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ABSTRACT 

Nitrogen ( N )  and phosphorus ( P )  associa ted  with sediment i n  surface runoff 
accounted f o r  a t  l e a s t  85% of N and P discharged from agr icu l tu ra l  water- 
sheds. The N and P content of  t h e  sediment i s  r e l a t e d  t o  i t s  carbon ( c )  
content.  A t  low flow, t h e  C concentration of t h e  sediment increased,  
indica t ing the  s e l e c t i v i t y  of t h e  erosion process f o r  organic mater ia l .  
The sediment showed an enrichment i n  t h e  c lay  f r a c t i o n  over t h a t  con- 
t a ined  i n  t h e  surface  s o i l ,  and t h i s  increase  can r e s u l t  i n  a dispro- 
por t iona te  increase  i n  t h e  discharge of those chemicals adsorbed t o  
c lay  mate r i a l .  

INTRODUCTION 

Recently much research has focused on a g r i c u l t u r e ' s  contr ibut ion t o  t h e  
d e t e r i o r a t i o n  i n  t h e  qua l i ty  of some of our water resources by eroded 
s o i l '  and a g r i c u l t u r a l  chemicals. Assessing t h e  problem has been d i f f  i- 
c u l t  beeause of  the .d ive rse  land and c l imat ic  s i tua t ions  involved. 

P lan t  n u t r i e n t  discharge occurs a s  water-soluble ions  i n  runoff and 
adsorbed ions  associated with the  sediment por t ion  of the  runoff .  Harms, 
Dornbush, and Andersen (1974) concluded t h a t  a l a r g e  percentage of t h e  
n u t r i e n t s  aischarged from seven s i t e s  i n  eas te rn  South Dakota were solu- 
b l e ;  however, sediment l o s s  from these  s i t e s  was q u i t e  low. Schuman e t  
a l .  (1973a) found t h a t  N (n i t rogen)  losses  i n  t h e  soluble form were low 
and t h a t  sediment-associated N accounted f o r  94% of the  N l o s s  f o r  a 
?-year period on a contour-planted, corn watershed. However on a grass  
watershed where sediment discharge was low t h e  soluble N l o s s  accounted 
f o r  50% of the  t o t a l  N discharge. Burwell, Timmons and Holt (1975) . - 
a l s o  found t h a t  sediment-associated N accounted f o r  a l a r g e  percentage 
of the  N discharged i n  surface runoff .  Schuman and Burwell (1974) 
pointed ou t  t h a t  a t  l e a s t  one-half t o  two-thirds of the  soluble N i n  
surface  runoff was equivalent t o  t h e  amount of N i n  the  p rec ip i t a t ion ;  
therefore ,  the.soluble-N discharge a t t r i b u t a b l e  t o  f e r t i l i z e r  N may be 



a very small f r a c t i o n  of  t h e  t o t a l  N discharge.  Schuman e t  a l .  (1973b) 
r epor t ed  t h a t  a l a r g e  percentage of  t h e  P (phosphorus) discharged i n  sur- 
face  runoff  i s  a l s o  a s soc ia t ed  wi th  t h e  sediment. Inves t iga to r s  have 
repor ted  t h a t  t h e  t r anspor t  of  sediment-borne chemicals from a g r i c u l t u r a l  
watersheds i s  d i sp ropor t iona te ly  l a r g e  i n  comparison t o  t h e  chemical con- 
t e n t  of sur face  s o i l s ,  due t o  s e l e c t i v e  erosion of c l a y s  (Massey e t  a l . ,  

1953 ; Scarse th  and Chandler, 1938).  

Runoff and eros ion  a r e  important t o  everyone because of economic and en- 
vironmental concerns. Approximately 4 b i l l i o n  tons  of sediment a r e  
c a r r i e d  i n t o  U. S. streams each year (Wadleigh, 1968). This f i g u r e  
could be reduced i f  good conservation and management p r a c t i c e s  were 
used t o  p r o t e c t  e r o s i v e  c u l t i v a t e d  cropland. Sediment i s  a l s o  a major 
c o s t  i tem i n  r e s e r v o i r  sedimentation. Syers e t  a l .  (1973),  Keeney 
(1973), and Kerr e t  a l .  (1973) thoroughly reviewed t h e  l i t e r a t u r e  on 
P, N ,  and C and t h e i r  r e l a t i o n s h i p  t o ,  and cycl ing  i n ,  t h e  sediment 
water system. The purpose of t h e  study repor ted  here-in was t o  evalu- 
a t e  t h e  N and P discharges and t h e  N ,  P ,  and C content  of sediment i n  
sur face  runoff  i n  western Iowa and t o  a sce r t a in  how these  a r e  r e l a t e d  
t o  t h e  s e l e c t i v i t y  (enrichment ) of the  eros ion  process.  

MATERIALS AND mTHODS 

The four experimental watersheds a r e  loca ted  i n  southwestern Iowa near 
Treynor. The a r e a  i s  charac ter ized  by a deep l o e s s  cap, under la in  by 
till, ranging i n  th ickness  from 25 m (82 f t )  on t h e  r i d g e s  t o  l e s s  than  
5 m (16  f t )  i n  t h e  va l leys .  Gully and s h e e t - r i l l  erosion a r e  ser ious  
problems, and many v a l l e y s  have deeply inc i sed  channels t h a t  extend 
upstream t o  an a c t i v e  g u l l y  head. 

P r i n c i p a l  s o i l  types  a r e  Typic Hapludolls, Typic Haplorthents ,  and 
Cumulic Hapludolls. These s o i l s  a r e  f i n e ,  s i l t y ,  mixed mesics,  w i th  
moderate t o  moderately r a p i d  permeabil i ty.  Slopes on t h e  watersheds 
range from 2 t o  4% on t h e  r i d g e s  and bottoms t o  12  t o  18% on t h e  s ides .  

The four  watersheds were instrumented i n  1964 t o  measure p r e c i p i t a t i o n  
and streamflow. P r e c i p i t a t i o n  measurements were obtained from recording 
raingages loca ted  on each watershed. Stream discharges were measured by 
waterstage recorders  used with c a l i b r a t e d  broad-crested, V-notch weirs .  
Watershed s i z e ,  crop, conservation p r a c t i c e ,  and f e r t i l i  zer app l i ca t ion  
a r e  shown i n  Table 1. The contour-planted corn watershed (WS-2) and t h e  
pas tu re  watershed (WS-3) were f e r t i l i z e d  at  the  recommended r a t e ,  168 
kgN/ha and 39 kgP/ha (150 l b N / A  and 35 lbP/A). The level - te r raced  
(WS-4) and a contour-planted (WS-1) corn watershed were f e r t i l i z e d  a t  
2.5 t imes t h e  recommended r a t e s .  These t reatments  were se l ec ted  t o  
enable u s  t o  evalua te  t h e  conservation watersheds (wS-3 and 4) i n  
c o n t r o l l i n g  o r  reducing n u t r i e n t  l o s s  due t o  surface runoff and erosion.  



Table 1. Watershed descr ip t ion,  crop, conservation p rac t i ce ,  and 
f e r t i l i z e r  appl ica t ion r a t e s  f o r  1969, 1970, 1971, and 
1972, Treynor, Iowa 

F e r t i l i z e r  
Water- Conservation 

shed Size Crop pract ice  N P 

ha (ac res )  kg/ha ( I ~ / A )  

1 30.4 (74.5) Corn ' Contour 4 4 8 ( 4 0 0 )  9 ~ ~ ( 8 7 )  

>rn Contour 168 (150) 39 (35)  

3 3 . 3  (107) Brome-- Rotation- 2/ 168 (150) 39 (35)  
g rass  grazing 

4 60.8 (150) Corn- 3/ Terraced 4 4 8 ( 4 0 0 )  97 ( 8 7 )  

Phosphorus f e r t i l i z e r  was applied a t  the  r a t e  of 39 kg/ha (35 l b / a c r e )  - 
on a l l  water sheds i n  1971 and 1 2 

&bit tm 
Watershed 3 
watershed i n  

was changed t o  a mulch-tillage 
1 1972. 

Watershed 4 
having surfa 
 acre) and 

was changed t o  mulch t i l l a g e ,  
.ce pipe d ra ins  and f e r t i l i z e d  
39 kgP/ha (35 l b s   acre). id, 

l r l l  # 
!, contour p lante  

1 w, 
with t e r r a c e  cha 
a t  168 kgN/ha (1 



Samples of approximately 400 ml (16 oz)  of the 
c o l l e c t e d  manually during each su r face  runoff  event t o  determine sedi-  
ment concent ra t ion  and p a r t i c l e  s i z e s  and N ,  P, and C content  of  t h e  
sediment. The sediment content  o f  each sample was determined gravime- 
t r i c a l l y .  To ta l  N w a s  determined on t h e  oven-dried sediment, us ing  
micro-Kjeldahl procedures as descr ibed  by Bremner (1965). The sed i -  
ment P content  was determined on a NaHC03 e x t r a c t  (0 l sen  e t  al., 1954; 
Murphy and R i l ey ,  1962). To ta l  P was not  determined on t h e  sediment 
because it would no t  be  meaningful from a p o l l u t i o n  s tandpoin t .  Taylor 
(1967) s t a t e s  t h a t  l e s s  than 10% of t h e  t o t a l  P of s o i l s  w i l l  be consider- 
ed a p a r t  of t h e  " l a b i l e  pool." Carbon content  o f  t h e  sediment w a s  d e t e r -  
mined by dry combustion wi th  a high-temperature induct ion  furnace.  The 
N ,  P, and C concent ra t ions  a r e  expressed on a dry-sediment b a s i s .  Surface 
s o i l  samples 0- t o  10-cm (0- t o  4-inch) were c o l l e c t e d  at Watershed 2 f o r  
comparison wi th  sediment moved i n  storm runoff .  P a r t i c l e  s i z e  d i s t r i b u -  
t i o n  of streamflow and su r face  s o i l  samples were determined by t h e  s i eve  
and p i p e t t e  methods. Watershed 2 sur face  s o i l s  were sampled a t  26 loca- 
t i o n s  represent ing  t h e  r i d g e s ,  s i d e  s lopes ,  and c o l l u v i a l  depos i t s ;  t h e  
p : ~ t - t i c l e - s i z e  ana lyses  showed t h a t  t hey  were q u i t e  uni f  o m  wi th in  and 
UIILI~I;: t h e  s lope  c l a s s e s .  Seventy-three p a r t i c l e - s i z e  ana lyses  of sedi-  
ment i n  runoff  a t  watershed 2 were t h e  b a s i s  f o r  c a l c u l a t i n g  t h e  d i s -  
charge-weighted sediment outflow f o r  t h e  11-year per iod  of record ,  1964- 
1974; t h i s  w a s  accomplished by t h e  flow duration-sediment t r a n s p o r t  
curve procedure (campbell and Bauder, 1940) ,  where t h e  11-year runoff  
record  was ' tabula ted  by 1- or 2-minute increments during pe r iods  of 
r a p i d l y  changing flow--and t h e  runoff-sediment r e l a t i o n  f o r  each of 
four  s i z e  c l a s s e s  was compiled ( f i g u r e  3 )  

RESULTS AND DISCUSSION 

Nitrogen, Phosphorus, and Carbon Content of Sediment 

Nutr ien t  d ischarges  a s soc ia t ed  wi th  t h e  sediment was 37.59 kgN/ha (32.64 
I ~ N / A )  and 1.05 kgP/ha (0.936 lbP/A) f o r  WS-1 and 23.16 kgN/ha (20.66 
I ~ N / A )  and 0.581 kgP/ha (0.518 lbP/A) f o r  WS-2 (Table 2 and 3 ) .  Nitrogen 
and phosphorus a s soc ia t ed  wi th  t h e  sediment accounted f o r  94 and 85$, 
r e s p e c t i v e l y ,  of  t h e  t o t a l  discharge i n  sur face  runoff  from t h e  contour- 
cropped watersheds 1 and 2 a t  Treynor, Iowa. Sediment N l o s s e s  were 86 
and 51%, of  t h e  t o t a l  N l o s s e s  f o r  t h e  l e v e l  t e r r aced  (WS-4) and p a s t u r e  
watershed 3, r e spec t ive ly .  To evalua te  the  f e r t i l i t y  t reatment  e f f e c t ,  
t he  e ros ion  d i f f e r e n c e s  f o r  t h e  watersheds must be taken i n t o  account. 
Weighted concent ra t ions  of n u t r i e n t s  i n  t h e  t r anspor t ing  medium can be 
der ived  by d iv id ing  sediment N and P l o s s e s  (Tables  2 and 3)  by t h e  
corresponding sediment y i e l d s   a able 4 ) .  The average annual sediment N 
l o s s  pe r  u n i t  of sediment f o r  t h e  recommended (WS-2) and h igh  N f e r t i l i -  
zer  ( W S - 1 )  a p p l i c a t i o n  r a t e s  was 1 .40  and 1 .45  kgN/MT of  sediment (2.79 
and 2.89 l b ~ / t ) ,  r e spec t ive ly .  These da ta  i n d i c a t e  l i t t l e  f e r t i l i t y  
t rea tment  e f f e c t  on the  amount of- N c a r r i e d  by the  sediment. Sediment 
N l o s s  pe r  u n i t  of sediment f o r  Watersheds 3 and 4 was 2 .01  and 1 .97  
kgN/MT of sediment (4.00 and 3.99 l b / t )  , r e spec t ive ly .  The same r e l a -  
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Table 2. Nitrogen loss in surface runoff from agricultural watersheds, 

Tr eynor , Iowa 

Water- Total loss 
shed 



Table 3. Annual l o s s  of P by su r face  runoff  and sediment from experimen- 
t a l  watersheds, Treynor, Iowa, 1969-1971 

Loss of phosphorus To ta l  l o s s  , , 
by su r face  runoff  

Water- 
shed Solu t ion  Sediment 

1969-1971 average 

- Tota l  l o s s  va lues  r ep resen t  t h e  inorganic P of t he  so lu t ion  and t h e  
NaHC03-extractable P of t h e  sediment. 



Table 4. Annual p rec ip i t a t ion ,  runoff ,  and sediment y i e l d  f o r  experi- 
mental watersheds, Treynor, Iowa, 1969-1971 

Water- Surface 
shed P r e c i p i t a t i o n  runoff 

average 

Sediment 
y i e l d  

metric ton/ha ( ton lac re  ) 



t i snship can be shown f o r  sediment P p e r  u n i t  of sediment. Although 
t h e s e  weighted concent ra t ion  a r e  higher  f o r  watersheds 3 and 4 ,  t h e  
s m a l l  sediment discharge from these  conservat ion watersheds he ld  nu- 
t r i e n t  l o s s e s  t o  a minimum. 

H i s t o r i c a l l y ,  lower erosion from WS-3 and 4 than from WS-1 and 2 may 
have r e s u l t e d  i n  organic mat te r  accumulation d i f f e rences ,  accounting 
f o r  t hese  sediment N d i f f e rences .  The organic C d i f f e rences  of  t h e  
sediment from t h e  var ious  watersheds can be seen i n  F igure  1. The C:N 
r a t i o  of t h e  sediment ranges from 7 : l  t o  11:l. The sediment o r ig ina -  
t i n g  from t h e  g r a s s  p a s t u r e  and leve l - te r raced  corn watershed i s  gen- 
e r a l l y  one-half t o  two t imes higher  i n  C t han  t h e  sediment from t h e  
contour-planted corn watersheds. This  d i f f e rence  i n  C content  of t h e  
sediment i s  r e l a t e d  t o  t h e  watershed management which has r e s u l t e d  i n  
t h e  accumulation of organic ma te r i a l .  

The sediment N and P concent ra t ions  a r e  f a i r l y  cons tant  during a runoff  
event  except  a t  low flows. Schuman e t  a l .  (1973a) and Burwell e t  a l .  
(1975) pos tu l a t ed  t h a t  t h e  inc rease  i n  sediment N concent ra t ion  a t  low 
f low was r e l a t e d  t o  a g r e a t e r  percentage of t h e  t o t a l  sediment sample 
being co lo ida l - s i ze  organic r e s idue .  Figure 1 shows t h a t  t h e  sediment 
N and P vary  w i t h  t h e  C content  of t h e  sediment f o r  t h e  May 6, 1971, 
storm on a l l  watersheds. Figure 2 shows t h a t  a t  low flows t h e  C con- 
t e n t  o f  t h e  sediment increased and i s  i nve r se ly  r e l a t e d  t o  t h e  sediment 
concentrat ion.  

ENRICHMENT OF SEDIMENT 

The p a r t i c l e  s i z e  d i s t r i b u t i o n  of t h e  sediment i n  t r a n s p o r t  from t h e  
contour Watershed 2 has shown a gene ra l  increase  i n  t h e  c l ay  s i z e  f rac-  
t i o n  from 26 t o  29% over t h a t  of t h e  0- t o  10-cm (0- t o  4-inch) depth 
of su r face  s o i l   a able 5 ) .  For t h i s  watershed, t h e  11-year average 
sediment l o s s  pe r  year  i s  1452 MT/yr (1600 t / y r ) .  Therefore,  i f  we 
have a 3% c l a y  enrichment, we would have a 43 MT (48 t )  more c l a y  dis-  
charge than  without enrichment. Figure 3 shows t h a t  t h e  concent ra t ion  
of a l l  s i z e  f r a c t i o n s  increased a s  runoff  increased.  The r a t e  of in- 
c rease  is g r e a t e s t  wi th  coarse  f r a c t i o n s  and l e a s t  with t h e  c l a y  f r ac -  
t i o n ;  t h e r e f o r e ,  a t  low flows t h e  percentage of c l a y  i n  t h e  t o t a l  sam- 
p l e  w i l l  be g r e a t e r .  The e f f e c t  of c l a y  enrichment on n u t r i e n t  t r ans -  
p o r t  can be inves t iga t ed  b e s t  by considering t h e  s p e c i f i c  su r face  of  
t h e  sediment and sur face  s o i l  ma te r i a l .  The s p e c i f i c  s u r f a c e  (SS) can 
be  descr ibed  by equat ion 1  r re re e t  a l . ,  1975):  

SS = 200 ( %  c l a y )  + 40 ( %  s i l t )  + 0.5 ( %  sand)  (1) 

For t h e s e  c a l c u a l t i o n s ,  t h e  following s p e c i f i c  su r faces  of t h e  sepa ra t e  

3;t 
4 2 f r a c t i o  s a r e  assumed: c l a y ,  200 m2/g ( 6 . 1 ~ 1 0  f t  / o z ) ;  s i l t ,  40 m2/g 

( 1 . 2 ~ 1 0  f t2/o 'z)  ; and sand, 0.5 m2/g ( 1 . 5 ~ 1 0 ~  f t 2 / o z ) .  Therefore, t h e  
s p e c i f i c  sur face  f o r  .the sedime t s  and sur face  s o i l  from Watershed 2 8 (Table 5 )  a r e  8482 m2/g ( 2 . 6 ~ 1 0  f t 2 / o z )  and 7962 m2/g ( 2 . 4 ~ 1 0 ~  f t 2 / o z ) ,  
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Figure 1. Rela t ionship  between N ,  P ,  and C content  of  sediment 
o r i g i n a t i n g  from a g r i c u l t u r a l  watersheds on Missouri 
Valley l o e  s s  . 

I A Flow rate  Q42k o Sediment 

Elapsed t i r e  ( r i a )  

Figure 2. The e f f e c t  of  streamflow r a t e  and sediment con- 
c e n t r a t i o n  on t h e  C content  o f  t h e  sediment, 
Watershed 1, May 6, 1971, event ,  Treynor, Iowa. 



?able 5. Size frat l lons  of sur face  s o i l  and streamflow samples from 
Watershed 2, Treynor, Iowa 

% f i n e r  than  ind ica t ed  s i z e  
mrn ( i nches )  

Descr ip t ion  Number 
of samples of samples 0.002 (0.0001) 0.020 (0.0008) 0.~5 (0.002) 

Surface s o i l  

Weighted 
streamf low 
sediment - 1/ 

1 Based on flow duration-sediment t r anspor t  r e l a t i o n s h i p .  - 
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respect ive ly .  These data indicate that the  3%-greater clay content of the 
sediment g ives  a 6.5%-greater s ~ e c i f i c  surface  and a s imi la r  capaci ty  f o r  
adsorbed n u t r i e n t  discharge. A s m a l l  increase  i n  c l ay  content i n  eroded 
s o i l  s i g n i f i c a n t l y  increases  t h e  p o t e n t i a l  f o r  n u t r i e n t  t r a n s p o r t  during 
per iods  of runoff from a g r i c u l t u r a l  lands.  It i s  probable c l ay  enrich- 
ment from t h e  g r a s s  watershed o r  t h e  t e r raced  watershed would be g r e a t e r  
than from t h e  contour-corn watershed because (1) flows a r e  genera l ly  
lower so t h a t  t h e  l a r g e r  p a r t i c l e s  a r e  not r e a d i l y  moved and ( 2 )  t h e  
g r e a t e r  roughness on t h e  watershed due t o  vegetat ion r e s u l t s  i n  deposi- 
t i o n  of t h e  l a r g e r  s o i l  p a r t i c l e s  o r  f i l t e r i n g  and t h u s  favors c lay  move- 
ment. 

The d a t a  presented point  out  the  s e l e c t i v i t y  of t h e  eros ion process and 
how t h i s  can influence t h e  chemical c h a r a c t e r i s t i c s  of t h e  sediment d i s -  
charged. The sediment f r a c t i o n  of surface runoff i s  responsib le  f o r  t h e  
major n u t r i e n t  discharges from c u l t i v a t e d  cropland unless conservation 
and management p r a c t i c e s  a r e  u t i l i z e d  t o  reduce erosion.  The use of 
adequate management i s  becoming more important, both environmentally and 
t o  maintain maximum production. 
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