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ABSTRACT 

T h i r t y - e i g h t  n i t r a t e  t e s t i n g  c l i n i c s  were h e l d  i n  36 Mich igan  coun t i es  i n  t h e  s p r i n g  
o f  1989. A mob i l e  t e s t i n g  van was equipped f o r  n i t r a t e  a n a l y s i s  o f  s o i l  and water  
samples. Over 2,200 s o i l  samples and 1500 water  samples were analyzed f o r  n i t r a t e  N 
u s i n g  t h e  n i t r a t e  i o n - s p e c i f i c  e l e c t r o d e .  More t han  50 pe r cen t  of t h e  s o i l  samples . 
con ta i ned  l e s s  t han  30 l b  o f  n i t r a t e  N i n  t h e  su r f ace  two f e e t .  Only  35 pe r cen t  o f  t h e  
1,100 f i e l d s  were g i v e n  a n i t r o g e n  c r e d i t  based on t h e  r e s i d u a l  n i t r a t e  t e s t .  The 
average adjustment  f o r  t hese  f i e l d s  was 37 l b  N p e r  ac re .  The average f o r  a l l  f i e l d s  
was 13 1 b N p e r  acre.  

Twenty percen t  o f  t h e  domest ic  w e l l s  sampled i n  t h i s  s t udy  exceeded t h e  P u b l i c  
H e a l t h  Department d r i n k i n g  wa te r  s tandard  o f  10 ppm n i t r a t e  N. A subsequent t h r e e  day 
c l i n i c  i n  J u l y  i n d i c a t e d  t h a t  o n l y  12 percen t  o f  t h e  M ich igan  w e l l s  exceeded t h e  10 ppm 
s tandard .  Water f rom l i v e s t o c k  w e l l s  and t i l e  d r a i n s  had cons i de rab l y  more n i t r a t e  N 
t h a n  domest ic w e l l s .  Deep i r r i g a t i o n  w e l l s  had l e s s  n i t r a t e  t han  domest ic d r i n k i n g  
w e l l s .  Domestic w e l l s  l e s s  t han  50 f e e t  deep had more n i t r a t e s  t han  those over  50 f e e t  
deep. Wel ls  l e s s  than  50 f e e t  f rom 1 i v e s t o c k  f a c i l i t i e s  had more n i t r a t e  than  w e l l s  
more t han  50 f e e t  away. D i s t ance  f rom s e p t i c  systems was n o t  c o r r e l a t e d  w i t h  n i t r a t e  N 
l e v e l s  found i n  w e l l  wa te r .  

O B J E C T I V E S  

N i t r a t e  con tamina t ion  of groundwater  i n  M ich igan  i s  becoming an i nc reas i ng  pub1 i c  
concern.  F e r t i l i z e r  N, animal manures and r u r a l  s e p t i c  systems have been i m p l i c a t e d  as 
p o s s i b l e  non-po in t  sources o f  con tamina t ion .  A program o f  m o n i t o r i n g  n i t r a t e  N i n  s o i l  
and w e l l  wa te r  was i n i t i a t e d  i n  t h e  s p r i n g  o f  1989 t h roughou t  t h e  s t a t e  o f  Mich igan.  
The o b j e c t i v e s  o f  t h e  program were t o  (1)  o f f e r  s o i l  and wa te r  n i t r a t e  N a n a l y s i s  t o  
fa rmers  and r u r a l  r e s i d e n t s ,  (2 )  p r o v i d e  a q u i c k  t u r n - a r o u n d  t i m e  and i n t e r p r e t a t i o n  o f  
t h e  a n a l y s i s  and (3 )  p r o v i d e  fa rmers  w i t h  reduced N f e r t i l i z e r  recommendations based on 
t h e  n i t r a t e  N found i n  two f o o t  s o i l  samples. 

METHODS 

A n i t r a t e  t e s t  c l i n i c  program was o f f e r e d  t o  t h e  M ich igan  Coopera t i ve  Ex tens ion  
Se rv i ce  coun t i es  i n  March o f  1989. A mobi le  n i t r a t e  t e s t i n g  van was equipped w i t h  an 
e l e c t r i c  genera to r ,  a n i t r a t e  i o n - s p e c i f i c  e l ec t r ode ,  an e l e c t r o n i c  balance f o r  
we igh ing  s o i l  samples, a mechanical  sample shaker,  a computer and a p r i n t e r  f o r  
p r i n t i n g  o u t  t h e  r e p o r t .  

Farmers were asked t o  b r i n g  i n  two s o i l s  samples (0-12 and 12-24 inches deep) f r om  
each f i e l d  r e p r e s e n t i n g  no more t han  20 acres. They were i n s t r u c t e d  t o  f r eeze  o r  a i r  
d r y  t h e  samples i f  t h e y  were t aken  more than one day b e f o r e  t h e  c l i n i c .  Water samples 

1 Presented at the Nineteenth North Central Extension-Industry 
Soil Fertility Workshop, November 8-9, 1989. St Louis, Mo. 



were c o l l e c t e d  t h e  day of  t h e  c l i n i c  o r  r e f r i g e r a t e d  i f  t aken  before  t h e  c l i n i c .  A f e e  
o f  51.00 f o r  water ,  $3.00 f o r  t h e  f i r s t  s o i l  sample and $2.00 f o r  t h e  second sample o r  
$5.00 per  f i e l d  was charged f o r  t h e  s o i l  n i t r a t e  a n a l y s i s .  

The n i t r a t e  e x t r a c t i o n  and a n a l y s i s  procedure f o r  s o i l  samples was t h a t  de sc r ibed  by 
North Central  Regional Pub l i ca t i on  No. 221, "Recommended Chemical Soi l  Tes t  Procedures  
f o r  t h e  North Central  Region" ( B u l l e t i n  No. 499 October 1988).  Sulfamic ac id  was no t  
used i n  t h e  s o i l  e x t r a c t  because we d id  not a n t i c i p a t e  s e r i o u s  i n t e r f e r e n c e  problems 
wi th  ch lo r ide s  o r  n i t r i t e s  i n  t h e  samples. N i t r a t e  a n a l y s i s  o f  t h e  s o i l  e x t r a c t  was 
made on t h e  decanted but u n f i l t e r e d  s o i l  -water  s l u r r y .  N i t r a t e  a n a l y s i s  of water  was 
made on a 50 ml sample a f t e r  adding one ml of  2M ammonium s u l f a t e  t o  ob t a in  a c o n s t a n t  
i o n i c  s t r e n g t h  i n  a l l  samples. A model 501 Orion d i g i t a l  ion-ana lyzer  equipped wi th  an 
Orion n i t r a t e  e l e c t r o d e  was used t o  determine t h e  n i t r a t e  N i n  both s o i l  and wa te r  
samples. 

RESULTS 

T h i r t y - e i g h t  n i t r a t e  t e s t i n g  c l i n i c s  were conducted between March 30 and June 15 ,  
1989. A t o t a l  o f  2,206 s o i l  samples from 1,103 f i e l d s  and 745 water  samples were 
analyzed f o r  n i t r a t e .  A s t a t i s t i c a l  a n a l y s i s  of t h e  d a t a  was performed using a one-way 
a n a l y s i s  o f  va r i ance  a1 ong wi th  simp1 e and mu1 t i  pl e r e g r e s s i o n  a n a l y s i s .  

So i l  N i t r a t e  Analys i s  

Figure 1 shows t h e  frequency d i s t r i b u t i o n  of  n i t r a t e  N i n  t h e  t op  two f e e t  o f  s o i l  
f o r  1,103 f i e l d s .  A l a r g e  number of  f i e l d s  (315) averaged only  10 I b s  of n i t r a t e  N i n  
t h e  su r f ace  two f e e t .  Many of  t h e s e  f i e l d s  were sandy s o i l s .  Table 1 shows t h a t  sandy 
and loamy sand s o i l s  had s i g n i f i c a n t l y  l e s s  n i t r a t e  i n  t h e  12-24 and 0-24 inch depth 
than f i n e  t ex tu red  s o i l s .  

Table 1.  Average n i t r a t e  N con ten t  by s o i l  management group f o r  sp r ing  
s o i l  samples t e s t e d  a t  38 n i t r a t e  t e s t  c l i n i c s  i n  1989. 

-- 

So i l  Number So i l  ~ e ~ t h '  
Management o f  
Group Observat ions 0-12" 12-24" 0-24" 

Clay Loam 255 2 8 26a 54a 
Loam 136 2 8 27a 55a 
Sandy Loam 311 2 5 18b 42b 
Loamy Sand 126 2 8 14b - 42b 
Sand 15 29 18ab 47ab 
Organic 24 3 1 24ab 55ab 

................................................................... 
Total 867 Average 27 2 1 48 

Any two means fol lowed by d i f f e r e n t  l e t t e r s  a r e  s i g n i f i c a n t l y  
d i f f e r e n t  a s  measured by t h e  Duncan's m u l t i p l e  range t e s t  (p=.05).  

Figure 2 shows t h e  percentage  of  f i e l d s  and t h e i r  corresponding n i t r a t e  N 
concen t r a t i on  i n  two f e e t .  F i f t y - f o u r  percent  o f  t h e  f i e l d s  conta ined  l e s s  than  30 I b s  
o f  n i t r a t e  N .  These f i e l d s  d i d  no t  rece ive  a reduced N recommendation because a 



background level of 30 1b of nitrate N per acre-2 feet had to be exceeded before any 
credit was given. This decision was made due to a lack of sufficient research 
information and experience with nitrate testing in Michigan. Only 35 percent of the 
fields (382) were given a reduced N recommendation based on this procedure. The 
average adjustment for these fields was 37 lb of N per acre. The average reduction for 
all fields was 13 1b N per acre. Assuming each field represents 20 acres, we estimate 
that 175 of the 500 farmers who tested their soil could have saved 282,680 1b of N by 
following the reduced N recommendations. This represents a savings of $56,536 to 
approximately 175 farmers ($323 per farmer for an investment of $10 to $20) without 
risk of reduced yield from the lower rate of N. Extrapolating this information to the 
entire state's two million acres of corn using a savings of 13 1b N per acre on each 
acre and 4.20 per pound of N fertilizer, the potential savings to the Michigan farmer 
in 1989 could have been 55.2 million. 

There are currently 42 on-farm N fertilizer demonstrations established in 27 
counties to evaluate the reliability and accuracy of the MSU nitrate test. This data 
will be reported on later this winter. 

Further analysis of the data shows that samples from manured fields contained 
significantly more nitrate that non-manured fields (Table 2). Table 3 shows that time 
of manure application a1 so influenced the amount of nitrate N in the soil profile. 
Significantly more nitrate N was found in those fields where manure was spring applied 
than fall applied, particularly in the 0-12 inch samples. 

Table 2. Average nitrate N content of manured and non-manured fields 
for spring soil samples tested at 38 nitrate test clinics in 1989. 

Fields Number Soil ~ e ~ t h '  
Indicating of 
Manure Observations 0-12" 12 - 24" 0-24" 

N 0 
Yes 

....................................................................... 
Total 805 Average 27 2 1 4 8 

' Any two means followed by different letters are significantly 
different as measured by the Duncan's mu1 tiple range test (p=.05). 

Information was a1 so gathered on the amount of N fertilizer used in the previous 
year. The analysis of this data ,shown in Table 4 indicates that the N rate in 1988 did 
not significantly affect the amount of nitrate found in the spring of 1989. A number 
of single and multiple correlations between previous N rate, soil texture and nitrate N 
concentrations were performed on the data, but none where found to be highly 
correlated. A high correlation (~~=.94) was found between the 0-12 inch depth and the 
0-24 inch depth (Figure 3). The equation for predicting the amount of nitrate N in two 
feet from the amount in the surface foot is: 

where "Y" equals the amount of nitrate N i n  the top two feet and " X "  equals the 
amount of nitrate N in the top foot. 



Table 3. Average n i t r a t e  N con ten t  o f  sp r i ng ,  w i n t e r  o r  f a l l  manured 
f i e l d s  f o r  s p r i n g  s o i l  samples t e s t e d  a t  38 n i t r a t e  t e s t  c l i n i c s  i n  1989. 

............................................................................ 
Manure 
Appl i c a t i o n  

Number 
o f  

T i  me Observa t ions  0-12"  12-24" 0-24" 

Spr ing-89 115 44a 2 6 69a 
Winter -89 34 29b 2 0 50b 
Fa1 1 -88  136 23b 2 2 45b 

- _ - - _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
T o t a l  285 Average 32 2 3 5 5  

1 Any two means f o l l o w e d  by d i f f e r e n t  l e t t e r s  a re  s i g n i f i c a n t l y  
d i f f e r e n t  as measured by t h e  Duncan's mu1 t i p 1  e range  t e s t  (pz.05). 

Table 4. Average n i t r a t e  N con ten t  by p rev i ous  N r a t e  groups f o r  s p r i n g  s o i l  
samples t e s t e d  a t  38  N i t r a t e  Test  C l i n i c s  i n  1989. 

............................................................................. 
N i t r ogen  Number S o i l  ~ e ~ t h '  
Rate o f 
Group Observa t ions  0-12"  12-24" 0-24" 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
-1b N/A- - - - - - - - - - -  1 b NO,-N/A- - -  - - - - -  - 

1-50 88 2 2 22 44 
50- 100 161 30 2 3 53 

100- 150 172 2 7 22 50 
150-200 137 2 5 2 1 46 

200+ 20 26 14 4 2 
- _ - _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

T o t a l  578 Average 27 22 4 9 
............................................................................ ' None o f  t h e  means were s i g n i f i c a n t l y  d i f f e r e n t  (p=.05). 

A d d i t i o n a l  t e s t i n g  i s  needed t o  determine i f  t h i s  occur rence  w i l l  be t r u e  i n  o t h e r  
years .  The c o r r e l a t i o n  between t h e  0-12 and 12-24 i n c h  depth,  shown i n  F i gu re  4, was 
cons i de rab l y  1  ower ( R ~ = .  72) .  

Water N i t r a t e  A n a l y s i s  

The da ta  f o r  wa te r  samples i s  shown g r a p h i c a l l y  i n  F i gu res  5-11. F i gu re  5 shows 
n i t r a t e  concen t ra t i ons  o f  512 domest ic  w e l l s  i n  36 c o u n t i e s .  S i x t y - f o u r  pe r cen t  o f  t h e  
w e l l s  had l e s s  t han  6 ppm o f  n i t r a t e  N. S ix teen  pe r cen t  had concen t ra t i ons  o f  6 -10  
ppm. Twenty percen t  o f  t h e  w e l l s  were above t h e  p u b l i c  h e a l t h  s tandard  o f  10 ppm. 
Th i s  percentage i s  c o n s i d e r a b l y  h i g h e r  than t h e  Ag Expo C l i n i c  r u n  on J u l y  18-20 where 
o n l y  12 percen t  o f  815 w e l l  wa te r  samples were above t h e  10 ppm standard.  

O f  t h e  745 wate r  samples t e s t e d  i n  t h e  38 c l i n i c s ,  14 were des igna ted  as l i v e s t o c k  
w e l l s  r a t h e r  than  domest ic  d r i n k i n g  w e l l s .  The d a t a  f o r  these  w e l l s  i s  shown i n  



Figure 6. Thirty-six percent of these wells tested greater than 10 pprn of nitrate N. 
One sample tested greater than 40 ppm of nitrate N. 

Forty-two samples were from drain tiles. This water contained considerably more 
nitrate N than wells. These data are shown in Figure 7. Nine samples tested in the 
80 to 100 pprn range. The average for these 42 samples was 30 ppm. Several river water 
samples averaged only 4 pprn of nitrate N. From this data one might conclude that 
surface runoff water contains much less nitrate than tile drainage from agriculture 
land. One might also conclude that excess N from the 1988 drought moved downward to 
the tile lines and showed up in the spring drainage water. 

Twenty-four irrigation wells were sampled in Montcalm county. This is an 
intensively irrigated potato area with sandy soils. The data in Figure 8 shows that 71 
percent of the wells had 10 or less ppm of nitrate N. Most of these wells are greater 
than 100 feet deep. 

Information was also collected on well depth. The data for 567 wells in 36 counties 
are shown in Figure 9. There were 131 wells less than 50 feet deep, 228 wells 50-100 
feet deep and 208 wells over 100 feet deep. The nitrate concentration of shallow wells 
(9 ppm) was more than double that of deep wells (4 pprn). Other. studies have also 
shown that shallow wells are the first to become contaminated with nitrate N. 

Well distance from livestock may also influence nitrate contamination of wells. 
Most of the wells in this study (325) were more than 100 feet from livestock 
facilities. Twenty-eight wells were closer than 50 feet and 54 wells were between 50 
and 100 feet from livestock. The concentration of nitrate N in wells located less than 
50 feet from the livestock facilities, shown in Figure 10, averaged 12 pprn while those 
wells that were between 50 and 100 feet from livestock facilities averaged only 6 ppm. 

Well distance from septic systems was also obtained in this study. There was no 
significant correlation between nitrate N concentration and distance from septic 
systems. Only 43 of 488 wells were located less than 50 feet from septic systems. 



DISTRIBUTION OF SOlL NITRATE-N 
1 103 FIELDS IN 3 5  C3UNTIES 6 /14 /89  

0 10 2 0  3 0  4O LO GO 70 8 0  9 0  1 0 0  110+ 

NITRATE-N (lb/A-2fl)  

F i g u r e  1. Frequency d i s t r i b u t i o n  of s o i l  n i t r a t e  N i n  1103 f i e l d s .  

SOlL NITRATE-N -Ib/A-2f t 

1 1 0 3  FIELDS IN 35 CCUNTIES 6 /14/89 

F i g u r e  2 .  Four l e v e l s  o f  s o i l  n i t r a t e  N i n  1103  f i e l d s .  
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n 1 Y = B(0) * X REGRESSION LINE FORCED THROUGH ORIGIN 

SOlL NITRATE LBS/A-FT (0-1 2 " )  
Figure 3. Regression line for soil nitrate in 0-24 inch samples as 

predicted by nitrate level in the 0-12 inch samples. 

SOlL NITRATE LBS/A-FT (0- 1 2") 
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Figure 4. Regression line for soil nitrate in 12-24 inch samples as 
predicted by nitrate level in the 0-12 inch samples. 
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PPM NITRATE-N IN TVATER 
512 Dosrnestic Wells in 36 Counties 

F i g u r e  5. C o n c e n t r a t i o n  o f  n i t r a t e  N i n  domes t i c  w e l l s .  

PPM NITRATE-N IN WATER 
14 hvestock Wells in 11 Counties 

F i g u r e  6 .  C o n c e n t r a t i o n  of n i t r a t e  N i n  l i v e s t o c k  w e l l s  
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PPM NITRATE-N IN WATER 
42 drain tiles in 8 C o u n t i e s  

Figure 7. concentration of nitrate N in drainage water. 

PPM NITRATE-N IN WATER 
24 I r r i g a t i o n  Wells in Montcalrn C o u n t y  

- 11 -20 (1 7%) 

Figure 8 .  Concentration of nitrate N in irrigation wells. 
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NITRATE-N vrs. T\TELL DEPTH 

567 wells in 36 counties 

Figure 9. Concentration of nitrate N in domestic wells as related to 
well depth. 

NITR ATE-N WS. DISTANCE FROT\/f LIVESTOCK 

407 farm ~vells in 36 counties 
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Figure 10. Concentration of nitrate N in farm wells as related to 
distance from livestock. 
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