l .  

To i n c r e a s e  our understanding of sediment d e l i v e r y ,  we can compare our sedi-  
ment y i e l d  d a t a  w i t h  p l o t  s t u d i e s  of conserva t ion  t i l l a g e  p r a c t i c e s  performed 
using simulated r a i n f a l l .  This  comparison does presen t  some problems because 
a l l  t i l l a g e  on t h e  simulated r a i n f a l l  p l o t s  was up- and downhil l ,  whereas 
t i l l a g e  on t h e  Treynor research  Watersheds 1, 2, and 3 was a c r o s s  t h e  s l o p e  
bu t  only approximately maintained on l e v e l  contours.  Estimated s o i l  l o s s e s  
f o r  t h e  var ious  t i l l a g e  p r a c t i c e s  shown by Laflen e t  a l .  (1978) a r e  shown i n  
Table 3. Based on t h e  simulated r a i n f a l l  p l o t  d a t a ,  t h e  only p r a c t i c e  t h a t  
r e s t r i c t e d  s o i l  l o s s  t o  a l lowable  l i m i t s  was t h e  n o - t i l l  p r a c t i c e .  The simu- 
l a t e d  r a i n f a l l  s t u d i e s  shoved t h a t  t h e  t i l l - p l a n t  system allowed 74 t / h a  s o i l  
loss--more e ros ion  than t h e  conventional  plow-plant p r a c t i c e  (Table 3). 
Using 55 percent  a s  t h e  sediment d e l i v e r y  r a t i o ,  t h e  sediment y i e l d  est imated 
from t h e  d a t a  f o r  t h e  Laf len  et  a l .  t i l l - p l a n t  p l o t  would be 41 t / h a  (Table 
3) .  The measured sediment y i e l d  f o r  t h e  t i l l - p l a n t  system on Watershed 3 
where approximate contour p l a n t i n g  is prac t iced  was 1.1 t /ha ,  near ly  40 t /ha 
less than t h e  p l o t  value.  

Sediment d e l i v e r y  f o r  t i l l - p l a n t i n g  on t h e  approximate contour was s i g n i f i -  
c a n t l y  l e s s  than  a l l  o t h e r  p r a c t i c e s  i n  Table 3. Contouring, al though approxi- 
mate, is  important  s i n c e  i t  i n c r e a s e s  t h e  e f f e c t i v e n e s s  of t i l l - p l a n t i n g .  The 
t i l l - p l a n t e r  l e a v e s  a 36-cm c l e a n  row a r e a  exposed where e ros ion  can be  exces- 
s i v e .  A 61-cm in te r row i n t e r v a l  of crop res idue  and loose  s o i l  enhances in-  
f i l t r a t i o n .  The second c u l t i v a t i o n  i n  June forms a high r idge  (10 cm) and 
c r e a t e s  a s e r i e s  of b a r r i e r s  t h a t  impede downhill s u r f a c e  runoff when approxi- 
mate contouring is prac t iced .  

Addi t iona l  research  from p l o t s ,  f i e l d s ,  and watersheds is  needed t o  determine 
e ros ion ,  depos i t ion ,  and sediment t r a n s p o r t ,  t o  improve t h e  accuracy of 
d e l i v e r y  r a t i o s .  These d a t a  a r e  a l s o  needed i n  developing and t e s t i n g  models 
i n  t h e  s e a r c h  f o r  reasonably a c c u r a t e  methods of p r e d i c t i n g  s o i l  l o s s .  

Simulated r a i n f a l l  p l o t  d a t a  permit  s c i e n t i s t s  t o  determine t o t a l  s o i l  mve- 
ment r e p r e s e n t a t i v e  of a r e a s  w i t h i n  a watershed, bu t  these  d a t a  do n o t  con- 
s i d e r  t h e  d e p o s i t i o n  t h a t  occurs where s lopes  moderate o r  t h e  f i l t e r i n g  
e f f e c t  of fence  rows, g r a s s  waterways, and headlands. Both p l o t  and water- 

' 
shed d a t a  a r e  requi red  t o  determine sediment d e l i v e r y  r a t i o s .  Watershed and 
p l o t  s t u d i e s  complement each o t h e r  and provide a d d i t i o n a l  i n s i g h t s  i n t o  t h e  
processes  of s o i l  l o s s  and sediment y i e l d .  Thus, s imulated r a i n f a l l  p l o t  
t e s t s  provide much u s e f u l  information;  however, a t i l l a g e  o r  conservation 
system cannot be  eva lua ted  s o l e l y  on t h e  b a s i s  of such s t u d i e s .  

SUMMARY 

Continuous corn cropping wi th  till p l a n t i n g  increased  t o t a l  runoff of a 
watershed a s  compared w i t h  t h e  previous g r a s s  management. The new t e r r a c e  
system wi th  underground pipe d r a i n s  and conserva t ion  t i l l a g e  increased  s u r f a c e  
runoff  compared wi th  l e v e l  t e r r a c e s  without  d r a i n s .  

The t i l l - p l a n t  t i l l a g e  system with continuous corn cropping r e s t r i c t e d  
sediment y i e l d  t o  1.1 t ha-I yr-I  whereas wi th  t e r r a c e s  and t i l l -p lan t ing ,  
sediment y i e l d  averaged 2.9 t ha-I y r - l ;  these  sediment y i e l d s  a r e  considered 
t o  be  w i t h i n  a l lowable  l i m i t s .  Much of t h e  a d d i t i o n a l  sediment y i e l d  on the 
te r raced  watershed was t h e  r e s u l t  of t e r r a c e  f a i l u r e s ,  scalped a r e a s  during 
t e r r a c e  cons t ruc t ion ,  and t h e  15 years  of continuous corn versus  7 years for  
t h e  contour t i l l - p l a n t e d  watershed. 

P l o t  d a t a  from simulated r a i n f a l l  show up- and downhil l  t i l l - p l a n t i n g  t o  be 
extremely e r o s i v e ;  74 t / h a  s o i l  l o s s  was measured and sediment y i e l d  was es t i -  
mated a t  41  t / h a  from a t o t a l  s imulated r a i n f a l l  of 21.6 cm i n  a 2-day period. 
This  is cont ras ted  wi th  t i l l - p l a n t i n g  on t h e  contour where sediment y i e l d  
averaged 1.1 t ha-l yr-l, al though no storms approaching t h e  magnitude of the 
s imula ted  r a i n f a l l  s t u d i e s  were recorded during t h e  7 years  of data.  Contour- 

i n g  w i t h  t h e  t i l l - p l a n t  system on t h e  non-terraced watershed has a l s o  con- 
t r i b u t e d  t o  low sediment y i e l d  values.  The s u r f a c e  res idues  e f f e c t i v e l y  
re ta rded  overland flow and increased  i n f i l t r a t i o n .  

Pred ic ted  s o i l  l o s s  f o r  t h e  t i l l - p l a n t  t i l l a g e  system us ing  t h e  USLE was 17 
t ha-1 yr-l, much higher than t h e  measured 1.1 t ha-1 yr-l sediment y i e l d .  

These widely d ivergent  s o i l  l o s s  va lues  i n d i c a t e  a need f o r  a d d i t i o n a l  p l o t  
and watershed d a t a  t o  improve sediment d e l i v e r y  r a t i o s .  Improved r e l a t i o n s h i p s  

a r e  needed t o  upgrade presen t  mddels used t o  es t imate  s o i l  l o s s .  P l o t  

s t u d i e s  on s e v e r a l  s l o p e s  w i t h  continuous contour corn have been i n i t i a t e d  t o  
r e c o n c i l e  t h e  wide v a r i a t i o n s  i n  d a t a  repor ted  i n  t h i s  paper. 
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Table 3. S o i l  Loss and Sediment Yield Variat ions According t o  T i l l age  
p r a c t i c e d  

Table 2. Water and Sediment Yield Sumary of Treynor, Iowa, Watersheds, 
1964-1978 (continued) 

==P=31P==C=ll=C====---=-====--=====-=--m==-~---m-===m=m========-=======---=- 

Runoff Sediment Yield 
Year Watershed t~:::. Base Surface To ta l  Sheet - r i l l  

No. ----------em------------ cm source 
t /ha  

T i l l age  P rac t i ce  Sediment Y ie ld  

t / ha  t / ha  

Ra in fa l l  p l o t s  (3  x 10.7 m)ll I 
Till-planted 
Conventional p lw-plant  
Chise l  
Disk tandem 
Fluted cou l t e r  (no t i l l )  

Watershed 3 

Ti l l -p lanted  approximately 1 7 ~ ~  1.1- dl 
on the contour 

= - ~ P = = = m = = P I P = 3 i - P = m m ~ I I ~ s s - - = N N N N N N N N N N N N N m N N N N N N = N N N N = N = P P P P P P ~ = = = ~ ~ ~ ~ -  

a /  P lo t  da t a  from Laflen e t  a l . ,  1978, 21.6 cm simulated r a i n f a l l  i n  a 2-day - 
period. Data from Treynor Research Watershed 3 included fo r  comparison. -. 

b/ Sediment y i e ld  was estimated using a de l ivery  r a t i o  of 0.55 (watershed - I 
sediment y i e ld  t o  subarea s o i l  l o s s ) ;  the de l ivery  r a t i o  was determLned 

, u s ing  measured sediment y i e ld  from research watersheds and USLE r e l s t i o n -  
sh ips .  

c/  Computed annual USLE value. - 
d/ Measured-7 year average. - 

'r WATERSHED b 

I 0 WATERSHED 3 

Averages f o r  1 
7 years  2 

1972-1978 3 
4 

AVERAGES FOR 1 83.5 8.8 9 .1  17.9 38.1 
15 YEARS 2 83 .1  10.6 8.2 18.8 28.9 

1964-1978 3 81.0 13 .1  2.9 16.0 0.7 
4 81.5 16.3 3.4 19.7 2.2 

rc=rn=n===c=o=~~~Im~=PP~PP~~*-======~=~~3===========-N==~===*~===~=-~--* 

8 1 2 1 
ACCUMULATED RUNOFF, METERS 

AVERAGE OF WATERSHED 1 AND WATERSHED 2 

PIG. 1 --DOUBLE-PUSS COMPARISON OF TOTAL RUNOFF, 1964-1978 
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