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SUMMARY 

This  N i n t e g r a t i o n  r e p o r t  w a s  c a r r i e d  o u t  as p a r t  of t h e  I n t e r n a t i o n a l  
Reference Group on Great Lakes P o l l u t i o n  from Land Use Ac t iv i t i e s  (PLUARG, 
Task C ) .  The purpose of t h i s  r e p o r t  was t o  i n t e r p r e t  r e s e a r c h  information 
obta ined  from t h e  a g r i c u l t u r a l  s t u d i e s  p e r t i n e n t  t o  t h e  parameter N and t o  
i d e n t i f y  remedial  measures where s i g n i f i L a n c  N problems e x i s t e d .  

The major sources  of in format ion  included a number of problem o r i e n t e d  
d e t a i l e d  s t u d i e s  by i n d i v i d u a l  r e s e a r c h e r s  w i t h  vary ing  emphasis on N ,  
and c o n s i d e r a b l e  land  use and N water q u a l i t y  d a t a  a v a i l a b l e  f o r  11 i n t e n s i v e l y  
surveyed a g r i c u l t u r a l  watersheds i n  southern  Ontario.  

Major conclus ions  wi th  r e s p e c t  t o  N der ived  fr;m t h e  d e t a i l e d  p r o j e c t s  
suggested:  

1. 

2. 

3. 

4 .  

5. 

6.  

7. 

8. 

9. 

A s t a t i s t i c a l l y  s i g n i f i c a n t  p o s i t i v e  r e l a t i o n s h i p  occurred between 
watershed f e r t i l i z e r  p l u s  manure i n p u t s  and stream N concent ra t ion .  

High u n i t  area N i n p u t s  a s s o c i a t e d  wi th  r u r a l  p r e c i p i t a t i o n  exceeded 
stream N loadings  i n  watersheds w i t h  e x t e n s i v e  areas of hay and p a s t u r e .  

F e r t i l i z a t i o n ,  m i n e r a l i z a t i o n  and s e p t i c  tank seepage were i d e n t i f i e d  
as sources  o f  stream N i n  a sandy i n t e n s i v e l y  cropped watershed. 

S o i l  o rganic  N w a s  i d e n t i f i e d  as a l a r g e  source  of N i n  watersheds.  
It  w a s  suggested t h a t  increased  c u l t i v a t i o n  could have a c c e l e r a t e d  
m i n e r a l i z a t i o n  and increased  stream N conten t .  Increased a v a i l a b i l i t y  
of l e a c h a b l e  N occurred when minera l ized  N exceeded p l a n t  uptake and 
d e n i t r i f i c a t i o n .  D e n i t r i f i c a t i o n  w a s  reduced i n  cold s o i l s  while  
m i n e r a l i z a t i o n  varied d i r e c t l y  wi th  volumetr ic  s o i l  moisture  conten t  
and temperature .  Thus, m i n e r a l i z a t i o n  could c o n t r i b u t e  s i g n i f i c a n t l y  
t o  leachable  N dur ing  w a r m ,  mois t  s o i l  condi t ions .  

Deta i led  f i e l d  p l o t  s t u d i e s  i n  sandy and c l a y  s o i l s  i n d i c a t e d  cons iderable  
N ,  much produced as a r e s u l t  of m i n e r a l i z a t i o n ,  was a v a i l a b l e  f o r  
l e a c h i n g  and d e n i t r i f i c a t i o n  under tobacco, corn,  w i n t e r  wheat, p o t a t o e s ,  
and green beans b u t  n o t  soybeans. 

Although a g r i c u l t u r a l  cropping c o n t r i b u t e d  t o  e l e v a t e d  groundwater N 
c o n c e n t r a t i o n s ,  p a r t i c u l a r l y  beneath coarse  t e x t u r e d  s o i l s ,  d e n i t r i f i c a t i o n  
of groundwater N combined wi th  s p a t i a l  v a r i a b i l i t y  of groundwater NO3-N 
c o n c e n t r a t i o n s  prevented development of adequate ,  l a r g e  scale,  d e t e r -  
m i n i s t i c  N t r a n s p o r t  models. 

In-stream d e n i t r i f i c a t i o n  w a s  l i k e l y  under low f low condi t ions .  

I n  one watershed s tudy ,  d r i f t i n g  organic  matter w a s  enr iched i n  N b u t  
comprised a n e g l i g i b l e  f r a c t i o n  of aznual  stream N loadings .  

In a watershed w i t h  h i g h  l i v e s t o c k  d e n s i t y ,  N contaminat ion of runoff  
frum l i v e s t o c k  a c t i v i t i e s  were a s s o c i a t e d  wi th  inadequate  d i s p o s a l  of 
manure i n  t h e  near  stream area, p a r t i c u l a r l y  where N t r a n s p o r t  d i r e c t l y  
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t o  streams w a s  f a c i l i t a t e d .  Winter manure spreading  and barnya.rd d r a i n s  
connected t o  f i e l d  dra inage  l i n e s  were two examples. 

Groundwater monitor ing near  an unpaved f e e d l o t  suggested cons iderable  N 
movement t o  shal low groundwater and d e n i t r i f i c a t i o n  of groundwater N 
i n  f i n e  t e x t u r e d  and r e l a t i v e l y  impermeable s o i l s .  

Large annual  a p p l i c a t i o n s  of l l q u i d  manure followed by plowdown on f l a t ,  
f i n e  t e x t u r e d  f i e l d s  may n o t  impair stream water q u a l i t y  t o  unacceptable  
levels .  Sur face  stream dra inage  water c o n c e n t r a t i o n s  of N ,  P and K increased 
s l i g h t l y  over  t h e  3 year  experimental  per iod  implying that such l a r g e  
annual  a p p l i c a t i o n s  may n o t  be a d v i s a b l e  on an i n d e f i n i t e  b a s i s .  

Most s t u d i e s  i d e n t i f i e d  t h e  f a l l ,  w i n t e r  and s p r i n g  per iods  as having 
h i g h e s t  stream N c o n c e n t r a t i o n s  and loadings .  

D e t a i l e d  a n a l y s i s  of t n e  li Pluarg  p i l o t  watersheds suggested: 

Watershed f low weighted mean NO3:NH4 c o n c e n t r a t i o n  r a t i o s  ranged from 
4 t o  70 i n d i c a t i n g  most s o l u b l e  N was l o s t  a s  NO3-N. 

The 10 mg/l NO3-N d r i n k i n g  water  s tandard  w a s  exceeded ( a s  f r e q u e n t l y  
as 8% of t h e  t i m e )  on watersheds wi th  more than  20% corn.  

Increased stream NO3-N c o n c e n t r a t i o n  occurred from watersheds wi th  more 
t i l e  dra inage ,  corn product ion and h igher  u n i t  a r e a  f e r t i l i z e r  N 
i n p u t s .  Frequent ly ,  t h e s e  watersheds a l s o  contained e x t e n s i v e  areas of 
s o i l s  wi th  h igh  organic  N contents .  

Corn w a s  t h e  dominant N f e r t i l i z e d  crop w i t h  from 40-902 of watershed 
N a p p l i e d  t o  corn. 

Higher stream Kje ldahl  N c o n c e n t r a t i o n s  were a s s o c i a t e d  w i t h  watersheds 
wi th  l a r g e r  areas of impermeable s o i l s .  

Kje ldahl  N stream loadings  averaged 30% of t o t a l  N loadings.  

For 1975-77, monthly runoff volumes and N loadings  had similar annual 
p a t t e r n s  w i t h  l a r g e  runoff  volumes and loadings  o c c u r r i n g  from December 
t o  March. 

For 3 watersheds,  modelling t h e  N cyc le  suggested N f e r t i l i z a t i o n  w a s  
e s s e n t i a l  t o  main ta in  optimum growth, minera l ized  N could be an important  
component of l e a c h a b l e  N p a r t i c u l a r l y  a f t e r  p l a n t  growth had ceased,  
and p l a n t  uptake comprised t h e  l a r g e s t  N ou tput  from a l l  watersheds.  

B e s t  f i t  s t a t i s t i c a l  r e l a t i o n s h i p s  between f i e l d  N i n p u t s  and watershed 
N o u t p u t s  p r e d i c t e d  t o t a l  N stream loadings  of 26 kg/ha/yr  from corn 
and p o t a t o e s ,  3 . 6  kglha lyr  from c e r e a l s ,  beans,  v e g e t a b l e s  and tobacco, 
0 .1  kg/ha from hay and unimproved p a s t u r e  and 0.0 kg/ha from unimproved 
l and .  

P r e d i c t e d  t o t a l  N loadings  from (9) compared w e l l  t o  N loadings  measured 
i n  s e c t o r s  of t h e  Grand and Saugeen but  overpredic ted  loadings  i n  s e c t o r s  
w i t h  extensive non a g r i c u l t u r a l  l and .  
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11. 83% and 94% of stream t o t a l  N l oad ings  i n  t h e  Grand and Saugeen were 
p r e d i c t e d  t o  occur  from r u r a l  l and  which comprised 97 and 99% 
r e s p e c t i v e l y  of t o t a l  watershed area. 

12.  Using 1971 census t ract  land  use  d a t a ,  e x t r a p o l a t i o n  of t h e  s ta t is t ical  
models i d e n t i f i e d  watersheds w i t h  h igh  row crop  and l i v e s t o c k  d e n s i t i e s  
as areas of h igh  p o t e n t i a l  N l o s s  t o  t h e  lower Great Lakes. 

Remedial measures t o  avoid inc reased  N water q u a l i t y  problems should 
invo lve  minimizing N l o s s  from l i v e s t o c k  and f i e l d  cropping a c t i v i t i e s .  

The fo i lowing  should be cons idered  f o r  l i v e s t o c k  ac t iv i t ies :  

1. 
2. 
3 .  

4 .  
5 .  

6.  
and 
7 .  

1. 

2. 
3.  
4 .  
5. 
6 .  

7. 
8. 
and 
9. 

adequate win te r  manure s t o r a g e ,  
roofed  s o l i d  manure s t o r a g e  areas, 
c o n s i d e r a t i o n  of l o c a l  hydrology i n  l o c a t i o n  of manure s t o r a g e  areas 
and f e e d l o t s ,  
p reven t ion  of d i r e c t  e n t r y  of manure e f f l u e n t  t o  streams, 
r e s t r i c t i o n  of manure a p p l i c a t i o n  w i t h i n  stream f l o o d p l a i n s  o r  du r ing  
t h e  w i n t e r ,  
quick ploughdown of f r e s l i l y  app l i ed  manure, 

p reven t ion  of d i r e c t  c a t t l e  access t o  streams. 

f o r  cropping a c t i v i t i e s :  

e l i m i n a t i o n  of f e r t i l i z a t i o n  above r a t e s  e s t a b l i s h e d  l o c a l l y  f o r  maximum 
y i e l d  , 
e l i m i n a t i o n  of f a l l  f e r t i l i z a t i o n ,  
i nc reased  use of s p l i t  a p p l i c a t i o n  and banding of N on corn,  
development of a s o i l  test f o r  N ,  
use  of w in te r  cover c rops  where p r a c t i c a l ,  
i nc reased  use  of green manuring and i n c o r p o r t i o n  of lcgumes i n  farm 
crop r o t a t i o n s ,  
e a r l y  seeding  of c e r e a l  c rops ,  
development of c rop  v a r i e t i e s  r e q u i r i n g  reduced N f e r t i l i z a t i o n ,  

t o  reduce Kje ldah l  N f i e l d  l o s s e s ,  i nc reased  use  of c l a s s i c a l  s o i l  e ros ion  
conse rva t ion  techniques  such as conserva t ion  t i l l a g e ,  contour p l a n t i n g  
and ploughing, grassed  waterways, e t c .  

I n  g e n e r a l ,  many management methods c u r r e n t l y  exis t  t o  reduce  N loss but  
r e q u i r e  inc reased  educa t ion  through ex tens ion ,  occass iona l  mod i f i ca t ion  f o r  
Canadian c o n d i t i o n s  and f u r t h e r  s tudy  t o  assess economic impact and accept -  
a b i l i t y  by t h e  i n d i v i d u a l  farm o p e r a t o r .  
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1. INTRODUCTION 

Ar t ic le  V I  of t h e  Great Lakes Water Qual i ty  Agreement, 1972,  reques ted  
t h a t  t h e  I n t e r n a t i o n a l  J o i n t  Commission i n q u i r e  i n t o  and r e p o r t  on " p o l l u t i o n  
of t h e  boundary waters of t h e  Great Lakes System from a g r i c u l t u r a l ,  f o r e s t r y  
and o t h e r  land  use  ac t iv i t i e s ,  i n  accordance wi th  t h e  terms of r e f e r e n c e  
a t t a c h e d  t o  t h i s  agreement". The I n t e r n a t i o n a l  J o i n t  Commission (IJC) e s t a -  
b l i s h e d  t h e  I n t e r n a t i o n a l  Reference Group on Great Lakes P o l l u t i o n  from Land 
Use Act iv i t ies  (PLUARG) t o  p l a n  and implement t h e  reques ted  s tudy .  

The PLUARG s tudy  program c o n s i s t e d  of four  major t a s k s  a s  o u t l i n e d  i n  
t h e  Reference Group's February 1974  "Detai led Study Plan t o  assess Great Lakes 
P o l l u t i o n  from Land U s e  Activit ies".  

"Task A is devoted to the collection and assessment of management and 
research informartion and, in its Zater stages to the critical analysis 
of implications of potential recommendations. Task B is first the 
preparation of a land-use inventory, Zargely from existing data, and, 
second, the analysis of trends in Zand-use patterns and practices. Task 
C is the detailed s w e y  of selected watersheds to detemine the sourees 
of pollutants, their relative significance and the assessment of the 
degree of transmission of poZlutants to boundary waters. 
devoted to 0btaizin.g supplementar3 information on the inputs of materia& 
to the boundmy waters, their effect on uater quality and their signi- 
ficance in these waters in the future and under alternative management 
schemes. I' 

Task D is 

Task C w a s  descr ibed  as ,  " In tens ive  s t u d i e s  of a s m a l l  number of repre-  
s e n t a t i v e  watersheds,  as s e l e c t e d  and conducted t o  permit  some e x t r a p o l a t i o n  
of d a t a  t o  t h e  e n t i r e  Great Lakes Basin,  and t o  re la te  contaminat ion of water 
q u a l i t y ,  which may be found a t  r iver mouths on t h e  Great Lakes t o  s p e c i f i c  
land  u s e s  and p r a c t i c e s " .  

A c t i v i t y  1 (Canada) of Task C c a l l e d  f o r  " P i l o t  A g r i c u l t u r a l  Watershed 
Surveys". The o b j e c t i v e  of t h i s  a c t i v i t y  w a s  " to  o b t a i n  d a t a  on t h e  i n p u t s  
of p c l l u t a n t s  i n t o  t h e  Great Lakes Drainage System which have t h e i r  o r i g i n s  
i n  t h e  complex l a n d  u s e  ac t iv i t i e s  known as a g r i c u l t u r e " .  

The A g r i c u l t u r a l  Watershed S t u d i e s  c o n s i s t e d  of the monitor ing of 11 
s m a l l  (20-70 km2) a g r i c u l t u r a l  b a s i n s  s e l e c t e d  t o  r e p r e s e n t  major a g r i c u l t u r a l  
r e g i o n s  i n  southern  Ontar io ,  and included a number of d e t a i l e d  s t u d i e s  i n  
s i x  of t hese .  D e s c r i p t i o n s  of t h e s e  s t u d i e s  may be found i n  t h e  Deta i led  
Study Plan ,  A g r i c u l t u r a l  Watershed S t u d i e s ,  Task C A c t i v i t y  1, Canada, 
October 1975. During t h e  f i n a l  phase of t h e  program, i n d i v i d u a l s  were 
i d e n t i f i e d  as " i n t e g r a t o r s "  responsLble f o r  compiling information r e l a t e d  t o  
main parameter group (i .e.  phosphorus, n i t r o g e n ,  sediments,  heavy metals and 
p e s t i c i d e s )  and f o r  l i v e s t o c k  sources .  

The N i n t e g r a t i o n  r e p o r t  h a s  involved t h r e e  major o b j e c t i v e s :  

1. an assessment and summary of t h e  informat ion  generated i n  t h e  d e t a i l e d  
s t u d i e s  p e r t i n e n t  t o  t h e  problems involved i n  reducing N l o s s e s  t o  t h e  
Great Lakes, 
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2. a d e t a i l e d  a n a l y s i s  of t h e  N d a t a  f o r  t h e  i n t e n s i v e l y  monitored a g r i -  
c u l t u r a l  watersheds i d e n t i f i e d  i n  A c t i v i t y  1, and 

3. a comparison of t h e  r e s u l t s  ob ta ined  wi th  o t h e r  PLUARG and l i t e r a t u r e  
s t u d i e s  i n  o r d e r  t o  i d e n t i f y  remedial  measures where s i g n i f i c a n t  problems 
e x i s t e d .  

To achieve  these  a i m s ,  t he  r e p o r t  has  been cons t ruc t ed  as  fol lows:  

Sec t ion  1 has inc luded  background informat ion  and r e p o r t  o b j e c t i v e s  and 
s t r u c t u r e ;  

Sec t ion  2 i s  concerned wi th  a gene ra l  i n t r o d u c t i o n  t o  the  phys ica l  and 
chemical processes  c o n t r o l l i n g  N loss from a g r i c u l t u r a l  watersheds wi th  a 
summary of o the r  similar work as r epor t ed  i n  t h e  l i t e r a tu re ;  

Sec t ion  3 d e s c r i b e s  t h e  l o c a t i o n s  and land  use ,  s o i l s ,  f low and water 
sampling c h a r a c t e r i s t i c s  of t h e  major watersheds d iscussed  i n  t h i s  r e p o r t ;  

Sec t ion  4 summarizes important  conclus ions  involv ing  N as found i n  the  
d e t a i l e d  process  r e l a t e d  s t u d i e s ;  

Sec t ion  5 i s  concerned with stream N loadings  i n  t h e  i n t e n s i v e l y  mon- 
i t o r e d  s m a l l  a g r i c u l t u r a l  watersheds;  

Sec t ion  6 d i s c u s s e s  N l oad ings  from s e c t o r s  of t he  major Grand and Saugeen 
r iver  systems; 

Sec t ion  7 develops models of t he  seasona l  v a r i a t i o n  of N s t o r a g e  wi th in  
a g r i c u l t u r a l  watersheds and of watershed N losses.  

Based upon these  models, e x t r a p o l a t i o n s  of a g r i c u l t u r e ' s  c o n t r i b u t i o n  t o  
N a d d i t i o n  i n  t h e  Great Lakes are made i n  Sec t ion  8. 

Sec t ion  9 cons ide r s  remedial  measures t o  reduce N runoff from ag r i cu l -  
t u r a l  l and .  
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2. LITERATURE REVIEW 

Conserving N i n  a g r i c u l t u r a l  watersheds i s  important  bo th  from a n  en- 
vironmental  and a n  economic viewpoint.  The environmental  impact of high N 
runoff  on excessive growth of a l g a e ,  phyto and zooplankton h a s  been a ma'or 

F u r t h e r ,  s i n c e  energy f o r  N f e r t i l i z e r  i s  one of t h e  l a r g e s t  items of t h e  
energy budget f o r  crop product ion by modern methods (Pimentel  e t  a l . ,  1973),  
l a r g e  l o s s e s  of N i n  runoff  are l i k e l y  t o  be viewed as i n c r e a s i n g l y  extravagant 
as energy c o s t s  rise. 

concern i n  t h e  l a t e  1960's  and e a r l y  1970 ' s  (V ie t s ,  1975; CDA Task Force -1 ) .  

Understanding N behavior  i n  a g r i c u l t u r a l  watersheds r e q u i r e s  knowledge of 
t h e  p h y s i c a l  p rocesses  a f f e c t i n g  N t r a n s p o r t  and t h e  chemical processes  
a f f e c t i n g  N t ransformat ions  - a l l  a t  t h e  watershed scale. Watershed stream 
runoff  a t  any t i m e  i s  comprised of vary ing  p r o p o r t i o n s  of s u r f a c e  (over land) ,  
i n t e r  and groundwater f low (Fig. 2-1). This  f low can c o n t a i n  solub1.e o r g a n i c  
N ,  NH4-N, NO3-N* o r  N a s s o c i a t e d  wi th  sediment as exchangeable "4-N o r  
organic-N. The extremely dynamic and complex N c y c l e  (Fig.  2-2) i s  compli- 
c a t e d  a t  t h e  watershed scale by s o i l  v a r i a b i l i t y .  F u r t h e r ,  t h e  major water- 
shed sources  and s i n k s  i l l u s t r a t e d  i n  Fig.  2-2 - p a r t i c u l a r l y  those  a s s o c i a t e d  
w i t h  b i o l o g i c a l  p r o c e s s e s  such as m i n e r a l i z a t i o n ,  N2 f i x a t i o n  and d e n i t r i -  
f i c a t i o n  - have proven extremely d i f f i c u l t  t o  q u a n t i f y  i n  t h e  f i e l d  (Cameron 
e t  a l . ,  1977). -- 

I n  response t o  water q u a l i t y  concerns,  a number of monitoring s t u d i e s  
have been r e p o r t e d  i n  t h e  r e c e n t  l i t e r a t u r e  involv ing  N loadings  from a g r i -  
c u l t u r a l  land.  Table 2-1 summarizes some of t h e s e  r e c e n t  s t u d i e s  i n  a form 
which w i l l  a l l o w  d i r e c t  r e f e r e n c e  t o  similar informat ion  generated as a r e s u l t  
of t h e  watershed s t u d i e s  conducted i n  Ontar io .  The r e f e r e n c e  l i s t  has  been 
g e n e r a l l y  r e s t r i c t e d  t o  watershed r a t h e r  than  t i l e  dra inage  o r  s m a l l  p l o t  N 
l o s s  informat ion ,  a l though i t  was apparent  t h a t  a cons iderable  range i n  area 
(from j u s t  above 1 h e c t a r e  t o  33 000 h e c t a r e s )  e x i s t e d  i n  t h e  s t u d i e s .  
Measured u n i t  area stream loadings  f e l l  w i t h i n  t h e  0.2 t o  37.1 kg t o t a l  N / h a  
range wi th  t h e  bulk  of loadings  n o t  exceeding 20 kg t o t a l  N/ha. This  can be 
compared t o  un i t  area p r e c i p i t a t i o n  N loadings  which have been es t imated  t o  
range between 2 and 20 kg N/ha (Al l i son ,  1966). Seven of t h e s e  15 s t u d i e s  
i n d i c a t e d  major stream loadings  i n  t h e  s p r i n g  o r  a t  o t h e r  p e r i o d s  of peak 
r u n o f f .  Nevertheless, Burwell e t  a l .  (1976), descr ibed  a s tudy  i n  Iowa i n  
which 84-952 of annual  s o l u b l e  N loadings  occurred dur ing  p e r i o d s  of subsur face  
flow. A number of a g r i c u l t u r a l  p r a c t i c e s  which have been l i n k e d  t o  e l e v a t e d  N 
loadings  included l o s s  of N irom winter  spreading of manure (Taylor e t  a l . ,  
1971) o r  l i v e s t o c k  f e e d i n g  areas (Burwell e t  a l . ,  1974) ,  l o s s  of N r e s i d u a l  
from cropping a c t i v i t i e s  ( K i l m e r  e t  a l . ,  1974) ,  e s p e c i a l l y  from corn  cropping 
(Webber and E l r i c k ,  1967) on impermeable s o i l s  (Nei lsen and Mackenzie, 1977).  
Domestic sewage from r u r a l  s e p t i c  t a n k s  (Johnson -- e t  a l . ,  1976) w a s  another  
p o t e n t i a l  N source  and a number of s t u d i e s  (Olness e t  a l . ,  1975; K i s s e l  et 
- a l . ,  1976) have i n d i c a t e d  s i z e a b l e  amounts of N l o s s  w i t h  sediment.  I n  g e n e r a l ,  
i t  w a s  f r L q u a t l y  poin ted  o u t  t h a t  N loadings  were s m a l l  when compared t o  
p r e c i p i t a t i o n  and f e , t i i i z e r - N  inpu t s .  Nevertheless ,  vary ing  degrees  of 
r e d u c t i o n  i n  water q u a l i t y  were a l s o  noted. There w a s  no informat ion  on t h e  
e x t e n t  t o  which N would be t r a n s p o r t e d  from t h e s e  small a g r i c u l t u r a l  watersheds 
t o  r e c e i v i n g  bodies  of water. 

1 

* I n  t h i s  r e p o r t  NO3-N a l s o  i n c l u d e s  any N02-N, 

CDA Task Force f o r  Implementation of Great Lakes Water Q u a l i t y  Program 
S e c t i o n  11. 
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3. WATERSHED LOCATIONS, DESCRIPTIONS, AND SAMPLING 

3.1 A g r i c u l t u r a l  Watersheds 

Eleven predoninant ly  a g r i c u l t u r a l  watersheds were sampled, f low monitored 
and t h e  water samples chemical ly  analysed by t h e  Ontar io  Min i s t ry  of t h e  
Environment (Water Resources and Labora to r i e s  Branch). Sec t ion  5 will be 
concerned wi th  an a n a l y s i s  of t h i s  da t a .  I n  a d d i t i o n ,  a number of mure  de- 
t a i l e d  process  r e l a t e d  studies  were c a r r i e d  out  i n  6 of these watersheds,  
(AG-01, AG03, AG04, AG-05, A G l O  and AG-13). These s t u d i e s  wi th  p a r t i c u l a r  
s i g n i f i c a n c e  t o  stream N load ings  w i l l  be summarized i n  s e c t i o n  4.  

3.1.1 Locat ion 

The a g r i c u l t u r a l  watersheds,  ranged i n  area from about  2000 t o  7500 
h e c t a r e s ,  and were l o c a t e d  i n  south  c e n t r a l  and southwestern Ontar io  (Fig.  3- 
1). The watersheds even tua l ly  dra ined  i n t o  e i t h e r  Lake Ontar io  (AG-07, AG-10, 
A G l l ) ,  Lake Erie (AGOl, AG02, AG-04, AG-05, AG-13) o r  Lake Huron (AG-03, 
AG06, AG14).  

3.1.2 Watershed c h a r a c t e r i s t i c s  

Considerable  informat ion  w a s  accumulated concerning t h e  c h a r a c t e r i s t i c s  
of t he  surveyed watersheds (Frank e t  a l . ,  1977; Coote 1977).  The infolmation 
as used i n  t h i s  r e p o r t  has  been summarized i n  Table 3-1). 

The watersheds were s e l e c t e d  t o  represent t h e  range of a g r i c u l t u r a l  l and  
uses  and k inds  of s o i l  i n  t h e  Great Lakes dra inage  bas in .  
p ropor t ion  of watershed area i n  corn ranged from 9.5% of AG-14 t o  42.3% of AG- 
05. S i g n i f i c a n t  amounts of soybeans (AG-13, 37.4%), tobacco (AG-02, 22 .2%) ,  
and vege tab le s  (AG-13, 27.8%) were l o c a t e d  i n  some watersheds.  Livestock 
d e n s i t i e s  ranged from l o w  (0.01 animal u n i t s / h e c t a r e )  t o  high (0.77 animal 
u n i t s / h e c t a r e )  i n  AG13 and AG-10 r e s p e c t i v e l y .  A s  a consequence of t hese  
v a r i a t i o n s  i n  a g r i c u l t u r a l  a c t i v i t y ,  f e r t i l i z e r  N a d d i t i o n s  ranged from 8 . 1  
(AG-14) t o  67.0 (AG-13) kg Nlwatershed hec ta re .  A similar v a r i a t i o n  e x i s t e d  
f o r  manure N l oads  which were as low as 1.1 (AG-13) and as h igh  as 48.1 (AG- 
10) kg manure N/watershed hec ta re .  The v a r i a t i o n  i n  s o i l  was i l l u s t r a t e d  
by t h e  % sand i n  s u r f a c e  s o i l  (as es t imated  by t h e  s o i l  survey)  which ranged 
from 10% f o r  r e l a t i v e l y  impermeable watersheds AG-03 and AG-10 t o  80% f o r  
AG-02. A s  a consequence of s o i l  and dra inage  d i f f e r e n c e s ,  es t imated  t i l e  
d ra inage  w a s  v i r t u a l l y  nonex i s t en t  f o r  some Watersheds (AG-02, AG-07 and AG- 
10) and almost 100% f o r  o t h e r s  (AG05, AG-13). 

For example, 

3.1.3 Sampling and flow c h a r a c t e r i s t i c s  

Water samples were c o l l e c t e d  a t  t h e  f low monitor ing s t a t i o n s  l o c a t e d  a t  
t h e  o u t l e t s  of each watershed a v a r i a b l e  number of t i m e s  dur ing  the  1974-April 
01, 1977 sampling per iod  d iscussed  f o r  t h i s  r e p o r t .  The number of samples 
v a r i e d  accord ing  t o  t h e  watershed as i l l u s t r a t e d  f o r  NO3-N (Table 3-2). 
Watersheds AG-01, AG03, AG-04, AG05, AG-LO and AG-13 were most i n t e n s i v e l y  
sampled and the  fewest  samples  (31) were c o l l e c t e d  frcm watershed AG-11. 
For most watersheds (7 of 1: watersheds) ,  1976 represented  t h e  year  of most 
i n t e n s i v e  sampling. Consequently, t h i s  year  was used i n  o r d e r  t o  assess t h e  
n a t u r e  of sampling f o r  t h e  watersheds.  Appendix 3-1 con ta ins  comparisons of 
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Table 3-1. Land use and soil characterist ic.s  of Task C PLUARG agricultural watersheds* 

Watershed Area Non C u l t i v a t e d  Row Crops Corn Vegetables  Cerea ls  Tobacco Hay 6 N Woodland L 
(ha.) A g r i c u l t u r a l  land (Z) (XI (2 )  (%I  (Z)  (2 )  P a s t u r e  Fixers ( X )  Unimproved ( X )  

l and  ( X )  (2 )  

A G O 1  

AGO2 

A G O 3  

AGO4 

AGO5 

A G O 6  

A G O  7 

A G  10 

A G l l  

A G 1 3  

AG-14 

5080 5.1 

7913 2 . 1  

6200 2.8 

1860 2.0 

3000 3.7 

5472 3.9 

5645 22.9 

3025 3.4 

2383 8.8 

1990 16.9 

4504 2.4 

86.7 

57.7 

69.7 

54.0 

58.1 

33.8 

24.8 

34.1 

41.4 

67.3 

21.2 

62.2 

33.7 

45.3 

18.7 

45.9 

12.3 

14.2 

16.2 

13.4 

63.5 

9 . 5  

23.0 

10.1 

31.3 

18.7 

4 2 . 3  

12.3  

1 0 . 4  

16; 2 

1 1 . 3  

22.8 

9 .s 

1.8 

0.8 

1 .9  

0.0 

3.6 

0.0 

0.06 

0.0 

0.0 

27.8 

0.0 

27.1 

25.0 

26.4 

35.3 

12.2 

22.3 

10.7 

18.4 

29.0 

8.9 

12 .1  

0.02 

22.2 

0.0 

0.0 

0.0 

0.0 

3.7 

0.0 

0.0 

5.0 

0 . 0  

1.7 

3.0 

17.9 

37.2 

22.8 

33.4 

28.5 

44.1. 

41.3 

0.0 

66.6 

37.4 

0.5 

12.6 

0.0 

0 .0  

0 .0  

0 .0  

0.0 

1. a 
10.8 

0.0 

3.9 

36.3 

7.6 

6.9 

15.4 

28.2 

37.6 

17.8 

7.5 

7.0 

9.4 

*Source Land U s e  Survey and Monitoring Data Frank (1977) and Coote (1977) 



Table 3-1 (cont'd) 

Exposed Wean Watershed Surface Surface HYDRBLOGIC SOIL Watershed Erosion 
Potential Streambank Gradient (m/Km) Soil Soil CLASSES~ 
(mtons/ha) (XI Channel Sand Clay (2) 

(mean X )  (mean X )  A B C D 

Organic 
Soils ( X )  

A G O 1  

A G O 2  

A G O  3 

A G O 4  

A G O 5  

A G O 6  

A G O 7  

A G l O  

AG-11 

AG-13 

AG-14 

P 
v, 

2.9 

0.4 

1.3 

0.9 

1.7 

1.8 

2.5 

0.5 

1.3 

3.2 

0.6 

21. 

6, 

9. 

33. 

6. 

14. 

7. 

4. 

43. 

7. 

21. 

1.14 

2.86 

2.86 

8.57 

8.57 

1.27 

10.96 

1.25 

5.70 

3.92 

3.81 

35.0 

80.0 

10.0 

25.0 

25.0 

24.0 

61.0 

10.0 

27.4 

75.0 

25.6 

35.0 

6.6 

30.0 

25.0 

20.0 

15.7 

9.9 

40.0 

30.0 

10.3 

27.5 

0 

72.7 

7 

0.0 

0.0 

6.0  

51.8 

0.0 

33.4 

83.0 

1.1 

6. 

23.8 

0.0 

0.0 

0.0 

34.6 

21.8 

0.0 

0.0 

0.0 

2.7 

0.0 94.0 

0.0 3.8 

0.0 93.0 

69.0 25.0 

73.0 27.0 

41.6 0.7 

20.0 0.0 

0 .0  100. 

0.0 66.5 

1.7 0.0 

6.5 89.1 

0.0 

0 .2  

0.0 

0.0 

0.0 

15.9 

3.8 

0.0 

0.0 

0.0 

0.0 

'Classified C. Neilsen 



Table 3-1 (cont'd) 

Roueing Tile Drainage Watershed SOIL POLLUTION GROUPS Livestock Fertilizer N Manure N 
Density (kg/watershed) (kg/watershed ha) Denelty (Z of water- 

uni tslha) 
Croup 1 Croup 2 Group 3 Group 4 Group 5 (animal ha (houses/ shed) 

A G O 1  

A G O 2  

A G O 3  

A G O 4  

A G O 5  

A G O 6  

A G O 7  

AG- 10 

A G 1 1  

AG-13 

A G 1 4  

8.0 

0.0 

57.0 

76.0 

11.0 

52. 

26. 

66.0 

79.7 

11.0 

81.3 

0.0 

0.0 

9.0 

1.0 

35.0 

1. 

0. 

0.0 

0.0 

26.0 

0.0 

0.0 

96.0 

0.0 

0.0 

2.0 

47. 

74. 

0.0 

20.3 

36.0 

1.1 

5.0 

0.0 

1.0 

1.0 

24.0 

0.0 

0.0 

0.0 

0.0 

3.0 

2.7 

87.0 

4.0 

33.0 

22.0 

28.0 

0.0 

0.0 

34.0 

0.0 

24.0 

14.9 

.08 

.04 

.48 

.75 

.61 

.51 

.28 

.77 

.32 

. 01 

.55 

58.4 

27.9 

35.3 

12.3 

45.6 

11.3 

15.5 

13.6 

12.0 

67.0 

8.1 

3.7 

1.5 

35.2 

45.5 

43.7 

42.0 

17.1 

48.1 

23.9 

1.1 

28.9 

.04 

.03 

.03 

04 

.Ol 

.03 

.03 

-05 

08 

.17 

-01 

80.0 

2.0 

50.0 

20.0 

98.0 

25.0 

5.0 

0.0 

15.0 

99.0 

13.0 



1976 sample and d i scha rge  d u r a t i o n  curves  which a l low assessments  t o  be made 
concerning whether f low w a s  sampled i n  p ropor t ion  t o  i t s  occurrence (Fig.  
A.3.1 - Fig.  A.3.11). These f i g u r e s  should be r e f e r r e d  to concerning the  
s t a t emen t s  which fol low.  

1976 sampling w a s  b iased  t o  higher  f l sws  f o r  watersheds A G O 1 ;  AG-04 and 
AG-06 bu t  b iased  t o  low f lcws  f o r  watersheds A G O 2  and AG-07. Flow and 
sample d u r a t i o n  curves  were similar f o r  AG-03, AG-05 and AG-10 which were 
sampled near  o r  above 300 times i n  1976. Watershed AG-13 and A G 1 4  had 
i r r e g u l a r  sampling whi le  AG-11 had poor sample d i s t r i b u t i o n .  

Addi t iona l  in format ion  concerning f lcw and sample c h a r a c t e r i s t i c s  i n  
t h e s e  watersheds has  been summarized i n  Table 3-3. For example, t he  e x t e n t  of 
sampling of t h e  peak 20 flows i s  recorded. For every watershed,  peak runoff  
f lows occurred dur ing  t h e  sp r ing  m e l t  and runoff  i n  e i t h e r  February o r  March. 
High f lows  o c c a s i o n a l l y  occurred i n  A p r i l  and November i n  some watersheds.  
AGO5 was the  only  watershed which had some of t h e  top 10 annual  f lows occurr ing  
dur ing  t h e  growing season months of Ju ly  and August. 

With t h e  except ion  of wstershed AG-07, annual  r m o f f  au r ing  both 1975 and 
1976 w a s  above long term normals (Table 3-4). The p r e c i p i t a t i o n  d a t a  f o r  
t h e s e  watersheds (Table 3-5) i n d i c a t e d  a dry October-November per iod  i n  both 
1975 and 1976 which w a s  more than compensated f o r  by p r e c i p i t a t i o n  dur ing  the  
rest of t he  year .  

3.1.4 Chemical ana lyses  

The N measured i n  t h e  runoff  samples from t h e s e  watersheds included t o t a l  
k j e l d a h l  N (7") on the  bulk  water samples and d i s so lved  N03fN02-N arid 4 - N  
on water f i l t e r e d  through a 0.45 y membrane. 
sample  was d i g e s t e d  wi th  concent ra ted  H2SO4 i n  the  presence of K2S208. 
r e s u l t a n t  N K f ;  w a s  then determined c o l o r i m e t r i c a l l y  on an au toanalyzer  w i th  
a l k a l i  phenol,  potassium, sodium t a r t r a t e  and sodium hypoch lo r i t e  (Ber the lo t  
method). For d i s so lved  ammonia, t h e  Ber the lo t  r e a c t i o n  w a s  aga in  used wi th  t h e  
c o l o r  developed from t h e  r e a c t i o n  of a l k a l i  phenol,  potassium, sodium ta r t ra te  
and sodium hypoch lo r i t e  w i th  ammonia de t ec t ed  on t h e  au toanalyzer .  The N03+N02-N 
was determined a f t e r  f i i t r a t i o n  through a 0.45 p membrane f i l t e r  and r educ t ion  
by Cd. The r e s u l t i n g  N02-N w a s  c o l o r i m e t r i c a l l y  determined a f t e r  r e a c t i o n  
wi th  s u l p h a n i l i c  a c i d  and l-napthylamine. It can t h e r e f o r e  be seen t h a t  i t  
w a s  no t  p o s s i b l e  t o  d i s t i n g u i s h  the  re la t ive  p ropor t ions  of NO3 and N02-N. 
However, s i n c e  N02-N runoff  concen t r a t ions  were l i k e l y  q u i t e  low ( P a t n i  and 
Hore, P r o j e c t  22 ) ,  t h e  N03+N02-N va lue  w i l l  be hencefor th  r e f e r r e d  t o  as NOg- 
N.  
p l u s  s o l u b l e  NO3-N w a s  considered t o t a l  N (TN). 

To determine TKN t h e  bulk water 
The 

The sum of d i s so lved  NO3+NH4-N was  considered d i s so lved  N (DN) while  TKN 

3.2 The Grand and Saugeen Rivers 

I n  a d d i t i o n  t o  and co inc iden t  with water sampling c a r r i e d  ou t  i n  the  
a g r i c u l t u r a l  watersheds,  monitor ing w a s  undertaken by t h e  Ontar io  Minis t ry  of 
t ne  Environment a t  v a r i o u s  s i tes  i n  t h e  Grand and Saugeen River  systems. 
These sample  s i tes were l o c a t e d  so t h a t  t h e  ou tpu t s  of t he  v a r i o u s  s e c t o r s  as 
def ined  i n  t h e  l o c a t i o n  map (Fig. 3-2) could be determined. The whole Grand 
watershed r e p r e s e n t s  about  700 000 h e c t a r e s  of land  d r a i n i n g  i n t o  Lake Erie 
whereas the  approximately 400 000 h e c t a r e s  of t he  Saugeen system d r a i n  i n t o  

1 7  



Table 3-2. 

WATERSHED 

AG-01 

AC-02 

AG-03 

AG-04 

AG-05 

AG-06 

AG-07 

AG-10 

AG-11 

AG-13 

AG-14 

Number of NO N measurements made each year 
for each agrqcultural watershed. 

Number of Samples /Year 

1974 1975 1976 

16 73 261 

-- 41 34 

_ _  77 321 

-- so 298 

-- 74 365 

_- 72 59 

_- 44 33 

-- 123 294 

-- 18 lo 

-- 79 141 

-- 49 64 

(1974-1977) 

1977" 

45 

6 

107 

19 

80 

17 

S 

39 

3 

86 

24 

* 
8amples as collected until April 01, 1977 

18 



Table  3-3. 1976 Sampling d i s t r ih - - i t i on  wi th  r e s p e c t  t o  f low c h a r a c t e r i s t i c s  of t h e  
11 d e t a i l e d  a g r i c u l t u r a l  wa te r sheds :  

WATERSHED FLOW (9) THOSE OF MONTHS OF NUMBER GENERAL COMMENT * CHARACTERISTICS LARGEST LARGEST 10 1976 CONCERNING SAMPLE 
20 FLOWS ANNUAL FLOWS SAMPLES DISTRIBUTION 

(NO -N) 3 
‘10 ‘50 ‘90 SAMPLED 

1976 cfs - - - - - -  

AG-01 

AGO2 

AG-03 

w 
\o AGO4 

A G O 5  

AG-06 

AGO7 

A G l O  

AG-11 

A C 1 3  

AG-14 

28. 

41. 

98.  
56. 

100. 
120 

24. 
50. 

42. 
37. 

72. 
110. 

50. 
30. 
30. 
35. 

12 .  
12. 

14. 
16 .  
70. 
64 .  

0 . 3  

0.8 

32. 
26. 

8.4 
8.4  

1 .3  
3.6 

62 .  
59 .  

18. 
28. 

17 .5  
15 .5  

0.84 
1 .4  
- -  
2 

0.76 
2.2 

1 . 9  
1 .6  

- -  2,5.9.11, Feb. (6)  261 
14.15 Mar. ( 4 )  

18 - 20 - -  

21. 
21. 

2.6 
2 .2  

.12  

.27 

1 .2  
1 .2  

10. 

9 

2-7. 9-11, 
15 - 18 

1-12,14-17, 
19  

1-2.4-6.9-13. 
15-18 

7-8. 10-12. 

Feb. (7)  34 
Mar. (3) 

Feb. (5 )Apr . ( l )  321 
Mar. (3) Nov. (1)  

Mar. (B)Nov.(l) 298 
Apr . ( l )  
Feb.(Z)May(l)Aug(Z) 
Mar. ( 4 )  Ju ly (1 )  365 

59  Mar. (10) 
io .  i 6 , i a  

11. A P r  

.14 15-16.20 Apr 

1 2  none Feb 

-19  1-2,8.13 Feb 

- -  none Feb 
0.1 Mar 

- b i a s  t o  
h ighe r  f lows  

- b i a s  to 

- c l o s e  to a c t u a l  

- bias t o  

- c l o s e  t o  actual 

- bias t o  

l o w  f l o v e  

flow d i s t r i b u t i o n  

h igh  flowa 

f low d i s t r i b u t i o n  

. .  
h igh  f lows  

(2)Mar(7) 3 3  - b i a s  t o  
1) l o w  f lows  

(6)Mar. (3) 294 - s l i g h t  b i a s  t o  
(1)  h igh  f lows  

(6) 10 - poor 
(4)  

0.11 3-4.10.12 J a n .  (1)Feb. (6)  141  - b i a s  t o  h ighe r  
0.2 15.17 Mar.(3) f lows  i n  loo f l m  range  
- -  1-5.9-10, Mar.(9) 64 - g r e a t e r  number o f  - -  14. Nov. (1)  samples i n  mid and low 

flow range  
*q10,q50and qg0represent  t h e  f l o w  which were exceeded 10, 50 and 90% of t h e  t i m e .  



Table 3-4. 

WATERSHED 

AG-01 

AG-0 2 

AG-03 

AG-04 

AG-05 

AG-06 

AG-07 

AG-10 

AG-11 

AG-13 

AG-14 

1975 and 1976 annual  r u n o f f ,  long term (1952-1961) average 
annual  runoff  and per  c e n t  of p r e c i p i t a t i o n  Occurring as 
stream runoff  dur ing  a n  October lst,  1975 t o  September 30th,  
1976 water year  f o r  t h e  11 monitored a g r i c u l t u r a l  watersheds.  

ANNUAL RUNOFF LONG TERM (1952-1961) PRECIPITATION as 
1975 1976 ANNUAL RUNOFF* RUNOFF FOR 

(Oct .1/75-Sept. 30/76) - - - - - - -  cm - - - - - - -  
32 25 14 36 

43 53 28 52 

-- 55 30 65 

44 41 33 47 

-- 51 36 48 

-- 58 47 70 

41 41 42 47 

-- 42 29 58 

-- -- 30 20 

37 33 14 47 

-- 58 37 66 

- 
fcbased upon "Est imat ing Runoff i n  Southern Ontario" A .  Coulson (1967) 
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Lake Huron. Sec t ion  6 w i l l  be concerned wi th  a d e t a i l e d  a n a l y s i s  o f  t hese  
major r iver systems wi th  r e s p e c t  t o  stream N loadings .  

3.2.1 Sec to r  c h a r a c t e r i s t i c s  

The v a r i o u s  s e c t o r s  of the  Grand and Saugeen range i n  area from about 24 
000 t o  1 9 3  000 h e c t a r e s .  They thus  r e p r e s e n t  much l a r g e r  t rac t s  of land wi th  
more heterogeneous land  use cond i t ions  than t h e  a g r i c u l t u r a l  watersheds.  For 
example, w i t h i n  the  Middle Grand s e c t o r  were l o c a t e d  t h e  major urban c e n t r e s  
of Guelph, Kitchener  and most of Cambridge. Brant ford  and P a r i s  were loca ted  
i n  t h e  Brant ford  s e c t o r .  The Saugeen b a s i n  r ep resen ted  a more r u r a l  area but  
n e v e r t h e l e s s  conta ined  n i n e  small r u r a l  communities i nc lud ing  Walkerton, 
Hanover, Chesley etc.  Consequently, n o t  a l l  t h e  N l o s t  i n  runoff  represented  
i n p u t s  from a g r i c u l t u r a l  ac t iv i t ies .  I n d u s t r i a l  and municipal  N sources  
e x i s t .  Although cons iderably  more informat ion  desc r ib ing  t h e  Grand and Saugeen 
s e c t o r s  can be found i n  the  Ontar io  Minis t ry  of Environment s tudy r e p o r t s ,  
s e c t o r  c h a r a c t e r i s t i c s  a s  used i n  the  a n a l y s i s  of N l o s s  from t h e  Grand and 
Saugeen have been summarized i n  Table 3-6. It w a s  ev iden t  from these  char- 
a c t e r i s t i c s  t h a t  t h e  i n t e n s i t y  of a g r i c u l t u r a l  land use  w a s  less i n  the  
s e c t o r s  compared t o  t h e  a g r i c u l t u r a l  watersheds.  For example, p ropor t ion  of 
corn  p l u s  po ta toes  d i d  no t  exceed 28% t o t a l  area (Caledonia,  Grand River ) .  No 
es t imated  f e l t i l i z e r  rate exceeded t h e  31.1 kg/watershed h e c t a r e  i n  the  
Caledonia s e c t o r .  The heterogeneous mixture  of s o i l s  w i t h i n  t h e  Grand and 
Saugeen i s  probably r e f l e c t e d  by t h e  r e s t r i c t e d  range of s u r f a c e  mean c l a y  
c o n t e n t s  (15.3-28.22 i n  t h e  Grand and 16.0-19.3% i n  t h e  Saugeen). 

3.2.2 Sampling, f low c h a r a c t e r i s t i c s  and chemical ana lyses  

Gauging s t a t i o n s  on the  Grand and Saugeen allowed t h e  c a l c u l a t i o n  of 
cont inuous d i scha rge  f o r  t h e  monitored sites. Event o r i e n t e d  s u r f a c e  samples 
were c o l l e c t e d  by t h e  ' equa l  t r a n s i t  r a t e  method' (Guy and Norman, 1970) and 
N w a s  analysed by the  Labora to r i e s  Branch of the  Ontar io  Minis t ry  of t h e  
Environment us ing  methods p rev ious ly  descr ibed  fo r  t h e  a g r i c u l t u r a l  water- 
sheds.  
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Table 3-6. Area, land use and Boil characteristics of various sectors st the Grand and Saugeen river basins. 

Sector 
Fractional area i n  

0.M.E. Area various land uses* 
Sector (ha) N1 N2 N3 N4 Estimated Uanure 
Sample Fertilizer Production Content 

ClaY f 
Site Use** (kEN/ ha 1 (XI 

(kgN/ha) 

The Grand River 
Upper Grand River 

Conestoga River 

Middle Grand River 

Nith River 

Rorner Creek 
Brantford 

Caledonia 

Dunnville 

The Saugeen River 

Upper Saugeen 

South Saugeen 

Central Saugeen 

Tee swa t e  r 

North Saugeen 

Lower Saugeen 

GR-13 

GR-14 

UL-22 

GR-20 

CR-6 

GR-11 

GR-5 

CR-15 

SR-1 

SR-2 

SR-3 

SR-4 

SR-5 

SR-6 

667,000. 

79.500. 

77.500. 

194,000. 

103,500. 

38,400. 

29.300. 

77,000. 

63.700. 

397 ,000. 

39,000. 

61.500. 

115,500. 

66,500. 

25,000. 

89.500. 

.08 

-13 

.23 

.27 

.22 

.27 

.28 

.27 

.07 

.08 

.09 

.16 

.05 

.ll 

.29 .45 

29 .40 

.26 .36 

6 25 .32 

.27 .23 

.26 .32 

.26 .31 

.2h .32 

.16 

.13 

.15 

.13 

.14 

.15 

.15 

.15 

.16 .44 .33 

.26 .42 .24 

.07 .43 .28 

.16 .46 .23 

.12 .49 .33 

.18 .45 .25 

16.5 

20.4 

27.1 

30.3 

26.5 

30.2 

31.1 

30.4 

12.4 

15.6 

12.0 

20.3 

10.2 

16.4 

19.5 

40.8 

28. 

35.3 

30.0 

27.4 

26.4 

25.6 

13.9 

22.7 

18.1 

26.4 

15.3 

27.4 

20.0 

28.2 

x9. 
21.0 

15.3 
19.3 

19.9 

20.1 

16.0 

16.9 
16.5 

16.4 

19.3 
18.3 

*N1 - fractional area of corn and potatoes, N2 - fractional area of cereals, beans, vegetables and tobacco, 
N3 - fractional area of hay and improved pasture, N4 - fractional area of unimproved land, 1971 census. 

** assuming average fertilization roles as in the agricultural watersheds (80, 25. 6 and O.KgN/ha, for N1, H2, N3 
t 1971 census tract data co**rtesy.Ron de Haan 

and N4 respectively. 



4. DETAILED PLUARG PROCESS-RELATED STUDIES 

This  s e c t i o n  is  a summary of t h e  information obta ined  i n  t h e  d e t a i l e d  
i n d i v i d u a l  s t u d i e s  undertaken as p a r t  of A c t i v i t y  1, Task C i n  t h e  small 
a g r i c u l t u r a l  watersheds.  
i n t e r p r e t e d  as having s i g n i f i c a n c e  t o  t h e  problem of improving water q u a l i t y  
and reducing N i n p u t s  t o  t h e  Great Lakes. A s  a r e s u l t ,  t h e  information repor ted  
w a s  n o t  meant t o  completely r e p r e s e n t  a l l  a s p e c t s  of a l l  i n d i v i d u a l  p r o j e c t  
repo:rts.  Addi t iona l  in format ion  can be f o w d  i n  t h e  f i n a l  i n d i v i d u a l  PLUARG 
p r o j e c t  r e p o r t s  (Appendix 4-1).  

The emphasis w i l l  be  upon summarizing informat ion  

Coote and Leuty ( P r o j e c t  l), e s t a b l i s h e d  s i g n i f i c a n t  r e g r e s s i o n s  between 
stream t o t a l  N c o n c e n t r a t i o n  a t  h igh  flows and f e r t i l i z e r  and manure N i n p u t s  
i n t o  a g r i c u l t u r a l  watersheds,  t h u s  demonstrat ing a l i n k  between watershed N 
i n p u t  and N output .  A p o t e n t i a l  f o r  p r e d i c t i o n  of N c o n c e n t r a t i o n s  i n  un- 
monitored p o r t i o n s  of t h e  Great Lakes, providing t h e  a p p r o p r i a t e  land use 
informat ion  were a v a i l a b l e ,  w a s  t h u s  demonstrated.  

For 6 watersheds i n  southwestern Ontar io ,  Sanderson ( P r o j e c t  6 )  measured 

These v a l u e s  were high compared t o  a 20 kg/ha/yr  
annual  p r e c i p i t a t i o n  t o t a l  N i n p u t s  ranging from 33.4-42.0 kg N/ha wi th  a n  
average of 35.0 kg N/ha/yr. 
upper v a l u e  quoted by A l l i s o n  (1966) and may r e f l e c t  a p o t e n t i a l  f o r  contam- 
i n a t i o n  of bu lk  p r e c i p i t a t i o n  gauges by ammonia from nearby barnyards o r  by 
d u s t  f a l l o u t  dur ing  d r y  p e r i o d s .  Never the less ,  i f  f d l l o u t  a d d i t i o n s  were only 
1 9  kg/ha/yr  (ha l f  of those  measured p r e c i p i t a t i o n  N )  would have exceeded 
stream N l o a d i n g s  observed i n  a number of less i n t e n s i v e l y  c u l t i v a t e d  a g r i -  
c u l t u r a l  watersheds quoted i n  t h e  l i t e r a t u r e  (Webber and E l r i c k ,  1967; Taylor 
-- e t  a l . ,  1971; K i l m e r  - e t  _' a1 9 1974).  

I n  a sandy watershed, Gaynor ( P r o j e c t  l o )  found e l e v a t e d  N loadings  asso- 
c i a t e d  w i t h  a g r i c u l t u r a l  f e r t i l i z a t i o n ,  minera l ized  N, and r u r a l  s e p t i c  tank 
seepage. Most loadings  occurred,  however, dur ing  February and March r a t h e r  
than  t h e  growing season, implying t h a t  s o i l  and f e r t i l i z e r  N i n  excess  of crop 
needs w e r e  a v a i l a b l e  a f t e r  h a r v e s t ,  a t  t i m e s  of t h e  movement of l a r g e  volumes 
of runoff .  A c l o s e r  matching of p l a n t  growth and N f e r t i l i z a t i o n  could r e s u l t  
i n  reduced s o i l  N levels  a t  t h e  c r i t i ca l  t i m e  of p o t e n t i a l  h igh  runoff  l o s s .  
However, h igh  groundwater N levels  could mean a d e l a y  p r o p o r t i o n a l  t o  t h e  
groundwater r e s i d e n c e  time before  implemented remedial  measures would r e s u l t  
i n  reduced stream N loadings .  

Kowalenko ( P r o j e c t  11) found l a r g e  amounts of watershed s o i l  o rganic  -N 
( ranging frGm about  2500 kg N/ha - 1 6  500 kg N/ha) i n  s u r f a c e  s o i l  samples i n  
two watersheds s t u d i e d .  I f  minera l ized  w i t h i n  t h e  g e n e r a l l y  accepted 1-3% 
range,  t h i s  represented  a p o t e n t i a l  l a r g e  annual source  of N a d d i t i o n  i n  
watersheds.  C u l t i v a t i o n ,  through a c c e l e r a t i o n  of m i n e r a l i z a t i o n  and d e c l i n e  
i n  s o i l  o r g a n i c  matter c o n t e n t ,  may have r e l e a s e d  s i g n i f i c a n t  amounts of N t o  
groundwater o r  streams i n  the p a s t .  Since m i n e r a l i z a t i o n  remains r e l a t i v e l y  
c o n s t a n t  compared t o  s e a s o n a l  v a r i a t i o n s  of p l a n t  uptake and d e n i t r i f i c a t i o n ,  
excess  minera l ized  N could be a v a i l a b l e  f o r  l e a c h i n g  a t  c e r t a i n  t i m e s  of t h e  
yea r .  A s  a consequence of t h i s ,  and t h e  g e n e r a l l y  h igher  n a t u r a l  o rganic  N 
c o n t e n t  of f i n e r  t e x t u r e d  s o i l s ,  i t  w a s  suggested t h a t  an o b j e c t i v e  s o i l  N 
test would be u s e f u l  t o  bet ter  match crop needs w i t h  N supply and promote 
e f f i c i e n t  N f e r t i l i z a t i o n .  Given t h a t  t h e  C/N r a t i o s  of o r g a n i c  r e s i d u e s  
i n f l u e n c e  whether net  m i n e r a l i z a t i o n  o r  immobil izat ion of N "ccur, management 
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of o r g a n i c  r e s i d u e s  may hold promise f o r  reducing t h e  apparent  excess of s o i l  
N a t  t h e  end of t h e  growing season p r i o r  t o  t h e  leaching  of watershed s o i l s  by 
t h e  l a r g e  volumes of water a s s o c i a t e d  w i t h  l a t e  winter  and s p r i n g  r u n o f f .  
D e n i t r i f i c a t i o n ,  which seemed q u i t e  temperature s e n s i t i v e ,  does n o t  appear t o  
hold p o t e n t i a l  i n  reducing NO3-N i n  s o i l  water dur ing  t h e  c o o l ,  wet seasons.  

F i e l d  p l o t  s t u d i e s  conducted by Cameron -- e t  a l .  ( P r o j e c t  1 3 )  w i t h i n  a 
sandy and c l a y  watershed revea led  t h a t ,  w i t h  t h e  p o s s i b l e  except ion  of suy- 
beans,  N i n  excess  of c rop  needs w a s  a v a i l a b l e  f o r  leaching .  N e t  minera l iza-  
t i o n  of N from added o r g a n i c  r e s i d u e s  w a s  considered an important  N a d d i t i o n  
t o  s o i l .  I n  t h e  sandy watershed AG-13, n e t  m i n e r a l i z a t i o n  w a s  c a l c u l a t e d  t o  
account foL t h e  a d d i t i o n  of approximately 30 t o  80 kg N/ha/year,  bu t  f e r t i l i -  
z a t i o n  on p o t a t o e s  and b u r l e y  tobacco added another  165 and 210 kg/ha,  respe-  
c t i v e l y .  Average es t imated  N l o s s e s  ( c a l c u l a t e d  by a balance method) on t h e  
sandy watershed were near  zero  f o r  t h e  soybean f i e l d s ,  33 f o r  t h e  bur ley  
tobacco and 133 Icg/f-.a/year f o r  t h e  p o t a t o  f i e l d s .  

N e t  m i n e r a l i z a t i o n  rates i n  t h e  c l a y  watershed AG-01 were es t imated  t o  
range frclm 80 t o  180 kg N/ha/year, while  average f e r t i l i z a t i o n  rates were 65 
and about  160 kg N/ha on win ter  wheat and corn,  r e s p e c t i v e l y .  Average annual  
N l o s s e s  ( i n c l u d i n g  l e a c h i n g  and d e n i t r i f i c a t i o n )  were very  c o n s i s t e n t ,  ranging 
from 6 1  t o  81 kg N/ha/year. Cameron e t  a l . ,  (1977)  suggested t h a t  50% of t h e  
excess  N i n  t h e s e  watershed s o i l s  was probably l o s t  By d e n i t r i f i c a t i o n  l e a v i n g  
t h e  remainder t o  be  l o s t  by deep dra inage  o r  i n t e r f l o w ,  v ia  t i l e  d r a i n s .  
Miller (1975) h a s  shown s u b s t a n t i a l  t i l e  d r a i n  l o s s e s  of NO3-N ( a s  h igh  as 56 
kg/ha/year)  on s imilar  southern  Ontar io  s o i l s .  

Suct ion l y s i m e t e r s  i n s t a l l e d  a t  90 and 150 cm on t h e  p l o t  areas gave some 
However, most evidence of deep NO3-N movement dur ing  t h e  r a i n y  s p r i n g  per iod.  

of t h e  movement of NC3-N took p l a c e  i n  f a i l  and win ter .  A s imula t ion  model 
w a s  developed based on t h e  monitored p l o t  d a t a  frum Cameron e t  a l . ,  ( P r o j e c t  
13), t h e  N-transformation d a t a  from Kowalenko ( P r o j e c t  11) and t h e  p h y s i c a l  
d a t a  from Topp ( P r o j e c t  1 2 ) .  
tobacco p l o t  took p l a c e  i n  t h e  f a i l .  A model developed by W. Findlay demon- 
s t r a t e d  t h e  importance of t h e  win ter  per iod  f o r  deep p e r c o l a t i o n  of NO3-N i n  
t h e  mild w e t  w i n t e r  climate of southern  Ontar io .  

This  model showed t h a t  major N03-N l o s s e s  on t h e  

From one intensive1.y monitored sandy Ontar io  watershed w i t h  a high 
p o t e n t i a l  f o r  groundwater contaminat ion,  (Gillham e t  a l . ,  P r o j e c t  1 4 )  ground- 
w a t e r  N w a s  es t imated  t o  c o n t r i b u t e  10 t o  20 kg N/ha/yr t o  strearr.N loadings .  
(Measured N O ~ - N  loadings  during 1976 from t h i s  watershed were about 2 1  kg/ha) .  
Although a g r i c u l t u r a l  a c t i v i t y  w a s  d e f i n i t e l y  c o n t r i b u t i n g  t o  e l e v a t e d  NO3-N 
c o n c e n t r a t i o n s  i n  groundwater, as evidenced by a g e n e r a l  t rend  f o r  e l e v a t e d  N 
c o n c e n t r a t i o n  i n  t h e  sha l low groundwater i n  c u l t i v a t e d  areas, t h e  e x a c t  
c o n t r i b u t i o n  of a g r i c u l t u r e  t o  groundwater and stream N could n o t  be assessed  
s i n c e  h i g h e s t  groundwater N c o n c e n t r a t i o n s  d i d  n o t  n e c e s s a r i l y  occur i n  areas 
of h i g h e s t  f e r t i l i z e r  N a p p l i c a t i o n  rate.  This  impl ies  t h a t  a simple reduct ion  
i n  N f e r t i l i z a t i o n  may n o t  reduce N t o  stream courses .  

There w a s  a l s o  s t r o n g  evidence f o r  d e n i t r i f i c a t i o n  of deeper groundwater 
N i n  t h e s e  c o a r s e  t e x t u r e d  s o i l s  s i n c e  lower NO3-N c o n c e n t r a t i o n s ,  decreased 
redox p o t e n t i a l  and low d i s s o l v e d  oxygen c o n t e n t s  and methane product ion 
occurred i n  deep piezometers.  The nonconservat ion of N m a s s  i n  groundwater 
f low,  combined w i t h  t h e  s p a t i a l  v a r i a b i l i t y  of NS3-N concent ra t ions  c r e a t e d  
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extreme d i f f i c u l t i e s  i n  developing d e t e r m i n i s t i c  models f o r  l a r g e  s c a l e  
systems t o  p r e d i c t  NO3-N t r a n s p o r t  o r  d i scha rge  t o  streams. 

I n  t h e  coarse  t ex tu red  s o i l s ,  t r i t i u m  ana lyses  suggested a 7-15 year  
t r a v e l  t i m e  f o r  d i scha rge  of groundwater N t o  t he  main stream course.  It i s  
q u i t e  p o s s i b l e  t h a t  c u r r e n t  a g r i c u l t u r a l  p r a c t i c e s  were n o t  being r e f l e c t e d  i n  
p r e s e n t  groundwater drainage.  I n  a d d i t i o n ,  t h e  e x t e n t  of d e n i t r i f i c a t i o n  of 
t h i s  groundwater N would remain unknown. 
i n  t h i s  watershed w a s  es t imated  t o  be 10-20 Kg N/ha whi le  N s t o r a g e  was 
approximately 91 kg N/ha. 
s o i l s  would l i k e l y  be o r d e r s  of magnitude s lower,  waterways through areas of 
coa r se  t ex tu red  overburden were judged t o  be more s u s c e p t i b l e  t o  p o l l u t i o n  
frljm contaminated groundwater. I n  a d d i t i o n ,  reconnaissance groundwater surveys 
i n  o t h e r  watersheds i n d i c a t e d  t h a t  h igher  N03-N concen t r a t ions  occurred more 
f r e q u e n t l y  i n  coa r se  than f i n e  t ex tu red  material. 

For example, groundwater N d e l i v e r y  

S ince  groundwater t r a v e l  times i n  f i n e r  t ex tu red  

Since most NO3-N l o s s e s  t o  groundwater occur  i n  the  f a l l  and sp r ing ,  i t  
w a s  suggested t h a t  f a l l  cover c rops  could reduce N a v a i l a b l e  f o r  leaching  a t  
this c r i t i ca l  time. 

Although d e n i t r i f i c a t i o n  of sediment NO3-N and n i t r i f i c a t i o n  of sediment 
"4-N occurred i n  a e r a t e d  columns over ly ing  sediment c o l l e c t e d  from Ontar io  
streams (Robinson and Kaushik, P r o j e c t  19-A), v a r i a b i l i t y  i n  measurement of 
d i scha rge  and problems i n  account ing f o r  a l l  N a d d i t i o n s  w i t h i n  a stream 
channel  prevented d e f i n i t i v e  f i e l d  conf i rmat ion  of N ga ins  o r  l o s s e s  frcm 
sediment t o  t h e  stream. Considerat ion of l i t e r a t u r e  va lues  suggested one 
might conse rva t ive ly  assume l o s s  rates of about  0.2 g of N;m2/day f o r  Ontar io  
streams (2 kg/day/ha of stream channel ) .  

I n  one watershed (Hynes, P r o j e c t  19-B), measurements of d r i f t i n g  s o l i d  
o rgan ic  matter showed t h a t  a l though t h e  material was enr iched  i n  N (1-8% dry 
we igh t ) ,  most loss w a s  concent ra ted  dur ing  sp r ing  melt and runof f ,  but  com- 
p r i s e d  a n e g l i g i b l e  f r a c t i o n  of annual  stream N loadings .  

De ta i l ed  n u t r i e n t  monitor ing by BEAK c o n s u l t a n t s  (Hodd, P r o j e c t  20) i n  a 
high l i v e s t o c k  d e n s i t y  watershed showed h igh  u n i t  area N loadings  t o  t h e  
stream from beef ,  d a i r y  and swine l i v e s t o c k  ope ra t ions  (ranging from 35-300 
kg/ha) .  This  compared w e l l  t o  loadings  (ranging from 26-169 kg) from a g r i c u l t u r a l  
cropping areas i n  t h e  same watershed. N l oad ings  were about  50 t i m e s  t h e  
magnitude of P l oad ings  and occurred p r i m a r i l y  (85%) as N03-N. Most of annual  
N l oad ings  occurred dur ing  t h e  win te r  and sp r ing .  

It w a s  suggested t h a t  N loadings  from l i v e s t o c k  ac t iv i t ies  could be 
decreased by s e p a r a t i o n  of sewage and land  dra inage  systems and prevent ion  of 
d i r e c t  access  of ca t t l e  t o  s u r f a c e  water, e s p e c i a l l y  a t  t i m e s  of high volume 
f low i n  t h e  win te r  and sp r ing .  A need f o r  c a r e f u l  d i s p o s a l  of manure i n  the  
near  stream area w a s  i d e n t i f i e d .  This  w a s  l i k e l y  t o  be  e s p e c i a l l y  important  
f o r  watersheds which have r e l a t i v e l y  impermeable c l a y  s o i l s .  Thus, adequate  
waste containment where land  s l o p e s  towards t h e  stream, avoidance of w in te r  
manure spreading  i n  t h e  stream f lood  p l a i n  and d i v e r s i o n  of d i t c h e s  d r a i n i n g  
l i v e s t o c k  areas from d i r e c t  e n t r y  t o  stream channels  w a s  recommended. 

Groundwater monitor ing i n  a coarse  t ex tu red  till nea r  an unpaved f e e d l o t  
(Hore and Coote, P r o j e c t  21) suggested a cons iderable  movement of N i n t o  
groundwater. Evidence was presented  t o  suggest  m i n e r a l i z a t i o n  of organic  -N, 
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n i t r i f i c a t i o n  of "4-N and d e n i t r i f i c a t i o n  w i t h i n  t h e  shal low groundwater zone 
which w a s  in f luenced  by t h e  f e e d l o t .  This  implied a chemical complexity i n  
t h e  t r a n s p o r t  of groundwater N and non-conservation of N mass i n  groundwater 
t r a n s p o r t .  V a r i a b i l i t y  between f e e d l o t s  would l e a d  t o  imprec is ion  i n  esti- 
mating t h e  impact of f e e d l o t s  and manure s t o r a g e s  on N loadings  t o  t h e  Great 
Lakes. Rates of d e n i t r i f i c a t i o n  re la t ive  t o  a v a i l a b i l i t y  of NO3-N may v a r y  
according t o  s o i l  p h y s i c a l  c h a r a c t e r i s t i c s  such as t e x t u r e  and permeabi l i ty .  

I n  a s t u d y  of subsur face  and s u r f a c e  runoff  from a n  i n t e g r a t e d  farm 
o p e r a t i o n  a t  t h e  Greenbel t  Farm of t h e  Animal Research I n s t i t u t e  ( P a t n i  and 
Hore, P r o j e c t  22), i t  w a s  concluded t h a t  most of annual  f low occurred dur ing  
a few days of heavy s p r i n g  runoff .  Consequently, t h i s  t i m e  per iod  had an 
o v e r r i d i n g  i n f l u e n c e  on annual  N loadings .  Stream N loadings  
were h igher  from f i e l d s  w i t h  prev ious  h igh  manure a p p l i c a t i o n  rates. 
suggested h igher  stream N loadings  from t h e  dra ined  c o a r s e  t e x t u r e d  s o i l s .  
It w a s  concluded t h a t  N from plowdown of l d r g e  a p p l i c a t i o n s  of l i q u i d  manure 
(500 kg N/ha/yr,  s p l i t  i n t o  s p r i n g  and f a l l  a p p l i c a t i o n s )  f o r  up t o  3 
consecut ive  y e a r s  on f ine- tex tured  s o i l s  d i d  n o t  impair stream water q u a l i t y .  

Evidence 
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5. AGRICULTURAL WATERSHED STUDIES 

5.1 Stream N Concent ra t ions  

5.1.1 T o t a l  Kjeldahl-N 

From 1974-1977, watershed f low weighted TKN averages ranged from a 
minimum of 0.64 mg/L a t  AG-06 and AG-02 t o  a maximum of 2.37 mg/L a t  AG-01 
(Table 5.1). 
sediment concen t r a t ions  r e s p e c t i v e l y .  This suggested a c l o s e  a s s o c i a t i o n  
of TKN and sediment. The TKN measurement included s o l u b l e  and exchangeable 
NH -N and s o l u b l e  and p a r t i c u l a t e  organic  N. Exchangeable NH4-N and p a r t i -  
c u t a t e  o rgan ic  N would be d i r e c t l y  a s soc ia t ed  wi th  sediment.  

AG-06 and AG-01 a l s o  had minimum and maximum average suspended 

5.1.2 

Soluble  "4-N w a s  a lmost  always t h e  lowest  va lue  of t h e  3 measured N 
parameters .  Flow weighted averages  ranged from 0.03 mg/L a t  AG-06 t o  0.60 
mg/L a t  AG-13. 
3-1) sugges t ing  t h a t  t he  h igher  NH4-N concen t r a t ions  might r e f l e c t  contam- 
i n a t i o n  of stream runoff  by s e p t i c  tank  seepage. The 3.00 mg/L NH4-N va lue ,  
considered t o x i c  t o  f i s h  (OWRC, 1970) w a s  exceeded once dur ing  t h e  course  of 
t h e  s tudy  i n  two of t h e  watersheds ( A G - 0 1  and AG-05). 

Watershed AG-13 had t h e  maximum r u r a l  housing d e n s i t y  (Table 

Average NO3-N concen t r a t ions  ranged from 0.57 mg/L a t  AG-07 t o  5.62 mg/L 
a t  AG-01. It appeared t h a t  a g r i c u l t u r a l  a c t i v i t i e s  s i g n i f i c a n t l y  inf luenced  
stream N concen t r a t ions  s i n c e  AG-07 wi th  maximum area of unimproved and 
woodland r ep resen ted  low i n t e n s i t y  a g r i c u l t u r e .  I n  c o n t r a s t ,  watershed AG-01 
w a s  second only  t o  AG-13 i n  row crops  and u n i t  a r e a  f e r t i l i z e r  N i npu t  (Table 
3-1) and could t h e r e f o r e  be considered t y p i c a l  of i n t e n s e  a g r i c u l t u r a l  acti-  
v i t y .  The r e l a t i v e l y  impermeable s o i l s  of Act-Oi may r e s u l t  i n  more f avorab le  
cond i t ions  f o r  N runoff  ir, comparison t o  t h e  sandy s o i l s  of AG-13. NO3-N was 
t h e  predominant form of runoff  >: s i n c e  mean NO3-N concen t r a t ion  exceeded "4-N 
v a l u e s  by from 4 t o  70 t i m e s  f o r  t h e  11 a g r i c u l t u r a l  watersheds (Table 5-1). 
More d e t a i l e d  examination of NO3-N concen t r a t ion  d i s t r i b u t i o n s  i n d i c a t e d  t h a t  
the 10 mg/L N03-N d r ink ing  water s tandard  (OWRC, 1970)  was exceeded as fre- 
quent ly  as 8% of the  samples i n  6 of t h e  11 monitored watersheds (Table 5-2). 

Watersheds wi th  samples exceeding the  NO3-N d r ink ing  water s tandard  had 
more i n t e n s i v e  a g r i c u l t u r a l  a c t i v i t y  wi th  corn  hec ta rages  exceeding 20% of 
t o t a l  watershed area (with t h e  except ion  of A G - 1 0 ,  16.2% corn ) .  5 of t hese  6 
watersheds had concen t r a t ions  between 5 and 10  mg/L fram 16.2% of t h e  time 
(AG-01) t o  46.8% of the  t i m e  (AG-03). Thus, t h e r e  is the  p o s s i b i l i t y  t h a t  
i n t e n s i f i c a t i o n  of a g r i c u l t u r a l  a c t i v i t i e s  (h igher  N f e r t i l i z e r  rates,  g r e a t e r  
corn  hec ta rages )  could r e s u l t  i n  more NO3-N concen t r a t ions  exceeding t h e  
d r i n k i n g  water s t anda rds  i f  a t t e n t i o n  is  no t  paid t o  minimizing N l o s s  t o  
dra inage  waters. Biggar and Corey (1969) suggested t h a t  a c r i t i c a l  r e a d i l y -  
a v a i l a b l e  N concen t r a t ion  above 0.3 mg/L w a s  a s s o c i a t e d  wi th  a c c e l e r a t i o n  of 
e u t r o p h i c a t i o n  and t h i s  may be  a u s e f u l  th reshold  al though V i e t s  (1975) caut ioned 
t h a t  r e c e n t  l i t e r a t u r e  r e f r a i n s  from s e t t i n g  l i m i t s  on t h e  concen t r a t ion  of N 
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Table  5-1. Flow weighted means, range and number of s a m p l e s  f o r  t o t a l  K je ldah l  N ,  NO3-N, s o l u b l e  "4-N and 
suspended sediment a s  measured f o r  t h e  11 a g r i c u l t u r a l  watersheds  over 1974 - A p r i l  1977 sample pe r iod .  

NO3-N Dissolved Ammonia T o t a l  K je ldah l  N Suspended So l i d s  

Watershed Samples Mean Range Samples Mean Range Samples Mean Range Samples Mean Range 
- - mg/L - - - -  mg/L - - - - -  mg/L - - - - mg/L - - 

A G O 1  395 5.62 (.01-32.80) 384 0.43 (.00-3.50) 413 2.37 (.20-8.70) 374 244.8 (6 -4667) 

AG-03 506 5.50 (.39-20.40) 510 0.14 (.00-1.25) 517 0.96 (.24-2.70) 467 22.5 (1 -391) 

A G O 5  519 4.33 (.24-11.30) 519 0.24 (.OO-3.70) 521 1.48 (.03-9.20) 492 55.3 (0.5-1794) 

AG13 306 4.30 (-05-16.00) 301 0.60 (.OO-2.95) 318 2.28 (-10-5-75) 277 84 .1  (0.25-1225) 

AGO4 367 3.75 (.02-13.00) 368 0.28 (.OO-2.40) 348 1 .51  (.40-6.10) 314 172.4 (2  -3588) 

AG-11 31  3.34 (.OO-4.35) 31 0.41 (.OO-2.24) 32 1.34 (.16-3.90) 3 1  32.6 (1.7-460) 

AG-10 456 2.13 (-00-15.80) 454 0.52 (.OO-2.90) 466 2.34 (.05-5.40) 451 64.2 (2 -644) 

AG-06 148 2.08 (.11-3.60) 150 0.03 (.OO-.OS) 150 0.64 (24-1.28) 142 9.8 (1 -192) 

47.4 (0.5-695) AGO2 84 1.05 (-18-6.63) 8 3  0.04 (.00-.13) 87 0.64 (.17-1.70) 84 

134 0.73 (.25-1.80) 130 24.4 (1.9-790) AG-14 1 3 7  0.88 (.OO-2.66) 136 0.11 (. 00-. 24) 

0.12 (.OO-.36) 79 0 .74  (.07-1.70) 78  133.8 (1.1-335) AG- 0 7 82  0.57 (.03.-1.19) 82 
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Table 5-2. Detailed distribution of NO3-N concentration for the 11 

agricultural watersheds as sampled from 1974 to April, 1977. 

Watershed ~~~~l Number % Time Concentrations recorded 

SO. 3 SO. 3c5 2 5 ~ 1 0  21 0 
of samples 

A G O 1  

A G O 2  

A G O 3  

A G O 4  

A G O 5  

A G O 6  

A G O 7  

A G l O  

A G l l  

AG-13 
AG-14 

395. 

84 

506. 

367. 

519. 

148. 

82. 

456. 

31. 

306. 

137. 

28.9 47.1 

1.2 96.4 

0. 46.6 

1.6 84.5 

0.2 67.1 

2.7 97.3 

12.2 87.8 

32.9 62.7 

64.5 35.5 

2.3 53.3 

46. 54. 

16.2 

2.4 

46.8 

13.6 

31.8 

0. 

0. 

3.3 

0. 

36.9 
0. 

7.8 

0. 

6.5 

2.7 

1.0 

0. 

0. 
1.1 

0. 

7.5 
0. 
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o r  P needed t o  make a l a k e  eu t rophic .  
s u r f a c e  waters i s  regarded as undes i rab le .  0.3 mg/L of NO3-N was exceeded 
more than  ha l f  of t h e  samples  from every  watershed except  AG-11,  which w a s  
sampled f o r  NO3-N concen t r a t ion  only  31 times 1975-1977. 
from these  a g r i c u l t u r a l  watersheds contained s u f f i c i e n t  N t h a t  a l g a l  growth i n  
any r ece iv ing  bodies  of water would no t  be  l i m i t e d  by N. 

I n s t ead  any a d d i t i o n  of N o r  P t o  

I n  gene ra l ,  runoff 

5.1.4 Seasonal  concen t r a t ion  p a t t e r n s  

I n  g e n e r a l ,  N concen t r a t ions  f o r  t h e  a g r i c u l t u r a l  watersheds tended t o  be 
h i g h e s t  dur ing  the  win ter  months and lowest dur ing  the  summer months. This 
p a t t e r n  w a s  noted by Johnson e t  a l . ,  (1976) f o r  monthly NO3-N Concentrat ions 
i n  v a r i o u s  subwatersheds of F a l l  Creek, New York and expressed us ing  a s i n e  
curve  r e l a t i o n s h i p .  The r e l a t i o n s h i p  w a s  found t o  e x i s t  as expressed below 
f o r  most of t h e  11 Ontar io  a g r i c u l t u r a l  watersheds f o r  both d i s so lved  and 
t o t a l  N. 

/12)  DN o r  TN = a -t- b sinII(m 

where Y = monthly average concen t r a t ion  of d i s so lved  N (DN) o r  t o t a l  N (TN) 
m = monthly index (FO f o r  Nov., m = l  f o r  Dec., --- m = l l  f o r  Oct.)  

Table 5-3) 
a , b  = r e g r e s s i o n  c o e f f i c i e n t s  (summarized f o r  a g r i c u l t u r a l  watersheds,  

These r e l a t i o n s h i p s  were o f t e n  s i g n i f i c a n t  a t  p = .01 and p red ic t ed  t h a t  
d i s so lved  and t o t a l  N concen t r a t ions  peak i n  February wi th  a m i n i m u m  i n  
August. For watershed AG-13, a comparison between p red ic t ed  and a c t u a l  mean 
monthly t o t a l  N concen t r a t ion  (Fig.  5-1) showed t h a t  t he  p red ic t ed  means f e l l  
w i th in  il s tandard  d e v i a t i o n  f o r  every month except  August. Maximum varia- 
b i l i t y  was found f o r  t h i s  watershed i n  June a t  which time storm runoff had N 
concen t r a t ions  i n  excess of 10  mg/L. 

5.1.5 Re la t ionsh ip  of concen t r a t ion  t o  f low 

For most watersheds,  t h e r e  w a s  a s t a t i s t i c a l l y  s i g n i f i c a n t  r e l a t i o n s h i p  
between NO3-N concen t r a t ion  and ins tan taneous  o r  mean d a i l y  d i scha rge  over the  
1974-1977 sampling per iod  of t h e  form. 

I n  NO3-N = B o  + B2 1nQ i- B2Q 

3 where NO3-N = n i t r a t e  p l u s  n i t r i t e  concen t r a t ion  (mg/L) 
Q = i n s t an taneous  (Qi) o r  mean d a i l y  (6) discharge  ( f t  / s ec )  

B o ,  B 1 ,  B 2  = r e g r e s s i o n  c o e f f i L i e n t s  (Table 5-4)  

Since B 2  w a s  nega t ive  f o r  a l l  s i g n i f i c a n t  r e l a t i o n s h i p s ,  maximum NO3-N 
Concentrat ion d i d  no t  occur  a t  maximum discharge .  For example, f o r  AG-13, 
maximum NO3-N concen t r a t ion  occurred during December f lows whereas maximum 
d i scha rge  occurred  dur ing  March and Apr i l .  

For AG-13, summer storm N concen t r a t ions  increased  above baseflow N 
concen t r a t ions  but  no t  i n  p ropor t ion  t o  t h e  ra te  of i n c r e a s e  of d i scha rge  
(Cameron -- e t  a l . ,  1977).  S ince  s u r f a c e  runoff  r ep resen ted  a high propor t ion  
of storm r u n o f f ,  t h i s  would sugges t  t h a t  s u r f a c e  runoff  could make a s i g n i -  
f i L a n t  c o n t r i b u t i o n  t o  annual  stream N loadings .  
annual  runoff  occur r ing  as s u r f a c e  runoff  would determine the  s i g n i f i c a n c e  

The propor t ion  of t o t a l  
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Table 5-3. Summary of regression parameters for dissolved (DN) and 
total N (TN), agricultural watersheds, Jan.1975-Dec.1976. 

Watershed Chemical 
Parameter 

A G O 1  

A G O 2  

A G O 3  

AG-04 

AG- 0 5 

AGO6 

AGO7 

AG- 10 

AC- 11 

A G 1 3  

AG-14 

TN 

Dh' 

TN 

DN 

TN 

Dh' 

TN 

Dh' 

TN 

Dh' 

TK 

DN 

m 

DK 

TN 

DN 

TN 

DN 

TN 

DN 

TN 

DN 

Regression Parameters 
a b r 

4.23 

2.64 

1 .34  

0 .94  

6.10 

5.53 

3.52 

2.66 

4 .82  

4.27 

2 . 6 1  

2.10 

0 . 8 8  

0 .55  

2 . 9 1  

1.37 

1.82 

1 . 1 6  

6 .35  

5 . 3 5  

1 . 2 9  

0.61 

2.22 

1 . 4 1  

0 . 2 1  

0 .09  

2.34 

2.34 

1 . 0 3  

1 . 4 9  

2.39 

2.48 

0.28 

0.29 

0.39 

0 .29  

0.87 

0.60 

1 .84  

1 . 7 3  

3.25 

2.89 

0 .29  

0.47 

0.72** 

0.55 

0 . 4 8  

0 . 2 5  

0.77** 

0.76** 

0.63* 

0.79** 

0.93** 

0.95** 

0.69" 

0.65* 

0.85** 

0.95** 

0 .48  

0.46 

0.86** 

0.84** 

0 .  go** 

0.88"" 

0.41 

0.61 

*, ** 
Signif icant  at 52 and 1% level respectively. 
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Table  5-4. Regression c o e f f i c i e n t s ,  c o e f f i c i e n t  of de te rmina t ion  and number of 
obse rva t ions  f o r  r e g r e s s i o n s  b_etween N03-N, t o t a l  Kje ldahl  N (TKN) 
c o n c e n t r a t i o n  and mean d a i l y  (Q) or ins tan taneous  (Qi )  discharge. 

WATERSHED PARAMETER DISCHARGE Bo B 1  ~ 2 x 1 0 3  r2 No. of 
OBSERVATIONS 

A G O 1  

A G O 2  

AG-03 

A G O 4  

AG-05 

AGO6 

A G O 7  

A G l O  

A G l l  

AG-13 

A G 1 4  

NO3-N 

TKN 

NO3-N 

TKN 

N O ~ - N  

TKN 
NO 3-N 

TKN 

NO3-N 

TKN 
NO 3-N 

TKN 
N O ~ - N  

TKN 
NO 3-N 

TKN 

NO3-N 
TKN 

NO 3-N 

TKN 

NO 3-N 
TKN 

Q 
Q 
- 

T 
T 

Qi 

Q 
Qi 
T 

- 

-1.98 e 92 

-0.11 09 

-3.40 .50 

M . 0 5  .49 
-0.36 -.08 
-0.08 .45 
-0.09 - . lo 
#. 20 . 4 1  
-0.59 -.04 

-1.31 .15 
M. 10 .09 

-0.85 .30 
-2.65 81  

$0.21 .13 

+O. 30 .59 

-0.12 -.05 

-4.19 + .86  

-.41 

+. 80 

+l. 55 

-1.97 
+ l .  06 
-3.26 

+2.76 

-1.97 
+l. 49 

0.0 
0.0 
0.0 

-4.76 

-. 74 

-7.62 

+6 .53  
-1 .71  

.53** 

.32** 

.49** 

.62** 

.17** 

.61** 

.25** 

58** 
.20** 

.21** 

.lo** 

.59** 

.48** 

.25** 

.46** 

. ll** 

.51** 

208 

208 

7 2  
385 

385 
208 

208 
422 

422 

108 
72  
72 

383 

383 

195 
1 9 2  

83 

** 
denotes  r va lue  s i g n i f i c a n t  a t  p = .01 l e v e l .  

t r e g r e s s i o n  of form Ln NO3MO2 Bo + B 1  tnQ + B2Q. 
T ve ry  low C o e f f i c i e n t s  of de te rmina t ion .  

.. 
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of t h i s  c o n t r i b u t i o n .  The r e l a t i v e  c o n t r i b u t i o n  of s u r f a c e  ve r sus  groundwater 
flow t o  t o t a l  stream N load ings  w a s  no t  a s ses sed  s i n c e  baseflow and s u r f a c e  
runoff  s e p a r a t i o n s  were no t  performed f o r  t h e s e  watersheds.  
i nhe ren t  i n  such a n a l y s i s  were o u t l i n e d  by Gillham st&. (1977) .  

The d i f f i c u l t i e s  

However, NO3-N concen t r a t ions  f o r  t h e  a g r i c u l t u r a l  watersheds dur ing  
pe r iods  of baseflow r e c e s s i o n  i n  January 1976 v a r i e d  from watershed t o  water- 
shed. Highest  NO3-N concen t r a t ions  (Table 5-5) occurred  i n  watersheds wi th  
h igh  N f e r t i l i z a t i o n  rates and high corn hec tarage .  
such cond i t ions  conta ined  a h igh  component of gioundwater flow, t h e  N con- 
t amina t ion  of a t  least  t h e  near stream groundwater is a d i s t i n c t  p o s s i b i l i t y .  

Since stream flow under 

Most of t h e  a g r i c u l t u r a l  watersheds had s t a t i s t i c a l l y  s i g n i f i c a n t  p o s i t i v e  
r e l a t i o n s h i p s  between d i scha rge  and t o t a l  Kje ldahl  N of a s i m i l a r  form t o  t h a t  
f o r  NO3-N (Table 5-4)  but  of low R2 va lues  i n d i c a t i n g  a wide s c a t t e r  i n  the  
p l o t  of TKN a g a i n s t  d i scharge .  The h igher  v a r i a b i l i t y  of TKN may r e f l e c t  t h e  
dependence of t h i s  concen t r a t ion  on v a r i a t i o n  of both d ischarge  and sediment 
concent ra t ion .  

5.1.6 Re la t ionsh ip  t o  watershed c h a r a c t e r i s t i c s  

C o r r e l a t i o n  ana lyses  between monthly f low weighted mean d i s so lved  N 
concen t r a t ion  and the  watershed c h a r a c t e r i s t i c s  (Table 3-1) suggested t h a t  
watersheds wi th  g r e a t e r  corn hec tarage  t i l e  dra inage  area and f e r t i l i z e r  N 
i npu t  had h ighe r  monthly d i s so lved  N concen t r a t ions  (Table 5-6). 
f i c a n t  c o r r e l a t i o n s  occurred dur ing  the  Nov.-May per iod  of each year .  These 
t h r e e  watershed c h a r a c t e r i s t i c s  were n o t  independent s i n c e  they were a l l  i n  
t u r n  c o r r e l a t e d  wi th  row crops.  I n  a d d i t i o n ,  t h e r e  w a s  no adequate  index 
among a l l  watersheds of n a t i v e  s o i l  N f e r t i l i t y .  Consequently, i t  was no t  
p o s s i b l e  t o  test whether h igh  watershed s o i l  organic-N con ten t s  a lone  would 
r e s u l t  i n  h igh  DN con ten t s  of runof f .  

Most s i g n i -  

Negative r e l a t i o n s h i p s  between stream DN concen t r a t ions  and watershed 
area of woodland suggested lower concen t r a t ions  of Dlu i n  runoff  rrom water- 
sheds wi th  ex tens ive  wooded areas. It should fo l low from t h i s  t h a t  i nc reased  
wooded area i n  a watershed would decrease  stream DN concent ra t ion .  There were 
a small number of s i g n i f i L a n t  c o r r e l a t i o n s  a t  v a r i o u s  times between housing 
d e n s i t y ,  e r o s i o n  p o t e n t i a l ,  stream g r a d i e n t ,  and stream DN concen t r a t ion .  
There were no t  a s u f f i c i e n t  number of t n e s e  c o r r e l a t i o n s  t o  sugges t  any i m p o r t a n t  
t r ends .  With the  except ion  of scream g r a d i e n t ,  a l l  of t h e s e  c o r r e l a t i o n s  
occurred wi th  land  u s e  v a r i a b l e s .  
occur red  between t h e  June stream concen t r a t ions  and watershed area of pol-  
l u t i o n  group 5 s o i l s .  Since t h i s  s o i l  grouping contained f i n e  and medium 
t ex tu red ,  poor ly  d ra ined  s o i l s ,  i t  would appear t h a t  l a r g e  areas of such 
soils, can mean h igh  June stream N conten ts .  Higher s o i l  mois ture  con ten t s  
and reduced i n f i l t r a t i o n  of such s o i l s  t oge the r  w i th  low crop  cover  may r e s u l t  
i n  more storm runoff  of h igher  DN concen t r a t ion  i n  t h i s  month, 

The only s i g n i f i c a n t  c o r r e l a t i o n  wi th  s o i l s  

Elevated TKN concen t r a t ions  occurred on watersheds wi th  more impermeable 
s o i l s  as suggested by p o s i t i v e  c o r r e l a t i o n s  of monthly TKN concen t r a t ion ,  
average watershed c l a y  conten t  and Z of s o i l  area i n  r e l a t i v e l y  impermeable 
p o l l u t i o n  group 5 o r  hydro logic  class D s o i l s  (Table 5-7). The runoff  trom 
t h e s e  watersheds,  con ta in ing  a h igher  relative p ropor t ion  of s u r f a c e  runof f ,  
w a s  enr iched  i n  t h e  s o l u b l e  organic-N and sediment a s soc ia t ed  exchangeable 
NHt o r  organic  -N de tec t ed  as TKN. 
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Tab le 5-5. Summary of NO3-N concentration in streamflow from agricultural 
watersheds in non-thaw periods, January 1976 and regression 
relationship between these mean concentrations and watershed 
fertilizer N input. 

WATERSHED NUMBER OF SAMPLES HEAN 
NO3-N 
-mg IL- 

A G O 1  - - - -  frozen - - - - - - 
A G O 2  1 0.80 

A G - 0 3  15 6.59 

A G O 4  1 1.91 

AG-05 22 

A G O 6  3 

5.16 

2.79 

AG-07 2 0.61 

A G l O  19 0.91 

A G 1 1  - no measurements - 
AG- 13 3 7.06 

REGRESSION R E L A T I O N S H I P  

Y 1 1.03 + 0.81 X r=Q.84** 

where Y =mean January watershed 
NO3-N concentration (mg/L) 
X = fertilizer N input (kg/water- 
shed ha) 

AG- 14 3 0.55 



Table 5-6. Significant correlations* between monthly flow weighted disso lved  N 
concentrations and various land use and soil characteristics for the 
11 agricultural watersheds, January 1975 - December 1976. 

Monthly mean dissolved N concentration (u;:) 

WATERSHED 1975 1976 
CHARACTERISTIC F M A M J J A S 0 N D J F M A M J J A S 0 N D 

corn ( 2 )  + + + +  + + + + + + +  + + +  
woodland (%) - - - 
tile drainage (%) + + +  + + + + + + +  
Fert-N (kg/ha) + f +  + + +  + + +  
Man-N (kg/ha) 

Housing density 
(houses /km2) 

Stream gradient 
( m / W  

Erosion 
potential 
(MT/ha) 

K I N D  OF SOIL 

+ +  

+ + 

Pollution Group + 
5 ( % I  

+ + 
+ 

+ 

+ 
_ _ ~  ~ 

* 
-positive (+) or negative (-> correlation significant at least at the 5% level. 
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Land use ac t iv i t i e s  seemed of secondary importance i n  a f f e c t i n g  TKN 
concent ra t ion .  
r e l a t e d  t o  land use  wi th  a small number of s i g n i f i c a n t  c o r r e l a t i o n s  occur r ing  
among l i v e s t o c k ,  housing d e n s i t y ,  t i l e  dra inage ,  corn hec tarage ,  wooded area 
and monthly TKN concen t r a t ions  (Table 5-7). Thus, manipulat ion of land  
management may have less impact on t h a t  p o r t i o n  of N l o s t  as TKN.. 

Monthly f low weighted TKN concen t r a t ions  were only  s l i g h t l y  

5.1.7 Re la t ionsh ip  t o  watershed f e r t i l i z a t i o n  

Amounts of f e r t i l i z e r  N used i n  t h e s e  watersheds ranged from 30 000 kg 
(12.0 kg/watershed ha)  i n  AG-11 t o  about  300 000 kg (58.4 kg/watershed ha) i n  
AG-01 (Table 5-8). I f  t h e  assumption were made t h a t  on ly  recommended rates* 
of 130 kg N/ha f o r  corn ,  50 kg N/ha f o r  hay and p a s t u r e  and 30 kg N/ha f o r  a l l  
s m a l l  g r a i n s  were app l i ed ,  watershed a p p l i c a t i o n  rates exceeded recommended 
ra tes  i n  watersheds AG-,O1, AG-02 and AG-13. This  s i t u a t i o n  probably r e f l e c t e d  
h igh  N f e r t i l i z e r  ra tes  on t h e  l a r g e  amounts of corn ,  vege tab le s ,  and bur ley  
tobacco found i n  t h e s e  watersheds.  

From about  40-902 of N a p p l i c a t i o n  i n  t h e  surveyed watersheds was appl ied  
on corn  (Table 5-8). I f  N is t o  be conserved i n  a g r i c u l t u r a l  watersheds,  i t  
i s  c l e a r  t h a t  a c l o s e  matching of N f e r t i l i z a t i o n  t o  N needs by corn would be 
a major cons ide ra t ion  i n  such p l ans .  Furthermore,  s i n c e  corn area and tons of 
N f e r t i l i z e r  s o l d  i n  Ontar io  showed 4- and 6-fold i n c r e a s e s  r e s p e c t i v e l y  from 
1960 t o  1976 (Fig.  5-2) with  no apparent  slowdown i n  t h e  ra te  of i n c r e a s e ,  N 
l o s s e s  from a g r i c u l t u r a l  watersheds may increase u n l e s s  t h e r e  i s  a b e t t e r  
matching of N f e r t i l i z a t i o n  and corn  requirements  f o r  N i n  the  f u t u r e .  The 
f u t u r e  increased  c u l t i v a t i o n  of corn  i n  lower h e a t  u n i t  areas could r e s u l t  i n  
i nc reased  N loads  e s p e c i a l l y  t o  Lake Huron and Lake Ontar io .  

5 .2  Watershed stream N loadings  

Using the  Beale r a t i o  e s t ima t ion  technique (Hydroscience, 1976) ,  u n i t  
area annual  N stream load ings  (W/watershed a r e a )  were c a l c u l a t e d  f o r  each of 
t h e  11 a g r i c u l t u r a l  watersheds f o r  1975 and 1976 as: 

W = Q . 9. (1 + l / n  . MyMx) 
- s x y  

M X  (1 + l / n  . S X ~ )  
K 2  

wi th  a v a r i a n c e  (V) of 

where - 
Q -  
n -  

M x -  

- 

MY - 

mean loading  over  t i m e  i n t e r v a l  of i n t e r e s t  

mean flow 
number of measurements 
n 
EQi/n 
n 
CQici/n 

*These rates were taken from Coote, D.R., Macdonald, E.M. and G . J .  Wall. 1974. 
A g r i c u l t u r a l  Land Use, l i v e s t o c k  and s o i l s  of t h e  Canadian Great Lakes Basin. 
Report t o  Task C. 
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Table 5-7.  Significant correlations* between montly flow weighted total 
Kjeldahl N concentrations and various land use and 80il 
characteristics for the 11 agricultural vatersheds, February 
1975 - December 1976. 

Monthly mean total Kjeldahl N concentration (rng/L) 

WATER SHED 1975 1976 
C W C T E R I S T I C  F M A M J J A S 0 N D J F M A M J J A S 0 N D 

Livestock (ani- + + 
mal unitslha 

Housing density 
( m i  t s /km* ) 

Wooded area (%) 

Tile drainage (%) 

Corn (7 . )  

KIND OF SOIL 

Clay ( X )  

S o i l  Pollution 
Group 5 (7.) 

S o i l  Hydrologic 
Class D 

Soil Hydrologic 
Class B 

+ + +  
+ 

+ 

+ 

+ + 

+ + + + + + + +  
+ + + + + + +  + 

+ 

+ 

* 
positive (+; or negative (-1 correlations significant at l e a s t  at the  52 level. 
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Table 

WATERSHED 

A G O 1  

A G O 2  

A G O 3  

AGO4 

AG-05 

A G O 6  

A G O 7  

A G l O  

A G l l  

A G 1 3  

Ar- 14 

5-8. Total fertilizer N used*, X of total used on corn, and X corn 
hectarage for the 11 agricultural watersheds. 

FERTILIZER N 
kg.N 

302 , 604. 

210,073. 

200,409. 

30,569. 

134,501. 

59,230. 

91,448. 

40,507. 

29,984. 

138,670. 

41,212. 

PERCENT 
APPLIED 
TO CORK 

60.9 

39.2 

66.6 

73.7 

90.5 

67.1 

73.8 

57.2 

49.0 

45.0 

72.7 

CORN HECTARAGE ACTUAL N USE AS A 2 + 

X of WATERSHED OF RECOMMENDED USE 

24.5 172.8 

10. 

32. 

19. 

109.6 

70.6 

25.8 

44. 74.8 

13. 31.7 

13. SO. 8 

17. 

12. 

27.5 

31.0 

31.0 

122.9 

10. 17.5 

* 
figures compiled from Agricultural Watershed Land Use Activities Report by 
R. Frank and B. Ripley (1977). 

t assuming N would be applied at 100 kg Nlha on all corn, 50 kg/ha on all hay 
and pasture and at 30 kglha on a l l  small grains within each watershed. 
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2 sx - ZQi2-n.Mx < 
n 

A 

n-1 

S2 - C(QiCi) - n.My 
n- 1 

2 2 n 

Y 
n 

Sxy - CQi(QiCi) - n.My.Mx 
n-1 

Q i  and C i  are d i s c r e t e  measurements of fl;w acd concen t r a t ion  c o l l e c t e d  
i n  the  t i m e  i n t e r v a l  over which the  loading  i s  t o  be determined. 

Since f o r  most watersheds,  1976 w a s  t h e  most i n t e n s i v e l y  sampled year  
(Table 3-2), t h e  fo l lowing  d i s c u s s i o n s  w i l l  be concerned wi th  load ings  dur ing  
t h i s  year .  

5 .2 .1  NO? l oad ings  

Annual N l oad ings  f o i  1976 ranged from 2 . 1  k 0.2 kg N03-N/ha f o r  AG-07 t o  
37.4 t 2.2 kg N03-N/ha f o r  AG-03 (Table 5-9). 
loading  range has been previous ly  noted i n  the  l i t e r a t u r e  review ( s e c t i o n  2 ) .  
Consequently,  t he  loadings  from watershed AG-03 were similar t o  t o t a l  N 
loadings  measured from corn c u l t i v a t i o n  i n  Iowa (Schuman e t  a l . ,  1973; Burwell 
- e t  _. a1 9 1974) a l though f o r  AG-03 most of t h e  N was l o s t  as s o l u b l e  NO3-N 
r a t h e r  than i n  a s s o c i a t i o n  wi th  the  sediment as found I n  Iowa. 
NO3-N stream loading  from AG-07 was comparable t o  the  2.4 kg N03-N/ha loading  
frum woodland i n  Coshocton, Ohio (Taylor e t  a l . ,  1971) bu t  g r e a t e r  than the  
0.4 kg/ha NO3-N loading  from rangeland i n  southwestern Ontar io  (Campbell and 
Webber, 1969).  

A 0.2 t o  37.1 kg t o t a l  N/ha 

The 2 . 1  kg 

Watersheds wi th  more than 20% corn area had stream N loadings  exceeding 
10 kg N03-N/ha. 
c h a r a c t e r i s t i c s  suggested more NO3-N fram watersheds wi th  more corn ,  t i l e  
dra inage  and f e r t i l i z e r  N i n p u t  (Table 5-10). C o r r e l a t i o n s  were p a r t i c u l a r l y  
s t r o n g  between win te r  N loadings  and corn  hec tarage .  Elevated N loadings  
from land  cropped t o  corn have been previous ly  noted i n  t i l e  dra inage  (Bolton 
- e t  _*  a1 ’ 1970) and from watersheds h igh  i n  corn  hec tarage  (Nei lsen and Mackenzie 
1977a).  

C o r r e l a t i o n s  between monthly NO3-N loadings  and watershed 

There w a s  a c l o s e  r e l a t i o n s h i p  between seasona l  runoff  p a t t e r n  and NO3-N 
l oad ings  f o r  a l l  watersheds (Fig.  5-3 - 5-6 a , b ) .  For example, t he  l a r g e s t  
monthly loadings  occurred i n  Feb. o r  Mar. a t  t h e  t i m e  of peak s p r i n g  m e l t  
r unof f .  Apparent anomalously l a r g e  monthly loadings  from AG-01 i n  June 1975 
and frcm AG-13 i n  J u l y  1976 (Fig. 5-4b) coincided wi th  h igh  monthly runoff 
(Fig.  5-4a). 
loading  v a r i a t i o n .  
has  a l s o  been found f o r  phosphorus (Sharpley e t  a l . ,  1976).  Therefore ,  accu ra t e  
modelling of NO3-N load ings  would depend upon adequate  model l ing of d ischarge ,  
p a r t i c u l a r l y  t h e  s p r i n g  m e l t  events .  
r e g a r d l e s s  of t he  miignitude of annual  l oad ings ,  occurred dur ing  Nov.- Apr i l  i n  
t h e  winter and s p r i n g  thaw pe r iods .  

This  suggested t h a t  v a r i a t i o n  i n  d i scha rge  c o n t r o l l e d  NO3-N 
The importance of d i scha rge  i n  n u t r i e n t  loading  v a r i a t i o n  

For a l l  watersheds,  most l oad ings ,  

A t  t h e s e  times, t h e r e  would be no a c t i v e  
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Table 5-9. 

WATERSHED 

A G O 1  

A G O 2  

AGO3 

AGO4 

AG-05 

AGO6 

AGO7 

A G l O  

A G l l  

AG- 13  

A G  1 4  

1975 and 1976 u n i t  area NO3-N and t o t a l  Kjeldahl-N loadings”,  
s t anda rd  d e v i a t i o n s  and X of t o t a l  N l o s t  as TKN f o r  Southern 
On ta r io  a g r i c u l t u r a l  watersheds  as c a l c u l a t e d  u s i n g  t h e  Beale 
r a t i o  estimator. 

Kjeldahl-N as a 
NO 3-N Kj eldahl-N 

1975 1976 1975 1976 
- _ - _  - -. - - kg/ha/yr - - - - - - - - 

18.42 8.7 

3.22 0.6 

39.05 7.6 

18.6512.0 

15.72 5.2 

9.95 1.0 

2.25 1.0 

7.02 2.3 

--- 
32.12 2.4 

3.12 0.6 

10.7k4.0 

6.220.7 

37.422.2 

14.921.4 

24.126.0 

11.421.2 

2.120.2 

7.1t0.9 

8.321.0 

21.0i2.7 

5.322.1 

10.824.0 

3.022.5 

4.851.1 

5.823.0 

5.023.1 

3.820.3 

4.226.4 

9.421.1 

3.920.7 

3.320.4 

5.32 1 . 5  

2.220. 2 

4.220.4 

5.421.9 

7.023.7 

3.020.2 

1.120.1 

8.520.6 

2.820.4 

4.220.7 

4.121.1 

weighted X (TKN/Total N) 

X of t o t a l  N - - - x - - -  
1975 1976 

37. 

48. 

11. 

24. 

24. 

28. 

66. 

57. 

-- 
11. 

52. 
32. 
- 

33. 

34. 

10. 

27. 

23. 

21. 

34. 

55 

25 

17.  

44. 

25. 
- 

*computed by B. Bodo (HOE, On ta r io ) .  
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Table 5-10. Significant correlations* between monthly unit area loadings of 
NO3-N and various land use and soil characteristics for the 
11 agricultural watersheds, April 1975 - December 1976. 

Monthly N03-N loading (@/ha) 

WATERSHED 1975 1976 
CHARACTERISTIC A M J J A S 0 N D J F H A M J J A S 0 N I! 

WND USE 

corn ( X )  + + + + + +  + + 
tile drainage ( X )  + + +  
Fert.-N (kg/ha) + + 
Man.-N (kg/ha) 

KIND OF SOIL 

HYDR. Class B + 

+ 

+ 
HYDR. Class C + 

*positive (+) or negative (-) correlation significant at least at the 52 level. 
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F i g .  5-3 Monthly runoff  and Naquadat NO3-N and 
watersheds AG-03, AGO4 and AG-05, 1975-1976. 

loadings  f o r  a g r i c u l t u r a l  
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Fig. 5-4 Monthly runoff and Naquadat NO3-N and TKN loadings f o r  agricultural 
watersheds AGO1, AG-02 and AG-13, 1975-1976. 
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Fig. 5-5 Monthly runoff and Naquadat NO3-N and 'I" l o a d i n g s  for agricultural 
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Fig. 5-6 Monthly runoff and Naquadat NO3-N and T U  loadings for agricultural 
watersheds AGll and AG-14, 1975-1976. 
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p l a n t  growth and large amounts of p e r c o l a t i n g  water t o  l e a c h  watershed s o i l s .  
There w a s  a l s o  f i e l d  evidence (Kowalenko, 1978) t o  suggest  t h a t  l o s s  of N by 
d e n i t r i f i c a t i o n  may be  l i m i t e d  by t h e  coo l  temperatures  of l6 te  f a l l  and 
win ter .  
per iod  would r e s u l t  i n  s i g n i f i c a n t  annual  conserva t ion  of N. Wide-spread 
f a l l  cover cropping could r e s u l t  i n  t he  temporary immobil izat ion wi th in  the  
r o o t  zone of cons ide rab le  N as organic  -N and mean s i g n i f i c a n t  dec r sases  of 
w in te r  N loadings .  F a l l  cover  cropping would n o t  be a p r a c t i c a l  cons ide ra t ion  
f o r  all. c rops .  For example, g r a i n  corn is  no t  harves ted  u n t i l  l a t e  
October a l lowing  l i t t l e  time t o  e s t a b l i s h  cover c rops  a f t e r  ha rves t .  

E f f o r t s  t o  reduce s o i l  NO3 con ten t  p r i o r  t o  t h i s  h igh  runoff  

5.2.2 Kjeldahl-N load ings  

1976 TKN load ings  rates ranged from 1.1 rt 0.1  kg N/ha from AG-07 t o  8.5 k 
0.6 kg N/ha from AG-10 (Table 5-9). Kjeldahl-N comprised from 10-552 (with a 
25% weighted average)  of t he  t o t a l  1976 N loading  from a l l  watersheds.  From 
s i m i l a r l y  s i z e d  St .  Lawrence Lowland watersheds,  Nei lsen and MacKenzie (1977b) 
es t imated  t h a t  40% of t G t a l  N loads  occurred as exchangeable and p a r t i c u l a t e  
N a s s o c i a t e d  with sediment.  However, only watersheds AG-01, AG-04, AG-05 and 
AG-10 l oad ings  exceeded 5.0 kg TKN/ha i n  1976. 
r ep resen ted  an important  f r a c t i o n  of N l oad ings  from t h e s e  watersheds.  The 
f r a c t i o n  w a s  no t  as h igh  as t h e  70-90% of sediment N ,  de tec t ed  as TKN, l o s t  
t o  stream runoff  from smaller (5-150 ha) watersheds i n  southwestern Iowa and 
c e n t r a l  Oklahoma (Burwell e t  a l . ,  1974; Olness e t  a l . ,  1975).  For watershed 
AG-10 TKN comprised a l a r g e r  p o r t i o n  of t o t a l  N loadings  than NO3-N. 
t h i s  watershed had h i g h e s t  l i v e s t o c k  d e n s i t i e s  on impermeable c l a y  s o i l s ,  such 
watersheds may have a tendency foz h igher  l oad ings  of less oxidized N forms. 

On average,  TKN l oad ings  

-- -- 
Since 

Unlike TKN concen t r a t ion ,  t h e r e  w a s  no c l e a r  i n d i c a t i o n  of watershed 
c h a r a c t e r i s t i c s  c o n s i s t e n t l y  a f f e c t i n g  watershed t o t a l  Kjeldahl-N loadings .  
A small number of p o s i t i v e  c o r r e l a t i o n s  occurred between v a r i a b l e s  such as 2 
corn ,  Z t i l e  dra inage ,  l i v e s t o c k  d e n s i t y ,  housing d e n s i t y ,  mean c l a y  con ten t ,  
e t c .  and v a r i o u s  monthly TKN unit  area loadings  (Table 5-11). No r e l a t i o n -  
s h i p s  were c o n s i s t e n t  dur ing  t h e  1975-76 sample per iod .  

Most of annual  TKN loadings  occurred i n  t h e  Nov. - A p r i l  per iod  wi th  
h i g h e s t  monthly load ings  i n  e i t h e r  February o r  more f r e q u e n t l y  March (Fig. 5 -  
3c t o  5-6c). A s  wi th  NO3-N, t h e  inc reased  d ischarge  dur ing  t h e s e  times was the  
most important  e f f e c t  on increased  TKN loadings  rates s i n c e  TKN concen t r a t ion  
inc reased  a t  rates much less than t h e  i n c r e a s e  i n  d ischarge .  
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Table 5-11. S igni f icanL c o r r e l a t i o n s *  between monthly u n i t  area load ings  
of t o t a l  K je ldah l  N and v a r i o u s  land  use  and s o i l  c h a r a c t e r i s t i c s  
f o r  t h e  11 a g r i c u l t u r a l  watersheds,  Feb, 1975 - December 1976. 

loading  of t o t a l  Kje ldahl  N 
(kg/ha) 

WATERSHED 
CHARACTERISTIC 

LAND USE 

corn  ( X )  

Fert.-N (kg/ha) 

Man.-N (kg/ha) 

t i l e  dra inage  (2) 

l i v e s t o c k  
(animal u n i t s / h a )  

housing de s i t y  
(houses/km s ) 
e r o s i o n  p o t e n t i a l  

KIND OF SOIL 

mean clay 
con ten t  (2 )  

Boil  p o l l u t i o n  
Group 5 

1975 1976 F M A M J J A S O N D J F  M A M J J A S O N D  

+ +  
+ 

+ 

+ +  

+ 

+ 

+ 

+ 

+ + 
+ 

HYDR. Class D ( X )  - +  

s i n g l e  month c o r r e l a t i o n s  occur wi th  2 of roads ,  X of c e r e a l s ,  
p a s t u r e  and area in h e c t a r e s .  

* p o s i t i v e  (+) o r  nega t ive  (-) c o r r e l a t i o n s  s i g n i f i c a n t  a t  least  a t  t h e  5% level. 
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6. THE SECTORS OF THE SAUGEEN AND GRAND 

6 . 1  River N Concentrat ions 

6.1.1 T o t a l  Kje ldahl  N 

I n  t h e  Saugeen (Fig. 3-2) average f low weighted TKN concent ra t ions  v a r i e d  
from 0.42 mg/L, North Saugeen (SR-5) t o  0.78 mg/L, South Saugeen (SR-2) (Table 
6-1). I n  t h e  Grand, a range i n  mean s e c t o r  o u t l e t  TKN concent ra t ions  of 0.66 
mg/L (Horner) t o  1.76 mg/L (Middle Grand) w a s  observed (Table 6-2). Although 
Saugeen r iver  TKN c o n c e n t r a t i o n s  were, w i t h  t h e  except ion of SR-2, lower than  
any a g r i c u l t u r a l  watersheds,  AG-14, which composed 1 /22  area of SR-6 had a 
s imi la r  TKN c o n c e n t r a t i o n  of 0.73 mg/L. TKN concent ra t ions  i n  t h e  
Grand s e c t o r s  were i n  t h e  mid-range of those  observed f o r  t h e  smaller a g r i -  
c u l t u r a l  watersheds.  AG-04, a subbasin of t h e  Middle Grand s e c t o r ,  had a flow 
weighted TKN c o n c e n t r a t i o n  of 1 .51 mg/L compared t o  t h e  middle Grand (1.76 
mg/L). 
acreages  of corn and p o t a t o e s  (Table 6-3). Consequently, t h e  d i f f e r e n c e s  i n  
land  use between t h e  s m a l l  a g r i c u l t u r a l  watersheds and s e c t o r s  of t n e  GLand 
and Saugeen could e x p l a i n  d i f f e r e n c e s  i n  TKN concent ra t ion .  

Increased TKN c o n c e n t r a t i o n  w a s  p o s i t i v e l y  a s s o c i a t e d  w i t h  h igher  

Unlike t h e  smaller a g r i c u l t u r a l  watersheds,  TKN c o n c e n t r a t i o n  w a s  n o t .  
p o s i t i v e l y  a s s o c i a t e d  wi th  impermeable s o i l s  ( a s  i n d i c a t e d  by a h igher  water- 
shed 2 c l a y ) .  This  may r e f l e c t  t h e  reduced u s e f u l n e s s  of t h e  2 c l a y  index on 
l a r g e r  areas of land where e x t e n s i v e  h e c t a r a g e s  of s o i l s  of d i f f e r i n g  s u r f a c e  
s o i l  t e x t u r e s  could be expected.  For example, t h e  s i x  Saugeen s e c t o r s  showed 
a 16-20% range i n  2 c l a y  compared t o  t h e  6-40% range i n  t h e  small a g r i c u l t u r a l  
watersheds . 

I n  t h e  Saugeen, f l u w  weighted N03-N concent ra t ions  ranged frvm 0.45 t o  
1.04 mg/L wi th  a 0.76 mg/L va lue  a t  t h e  mouth of t h e  Saugeen. I n  t h e  Grand, 
v a l u e s  ranged from 0.58 t o  3.34 mg/L wi th  a 2.31 mg/L Grand River average.  
The Saugeen s e c t o r  c o n c e n t r a t i o n s  were similar t o  those  of streams d r a i n i n g  
t h e  least  a g r i c u l t u r a l l y  i n t e n s i v e  watersheds (AG-07, AG-14, and AG-02). 
There w a s  a s imilar  i n t e n s i t y  of a g r i c u l t u r a l  l and  use i n  both sets of water- 
sheds s i n c e  corn p l u s  p o t a t o e s  ranged from 10-182 of t o t a l  area f o r  t h e  less 
in tens ive  a g r i c u l t u r a l  w a t e r s h e d s  w h i l e  5-16% of' total area was in these c r o p s  
i n  t h e  Saugeen. I n  t h e  Grand s e c t o r s ,  NO3-N c o n c e n t r a t i o n s  were h igher  than  
t h e  Saugeen b u t  similar t o  t h e  mid-range of t h e  v a l u e s  f o r  t h e  a g r i c u l t u r a l  
watersheds.  The Horner s e c t o r  which had roughly e q u i v a l e n t  land  use  a c t i v i t i e s  
t o  those  of AG-04 had a n  average NO3-N concent ra t ion  of 3.34 mg/L compared t o  
3.75 mg/L (AG-04). 

I n  t h e  Grand and Saugeen, NO3-N concent ra t ions  were n e g a t i v e l y  c o r r e l a t e d  
wi th  area of hay and p a s t u r e ,  r e f l e c t i n g  a decreased NO3-N concent ra t ion  
when s e c t o r  areas of hdy and p a s t u r e  w e r e  l a r g e .  Such a s s o c i a t i o n s  d i d  n o t  
occur  i n  t h e  a g r i c u l t u r a l  watersheds s i n c e  area i n  hay and p a s t u r e  was n o t  
n e g a t i v e l y  c o r r e l a t e d  wi th  f e r t i l i z e r  i n p u t  as i n  t h e  Grand and Saugeen 
(Table 6-3). 
d i f f e i - ences  i n  land use.  
was measured a t  a g r i c u l t u r a l  watershed AG-03 w i t h  33.2% c o r n  p l u s  p o t a t o e s .  
I n  t h e  s e c t o r s  of t h e  Grand and Saugeen which had lower NO3-N c o n c e n t r a t i o n s ,  
corn p l u s  p o t a t o e  area d i d  no t  exceed 28%. 

Sec tor  NO3-N c o n c e n t r a t i o n s  d i d  n o t  s e e m  unreasonable  given 
For example, t h e  maximum 5.62 mg/L NO3-N average 

52 



Table 6-1. O u t l e t  f low weighted TKN and NO -N c o n c e n t r a t i o n s  (1975-1976), 
1976 t o t a l  and u n i t  a r e a  TKN and NO3-N l o a d i n g s ,  5% conf idence  
limits L975-1976 from s e c t o r s  and from t h e  basin, of 
Saugeen River .  t 

SECTOR Z of Number TK?? LOADING NO3 L O A D I N G  TKN 
Bas in  of  Conc. T o t a l  Uni t  Area Conc. T o t a l  Unit  Area Z 

Samples O u t l e t  Loading Loading O u t l e t  Loading Loading T o t a l  
n (mg/L) (mt) (kg-N/ha) (mg/L) (mt) (kg-K/ha) N 

1. 10 

5% C.L.(75-76) 

2. 15 

3. 

* 
4. 

5. 

6. 

Component ** 
S e c t o r  Sums 

t 

* 

** 

29 

17 

6 

23 

100 

.46 

111 

.7a 

11 3 

.50 

134 

.60 

122 

.42 

100 

.59 

455 

.59 

88.6 

266.0 

169.1 

218.8 

61.6 

449.9 

2.3 

i.24 

4 . 4  

f1.7 

1.5 

3.3  

k.3 

2.5 

k.3 

5.0 

.45 87.5 2.3 50. 

+ . 2 2  

.97 358.1 6.0 42. 

2.7 

.82 537.9 4.8 24. 

1.04 409.6 6.2 35. 

2.5 

-59 89.04 3.6 41. 

t.6 

. 9 6  670.0 7.5 40 .  

WHOLE SAUCEEN RIVER BASIN 

1254 3 . 2  .96 2152.1 5.0 39. 

+.3 f.3 

3.3 5.5 

c o u r t e s y  Water Q u a l i t y  S e c t i o n .  O.M.O.E. (1977). 

no conf idence  limits ( a s s o c i a t e d )  w i t h  l o a d i n g s  frwm sec tors ,  composed of more than  
one watershed .  

- Z unit l o a d i n g  x F r a c t i o n a l  area (summed over a l l  s e c t o r s )  
1. i i 
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O u t l e t  f low weighted TKN and NO -N c o n c e n t r a t i o n s  ( 1 9 7 5 -  3 Table 6 - 2 .  
1 9 7 6 )  and 1 9 7 6  t o t a l  and u n i t  area TKN and N03-N l o a d i n g s  from 
s e c t o r s  and from t h e  b a s i n  of t he  Grand R ive r .  t 

S e c t o r  9: of Area T m  L O A D I N G  N O  -N LOADING 
Basin (ha) Conc. T o t a l  Unit  Area Conc T o t a l  ’ Uni t  Area 2 Number 

O u t l e t  Loading Loading O u t l e t  Loading Loading T o t a l  o f  
(mg/L) (mt) (kg-N/ha)  (mg/L) ( m t )  (kg-N/ha) Samples  

( n) 
UPPER GRAND 1 2 .  79512  .76 2 5 2 .  3 . 2  .58  192  2 . 4  5 7 .  95 

COhWESTOGA 1 2 .  77459  . 8 3  3 4 3 .  4 . 4  1 . 6 2  6 6 8  8 . 6  3 4 .  1 1 3  

MIDDLE GRAND 2 9 .  1 9 3 8 3 5  1 . 7 6  1 8 1 8 .  9 . 4  2 . 4 1  2142 11.1 3 2 .  2 1 4  

N I T H  1 6 .  103439  1 . 4 2  584 5 . 7  2 . 4 4  1 0 0 6  9 . 7  37 .  150 

BRANTFORD .44 29308  1 . 3 2  -109 .  -3 .7 2 . 1 8  335 1 1 . 4  -- 1 0 6 .  

1 7 .  5 2 .  HORNER .66 38438  .66 1 2 2 .  3 . 2  3 . 3 4  616  1 6 . 0  

CALEWNIA 1 2 .  7 7 0 6 5  1 . 6 0  9 0 3 .  1 1 . 7  2 . 1 2  2 0 3  2 . 6  8 2 .  9 6 .  

DUNNVILLE .10 6 3 7 6 3  1.08 - 9 6 4 .  -15 .1  2 . 3 1  1162  1 8 . 2  -- 4 6 6 .  

WHOLE GRAhQ R I V E R  BASIN 

100 662819  1.08 2949  4 . 5  2 . 3 1  6324 9 . 5  -- 4 6 6 .  

Component 
S e c t o r  Sums* 4 . 5  9 . 6  32 

+ cour t e sy  Water Q u a l i t y  S e c t i o n ,  O . M . O . E .  ( 1 9 7 7 ) .  

* = Z u n i t  l o a d i n g * F r a c t i o n a l  a r e a  (summed over a l l  s e c t o r s )  
i i i 
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T a b l e  6-3. 

N1 

N2 

N3 

N4 

Fertflircr 
input 

Manure H 
input 

NO3-N 
loading 

NO3-N 
conc entration 

TKN 
concentration 

Clay ( X I  

Matrix of .01 level correlation coefficients between N loadings and 
concentrations and land use activity parameters in the Grand and 
Saugeen watersheds. 

N l t  N 2 t  

1.00 - I  

1-00 

N3t N4t Fertilizer 
Input 

kg/ha 

-0.81 -0.76 0.98 

- 0.84 - 
1.00 0 . 7 3  -0.85 

-1.00 -0.84 

1.00 

Hanur e 
N 

input 
kg /ha 

- 
- 
- 

-0 .78 

- 
1.00 

NO3-N NO3-N TKN 
loading concen- concen- 

tration tration 
kg/ha mg/L mg/L 

0 . 7 3  0 .87  0.81 

-0.88 -0.95 - 
-0.69 - 0 . 7 7  -0.69 

0.74 0.87 0 . 8 3  

0.69 - - 
1.00 0.94 - 

1.00 - 
1.00 

t N 1 -  mterehed fractional area of corn and potatoes 

N2 - watershed fractional area of cereals, beans, vegetables and tobacco 
N3 - watershed fractional area of hay, pasture and improved land 
N4 - watershed fractional area of unimproved land 

- 5  - correlation coefficient not significant at p = .01 level. 



6.2 N Loadings 

The l o a d i n g s  d i s c u s s e d  below were c a l c u l a t e d  f o r  s e c t o r s  r a t h e r  t h a n  
subwatersheds of t h e  Grand and Saugeen. S e c t o r s  had no over lapping  areas and 
s e c t o r  l o a d s  w e r e  c a l c u l a t e d  by s u b t r a c t i n g  downstream N l o a d i n g s  from any 
upstream N l o a d i n g s .  A l l  r iver  l o a d s  were c a l c u l a t e d  by O.M.E. u s i n g  t h e  
Beale r a t i o  e s t i m a t o r  technique  as d e s c r i b e d  i n  S e c t i o n  5. 

6 .2 .1  TKN - 
S e c t o r  u n i t  area l o a d i n g s  v a r i e d  from 2.3 t o  5.0 kg. TKN/ha i n  t h e  

Saugeen (Table  6-1) and from 3 . 2  t o  9.4 kg nu\r/ha i n  t h e  Grand (Table  6-2). 
For two s e c t o r s  of t h e  Grand (Brant ford  and D u n n v i l l e ) ,  n e g a t i v e  l o a d s  
were c a l c u l a t e d ,  which would s u g g e s t  TKN d e p o s i t i o n  i n  t h e s e  s e c t o r s .  The 
Dunnvi l le  s e c t i o n  w a s  l o c a t e d  (F ig .  3-2) i n  t h e  lower r e a c h e s  of t h e  GLand 
where stream v e l o c i t i e s  might be expected t o  d e c r e a s e ,  r e s u l t i n g  i n  sediment 
(and t h u s  TKN) d e p o s i t i o n .  39 and 32% of t o t a l  N l o a d s  occurred  as TKN a t  
t h e  mouths of t n e  L u g e e n  and Grand rivers r e s p e c t i v e l y .  This  p r o p o r t i o n  
was similar t o  t h e  29% of t o t a l  N measured f o r  TKN i n  t h e  11 a g r i c u l t u r a l  
watersheds  (1975-76). 

6 .2 .2  NO3-N _ -  
NO3-N u n i t  area l o a d s  ranged from 2.3 kg N/ha t o  7.5 kg N/ha i n  t h e  

Saugeen (Table  6-1) and from 2.4 t o  18 .2  kg N/ha i n  t h e  Grand (Table 6-2). 
Thus l o a d i n g s  from t h e s e  l a r g e  t rac t s ,  which have a smaller p r o p o r t i o n  of high 
$1 i n p u t  c r o p s ,  w e r e  n o t  as l a r g e  as l o a d i n g s  i n  e x c e s s  of 20 kg N/ha/yr 
measured from some a g r i c u l t u r a l  watersheds .  

S i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n s  were e s t a b l i s h e d  between s e c t o r  NO3-N 
l o a d i n g s ,  f e r t i l i z e r  and manure N i n p u t s  and area of h i g h  f e r t i l i z e r  N c r o p s  
(corn  and p o t a t o e s )  (Table  6-3). These s e c t o r  r e l a t i o n s h i p s  were t h u s  s imilar  
t o  r e s u l t s  from t h e  smaller a g r i c u l t u r a l  watersheds .  This  sugges ted  t h a t  N 
l o a d i n g s  from a g r i c u l t u r a l  l a n d  comprised a n  impor tan t  f r a c t i o n  of N l o a d i n g s  
i n  t h e  Grand and Saugeen and t h a t  r e l a t i o n s h i p s  developed on t h e  small a g r i c u l - t u r a l  
watersheds  could be u s e f u l l y  g e n e r a l i z e d  t o  l a r g e r  s e c t i o n s  of t h e  Great Lakes 
area. 
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7. MODELLING AGRICULTURAZ. WATERSHED N 

7.1 AG-01, AG-05 and AG-13 

Using information from the detailed studies, (Section 4 )  seasonal patterns 
of potentially leachable soil N were modelled in order to generate useful 
information pertinent to reducing stream N loading from agricultural water- 
sheds and improving runoff water quality. 

The analysis which follows, frequently involved developing representative 
values for large land areas based upon the best available information. These 
values should probably be considered spatial averages. The watersheds in- 
vestigated were those for which a great deal of land use and soil information 
was available (ie. AG-01, AGO5 and AG-13). 

A number of comprehensive reviews have been concerned with the most 
important processes involved in N additions and losses from soils (Bartholomew 
and Clark, 1965). Recently, considerable effort has been put into development 
of hydrologic (Holtan and Lopez, 1971) and chemical models (Frere et al., 
1975) of stream loading in agricultural watersheds. It will not be the purpose 
of this section to repeat such readily-available information. Instead, an 
attempt will be made to summarize the best available information concerning 
the addition and loss  of N within selected Ontario watersheds, 

Soil N additions within agricultural watersheds included N associated 
with precipitation, mineralization, N2-fixation (where area of legumes is 
significant), fertilization and manure N. Soil N losses included denitri- 
fiLation, plant uptake and volatilization in addition to the runoff losses 
which have been the major concern of this report. 

7.1.1 Soil N additions 

Precipitation N additions were calculated at any time as the product of 
amount of precipitation and average N concentration. Amounts of precipitation 
were recorded by Sanderson (Project 6) and a 1.45 mg/L average N concentration 
was assumed for all precipitation. This value was an average of literature 
values (Shiomi and Kurtz, 1973; Tababatabi and Lafleur, 1976) and resulted in 
annual N inputs of from 12.4 to 14.5 kg N/ha in the three watersheds. This 
was lower than the 38.0 kg/ha value found in bulk precipitation in six Ontario 
watersheds by Sanderson (1977). 

Net mineralization (the diffcrence between mineralization and immobili- 
zation) was calculated based on multiple regression equations between net 
mineralization rate (NMR), temperature (T) and moisture content ( e )  as derived 
by Kowalenko (1977) in a laboratory incubation of watershed soils at various 
temperature and moisture contents (Table 7-1). The equations were of the form 
NMR = Bo + BIT + B28 + B3T8. 
approach of Ccmeron et al. (1977) while mean daily temperatures at Harrow were 
used as an approximation of soil temperature. Mineralization was assumed to 
occur only in the 0-20 cm layer from May 1st to September 30th. Since cal- 
culated seasonal unit area net mineralization quantities based on the regression 
equations were high, values were reduced to a magnitude which would represent 
the mineralization of 1% of soil organic N during the growing season by 
dividing simulated values by 6. Bremner (1965) suggested that between 1 and 

Simulated 0 values were derived using the 
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3% of s o i l  o r g a n i c  N could be m i n e r a l i z e d  over  one growing season.  The s imula ted  
v a l u e s  were t h e r e f o r e  t o  t h e  low end of t h i s  range.  

It w a s  assumed that  75% of annual  watershed manure-N product ion  (Frank 
and Rip ley ,  1977) w a s  a p p l i e d  t o  watershed s o i l s  i n  e q u a l  amounts each day 
from May 1st t o  November 30th .  

Annual watershed s o i l  f e r t i l i z e r - N  a d d i t i o n s  were d e r i v e d  from t h e  de- 
t a i l e d  land  u s e  s u r v e y s  (Frank and Rip ley ,  1977).  Using i n f o r m a t i o n  from t h i s  
survey  concerning a p p l i c a t i o n  times, N addition was assumed t o  occur for each 
c r o p  uniformly w i t h i n  t h e  i n d i c a t e d  months (Table 7-2).  

No f o r m u l a t i o n  w a s  p o s s i b l e  t o  a d e q u a t e l y  d e s c r i b e  N2 f i x a t i o n  by f r e e  
l i v i n g  o r  symbiot ic  b a c t e r i a  a t  t h e  watershed scale. S ince  p l o t  i n f o m a t i o n  
(Cameron e t  a l . ,  1977) sugges ted  l o w  r e s i d u a l  N from soybean cropping,  t h e  
legume h e c t a r a g e  w a s  cons idered  r e l a t i v e l y  N c o n s e r v a t i v e  and N f i x a t i o n  and 
p l a n t  up take  f o r  legumes were omi t ted  frcm subsequent  c a l c u l a t i o n s .  

7.1.2 S o i l  N l o s s e s  

Using s e a s o n a l  N uptake i n f o r m a t i o n  f o r  c o r n ,  g r a i n s  and p o t a t o e s  from 
1975-1976 p l o t  d a t a  (Cameron -- e t  a l . ,  1977) ,  b e s t  f i i  c u r v i l i n e a r  N uptake 
c u r v e s  were developed of t h e  foLm: 

( t - t o )  tmax-t 2 U ( t )  = Umax exp (-B 
(-0 1 )  

where U ( t )  = accumulated p r e d i c t e d  N up take  a t  time t (kg N/ha) 
Umax = m a x i m u m  uptake  of N a t  time t max 

t o  = p l a n t i n g  d a t e  

Umax and B v a l u e s  were genera ted  by s y s t e m a t i c  v a r i a t i o n  t o  minimize t h e  
sum of s q u a r e s  of t h e  r e s i d u a l s  between p r e d i c t e d  and observed N uptake.  
Maximum a n n u a l  N uptake v a l u e s  were 157 kg N / h a ,  133 kg N/ha and 80 kg N/ha 
f o r  c o r n ,  g r a i n  and p o t a t o e s  r e s p e c t i v e l y .  Linear r e g r e s s i o n s  were developed 
t o  p r e d i c t  N up take  f o r  b u r l e y  tobacco and v e g e t a b l e s ,  assuming a maximum 
uptake  of 100 kg N/ha f o r  b o t h  t h e s e  c r o p s .  

S i n c e  no d e t a i l e d  a n a l y s e s  of N uptake by hay, p a s t u r e  o r  unimproved l a n d  
w a s  available, a hay and p a s t u r e  e x p o n e n t i a l  up take  c u r v e  w a s  developed based 
upon l i t e r a t u r e  s t u d i e s  (Fulkerson e t  a l . ,  1967; K i m  and Mackenzie, 1970; 
George e t  a l . ,  1973; Kumelius -- e t  a l . ,  1974; Macleod and Macleod, 1974).  Two 
c u t s  w e r e  assumed, t h e  f i r s t  w i t h  m a x i m u m  N uptake of 95 kg N/ha and a h a r v e s t  
d a t e  of June 25; t h e  second c u t  removing 35 kg N/ha mid August. 

For unimproved l a n d ,  t h e  r e s u l t s  of Fulkerson e t  al.. (1967) were fol lowed.  
An e x p o n e n t i a l  t i m e  f u n c t i o n  w a s  f i c t e a  t o  their  d a t a  (Umax = 95 kg N/ha) 
u n t i l  l a t e  June. A f t e r  t h i s  t i m e ,  which corresponded t o  e a r l y  seeding ,  N 
up take  w a s  observed t o  d e c l i n e  l i n e a r l y  u n t i l  f u l l  m a t u r i t y .  The r e g r e s s i o n  
model f i t t e d  t o  t h i s  d a t a  was e x t r a p o l a t e d  t o  November 1st r e s u l t i n g  i n  a n e t  
N uptake of 37 kg N/ha. There would l i k e l y  be c o n s i d e r a b l e  v a r i a t i o n  i n  y e a r  
t o  y e a r  N up take  r e l a t e d ,  i n  p a r t ,  t o  weather c o n d i t i o n s .  The maximum N 
uptake  f o r  t h e s e  c r o p s  w a s  i n  t h e  mid range of v a l u e s  r e p o r t e d  by de  Jong et 
- a l .  (1976) ,  except  f o r  p o t a t o e s  which w a s  n e a r  t h e  bottom end of t h e  range .  



Table 7-1. Regression coefficients and significant r2 values 
relating net mineralization rate (ug-N/g soil and 
environmental parameters for AG-01, AG-05 and AG-13t.  

Samples (n) 

Temperature (B1) 

Gravimetric (B2) 
Water Content 

Interaction (B3) 

Znt ercep t (Bo) 

Coefficient of 
De tennina t ion (r2) 

-. 025 - -.005 

.016 .074 .009 

.003 .002 .002 

.042 - . 9 4 3  - .015 

.73** .93** .20** 

t G. Kowalenko (personal communication) 

** Significant at .01 level. 
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Field observations indicated that denitrification occurred primarily 
during the spring and early summer (Kowalenko, 1978). However, no statistical 
formulations such as those developed for mineralization, adequately described 
the seasonal pattern of denitrification. Gillham et al. (1977) estimated 30 
kg N/ha were denitrified in sandy watershed AG-13 using balance sheet assump- 
tions of uncertain precision. Although it was likely that volatized N losses 
from the soil were small and concentrated at the time of fertilization, no 
seasonal pattern for the magnitude of N volatilization losses was assumed. 

-I 

7.1.3 Seasonal pattern of leachable  soil N 

The seasonal pattern of soil N available for leaching during the growing 
season was calculated for watersheds AG-01, AG-05 and AG-13 by subtracting 
plant uptake from soil N additions from precipitation, mineralization, man- 
uring and fertilization. Volatilization, denitrification, and any runoff X 
losses were not taken into account. Consequently, the values calculated 
represented the N potentially available foL leaching in soils of AG-01 (Fig. 
7-l), AG-05 (Fig. 7-2), and AG-13 pig. 7-3). 

At the end of the growing season, soil N excesses of 73, 89 and 25 kg 
N/ha were estimated to be present in the root zone in AG-01, AG-05, and AG-13 
respectively. These same watersheds had measured total N stream loadings of 
16,  34 and 24 kg N/ha. For sandy loam watershed AG-13, there was a close 
correspondence between soil N excess and stream loading but for the finer 
textured watersheds, soil N excess greatly exceeded N loading. This may 
reflect greater loss of soil N through denitrification in fine textured 
watersheds. 

Largest plant N uptake occurred during the months of June and July for 
all watersheds. Best fit N uptake curves (Fig. 7-4) for most of the field 
crops in AG-13, for example, illustrated this pattern. The composite net N 
uptake curve for watershed AG-13 which represented an average of the indivi- 
dual crop curves weighed by their watershed area showed a sharp increase in 
June-July. Without watershed N fertilization, soil N (bottom curve Fig. 7-1 - 
7-3) would have been insufficient to meet crop N requirements and N deficits 
were created that would be recovered later in the season for watersheds AG-01 
and AG-05 but not AG-13, This suggested that to attain the yields upon which 
the N uptake curves were based, N fertilization addition was necessary. Plant 
uptake was particularly pronounced in June and July but N fertilizer additions 
prevented N limited growth. For all watersheds, the late crop growth - post 
harvest period was a time of soil accumulation. Thus it appeared that soil 
N additions after August which resulted from mineralization, manure and pre- 
cipitation-N were more than adequate for plant needs, Watershed AG-13, with a 
lower mineralization rate (25’kg N/ha) had smaller amounts of soil N in excess 
of crop needs during the fall. Reduction of fall N which is susceptible to 
leaching loss would be important from a water quality point of view. The high 
concentration of N in stream runoff during the late fall and winter months in 
AG-01, AG-05 and AG-13 could be predicted considering the excess soil N 
available at the end of the growing season in these watersheds. Plough down 
of high C/N ratio organic residues or fall cover cropping could be investigated 
as to their potential for temporary immobilization of some of this excess 
soil N. 

61 



F i g  

Q K  
W W  
N N  

0. 

i tn 

-J 

-2 

.O 

I I .I 1 
N 

0 0 0 0 8 (D * 

(*WN*>I) N 318VH3V31 

. 7-1. S o i l  N p o t e n t i a l l y  leachable f rom AG-31 i n  1975. 

62 



g 

7 

51 

c- 

r" 3( 5i 
Y 

z 
- 
w 
A m a 
I 10 
a 0 w 
A 

-10 

-30 

-50 

0 INCLUDES FERTILIZER N 
0 WITHOUT FERTILIZER N 

~ 

Fig. 7-2. Soil N potentially leachable from AG-05. 

6 3  



c1 

i 
z, 
Y 

z 
c 

w 
a m a 

a 
I u 
w 
a 

50 

30 

10 

-10. 

-30' 

-50 

0 INCLUDES FERTILIZER N 
WITHOUT FERTILIZER N 

MONTH 

Fig .  7-3. S o i l  N p o t e n t i a l l y  l e a c h a b l e  from AG-13 i n  1975.  

64  



65 

LI r 
5 

a 
t 

4 

Y 
w 
Y 

- 
3 
c z 
0 

175.00 

140.00 

105.00 

70.00 

35.00. 

e CORN 
SMALL GRAINS 

A UNIMPROVED LAND 
A VEG. & TOBACCO 
0 POTATOES 
0 NET NITROGEN/HA 

am 7 - 
W 

- 
T 

JULIAN DAY 

I - 1 

T 
I 

I I 1 . t 
0.00 40.00 80.00 120.00 160.OO 200.00 240.00 280.00 320.00 360.0 

I 

M J J A S 0 N 

MONTH 

Fig.  7-4 N Uptake by ficld crops as used in the plant uptake models. 
weighted overall plant uptake in AG-13 for 1975 land use. 

Net Nitrogen refers to area 



7.1 .4  S o i l  N b a l a n c e s  

Best estimates of t h e  annual  q u a n t i t i e s  of N a s s o c i a t e d  w i t h  v a r i o u s  s o i l  
N g a i n s  and l o s s e s  were c a l c u l a t e d  f o r  watersheds  AG-01, AG-05 and AG-13 and 
expressed  t o  t h e  nearest 5 kg N/watershed h e c t a r e  (Table  7-3). 
l i z e r  and manure N v a l u e s  were t h o s e  e s t i m a t e d  frvm t h e  l a n d  use  surveys ,  
m i n e r a l i z e d  N r e p r e s e n t e d  1% of average  s o i l  organic-N c o n t e n t s ,  g r e c i p i t a t i o n  
N w a s  c a l c u l a t e d  based on p r e c i p i t a t i o n  moni tor ing  by Sanderson ( P r o j e c t  6 ) .  
P l a n t  up take  w a s  a weighted u n i t  area v a l u e  d e r i v e d  by m u l t i p l y i n g  surveyed 
l a n d  u s e  areas by average  c rop  uptakes  (Table  7-4). A wide v a r i a t i o n  i n  c rop  
N uptak.e has been noted  i n  t h e  l i t e r a t u r e  so  c rop  N v a l u e s  should be viewed as 
b e s t  a v a i l a b l e  approximations.  Fr ibourg  e t  a l . ,  (1976) measured above-ground 
a n n u a l  N up take  ranging  frcm 130 t o  250 kg N/ha f o r  c o r n ,  Zartman -- e t  a l . ,  
(1976) b u r l e y  tobacco v a l u e s  ranged from 1G5 t o  159 kg N/ha w h i l e  Lorenz e t  
- a l . ,  (1974) measured p o t a t o  t u b e r  N up take  ranging  from 58 t o  209 kg N/ha, 
The l a r g e  v a r i a t i o n  i n  N up take  w i t h i n  a s p e c i e s  r e s u l t e d  from v a r i a b l e  p l a n t  
d e n s i t y ,  m e t e o r o l o g i c a l  c o n d i t i o n s  and f e r t i l i z a t i o n  p r a c t i c e s .  The u n i t  a r e a  
d e n i t r i f i c a t i o n  and v o l a t i l i z a t i o n  v a l u e s  were e s t i m a t e d  from p l o t s  i n  AG-01 
and AG-13 (Cameron -- e t  a l . ,  1977) .  

Annual f e r t i -  

T o t a l  s o i l  l o s s e s  were s u b t r a c t e d  from s o i l  g a i n s  t o  d e r i v e  a r e s i d u a l  N 
v a l u e  which could be compared t o  t h e  1976 estimates of t o t a l  N stream l o a d i n g .  
Although t h e  h i g h e s t  r e s i d u a l  N v a l u e  (120 kg N/ha) occurred  from t h e  water- 
shed w i t h  t h e  h i g h e s t  measured t o t a l  N l o a d i n g  (34.0 kg N/ha),  there w a s  a 
d e v i a t i o n  f o r  a l l  watersheds  between s o i l  N and stream N loading .  More of 
tMs N could have been v o l a t i l i z e d  o r  d e n i t r i f i e d .  These v a l u e s  a l s o  i l l u -  
s t ra ted t h e  h i g h  degree of u n c e r t a i n t y  which r e s u l t s  when a t t e m p t s  were made 
t o  account  f o r  a l l  s o i l  N over  such l a r g e  areas of land .  Never the less  t h e  
fo l lowing  w a s  concluded: 

Minera l ized  N could comprise t h e  most s i g n i f i c a n t  N source  w i t h i n  water- 
sheds  (AG-01, AG-05,  Table  7-3). The problem of i d e n t i f y i n g  whether stream N 
r e p r e s e n t e d  m i n e r a l i z e d  o r  f e r t i l i z e r  N may n o t  be impor tan t .  R a t h e r ,  t h e  
impor tan t  q u e s t i o n  may be t o  l i m i t  t h e  excess  of s o i l  N a d d i t i o n s  ( p r i m a r i l y  
f e r t i l i z e r  and mineralized-N) over  s o i l  N l o s s e s  ( p r i m a r i l y  p l a n t  up take) .  

Unit  area p r e c i p i t a t i o n  N exceeded t o t a l  N l o a d i n g .  The p r e c i p i t a t i o n  N 
v a l u e s  (Table  7-3) w e r e  b u l k  samples (Sanderson, P r o j e c t  6) t h a t  would have 
inc luded  d u s t  f a l l o u t .  This  may account  f o r  t h e  r a t h e r  h i g h  p r e c i p i t a t i o n  N 
va lues .  Never the less ,  even a t  these  va lues ,  i t  w a s  l i k e l y  t h a t  p r e c i p i t a -  
t i o n s  N a d d i t i o n s  could have exceeded stream N l o a d i n g  f o r  watersheds less 
a g r i c u l t u r a l l y  c u l t i v a t e d  t h a n  AG-01, 05 o r  13. 

P l a n t  up take  r e p r e s e n t e d  by f a r  t h e  l a r g e s t  s o i l  N a d d i t i o n  i n  a l l  water- 
sheds .  Reduced p l a n t  up take  which would occur  under low y i e l d  c o n d i t i o n s  such 
as d u r i n g  a c o o l ,  w e t  growing season  would r e s u l t  i n  s i g n i f i c a n t l y  more N 
a v a i l a b l e  f o r  l e a c h i n g  i f  f e r t i l i z e r  and manure a d d i t i o n s  were c o n s t a n t .  

7.2 S t r eam N Loading model 

I n  g e n e r a l ,  f a c t o r s  such as h i g h  f e r t i l i z e r  N i n p u t  and i n c r e a s e d  area of 
h i g h  N i n p u t  c r o p s  were a s s o c i a t e d  w i t h  h i g h  N l o a d i n g  i n  b o t h  t h e  i n t e n s i v e l y  
monitored a g r i c u l t u r a l  s t u d y  watersheds and i n  t h e  l a r g e r  Grand and Saugeen 
s e c t o r s .  A similar a s s o c i a t i o n  between watershed N l o a d i n g  and f e r t i l i z e r  and 
manure i n p u t  w a s  found by Coote and Leuty (1976) f o r  t h e  a g r i c u l t u r a l  watersheds .  
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1 
Tab le  7-3. Best estimates of amount of N involved in variovs processes 

in agricultural watersheds AG-01, AG-05 and AG-13. 

SOIL N ADDITIONS 
kgN/Watershed ha 

Fertilizer 

AG-01 AG-05 AG- 13 
- - - 

60 4 5  70 

Manure 5 45 0 

Mineralized N 70 120 25 

Precipitation 25 4 5  25 

TOTAL ADDITION 160 255 120 

SOIL N LOSSES 
kgN/Watershed ha AG- 0 1 AG- 0 5 AG- 13 

Denitrification 30 30 30 

Volatilization 5 5 0 

85 100 95 Plant Uptake 2 

TOTAL LOSSES 120 135 125 

RESIDUAL 
(ADDITION-LOSS) 40 120 -5 

TOTAL RUNOFF LOADING N 
(1976) 16 34 24 

1. These values should be considered to represent watershed spatial 
averages. 

2. Plant uptake by above-ground portion of crop (does not include N 
uptake by legumes). 
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Table 7-4.  Nitrogen uptake rates by farm crops used in calculating 
total plant uptake in agricultural watersheds in 
balance sheet calculations. 

CROP 
- 

Cereals 

Corn 

Tobacco 

Soybeans 

Beans 

Pot at oes 

Tomatoes 

Hay 6 Pasture 

Unimproved Land 

N - Uptake 
(kg-N/ha/;r) 

7 5 .  

136. 

90. 

140 (70)"  

99 ( 5 0 )  

140 

7 7  

100 

40 

* 
Term in brackets refers to Estimated N Uptake from soil 
(excludes that which is symbiotically f i x e d ) .  
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Thus e f f o r t s  t o  develop a genera l  model r e l a t i n g  stream N loading t o  watershed 
N a d d i t i o n  seemed poss ib l e .  

Using 1976 est imated loadings  ad jus ted  t o  long term discharges  and sur-  
veyed f e r t i l i z e r  and manure N add i t ions  f o r  the  11 a g r i c u l t u r a l  watersheds,  
b e s t  f i t  (maximum R2) r eg res s ions  between NO3-N and t o t a l  N u n i t  area loadings 
were developed as:- 

; = B1X + B2X2 
A 

where L t= pred ic t ed  long term t o t a l  N or N03-N loading (kg/ha) 
X = sum of f e r t i l i z e r  N (kg/ha) and ax watershed manure N va lues  (kg/ha) 
a = 1.0 f o r  t o t a l  N ,  0.9 f o r  NO3-N 

B1, B2 - regress ion  c o e f f i c i e n t s  (Table 7-5) 

The a va lues  were sys t ema t i ca l ly  va r i ed  from 0 t o  1 i n  s t e p s  of 0.1 u n t i l  
a maximum R2 w a s  achieved for  t he  equat ion  above. 
f o L  t o t a l  N and a va lue  of 0.9 f o r  NO3-N. 
loading r e s u l t i n g  from manure N i npu t s  w a s  assumed t o  be t h e  f r d c t i o n  of t h e  
above equat ion a s soc ia t ed  with manure ( i .e .  B1 (a x manure-N) + B2 ((a x 
manure-N)2 + B1B2 ( F e r t i l i z e r  -N x a x manure -N)). 

A va lue  of 1.0 was found 
The po r t ion  of t h e  stream N 

The diffeLence between predic ted  long term N loadings and N loadings 
a s soc ia t ed  wi th  manure -N were assumed t o  r ep resen t  crop loadings and hence- 
f o r t h  were r e f e r r e d  t o  as Lc. Using d e t a i l e d  land use information compiled by 
Frank and Ripley (1977) cropping loadings  represented  the  sums of u n i t  area 
crop loadings  and crop areas as: 

h 

Lc = y A + y2A2 + y A + y4A4 1 1  3 3  
P. 

where Lc - pred ic t ed  crop loading (KgN/ha) 
A 1  - w,Itershed f r a c t i o n a l  area of high N input  crops (corn and pota toes)  
A2 - watershed f r a c t i o n a l  area of c e r e a l s ,  beans,  vege tab les  and tobacco 
A3 - watershed f r x t i o n a l  area of h,y and improved pas tu re  
A4 - f r a c t i o n a l  area of unimproved land 
yl ,  y2, y3 and y4 - u n i t  area N loading rates f o r  each of the 4 crop 

groups above. 

A 2  Values of y i  were sys t ema t i ca l ly  va r i ed  s o  t h a t  (Lc - Lc)  was minimized. 
The u n i t  area loading f o r  corn and pota toes  (Table 7-5) of 26 kg/ha t o t a l  N 
compared t o  the  7 year average of 15 kg N/ha from f e r t i l i z e d  t i l e  drainage 
l i n e s  measured by Bolton (1970). K i l m e r  (1974) concluded t h a t  stream N loadings 
i n  water discharged from a c t i v e l y  growing humid reg ion  pas tu re s  and meadows 
were t y p i c a l l y  very low. Model loadings  were 0 .1  kg t o t a l  N/ha f o r  hay and 
improved pas tu re  and 0.0 kg t o t a l  N/ha f o r  unimproved land.  
a c t u a l  0.0 kg/ha N loading from unimproved land w a s  un l ike ly ,  t he  model r e l a t e d  
stream loading t o  manure and f e r t i l i z e r  i npu t s  which were zero f o r  unimproved 
land.  

Although an  

As noted by Bolton (1970), wide v a r i a t i o n s  could be expected i n  stream 
N loading from a given crop f o r  t h e  same f i e l d .  N loadings  >30 kg N/ha/yr 
were measured f o r  corn during t h e  7 years  when average N loadings  were 15 kg 
N/ha/yr. Calculated u n i t  area loadings i n  t h e  model r e f l e c t e d  averages of 
condi t ions  i n  11 watersheds a r r i v e d  a t  by measuring stream N loadings  and 
assuming t h e  s o l e  source of N was derived from f e r t i l i z e r s  o r  manures. It 
should be noted t h a t  previous d i scuss ions  pointed out  t h a t  s i g n i f i c a n t  N could 
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U 
0 

Table 7-5. Regression s t a t i s t i c s  f o r  best  f i t  models r e l a t i n g  long t e r m  
t o t a l  N o r  NO3-N stream l o a d i n g s  t o  t o t a l  N o r  NO3 loadings  
from v a r i o u s  crops. 

Crop* unit  area loadings  to  stream 

PARAMETER 61 $2 a r2 Yl YZ Y3 Y 4  
kg-N /ha / yr kg-N /ha/ yr kg-N / ha/yr kg-N /ha/ yr 

L_ - 
TN .11742 .001589 1.0 .956 26. 3.6 .1 0.0 

(NO3) .07268 .001711 0.9 .906 22. 2.4 .1 0.0 

* y l  refers  to  corn p l u s  potatoes, y2 refers  to cereals ,  beans, vegetables 
and tobacco, y3 refers to hay, pasture and other improved land, y 4  refers 
to  unimproved land.  



be added from p r e c i p i t a t i o n  and minera l iza t ion .  
s ide red  i n  development of t h i s  s t a t i s t i c a l  model. As a r e s u l t  these  u n i t  
l oads  f o r  cropping a c t i v i t i e s  may r ep resen t  very crude averages f o r  these  
p a r t i c u l a r  watersheds i n  these  p a r t i c u l a r  years .  

These f a c t o r s  were no t  con- 

The model developed on the  small a g r i c u l t u r a l  watersheds w a s  t e s t e d  on 
t h e  Grand and Saugeen f o r  p red ic t ion  of t o t a l  N and NO3-N loadings.  Long 
term N loadings  p red ic t ed  from t h e  equat ion developed on t h e  small ag r i cu l -  
t u r a l  watersheds were ad jus t ed  t o  1976 va lues  by mul t ip ly ing  by the  r a t i o  of 
1976/long term flows i n  nearby Water Survey of Canada monitor ing s t a t i o n s  
(Water Resources Branch, 1977). 

N loadings  could then be compared t o  1976 u n i t  area loadings  (Fig. 7-5, 7-6) 
as ca l cu la t ed  from Ontar io  Minis t ry  of Environment d a t a  on t h e  s e c t o r s  of t h e  
Grand and Saugeen. I n  genera l ,  t h e  models tended t o  overpredic t  N loadings 
as ind ica t ed  by s lopes  s i g n i f i c a n t l y  d i f f e r e n t  from 1, f o r  t he  best  f i t  
equa t ions ,  a l though t h e  r e l a t i o n s h i p  w a s  s t a t i s t i c a l l y  s i g n i f i c a n t  a t  p = .01. 

The p red ic t ed  1976 u n i t  area t o t a l  N and NO30 

The p red ic t ed  Saugeen s e c t o r  loadings were c l o s e r  t o  measured va lues  when 
compared t o  loadings f o r  t he  Grand. Residual a n a l y s i s  i nd ica t ed  t h a t  over- 
p r e d i c t i o n  of loadings  w a s  r e l a t e d  t o  increased  watershed non-agr icu l tura l  N 
i npu t  (Fig.  7-7). Poss ib ly ,  co inc ident  i npu t s  of organic-C with non-agri- 
c u l t u r a l  N i npu t s ,  which s t imula ted  d e n i t r i f i c a t i o n  could account f o r  lower 
than predic ted  N loadings  i n  t h e  Grand. 

7 1  
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8. EXTRAPOLATIONS TO ESTIMATE AGRICULTURE'S CONTRIBUTION TO ADDITION OF N 
TO THE GREAT W C E S  

8.1 The Grand and Saugeen 

Predic ted  N loadings  from a g r i c u l t u r a l  a c t i v i t y  were made f o r  t he  s e c t o r s  
of t h e  Grand and Saugeen (Table 8-1) using the  model developed i n  sec t ion  7 
and t h e  Grand and Saugeen land use infolmation (Table 3-6 ) .  These loadings 
could be  compared t o  loadings  from non a g r i c u l t u r a l  a c t i v i t i e s  i n  these  s e c t o r s  
as suppl ied  by t h e  Ontar io  Minis t ry  of t he  Environment. Reference t o  t h e i r  
methods of eat i toat ion can be obtained from t h e i r  r e p o r t s .  Pred ic ted  N loadings 
from a g r i c u l t u r a l  a c t i v i t i e s  accounted f o r  94% and 83% of pred ic ted  t o t a l  N 
loadings  i n  t h e  Saugeen and Grand Rivers and a higher  % of NO3-N loadings  
(Table 8-1). 
land (averaging 130% f o r  t o t a l  N and 140% f o r  N03-N i n  t h e  s m a l l  a g r i c u l t u r a l  
watersheds) ,  i t  w a s  c l e a r  t h a t  a g r i c u l t u r a l  a c t i v i t y  had a major in f luence  on 
N loading i n  these  l a r g e  watersheds.  However, a g r i c u l t u r e  cont r ibu ted  a 
sma l l e r  propor t ion  of t o t a l  N and N03-N loadings  than i t s  2 area s i n c e  r u r a l  
land comprised 99% of the  Saugeen and 97% of the  Grand. 

Even al lowing f o r  overpredic t ion  of N loadings frum a g r i c u l t u r a l  

8 . 2  The U.S. Side of t h e  Great Lakes Basin 

The model, w a s  a l s o  appl ied  t o  the  U.S. po r t ion  of t he  Great Lakes t o  suggest 
areas of high p o t e n t i a l  t o t a l  N loading from a g r i c u l t u r a l  a c t iv i t i e s .  The 
requi red  land use  information inc luding  f e r t i l i z e r  use,  manure -N product ion 
and cropping ac t iv i t i e s  were recorded by county (Donetz, 1975) .  No co r rec t ions  
were p o s s i b l e  t o  account f o r  year t o  year  d i scharge  v a r i a t i o n .  Loadings 
were pred ic ted  on t h e  b a s i s  of t he  amount of farmland wi th in  each county and 
then ad jus t ed  t o  county-wide TN loadings by mul t ip ly ing  by the  f r a c t i o n  of the  
t o t a l  county area i n  farmland. Farmland: t o t a l  county area r a t i o s  were a v a i l a b l e  
from the  1974 U . S .  Census of Agr icu l ture .  Since no v e r i f i c a t i o n  of t h e  pred ic ted  
loadings  w a s  poss ib l e ,  t h e  pred ic ted  annual county loadings frdm a g r i c u l t u r e  
were grouped as n e g l i g i b l e  (<1.0 kg N/ha), low (>l.O and <5.0 kg N/ha), medium 
(>5.0 and X10.0 kg N/ha) and high (>10.0 kg N/ha) (Fig.  8-1). The predic ted  
loadings  were gene ra l ly  lower than the  loadings from the  Canadian a g r i c u l t u r a l  
watersheds.  However t h e  U.S. and Canadian loadings were no t  comparable since 
t h e  U.S. va lues  were ca l cu la t ed  on a county r a t h e r  than watershed b a s i s  and 
were ex t rapola ted  from b e s t  f i t  equat ions v a l i d  f o r  Canadian watersheds. 

Roughly one-quarter ( 4 2 )  of the  coun t i e s  had n e g l i g i b l e  con t r ibu t ions  
from a g r i c u l t u r e  (Fig. 8-1). With the  except ion of two ad jacent  Ohio count ies  
( t h e  C i ty  of Cleveland w a s  i n  one of tnese)  and one i n  Wisconsin (Milwaukee) 
a l l  d ra ined  i n t o  Lake Superior  o r  t he  nor thern  segments of Lakes Huron and 
Michigan. 37 per  cent  (68) had l o w  con t r ibu t ions  from a g r i c u l t u r e .  Most of 
tile coun t i e s  of New York and mid-Michigan were i n  t h i s  category.  Counties 
conta in ing  the  urban areas of R-Chester, N . Y . ,  Syracuse, N . Y . ,  Buffalo,  N.Y. ,  
D e t r o i t ,  Mich., F l i n t ,  Mich., Kalamazoo, Mich., Grand Rapids, Mich., and 
Chicago, Ill., had low p red ic t ed  loadings  from a g r i c u l t u r e .  

J u s t  1 4  of t h e  coun t i e s  had p red ic t ed  loadings from a g r i c u l t u r e  i n  excess  
of 10  kg -N/ha/yr. They were loca ted  i n  Wisconsin, Indiana and Ohio. Except 
f o r  two high d e n s i t y  d a i r y  coun t i e s  i n  Wisconsin (Outagawie and Calumet), a l l  
t hese  high-contr ibut ing coun t i e s  had more than 18% of the  county area i n  high 
N r e q u i r i n g  crops (corn and po ta toes ) .  

75 



Table 8-1. 

BASIN Fract ion 
of t o t a l  

area - 

SR- 1 .IO 

SR-2 e15 

SR-3 .29 

SR-4 .17 

SR- 5 06 

SR-6 .23 

1976 t o t a l  N. NO - N ,  loadings  from Grand and Saugeen sec tors  r e s u l t i n g  from urban  and rural a c t i v i t i e s .  3 

TN LOADINGS (METRIC TONS) N03-N LOADINGS (METRIC TONS) 

Urban- Pointw S e p t i c  Agricul- 7. due Pred ic t .  Measured 7. due Urban* Point* Agricul- Predict .  Measured ‘L due 
Runoff Sources Tanks* ture  t o  Total Tot a 1 t o  Runoff Sources ture  Total  Tota l  t o  

Agric .  A@C.  --- crops --- 
THE SAUGEEN RIVER 

3.6 14.7 4.3 194.4 52 217.0 176.1 90 1.64 3.09 132.66 137.39 87.45 97 

4.1 8.6 8.3 500.9 43 521.9 624.1 96 1.85 7.71 306.95 316.51 358.05 97 

6.0 50.1 16.1 738.2 46 810.4 707.0 91 2.71 19.40 454.26 476.37 537.92 95 

2.2 0.0 10.3 777.8 48 788.1 628.4 98 1.00 0.0 489.23 490.23 409.64 100 

1.7 0.0 3.5 108.3 42 113.5 150.6 94 0.75 0.0 75.57 76.32 89.04 99 

9.8 99.0 13.3 1813.9 41 1936.0 1119.9 94 4.66 0.087 1034.08 1038.80 669.99 100. 

WHOLE WATERSHED 

27.4 172.4 55.8 4133.5 45 4386.9 3406.1 94 12.61 30.29 2492.75 2535.62 2152.10 98 

u P 
0I 

THE GRAND RIVER 

.I2 6.7 10.1 16.3 661.2 49 694.3 444.0 95 2.41 5.71 478.8 486.8 191.6 98 

CWNESTOCA .I2 6.6 3.0 21.9 1334.3 34 1365.8 1011.0 98 2.35 2.70 1048.2 1053.2 667.9 100 

99.4 1411.8 102.7 3259.1 55 4873.0 3960.0 67 35.60 369.00 3164.2 3568.9 2142.4 89 

NITH -16 8.7 72.2 65.6 1976.4 50 2102.9 1590.0 94 3.13 3.18 1528.9 1535.8 1005.3 100 

BRANTFORD .04 12.1 11.4 15.9 515.7 60 551.1 226.0 94 4.35 1.10 508.8 514.3 335.5 99 

HORNER -06 3.2 0.0 15.8 745.9 52 764.9 738.0 98 1.16 0.0 573.2 574.3 615.5 100 

CALEDONIA - 1 2  25.3 216.9 44.3 1592.7 60 1879.2 1106.0 85 9.01 47.49 1694.5 1751.0 203.3 97 

WNNVILLE .IO 6.0 23.4 35.4 1097.0 60 1161.8 198.0 94 2.16 12.95 579.6 594.7 1161.9 98 

UPPER 
G W D  

MIDDLE .29 
GRAND 

WHOLE WATERSHED 

168.0 1748.8 297.9 11182.3 53 13393.0 9273.0 83 60.3 442.70 9576.3 10079.0 6323r7 95 

data  suppl ied  by Ontario Ministry of Environment - Water Qual i ty  Sec t ion .  
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Fig .  8-1 t h u s  i s  a n  i n d i c a t i o n  of t h e  a g r i c u l t u r a l  i n t e n s i t i e s  of t h e  
c o u n t i e s  of t h e  U.S. b a s i n .  I f  t h e  h y p o t h e s i s  t h a t  N l o a d i n g s  were r e l a t e d  t o  
N i n p u t s  w a s  a c c e p t e d ,  and s t a t i s t i c a l  a n a l y s i s  of C-nadian watersheds  i n -  
d i c a t s d  t h a t  i t  should  be t h e n  p r e d i c t e d  l o a d i n g s  should  be a t  least  rela- 
t i v e l y  c o r r e c t .  

8 .3  The Canadian S ide  of t h e  Great Lakes 

A p p l i c a t i o n s  of t h e  model ( S e c t i o n  7 . 2 )  t o  Canadian watersheds  allowed a n  
i d e n t i f i c a t i o n  of areas w i t h  a p o t e n t i a l  f o r  h i g h  supply  of N (210 kg N /  
watershed h e c t a r e )  from e i t h e r  l i v e s t o c k  (Fig.  8-2) o r  c ropping  ac t iv i t i e s  
( F i g .  8-3). 1 9 7 1  S t a t i s t i c s  Canada Land use info,mation w a s  used t o  c a l c u l a t e  
t h e s e  l o a d i n g s  f o r  each  of t h e  watersheds  i n  s o u t h e r n  Ontar io  d r a i n i n g  i n t o  
t h e  Great Lakes of e i t h e r  O n t a r i o ,  Erie o r  Huron. Although O n t a r i o  corn  
h e c t a r a g e s  and N f e , t i l i z e r  a d d i t i o n s  have i n c r e a s e d  s i n c e  1 9 7 1 ,  t h e  areas 
d e l i n e a t e d  s t i l l  r e p r e s e n t e d  r e g i o n s  of O n t a r i o  w i t h  e x t e n s i v e  h e c t a r a g e s  of 
t i le h igh  N c r o p s  of corn  and p o t a t o e s  ( F i g .  8-3) o r  r e g i o n s  of h i g h  l i v e s t o c k  
d e n s i t i e s  (F ig .  8-2). I n  g e n e r a l ,  t h e  g r e a t e s t  p r e d i c t e d  l o a d i n g s  of total-N 
from b o t h  l i v e s t o c k  (Fig.  8-2) and cropping  a c t i v i t i e s  (F ig .  8-3) occurred  i n  
p a r t s  of southwes tern  Ontar io .  Minimum l o a d i n g s  occurred  f o r  s o u t h e a s t e r n  
O n t a r i o  and t h e  L a u r e n t i a n  s h i e l d  r e g i o n .  Highes t  p r e d i c t e d  l o a d i n g s  of 
t o t a l  N due t o  l i v e s t o c k  occurred  i n  t h e  Grand, Saugeen and t h e  n o r t h e r n  p a r t s  
of t h e  Thames watershed i n  c e n t r a l  southwes tern  O n t a r i o .  The l o c u s  f o r  
g r e a t e s t  p r e d i c t e d  l o a d i n g s  of t o t a l  N from cropping  ac t iv i t i e s  encompassed 
t h e  area w i t h  h i g h  l i v e s t o c k  d e n s i t i e s  and a l s o  inc luded  t h e  most s o u t h e r l y  
p a r t s  of s o u t h e r n  Ontar io .  

A similar map (Fig .  8-4) w a s  developed f o i  Oncario t o  p r e d i c t  mean t o t a l  
N l o a d i n g s  (D. Coote) based on row crop  h e c t a r a g e s  and manure a d d i t i o n s .  
I n  t h i s  model, annual  t o t a l  N l o a d i n g s  c a l c u l a t e d  by t h e  NAQUADAT method 
w e r e  averaged f o r  t h e  2 y e a r  moni tor ing  p e r i o d .  Maximum p r e d i c t e d  N l o a d i n g s  
(>25 kg N/ha) from a g r i c u l t u r a l  a c t i v i t i e s  occur red  from t h e  Conestoga and 
Canagagique subwatersheds of t h e  Grand, p a r t s  of t h e  Upper and Lower Thames 
and from a g r i c u l t u r a l  watershed AG-03. I n  g e n e r a l ,  s imilar e x t r a p o l a t i o n  
r e s u l t s  w e r e  o b t a i n e d  from t h i s  approach as would be o b t a i n e d  by summing t h e  
p r e d i c t e d  u n i t  area t o t a l  N l o a d i n g s  frvm l i v e s t o c k  (Fig.  8-2) and cropping  
a c t i v i t i e s  (F ig .  8-3). 
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9. REMEDIAL MEASURES 

9 . 1  I n t r o d u c t i o n  

More e f f e c t i v e  c o n t r o l  of t h e  e u t r o p h i c a t i o n  of t h e  Lower Great Lakes 
may b e  achieved  by reducing  P r a t h e r  than  N i n p u t s .  N e v e r t h e l e s s ,  as documented 
w i t h i n  t h i s  r e p o r t ,  f r e q u e n t  groundwater and o c c a s i o n a l  stream N c o n c e n t r a t i o n s  
exceeded t h e  10  mg/L d r i n k i n g  water  s t a n d a r d  t h u s  c r e a t i n g  l o c a l  water q u a l i t y  
problems. To avoid  i n c r e a s e d  l o c a l  problems from f u t u r e  i n t e n s i f i c a t i o n  of 
a g r i c u l t u r e ,  c o n s i d e r a t i o n  should be g iven  t o  t h e  fo l lowing  measures which 
might reduce stream N l o a d i n g  from a g r i c u l t u r a l  watersheds  i n t o  t h e  Great 
Lakes. For t h e  purposes  of t h i s  r e p o r t ,  p o s s i b l e  remedia l  measures w i l l  be  
d i s c u s s e d  f o r  two major a g r i c u l t u r a l  a c t i v i t i e s :  (1) l i v e s t o c k  and (2)  c r o p s .  

9 .2  L i v e s t o c k  remedia l  measures 

Eleva ted  stream N c o n c e n t r a t i o n s  and l o a d i n g s  were a s s o c i a t e d  w i t h  
watersheds  w i t h  h igh  p o t e n t i a l  manure a d d i t i o n s .  
c a t i o n  g u i d e l i n e s  such as t h o s e  o u t l i n e d  i n  t h e  O n t a r i o  A g r i c u l t u r e  Code of 
P r a c t i c e  (1976) o r  t h e  Canada Animal Waste Management Guide (1976) i s  s t r o n g l y  
sugges ted .  

Observance of manure a p p l i -  

It  i s  f u r t h e r  recommended: 

manure s t o r a g e  c a p a c i t y  should  b e  s u f f i c i e n t  t o  c o n t a i n  t h e  6 months of 
manure produced d u r i n g  t h e  Canadian w i n t e r .  The u n d e s i r a b l e  p r a c t i c e  
of f i e l d  a p p l i c a t i o n  of manure on f r o z e n  ground could t h e r e f o r e  be 
avoided.  

Roofing s o l i d  manure s t o r a g e  areas would prevent  l o s s  of v a l u a b l e  water 
s o l u b l e  n u t r i e n t s  and p r e v e n t  contaminat ion  of water w i t h  t h e s e  
n u t r i e n t s  . 
Locat ion  of new manure s t o r a g e  areas should be based upon c o n s i d e r a t i o n s  
of l o c a l  hydrology. For example, a r e a s  which d r a i n  d i r e c t l y  i n t o  
streams o r  a r e  l o c a t e d  i n  stream s p r i n g  f l o o d p l a i n s  are n o t  recommended 
as s t o r a g e  s i tes .  Coarse g r a i n e d ,  porous s o i l s  and sha l low s o i l s  
over  l imes tone  may t o o  r e a d i l y  t r a n s p o r t  N t o  streams and are s i m i l a r l y  
u n d e s i r a b l e .  

For e s t a b l i s h e d  manure s t o r a g e  areas, d i v e r s i o n  of runoff  from manure 
p i l e s ,  c o n s t r u c t i o n  of c o n c r e t e  h o l d i n g  t a n k s  o r  r e t a i n i n g  w a l l s ,  and 
t h e  p r e v e n t i o n  of s i l a g e  e f f l u e n t  from r e a c h i n g  water s u p p l i e s  could 
improve water q u a l i t y .  P r e v e n t i n g  l i n k e d  b a r n  sewage and d r a i n a g e  systems 
and d i v e r t i n g  d i t c h e s  d r a i n i n g  l i v e s t o c k  areas from d i r e c t  stream e n t r y ,  
i s  recommended. 

Land a p p l i c a t i o n  of manure should be made t o  minimize runoff  t o  water 
c o u r s e s .  I n  O n t a r i o ,  p r e s e n t  (1976) recommended manure a p p l i c a t i o n  
rates were 320 l b .  N/acre on c l a y  loam s o i l  and 213 l b .  N/acre on sandy 
s o i l .  L i t t l e  r e s e a r c h  has been done t o  de te rmine  maximum a l l o w a b l e  
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manure a p p l i c a t i o n s  t o  maintain stream water q u a l i t y .  Evidence from t h i s  
r e p o r t  would suggest: t h a t  t h e  p r a c t i s e  of applying manure on c l a y  s o i l s  
with a high su r face  runoff p o t e n t i a l ,  e s p e c i a l l y  i n  the  c r i t i c a l  near  
stream a rea  a l s o  r e q u i r e s  eva lua t ion .  

Feedlo ts  should have s u f f i c i e n t  a g r i c u l t u r a l  land for  land manure d i sposa l  
and should be loca ted  wi th  cons idera t ion  of l o c a l  hydrology, as i n  ( 3 1 ,  
t o  minimize runoff .  

Immediate ploughing o r  d isk ing  of f r e s h l y  appl ied  manure would minimize 
N l o s s  i n  subsequent su r face  runoff .  Although not  ex tens ive ly  used a t  
p re sen t ,  the  plough down method and l i q u i d  manure i n j e c t i o n  could o f f e r  
p r a c t i c a l  methods t o  reduce manure N loading t o  streams. 

Timing of manure d i sposa l  should avoid condi t ions  t h a t  would al low drainage 
of manure e f f luer i t  r e a d i l y  i n t o  n a t u r a l  water courses .  For example, 
during the spr ing  and a f t e r  heavy rains ,  su r face  runoff of N t o  stream 
channels could be enhanced frcm su r face  appl ied  manure. 

Prevent ion of d i r e c t  c a t t l e  access t o  streams i s  recommended and could 
be achieved by fencing stream areas o r  pumping water t o  c a t t l e .  Both, 
however, represent economic c o s t s  t o  the  farmer.  It has  been suggested 
t h a t  maintenance of a bu f fe r  s t r i p  around stream channels would a l s o  
c r e a t e  organic  r i c h  and s tagnant  stream bed condi t ions  lead ing  t o  
increased  stream d e n i t r i f i c a t i o n .  
occurred a t  t imes of low temperature and low d e n i t r i f i c a t i o n  ra te  
l i m i t i n g  the  usefu iness  of a buffer  s r r i p  f o r  reduct ion  of stream N 
loading.  

However, most stream NO3-N loadings 

Cropping remedial  measures 

Elevated stream N concent ra t ion  and loadings  have a l s o  been a s soc ia t ed  
with watersheds with high f e r t i l i z e r  N add i t ions .  However, w i th in  c u l t i v a t e d  
f i e l d s ,  s i g n i f i c a n t  amounts of N yere annual ly  mineral ized and i t  i s  poss ib l e  
t h a t  much of runoff Y? may have o r ig ina t ed  as mineral ized r a t h e r  than f e L t i l i z e r  
N .  It may not  be poss ib l e  t o  d i s t i n g u i s h  from which of t hese  two important 
sources  stream N o r ig ina t ed .  It may not  be important t o  make t h i s  d i s t i n c t i o n  
s i n c e  the  important i s s u e  i s  more l i k e l y  t o  be l i m i t i n g  t h e  excess  of N 
i n p u t s  over p r imar i ly  p l a n t  uptake. The i d e a l  would be t o  base N app l i ca t ion  
ra tes  on p l a n t  growth and development during the  season and l i m i t  excess  N 
i n  t he  roo t ing  zone a t  the  end of t he  growing season. To achieve t h i s  
i d e a l ,  the  fol lowing m e r i t  cons idera t ion .  

(1) Eliminat ion of N f e r t i l i z a t i o n  above rates recommended f o r  optimum 
y ie ld .  
through ex tens ion  education. 

O v e r f e r t i l i z a t i o n  w a s  no t  common i n  Ontario and could be remedied 

( 2 )  To improve estimates of N f e r t i l i z e r  rates, which are c u r r e n t l y  based 
upon f i e l d  experience,  t h e  development of a s o i l  t es t  f o r  N would be 
usefu l .  This might avoid o v e r f e r t i l i z a t i o n  from a water q u a l i t y  view- 
p o i n t  on, f o r  example, f i n e  tex tured  s o i l s  with high organic  N conten ts  
and high n e t  mine ra l i za t ion  rates. 

(3 )  Timing of N f e r t i l i z e r  a p p l i c a t i o n  could be modified t o  reduce N loadings 
t o  streams and m a x i m i z e  crop N uptake. 
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( i )  

( i i )  

For example, s p l i t  a p p l i c a t i o n  of N t o  corn could be encouraged 
s i n c e  maximum NO3-N uptake occurs  from 3-6 weeks a f t e r  s eed l ing  
emergence. P rep lan t  and s ided res s ing  of N t o  corn during t h e  
per iod  of maximum uptake could decrease  N leaching  l o s s .  However, 
t h e  a d d i t i o n a l  time (economic c o s t )  and r i s k  t o  t h e  ind iv idua l  
farmer should be  recognized. Delayed a p p l i c a t i o n  of s ided res s ing  
due t o  w e t  weather could r e s u l t  i n  reduced y i e l d s  and p r o f i t .  
There could a l s o  be an i n e v i t a b l e  h igher  N loss during years  wi th  
heavy r a i n  a f tc r  f e r t i l i z a t i o n .  

F a l l  a p p l i c a t i o n  of N f e r t i l i z e r s  is  a ques t ionable  p r a c t i c e  i n  
Canada. U.S. s t u d i e s  ( S t e w a r t  e t  a l . ,  1975) recommended a g a i n s t  
NO3-N a p p l i c a t i o n  and es t imated  10-30% loss of f a l l  appl ied  NH4;N 
i n  a g r i c u l t u r a l  areas immediately south of Lakes Ontar io  and E r i e .  
Similar f i g u r e s  f o r  f a l l  "4-N loss  were not  a v a i l a b l e  f o r  Canada 
bu t  could be  higher  as a r e s u l t  of ex tens ive  s o i l  l eaching  by 
snowmelt. 

( i i i )  Appl ica t ion  of N f e r t i l i z e r s  such as sulphur  o r  p e s t i c i d e  
coated urea  have t h e  poten t ia l .  f o r  c o n t r o l l i n g  N r e l e a s e  which 
may a l low f o r  more e f f i c i e n t  p l a n t  N uptake.  However, prel iminary 
s t u d i e s  i n  southwestern Ontar io  (Beauchamp, 1977) found t h a t  
c o n t r o l l e d  N release merely r e s u l t e d  i n  more N a v a i l a b l e  f o r  leaching  
i n  t h e  f a l l  o r  winter .  

( i v )  Green manuring o r  ploughdown of green legumes add t o  t h e  s o i l  a 
more slowly a v a i l a b l e  N f o r  fucure  crops.  To t h e  farmer,  t h i s  
could aga in  mean loss of cash crop income on t h e  legume areas 
and r e q u i r e  a d d i t i o n a l  labour .  Legumes may no t  be adapted t o  some 
s o i l s  wi th  low pH o r  poor drainage.  

(v) Land a p p l i c a t i o n  of animal wastes could a l s o  provide N more slowly 
f o L  optimum uptake during crop growth. Such a p p l i c a t i o n  could 
reduce manure N loading  t o  water provid ing  precaut ions  such as 
fo l lowing  recommended app l ika t ion  ra tes ,  as previous ly  d iscussed ,  
were taken. 

Banding i n s t e a d  of su r face  broadcas t ing  can reduce su r face  runoff 
l o s s e s  of N (Whitaker et  a l .  , 1978).  New machinery may however be 
r equ i r ed  by t h e  farmer.  

Winter cover cropping wi th ,  f o r  example, small g r a i n s  might reduce 
pe rco la t ion  of water and unused (frcm piev ious  crop)  N p r i o r  t o  t h e  
l a r g e  volumes of runoff  which occur frcm December - March i n  southwestern 
Ontar io .  This  s o l u t i o n  would be dependent upon t h e  p o s s i b i l i t y  of 
a i h i e v i n g  good growth of the cover crop p r i o r  t o  t h e  win ter .  A l a t e  
season crop such as g r a i n  corn would no t  a l low time f o r  growth of 
cover c rops .  

The inco rpora t ion  i n t o  a farm r o t a t i o n  of c rops  which r e q u i r e  l i t t l e  
(small  g r a i n s ,  g ra s ses )  o r  no N a d d i t i o n  (soybeans, legumes) would 
a l low reduc t ion  of o v e r a l l  watershed N add i t ions .  However, f o r  an 
i n d i v i d u a l  farmer,  t h i s  could r e s u l t  i n  reduced income from cash crops 
and n e c e s s i t a t e  l i v e s t o c k  t o  use added forage  product ion.  
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(7) Changed land use s o  as t o  inc rease  watershed hay and pas tu re  areas 
would reduce s t ream N loading bu t  have severe  economic e f f e c t s  on 
ind iv idua l  and poss ib ly  r eg iona l  economies. 

( 8 )  E a r l y  sp r ing  seeding of s m a l l  g r a i n s  could improve y i e l d s  and reduce s o i l  
N i n  A p r i l .  

(9) Crop breeding programmes t o  develop, f o r  example, high y i e l d  corn 
var ie t ies  wi th  reduced N f e r t i l i t y  requirements could r e s u l t  i n  marked 
water q u a l i t y  b e n e f i t s .  Most s i g n i f i c a n t  conserva t ion  of N from 
a g r i c u l t u r a l  areas would be achieved i f  N f e r t i l i z a t i o n  and p l a n t  uptake 
were matched f o r  corn.  
and t h e  ex tens ive  areas of corn i n  t h e  Great Lakes bas in .  
wi th  high N l eaching  l o s s e s  such as po ta toes  and Burley tobacco have 
small areas. 

This  w a s  a r e s u l t  of high f e r t i l i z e r  rates 
Other crops 

(10) For t h e  1 / 4  t o  1 / 3  of N l o s t  as Kje ldahl  N from Ontar io  watersheds and 
a s soc ia t ed  with sediment,  remedial  measures concerned with e ros ion  c o n t r o l  
would be most e f f e c t i v e .  Such p r a c t i c e s  inc lude  conservat ion t i l l a g e ,  
sod-based r o t a t i o n s ,  w in te r  cover c rops ,  contour  p l an t ing  and ploughing, 
s t r i p  cropping, improved s o i l  f e r t i l i t y ,  grassed waterways and e l imina t ion  
of f a l l  ploughing where poss ib l e .  

9.4 General Conclusions 

(1) A number of management methods a l ready  e x i s t  t o  reduce stream N loading.  
However, management s t u d i e s  such as those  conducted ac ross  Ontar io  
f o r  PLUARG (1977) o r  w i th in  t h e  Thames Valley Conservation Authori ty  
(1978) suggested t h a t ,  wi th  t h e  except ion  of crop r o t a t i o n ,  such methods 
were being used by a minor i ty  (10-2OZ) of farmers .  Thus, expanded 
emphasis of conservat ion p r a c t i c e s  by a g r i c u l t u r a l  ex tens ion  workers 
could r e s u l t  i n  improved farm management and reduced stream N loading.  

(2) A number of t hese  recommended p r a c t i c e s  may r equ i r e  s p e c i a l  modi f ica t ion  
i n  Canada. For example, as a r e s u l t  of coo:L s o i l  temperatures  and l a r g e  
snowmelt runof f ,  no t i l l a g e  and slow release f e r t i l i z e r s  r e spec t ive ly  
may be of reduced usefu lness .  Questions such as these  could be researched 
a t  l o c a l  a g r i c u l t u r a l  research  s t a t i o n s  where the  e f f e c t i v e n e s s  of 
management p r a c t i c e s  f o r  t h e  c o n t r o l  of n u t r i e n t  l o s s e s  could be 
eva lua ted  as ex tens ive ly  as have been crop impacts on runoff and eros ion .  

(3 )  F i n a l l y ,  i t  should be recognized t h a t  increased  N use has r e s u l t e d  i n  
l a r g e  p o s i t i v e  economic advantages t o  a g r i c u l t u r e .  Most important among 
these  are t h e  increased  y i e l d s  and economic r e t u r n s  a s soc ia t ed  wi th  N 
f e r t i l i z a t i o n  and t h e  r e s u l t i n g  a b i l i t y  t o  produce these  h igher  y i e l d s  
on a diminishing amount of c u l t i v a t e d  land.  Thus, i n s t i t u t i o n  of 
measures t o  reduce NO3-N l o s s  from f i e l d s  should consider  t h e  e f f e c t s  
such measures would have upon achiev ing  s a t i s f a c t o r y  product ion.  
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APPENDIX 3-1. Sample and flow duration curves for the 
11 agricultural watersheds. 
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Fig .  A-3-1 Flow duration curve based on mean daily discharge (6) 
and sample duration curve based on instantaneous dis- 
charge (Qi) for watershed AG-01. 
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Fig. A-3-2 Flow duration curve based on mean daily discharge (0) and 
sample duration curve based on instantaneous discharge 
(Qi) f o r  Watershed AG-02. 
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Fig. A-3-3 Flow dura t ion  curve based on mean d a i l y  discharge (6) and 
sample dura t ion  curve based on instantaneous discharge 
(Qi) f o r  Watershed AG-03. 
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Fig. A-3-4 F l o w  duration curve based on mean daily discharge (0) and 
sample duration curve based on instantaneous discharge 
(Qi) for Watershed AG-04.  
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Fig. A-3-5 Flow duration curve based on mean daily discharge (0) and 
sample duration curve based on instantaneous discharge 
(Qi) for Watershed AG-05. 
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Fig. A-3-6 Flow duration curve based on mean daily discharge ( 0 )  and 
sample duration curve based on instantaneous discharge 
(Qi) for Watershed AG-06. 
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Fig. A-3-7 F l o w  duration curve based on mean d a i l y  discharge (6) and 
sample duration curve based on instantaneous discharge 
(Qi) for Watershed AG-07. 
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Fig. A-3-8 Flow duration curve based on mean daily discharge (0) and 
sample duration curve based on instantaneous discharge 
(Qi) for Watershed AG-10. 
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Fig. A-3-9 Flow duration curve based on mean daily discharge (0) and 
sample duration curve based on instantaneous discharge 
(Qi) for Watershed AG-11. 
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Fig. A-3-10 F l o w  dura t ion  curve based on mean d a i l y  d ischarge  ( G )  and 
sample d u r a t i o n  curve based on ins tan taneous  d ischarge  
( Q i )  f o r  Watershed AG-13. 
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Fig. A-3-11 Flow duration curve based on mean daily discharge (q) and 
sample duration curve based on instantaneous discharge 
(Qi) f o r  Watershed AG-14. 



APPENDIX 4.1 Complete list of detailed projects in agricultural watershed 
studies. 

PROJECT PRINCIPAL 
NO. INVESTIGATORS 

1 D.R. Coote 
E.M. MacDonald 

2 R.C. Hore 
R.C. Ostry 

3 R.C. Hore 
R.C. Ostry 

4 R. Frank 

5 R. Frank 

6 M. Sanderson 

7 C.J. Acton 

8 G. J. Wall 

9 M. Ihnat 
A. J. MacLean 
M. Schnitzer 
J.D. Gaynor 

10 

11 

1 2  

13  

14 

15 

1 6  

17 

J.D. Gaynor 

C. G. Kowalenko 

G.C. Topp 

D.R. Cameron 

E.O. Frind 
J.A. Cherry 
K. Gillham 

H.R. Whitely 

G. J. Wall 

W.T. Dickinson 

TITLE 

COORDINATION; DATA HANDLING AND TRANSFER 

STREAM FLOW QUALITY 

STREAM FLOW QUALITY - (A) ROUTINE WATER 
AND SEDIMENT QUALITY 

STREAM FLOW QUALITY (B) PESTICIDES 

LAND USE INFORMATION 

PRECIPITATION - QUANTITY AND QUALITY 
SOIL SURVEY 

THE NATURE AND ENRICHMENT OF SEDIMENTS IN 
AGRICULTURAL WATERSHEDS: A MINERALOGICAL 
AND PHYSICAL CHARACTERIZATION 

AGRICULTURAL SOURCES, TRANSPORT AND STORAGE 
OF HEAVY METALS 

SOURCES OF NUTRIENTS AND HEAVY METALS IN 
HILLMAN CREEK 

NITROGEN TRANSFORMATION PROCESSES IN WATERSHED 
SOILS 

PHYSICAL PROPERTIES OF THE SOILS OF AGRICULTURAL 
WATERSHEDS 1 and 13 WHICH CONTROL MOISTURE 
STORAGE AND TRANSPORT 

MATHEMATICAL MODEL OF NITROGEN TRANSPORT IN 
THE AGRICULTURAL WATERSHED SOILS 

STUDIES OF AGRICULTURAL POLLUTION OF GROUNDWATER 
AND ITS INFLUENCE ON STREAM WATER QUALITY IN 
TWO AGRICULTURAL WATERSHEDS 

HYDROLOGICAL MODEL 

EROSIONAL LOSSES FROM AGRICULTURAL LAND 

SEDIMENT DELIVERY RATIOS IN SMALL AGRICULTURAL 
WATERSHEDS 
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PROJECT 
NO. 

18 

19-A 

19-B 

20 

21  

22 

23 

PRINCIPAL 
INVESTIGATORS 

M.H.  Miller 

J. B. Robinson 
N.K. Kaushik 

H.B.N. Hynes 

S.L. Hodd 

F.R. Hore 
D.R. Coote 

N.K. Patni 
F.R. Hore 

J.A.C. Fortescue 

TITLE 

CONTRIBUTION OF PHOSPHORUS FROM AGRICULTURAL 
LAND TO STREAMS BY SURFACE RUNOFF 

NITROGEN TRANSPORT AND TRANSFORMATIONS IN 
TWO BRANCHES OF CANAGAGIGUE CREEK 

SECONDARY PRODUCTION AND ORGANIC DRIFT OF 
NUTRIENTS IN TWO BRANCHES OF CANAGAGIGUE CREEK 

EFFECTS OF LIVESTOCK ACTIVITIES ON SURFACE 
WATER QUALITY 

FEEDLOT AND MANURE STORAGE RUNOFF 

POLLUTANT TRANSPORT TO SUBSURFACE AND 
SURFACE WATERS IN AN INTEGRATED FARM OPERATION 

GEOCHEMISTRY AND HYDROGEOLOGY OF AGRICULTURAL 
WATERSHED NO. 10, AND THEIR INFLUENCE ON THE 
CHEMICAL COMPOSITION OF WATER AND SEDIMENTS 
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