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ABSTRACT 

S o i l  ammonium N and n i t r a t e  N  were measured a t  t h e  p r e - p l a n t  and 
s idedress  stages on 59 Mich igan  f i e l d s  i n  1992. T o t a l  i n o r g a n i c  s o i l  N 
(ammonium N p l us  n i t r a t e  N) a t  p r e - p l a n t  s tage averaged t o  12.6 ppm, about 
50% o f  which was p resen t  i n  t h e  n i t r a t e  form and 50% i n  t h e  ammonium form. 
T o t a l  i n o r g a n i c  N  a t  s idedress  s tage was 18.9 ppm, o f  which t h e  n i t r a t e  N  
component was 12.2 ppm. The NH JNO, r a t i o  decreased f rom 1.06 a t  prep1 an t  
s tage  t o  0.54 a t  s idedress  stage. M u l t i p l e  c o r r e l a t i o n  a n a l y s i s  revea led  
t h a t  32% o f  t h e  v a r i a b i l i t y  i n  t h e  s idedress n i t r a t e  N  was exp la ined  by 
p r e p l a n t  n i t r a t e  N  and ammonium N l e v e l s ,  

INTRODUCTION 

Prev ious s tud ies  a t  Mich igan S t a t e  U n i v e r s i t y  i n d i c a t e  t h a t  measuring 
o n l y  n i t r a t e  N i n  e a r l y  s p r i n g  ( p r i o r  t o  p l a n t i n g )  under -es t imates  t h e  s o i l  
N  a v a i l a b i l i t y .  Other  observa t ions  i n d i c a t e  t h a t  t h e r e  i s  a  b u i l d u p  o f  
ammonium N i n  s o i l  f rom f a l l  t o  s p r i n g  under Mich igan c o n d i t i o n s .  
Presumably, t h i s  N  i s  d e r i v e d  f rom m i n e r a l i z a t i o n  o f  o rgan i c  m a t t e r  d u r i n g  
t h e  w i n t e r  and e a r l y  s p r i n g  months. As t he  s o i l  warms up i n  s p r i n g  ( l a t e  
May and e a r l y  June), t h i s  ammonium N i s  conver ted t o  n i t r a t e  N  through 
m i  c r o b i  a1 a c t i o n .  

The p re -s idedress  s o i l  n i t r a t e  t e s t  (PSNT) which has been used i n  
Mich igan,  Iowa and a  number o f  Nor theastern s t a t e s ,  i s  designed t o  measure 
N  a v a i l a b i l i t y  a t  t h e  s idedress  s tage when t h e  corn  i s  10-12 inches t a l l .  
I t ' s  use i n  Michigan has been r e s t r i c t e d  because most co rn  growers 
c u r r e n t l y  app ly  t h e i r  N  p r e p l a n t  r a t h e r  than a t  s idedress  t ime .  Thus, t he  
a v a i l a b i l i t y  o f  a  r e1  i a b l e  p r e p l a n t  s o i l  N t e s t  would b e n e f i t  Mich igan corn 
growers a t  present .  

OBJECTIVES 

The o b j e c t i v e  was t o  determine whether t h e  measurement o f  s o i l  
ammonium N, i n  a d d i t i o n  t o  n i t r a t e  N, would p r o v i d e  an improved assessment 
o f  s o i l  N  a v a i l a b i l i t y .  The r e l a t i o n s h i p s  between t h e  p r e p l a n t  s o i l  
ammonium N and n i t r a t e  N  l e v e l s  w i t h  n i t r a t e  N va lues observed a t  t he  
s i ded ress  s tage were i n v e s t i g a t e d  through c o r r e l a t i o n  and reg ress i on  
procedures.  

METHODS 

I n  t h e  s p r i n g  o f  1992, county  Extens ion agents were asked t o  submit 
s o i l  samples f rom f i e l d s  where t h e  b u l k  o f  t h e  N  f e r t i l i z e r  was t o  be 
appl  i e d  a t  s idedress t ime.  Samples f rom 59 corn  f i e l d s  l o c a t e d  i n  16 
c o u n t i e s  were submit ted.  Each f i e l d  was sampled t w i c e  f rom t h e  sur face  
f o o t ,  once p r i o r  t o  p l a n t i n g  and again  a t  s idedress t ime.  The samples 
t aken  a t  s idedress t ime  were taken f rom the  midd le  o f  t h e  co rn  row t o  avo id  



c o n t a c t  w i t h  any s t a r t e r  f e r t i l i z e r  t h a t  m igh t  have been app l ied .  S o i l  
ammonium and n i t r a t e  N  was measured i n  KC1 e x t r a c t s  by  t h e  MSU s o i l  t e s t i n g  
l a b o r a t o r y .  Prev ious c rop  and manure h i s t o r y  f o r  each o f  t h e  f i e l d s  was 
o b t a i  ned from growers.  

RESULTS AND DISCUSSION 

The average s o i l  ammonium N and n i t r a t e  N i n  t h e  p r e p l a n t  and 
s idedress samples f o r  59 co rn  f i e l d s  a re  presented i n  Table  1. To ta l  
i no rgan i c  s o i l  N  (ammonium N p l u s  n i t r a t e  N) a t  p r e - p l a n t  stage averaged t o  
12.6 pprn, about 50% of  which was present  i n  t h e  n i t r a t e  form and 50% i n  t h e  
ammonium form. T o t a l  i n o r g a n i c  N  a t  s idedress s tage was 18.9 ppm, o f  wh ich  
t h e  n i t r a t e  N  component was 12.2 ppm. The NHJNO, r a t i o  decreased f rom 
1.06 a t  p r e p l a n t  s tage t o  0.54 a t  s idedress stage. A t  t h e  s idedress 
stage, a  s u b s t a n t i a l  q u a n t i t y  o f  N  (6.7 ppm) which was h i ghe r  than  
expected, was s t i l l  p resen t  i n  t h e  ammonium form. T h i s  cou ld  be a t t r i b u t e d  
t o  t h e  unusua l l y  coo l  and wet summer c o n d i t i o n s  t h a t  p r e v a i l e d  i n  1992 
c o n t r i b u t i n g  t o  s lower  r a t e s  o f  N  m i n e r a l i z a t i o n .  The ammonium N  f r a c t i o n  
i s  no t  de tec ted  by t h e  c u r r e n t  PSNT. 

The amount o f  a v a i l a b l e  s o i l  N  i n  t h e  p r e p l a n t  samples based on t h e  
ammonium N  t e s t ,  amounts t o  24 I b s  N /A- f t  (6.52 ppm x 3.6, assuming 300,000 
I b s  o f  s o i l  p e r  ac re  i n c h ) .  The s o i l  ammonium N  and n i t r a t e  N  appears t o  
be s l i g h t l y  h i ghe r  i n  t h e  p rev ious  legume and manured f i e l d s ,  however, due 
t o  an i n s u f f i c i e n t  number o f  samples t h e  va lues were n o t  s i g n i f i c a n t l y  
d i f f e r e n t .  The amount o f  p r e - p l a n t  n i t r a t e  N  i n  t h e  non-manured/non-legume 
system was t h e  l owes t  (14 1b N /A - f t ) .  T e s t i n g  f o r  ammonium N  i n  these 
f i e l d s  would have p rov i ded  an a d d i t i o n a l  c r e d i t  o f  23 1  b  N/A. 

L i nea r  and m u l t i p l e  c o r r e l a t i o n  a n a l y s i s  was a p p l i e d  t o  t h e  da ta  t o  
eva lua te  t h e  e f f e c t s  o f  p r e p l a n t  n i t r a t e  N  and ammonium N  on t h e  presence 
o f  n i t r a t e  N  a t  s idedress  t ime.  The l i n e a r  c o r r e l a t i o n  c o e f f i c i e n t s  f o r  
se l ec ted  v a r i a b l e s  a re  presented i n  Table  2. A l though some o f  t h e  
c o e f f i c i e n t s  a re  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=0.01), t h e y  do n o t  i m p l y  a  
s t r ong  l i n e a r  r e l a t i o n s h i p .  The s c a t t e r  diagrams f o r  v a r i a b l e s  hav ing  
s i g n i f i c a n t  c o r r e l a t i o n s  a re  presented i n  F igures  1 -3 .  Mu1 t i p l e  
c o r r e l a t i o n  a n a l y s i s  was used t o  determine t h e  combined e f f e c t s  o f  p r e p l a n t  
n i t r a t e  N  and ammonium N  on t h e  s idedress n i t r a t e  N. The m u l t i p l e  
c o r r e l a t i o n  c o e f f i c i e n t  was 0.57, which was 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=0.01). Accord ing ly ,  32 percent  o f  t h e  v a r i a b i l i t y  i n  s idedress n i t r a t e  
va lues was exp la i ned  by prep1 an t  n i t r a t e  and ammonium l e v e l s .  The mu1 t i p l e  
r eg ress i on  equa t ion  i s  represented as: 

where Y '  i s  t h e  p r e d i c t e d  va lue  o f  n i t r a t e  N a t  s idedress  stage, X, i s  t h e  
n i t r a t e  N  measured a t  p r e p l a n t  stage, and X, i s  t h e  ammonium N a t  p r e p l a n t  
stage. Th i s  r e g r e s s i o n  equa t ion  i s  dep i c t ed  i n  F i g u r e  4 .  

Th i s  s tudy  needs t o  be repeated f o r  a  number o f  years  t o  assess and 
c a l i b r a t e  t h e  f u l l  e f f e c t s  o f  seasonal and c rop  management v a r i a b l e s  on t h e  
s o i l  N a v a i l a b i l i t y  i n  Mich igan.  O f  spec ia l  i n t e r e s t  i s  t h e  c o n t r i b u t i o n  
o f  so l ub le  o rgan i c  N  t h a t  was r e c e n t l y  r e p o r t e d  by European s c i e n t i s t s  as 
be ing an impo r tan t  source o f  a v a i l a b l e  N  t o  p l a n t s .  Th i s  N f r a c t i o n  was 



n o t  measured i n  t h e  c u r r e n t  s t u d y  b u t  may p r o v i d e  a d d i t i o n a l  c l u e s  t o  
improve  o u r  s o i l  N  assessment. A l though  t h e  s o l u b l e  o r g a n i c  N  f r a c t i o n  
c o u l d  be e a s i l y  e x t r a c t e d  w i t h  a  d i l u t e  s o l u t i o n  o f  CaCl , a  r a p i d  
l a b o r a t o r y  procedure  t o  measure t h i s  f r a c t i o n  i s  c u r r e n t 7 y  u n a v a i l a b l e  t o  
us.  We p l a n  t o  pursue t h i s  aspec t  o f  r e s e a r c h  i n  f u t u r e  s t u d i e s .  

T a b l e  1 .  Average n i t r a t e  and ammonium l e v e l s  (ppm) i n  t h e  p r e - p l  an t (pp )  
and s i d e - d r e s s ( s d )  s o i l  samples t a k e n  f r o m  59 c o r n  f i e l d s  i n  16 
c o u n t i e s  i n  1992.  

Tab le  2. C o r r e l a t i o n  c o e f f i c i e n t s  f o r  n i t r a t e  N  and 
ammonium N  measured i n  t h e  p r e p l a n t  and 
s i d e d r e s s  s o i  1  samples. 

Crming System # of 
f i e l d s  

X and Y V a r i a b l e s  

T o t  N  pp vs .  N03-N sd 

T o t  N  pp v s  T o t  N  sd 

N03-N pp v s  N03-N sd 

NH4-N pp vs NH4-N sd 

A l l  Samples 

L i n e a r  C o r r e l  a t i  on 
C o e f f i c i e n t  ( r )  

0.47** 

0.42** 

0.55** 

0.25 
** 

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  1% l e v e l .  

N 0 3 - N  
pp 

0.54 59 

NH4-N  
W 

N 0 3 - N  
sd 

NH4/N03  
PP 

Tot N 
PP 

6.1 

NH4/N03  
sd 

N H 4 - N  
sd 

Tot N 
sd 

6.52 12.6 12.2 6.7 18.9 1.06 



Fig 1. Correlations of preplant and 
sidedress soil N in corn fields 1992 

Linear Regression Y = 6.45 + 0.45 X 

Preplant ammonium and nitrate N (ppm) 
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