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I would l i k e  t o  spend my time t h i s  morning reviewing with 
you some of t h e  p r a c t i c e s  and approaches r e s e a r c h  has  suggested a s  
being u s e f u l  i n  c o n t r o l l i n g  q u a l i t y  of both s u r f a c e  water  and 
groundwater. Given t h e  l i m i t e d  time a v a i l a b l e ,  I w i l l  h i g h l i g h t  
only a few of the  s t u d y  f i n d i n g s ,  and conf ine  my remarks p r imar i ly  
t o  t h e  problems of n i t r o g e n  p o l l u t i o n  of groundwater and phosphorus 
contamination of s u r f a c e  waters .  This l i m i t e d  review i s  prompted 
more by what I perce ive  t o  be t h e  major i n t e r e s t s  of  t h i s  audience 
and l i m i t a t i o n s  of t ime than  by any judgment about  l e s s e r  importance 
of such p o l l u t i o n  problems as p e s t i c i d e  and sediments.  

Environmental Accoun tab i l i ty  

Before p r e s e n t i n g  s p e c i f i c  management recommendations t o  
p r o t e c t  water q u a l i t y ,  I must emphasize t h a t  a g r i c u l t u r e  
inc reas ing ly  w i l l  be h e l d  accountable  f o r  i t s  environmental  
impacts. We can argue about  t h e  need f o r  p r a c t i c a l  r u l e s  and f a i r  
s tandards ,  we can demand demonstrat ion of e f f e c t i v e n e s s ,  we can 
f i g h t  f o r  r e a l i s t i c  implementation schedules ,  and we can blow a 
l i t t l e  smoke. But we c a n ' t  h ide  from t h e  f a c t  t h a t  a g r i c u l t u r e ' s  
impacts on the  environment w i l l  be monitored and c o n t r o l l e d  a s  never 
before.  

Farmers t r a d i t i o n a l l y  have based t h e i r  product ion inpu t  
dec i s ions  on c o s t s  and r e t u r n s .  These d e c i s i o n s  g e n e r a l l y  were not 
tempered by e x t e r n a l i t i e s ,  e s p e c i a l l y  the  s o c i e t a l  c o s t s  of 
a g r i c u l t u r a l  p o l l u t i o n .  I n  some i n s t a n c e s ,  those  s o c i e t a l  c o s t s  may 
exceed the  product ion c o s t s .  "Thus, r e g u l a t i o n  i s  seen by many a s  a 
way t o  f o r g e  the  l i n k  t h a t  w i l l  p r o t e c t  t h e  environment from the  
damaging l e v e l s  of a g r i c u l t u r a l  inpu t  use  t h a t  may r e s u l t  from 
p r i v a t e  d e c i s i o n  making (Crowder, e t  a l .  19881." 

U.S. Department of A g r i c u l t u r e ' s  Economic Research Service  
r e c e n t l y  i ssued a r e p o r t  on c o s t s  of groundwater p o l l u t i o n ,  which 
concluded t h a t  t h e  d r i n k i n g  water f o r  a n  es t ima ted  50 m i l l i o n  people 
i n  t h e  United S t a t e s  comes from groundwater t h a t  i s  p o t e n t i a l l y  
contaminated by a g r i c u l t u r a l  chemicals. About 1 9  m i l l i o n  of these  
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people g e t  t h e i r  water from p r i v a t e  w e l l s ,  which a r e  most 
vu lne rab le .  Most of t h e  people who r e l y  on groundwater l n  
p o t e n t i a l l y  contaminated a r e a s  l i v e  where groundwater may conta in  
p e s t i c i d e s  o r  a  combination of p e s t i c i d e s  and n i t r a t e .  The 
resea rchers  put  f i r s t  t ime monitoring c o s t s  a t  $900 m i l l i o n  t o  $2.2 
b i l l i o n  f o r  p r i v a t e  w e l l s ,  and $14 m i l l i o n  f o r  community groundwater 
systems (Nie l sen  and Lee, 1987).  

These and many o t h e r  e s t i m a t e s  of mounting s o c i e t a l  c o s t s  of 
a g r i c u l t u r a l l y  r e l a t e d  wa te r  p o l l u t i o n  a r e  causing s t a t e  and f e d e r a l  
governments t o  implement e v e r  s t r o n g e r  " c a r r o t  and s t i c k "  
approaches. My assessment maybe wrong, but  I s e e  t h e  s t i c k  growing 
f a s t e r  than  t h e  c a r r o t .  At t h e  f e d e r a l  l e v e l ,  environmental  
i n t e r e s t  groups played c r i t i c a l  r o l e s  i n  shaping t h e  1985 farm 
b i l l .  The i r  suppor t  f o r  o r  l a c k  of oppos i t ion  t o  t h e  farm b i l l  came 
only a f t e r  conse rva t ion  r e s e r v e ,  c r o s s  compliance and sodbuster  
p rov i s ions  were inc luded .  The impact of environmental  o rgan iza t ions  
on f u t u r e  farm l e g i s l a t i o n  may be s i m i l a r  t o  impact t h e  food stamp 
c o a l i t i o n  h a s  had i n  t h e  p a s t  on farm l e g i s l a t i o n .  

I n  Wisconsin, we passed a groundwater p r o t e c t i o n  l aw 
(Chapter 160 W i s .  STATS) i n  1984 t h a t  w i l l  l ead  t o  a  s e t  of s t r i c t  
enforcement s t a n d a r d s  f o r  va r ious  p e s t i c i d e s  i n  groundwater. 
D i f f e r e n t  cropping r e g i o n s  i n  the  s t a t e  w i l l  have b e s t  management 
p r a c t i c e s  p resc r ibed  t o  meet t h e  e s t a b l i s h e d  s t a n d a r d s ,  and some 
p e s t i c i d e s  i n  c e r t a i n  cropping a r e a s  w i l l  l i k e l y  be banned o r  h i g h l y  
r e s t r i c t e d  i n  t h e i r  use.  It is  unfor tuna te  t h a t  t h e  s o l i d  r esea rch  
base needed t o  implement t h e  Wisconsin r e g u l a t o r y  program i s  not  i n  
place.  Even more unfor tuna te  i s  t h e  f a c t  t h a t  no resea rch  money was 
provided i n  t h e  b i l l .  

I n  Nebraska, formerly  voluntary  e f f o r t s  have been replaced 
by a  tough r e g u l a t o r y  approach t o  d e a l  with n i t r a t e  i n  groundwater. 
The t h r e e  phase program is  based on n i t r a t e  n i t r o g e n  l e v e l s  i n  
groundwater, with Phase I a r e a s  having l e s s  than  12.5 ppm, Phase 11 
a r e a s  have from 12.6 t o  20 ppm, and Phase I11 a r e a s  having g r e a t e r  
than 20 ppm. I n  Phase I a r e a ,  the  Nebraska law bans f a l l  and winter  
a p p l i c a t i o n s  of N on sandy s o i l s .  Phase I1 l i m i t a t i o n s  a r e  more 
severe .  R e s t r i c t i o n s  on a p p l i c a t i o n  p r a c t i c e s  a r e  inc reased ,  annual 
r e s i d u a l  n i t r o g e n  and i r r i g a t i o n  w e l l  water  sampling is  mandated, 
and a t t endance  a t  n i t r o g e n  management schools  is requ i red .  These 
c o s t s  a r e  borne by t h e  farmer.  If Phase I1 s t e p s  f a i l ,  then Phase 
I11 k icks  i n  -- br ing ing  even tougher management c o n t r o l s  and 
r e s t r i c t i o n s  on amount of n i t rogen  t h a t  can be a p p l i e d  (Fee,  1988). 

I n  t h a  r e c e n t  p a s t ,  I bel ieve  some bus iness  and u n i v e r s i t y  
l e a d e r s  have r e s i s t e d  environmental  c o n s i d e r a t i o n s  t o o  vigorously ,  
be l i ev ing  t h a t  f a rmers  themselves found such environmental  demands 
unreasonable.  I q u e s t i o n  whether t h i s  assumption was ever  t r u e ,  and 
know t h a t  i t  does not  r e f l e c t  r e a l i t y  today. Farmers and t h e i r  
f a m i l i e s  a r e  among groups  most dependent upon groundwater f o r  



personal  use. They a l s o  a p p r e c i a t e  w i l d l i f e ,  e n  joy q u a l i t y  f i s h i n g ,  
boat ing and swimming, and they d o n ' t  want t o  do t h i n g s  t h a t  cause 
water q u a l i t y  problems. They want to  h e l p  remedy t h e  problem, a r e  
w i l l i n g  t o  work toward a n  improved environment, and a r e  looking t o  
u s  -- those  of us i n  a g r i b u s i n e s s ,  u n i v e r s i t i e s  and government -- 
f o r  r e a l i s t i c  and e f f e c t i v e  answers. 

Nitrogen Management t o  P r o t e c t  Groundwater 

Background 

Nitrogen can be and i s  a problem i n  s u r f a c e  water  q u a l i t y ,  
but  i t  rece ives  most a t t e n t i o n  because of t h e  h e a l t h  t h r e a t  i t  poses 
when n i t r a t e  l eaches  i n t o  groundwater. It i s  on t h i s  l a t t e r  problem 
t h a t  I w i l l  conf ine  my remarks today. At t h e  o u t s e t  of t h i s  
d i scuss ion  we must recognize  t h a t  n i t rogen  i s  one of t h e  most 
d i f f i c u l t  elements t o  t r a c e  through t h e  environment because of the  
many chemical pathways and t r ans fo rmat ions  i t  can  fol low.  Figure 1 
i l l u s t r a t e s  the  complex n i t r o g e n  cycle .  It a l s o  e x p l a i n s  i n  l a r g e  
p a r t  why n i t r o g e n  is  such a d i f f i c u l t  element t o  manage. 

Figure 1. The Nitrogen Cycle i n  Agr icu l tu re  

ATMOSPHERIC NITROGEN 
N2 

LEGUMES 
Denitrif ication ( 3 )  

AMMONIUM N H ~  

(Keeney e t  a l . ,  1986) 

Wisconsin farmers  app l i ed  246,000 t o n s  of n i t r o g e n  
f e r t i l i z e r  i n  1984. Much of t h i s  f e r t i l i z e r  went on 4 .1  m i l l i o n  
a c r e s  of corn land (Keeney e t  a l . ,  1986).  I n  Wisconsin, a  major 
d a i r y  and l i v e s t o c k  producing s t a t e ,  manure is  an important  source 
of n i t rogen  t o  a g r i c u l t u r e ,  a s  a r e  legume res idues .  



Improved management of n i t rogen  from f e r t i l i z e r  and 
n o n - f e r t i l i z e r  sources  i s  t h e  only r e a l i s t i c  approach t o  minimizing 
n i t r a t e  a d d i t i o n s  t o  groundwater from cropland.  Avai lable  n i t rogen  
t h a t  i s  no t  recovered by c rops  i s  s u b j e c t  t o  l o s s  from s o i l  through 
s e v e r a l  processes ,  with l each ing  c o n t r i b u t i n g  t o  n i t r a t e  
contamination of groundwater. Increased c rop  recovery of a v a i l a b l e  
n i t rogen  through improved n i t rogen  management reduces  t h e  amount of 
n i t rogen  s u b j e c t  t o  l o s s  t o  groundwater (Bundy, 1987). 

Here, t h e n ,  a r e  some management p r a c t i c e s  t h a t  can reduce 
n i t r o g e n  t h r e a t  t o  groundwater. 

Proper Appl ica t ion  Rate  

The amount of n i t r o g e n  the  farmer a p p l i e s  i s  o f t e n  the  most 
important  f a c t o r  a f f e c t i n g  efficiency of c rop  use  and n i t rogen  l o s s  
t o  groundwater. Today, economic c o n s i d e r a t i o n s  a r e  of most 
importance t o  t h e  farmer  i n  determining optimum a p p l i c a t i o n  r a t e s .  
The economic optimum n i t r o g e n  r a t e  i s  achieved when t h e  c o s t  of the  
l a s t  increment of f e r t i l i z e r  added i s  equa l  t o  the  value  of the  
y i e l d  i n c r e a s e  produced by t h a t  n i t rogen  a d d i t i o n .  

Table 1 i l l u s t r a t e s  t h i s  r e l a t i o n s h i p  f o r  continuous corn  
grown i n  Wisconsin t r i a l s .  

Table 1. Yield ,  economic r e t u r n ,  and recovery of appl ied  N i n  
g r a i n  wi th  40-lb/a increments of f e r t i l i z e r  N appl ied  
t o  cont inuous  corn .  J a n e s v i l l e ,  W i s .  1983-85. - 1/ 

Value of 
N y i e l d  Cost of N 

r a t e  Yield i n c r e a s e  of N Re t u r n  recovery 
l b / a  bu/a $/a % 

I/ Assumes $0.15/lb f o r  N and $2.00/bu f o r  corn .  (Bundy, 1987) - 
These d a t a ,  t y p i c a l  of normal response r a t e s ,  i n d i c a t e  t h a t  

the  economic optimum n i t r o g e n  r a t e  f o r  t h i s  product ion s i t u a t i o n  is  
160 l b  ~ / a ,  a l though only 6 bu/a of a d d i t i o n a l  y i e l d  were obtained 
f o r  the  l a s t  40 l b / a  of n i t rogen  a p p l i e d .  Important  t o  our 
d i scuss ion  h e r e  i s  t h a t  recovery of n i t rogen  i n  corn  g r a i n  decreased 
from 45% f o r  t h e  f i r s t  40 l b  app l i ed  t o  17% f o r  t h e  f i n a l 4 0 - l b  
increment a p p l i e d  a t  t h e  160 l b  ~ / a  r a t e .  



Farmers, a t  tempting t o  maximize r e t u r n s ,  understandably tend 
toward t h e  economic optimum. Socie ty ,  a t tempt ing t o  p r o t e c t  aga ins t  
environmental  degrada t ion ,  understandably tends toward h igher  
n i t r o g e n  recovery r a t e s .  I f  n i t rogen  r e g u l a t i o n s  become more 
broadly  app l i ed ,  h o p e f u l l y  those  r e g u l a t i o n s  w i l l  f i n d  a n  accep tab le  
compromise be tween t h e  two extremes. 

Table 1 a l s o  c l e a r l y  i n d i c a t e s  why environmental  i n t e r e s t s  
tend t o  r e t r e a t  i n  t h e  f a c e  of commodity s c a r c i t y  and r i s i n g  
p r i c e s .  On t h e  o t h e r  hand, farmers  must a l s o  cons ide r  what happens 
i n  the  "aggregate" i f  most producers f e r t i l i z e  t o  achieve maximum 
economic re tu rn .  I f  i n d i v i d u a l  d e c i s i o n s  on maximum economic r e t u r n  
r e s u l t  i n  s u r p l u s  "aggregate" production,  t h e  p r i c e  of t h e  commodity 
w i l l  f a l l ,  and maximum economic r e t u r n  w i l l  occur a t  a  lower 
f e r t i l i z a t i o n  r a t e .  

R e a l i s t i c  Yield Goals 

Since n i t r o g e n  f e r t i l i z e r  recommendations a r e  based on y i e l d  
g o a l s ,  u n r e a l i s t i c  g o a l s  r e s u l t  i n  inappropr ia te  n i t r o g e n  
app l i ca t ions .  Yield g o a l s  should not  be more than 10%-20% above the 
r e c e n t  average y i e l d  exper ience  i n  a p a r t i c u l a r  f i e l d  (Bundy, 
1987).  A r e c e n t  survey of co rn  producers i n  Nebraska sugges t s  thac  
farmers tend t o  be o v e r l y  o p t i m i s t i c  i n  s e t t i n g  y i e l d  goa l  
e s t ima tes .  I n  t h e  f o u r  y e a r  survey of 158 producers ,  only 10% 
c o n s i s t e n t l y  reached t h e i r  y i e l d  goal. F i f t y  pe rcen t  a t t a i n e d  80% 
of t h e i r  y i e l d  goa l ,  and t h e  remaining farmers  f e l l  more than 20% 
below t h e i r  es t imated y i e l d  goa l  (Schepers, e t  a l . ,  1986). Farmers 
a r e  n a t u r a l l y  o p t i m i s t i c ,  but  t h e i r  optimism h e r e  i s  c o s t i n g  them 
money and t h r e a t e n i n g  groundwater q u a l i t y .  

S o i l  Organic Mat ter  Es t ima tes  

Wisconsin n i t r o g e n  f e r t i l i z e r  recommendations a r e  based on 
s o i l  organic mat ter c o n t e n t  i n  combination wi th  y i e l d  goals .  
Adjustment of n i t r o g e n  r a t e s  f o r  s o i l  o rgan ic  m t t e r  r e f l e c t s  
n i t rogen  c o n t r i b u t i o n s  from organ ic  mat te r  m i n e r a l i z a t i o n .  
Wisconsin corn s t u d i e s  showed t h a t  y i e l d  g o a l s  of 141-160 bu/a could 
be achieved with 190 l b  ~ / a  i n  f i e l d s  with l e s s  than  20 tons  of 
organic  mat te r  p e r  a c r e ,  and wi th  130 lb ~ / a  when f i e l d s  had 76-100 
tons  of organic  mat te r  p e r  ac re .  Thumb r u l e s  such a s  t h e  one t h a t  
recommends 1 .2  l b  of N/a f o r  each bushel  of y i e l d  may no t  p r e d i c t  
a c c u r a t e l y  optimum n i t r o g e n  a p p l i c a t i o n  r a t e s  (Bundy, 1987). 
Organic mat te r  con ten t  must be taken i n t o  account i f  accura te  
recommendations a r e  t o  be made. 

C r e d i t s  f o r  Legumes and Manure 

Legumes and manure can supply s u b s t a n t i a l  amounts of 
a v a i l a b l e  n i t r o g e n  f o r  c rop  product ion,  and can c o n t r i b u t e  
s u b s t a n t i a l l y  t o  n i t r o g e n  l each ing  i f  not  accounted f o r  i n  p lan t  



recovery r a t e s  d i scussed  e a r l i e r .  Table 2 p rov ides  e s t i m a t e s  of 
n i t rogen  c r e d i t s  t h a t  should be appl ied  when manure and legume crops  
a r e  p resen t .  

It is  worth no t ing  h e r e  t h a t  one of the  s u s t a i n a b l e  
a g r i c u l t u r e  g o a l s  of  i n c r e a s i n g  use of manures and legumes a s  an  
o rgan ic  n i t r o g e n  source  may not  have e n t i r e l y  b e n e f i c i a l  r e s u l t s .  
Cer ta in ly ,  i n c r e a s i n g  s o i l  organic  mat ter  w i l l  i n c r e a s e  i n f i l t r a t i o n  
r a t e s  and reduce runof f .  But legume r e s i d u e s  and manure may a l s o  
r e l e a s e  n i t r o g e n  d u r i n g  pe r iods  when crops  a r e  not a c t i v e l y  feeding,  
thus  i n c r e a s i n g  t h e  l i k e l i h o o d  of h i g h e r  n i t r a t e  l each ing .  These 
r e l a t i o n s h i p s  and many o t h e r s  being suggested by s u s t a i n a b l e  
a g r i c u l t u r e  approaches need f u r t h e r  study.  

Table 2. Ni t rogen c r e d i t s  f o r  manure a p p l i c a t i o n s  and previous 
legume crops.  

Source Nitrogen C r e d i t  

Manure 
Stacked o r  d a i l y  hauled 4 l b   ton 
Liquid manure 3 l b  N/ton 
Analyzed manure 40% of N con ten t  

Legume crops  
A l f a l f a  

Soybeans 

40 l b  N/a p l u s  1 l b  N/a f o r  each 
percent  legume i n  s t and  

For second year  co rn  fol lowing 
good legume sod (over  50% s tand)  
c r e d i t  30 l b  N/a. 

1 l b  ~ / a  f o r  each bu/a of beans 
ha rves ted  up t o  maximum c r e d i t  
of 40 l b  N/a. 

(Bundy, 1987) 

N i t r a t e  S o i l  T e s t s  

Recent Wisconsin resea rch  (Bundy and Malone, 1988; and 
Malone, 1986) shows t h a t  adjustment of n i t r o g e n  f e r t i l i z e r  
reconmendations f o r  t h e  amount of r e s i d u a l  n i t r a t e  i n  s o i l  p r o f i l e s  
h a s  p o t e n t i a l  f o r  improving c rop  use  e f f i c i e n c y  and reducing n i t r a t e  
l o s s  t o  groundwater. These s t u d i e s  have shown t h a t  s u b s t a n t i a l  
amounts of n i t r a t e  may remain i n  s o i l  p r o f i l e s  (0-3 f t )  a t  t h e  end 
of the  growing season i f  n i t rogen  a p p l i c a t i o n  r a t e s  exceed crop 
n i t rogen  requirements.  lJhile r e sea rch  t o  e v a l u a t e  n i t r a t e  s o i l  
t e s t i n g  i s  c u r r e n t l y  incomplete,  a v a i l a b l e  d a t a  i n d i c a t e  t h a t  use of 
n i t r a t e  s o i l  t e s t s  could improve n i t r o g e n  f e r t i l i z e r  e f f i c i e n c y  and 
reduce environmental  dangers (Bundy, 1987). 



I n  a d d i t i o n ,  d a t a  a r e  accumulating t h a t  i n d i c a t e  e a r l y  
growing season n i t r o g e n  t e s t i n g  may have va lue  i n  p r e d i c t i n g  crop 
n i t rogen  needs (Bundy, 1988).  Both p l a n t  t i s s u e  a n a l y s i s  and 
n i t r a t e  s o i l  t e s t s  show promise i n  providing guidance t o  farmers on 
p o s s i b l e  need t o  s i d e  d r e s s  crops  to  meet n i t r o g e n  requirements 
while avoiding c o s t l y  and environmentally damaging over loads .  

Timing and Placement of Nitrogen Appl ica t ions  

Timing and a p p l i c a t i o n  of n i t rogen  a p p l i c a t i o n s  can be 
important  f a c t o r s  a f f e c t i n g  e f f i c i e n c y  of c rop  use  and p o t e n t i a l  
l o s s  t o  environment. L i t e r a t u r e  review shows t h a t  f a l l  a p p l i c a t i o n s  
a r e  u s u a l l y  10%--15% l e s s  e f f e c t i v e  i n  Wisconsin than  t h e  same 
amount of n i t r o g e n  a p p l i e d  i n  the  sp r ing  a s  p r e p l a n t  (Bundy, 1986). 
Therefore g r e a t e r  c rop  n i t r o g e n  recovery and lower r i s k  of n i t rogen 
l o s s  t o  groundwater w i l l  u s u a l l y  be obta ined wi th  s p r i n g  
a p p l i c a t i o n s  than with f a l l  a p p l i c a t i o n s .  S idedress  a p p l i c a t i o n s  
a r e  l i k e l y  t o  i n c r e a s e  c rop  recovery of a p p l i e d  n i t r o g e n  and reduce 
n i t rogen  l o s s  r e l a t i v e  t o  p r e p l a n t  a p p l i c a t i o n s  on sandy s o i l s  where 
leaching i s  high.  S i d e d r e s s  a p p l i c a t i o n s  on medium and f i n e  
t ex tu red  s o i l s  u s u a l l y  does not inc rease  corn  y i e l d  o r  recovery of 
appl ied  n i t r o g e n  when compared t o  sp r ing  p r e p l a n t  a p p l i c a t i o n s  
(Bundy, 1986; Randa l l ,  1986). 

F o l i a r  and I r r i g a t i o n  Appl ica t ions  of Ni t rogen 

While p l a n t  l e a v e s  can absorb n i t r o g e n  i n  l i q u i d  s o l u t i o n ,  
f o l i a r  a p p l i c a t i o n  i s  p r o h i b i t i v e l y  expensive ,  and would damage 
p l a n t  l eaves  i f  a p p l i e d  a t  l e v e l s  g r e a t  enough t o  meet p l a n t  needs. 
Appl ica t ion of n i t r o g e n  wi th  i r r i g a t i o n  water  may be f e a s i b l e  f o r  
many i r r i g a t e d  c rops ,  but  t h e  p r a c t i c e  g e n e r a l l y  i n c r e a s e s  leaching 
l o s s e s ,  p a r t i c u l a r l y  i f  app l i ed  t o  shallow rooted c rops ,  o r  on crops 
grown i n  h i l l s  o r  r i d g e s  (Jackson e t  a l . ,  1987).  However, r e s i d u a l  
n i t r a t e  occurr ing i n  i r r i g a t i o n  water can sometimes be a  s i g n i f i c a n t  
source  of n i t r o g e n  and should be c r e d i t e d .  For example, water  
conta ining 10 ppm n i t r a t e  n i t r o g e n  provides  27 pounds of n i t rogen 
wi th  each acre-foot  of wa te r  app l i ed  (Olson, 1986) .  

C r o ~  and V a r i e t v  S e l e c t i o n  

Research shows t h a t  under some c o n d i t i o n s  c a r e f u l  s e l e c t i o n  
of corn hybr ids  f o r  s p e c i f i c  f i e l d s  and y i e l d  g o a l s  h a s  p o t e n t i a l  
f o r  improving n i t r o g e n  use.  Purdue U n i v e r s i t y  r e s e a r c h  has  
demonstrated t h a t  y i e l d  p o t e n t i a l  of d i f f e r e n t  h y b r i d s  i s  d i r e c t l y  
r e l a t e d  t o  the  n i t r o g e n  response c h a r a c t e r i s t i c s  of t h e  hybr id .  Low 
f e r t i l i t y  hybr ids ,  f o r  example, were found t o  r e q u i r e  l i t t l e  
n i t r o g e n  f e r t i l i z e r  and t a k e  up most of what they needed e a r l i e r  i n  
the  season (Tsa i ,  e t  a l . ,  1984). Another s tudy suggested t h a t  low 
f e r t i l i t y  hybr ids  could be managed f o r  optimum n i t r o g e n  use  
e f f i c i e n c y  on droughty,  low organ ic  mat te r  (sandy) s o i l s  (Huffman. 
1986). Wisconsin r e s e a r c h  h a s  not  demonstrated t h e s e  suggested 
advantages of hybr id  s e l e c t i o n  (Bundy and C a r t e r ,  1988). 



N i t r i f i c a t i o n  I n h i b i t o r s  and Slow Release Forms 

N i t r i f i c a t i o n  i n h i b i t o r s  when used wi th  ammonium forms of 
n i t r o g e n  can improve n i t r o g e n  e f f i c i e n c y  and limit l o s s e s  i n  s o i l s  
wilere l each ing  o r  d e n i t r i f i c a t i o n  p o t e n t i a l s  a r e  high.  
N i t r i f i c a t i o n  i n h i b i t o r s  f u n c t i o n  by slowing t h e  conversion of 
ammonium n i t r o g e n  t o  n i t r a t e ,  thereby reducing l o s s e s  of n i t rogen  
t h a t  occur through t h e  n i t r a t e  form (Bundy, 1987).  P resen t  research 
shows t h a t  improved t iming  of n i t rogen  a p p l i c a t i o n s  is more c o s t  
e f f e c t i v e  than t h e  use  of slow-release forms of n i t rogen ,  due t o  
h igh c o s t s  and problems of matching r e l e a s e  rates t o  c rop  needs 
dur ing t h e  growing season (Jackson, e t  al . ,  1987).  

Improved Overa l l  Management 

Improved c a l i b r a t i o n  of equipment, more even d i s t r i b u t i o n  of 
f e r t i l i z e r ,  and a d j u s t i n g  a p p l i c a t i o n  r a t e s  w i t h i n  f i e l d s  a r e  
low-cost, e x i s t i n g  t echno log ies  t h a t  can be used t o  improve n i t rogen  
use e f f i c i e n c y  and l e s s e n  environmental  problems (Jackson e t  a l . ,  
1987). I n  a d d i t i o n ,  sound agronomic p r a c t i c e s  must be followed t o  
achieve high y i e l d s ,  inc lud ing ,  f o r  example, s u f f i c i e n t  l e v e l s  of 
phosphorus and potassium, and o t h e r  n u t r i e n t s ;  h igh p l a n t  
popula t ions;  adapted v a r i e t i e s ;  and weed and i n s e c t  c o n t r o l .  

Proper  i r r i g a t i o n  management can a l s o  be important  i n  
dec reas ing  p o t e n t i a l  f o r  n i t r a t e  l each ing .  Research and grower use  
have v e r i f i e d  t h e  e f f e c t i v e n e s s  of the  Wisconsin I r r i g a t i o n  
Scheduling Prograin (WISP). Growers us ing  WISP have maintained 
p r o d u c t i v i t y  whi le  app ly ing  l e s s  water. Research shows t h a t  when 
i r r i g a t i o n  schedul ing is  used, l each ing  occurs  only  a f t e r  major 
storms (Jackson,  e t  a l . ,  1987).  

Bottom Line Prospec t s  f o r  Meeting Nitrogen Standards  

I f  t h e  p r a c t i c e s  and technologies  i d e n t i f i e d  above a r e  
d i l i g e n t l y  a p p l i e d ,  i t  should be poss ib le  over  t ime t o  approach and 
meet reasonable  n i t r a t e  s t andards  i n  most cropping a r e a s  of the  
country.  I w i l l  assume t h a t  t h e  c u r r e n t  n i t r a t e  s t andard  of 10 ppm 
w i l l  con t inue  t o  be used.  However, even i n  cropping a r e a s  
"genera l ly  considered s a f e , "  some n i t r a t e  l e a c h i n g  w i l l  l i k e l y  occur 
when n i t r o g e n  i s  a p p l i e d  a t  e f f i c i e n t  and p r o f i t a b l e  c rop  production 
l e v e l s .  We can and must c o n t r o l  g r o s s  mismanagement of n i t rogen  
a p p l i c a t i o n .  Th i s  w i l l  r e s u l t  i n  s i g n i f i c a n t  Improvement, but we 
w i l l  have t o  work through a  period of above s t andard  n i t r a t e  
contamination whi le  we f l u s h  from t h e  system t h e  excesses  of the  
r e c e n t  pas t .  Eva lua t ion  of improvement w i l l  de termine i f  these  
p r a c t i c e s  a r e  adequate  t o  meet c u r r e n t  s t andards .  

We must a l s o  recognize  t h a t  i n t e n s i v e  a g r i c u l t u r a l  p r a c t i c e s  
a r e  now tak ing  p l a c e  on some environmentally f r a g i l e  s o i l s  and 
geologic  a r e a s  where even d i l i g e n t  a p p l i c a t i o n  of t h e  b e s t  p r a c t i c e s  



and technologies  may r e s u l t  i n  unacceptable groundwater o r  o the r  
environmental d e t e r i o r a t i o n .  Sandy s o i l s  i n  a r e a s  of extremely high 
water t a b l e s ,  and shal low s o i l s  over badly f r a c t u r e d  bedrock a r e  
examples of environmental ly  f r a g i l e  cropping a r e a s ,  p a r t i c u l a r l y  
when they a r e  a d j a c e n t  t o  urban a r e a s  dependent upon groundwater f o r  
t h e i r  water  supply 

I n  those  a r e a s ,  we may be faced wi th  some complex dec i s ions  
t h a t  balance r i g h t s  of i n d i v i d u a l  farmers t o  use  t h e i r  l a n d s  f o r  
c e r t a i n  types  of cropping,  and t h e  r i g h t s  of s o c i e t y  t o  p r o t e c t  and 
manage n a t u r a l  r e sources ,  such a s  groundwater r echarge ,  f o r  t h e  
l a r g e r  pub l i c  good. I n  environmental ly  f r a g i l e  cropping a r e a s ,  
s o c i e t y  may have t o  p r e s c r i b e  l e s s  i n t e n s e  cropping p r a c t i c e s .  For 
example, it may be necessary  t o  r e s t r i c t  i n t e n s i v e  row cropping t o  
every  t h i r d  o r  f o u r t h  year .  O r  d r a s t i c  r e s t r i c t i o n s  on p e s t i c i d e  
and f e r t i l i z e r  use may be mandated, I n  these  s i t u a t i o n s ,  i t  is  a l s o  
reasonable  t o  expect  s o c i e t y  t o  "cost-share" on p r a c t i c e s  t h a t  
s i g n i f i c a n t l y  reduce the  fa rmer ' s  n e t  r e  tu rns .  

I n  o t h e r  i n s t a n c e s ,  s o c i e t y  may p l a c e  a s u f f i c i e n t l y  high 
va lue  on a n a t u r a l  r e source ,  such a s  groundwater r echarge ,  t h a t  a l l  
t h r e a t s  t o  t h a t  r e source  w i l l  be e l imina ted  o r  h e l d  t o  abso lu te  
minimum. This  could be done through land use zoning,  hopefu l ly  with 
f a i r  compensation t o  e x i s t i n g  l and  owners f o r  t h e  r e s t r i c t e d  use. 
I n  o t h e r  i n s t a n c e s ,  governmental u n i t s  may buy o u t r i g h t  t h e  c r i t i c a l  
land a reas .  This i s  a n  extreme a l t e r n a t i v e ,  but  one t h a t  i s  not 
without precedent .  I n  New York and Arizona,  governmental u n i t s  have 
bought o r  a r e  buying l and  a r e a s  f o r  t h e  s o l e  purpose of managing 
them t o  ensure  adequate  q u a l i t y  and q u a n t i t y  of s u r f a c e  water and 
groundwater t o  meet water  supply needs. 

Phosphorus Management t o  P r o t e c t  Sur face  Waters 

Background 

While n i t r o g e n  commands most a t t e n t i o n  a s  a groundwater 
p o l l u t a n t ,  i t  i s  phosphorus t h a t  commands most a t t e n t i o n  i n  su r face  
waters.  Cer ta in ly ,  n i t r o g e n  loading i n  s u r f a c e  waters  a l s o  i s  of 
concern, but  normally i t  is  not t h e  l i m i t i n g  f a c t o r  i n  excess ive  
weed growth. Excessive weed and a lgae  growth harms water  
r e c r e a t i o n a l  u s e  f o r  f i s h i n g ,  swimming and boa t ing ,  and c r e a t e s  
headl ine-generat ing s t i n k s  of both  the p h y s i c a l  and p o l i t i c a l  
v a r i e t y .  

S o i l  phosphorus i s  a complex mix of both  o rgan ic  and mineral  
m a t e r i a l s  t h a t  vary g r e a t l y  i n  s o l u b i l i t y .  P l a n t  r o o t s  absorb 
phosphorus from the  s o i l  on ly  i f  p resen t  i n  the  s o i l  s o l u t i o n  a s  an 
ion .  Soluble  minera l  phosphorus may be p r e c i p i t a t e d  a s  calcium, - 
i r o n  o r  aluminum phosphates. Some phosphorus i s  absorbed on the  
su r face  of carbonates ,  hydrox ides ,  oxides and c l a y  p a r t i c l e s .  I n  
these  f o m s ,  ?hosphorus i s  r e l a t i v e l y  i n s o l u b l e ,  and moves p r imar i ly  



i n  the  e r o s i o n  process .  Phosphorus is a l s o  r e l e a s e d  from decaying 
organic  m a t e r i a l s  such a s  c rop  res idues ,  manures and municipal  
sewage. Research has  shown t h a t  the concen t ra t ion  of phosphorus i n  
s o i l  s o l u t i o n  i s  f r e q u e n t l y  l e s s  than 0.1 ppm. Such a d i l u t e  
s o l u t i o n  i s  t h e  b a s i s  f o r  widespread use of f e r t i l i z e r  phosphorus 
and the  g r e a t  i n c r e a s e  i n  c rop  y i e l d s  a s s o c i a t e d  wi th  use of 
phospllorus on d e f i c i e n t  s o i l s  (Robertson and Chris tenson,  1985). 

Most r e s e a r c h  h a s  concluded t h a t  use  of phosphorus 
f e r t i l i z e r s  h a s  been i n c r e a s i n g  on a g r i c u l t u r a l  l ands .  A North 
Cen t ra l  Region p u b l i c a t i o n  reviewed numerous s t u d i e s ,  and concluded 
t h a t  i n  most of t h e  s t a t e s  i n  the  reg ion  phosphorus s o i l  t e s t  l e v e l s  
a r e  inc reas ing .  The i n c r e a s e  i s  most pronounced i n  s t a t e s  i n  t h e  
e a s t e r n  p a r t  of t h e  r e g i o n  t h a t  have been app ly ing  l a r g e r  q u a n t i t i e s  
of phosphorus fertilizer. The study suggested t h a t  f e r t i l i z e r  
a p p l i c a t i o n s  were g r e a t e s t  on sandy s o i l s  devoted t o  high value 
crops  such a s  p o t a t o e s  and vege tab les ,  and i n  land a r e a s  near 
concen t ra t ions  of animals  ( E l l i s  and Olson, 1986). 

Although t h e r e  h a s  been much p u b l i c i t y  about e l eva ted  
phosphorus l e v e l s  and low wate r  q u a l i t y ,  t h e  r e l a t i o n s h i p  i s  not a s  
simple and d i r e c t  a s  many be l i eve .  Phosphorus con ten t  of s u r f a c e  
water r e p r e s e n t s  t h e  sum t h a t  i s  d i s so lved  i n  s o l u t i o n  i n  a v a i l a b l e  
form and t h a t  i n  suspension i n  unava i l ab le  forms. So lu t ion  l e v e l s  
i n  l a k e s  and s t reams are u s u a l l y  very  low. 

T o t a l  phosphorus l e v e l s  i n  s u r f a c e  runoff  vary  g r e a t l y ,  and 
a r e  l i k e l y  t o  be h i g h e s t  i n  runoff occur r ing  immediately a f t e r  
f e r t i l i z e r  o r  manure a p p l i c a t i o n s .  Levels  may a l s o  be very high 
where s o i l  e r o s i o n  r a t e s  a r e  high.  S o i l  e r o s i o n  undoubtedly 
accounts f o r  t h e  g r e a t e s t  phosphorus l o s s  from croplands .  Suspended 
m a t e r i a l s  i n  wa te r  f lowing a c r o s s  c u l t i v a t e d  l and  may have a 
phosphorus con ten t  as h igh  a s  1 l b l t o n  of t r a n s p o r t e d  mate r i a l .  
This may be a t o l e r a b l e  l e v e l  where s o i l  e r o s i o n  r a t e s  a r e  low -- i n  
the  range of 1-3 t o n s l a c r e .  It i s  t o t a l l y  unacceptable  where s o i l  
10s ses  a r e  i n  excess  of 10  tons lac re  (Robert son and Chr i s  tenson, 
19851. 

Because phosphorus h a s  low s o l u b i l i t y  and h igh  a f f i n i t y  f o r  
minera l  s o i l  p a r t i c l e s ,  most phosphorus i n  s u r f a c e  runoff  waters  i s  
thought t o  be a s s o c i a t e d  wi th  eroded s o i l  p a r t i c l e s .  Thus t h e  
common assumption has  been t h a t  reducing s o i l  e r o s i o n  and 
sedimenta t ion i s  t h e  b e s t  way t o  d e a l  wi th  phosphorus r e l a t e d  
problems i n  s u r f a c e  w a t e r s  ( I l l i n o i s  Environmental P r o t e c t i o n  
Agency, 1986). The I l l i n o i s  s tudy makes t h e  fo l lowing 
recoinmendations f o r  c o n t r o l  of phosphorus from a g r i c u l t u r a l  
croplands.  



Terraces:  

Ter races  can reduce sediment a s s o c i a t e d  wi th  phosphorus 
l o a d s  by a s  much a s  95%, whi le  reducing d i s so lved  phosphorus l o s s e s  
from 30-70%. Water ponds behind t e r r a c e s  a l low s o i l  p a r t i c l e s  time 
t o  s e t t l e  o u t  of suspension,  can inc rease  wa te r  i n f i l t r a t i o n ,  and 
f u r t h e r  reduce s u r f a c e  runof f .  

Contourinn: 

The I l l i n o i s  paper  r e p o r t s  t h a t  contour ing can reduce 
sediment l o s s e s  by 50-602. P a r t i c u l a t e  phosphorus l o a d s  can be 
reduced by a n  average of 45%. Since  contour ing i n c r e a s e s  
i n f i l t r a t i o n  and reduces  r u n o f f ,  i t  lowers  d i s s o l v e d  phosphorus 
l o s s e s  by 20-50%. 

Sod Rotations:  

Small g r a i n  o r  legume c rops  i n  t h e  r o t a t i o n  improve s o i l  
s t r u c t u r e ,  i n c r e a s e  o rgan ic  mat te r  con ten t  and i n c r e a s e  p o r o s i t y  
when compared t o  cont inuous  row cropping. P a r t i c u l a t e  phosphorus 
l o a d s  can be reduced by 65% and d i s so lved  phosphorus l o a d s  from 
30-75% when sod r o t a t i o n s  a r e  used. 

Conservation T i l l a g e  

Conservation t i l l a g e  systems r e q u i r e  t h a t  a minimum 30% 
res idue  cover be l e f t  on t h e  s o i l  s u r f a c e  a f t e r  secondary t i l l a g e  
opera t ions  a r e  completed and t h e  crops  have been p lan ted .  The 
I l l i n o i s  l i t e r a t u r e  review shows t h a t  t h e  use  of conse rva t ion  
t i l l a g e  can reduce p a r t i c u l a t e  phosphorus l o s s e s  by a n  average of 
50% (ranged from 25-70%) and dissolved phosphorus l o s s e s  from 
2 4 4 2 % .  I n  some c a s e s ,  t h e  I l l i n o i s  review found t h a t  d issolved 
phosphorus concen t ra t ions  under conservat ion t i l l a g e  systems can be 
h i g h e r  than t h a t  found under convent ional  t i l l a g e  because res idues  
l e f t  on t h e  s o i l  s u r f a c e  can impede t h e  a t tachment  of app l i ed  
phosphorus f e r t i l i z e r  t o  the  s o i l .  However, because runoff  i s  
reduced, a dec rease  i n  d i s so lved  phosphorus l o a d s  w i l l  g e n e r a l l y  
r e s u l t .  

With the  n o - t i l l  method, crops  a r e  p lan ted  wi th  no seedbed 
p repara t ion  and a l l  c r o p  r e s i d u e s  remain on t h e  s o i l  s u r f a c e  o t h e r  
than those  d i sp laced  when readying the  s o i l  f o r  seed placement. 
No- t i l led  s o i l s  reduce e r o s i o n  s u b s t a n t i a l l y  and t h e r e f o r e  reduce 
p a r t i c u l a t e  phosphorus by a n  average of 55% (ranged from 33%-81%). 
Because of t h e  l a r g e  amounts of r e s idue  and broadcast  phosphate 
f e r t i l i z e r s  remain on t h e  s o i l  s u r f a c e  i n  n o - t i l l  s i t u a t i o n s ,  
increased d i s so lved  phosphorus loads  i n  s u r f a c e  runoff  w i l l  be 
not iced ( u p  t o  100% i n c r e a s e ) .  However, even though d i s so lved  



phosphorus loads  i n c r e a s e ,  t h e  t o t a l  phosphorus l o a d s  a r e  reduced 
s u b s t a n t i a l l y  when compared t o  the  t o t a l  phosphorus l o s t  with 
convent ional  t i l l a g e ,  because of dramat ic  r educ t ions  i n  both s o i l  
l o s t  and run-off t h a t  occur under n o - t i l l  cond i t ions .  

Sediment Basins and F i l t e r  S t r i p s  

These s t r u c t u r e s  do no t  a f f e c t  the  amount of runoff  from a  
watershed, but  they do slow t h e  movement of w a t e r  and a l low 
sediments t o  s e t t l e  o u t .  Because of v a r i a b i l i t y  i n  s i z e ,  shape, and 
proximity t o  wa te r  bodies ,  t h e i r  ef  f e c t  on phosphorus loading of 
s u r f a c e  waters  is uncer ta in .  However, i t  can be assumed t h a t  s i n c e  
sediment i s  al lowed t o  f i l t e r  out  i n  t h e s e  s t r u c t u r e s ,  the  sediment 
a s s o c i a t e d  phosphorus l o a d s  w i l l  a l s o  be reduced. 

S t r ipc ropp ing  

The purpose of s t r i p c r o p p i n g  i s  t o  reduce e r o s i o n  and 
improve wa te r  c o n t r o l .  While runoff  volume may not  be g r e a t l y  
a f f e c t e d ,  s t a t e s  t h e  I l l i n o i s  review, slowing t h e  downhil l  movement 
of water  w i l l  reduce i t 8  capac i ty  t o  pickup and t r a n s p o r t  s o i l  
p a r t i c l e s  i n  suspension.  Because contour s t r i p c r o p p i n g  reduces s o i l  
e ros ion ,  p a r t i c u l a t e  phosphorus loads  w i l l  be reduced. The e x t e n t  
of t h e  reduc t ion  was n o t  revealed i n  t h i s  review. 

Other Management P r a c t i c e s  

A h o s t  of farm management p r a c t i c e s  can c o n t r i b u t e  t o  
l e s s e n i n g  environmental  problems caused by phosphorus loading i n  
s u r f a c e  waters .  These i n c l u d e  1 )  proper f e r t i l i z e r  a p p l i c a t i o n  
r a t e s ,  2) t iming f e r t i l i z e r  a p p l i c a t i o n s ,  3) s t o r a g e  and a p p l i c a t i o n  
of manure, and 4 )  l iming  p r a c t i c e s .  

Proper f e r t i l i z e r  a p p l i c a t i o n  r a t e s .  Wise and c a r e f u l  use  
of f e r t i l i z e r  i s  one of t h e  most important  means of c o n t r o l l i n g  
phosphorus p o l l u t i o n .  S o i l  t e s t i n g - w i l l  minimize t h e  e r r o r  between 
optimum and a c t u a l  r a t e s  of f e r t i l i z e r  a p p l i c a t i o n .  

Timing f e r t i l i z e r  a p p l i c a t i o n s .  This i s  an extremely 
important  f a c t o r  i n  determining n u t r i e n t  u t i l i z a t i o n  e f f i c i e n c y  and 
crop y i e l d s .  Applying phosphorus and o t h e r  f e r t i l i z e r s  a t  the-  time 
of maximum growth and demand of the  p l a n t  w i l l  reduce n u t r i e n t  
l o s s e s .  This a p p l i c a t i o n  t iming w i l l  vary from farm t o  farm, 
depending on s o i l  t y p e ,  crops ,  d a t e  of p l a n t i n g  and s o  f o r t h  
( I l l i n o i s  S t a t e  Environmental P ro tec t ion  Agency, 1986).  

S to rage  and a p p l i c a t i o n  of manure. Animal, municipal and 
i n d u s t r i a l  wastes  w i l l  a l l  c o n t r i b u t e  t o  ~ h o s ~ h o r u s  p o l l u t i o n  of 
s u r f a c e  waters  u n l e s s  p roper ly  s to red  and-app i i ed .  his means good 
housekeeping i n  p roper ly  cons t ruc ted  l i v e s t o c k  ho ld ing  f a c i l i t i e s  
and yards  t o  p reven t  manure runof f ,  p a r t i c u l a r l y  when loca ted  near  



streams and l a k e s .  It  means incorpora t ing  such wastes i n t o  the  s o i l  
a s  qu ick ly  a s  p o s s i b l e  a f t e r  a p p l i c a t i o n ,  and i t  means r e f r a i n i n g  
from spreading manure on f rozen,  snow-covered s o i l  a d j a c e n t  t o  
s t reams o r  with s l o p e s  g r e a t e r  than  6% whenever p o s s i b l e .  

Liming p r a c t i c e s .  Proper s o i l  pH improves p l a n t ' s  a b i l i t y  
t o  use phosphorus f e r t i l i z e r s .  I f  pH is t o o  low, excess ive  
phosphorus may be a p p l i e d  t o  counter low p l a n t  uptake,  and t h i s  w i l l  
i nc rease  phosphorus runof f  i n  both  d i s so lved  and a t t a c h e d  f o m s .  

Bottom Line Prospec t s  Eor Reducing Phosphorus Loadings 

While no s t andard  now e x i s t s  f o r  phosphorus con ten t  of 
s u r f a c e  runoff  w a t e r s ,  an  informal ,  y e t  poignant p u b l i c  s tandard 
w i l l  cont inue t o  be a p p l i e d .  That s tandard w i l l  be expressed i n  the  
th ickness  of t h e  weed growth near a pe r son ' s  summer c o t t a g e ,  i n  the  
smel l  and c l a r i t y  of the  water  a t  a ano the r  pe r son ' s  f a v o r i t e  
swimming beach, and i n  t h e  weed t ang le  i n  a b o a t e r ' s  motor prop. 
Some s t a t e s ,  inc lud ing  Wisconsin, a r e  g iv ing  c o n s i d e r a t i o n  t o  
development of s t a n d a r d s  f o r  phosphorus i n  runoff  wa te r .  With o r  
without a formal s t a n d a r d ,  however, 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  
t h e  problem w i l l  be measured, and a c c o u n t a b i l i t y  demanded. 

I am l e s s  conf iden t  h e r e  than I was wi th  n i t r a t e  
contamination of making accep tab le  progress  with e x i s t i n g  
technologies  and p r a c t i c e s .  Ge t t ing  h i g h l y  e r o d i b l e  l a n d s  out of 
production through t h e  Conservation Reserve Program, and requ i r ing  
improved conse rva t ion  p lans  on a l l  farms b e n e f i t i n g  from f e d e r a l  
government programs w i l l  c e r t a i n l y  help .  But runoff  from h igh ly  
product ive ,  h i g h l y  f e r t i l e  farms w i l l  always t r a n s l a t e  i n t o  some 
l o s s  of phosphorus t o  a d j a c e n t  streams and l a k e s .  Summer a l g a e  
blooms and weed growth i n  l a k e s  may be a n  unwelcome by-product of 
productive s o i l s .  I am conf iden t  t h a t  we can do more wi th  
a g r i c u l t u r a l  p r a c t i c e s  t o  reduce t h e  s u r f a c e  p o l l u t i o n  problem; I am 
not s u r e ,  however, t h a t  we can ever  reach a q u a l i t y  l e v e l  t h a t  i s  
expected by some people.  

Tradeoffs  i n  N i t r a t e  and Phosphorus Management 

A funny t h i n g  happened t o  us  whi le  we were working t o  reduce 
s u r f a c e  water  p o l l u t i o n  and s o i l  e ros ion.  We no t i ced  t h a t  i n  our 
e f f o r t s  to  hold  t h e  s o i l  and wa te r  on t h e  l a n d ,  we were probably 
inc reas ing  water i n f i l t r a t i o n ,  and thus ,  t h e  groundwater p o l l u t i o n  
t h a t  comes with l each ing .  A s  of now, t h i s  i s  mostly a n  untes ted  
hypothes is ,  without a g r e a t  d e a l  of d a t a  t o  suppor t  o r  r e f u t e  it. 
S t i l l ,  i t  is  a nagging p r o p o s i t i o n  t h a t  w i l l  demand more of our 
r e sea rch  a t t e n t i o n ,  and w i l l  cha l l enge  our a b i l i t i e s  t o  add two 
p o s i t i v e  environmental  programs together  wi thout  g e t t i n g  a 
negat ive .  



Among l i m i t e d  resea rch  d a t a  r e l e v a n t  t o  the  t radeoff  
hypothes is  is a 1988 computer modeling a n a l y s i s  done by the  Economic 
Research S e r v i c e  of the  U.S. Department of Agr icu l tu re .  The study 
used the  CREAMS (Chemicals, Runoff, and Erosion f  tom A g r i c u l t u r a l  
Management Systems) model t o  e s t ima te  edge of f i e l d  l o s s e s  of s o i l ,  
runoff  l o s s e s  of n i t r o g e n ,  phosphorus and p e s t i c i d e s ,  and n i t r a t e  
leached out  of t h e  rootzone.  ERS cons t ruc ted  t h e  model t o  compare 
i n  a c o n s i s t e n t  manner r e l a t i v e  f i e l d  l o s s e s  of  s o i l  and se lec ted  
chemicals among d i f f e r e n t  management p r a c t i c e s .  The resea rchers  
modeled a v a r i e t y  of f i e l d  management p r a c t i c e s  and manure 
a p p l i c a t i o n s  r a t e s  us ing  t h e  CRE-AMS model. Also es t imated were the  
e f f e c t s  of c rop  r e s i d u e s ,  c u r r e n t  c rops ,  f e r t i l i z a t i o n ,  land use ,  
and c l ima te  ( p r e c i p i t a t i o n ,  s o l a r  r a d i a t i o n ,  and temperature) on 
f i e l d  10s s e s  of p o l l u t a n t s .  

The r e s u l t s  show t h a t  permanent vege ta t ion ,  hay o r  pas tu re ,  
i s  the  most e f f e c t i v e  s o i l  conservat ion p r a c t i c e  f o r  s o i l  and 
n u t r i e n t  runoff  c o n t r o l  because i t  reduces  s o i l  l o s s  by 95% and 
n i t r o g e n  l o s s  i n  s u r f a c e  runoff  wa te r s  by 90%. However, n i t r a t e  
l each ing  i n c r e a s e s  26% compared with convent ional  co rn  g r a i n  manured 
a t  20 tons  pe r  a c r e  annua l ly .  

I n  t h e  modeling parameters used i n  t h i s  s tudy ,  contour 
t i l l a g e  reduced s o i l  l o s s  by 45%, t o t a l  n i t r o g e n  by 18% and t o t a l  
phosphorus by 37%. N i t r a t e  l each ing  inc reased  s l i g h t l y ,  however. 
Conservation t i l l a g e  p r a c t i c e s  -- reduced t i l l a g e  ( c h i s e l  plowing 
followed by harrowing once) and n o - t i l l  -- were bo th  e f f i c i e n t  and 
c o s t  e f f e c t i v e  f o r  s o i l  and n u t r i e n t  l o s s  c o n t r o l .  N o - t i l l  reduced 
n i t r a t e  l each ing  as w e l l ,  t h u s  producing reduc t ions  i n  a l l  p o l l u t a n t  
l o s s e s .  The r e s e a r c h e r s  found t e r r a c e  systems t o  be h igh ly  
e f f e c t i v e  i n  e r o s i o n  c o n t r o l  but not  a s  e f f e c t i v e  as n o - t i l l  f o r  
reducing t o t a l  n i t r o g e n  10s ses .  Terrace  systems reduce t o t a l  
n i t r o g e n  l o s s e s  by 26% compared t o  37% f o r  n o - t i l l .  Terraces  
i n c r e a s e  n i t r a t e  l each ing .  

I n  a concluding s e c t i o n  of t h e i r  paper,  t h e  ERS resea rchers  
say t h a t  "al though reduc t ions  i n  s u r f a c e  l o s s e s  of s o i l ,  n i t rogen ,  
and phosphorus can be achieved wi th  s o i l  conse rva t ion  p r a c t i c e s ,  t h e  
c o n t r o l  of n i t r a t e  l each ing  i s  more complicated. Reducing su r face  
runoff  and i t s  c o n s t i t u e n t s  i n c r e a s e s  p e r c o l a t i o n  of water through 
the  s o i l ,  p o t e n t i a l l y  boos t ing  the  l each ing  of n i t r a t e ,  p e s t i c i d e s ,  
f e c a l  co l i fo rm b a c t e r i a ,  and some small amount of phosphorus t o  
groundwater . 

"An e f f e c t i v e  way t o  reduce n i t r a t e s  i n  f i e l d  runoff  i s  t o  
c u t  back on n u t r i e n t s  from manure, crop r e s i d u e s ,  and f e r t i l i z e r s .  . . . 

"The l i n k a g e s  between s o i l  conse rva t ion  p r a c t i c e s  and 
n u t r i e n t  management a r e  a l s o  complex and v a r i a b l e .  E f f e c t i v e  s o i l  
conservat ion on a f i e l d  wi th  excess  n u t r i e n t s  can r e s u l t  i n  
acce le ra ted  degrada t ion  of groundwater q u a l i t y ,  whi le  improving 



s u r f a c e  water q u a l i t y .  However, when t iming and amount of n u t r i e n t s  
a r e  matched t o  crop needs,  s o i l  conss rva t ion  p r a c t i c e s  can improve 
s u r f a c e  runoff  and s t i l l  mainta in  l e a c h a t e  c o n c e n t r a t i o n s  of n i t r a t e  
a t  l e v e l s  c o n s i s t e n t  wi th  d r i n k i n g  water  q u a l i t y  s t andards  (Crowder 
and Young, 1988). " 

Research i s  underway i n  numerous s t a t e s ,  inc lud ing  
Wisconsin, t o  develop n i t r o g e n  management models (Ober le ,  e t  a l . ,  
1987). These computer models would improve n i t r o g e n  f e r t i l i z e r  
recommendations by c l e a r l y  d i s p l a y i n g  t h e  op t ions .  Development of 
models i s  hampered bo th  by l a c k  of funds and by d a t a  on e f f e c t s  of 
management p r a c t i c e s .  Many models on n i t r o g e n  c y c l i n g  i n  t h e  s o i l  
and i n  s o i l s - p l a n t  systems a r e  a v a i l a b l e ,  but  they a r e  much too  
complex f o r  use  on a  p r a c t i c a l  s c a l e .  However, wi th  improved 
understanding of n i t r o g e n  cyc l ing ,  i t  might now be p o s s i b l e  t o  
develop p r a c t i c a l ,  p r e d i c t i v e  models f o r  n i t r o g e n  f e r t i l i z e r  needs 
f o r  any number of crops .  

Univers i ty  of Wisconsin resea rchers  a r e  a t t empt ing  t o  des ign 
such a  model t o  run  on microcomputers. County Extension f a c u l t y ,  
crop consu l t an t s ,  and f e r t i l i z e r  d e a l e r s  could produce more accura te  
f e r t i l i z e r  recommendations by consider ing i n  a n  o r d e r l y  f a s h i o n ,  t h e  
many v a r i a b l e s  ( s o i l  t y p e ,  manure la l fa l fa  c r e d i t s ,  cropping h i s t o r y ,  
p a s t  weather e t c . )  t h a t  a f f e c t  n i t rogen  needs of co rn ,  f o r  example 
(Jackson, e t  a l . ,  1987).  Th i s  exper t  systems approach i s  based on 
accura te  and p r e d i c t i v e  computer models Such systems w i l l  a l low 
s i t e - s p e c i f i c  f e r t i l i z e r  recommendations t o  be made, and w i l l  
r e q u i r e  cons ide rab le  farmer involvement. This  farmer  involvement 
may be h igh ly  b e n e f i c i a l  i n  t h a t  i t  can encourage more 
implementation of recormended p r a c t i c e s .  

The key t o  r e s o l v i n g  the  t r adeof f  dilemma between 
groundwater and s u r f a c e  wa te r  p o l l u t i o n  may l i e  i n  t h i s  f i n e  tuning 
of p l a n t  n u t r i e n t  t e s t i n g  and a p p l i c a t i o n s .  P r o p h y l a c t i c  f e r t i l i z e r  
a p p l i c a t i o n s  not only a r e  uneconomic, they c r e a t e  cond i t ions  where 
management s t r a t e g i e s  become environmentally compet i t ive  r a t h e r  than 
complementary. I f  we s o l v e  t h e  runoff  problem, we can only  avoid 
t h e  l e a c h a t e  problem by keeping p lan t  n u t r i e n t  l e v e l s  a t  minimums 
needed f o r  e f f i c i e n t  and p r o f i t a b l e  crop growth. The dilemma may 
never be resolved i f  we con t inue  t o  a t t a c k  t h e  problem along 
i s o l a t e d  d i s c i p l i n a r y  r o u t e s .  Rather,  we need t o  move t o  i n t e g r a t e d  
systems approaches t h a t  a t t empt  t o  a s s e s s  numerous r e l e v a n t  
v a r i a b l e s  i n  complex, whole-farm models. 

I f  t h i s  i n t e g r a t e d ,  a g r i c u l t u r a l  systems approach sounds 
l i k e  an  argument i n  suppor t  of s u s t a i n a b l e  a g r i c u l t u r e ,  I make no 
apologies .  I n  the  water  q u a l i t y  a rea  and i n  many o t h e r  a r e a s  
important  t o  farming success ,  we must do a  b e t t e r  job of i n t e g r a t i n g  
knowledge, t echno log ies  and p r a c t i c e s ,  and applying them a t  the farm 
l e v e l .  I f  we d o n ' t  provide  resea rch  and advice  on t h i s  i n t e g r a t i v e  
t a s k ,  we l eave  our jobs on ly  p a r t i a l l y  done and i n d i v i d u a l  farmers 
with impossibly complex d e c i s i o n s .  
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