
THE UNIVERSITY OF NORTH CAROLINA 
W A T E R  R E S O U R C E S  R E S E A R C H  I N S T I T U T E  

Office of the Director 
124 Riddick Building 
North Carolina State University 
Raleigh, North Carolina, 27607 
Telephone: 919:755-2815 

September 7 ,  1972 

TO: W O N  IT MAY CONCERN 

FROM: David H. Howells, D i r ec to r  

SUBJECT: P r o j e c t  A-03 1-NC 
"Loss of F e r t i l i z e r  Nu t r i en t s  from S o i l s  

t o  Drainage Waters," by J ,  W. G i l l i am and 
J. F. Lutz,  Department of S o i l  Science,  
N. C. S t a t e  Univers i ty ;  V. J. Kilmer and 
R. T. Joyce, Tennessee Valley Author i ty  

Attached is a copy of a p r o j e c t  completion r e p o r t  f o r  a s tudy  of f e r t i l i z e r  
runoff  from grassed watersheds i n  western North Caro l ina  and a pre l iminary  
i n v e s t i g a t i o n  of f e r t i l i z e r  l o s ses  t o  ground water  i n  t he  Coas ta l  P l a in .  
The l a t t e r  s tudy  is  being continued a s  P ro j ec t  B-039-NC, "Contr ibut ion of 
F e r t i l i z e r s  t o  t h e  Po l lu t ion  of  Waters i n  North Caro l ina  Coas t a l  Plains ."  

The l o s s  of n i t rogen  and phosphorus t o  su r f ace  and subsur face  dra inage  
waters  from two b luegrass  sod watersheds i n  western North Caro l ina  was 
measured f o r  t h r e e  years .  It was found t h a t  n i t r o g e n  f e r t i l i z a t i o n  of 
b luegrass  a t  recommended r a t e s  w i l l  l i m i t  l o s ses  t o  dra inage  waters  t o  10 
percent  or  l e s s  of t h a t  appl ied.  Very l i t t l e  appl ied  phosphorus was l o s t  
from t h e  watersheds. The only  except ion  was a t t r i b u t e d  t o  e r o s i o n  from 
i n t e n s e  r a i n f a l l  immediately fol lowing app l i ca t ion .  

Attachment 

THE UNIVERSITY OF NORTH CAROLINA is comprised of the sixteen public senior institutions in  North Carolina 





LOSS OF FERTILIZER NUTRIENTS FROM SOILS TO 

DRAINAGE WATERS 

Part 1. Studies on Grassed Watersheds in 
Western North Carolina 

1 2 l 
V. J. KFlrner , J. W. Gilliam , R. T, Joyce and J. F .  Lutz 

2 

Part II. Nitrogen Concentrations in 
Shablow Groundwater of the 

North Carolina Coastal Plain 

2 
J. W. Gillkam and J .  F. Lutz 

2 

3. 
Tennessee Valley Authority 

'~orth Carolina State University 

An interium progress report to the Tennessee Valley Authority and a 
project completion report to Water Resources Research Institute of the 
Unfversfty of North Carolina. The mountain watershed data i n  this 
report is based on the results of a joint research project by the 
Tennessee Valley Authority and the North Carolina Agricultural 
Experiment Station. The North Carolina contributions to the watershed 
data and the work in the North Carolina Coastal Plain was supported 
in part by funds provided by the Office of Water Resources Research, 
Department of the Interior, through the Water Resources Research Act 
of 1964. Project No. A-031-NC. Annual Allotment Agreement Number 
14-31-001-3233. 







ABSTRCIC'T 

The l o s s  of  n i t r o g e n  and phosphorus t o  s u r f a c e  and s u b s u r f a c e  d r a i n a g e  

w a t e r s  from two v e r y  s i m i l a r  wa te r sheds  w i t h  b l u e  g r a s s  sod i n  Western  

North C a r o l i n a  was measured f o r  t h r e e  y e a r s ,  Only one wa te r shed  was 

f e r t i l i z e d  t h e  f i r s t  two y e a r s  and b o t h  were f e r t i l i z e d  t h e  t h i r d  y e a r .  

The d i f f e r e n c e  i n  t h e  q u a n t i t y  of  N l e a v i n g  t h e  two wa te r sheds  d u r i n g  

t h e  f i r s t  two y e a r s  was approx imate ly  1 0  kg/ha  p e r  y e a r  o r  1 0  p e r c e n t  o f  

t h a t  a p p l i e d ,  Most of  t h e  n i t r o g e n  l e a v i n g  t h e  two w a t e r s h e d s  was i n  

t h e  NO -N form w i t h  t h e  g r e a t e s t  l o s s e s  coming d u r i n g  t h e  w i n t e r  months.  
3 

The t o t a l  N c o n c e n t r a t i o n  i n  w a t e r  l e a v i n g  t h e  two w a t e r s h e d s  d u r i n g  

t h e  w i n t e r  was 2-3 ppm from t h e  u n f e r t i l i z e d  wa te r shed  and 6-10 ppm from 

t h e  f e r t i l i z e d  w a t e r s h e d .  Very l i t t l e  P was l o s t  from e i t h e r  w a t e r s h e d .  

The NO -N c o n c e n t r a t i o n s  found i n  w a t e r  samples  from 1 0 - f o o t  w e l l s  
3 

l o c a t e d  i n  t h e  North  C a r o l i n a  C o a s t a l  P l a i n  were  1 pprn o r  l e s s  i n  wooded 

a r e a s  and g e n e r a l l y  i n  t h e  range  o f  1-5 pprn under  c u l t i v a t e d  f i e l d s .  The 

h i g h e s t  c o n c e n t r a t i o n s  were normal ly  no ted  d u r i n g  t h e  w i n t e r  months.  
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S W R Y  AND CONCLUSIONS 

The l o s s  of n i t rogen  and phosphorus t o  s u r f a c e  and subsur face  dra inage  

waters  from two very s imnlar  watersheds wi th  b lue  g r a s s  sod fn  Western 

North Carol ina was measured f o r  t h r e e  y e a r s ,  One watershed was not  f e r t i -  

l i z e d  during the  f i r s t  two years  while  t he  o the r  watershed was f e r t i l i z e d  

with 112 k g ~ i h a  and 96 k g ~ d h a  during the  f i r s t  year  wi th  t h e  same r a t e  of 

N used t h e  second year  and one-half a s  much P, The t h i r d  year  both water -  

sheds were f e r t i l i z e d  wi th  one watershed reee ivfng  one-half  a s  much 

f e r t i l i z e r  a s  t he  o t h e r  watershed.  

There was approximately 10 kg/ha per  year  more N l o s t  from the  f e r t i l i z e d  

watershed than  from t h e  u n f e r t i l i z e d  watershed during the  f i r s t  two y e a r s ,  

This  i s  approximately 10 percent  of t h a t  a p p l i e d ,  The yea r ly  l o s s  of n i t rogen  

from the  u n f e r t i l i z e d  watershed was approximately 2 .5  kg%ha. Most of t h e  

n i t rogen  l o s t  from both watersheds was i n  t h e  form of NO -N and came 
3 

during t h e  win te r  months when t h e  average N concen t r a t ion  i n  water  leav ing  

t h e  u n f e r t i l i z e d  watershed was 2-3  ppm and 6-10 ppm from t h e  f e r t i l i z e d  

watershed.  During t h e  t h i r d  year  when both watersheds were f e r t i l i z e d ,  

very  l i t t l e  n i t rogen  was l o s t  from e i t h e r  watershed.  There was a c t u a l l y  

l e s s  n i t rogen  l o s t  from watershed I dur ing  t h i s  year  when it received N 

f e r t i l i z e r  than i n  t he  previous two years  when no f e r t i l i z e r  was added. 

The conclusion reached i n  t h i s  s tudy  i s  t h a t  N f e r t i l i z a t i o n  i n  

recommended r a t e s  of b lue  g r a s s  sod i n  Western North Caro l ina  w i l l  r e s u l t  

i n  10 percent  o r  l e s s  of t he  appl ied  N g e t t i n g  i n t o  dra inage  waters .  

Very l i t t l e  of t h e  appl ied  P was l o s t  from t h e  watersheds ,  The only 

except ion t o  t h i s  was a f t e r  t he  f h s t  f e r t i l i z e r  a p p l i c a t i o n  when a very  

in t ense  r a i n  immediately followed t h e  s u r f a c e  a p p l i c a t i o n  t o  the  f i e l d  

which had poor v e g e t a t i v e  cover ,  Even t h i s  r e s u l t e d  i n  only 0.4 kgP/ha 

Lost i n  t he  water .  The normal l o s s  of P from a f e r t i l i z e d  watershed 
v 



appeared  t o  be O o $  t o  0 , 2  kgp /ha ,  

Sha l low (10 f o o t )  ground w a t e r  w e l l s  were p l a c e d  i n  t h e  Nor th  

C a r o l i n a  C o a s t a l  P l a i n  i n  s i t e s  s e l e c t e d  t o  g i v e  a  r a n g e  i n  s o i l  t y p e s ,  

d r a i n a g e  condi t i0n.s  and t y p e  of  c r o p  grown, The NO -N and NH -N l e v e l s  
3 4 

i n  t h e s e  w e l l s  were moni tored by sampl ing e v e r y  two weeks f o r  15 months ,  

The d a t a  were  somewhat v a r i a b l e  bo th  between w e l l s  on s i m i l a r  s i t e s  

and p a r t i c u l a r  w e l l s  w i t h i n  s h o r t  t ime  i n t e r v a l s ,  However, some 

d e f i n i t e  t r e n d s  were  e v i d e n t .  

The NO -N l e v e l s  were always low ( 1  ppm o r  l e s s )  i n  ground w a t e r  3 

under  wooded a r e a s ,  The c o n c e n t r a t i o n s  were somewhat h i g h e r  under  

c u l t i v a t e d  f i e l d s  w i t h  t h e  l e v e l s  u s u a l l y  b e i n g  1-5 ppm a l t h o u g h  s e v e r a l  

v a l u e s  i n  t h e  range  o f  10-20 ppm were  o b t a i n e d ,  The c o n c e n t r a t i o n s  were 

always h i g h e r  d u r i n g  t h e  w i n t e r  months i n  a l l  w e l l s .  There  seemed t o  be 

no r e l a t i o n s h i p  between c u l t i v a t e d  c r o p  grown and NO -N c o n c e n t r a t f o n  
3 

i n  ground w a t e r  below. The NO -N c o n c e n t r a t i o n  was a lmos t  a lways  h i g h e r  
3 

i n  t h e  midd le  of  t h e  f i e l d  t h a n  on t h e  edge of  t h e  f i e l d  even  though 

t h e  d i r e c t i o n  of  w a t e r  f low was toward t h e  edge of  t h e  f i e l d ,  It i s  

no t  known whe ther  t h i s  i s  a  r e s u l t  of  d i l u t i o n  o r  l o s s  o f  n i t r o g e n  

t h r o u g h  d e n i t r i f i c a t i o n .  

There  was l i t t l e  d f f f e r e n c e  i n  NH N c o n c e n t r a t f o n  i n  w a t e r  under  
b 

c u l t i v a t e d  f i e l d s  and under  u n f e r t i l i z e d  woods o r  p a s t u r e ,  The NH -N 
4 

c o n c e n t r a t i o n s  were normal ly  i n  t h e  range  o f  8 . 1  t o  1 pgm w i t h  t h e  h i g h  

l e v e l s  b e i n g  found under  p o o r l y - d r a i n e d  s o i l s ,  

One can conc lude  from t h e  r e s u l t s  o b t a f n e d  i n  t h e  C o a s t a l  P l a i n  

t h a t  normal f a rming  o p e r a t i o n s  d e f i n i t e l y  t e n d  t o  i n c r e a s e  N concen- 

t r a t i o n s  i n  v e r y  s h a l l o w  ground w a t e r .  The NO -N l e v e l s  found a r e  n o t  
3 

l i k e l y  t o  pose  any problems w i t h  r e g a r d  t o  t o x i c  l e v e l s  i n  d r i n k i n g  



w a t e r .  The amount o f  t h i s  n i t r o g e n  g e t t i n g  t o  s u r f a c e  w a t e r  o r  d e e p e r  

a c q u i f e r s  i s  undetermined a t  t h e  p r e s e n t .  





PART I .  STUDIES ON GRASSED WATERSHEDS I N  

WESTERN NORTH CAROLINA 

I n t r o d u c t i o n  

Source  i d e n t i f i c a t i o n  and t h e  q u a n t i t a t i v e  measurement of n u t r i e n t  

a d d i t i o n s  t o  n a t u r a l  w a t e r s  a r e  c u r r e n t l y  of  concern  t o  t h e  s c i e n t i s t  

and Layman a l i k e .  N u t r i e n t  c o n t r i b u t i o n s  from a g r i c u l t u r a l  l a n d s  a r e  

of  p a r t i c u l a r  i n t e r e s t ,  p a r t i c u l a r l y  i f  f e r t i l i z e r  use  i s  invo lved  

F e r t i l i z e r s  a c c o u n t  f o r  1 / 3  t o  1 / 2  of food and f i b e r  p r o d u c t i o n  i n  t h e  

U n i t e d  S t a t e s .  The f a t e  of  f e r t i l i z e r  a p p l i e d  t o  a g r i c u l t u r a l  l a n d  i s  

i m p e r f e c t l y  u n d e r s t o o d ,  p a r t i c u l a r l y  w i t h  r e s p e c t  t o  n i t r o g e n  t r a n s f o r -  

ma t ions  and i t s  movement i n t o  s u r f a c e  and ground w a t e r .  

Many s t u d i e s  have  been c a r r i e d  o u t  i n v o l v i n g  t h e  l o s s  of n u t r i e n t s  

from s o i l s  by l e a c h i n g  and r u n o f f ,  Leach ing  l o s s  d a t a  have  been  accumulated 

main ly  t h r o u g h  a n a l y s i s  of d r a i n a g e  w a t e r s  from l y s i m e t e r s  and t i l e d  f i e l d s  

(2)  (3 )  (4)  (5)  ( 6 ) .  The i n h e r e n t  e r r o r s  i n v o l v e d  i n  s t u d y i n g  n u t r i e n t  

l o s s e s  from t h e s e  t y p e s  of  i n s t a l l a t i o n s  a r e  well-known, a l t h o u g h  such  

s t u d i e s  have  y i e l d e d  some e x c e l l e n t  compara t ive  d a t a ,  

Much of  t h e  r u n o f f  d a t a  c o l l e c t e d  d u r i n g  t h e  1940s and ' 50s  i n c l u d e  

t o t a l  n u t r i e n t  c o n t e n t  of  sed iment  ( I ) ,  Such d a t a  i s  o f  l i m i t e d  v a l u e  

when one a t t e m p t s  t o  a s s e s s  t h e  e f f e c t s  of n u t r i e n t s  i n  eroded m a t e r i a l  

on w a t e r  q u a l i t y ,  More r e c e n t  s t u d i e s  o f  v a l u e  i n c l u d e  t h o s e  i n  I n d i a n a  

(7 )  (8) ( I b ) ,  Minneso ta  ( l 3 ) ,  P e n n s y l v a n i a  ( 1 2 ) ,  and Canada ( 2 ) .  

For  r e c e n t  r e v i e w s  of  n u t r i e n t  l o s s e s  from s o i l s ,  t h e  r e a d e r  i s  

r e f e r r e d  t o  Barrows and KiLmer ( I ) ,  S t a n f o r d ,  England and T a y l o r  ( l o ) ,  

S o i l e a u  ( 9 ) ,  V i e t s  and Hageman ( 1 4 ) ,  Ki lmer  ( 4 )  ( 5 ) ,  Kolenbrander  et &. 

(6 )  and Cooke and W i l l i a m s  ( 3 ) ,  

1 



MATERIALS AND METHODS 

T h i s  s t u d y  was c a r r i e d  o u t  a t  t h e  North  C a r o l i n a  Branch Exper iment  

S t a t i o n ,  W a y n e s v i l l e ,  Four a d j a c e n t  w a t e r s h e d s  a t  t h a t  l o c a t i o n  were  

i n s t r u m e n t e d  abou t  22 y e a r s  ago f o r  t h e  p u r p o s e  of  s t u d y i n g  v e g e t a t i v e  

c o v e r - - h y d r o l o g i c  r e l a t i o n s h i p s .  Each wa te r shed  was s u b j e c t e d  t o  a  4-  

c r o p  c y c l e  which i n c l u d e d  c o r n ,  whea t ,  p a s t u r e  and h e a v i l y  g r a z e d  p a s t u r e .  

T h i s  p o r t i o n  of  t h e  p r o j e c t  was completed i n  1968,  and a  comple te  r e p o r t  

p u b l i s h e d  ( 1 5 ) -  Two o f  t h e s e  a d j a c e n t  w a t e r s h e d s  were s e l e c t e d  f o r  t h e  

purpose  o f  s t u d y i n g  t h e  e f f e c t s  of  f e r t i l i z a t i o n  on n u t r i e n t  l o s s .  

Watershed 111 (W, S .  1 )  and wa te r shed  #2 (W. S .  2 )  have d r a i n a g e  a r e a s  o f  

1 88 and 1 . 4 8  h a ,  r e s p e c t i v e l y ,  w i t h  s l o p e s  of  35 t o  40%. The p r i n c i p a l  

s o i l  s e r i e s  invo lved  a r e  P o r t e r s ,  a  Humic H a p l u d u l t ,  and Wautaga,  a  

T y p i c  H a p l u d u l t ,  N a t i o n a l  C o o p e r a t i v e  S o i l  Survey  d e s c r i p t i o n s  o f  t h e s e  

s o i l s  a r e  a s  f o l l o w s :  



The P o r t e r s  s e r i e s  i s  .a member of  t h e  f ine - loamy,  mixed,  mes ic  f a m i l y  

s l i g h t l y  a c i d ;  g r a d u a l  smooth boundary ,  (10 t o  16 i n c h e s  

t h f  c k .  ) 

B3 -- 22-28" -- Brown (7,5YR 4/43 loam; v e r y  weak medium and c o a r s e  

s u b a n g u l a r  bbocky s t r u c t u r e ;  f r i a b l e ;  common medium 

f ragments  o f  q u a r t z  and p a r t l y  wea the red  r o c k ;  few f i n e  

mica f l a k e s ;  s l i g h t l y  a c i d ;  d i f f u s e  wavy boundary,  

(2 t o  8  i n c h e s  t h i c k , )  

C l  --  28-42" -- Mot t l ed  brown (LOYR 4/31 and g r a y i s h  brown (10YR 5/21 

s a p r o l i t e  o f  q u a r t z ,  wea the red  f e l d s p a r ,  h o r n b l e n d e  mica 

of  Humic H a p l u d u l t s ,  These s o i l s  have v e r y  d a r k  g r a y i s h  brown Loam A 

h o r i z o n s ,  brown Ligh t  c l a y  loam B t  h o r i z o n ,  and s o l a  l e s s  t h a n  40 i n c h e s  

t h i c k .  

T y p i f y i n g  Pedon: P o r t e r s  loam - p a s t u r e  
(Colors  a r e  f o r  mois t  s o i l )  

AP - -  0- 711 -- Very d a r k  g r a y i s h  brown (l0YR 312) loam; moderate  f i n e  

and medium g r a n u l a r  s t r u c t u r e ;  v e r y  f r i a b l e ;  many f i n e  r o o t s ;  

few f i n e  mica f l a k , e s ;  s l i g h t l y  a c i d ;  g r a d u a l  smooth boundary,  

(6 t o  1 0  i n c h e s  t h i c k . )  

B 1  --  7-10" -- Brown (IOYR 4 / 3 )  loam; weak and medium s u b a n g u l a r  b locky  

s t r u c t u r e ;  f r i a b l e ;  few mica f l a k e s ;  few medium g n e i s s  and 

q u a r t z  f r a g m e n t s ;  medium a c i d ;  g r a d u a l  smooth boundary .  

(2 t o  6 i n c h e s  t h i c k , )  

B2t -- 10-22" --Brown (7.5YR 4 / 4 )  c l a y  loam; weak medium s u b a n g u l a r  

b locky  s t r u c t u r e ;  f r i a b l e ;  few t h i n  dEscon t inuous  c l a y  f i l m s  

on ped f a c e s  and r o o t  c h a n n e l s ;  few f i n e  mica f l a k e s ;  few 

medium f ragments  o f  q u a r t z  and p a r t l y  wea the red  r o c k ;  

and o t h e r  m i n e r a l s  t h a t  r u b  o u t  t o  f i n e  sandy Loam; 



s t r u c t u r e l e s s ,  mass ive ;  f r i a b l e ;  s l i g h t l y  a c i d ;  g r a d e s  

i n t o  h a r d  r o c k .  (0 t o  14 i n c h e s  t h i c k . )  

R  -- 42"+ -- Dark c o l o r e d  g n e i s s i c  bedrock ,  

The Wautaga s e r i e s  i s  a  member of t h e  f ine - loamy,  micaceous ,  mes ic  

f a m i l y  of  Typ ic  H a p l u d u l t s ,  These s o i l s  have brown loam A h o r i z o n s ,  

s t r o n g  brown c l a y  loam Bt h o r i z o n s ,  and C h o r i z o n s  of weathered mica 

s c h i s t ,  

: Watauga loam - p a s t u r e  
(Colors  a r e  f o r  m o i s t  s o i l , )  

Ap - -  0-7" -- Brown ( ~ O Y R  4 1 3 )  loam; weak f i n e  g r a n u l a r  s t r u c t u r e ;  

v e r y  f r i a b l e ;  many f i n e  r o o t s ;  common f i n e  mica f l a k e s ;  

common p e e b l e s  1 / 2  t o  2  i n c h e s  i n  d i a m e t e r ;  medium a c i d ,  

a b r u p t  smooth boundary.  (5 t o  1 0  i n c h e s  t h i c k . )  

B2t--  7-21" -- S t r o n g  brown (7,5YR 5 / 6 )  c l a y  loam; weak medium sub-  

a n g u l a r  b locky  s t r u c t u r e ;  f r i a b l e ;  few f i n e  r o o t s ;  t h i n  

p a t c h y  c l a y  f i l m s  on ped f a c e s  and i n  c a v i t i e s ;  few q u a r t z  

and s c h i s t  f r agments  l e s s  t h a n  1 i n c h  i n  d i a m e t e r ;  many 

f i n e  mica f l a k e s ;  s t r o n g l y  a c i d ;  c l e a r  wavy boundary ,  

(10 t o  1 8  i n c h e s  t h i c k , )  

B3 -- 21-2811 -- S t r o n g  brown (7.5YR 5 / 6 )  loam; weak medium s u b a n g u l a r  

b locky  s t r u c t u r e ;  f r i a b l e ;  few r o o t s ;  many f i n e  mica 

f l a k e s ;  s t r o n g l y  a c i d ;  g r a d u a l  wavy boundary,  (5 t o  1 0  

i n c h e s  t h i c k .  ) 

C 1  -- 28-52" - -  Y e l l o w i s h  brown (10YR 5 / 6 )  micaceous loam; common f r a g -  

ments o f  h a r d  s c h i s t  and q u a r t z ;  few r o o t s ;  many mica f l a k e s ;  

s t r o n g l y  a c i d .  

C2 -- 52-72" -- Gray (lOYR 511) p a r t i a l l y  weathered mica s c h i s t ;  common 

q u a r t z  f r a g m e n t s ;  s t r o n g l y  a c i d ,  
4  



Table 1 ,  Fertilizer applications ts Watersheds I and 2 .  

Date of 
application 

March 2 8 ,  1970 56 48  24 112 4 8 24 

Sept. 26, 1970 5 6 - - 112 - - 

Total 112 48  24 448 192 24 

Slopes average 35 to 48% on these watersheds, Blue grass sod was 

maintained on the watersheds throughout the experimental period, Fertilizer 

treatments are shown in Table 1 ,  Blue grass had just been established on 

W. S ,  2 as of the first fertilizer application on June 6, 1968. This 

apparently had some effect on nutrient loss during the first month, but 



s u b s e q u e n t l y ,  a  good cover  was o b t a i n e d ,  The f o r a g e  on t h e  wa te r shed  was 

modera te ly  g razed  by d a i r y  cows, The amouncs of N removed i n  t h i s  manner 

were  e s t i m a t e d  by c l i p p i n g  c a g e - p r o t e c t e d  f o r a g e  on t h e  w a t e r s h e d s  5 

t i m e s  each  y e a r  and a n a l y z i n g  f o r  t o t a l  N ,  A f t e r  each c l i p p i n g ,  t h e  

cages  were  moved t o  a n o t h e r  a r e a .  

Each wa te r shed  was s e a l e d  a t  i t s  o u t l e t  by a m e t a l  c u t - o f f  w a l l  

t h a t  ex tended  t o  bed r o c k  s o  t h a t  c o t a l  f low could  be  measured and sampled.  

Plume samples o f  s u b s u r f a c e  f low were t a k e n  e v e r y  3 d a y s ;  s t o r m  e v e n t s  

were  sampled a s  t h e y  o c c u r r e d .  P r i o r  t o  J u l y  1990 w a t e r  samples  were 

t a k e n  manua l ly .  Automat ic  p r o p o r t i o n a l  sampl ing  d e v i c e s  were t h e n  

i n s t a l l e d  and t h e s e  i n c l u d e d  a  r e f r i g e r a t e d  compartment which s t o r e d  t h e  

6 
composited sample  a t  35 u n t i l  c o l l e c t e d ,  The 1 - l i t e r  w a t e r  samples  

t a k e n  manual ly  were  f r o z e n  immediate ly  and k e p t  i n  t h i s  s t a t e  u n t i l  

a n a l y z e d ,  Water samples  t a k e n  a u t o m a t i c a l l y  were  c o l l e c t e d  f rom t h e  

r e f r i g e r a t e d  compartment a t  n o t  more t h a n  weekly i n t e r v a l s  and were  

t h e n  f r o z e n ,  An a l i q u o t  was removed f o r  N a n a l y s i s  p r i o r  t o  a c i d i f y i n g  

t h e  remainder  of  t h e  sample t o  pH 3,0 w i t h  HCl. Any sed iment  was t h e n  

a l lowed t o  s e t t l e  and t h e  c l e a r  s u p e r n a t a n t  l i q u i d  ana lyzed  f o r  P ,  K ,  

and S ,  O r d i n a r i l y ,  few samples  c o n t a i n e d  v i s u a l  amounts of  s e d i m e n t ,  

and h e n c e ,  t h e  n u t r i e n t  l o s s e s  r e p o r t e d  h e r e  o c c u r r e d  main ly  a s  s o l u t e s  

i n  d i s c h a r g e  w a t e r s ,  

Samples c o l l e c t e d  d u r i n g  t h e  p e r i o d  of  June 1968 th rough  May 1969 

were  ana lyzed  f o r  NO and NH t o  o b t a i n  ' ' t o t a l "  N .  Beginning i n  J u n e  
3 4 

1969, "o rgan ic"  N d e t e r m i n a t i o n s  were made i n  a d d i t i o n  t o  NO and NH 3 4 "  

S t a n d a r d  w a t e r  a n a l y s i s  p r o c e d u r e s  were  f o l l o w e d ,  



RESULTS AND D I S C U S S I O N  

P r e c i p i t a t i o n  averaged 105.6 crn a n n u a l l y  d u r i n g  t h e  p e r i o d  of s t u d y .  

Runoff from W, S ,  1 averaged 1 8 , 5  cm, t h a t  from W, S ,  2  2 4 , 3  cm; t h e s e  

wa te r sheds  l o s t  5 5 , 0  and 77.2 cm of w a t e r ,  r e s p e c t i v e l y ,  o v e r  t h e  e n t i r e  

3 -yea r  p e r i o d  ( F i g .  11.. The volume of d i s c h a r g e  w a t e r  from W, S ,  1 h a s  

a  h i s t o r y  of  b e i n g  abou t  8-10% l e s s  t h a n  W, S .  2 ( 1 5 ) .  The r e a s o n s  f o r  

t h i s  d i f f e r e n c e  a r e  unknown, b u t  t h e  p o s s i b i l i t y  of  some deep  seepage  l o s s  

on W .  S ,  1 does e x i s t ,  

Cumulat ive  l o s s e s  of  NO -N and t o t a l  N a r e  d e p i c t e d  i n  F i g .  1, About 
3 

t h r e e - f o u r t h s  of  t h e  N l o s s  from b o t h  w a t e r s h e d s  o c c u r r e d  a s  NO T o t a l  3 ' 

N l o s s e s  from W .  S ,  were 4-5 t imes  a s  h i g h  a s  s i m i l a r  l o s s e s  from W o  S .  1, 

r e f l e c t i n g  t h e  e f f e c t s  of  h i g h e r  f e r t i l i z a t i o n  r a t e s  and r u n o f f  volumes 

(Tab le  1 ) .  Losses  were a c c e l e r a t e d  d u r i n g  t h e  w i n t e r  and e a r l y  s p r i n g  

months ,  T h i s  i s  a t t r i b u t e d  t o  reduced u p t a k e  o f  N by v e g e t a t i o n  and 

i n c r e a s e d  r u n o f f .  Roughly 10% of t h e  a p p l i e d  N was l o s t  v i a  r u n o f f .  W. S .  

1, f e r t i l i z e d  w i t h  N a t  112 t h e  W .  S .  2  r a t e ,  showed no i n c r e a s e d  l o s s  o f  

N a s  a r e s u l t  o f  f e r t i l i z a t i o n .  

Phosphorus l o s s e s  were v e r y  low, b e i n g  a b o u t  0 - 5  and 1 - 0  kg/ha  on 

W, S .  1 and W. S .  2 ,  r e s p e c t i v e l y ,  f o r  t h e  e n t i r e  3 -yea r  p e r i o d  ( F i g .  2 ) .  

The d i f f e r e n c e  i n  l o s s  f i g u r e s  i s  c h i e f l y  accoun ted  f o r  i n  J u n e  1968, 

when W, S ,  2 was f e r t i l i z e d  and a b o u t  0 - 4  kg/ha of  P  was l o s t  d u r i n g  t h a t  

month a s  a  r e s u l t  of  a  v e r y  heavy r a i n  immedia te ly  f o l l o w i n g  f e r t i l i z a t i o n  

a p p l i c a t i o n ,  Subsequen t  l o s s e s  of  P were  t h e  same from b o t h  w a t e r s h e d s ,  

Po tass ium t r a n s p o r t  from, t h e  w a t e r s h e d s  was a l s o  q u i t e  low, amounting 

t o  abou t  11.6  and 1 7 - 8  kgfha  from W, S o  1 and W. S o  2 ,  r e s p e c t i v e l y ,  o r  

4-6 kg/ha  a n n u a l l y ,  Runoff l o s s e s  o f  t h i s  e l ement  fo l lowed  e s s e n t i a l l y  









t h e  same p a t t e r n  a s  N, a l t h o u g h  t h e  a c c e l e r a t e d  l o s s e s  d u r i n g  t h e  w i n t e r  

and s p r i n g  months a r e  n o t  a s  marked.  

The movement of  S  i n  r u n o f f  was r e s t r i c t e d ,  amounting t o  o n l y  6 . 7  

and 10 .6  kgfha  from W .  S ,  1 and W, S .  2 ,  r e s p e c t i v e l y  f o r  t h e  3-year  

p e r i o d  ( F i g ,  2 ) ,  

Most of  t h e  l o s s e s  r e p o r t e d  h e r e  a r e  t h e  r e s u l t  of l e a c h i n g ,  

S u r f a c e  r u n o f f  o c c u r s  o n l y  d u r i n g  p e r i o d s  o f  p r e c i p i t a t i o n  o r  m e l t i n g  

snow, These p e r i o d s  occupy o n l y  a  s m a l l  p o r t i o n  of t h e  y e a r ,  s i n c e  

d i s c h a r g e  f low from b o t h  w a t e r s h e d s  i s  n e a r l y  c o n t i n u o u s  t h e  y e a r  a r o u n d ,  

Average m o n t h l y ~ o  -N c o n c e n t r a t i o n s  i n  r u n o f f  were  w e l l  below t h e  
3 

10  ppm U.S.P.H.S. s t a n d a r d  w i t h  one e x c e p t i o n .  The NO -N c o n c e n t r a t i o n  3  

on W o  S ,  2 r o s e  t o  1 0 . 5  ppm NO -N d u r i n g  F e b r u a r y  1969 ( F i g .  3 ) .  It 
3 

shou ld  be no ted  t h a t  t h e  N c o n c e n t r a t i o n s  r e p o r t e d  h e r e  r e f l e c t  t h o s e  

c o n c e n t r a t i o n s  a t  t h e  base  of t h e  w a t e r s h e d ,  and a r e  hence  u n d i l u t e d  by 

mixing w i t h  d r a i n a g e  w a t e r  from a d j a c e n t  u n f e r t i l i z e d  a r e a s ,  S i n c e  o n l y  

7% of  t h e  t o t a l  mounta in  a r e a  of  t h e  s t a t e  i s  c u l t i v a t e d ,  t h e  d i l u t i o n  

would be  g r e a t  and t h e  n u t r i e n t  c o n c e n t r a t i o n s  i n  t h e  l a r g e r  s t r e a m s  

would be r e l a t i v e l y  u n a f f e c t e d  i n s o f a r  a s  NO -N c o n c e n t r a t i o n  i s  concerned .  
3 

I n  f a c t ,  r e c e n t  d a t a  p u b l i s h e d  by t h e  TVA show t h a t  NOg c o n c e n t r a t i o n s  i n  

most s t r e a m s  i n  t h e  Tennessee  V a l l e y  Area a r e  a b o u t  t h e  same a s  t h e y  were  

50 y e a r s  ago ( 1 4 ) .  

It i s  c l e a r  t h a t  t h e  n u t r i e n t  l o s s e s  from W. S ,  2 were  c o n s i s t e n t l y  

h i g h e r  t h a n  s i m i l a r  l o s s e s  from W e  S .  1, A p a r t i a l  "N b a l a n c e "  s h e e t  

f o r  t h e  2 w a t e r s h e d s  f o r  1969-1970 i s  g i v e n  i n  T a b l e  2 ,  The e s t i m a t e d  

l o s s e s  of  N from W, S .  1 were  abou t  e q u a l  t o  t h e  N i n p u t s ,  However, 

107 kgfha  of N a p p l i e d  t o  W ,  S o  2 remained unaccounted f o r ,  T h i s  N 



T a b l e  2 ,  P a r t i a l  g a i n s  and bosses  of N f o r  W. S .  1 and W, S .  2 ,  
1969-1970. 

I n p u t s  

F e r t i l i z e r  

R a i n f a l l  ( e s t  .) 

T o t a l  g a i n s  

Losses  

Crop removal 

L o s t  i n  r u n o f f  

T o t a l  l o s s e s  

Unaccounted f o r  



c o u l d ,  of  c o u r s e ,  have been i n c o r p o r a t e d  i n t o  s o i l  o r g a n i c  m a t t e r  o r  l o s t  

by d e n i t r i f i c a t i o n .  It  shou ld  be emphasized,  however,  t h a t  s e t t i n g  down 

an a c c u r a t e  b a l a n c e  s h e e t  under f i e l d  c o n d i t i o n s  i s  n o t  p o s s i b l e  u n l e s s  

l a b e l e d  N i s  u s e d .  



PART 11. NITROGEN CONCENTWTEONS I N  

SHALLOW GROUNDWATER OF THE 

NORTH CAROLINA COASTAL PLAIN 

The work on t h e  Western  Nor th  C a r o l i n a  w a t e r s h e d s  gave q u a n t i t a t i v e  

d a t a  on l o s s e s  o f  f e r t i l i z e r  n u t r i e n t s  t o  w a t e r  l e a v i n g  t h e  w a t e r s h e d .  

However, a p p r o x i m a t e l y  t w o - t h i r d s  of  t h e  f e r t i l i z e r s  used i n  N o r t h  

C a r o l i n a  a r e  used i n  t h e  C o a s t a l  P l a i n s ,  U n f o r t u n a t e l y ,  work i n  t h i s  

major  a g r i c u l t u r a l  a r e a  canno t  b e  done on a  wa te r shed  b a s i s  a s  t h e r e  i s  

n o t  r e a d i l y  a v a i l a b l e  methods t o  measure  and moni to r  f o r  n u t r i e n t  

c o n c e n t r a t i o n s  a l l  of  t h e  w a t e r  p a s s i n g  t h r o u g h  t h e  s o i l s .  We h a v e ,  

however,  made a n  a t t e m p t  t o  d e t e r m i n e  t h e  magni tude o f  t h e  problem o f  

l o s s  of f e r t i l i z e r  n u t r i e n t s  t o  ground w a t e r s  by m o n i t o r i n g  n i t r o g e n  and 

phosphorus  c o n c e n t r a t i o n s  i n  s h a l l o w  ground w a t e r  w e l l s .  

There  were  a  t o t a l  of  40 w e l l s  p l a c e d  a t  6 g e n e r a l  l o c a t i o n s  which 

i n c l u d e d  t h e  u p p e r ,  m i d d l e ,  and lower  C o a s t a l  P l a i n s ,  The s p e c i f i c  s i t e s  

were  s e l e c t e d  t o  g i v e  a  r ange  i n  s o i l  t y p e s ,  d r a i n a g e  c o n d i t i o n s ,  and 

t y p e  o f  c r o p s  grown. One l i m i t a t i o n  was t h a t  t h e  w a t e r  t a b l e  had t o  be  

w i t h i n  1 0  f e e t  of  t h e  s u r f a c e  d u r i n g  most of  t h e  y e a r ,  

On t h e  s e l e c t e d  s i t e s ,  a  1 0 - f o o t  p e r f o r a t e d  p i p e  was p u t  i n t o  t h e  

ground.  Many o f  t h e  w e l l s  were p u t  down d u r i n g  December, 1969,  and 

J a n u a r y ,  1970.  Excep t  f o r  t h e  w e l l s  l o c a t e d  i n  s m a l l  g r a i n  f i e l d s  and 

woods, t h e  w e l l s  were  p u t  a t  t h e  edge of a  f i e l d  s o  a s  n o t  t o  i n t e r f e r e  

w i t h  normal f a r m i n g  o p e r a t i o n s .  The w e l l s  p l a c e d  on t h e  edge were  

l o c a t e d  such  t h a t  t h e  d r a i n a g e  from t h e  f i e l d  i n  q u e s t i o n  moved toward 

t h e  p a r t i c u l a r  w e l l ,  Once t h e  c r o p s  had been e s t a b l i s h e d  i n  1970,  new 

w e l l s  were  p l a c e d  d i r e c t l y  i n  t h e  f i e l d s  a t  s e v e r a l  of  t h e  l o c a t i o n s o  



Water samples  were t aken  a t  two-week i n t e r v a l s  u s i n g  a  s m a l l  hand- 

o p e r a t e d  vacuum pump, The samples  were immediate ly  f r o z e n  when t h e y  

reached t h e  l a b o r a t o r y  and were k e p t  f r o z e n  u n t i l  t h e y  cou ld  be ana lyzed  

f o r  NO -N and NH -N, The f i r s t  few samples were ana lyzed  f o r  PO -P, b u t  
3 4 4 

no c o n c e n t r a t i o n  g r e a t e r  t h a n  0 . 0 1  gpn  was found s o  t h e  phospha te  

a n a l y s e s  were d i s c o n t i n u e d ,  

The a v e r a g e  q u a r t e r l y  NO -N and NH -N c o n c e n t r a t i o n s  a r e  g i v e n  i n  
3 4 

T a b l e  4 f o r  a l l  w e l l s  which were sampled f o r  s i x  months o r  more.  S e v e r a l  

w e l l s  were  l o s t  d u r i n g  t h e  c o u r s e  of t h e  y e a r  by f a r m e r s  plowing them up,  

o r  f o r  o t h e r  r e a s o n s .  The d a t a  were somewhat v a r i a b l e  b o t h  between w e l l s  

on s i m i l a r  s i t e s  and p a r t i c u l a r  w e l l s  w i t h i n  s h o r t - t i m e  i n t e r v a l s .  Some 

i d e a  o f  t h e  v a r i a b i l i t y  can be o b t a i n e d  by comparing t h e  c o n c e n t r a t i o n  

ranges  g i v e n  i n  T a b l e  5  w i t h  t h e  c o n c e n t r a t i o n  a v e r a g e s  g i v e n  i n  T a b l e  4 .  

Even though t h e  d a t a  were v a r i a b l e ,  some d e f i n i t e  p a t t e r n s  were 

e s t a b l i s h e d .  The NO -N l e v e l s  were a lways  low ( 1  ppm o r  l e s s )  i n  ground 
3 

w a t e r  under  wooded a r e a s .  T h i s  i s  e v i d e n t  i n  w e l l s  3 ,  4 ,  1 5 ,  1 9 ,  20, and 

2 7 .  The p o o r l y - d r a i n e d  s o i l  a t  Plymouth (Well No, 2 7 ) ,  which c o n t a i n e d  

c o n s i d e r a b l y  more o r g a n i c  m a t t e r ,  a l s o  had a  much h i g h e r  NO -N c o n t e n t  
3 

i n  t h e  ground w a t e r  below t h a n  d i d  o t h e r  wooded a r e a s .  

The NO - N  c o n t e n t  was a lmos t  h n v a r i b l y  h i g h e r  i n  a l l  w e l l s  d u r i n g  
3 

t h e  w i n t e r  t h a n  d u r i n g  o t h e r  s e a s o n s  of t h e  y e a r .  T h i s  i s  p robab ly  a  

r e s u l t  o f  two f a c t o r s .  Very l i t t l e  n i t r o g e n  i s  b e i n g  u t i l i z e d  by c r o p s  

d u r i n g  t h i s  p e r i o d  and more w a t e r  moves th rough  t h e  s o i l  p r o f i l e  t o  t h e  

ground w a t e r ,  

It i s  c l e a r l y  e v i d e n t  from t h e  d a t a  i n  T a b l e  4 t h a t  NO -N concen- 
3 

t r a t i o n s  i n  t h e  s h a l l o w  ground w a t e r  a r e  h i g h e r  under  c u l t i v a t e d  and 



Table  3. Average q u a r t e r l y  NOJ-N and NH -N concent ra t ions  i n  ground waters under va r ious  so i  l and crop 
cond i t ions .  

4 

We1 I Genera l 

No. S ta te  
Locat i  on 

Soi I 
Ser ies  

N 
Crop F e r t i  l i z a t i o n  

(Kg/ha > 
Per iod  Samp led 

Wel 1 
Locat ion 
i n  F i e l d  

Newton Grove 
Newton Grove 
Newton Grove 
Newton Grove 
Newton Grove 
Newton Grove 
Newton Grove 
Ki  nston 
Ki  nston 
Ki  nston 
K i nston 
Ki  nston 
P ink  H i l l  
P ink  Hi  1 1  
P i n k  H i l  I 
P ink  H i l l  
P ink  Hi I 1  
P i n k  Hi  l l 
P ink  H 
P ink  H 
Wh i t e v  
Wh i t e v  
Wh i t e v  
Wh i t e v  

Go l dsboro 
Go l dsboro 
Go l dsboro 
Ra i ns 
Ra i ns 
Lynchburg . 

Lynchburg 
Gol dsboro 
Go1 dsboro 
Lynchburg 
Lynch bu r g  
Ra i ns 
Dragston 
Dragston 
Dragston 
Dragston 
Rurnford 
Rurnf o r d  
Pacto l us 
Murvi I l e  
N o r f o l k  
Nor f  o l k 
Norf  ol k 
Norf  o l k 
N o r f o l k  - 

- - - - . 

Corn 
Corn 
Woods 
Woods 
Corn 
Corn 
Pasture 
Corn 
Corn 
Corn 
Corn 
Wheat 
Tobacco 
Potatoes 
Woods 
Corn 
Tobacco 
Tobacco 
Woods 
Woods 
Wheat 
Tobacco 
Tobacco 
Corn 
Corn 

180" 
180* 
None 
None 

1 80* 
180" 
None 
1 86 

January, 1970--April, 
June, 1970--February, 
January, 1970--March, 
January, 1970--March, 
J u ne, 1 970--0ctobei, 
January, 1970--March, 
January, 1970--March, 
January, 1970--March, 

197 
197 

186 Ju ly ,  1970--March, 1971 
1 86 January, 1970--March, 197 
186 Ju ly ,  1970--March, 1971 
155 January, 1970--March, 197 
123* ~ e b r u a r ~ ,  1970--March, 1 97 1 
? February, 1970--March, 1971 

None February, 1970--October, 1970 
180" June, 1970--November, 1970 
123" February, 1970--March, 1971 
123" 
None 
None 
112 
5 8 
5 8 

140 
1 40 

June, 1970--August, 1970 
February, 1970--March, 1971 
February, 1970--March, 1971 
January, 1970--March, 1971 
January, 1970--March, 1971 
October, 1970--March, L971 
January, 1970--March, 1971 
Ju ly ,  1970--March, 1971 

Edge 
M i  dd 
Midd 
Midd 
Midd 
Edge 
M i-dd 
Edge 
Midd 
Edge 
Midd 
M i  dd 
Edge 
Edge 
Edge 
Midd 
Edge 
M i  dd 
Midd le  
Midd le  
Middle 
Edge 
Middle 
Edge 
Middle 



Table 3 .  Average q u a r t e r l y  NO -N and NH -N concent ra t ions  i n  ground waters under va r ious  s o i l  and crop 
cond i t ions. 

3 4 

Average N03-N Concentrat ion (PPM) Average NH4-N Concentrat ion (PPM) 
Wel I 
No. 

1970 1971 1970 1971 
January- Apr i  I- Ju ly-  October- January- January- Apr  i I -  J u I y- October- January- 
March J une September December March March June September December March 



Table 3 (cont inued) 

Wel l General Soi I N Wel I 
S t a t e  Ser i es 

Crop F e r t i  l i z a t i o n  Per i od Samp led Locat i on  
No. 

Locat i on (Kg/ha) i n  F i e l d  

26 Pleasant H i l l  Va r i  na Tobacco ? June, 1970--December, 1970 Edge 
27 PI ymouth Portsmouth Woods None January, 1970--March, 1971 Edge 

P l ymouth 
P l ymout h 
PI ymouth 
P l ymouth 
P l ymouth 
Plymouth 
P l ymout h 
Plymouth 
PI  ymouth 
P l ymouth 
P l ymoufh 
P I ymouth 
P l ymouth 

Portsmouth 
Portsmouth 
Portsmouth 
Portsmouth 
Portsmouth 
Portsmouth 
Portsmouth 
Portsmouth 
Portsmouth 
Portsmouth 
Portsmouth 
B l aden 
Dl aden 

Corn 
Corn 
Corn 
Corn 
Corn 
Corn 
Corn 
Corn 
Soybeans 
Soybeans 
Soy beans 
C a t t l e  L o t  
P ig  Lo t  

175 
175 
175 
175 
280 
112 
224 
I78  
None 
None 
None 
None 
None 

January, 1970--March, 1971 
January, 1970--March, 197 1 
January, 1970--March, 197[ 
January, 1970--March, 1971 
Ju l y ,  1970--March, 1971 
Ju l y ,  1970--March, 1971 
Ju l y ,  1970--March, 1971 
Ju l y ,  1970--March, 1971 
January, 1970--March, 1971 
January, 1970--March, 1971 
January, 1970--March, 1971 
January, 1970--March, 197 1 
January , 1970--March, 1 97 1 

~ d g e  
Edge 
Edge 
Edge 
Midd i e  
Midd le  
Midd le  
Midd le  
Edge 
Edge 
Edge 
Edge 
Edge 

* 
T h i s  i s  r a t e  repor ted  by t h e  farmer .  



T a b l e  3 ( con t i nued )  

Average N03-N Concent ra t  i on (PPM) , Average NH4-N Concen t ra t i on  (PPM) 
Wel I 
No. 1970 I971 1970 1971 -- 

January- Apr i I - J u  I y- October-  January- January- A p r i  l -  Ju  l y -  October-  J  anuary- 
March June September December March March June September December March 



Table 4 Q u a r t e r l y  range i n  NO3-N and NH4-N concentrat ions f o r  w e l l s  l i s t e d  i n  Tab le  3, 

Range i n  N03-N Concentrat ion (PPM) Range i n  NH4-N Concentrat ion (PPM) 
Wel I 1970 1971 1970 1971 

January A p r i  I -  Ju l y -  October- January- January- A p r i  I -  Ju l y -  October- January- 
March J une September December March March J une September December March 



. . . . . . . . . . . . . . .  
N - M - N M  - M - N  

1 1 1  1 1 1 1 1 1 1  1 J I I I  
O M c n O N T t m - F - r . N a N f - - N  

- a e n c n u l - z s - L A N  ???,a . . . . . . . . . .  

I I I I I  
a - 0 0 0  
0 0 0 M -  



f e r t i l i z e d  f i e l d s  tha.n under  u n f e r t i l i z e d  woods. No d e f i n i t e  r e l a t i o n s h i p  

between c rop  grown and NO -N c o n c e n t r a t i o n  was o b t a i n e d ,  It i s  i n t e r e s t i n g  
3  

t o  n o t e  t h a t  NO -N c .oncen t ra t ion  i n  Well  No. 36,  on t h e  edge of  a  soybean 
3 

f i e l d  which r e c e i v e d  no N f e r t i l i z e r ,  was a s  h i g h  a s  t h e  c o n c e n t r a t i o n  

under o t h e r  c r o p s  grown i n  t h e  same a r e a  which r e c e i v e d  n i t r o g e n  f e r t i l i z e r .  

However, t h i s  was n o t  t r u e  of  Wel ls  37 and 38 which were a l s o  on t h e  edge 

of soybean f i e l d s .  

It i s  a l s o  e v i d e n t  t h a t  t h e  NO -N c o n t e n t  was h i g h e r  d i r e c t l y  under  
3  

c u l t i v a t e d  f i e l d s  t h a n  a t  t h e  edge of f i e l d s  even though w a t e r  f low was 

toward t h e  w e l l s  l o c a t e d  a t  edge of f i e l d s .  T h i s  may be c l e a r l y  s e e n  by 

comparing c o n c e n t r a t i o n s  i n  Wel ls  8  and 9 ;  10  and 11; 17 and 18;  and,  22 

and 23,  It i s  n o t  known whether  t h i s  lower c o n c e n t r a t i o n  was due t o  

s imple  d i l u t i o n  o r  t o  l o s s  o f  N due t o  d e n i t r i f f c a t i o n .  

The observed d e c r e a s e  i n  NO -N c o n c e n t r a t i o n  away from t h e  c e n t e r  of 
3 

t h e  f i e l d s  makes i t  u n c l e a r  a t  t h i s  t ime  what t h e  u l t i m a t e  f a t e  of t h e  

n i t r o g e n  i s ,  o r  how muchi of  t h e  N e v e n t u a l l y  g e t s  i n  s u r f a c e  w a t e r s .  

The NH - N  d a t a  were c o n s i d e r a b l y  l e s s  v a r i a b l e  a l t h o u g h  t h e  concen- 
4 

t r a t i o n s  a l s o  t ended  t o  be h i g h e r  d u r i n g  t h e  w i n t e r  months.  The r e s u l t s  

of  c u l t i v a t i o n  was much l e s s  e v i d e n t  a s  t h e r e  was l i t t l e  d i f f e r e n c e  

between c o n c e n t r a t i o n s  under  wooded and c u l t i v a t e d  a r e a s ,  The e f f e c t s  of  

s o i l  d r a i n a g e  was c l e a r l y  e v f d e n t  a s  NH -N was h i g h e r  under t h e  more 
4 

p o o r l y - d r a i n e d  s o i l s  such  a s  Lynchburg,  Por tsmouth,  and R a i n s .  

The r e s u l t s  of  t h e  work i n  t h e  C o a s t a l  P l a i n s  may be summarized by 

s a y i n g  t h a t  i t  i s  c l e a r l y  e v i d e n t  t h a t  more n i t r o g e n  i s  p r e s e n t  i n  

ground w a t e r  under c u l t i v a t e d  and f e r t i l i z e d  f i e l d s  t h a n  i n  ground w a t e r  

under wooded a r e a s .  It i s  no t  e v i d e n t  from t h i s  s t u d y  how much of  t h i s  

n i t r o g e n  g e t s  i n t o  s u r f a c e  w a t e r s  o r  i n t o  d e e p e r  ground w a t e r s .  The 



NO -N c o n c e n t r a t i o n s  found under  f e r t i l i z e d  f i e l d s  were g e n e r a l l y  i n  t h e  
3 

range of  1-5 ppm d u r i n g  t h e  w i n t e r  when t h e y  were t h e  h i g h e s t ,  b u t  some 

w e l l s  d i d  c o n t a i n  1 0  o r  more ppm. The c o n c e n t r a t i o n s  found shou ld  be of  

l i t t l e  concern  from t h e  s t a n d p o i n t  of  NO -N b e i n g  a  h a z a r d  i n  d r i n k i n g  
3 

w a t e r ,  It i s  n o t  c l e a r  a t  t h i s  t ime  whe the r  t h e  NO -N found i n  ground 
3 

w a t e r  under f e r t i l i z e d  f i e l d s  c a u s e s  any problems w i t h  r e g a r d  t o  e u t r o p h i c a -  

t i o n .  I n  o r d e r  t o  answer some o f  t h e  q u e s t i o n s  r a i s e d  by t h i s  work, 

p a r t i c u l a r l y  w i t h  r e g a r d  ts amounts of  n i t r o g e n  g e t t i n g  i n t o  s u r f a c e  w a t e r s  

and deeper  ground w a t e r s  i n  t h e  Nor th  C a r o l i n a  C o a s t a l  P l a i n ,  r e s e a r c h  Es 

b e i n g  c o n t i n u e d  i n  t h i s  r e g i o n  under  t h e  f i n a n c i a l  s u p p o r t  of t h e  Water 

Resources  Resea rch  I n s t i t u t e ,  



CITED 
-, 

1, Barrows,  Haro ld  L, and V i c t o r  J. X i l m e r ,  1963,  P l a n t  n u t r i e n t  l o s s e s  
from s o i l s  by w a t e r  e r o s i o n .  I n  A .  G .  Norman (ed)  , Advance Agron,  
l 5  : 303-316. Academic P r e s s ,  NG York. 

2 .  B o l t o n ,  E.  F . ,  J. W ,  Aylesworth ,  and F .  R .  Wore, 1970 ,  N u t r i e n t  l o s s e s  
t h r o u g h  t i l e  l i n e s  under  t h r e e  c r o p p i n g  sys tems and two f e r t t l i t y  
l e v e l s  on a Brookston c l a y  s o i l ,  Can, J <  S o i l  S c l ,  5 0 ~ 2 7 5 - 2 7 9 .  

3 .  Cooke, G s  W ,  and R, J .  5, W i l l i a m s ,  1970.  Losses  on n i t r o g e n  and 
phosphorus  from a g r i c u l t u r a l  l and .  Water t r e a t m e n t  and exarnina- 
t i o n  1 9 ~ 2 5 3 - 2 7 6  (Grea t  B r i t a i n ) ,  

4 .  Kilmer ,  V, J ,  and J, C ,  Barber .  2971, F e r t i l i z e r  u s e  and m i s u s e .  
I n  L. R .  Weber ( e d ) .  N i t r o g e n  i n  S o i l  and Wate r ,  A Symposium, D e p t ,  - 
of  S o i l  S c i e n c e .  U n i v e r s i t y  of Guelph,  O n t a r i o ,  p ,  136-153,  

5 ,  Ki lmer ,  V .  J. 1972. The r e l a t i o n s h i p  of s o i l  and f e r t i l i z e r  phosphorus  
t o  w a t e r  q u a l i t y .  S o i l s  B u l l e t i n  1 6 ,  FAO, Rome, 

6 .  Kolenbrander ,  G .  J ,  e t  a l ,  1972,  F e r t i l i z e r  and Water Q u a l i t y  -- 
S t i k s t o f f  15. I s s u e d  by CSV, 360 Thorbecke laan ,  The Hague, The 
N e t h e r l a n d s .  8 0  p .  

7.  Moe, P .  6 . - ,  J .  V ,  Manner ing,  and G .  B .  Johnson.  1969.  Loss  o f  
f e r t i l i z e r  n i t r o g e n  i n  r u n o f f  w a t e r .  S o i l  S c f ,  l04:389-394,  

8 .  . , and 1968.  A compar ison of  n i t r o g e n  
l o s s e s  from u r e a  and ammoniuk n i t r a t e  i n  s u r f a c e  r u n o f f  w a t e r ,  
S o i l  S c i .  105:428-433. 

9 .  SoLleau ,  J .  M.  1969.  E f f e c t s  of  f e r t i l i z e r s  on w a t e r  q u a l i t y .  NFDC, 
TVA, 107 p .  

10 .  S t a n f o r d ,  G . ,  6 .  B .  England,  and A .  W. T a y l o r ,  1970.  F e r t i l i z e r  u s e  
and w a t e r  q u a l i t y .  USDA, ARS, ARS-41-168, 19  p a  

ll, S t o l t e n b e r g ,  N .  L .  and J ,  L .  Whi te ,  1953.  S e l e c t i v e  l o s s  Q £  p l a n t  
n u t r i t e n t s  by e r o s i o n ,  S o i l  S c i ,  Soc .  Amer. P r o c .  17:406-410,  

12 ,  T a y l o r ,  A ,  W .  and H, M .  K u n i s h i ,  1971 ,  Phospha te  e q u i l i b r i a  on s t r e a m  
sed iment  and s o i l  i n  a w a t e r s h e d  d r a i n i n g  a n  a g r i c u l t u r a l  r e g i o n .  
J. A g r i c ,  Food Chem. L9:827-831. 

13.  Timmons, D o  R., R. E .  Burwelb and R, F .  H o l t ,  1968.  Loss  of  c r o p  
n u t r i e n t s  t h r o u g h  r u n o f f .  Minn. S c i ,  2 4 ~ 1 6 - 1 8 ,  



14.  TVA. 1963, Minera l  Q u a l i t y  o f  S u r f a c e  Waters i n  t h e  Tennessee  
R i v e r  B a s i n .  Repor t  No, 0-6392, K n o x v i l l e ,  Tenn. 

15 .  TVA and North C a r o l i n a  S t a t e  U n i v e r s i t y .  1970,  Watershed Research  
i n  Western North C a r ~ L i n a ,  121  p o  

1 6 ,  V i e t s ,  F ,  G * ,  Jr .  and Richard H ,  Hageman. 1971. F a c t o r s  a f f e c t i n g  
t h e  accumula t ion  of n i t r a t e  i n  s o i l ,  w a t e r ,  and p l a n t s .  A g r i c .  
Handbook No, 413. USDA, ARS, 63 p .  




