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ABSTRACT

INFLUENCE OF CULTIVATION, CROPPING SYSTEMS, AND 
CROP RESIDUES ON THE CONTENT AND DISTRIBUTION 

OF NITROGEN FORMS IN SOILS

By

Ebinimi F. A. Buruto lu

Changes in o rg a n ic  C and t o t a l  N, and in th e  d i s t r i b u t i o n  

o f  N in f r a c t i o n s  o b ta in e d  by a c i d  h y d r o ly s i s  were used to  e v a l u a t e  

e f f e c t s  o f  t i l l a g e ,  c ropp ing  systems and types  of  crop r e s id u e s  on N 

s t a t u s  in s o i l s .

Under cash crop systems on C h a r i ty  c l ay  and Hodunk sandy 

loam, t o t a l  N in t h e  plow l a y e r  was lower by 6 6 % than in s u r f a c e  

l a y e r s  o f  a d j a c e n t  v i r g i n  s o i l s .  The co r respond ing  d e c re a se s  in

o rg an ic  C were 62% in c l a y  and 80% in th e  sandy loam.

In a l i v e s t o c k  o p e ra t io n  on Kalamazoo sandy loam, t o t a l  N 

was lower by 23% and o rg a n ic  C by 12% than  in t h e  v i r g i n  s o i l .

At a n o th e r  l o c a t i o n  on C h a r i ty  c l a y ,  seven cash crop  s y s ­

tems invo lv ing  d i f f e r e n t  sequences and p ro p o r t i o n s  of  c o r n ,  navy 

beans ,  sugar  b e e t s ,  o a t s  and a l f a l f a  were compared.  A f t e r  11 y e a r s ,  

t o t a l  N had d e c l in e d  by 2 to  11% from l e v e l s  found a t  t h e  beginning  

of  t h e  exper im en t .  Organic C had d e c l in e d  by 13 to  17%.

At a l l  f i e l d  l o c a t i o n s ,  d ec re ase s  in the  p ro p o r t i o n  of  

nonhydro lyzable  N and in c r e a s e s  in t h e  p ro p o r t i o n  of  hyd ro lyza b le
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unknown forms (HUN f r a c t i o n )  i n d i c a t e d  t h a t  a long- te rm  e f f e c t  o f  

t i l l a g e  was to  i n c re a s e  exposure and d e c re a se  s t a b i l i t y  o f  p h y s i c a l l y  

p r o t e c t e d  humic complexes.  This  in c re a s e d  the  p r o p o r t i o n  of  lower 

m o lecu la r  weight  f ragments  and p r e c u r s o r s .  An in c r e a s e  in exposed 

s u r f a c e  was in d i c a t e d  a l s o  by i n c r e a s e s  in h y d ro ly za b le  ammonium. 

V a r ia b l e  changes in the  p r o p o r t i o n  o f  h y d ro ly za b le  amino a c i d  and amino 

sugar  f r a c t i o n s  appeared r e l a t e d  to  c u r r e n t  crop  cove r .

A Hodunk sandy loam amended with  r e s id u e s  o f  c o r n ,  navy 

b eans ,  sugar  b ee t s  o r  a l f a l f a  was incuba ted  f o r  63 days .  Both chemical 

and b i o l o g i c a l  t r a n s f o r m a t io n s  may have c o n t r i b u t e d  to  observed  

p a t t e r n s  of  m i n e r a l i z a t i o n  - im m ob i l i za t ion .  The HUN f r a c t i o n  seemed 

to  be a key in t e rm e d ia te  in t r a n s f e r s  o f  N among o rg a n ic  f r a c t i o n s  

and in exchanges with  the  mineral  N pool .  Amino a c i d  and amino 

sugar  f r a c t i o n s  peaked a f t e r  major  r e s p i r a t o r y  l o s s e s  of  C has occur red  

and appeared  r e l a t e d  to  s i z e  o r  a c t i v i t y  o f  m ic rob ia l  p o p u la t i o n s .  

Lesse r  p a r a l l e l  changes in  hyd ro ly za b le  ammonium i n d i c a t e d  i t s  

a s s o c i a t i o n  with a c t i v e  s u r f a c e  s i t e s .
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CHAPTER I

INTRODUCTION

The n a t u re  and s t a t u s  o f  s o i l  o rgan ic  m a t t e r  and n i t r o g e n  a r e  

im por tan t  f a c t o r s  in  crop  p ro d u c t io n .  Organic m a t t e r  c o n t r i b u t e s  

im por tan t  p h y s i c a l ,  ch e m ic a l ,  and b i o l o g i c a l  p r o p e r t i e s  to  s o i l s .  

Nit rogen  i s  an e s s e n t i a l  el emen t in p l a n t  n u t r i t i o n .  When s o i l  i s  

c u l t i v a t e d ,  s o i l  o rgan ic  m a t t e r  and t o t a l  N d e c l in e  with  t im e .  The 

d e c l i n e  i s  r a p id  and appea rs  l i n e a r  in th e  e a r l i e r  y e a r s  a f t e r  v i r g i n  

s o i l s  a r e  brought under c u l t i v a t i o n ,  b u t  g r a d u a l ly  slows and u l t i m a t e l y  

reaches  a new e q u i l i b r i u m  a f t e r  50 to  100 y e a r s  of  c u l t i v a t i o n .

The r a t e  and magnitude of  o rg an ic  m a t t e r  and t o t a l  N l o s s  i s  

i n f lu en ced  by th e  c ropp ing  system and sequence (4 ,  5,  7,  8 , 15, 17,

18 ) ,  c rops  grown (7 ,  2 0 ) ,  s p e c i f i c  management p r a c t i c e s  (4 ,  5,  14,

15, 16, 2 ) ,  the  o r i g i n a l  s o i l  N c o n t e n t  (3 ,  5,  6 , 7, 17,  18 ) ,  c l im a t e  

(9 ,  10 ),  s o i l  type  (1 ,  1 5 ) ,  and l e n g th  o f  c u l t i v a t i o n .  The r a t e  of  

e s t a b l i s h m e n t  of  e q u i l i b r i u m  i s  prov ided  by change and the  magnitude
A

of  the  term (NQ - —) e x p ( - r t )  in th e  equa t ion  of  Bartholomew and 

Kirkham (2 ) :

N = A .  (N V < - t
r  o r

where NQ i s  th e  i n i t i a l  N c o n t e n t

r  i s  th e  annual  r a t e  of  N lo s s

A i s  the  annual  r a t e  o f  a d d i t i o n
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More than  90% o f  t h e  t o t a l  N in most s u r f a c e  s o i l s  i s  in 

o rgan ic  form. About o n e - h a l f  o f  th e  o rg an ic  N has no t  been adequa te ly  

c h a r a c t e r i z e d .  Ino rgan ic  N p lays  a primary  and d i r e c t  r o l e  in p l a n t  

n u t r i t i o n .  The involvement  o f  o rg an ic  N in p l a n t  n u t r i t i o n  i s  a t  b e s t  

regarded  as  secondary  and i n d i r e c t ,  t h a t  i s ,  th rough th e  p rocess  of  

m i n e r a l i z a t i o n .

D i f f e r e n t  k inds  o f  N compounds and complexes d i f f e r  in t h e i r  

s u s c e p t i b i l i t y  to  m i n e r a l i z a t i o n .  I t  might be expec ted  t h a t  t h e i r  

importance as  sources  o f  N f o r  p l a n t s  w i l l  vary  a c c o r d in g ly .

The c o n t e n t  and p ro p o r t i o n s  of v a r io u s  o rg an ic  N f r a c t i o n s  

have been in f lu e n c e d  by th e  management system. These o rgan ic  N f a c t i o n s  

s h i f t  from one form to  a n o t h e r  dur ing  c u l t i v a t i o n  and o t h e r  management 

p r a c t i c e s .

Many r e s e a r c h e r s  have a t tem p ted  to  i d e n t i f y  the  forms of  

o rgan ic  N t h a t  might be u se fu l  as  p r e d i c t i v e  s o i l  t e s t s  (11 ,  12,  13, 19).  

The p r e s e n t  s tudy  was under taken  to  de te rmine  th e  n a tu re  and magnitude 

o f  changes in  c o n t e n t  and d i s t r i b u t i o n  of  N forms under th e  fo l lowing  

t h r e e  systems:

1. V irg in  s o i l s  and t h e i r  c u l t i v a t e d  ana logues  under 

t h r e e  type s  of  management

2. R o ta t io n a l  cropp ing  f o r  e leven  y e a r s

3.  Incuba t ion  systems invo lv ing  v a r io u s  r e s id u e  types  

and r a t e s  f o r  a 63-day p e r io d .
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CHAPTER I I

EFFECT OF CULTIVATION ON THE CONTENT AND DISTRIBUTION 

OF NITROGEN FORMS IN SOME MICHIGAN SOILS

The r o l e  o f  o rg a n ic  m a t t e r  and n i t ro g e n  in so i l  f o rm a t io n ,  

f e r t i l i t y ,  and c rop  p roduc t ion  has been t r e a t e d  e x t e n s i v e l y  in pub­

l i s h e d  l i t e r a t u r e .

Su rface  o rg an ic  m a t t e r  and n i t r o g e n  d i s t r i b u t i o n  vary  t r e ­

mendously among and w i th in  th e  major  s o i l  o rd e r s  o f  th e  wor ld .  The 

magnitude of  v a r i a t i o n  depends to  a g r e a t  e x t e n t  on s o i l  forming 

f a c t o r s  such as  c l i m a t e ,  v e g e t a t i o n ,  topography,  p a re n t  m a te r i a l  and 

age.  According to  Jenny (22 ,  2 3 ) ,  th e  importance  of  the  f a c t o r s  

de te rm in ing  th e  o rg a n ic  m a t t e r  and n i t r o g e n  c o n t e n t s  o f  medium 

t e x t u r e d  s o i l s  o f  t h e  United  S t a t e s  d ec reased  in the  o rde r :

c l im a t e  > v e g e t a t i o n  > topography  = p a re n t  m a te r i a l  > age

E f f e c t  o f  C u l t i v a t i o n  on Organic 
M atter  and Total  N

Within a s o i l  o r d e r ,  management f a c t o r s ,  such as  c u l t i v a t i o n  

and f e r t i l i z a t i o n  b r in g  abou t  s i g n i f i c a n t  changes in o rgan ic  m a t t e r  

and n i t r o g e n  d i s t r i b u t i o n  in s u r f a c e  and p r o f i l e  s o i l s .  C u l t i v a t i o n  

a f f e c t s  t h e  d i s t r i b u t i o n  o f  o rg an ic  m a t t e r  and n i t r o g e n  th rough  i t s  

i n f l u e n c e  on th e  o rg a n ic  carbon e q u i l i b r i u m  in s o i l s .

5
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Some work has been done on th e  e f f e c t  o f  c u l t i v a t i o n  on the  

o rgan ic  m a t t e r  and n i t r o g e n  c o n t e n t s  o f  s o i l s  in the  tem pera te ,  

t r o p i c a l ,  and s u b t r o p i c a l  r e g io n s .  In t h e i r  long- te rm study on the  

e f f e c t  o f  c ropp ing  on th e  s u r f a c e  s o i l  n i t r o g e n  and o rgan ic  carbon 

c o n t e n t  o f  t h e  s o i l s  a t  14 l o c a t i o n s  in the  Grea t  P l a i n s ,  Haas and 

Evans (15) r e p o r t e d  t h a t  n i t r o g e n  d e c l in e d  by 39% on the  average  over  

a 36 -yea r  p e r io d .  This  r e p r e s e n t s  1.07% l o s s  of  s o i l  n i t r o g e n  f o r  

each y e a r  o f  c rop  p ro d u c t io n .  The average  o rgan ic  carbon l o s s  over  

a 3 7 -y e a r  cropp ing  p e r io d  was 42% with  an annual l o s s  of  1.15%.

In a s i m i l a r  s tudy  in wes te rn  Kansas s o i l s  under low r a i n ­

f a l l  c o n d i t i o n s ,  Hobbs and Brown (18) r e p o r t e d  t h a t  cropping  had 

marked e f f e c t  on n i t r o g e n  and o rg an ic  carbon l o s s e s .  The N l o s s e s  

were r a p id  a f t e r  c u l t i v a t i o n  o f  t h e  v i r g i n  s o i l  began and the  r a t e  

g r a d u a l ly  d ec reased  with  t im e .  N i trogen  and o rgan ic  C l o s s e s  averaged 

23.3% and 36.2%, r e s p e c t i v e l y ,  from 1916 t o  1958. However, l o s s e s  

slowed down to  2.2% f o r  n i t r o g e n  and 2.1% f o r  o rgan ic  C in th e  l a s t  

e i g h t  y e a r s  (1 9 ) .  In t h e i r  p r e l i m i n a r y  s t u d i e s  on th e  s t a t u s  of  

o rgan ic  m a t t e r  and n i t r o g e n  in s o i l s  under s h i f t i n g  c u l t i v a t i o n  in 

th e  t r o p i c s ,  I s i r im a h  e t  a l . (20) found t h a t  c u l t i v a t i o n  decreased  

o rgan ic  m a t t e r  by 55% and t o t a l  N c o n t e n t  by 60% in a l l  s o i l  t y p e s .  

They a l s o  observed t h a t  t h e  long f a l l o w  per iod  had not  in c re a s ed  

the  le ve l  o f  n i t r o g e n  and o rg an ic  m a t t e r  markedly.  On a Greary s i l t  

loam P r a i r i e  s o i l  in Kansas,  F r i t s c h e n  and Hobbs (13) worked on the  

e f f e c t  o f  crop  r o t a t i o n  on the  N and o rgan ic  carbon c o n t e n t s  and found 

lo s s e s  o f  both  over  th e  p e r io d .  S i m i l a r l y ,  Hide and Metzger (16) 

r e p o r t e d  a d e c l i n e  in carbon and n i t r o g e n  o f  Kansas s u r f a c e  s o i l s  of
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37% and 32%, r e s p e c t i v e l y ,  due to  c u l t i v a t i o n .  Working with  su r f a c e

s o i l s  in t h e  Grea t  P l a i n s ,  P o r t e r  e t  a l .  (33) r e p o r t e d  t h a t  cropping

o f  v i r g i n  s o i l s  dec reased  the  t o t a l  N and th e  o t h e r  forms o f  N. In

a n o t h e r  s tu d y ,  Smith and Young (36) showed t h a t  t h e  t o t a l  N and

o rg a n ic  C o f  s u r f a c e  s o i l s  d e c l in e d  on the  average  by 42% and 33%,

r e s p e c t i v e l y ,  due to  c u l t i v a t i o n .

There i s  l i t t l e  in fo rm at ion  on th e  e f f e c t  o f  c u l t i v a t i o n

on th e  mineral  N forms.  I t  was observed  in some s t u d i e s  t h a t

exchangeable  NĤ  and n i t r a t e  N c o n t e n t s  were normal ly  s m a l l ,  and both

f r a c t i o n s  may no t  accoun t  f o r  more than  2% of  th e  t o t a l  s o i l  N.

N i t r i t e s  do n o t  accumulate in s o i l s  to  a g r e a t  e x t e n t ,  excep t  in

a l k a l i n e  c o n d i t i o n s ,  hence ,  l a rg e  amounts a r e  r a r e l y  d e t e c t e d  in
+

s o i l  a n a l y s i s .  Mineral n i t r o g e n  a l s o  occurs  as  f i x e d  NĤ  and t h i s  

f r a c t i o n  i s  very  s i g n i f i c a n t  in  some s o i l  p r o f i l e s .  The average  

amount of  f i x e d  ammonium N remained unchanged,  i n d i c a t i n g  t h a t  c u l t i ­

v a t i o n  had made no e f f e c t  on th e  f i x e d  ammonium c o n t e n t  o f  th e  s u r ­

f a c e  s o i l s  o f  Canada (17) .

The s t u d i e s  c i t e d  above have g e n e r a l l y  i n d i c a t e d  a l o s s  of  

o rg a n ic  m a t t e r  and t o t a l  N with c u l t i v a t i o n .  Some i n v e s t i g a t i o n s  

have r e p o r t e d  t h a t  c u l t i v a t i o n  in c re a s e d  o rg an ic  m a t t e r  ( 1 ,  14,  27).  

In t h e i r  s t u d i e s ,  G r ig o r 'y ev  (14) and Konovalonva (27) r e p o r t e d  t h a t  

humus and N c o n t e n t  in c re a s e d  with  c u l t i v a t i o n  on s o d -p o d zo l i c  f o r e s t  

s o i l s  in th e  o rde r :

well  modera te ly  > s l i g h t l y  > f Q r e s t  SQi ls
c u l t i v a t e d  c u l t i v a t e d  c u l t i v a t e d
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I t  i s  a p p r o p r i a t e  to  i n d i c a t e  t h a t  most o f  th e s e  s t u d i e s  

d i s c u s s e d  th e  e f f e c t  o f  c u l t i v a t i o n  on o r g a n ic  m a t t e r  and t o t a l  N 

c o n t e n t s  o f  s u r f a c e  s o i l s .  E f f e c t  o f  c u l t i v a t i o n  i s  no t  r e s t r i c t e d  

t o  s u r f a c e  ho r izons  a l o n e .  The impact  g r a d u a l ly  moves to  su b su r fa ce  

h o r i z o n s .  Fur therm ore ,  i t  i s  im por tan t  t o  compare c u l t i v a t e d  and 

v i r g i n  s o i l s  t o  a p p r e c i a t e  t h e  impact  o f  c u l t i v a t i o n  in a g r i c u l t u r a l  

s o i l  s .

Severa l  s t u d i e s  have shown t h a t  o rg an ic  m a t t e r  and t o t a l  

n i t r o g e n  d e c l in e d  w i th  depth  in  both  v i r g i n  and c u l t i v a t e d  s o i l s  

(29 ,  36) .  The magnitude and r a t e  o f  d e c l i n e  was g e n e r a l l y  g r e a t e r  in 

t h e  c u l t i v a t e d  than in t h e  v i r g i n  s o i l .

C u l t i v a t i o n  and Content  o f  Organic-N Forms 

C u l t i v a t i o n  dec re a se d  t h e  c o n t e n t  o f  a l l  N forms markedly,  

exce p t  nonexchangeable ( f i x e d )  NĤ  N in s u r f a c e  s o i l s .  The p ropor-  

t i o n  o f  t o t a l  N as  nonexchangeable ( f i x e d )  NĤ  N in c re a s e d  s l i g h t l y ,  

as  d id  t o t a l  h y d ro ly za b le  N and o t h e r  hyd ro ly za b le  f r a c t i o n s  such as 

ammonium N, hexosamine N, and u n i d e n t i f i e d  N. The p e rcen tage  of  

hyd ro ly za b le  amino a c i d  N and nonhydro lyzab le  N decreased  due to  

c u l t i v a t i o n .  The ave rage  p e r c e n t  l o s s  o f  d i f f e r e n t  forms o f  N on 

c u l t i v a t i o n  decreased  in t h e  o r d e r  (24):

amino a c i d  N (43.0%) > nonhydro lyzab le  N (39.4% >

Total  N (36.2%) > t o t a l  hydro lyzab le  N (35.2%) > 

u n i d e n t i f i e d  h y d ro ly z a b le  N (34.5%) > hyd ro lyzab le  

ammonium N (28.6%) > hexosamine N (27.6%) > nonexchang- 

a b l e  ammonium N (0.2%).
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In a n o t h e r  s tu d y ,  n o n d i s t i l l a b l e  a c i d - s o l u b l e  N showed the  

g r e a t e s t  d e c l i n e  w i th  c r o p p in g ,  fo l lowed  by d i s t i l l a b l e  a c i d - s o l u b l e  

ammonium N and a c i d - i n s o l u b l e  N (12) .

These s t u d i e s  te n d  to  show t h a t  th e  p ro p o r t i o n  of  i n d iv id u a l  

o rgan ic  N f r a c t i o n s  in t h e  s u r f a c e  hor izon  may no t  be g r e a t l y  changed 

by c u l t i v a t i o n ,  b u t  t h e r e  normal ly  i s  q u a n t i t a t i v e  red u c t io n  in 

amounts o f  most f r a c t i o n a l  forms.

C u l t i v a t i o n  and P r o f i l e  D i s t r i b u t i o n  
of  Organic N Forms

In many te m p e ra t e  s o i l s ,  t h e  p ro p o r t i o n  o f  th e  t o t a l  N p r e s e n t  

a s  amino a c i d  N, amino sugar  N, and a c i d  i n s o l u b l e  N range from 

30-50%, 5-24%, and 20-30%, r e s p e c t i v e l y .  Hydrolyzable ammonium N 

and h yd ro lyza b le  unknown N (HUN) occur  as  20-35% and 10-20%, 

r e s p e c t i v e l y ,  o f  t h e  t o t a l  N. With dep th ,  th e  c o n t e n t s  and p e r c e n t ­

ages  o f  the  s o i l  N may i n c r e a s e ,  d e c r e a s e ,  o r  remain the  same, 

depending on th e  management o r  c u l t u r a l  p r a c t i c e s ,  b i o t i c ,  c l i m a t i c ,  

o r  edaphic f a c t o r s  o r  t h e  s t a t u s  of  decomposit ion of  c e r t a i n  o rg an ic  

compounds in t h e  s o i l  environment.

Repor ts  have i n d i c a t e d  t h a t  th e  p ro p o r t i o n  o f  s o i l  N as 

amino a c i d  N d ec reased  w i th  depth in d i f f e r e n t  s o i l s  (26,  30 ,  37 ,  4 1 ) .

The dec re a se  o f  amino a c i d  N with  depth  may be r e l a t e d  to  the  d e c l i n e

with  dep th  o f  th e  m ic ro b ia l  popu la t ion  whose c e l l s  co n ta in  amino 

a c i d s .

Several  s t u d i e s  have r e p o r t e d  t h a t  t h e  pe rcen tage  of  amino

sugar  N dec reased  with  depth  (26,  35,  39 ,  40 ,  42 ) .  Other s t u d i e s
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showed t h a t  amino sugar  N in c re a s e d  with  depth (30 ,  41 ,  50 ) .  I t  i s  

no t  c l e a r  why amino sugar  N would i n c r e a s e  with  d e p th .  This  p a t t e r n  

may be r e l a t e d  t o  t h e  h ig h e r  ca lc ium c o n t e n t  in t h e  lower h o r i z o n s .  

Some s o i l s  in  s u b t r o p ic a l  r eg ions  showed a d e c l i n e  o f  amino sugar  N 

w ith  a d ec re a se  in p e r c e n t  ca lc ium in  th e  lower h o r i z o n s  (4 0 ) .  A 

f a i r l y  rea sonab le  e x p la n a t io n  f o r  t h e  i n c r e a s e  in  amino sugar  N with  

depth may be due to  e x t e n s i v e  decom posi t ion  and tu r n o v e r  which may 

le ad  t o  s e l e c t i v e  p r e s e r v a t i o n  o f  amino sugar  N (47 ,  50) .  The 

s e l e c t i v e  p r e s e r v a t i o n  may be due t o  p r o t e c t i o n  by a d s o r p t i o n  o r  

complexat ion with  o rgan ic  and minera l  c o l l o i d s .

Although amino a c i d  N and amino sugar  N a r e  t h e  main i d e n t i ­

f i a b l e  o rg an ic  N compounds in s o i l  h y d r o l y s a t e s ,  i t  i s  im por tan t  to  

know th e  d i s t r i b u t i o n  p a t t e r n s  o f  t h e  o t h e r  N forms.  The p ro p o r t i o n  

o f  s o i l  N as  h yd ro lyza b le  ammonium N in c re a s e d  with  depth in s o i l  

p r o f i l e s  o f  th e  U s to l l  suborde r  in w es te rn  Nebraska (29) and a 

podzo l ic  s o i l  in c e n t r a l  Sweden (3 0 ) .  An e a r l i e r  s tudy  in d i c a t e d  th e  

same t r e n d  in a wide v a r i e t y  o f  s o i l s  in th e  n o r t h - c e n t r a l  U.S. (41 ) .  

The r a t e  o f  h yd ro lyza b le  ammonium N in c r e a s e  w i th  depth  v a r i e d  with  

the  s o i l  type .  The i n c r e a s e  of  hyd ro lyza b le  ammonium N with  depth 

cou ld  be due,  in p a r t ,  t o  the  l i b e r a t i o n  o f  NHg from c l a y - f i x e d  NĤ  

by a c i d  h y d r o l y s i s ,  r a t h e r  than from o rg a n ic  compounds (4 ,  26,  39 ,

41 ,  44 ,  48 ) .

The d i s t r i b u t i o n  p a t t e r n s  o f  o rgan ic  N forms can vary  con­

s i d e r a b l y  with  t h e  s o i l  ty p e .  In minera l  s o i l s  o f  t h e  t r o p i c a l  and 

s u b t r o p i c a l  r e g io n ,  t o t a l  hyd ro lyzab le  N and u n i d e n t i f i e d  N in c re a s e d
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with  dep th .  Acid i n s o l u b l e  N dec reased  with  dep th .  There was no 

c o n s i s t e n t  p a t t e r n  in p r o f i l e  d i s t r i b u t i o n  in o t h e r  o rg an ic  N forms.  

Another s tudy  showed t h a t  t o t a l  h yd ro lyza b le  N, amino a c i d  N, and 

ammonium N d e c re a s e d ,  b u t  amino sugar  N in c re a s e d  with  dep th  in a l l  

bu t  one p r o f i l e  ( 1 2 ) .

Few s t u d i e s  have compared s o i l  p r o f i l e  d i s t r i b u t i o n  p a t t e r n s  

of  o rg an ic  N forms in c u l t i v a t e d  and t h e i r  v i r g i n  ana logues .  In 

t h e i r  s t u d i e s  on some s o i l  p r o f i l e s ,  Meints and P e te rson  (29) 

r e p o r t e d  t h a t  th e  c o n c e n t r a t i o n  o f  th e  o rgan ic  f r a c t i o n s  in  both 

c u l t i v a t e d  and v i r g i n  s o i l  p r o f i l e s  d e c l in e d  with  dep th .  However, 

c u l t i v a t i o n  dec reased  th e  p ro p o r t i o n  o f  t o t a l  N as  nonhydrolyzable  N 

and amino a c i d  N. I t  i n c r e a s e d  th e  p ro p o r t i o n  of  hyd ro lyza b le  

ammonium N, compared to  t h e  v i r g i n  s o i l  p r o f i l e s .  This  i n d i c a t e s  

t h a t  r e g u l a r  a d d i t i o n s  of  o rg a n ic  m a t e r i a l s  w i th o u t  s o i l  d i s t u r b a n c e  

over  a pe r io d  o f  t im e ,  as  in  v i r g i n  c o n d i t i o n s ,  r e s u l t s  in  a c h a r ­

a c t e r i s t i c  d i s t r i b u t i o n  o f  o rg a n ic  N f r a c t i o n s ,  and t h a t  t h i s  d i s ­

t r i b u t i o n  can be a l t e r e d  by d i f f e r e n t i a l  decomposit ion  when c u l t i v a t e d  

c o n d i t i o n s  a r e  imposed. The r a t e  and magnitude o f  change w i l l  be 

i n f lu e n c e d  by the  t y p e ,  q u a n t i t y ,  and fr equency  o r  o rgan ic  amend­

ments added o r  c rop  r e s i d u e  r e tu r n e d  and th e  l e n g th  o f  t ime t h a t  a 

given system o f  management i s  imposed.

O b je c t iv e s  o f  P r e s e n t  Research

The n a t u r e  and p a t t e r n  o f  p r o f i l e  d i s t r i b u t i o n  of  o rgan ic  N 

components in Michigan s o i l s  has no t  been c o n s id e re d  in pub l i shed  

l i t e r a t u r e .  The p r e s e n t  i n v e s t i g a t i o n  was under taken  as  p a r t  o f  a 

cropping  systems study to :
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1 . de te rmine  t h e  e f f e c t  o f  c u l t i v a t i o n  on the  c o n t e n t  

and p r o p o r t i o n  o f  h y d ro ly za b le  and nonhydrolyzable 

forms o f  N

2 . de te rm ine  th e  p a t t e r n  o f  p r o f i l e  d i s t r i b u t i o n  of  

o rg an ic  m a t t e r ,  t o t a l  N, and f r a c t i o n a l  forms o f  N 

in some s o i l  t y p e s .



MATERIALS AND METHODS

Experimental S i t e s  

Three p a i r s  o f  s o i l  p r o f i l e s  from c u l t i v a t e d  s o i l s  and t h e i r  

v i r g i n  ana logues  were sampled.  Each p a i r  o f  p r o f i l e s  was l o c a t e d  

s id e  by s id e  on th e  same s o i l  ty p e .  The c u l t i v a t e d  s o i l  p r o f i l e s  

had been under one type  of  management o r  a n o t h e r  c o n t in u o u s ly  f o r  

a t  l e a s t  t e n  y e a r s .  The v i r g i n - f o r e s t e d  s o i l  p r o f i l e s  had mixed 

v e g e t a t i o n  f o r  upwards o f  50 y e a r s .  Loca tion  and d e s c r i p t i o n  o f  

p r o f i l e  p a i r s  a r e  given in Table  1.

Soil  Sampling

Twenty c o re s  were composi ted  f o r  t h e  s u r f a c e  h o r i z o n s  

( 0 - 0 . 15m) from c u l t i v a t e d  and v i r g i n  p r o f i l e s .  Twelve c o r e s  were 

composited f o r  each s ubso i l  h o r izo n .  Virg in  and c u l t i v a t e d  members 

o f  each p a i r  were sampled on th e  same day.  Depths sampled a r e  shown 

in  Table 1. All samples were sc reened  t o  remove most  undecayed and 

p a r t l y  decayed p l a n t  r e s i d u e s ,  a i r - d r i e d ,  ground,  and s t o r e d  f o r  

a n a l y s i s .

Labora to ry  Analyses 

Soil  pH was measured with  pH mete r  us ing  a g l a s s  e l e c t r o d e  on 

a 1 : 1  s o i l - t o - w a t e r  suspens ion .

13
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Table 1. Loca tion and management o f  s o i l s ,  d e s c r i p t i o n  o f  p r o f i l e s ,  
and pH and carbon c o n t e n t  o f  sampled s o i l  dep ths .

Loca tion  Soil  Type Management Depth pH Organic C

m g/kg

Saginaw
County

Barry
County

Ingham
County

C h a r i ty
c lay

Kalamazoo 
sandy loam

Hodunk
sandy
loam

C u l t i v a t e d 0 . 00-0 .15 7.8 14
(co rn -bean -  
sugar  b e e t 0 . 15-0 .23 7.8 6
r o t a t i o n ) 0 .

O
1

COCM .38 7.8 8

V irg in 0 . 00-0 .08 6 .5 49
( F o re s t )

0 . 08-0 .15 6 .6 24

0 . 15-0 .23 6 .5 20
0 . 23-0 .30 6 .5 17

0 . 30-0 .38 6 .8 12

C u l t i v a t e d 0 . 00-0 .15 5.6 26
( A l f a l f a - g r a s s
sod) 0 . 15-0 .23 6 .8 20

V irg in 0 . 00-0 .08 5.3 28
( F o re s t )

0 . 08-0 .15 5.0 30

0 . 15-0 .23 4 .9 25

0 . 23-0 .30 6 .8 23

C u l t i v a t e d 0 .

o
1

oo

.15 6 .5 5
(P o ta t o -
co rn - 0 . 15-0 .23 6 .4 1
corn)

V irg in
(F o r e s t )

0 .0 0 -0 .1 5  5.2 29

0 .15 -0 .2 3  4 .8  9.9

0 .2 3 -0 .4 1  4 .8  4 .3
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Total  Kje ldah l  N was determined by th e  semimicro Kje ldah l  

methods d e s c r ib e d  by Bremner ( 6 ) ,  Bundy and Bremner ( 4 ) ,  and 

Bremner and Mulvaney (7 ) .

E a s i l y  o x id i z e d  o rg an ic  C was determined by c o l o r i m e t r i c  

method d e s c r ib e d  by S c h u l t e  (34 ) .  This  method invo lves  chromic a c i d  

o x id a t io n  f o r  d e t e rm in a t io n  o f  e a s i l y  ox id ized  m a te r i a l  th rough 

spontaneous  h e a t .  The method was s t a n d a rd i z e d  a g a i n s t  th e  Walkley- 

Black method (52 ,  53) .  C/N r a t i o  was taken a s  t h e  r a t i o  o f  t o t a l  N 

t o  o rg a n ic  C.

Tota l  h y d ro ly z a b le  N, nonhydrolyzable  N, and h y d ro ly za b le  N 

f r a c t i o n s ,  to  in c lu d e  ammonium N, a-amino a c i d  N, hydroxyamino a c i d  

( s e r i n e  + t h r e o n i n e )  N and hyd ro lyzab le  unknown N were de termined  

by th e  methods d e s c r ib e d  by Bremner (5)  and Stevenson (42 ,  4 5 ,  4 6 ,  47 ,  

49 ) .

All a n a l y s e s  were done in d u p l i c a t e  and th e  va lues  r e p o r t e d  

a r e  th e  means. Analyses were rep ea ted  where th e  d u p l i c a t e s  v a r i e d  

more than  5%.



RESULTS AND DISCUSSION

D i s t r i b u t i o n s  of  N in V irg in  and C u l t i v a t e d  P r o f i l e s  

Total  Kje ldah l  N and Organic Carbon

Organic carbon and t o t a l  Kjeldahl  N c o n t e n t s  and t h e i r  d i s ­

t r i b u t i o n s  in t h r e e  Michigan s o i l  p r o f i l e s  a r e  shown in  Table ?..

At a l l  t h r e e  l o c a t i o n s ,  q u a n t i t i e s  p r e s e n t  a t  each sampling depth 

were s u b s t a n t i a l l y  lower in c u l t i v a t e d  than  in v i r g i n  s o i l .

The d e c l i n e s  in t o t a l  N and o rg a n ic  carbon were r e l a t i v e l y  

g r e a t e r  in t h e  C h a r i ty  and Hodunk s o i l s  than  in t h e  Kalamazoo. These 

d i f f e r e n c e s  would appea r  to  r e f l e c t  d i f f e r e n c e s  in management, r a t h e r  

than  d i f f e r e n c e s  in g e n e t i c  p r o p e r t i e s  o f  s o i l s  (Tab le 1 ) .  The 

Kalamazoo had been p r o t e c t e d  by a cover  o f  a l f a l f a  and g r a s s  p a s tu r e  

f o r  7 y e a r s  p lus  manure in t h e  r e c e n t  p a s t — 1980, whereas th e  C h a r i ty  

was s u b j e c t  to  t i l l a g e  each y e a r  o f  t h e  r o t a t i o n  and a l s o  t h e  Hodunk 

dur ing  th e  t h r e e  y e a r s  o f  the  r o t a t i o n .

The pH da ta  in  Table 1 i n d i c a t e  t h a t  th e  c u l t i v a t e d  Hodunk 

s o i l  may have been limed more h e a v i ly  o r  r e c e n t l y  than  th e  Kalamazoo 

s o i l .  The h ig h e r  pH of  c u l t i v a t e d  C h a r i ty  and Hodunk s o i l s  would 

have been more f a v o ra b l e  f o r  m ic rob ia l  p o p u la t i o n s  t h a t  decompose 

c rop  r e s i d u e s .  A l a r g e r  p ro p o r t io n  o f  annual  carbon a d d i t i o n s  would 

have been l o s t  a s  COg, and th e  n e t  m i n e r a l i z a t i o n  o f  N would have been 

g r e a t e r .  Losses o f  N from th e  s o i l s  would have o c c u r re d  mainly through
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T a b le  2.  Organ ic  c a rb o n  and t o t a l  K je ld a h l  n i t r o g e n  in  c u l t i v a t e d
and v i r g i n  s o i l  p r o f i l e s .

C h a r i ty  c l a y  Kalamazoo sandy loam Hodunk sandy loam
D e p t h ----------------------------- ---------------------------------------  -----------------------------

N+ OC C/N N OC C/N N OC C/N

m — g/kg — — g/kg-— — g /k g —

0 . 0 0 -0 .1 5 1.3 14 1 1

C u l t i v a t e d  

2 .4  26 1 1 0.84 5.6 7

0 .15 -0 .2 3 0.87 6 .7 8 1 . 6 2 0 13 0.46 1.7 4

0 . 2 3 -0 .3 8 0.53 8 .4 16 — — — — —

0 .0 0 -0 .0 8 4 .9 49 1 0

Virgin

3 .4 29 9 2.4 28 1 2

0 .0 8 -0 .1 5 2.7 24 9 2.9 30 1 0 0.74 9 .9 13

0 .1 5 -0 .2 3 1.9 2 0 1 1 2.4 25 1 0 0.42 4 .3 1 0

0 . 2 3 -0 .3 0 1.5 17 1 1 1.9 23 1 2

0 .3 0 -0 .3 8 1.4 1 2 9 — — — — — —

= Total  Kje ldah l  n i t r o g e n ;  OC = Organic carbon;  C/N = Carbon- 
n i t r o g e n  r a t i o
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removal in  h a rv e s te d  c r o p s ,  a l though  l o s s e s  by v o l a t i l i z a t i o n  

d e n i t r i f i c a t i o n ,  e ro s io n  o r  l e a c h in g  may have o ccu r red  a l s o .

The C/N r a t i o  o f  t h e  c u l t i v a t e d  Hodunk 0 - 0 . 15m and 0 .1 5 -  

0.23m depth  was much lower than a t  t h e  same dep ths  in i t s  v i r g i n  

c o u n t e r p a r t .  This d i f f e r e n c e  may r e f l e c t  t h e  f a c t  t h a t  th e  p r o f i l e s  

were sampled in  l a t e  f a l l  a f t e r  h a r v e s t  o f  corn  and b e f o r e  i n c o r ­

p o r a t i o n  o f  any s u r f a c e  r e s i d u e s .

Changes in C/N with  depth sugges t  t h a t  d i f f e r e n t  g e n e t i c  

ho r izons  may have i n t e r c e p t e d  d i f f e r e n t  p r o p o r t i o n s  o f  n i t r o g e n o u s  to  

ca rbonaceous  compounds o r  complexes moving downward in  p e r c o l a t i n g  

w a te r .  There a r e  not  enough da ta  to  g e n e r a l i z e  on t h i s  p o i n t ,  

however.

F r a c t i o n a l  Forms o f  N

F r a c t i o n a l  d i s t r i b u t i o n s  o f  N in v i r g i n  and c u l t i v a t e d  

p r o f i l e s  a r e  p r e s e n te d  in Tables  3 through 9.  In a l l  c a s e s ,  t h e  

q u a n t i t i e s  found a t  a l l  dep ths  were markedly lower in  c u l t i v a t e d  

than  in v i r g i n  s o i l s .  In a l l  p r o f i l e s ,  the  q u a n t i t i e s  dec re a se d  

with each increment of  d e p th ,  excep t  f o r  t h e  d e e p e s t  samples in the  

v i r g i n  C h a r i ty  c l a y .  At t h i s  s i t e ,  s i m i l a r  q u a n t i t i e s  of  a-amino 

a c i d  N (Tab le 5 ) ,  amino sugar  N (Table 7 ) ,  and nonhydro lyzab le  N 

(Table 9) were found in t h e  0 . 2 3 - 0 . 30m and 0 . 3 0 - 0 . 38m d e p th s .

Thus,  the  d e p l e t i n g  e f f e c t s  o f  c u l t i v a t i o n  ex tended  down­

ward f o r  c o n s id e r a b l e  depths  in  th e s e  p r o f i l e s  and a f f e c t e d  a l l  N 

f r a c t i o n s .  However, d i f f e r e n t  f r a c t i o n a l  forms dec re a se d  a t  d i f ­

f e r e n t  r a t e s ,  r e s u l t i n g  in wide v a r i a t i o n  in pe rce n tag e  d i s t r i b u t i o n  

of  N forms in t h e  d i f f e r e n t  dep th s .
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Tab le  3.  C o n t e n t  and d i s t r i b u t i o n  o f  t o t a l  h y d r o l y z a b l e  N in
c u l t i v a t e d  and  v i r g i n  s o i l  p r o f i l e s .

Depth C h a r i t y  c l a y Kalamazoo sandy loam Hodunk sandy loam

m ugN/gt pgN/g % 

C u l t i v a t e d

ygN/g %

0 .0 0 -0 .1 5 l l l l 87 .9 2167 89 .9 699 83.1

0 .15 -0 .2 3 674 77 .5 1273 80 .6 366 79.0

0 .2 3 -0 .3 8 531 8 2 .4

V irg in

0 .0 0 -0 .0 8 3728 74.8 2735 80.4 1895 77.9

0 .0 8 -0 .1 5 2307 8 7 .0 2253 77.7 541 72.8

0 .15 -0 .23 1663 86 .3 1898 80 .4 306 71.3

0 .2 3 -0 .3 0 1359 8 8 . 8 1549 81 .5 — —

0 .30 -0 .3 8 1159 8 5 .8 — — — —

+
ugN/g s o i l .

t  P e r c e n t  o f  t o t a l  K j e ld a h l  N.
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T a b le  4 .  C o n te n t  and d i s t r i b u t i o n  o f  h y d r o l y z a b l e  ammonium N in
c u l t i v a t e d  and v i r g i n  s o i l  p r o f i l e s

Depth C h ar i ty  c l ay Kalamazoo sandy loam Hodunk sandy loam

m ugN/gt % \ ugN/g % 

C u l t i v a t e d

u gN/g %

0 .0 0 -0 .1 5 343 27.1 517 21.4 188 22.3

0 .1 5 -0 .2 3 248 28 .5 335 2 1 . 2 97 20.9

0 . 2 3 -0 .3 8 216 3 3 .5

Virg in

0 . 0 0 -0 .0 8 811 16.2 597 17.5 375 15.4

0 . 0 8 -0 .1 5 6 6 8 25 .2 577 19.9 149 2 0 . 0

0 .1 5 -0 .2 3 525 27 .2 521 2 2 . 0 57 13.3

0 .2 3 -0 .3 0 462 30 .2 383 2 0 . 1 - - —

0 .3 0 -0 .3 8 426 3 1 .5 — — — —

^ygN/g s o i l .

t  P e r c e n t  o f  t o t a l  K j e ld a h l  N
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Table  5. C o n te n t  and d i s t r i b u t i o n  o f  a -a m ino  a c i d  N in c u l t i v a t e d
and v i r g i n  s o i l  p r o f i l e s

Depth C h a r i ty  c l a y Kalamazoo sandy loam Hodunk sandy loam

m MgN/g+ ugN/g

C u l t i v a t e d

% ugN/g %

0 .0 0 -0 .1 5 349 27.6 832 34 .5 182 2 1 . 6

0 .15 -0 .23 230 26.4 484 30.6 150 32.3

0 .2 3 -0 .3 8 214 33 .2

Virg in

0 .00 -0 .0 8 1586 31 .8 1149 33 .7 785 32.3

0 .0 8 -0 .1 5 904 34.1 809 27.9 246 33.1

0 .15 -0 .23 682 35.3 634 26.9 127 29.6

0 .2 3 -0 .3 0 452 29.5 555 29.2 — —

0 .30 -0 .38 507 37.5 — — — —

^ugN/g s o i l .

P e r c e n t  o f  t o t a l  K j e ld a h l  N.
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T a b le  6 .  C o n t e n t  and d i s t r i b u t i o n  o f  s e r i n e  and t h r e o n i n e
(hydroxyamino a c i d )  N in c u l t i v a t e d  and  v i r g i n  s o i l
p r o f i l e s

Depth C h a r i t y  c l a y Kalamazoo sandy loam Hodunk sandy loam

m ugN/g t * * ygN/g

C u l t i v a t e d

% ygN/g %

0 .0 0 -0 .1 5 156 12.3 170 7.0 59 7.0

0 .1 5 -0 .2 3 55 6 .3 95 6 . 0 40 8 . 6

0 .2 3 -0 .3 8 59 9 .2

Virg in

0 . 0 0 -0 .0 8 324 6 .5 246 7.2 151 6 . 2

0 .0 8 -0 .1 5 2 0 2 7.6 198 6 . 8 59 7.9

0 .1 5 -0 .2 3 143 7.4 147 6 . 2 44 1 0 . 2

0 . 2 3 -0 .3 0 107 6 .9 127 6 . 6 — —

0 .3 0 -0 .3 8 79 5.8 — — — —

tygN/g s o i l .

^ P e r c e n t  o f  t o t a l  Kjeldahl  N.
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T a b le  7. C o n te n t  and d i s t r i b u t i o n  o f  amino s u g a r  N in  c u l t i v a t e d
and v i r g i n  s o i l  p r o f i l e s

Depth C h a r i ty  c l a y Kalamazoo sandy loam Hodunk sandy loam

m ugN/gt ugN/g % 

C u l t i v a t e d

pgN/g %

0 .0 0 -0 .1 5 144 11.4 233 9 .7 67 7.9

0 .1 5 -0 .2 3 94 1 0 . 8 134 8 .5 55 1 1 . 8

0 . 2 3 -0 .3 8 94 14.6

V irg in

0 . 0 0 -0 .0 8 444 8 .9 383 11.3 194 7.9

0 .0 8 -0 .1 5 228 8 . 6 272 9.3 50 6 .7

0 .15 -0 .2 3 178 9 .2 255 1 0 . 8 55 1 2 . 8

0 . 2 3 -0 .3 0 144 9 .4 2 1 1 1 1 . 1 — —

0 . 3 0 -0 .3 8 155 11.5 — — — —

fpgN/g s o i l .

|  P e r c e n t  o f  t o t a l  K j e ld a h l  N.
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T a b le  8 .  C o n t e n t  and  d i s t r i b u t i o n  o f  h y d r o l y z a b l e  unknown
N(HUN)+ in  c u l t i v a t e d  and v i r g i n  s o i l  p r o f i l e s

Depth C h a r i t y  c l a y Kalamazoo sandy loam Hodunk sandy loam

m MgN/g* % § ygN/g % 
C u l t i v a t e d

ugN/g %

0 .0 0 -0 .1 5 275 21.7 585 24.3 262 31.1

0 .1 5 -0 .2 3 1 0 2 11.7 320 2 0 . 2 64 1 2 . 8

0 . 2 3 -0 .3 8 7 1 . 1

V irgin

0 .0 0 -0 .0 8 887 17.8 606 17.8 541 2 2 . 2

0 .0 8 -0 .1 5 507 19.1 595 20.5 96 12.9

0 .1 5 -0 .2 3 278 14.4 488 2 0 . 6 67 15.6

0 .2 3 -0 .3 0 301 19.6 400 2 1 . 0 — - -

0 .3 0 -0 .3 8 71 5 .2 — — - - —

*HUN = Tota l  h y d ro ly z a b le  N minus (ammonium N + a-amino 
a c i d  + hydroxyamino a c i d  N + amino sugar  N).

JrygN/g s o i l .

£ P e rc e n t  o f  t o t a l  Kje ldah l  N.
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+
Tab le  9 .  C o n t e n t  and  d i s t r i b u t i o n  o f  n o n h y d r o l y z a b l e  N in  c u l t i ­

v a t e d  and  v i r g i n  s o i l  p r o f i l e s

Depth C h a r i ty  c l a y Kalamazoo sandy loam Hodunk sandy loam

m u g N /g t % § ugN/g % 

C u l t i v a t e d

ygN/g %

0 .0 0 -0 .1 5 153 1 2 . 1 243 1 0 . 0 142 16.8

0 .15 -0 .2 3 196 22.5 307 19.4 97 20.9

0 .2 3 -0 .3 8 113 17.5

Virgin

0 .0 0 -0 .0 8 1256 25.2 665 19.5 537 2 2 . 0

0 . 0 8 -0 .1 5 343 12.9 647 22.3 2 0 2 27.2

0 .15 -0 .2 3 264 13.7 462 19.6 123 23.7

0 .2 3 -0 .3 0 171 1 1 . 2 351 18.6 — —

0 . 3 0 -0 .3 8 191 14.1 — — — —

^Nonhydro lyzab le  N - Total  Kjeldahl  N minus t o t a l  h y d ro ly z a b le
N.

$  pgN/g s o i l .

§ P e rc e n t  o f  t o t a l  Kje ldah l  N.
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In th e  c u l t i v a t e d  p r o f i l e s ,  t o t a l  hyd ro ly za b le  N a s  p e r c e n t  

o f  t o t a l  Kjeldahl  N in each dep th  dec reased  below th e  0.0.15m 

l a y e r  (Table  3 ) .  A s i m i l a r  r e d u c t io n  occurred  below th e  0 - 0 . 08m l a y e r  

in t h e  v i r g i n  Kalamazoo and Hodunk s o i l s ,  whereas an in c r e a s e  

occu r red  below th e  0 . 0 8 - 0 . 15m l a y e r  in th e  C h a r i t y .

Changes in th e  p ro p o r t i o n  o f  nonhydro lyzab le  N (Table 9) 

were ,  o f  c o u r s e ,  r e l a t e d  i n v e r s e l y  to  th e s e  changes in  t h e  t o t a l  

f o r  h y d ro ly za b le  forms.  Sharp in c r e a s e  in i l l u v i a l  ( s u b s u r f a c e )  

l a y e r  probab ly  r e p r e s e n t  n i t ro g e n o u s  m a t e r i a l s  i n t e r c e p t e d  and 

r e t a i n e d  as  r e s i s t a n t  polymers and complexes.

The p ro p o r t i o n  o f  hyd ro ly za b le  NH  ̂ (Table 4) i n c re a s e d  with  

depth  in t h e  C h a r i ty  p r o f i l e s  and th e  v i r g i n  Kalamazoo. Such 

i n c r e a s e s  have been r e p o r t e d  f r e q u e n t l y  (29,  30) and o f t e n  a t t r i b u t e d  

to  r e l e a s e  dur ing  a c i d  h y d r o l y s i s  o f  c l a y - f i x e d  NH  ̂ ( 4 ,  17, 26 ,  29,

30 ,  38 ,  41 ,  44,  4 8 ) .  Release  o f  NhJ dur ing  h y d r o l y s i s  from l a b i l e  

am ides ,  imino compounds, and c e r t a i n  a-amino a c i d s  a s  t ry p to p h an e  

might  a l s o  be expec ted  t o  i n c r e a s e  with  depth  (2 ,  6 , 26,  3 8 ) .

Except  in  t h e  v i r g i n  C h a r i ty  s o i l ,  hyd ro ly za b le  NĤ  tended 

t o  vary  d i r e c t l y  with  C/N r a t i o .  Th is  r e s u l t  would a g ree  with  

r e p o r t s  t h a t  f i x e d  NhJ and C/N both i n c r e a s e  with  dep th  ( 1 7 ) ,  bu t  

i s  a t  v a r i a n c e  with  o t h e r s  where th e  pe rcen tage  of  t o t a l  N as 

h y d ro ly za b le  NĤ  v a r i e d  i n v e r s e l y  with  C/N r a t i o  (1 0 ) .

No c o n s i s t e n t  p a t t e r n s  o f  change with  depth were observed  

f o r  a-amino a c i d s  (Table  5) o r  hydroxyamino a c i d s  (Table 6 ) .  There 

was some tendency  f o r  amino sugars  to  i n c r e a s e  r e l a t i v e  to  TKN in  the
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deeper  h o r i z o n s ,  as  has been r e p o r t e d  by o t h e r s  (30 ,  41 ,  50) .  The 

p ro p o r t i o n  o f  h y d ro ly z a b le  unknown N (HUN) (Table 8 ) tended  to  

dec re ase  with dep th  in a l l  b u t  t h e  v i r g i n  Kalamazoo p r o f i l e .  This 

dec re ase  was sharp  in  t h e  lower dep ths  of  t h e  C har i ty  c l a y .

I t  would appea r  t h a t  t h e  l e v e l  o f  TKN, a s  well as  th e  d i s ­

t r i b u t i o n  o f  f r a c t i o n a l  forms in th e s e  p r o f i l e s  r e p r e s e n t s  a dynamic 

e q u i l i b r i u m  a t  each depth  between the  r a t e  o f  a d d i t i o n  o f  C and N 

(as  p l a n t  d e b r i s  o r  mobi le m a t e r i a l s  e l u v i a t e d  from above) and the  

r a t e  of  removal (by m i n e r a l i z a t i o n  and le ach in g  or  by convers ion  o f  

one f r a c t i o n a l  form t o  a n o t h e r ) .

E f f e c t s  o f  C u l t i v a t i o n  on D i s t r i b u t i o n  of  N 
in  S u r face  Soil  Layers

Changes in Total  Kje ldahl  N

D is tu rbance  o f  s o i l s  by t i l l a g e  in c re a s ed  p o r o s i t y  and 

a e r a t i o n ,  t h e re b y  i n c r e a s i n g  t h e  r a t e  of  decomposit ion o f  p l a n t  

r e s i d u e s .  Breakdown o f  a g g reg a te s  by so i l -w o rk in g  equipment a l s o  

exposes p r e v io u s l y  p r o t e c t e d  m a tr ix  s u r f a c e s  to i n t e r a c t i o n  with  the  

m icrob ia l  biomass and w i th  chemical systems in p e r c o l a t i n g  s o i l  

w a te r .  As a r e s u l t ,  a l a r g e r  p ro p o r t i o n  of  th e  n a t i v e  s o i l  o rgan ic  

m a t t e r  can e n t e r  i n t o  a c t i v e  c y c l e s  of  m o b i l i z a t io n - i m m o b i l i z a t i o n  

tu rn o v e r  (21 ,  28,  3 2 ) .  The r a t e  o f  r e c y c l in g  and e x t e n t  to  which th e  

r e l e a s e  o f  m i n e ra l i z e d  N can occur  may be enhanced f u r t h e r  when 

microb ia l  a c t i v i t y  i s  s t im u l a t e d  by a d d i t i o n s  o f  l ime to  unfavorab ly  

a c i d  s o i l s .

The above impacts  o f  c u l t i v a t i o n  a r e  expressed  d i r e c t l y  on 

s u r f a c e  l a y e r s  t h a t  a r e  a c t u a l l y  d i s t u r b e d  by t i l l a g e  o p e r a t i o n s .
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In Table 10, r e c o v e r i e s  of  N and p e rce n tag e  d i s t r i b u t i o n s  o f  f r a c ­

t i o n a l  forms,  as  t h e  means f o r  s u r f a c e  l a y e r s  t o  0.15m in v i r g i n  

s o i l s ,  a r e  compared with  va lues  found in  t h e  plow l a y e r  ( 0 - 0 . 15m) 

o f  t h e i r  c u l t i v a t e d  c o u n t e r p a r t s .

I t  can be c a l c u l a t e d  from th e s e  da ta  t h a t  t h e  magnitude of  

t o t a l  Kjeldahl  N l o s s e s  a t t r i b u t a b l e  t o  c u l t i v a t i o n  was above 67% 

in  t h e  C h a r i ty  c l a y  and 65% in  t h e  Hodunk sandy loam. These va lues  

compare with  d e c l i n e s  o f  60 to  70% observed  a f t e r  80 to  100 y e a r s  

under modera te ly i n t e n s i v e  to  i n t e n s i v e  management systems in the  

p r a i r i e s  and g r e a t  p l a i n s  o f  midwestern U.S.A. (13 ,  15,  16,  18).

In th e  c i t e d  s t u d i e s ,  o rg a n ic  m a t t e r  and N in s u r f a c e  s o i l s  

decreased  a t  a d e c l i n i n g  r a t e  over  a p e r io d  o f  60 to  80 y e a r s ,  a f t e r  

which a new e q u i l i b r i u m  was e s t a b l i s h e d  between annual  i n p u t s  and 

lo s s e s  of  C and N. The p e rcen tage  d e p l e t i o n  o f  s o i l  o rg an ic  m a t t e r  

and N ( to  t h e  p o in t  where reduced l e v e l s  became s t a b l e )  v a r i e d  

d i r e c t l y  with  c u l t i v a t i o n  i n t e n s i t y  and i n v e r s e l y  with  such f a c t o r s  

as  the  p ro p o r t io n  o f  legumes in t h e  r o t a t i o n ,  th e  l e v e l  o f  amendment 

with  animal manures and f e r t i l i z e r s  and t h e  l e v e l  o f  crop y i e l d s  

m a in ta ined .

The c u l t i v a t e d  s o i l s  a t  a l l  t h r e e  s i t e s  in th e  p r e s e n t  s tudy 

had probab ly  been c l e a r e d  and b rought  under  c u l t i v a t i o n  a t  l e a s t  

75 y e a r s  ago.  The f a c t  t h a t  t w o - t h i r d s  o f  t h e  N i n i t i a l l y  p r e s e n t  

had a p p a r e n t ly  d i sappea red  from th e  plow l a y e r s  o f  C h a r i ty  and 

Hodunk s o i l s  i n d i c a t e  t h a t  th e s e  two s o i l s  had a t t a i n e d  s t a b l e  

e q u i l i b r i u m  under d e p l e t i v e  r o t a t i o n s  inv o lv in g  mainly c u l t i v a t e d



Tab le  10. D i s t r i b u t i o n  o f  o r g a n i c  N f r a c t i o n s  in  c u l t i v a t e d  and v i r g i n  s u r f a c e  ( 0 . 0 0 - 0 . 15m) s o i l s

Soil  Type » TKNf   Hydroiyzable N________________________  NHN ™ /
Management THn AN AAN ASN HUN NHN

y g / g t yg /g % yg/g % yg/g % yg/g % yg/g % yg /g %

C har i ty  c l ay

Virgin 3 3817 3016 79.0 738 19.3 1245 32.6 336 8 . 8 697 18.4 801 20.9 3.8
C u l t i v a t e d 1264 1 1 1 1 87.9 343 27.1 349 27.6 144 11.4 275 21.7 153 1 2 . 1 7.3

Kalamazoo sandy loam

Virgin 3150 2493 79.1 587 18.6 979 31.0 327 10.3 600 19.0 657 20.9 3 .8
C u l t i v a t e d 2410 2167 89.9 517 21.4 832 34.5 233 9.7 585 24.3 243 1 0 . 0 8.9

Hodunk sandy loam

V i rg i n 2432 1895 77.9 375 15.4 785 32.3 194 7.9 541 2 2 . 2 537 2 2 . 0 3 .5
C u l t iv a t e d 841 679 80.7 188 22.3 162 19.3 67 7.9 262 31.1 162 19.3 4 .2

Means Virg in 3133 2468 78.8 567 17.8 1003 32.0 286 9 .0 613 19.6 665 2 1 . 2 3.7

Means C u l t i v a t e d 1505 1319 87.6 349 23.6 448 27.1 148 9.7 374 25.7 186 13.8 7.1

TKN = Total  Kjeldahl  N; THN = Total  hydro lyzab le  N; AN = Ammonium N; AAN = a-amino a c i d  N; ASN = 
amino sugar  N; HUN = hydro lyzab le  unknown N; HNH = Nonhydrolyzable N; THN/NHN = Total 
hydro lyzab le  N:nonhydrolyzable N r a t i o .

ug/g = ygN/g s o i l ;  % = pe rc e n t  o f  t o t a l  Kjeldahl  N.

Virgin  s o i l ,  average  o f  0 . 0 0 - 0 . 08m and 0 . 0 8 - 0 . 15m; C u l t i v a t e d  s o i l ,  0 . 0 0 - 0 . 15m.
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crops  (Table 1 ) .  The c a l c u l a t e d  lo s s  f o r  the  Kalamazoo s o i l  was 

on ly  23°/. Management he re  would appear  to  have been much l e s s  

d e p l e t i v e ,  a t  l e a s t  in r e c e n t  y e a r s .

I t  i s  no t  known what c ropping  systems may have been used 

a t  t h e s e  s i t e s  over  th e  decades s in c e  they  were f i r s t  c l e a r e d .  The 

a l f a l f a - g r a s s  cover  had been in p lace  on th e  Kalamzaoo s o i l  f o r  8  

y e a r s  p lus  manure in th e  r e c e n t  p a s t .  Normally,  annual e q u i l i b r i a  

under fo r a g e  legumes and g r a s s e s  a r e  s h i f t e d  in th e  d i r e c t i o n  o f  n e t  

i n c r e a s e s  in  s o i l  o rg a n ic  m a t t e r  and N. I t  may be i n f e r r e d  t h a t  th e  

c u l t i v a t e d  Kalamazoo was in a " s o i l  b u i ld in g "  r a t h e r  than  a " s o i l  

d e p l e t i n g "  c y c l e  a t  th e  t ime th e s e  samples were t a k en .

Changes in  F r a c t i o n a l  Forms of  N

The q u a n t i t i e s  o f  t o t a l  Kjeldahl  N and a l l  f r a c t i o n a l  forms 

in s u r f a c e  l a y e r s  (Tab le 10) were very  much lower in t h e  c u l t i v a t e d  

than v i r g i n  s o i l s .  However, t h e  d ec re a se s  w i th in  f r a c t i o n a l  forms 

were n o t  p ro p o r t i o n a l  t o  t h e  dec re ase s  in t o t a l  Kje ldahl  N. This 

may be seen in F ig s .  1,  2,  and 3 ,  where th e  p e r c e n t  d e c r e a s e  w i th in  

f r a c t i o n s  i s  e n t e r e d  b e s id e  each p a i r  of  bars  d e p i c t i n g  c o n t e n t .

In a l l  t h r e e  s o i l s ,  t h e  p e r c e n t  dec rease  in t h e  NHN f r a c t i o n  

(no t  h y d ro ly z a b le  in 6 M HC1) was very much g r e a t e r  than  th e  o v e r a l l  

d e c r e a se  in t o t a l  Kjeldahl  N, whereas th e  dec rease  in t o t a l  hydro­

ly z a b l e  N (THN) was l e s s .  These d i f f e r e n t i a l  dec re a se s  in F ig s .  1 to  

3 a r e  r e f l e c t e d  in th e  p e rcen tage  d i s t r i b u t i o n s  in Table 10. The 

p r o p o r t i o n  o f  t o t a l  Kjeldahl  N s u s c e p t i b l e  to  h y d r o l y s i s  (THN)
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a C h a r i ty  c l a y  s o i l .  Numbers b e s id e  each p a i r  o f  ba rs  i n d i c a t e s  % dec rease  due to  
c u l t i v a t i o n .  TKN = t o t a l  Kjeldahl  N; THN = t o t a l  hydro lyzab le  N; AN = hydro lyzab le  
ammonium N; AAN = amino a c i d  N; ASN = amino sugar  N; HUN = hydro lyzab le  unknwon N; 
NHN = nonhydrolyzable  N.
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due t o  c u l t i v a t i o n .  TKN = t o t a l  Kjeldahl  N; THN = t o t a l  hydro lyzab le  N; AN = 
hydro lyzab le  ammonium N; AAN = amino a c i d  N; ASN = amino sugar  N; HUN = hydro lyzab le  
unknown N; NHN = nonhydrolyzable N.
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hydro lyzab le  ammonium N; AAN = amino a c i d  N; ASN = amino sugar  N; HUN = hydro lyzab le  
unknown N; NHN = nonhydrolyzable  N.
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i n c r e a s e d ,  whi le  t h e  p e rc e n ta g e  n o t  hydrolyzed (NHN) d e c re a se d .  As 

a r e s u l t ,  t h e  r a t i o  THN/NHN in c re a s e d  from 3 .8  in t h e  v i r g i n  C h a r i ty  

c l a y  to  7.3 in the c u l t i v a t e d  c o u n t e r p a r t ,  and from 3 .8  to  8 . 9  in 

t h e  Kalamazoo s o i l .  The in c r e a s e  from th e  Hodunk sandy loam was 

l e s s ,  from 3 .5  f o r  v i r g i n  to  4 .2  in c u l t i v a t e d  s o i l .

Among th e  h y d ro ly za b le  forms in Table 10,  t h e  p e rcen tage  

d i s t r i b u t i o n  o f  h y d ro ly za b le  NĤ  (AN) and th e  h yd ro lyza b le  unknown 

(HUN) f r a c t i o n  i n c re a s e d  in a l l  t h r e e  c u l t i v a t e d  s u r f a c e  s o i l s .

The p ro p o r t i o n  o f  t o t a l  Kje ldah l  N p r e s e n t  as  a-amino a c i d s  (AAN) 

in the  c u l t i v a t e d  Kalamazoo had in c re a s ed  a l s o ,  bu t  had d e c l in e d  

s h a rp ly  with  t i l l a g e  in  t h e  C h a r i t y  and Hodunk s o i l s .  Decreased 

p r o p o r t i o n s  o f  amino sugar  N-(ASN) and s e r i n e  + t h r e o n i n e  N (STN) 

were found in the  c u l t i v a t e d  C h a r i t y ,  b u t  t h e i r  c o n t r i b u t i o n  to  

t o t a l  Kjeldahl  N in t h e  o t h e r  two s o i l s  was e s s e n t i a l l y  unchanged 

t o  t i l l a g e .

An im por tan t  e f f e c t  o f  c u l t i v a t i o n  i s  th e  d i s r u p t i o n  of  

agg rega ted  s t r u c t u r e s  and th e  exposure o f  p r e v io u s l y  p r o t e c t e d  humic 

subs tances  to  th e  a c t i o n  o f  s o i l  microbes and chemical systems in 

th e  s o i l  s o l u t i o n  (28) .  Modeling s t u d i e s  i n d i c a t e  t h a t  50% o f  the  

humus in v i r g i n  s o i l s  may be p r o t e c t e d  by a d s o rp t io n  o r  en t rapment 

in t h e  s o i l  m a t r ix ,  whereas the  degree  o f  p r o t e c t i o n  in s o i l s  under 

c u l t i v a t i o n  may be as low as 10% (32) .

The l a r g e  dec re a se s  (63 to  81%) in th e  NHN c o n t e n t  o f  a l l  

t h r e e  s o i l s  (Figs.  1 to  3) undoubtedly  r e f l e c t  th e  in c re a s e d  exposure 

and dec reased  s t a b i l i t y  o f  humic subs tances  p r e v io u s l y  s t a b i l i z e d  by 

a d s o r p t i o n ,  p o ly m e r iz a t io n ,  condensa t ion  o r  en t rapment .
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These d ec re ase s  in NHN were accompanied by r e l a t i v e l y  much 

s m a l l e r  d e c r e a s e s  in h y d ro ly z a b le  NĤ  (AN) and th e  unknown (HUN) 

f r a c t i o n  (F ig s .  1 t o  3 ) .  As th e  r e s u l t  o f  t h e s e  d i f f e r e n t i a l  

dec re a se s  in  c o n t e n t ,  t h e  AN and HUN f r a c t i o n s  a c t u a l l y  i n c re a s e d  

as  p e r c e n t  o f  t o t a l  Kjeldahl  N in  c u l t i v a t e d  s o i l s  (Table 10).

I t  i s  g e n e r a l l y  ag reed  t h a t  t h e  N t h a t  i s  not  hydrolyzed  by 

6 M HC1 (NHN f r a c t i o n )  e x i s t s  mainly in  the  form o f  s t a b l e  humic 

a c i d s  and humin; whereas ,  t h e  hyd ro lyzab le  AN and HUN f r a c t i o n s  o r i g i ­

na te  in f u l v i c  a c i d s  and l e s s  t i g h t l y  bound p e r ip h e r a l  g roup ings  

in humic a c i d s  and humin (32 ,  47 ,  51 ) .  As an average  f o r  a l l  t h r e e  

s o i l s ,  t h e  r a t i o s  AN/NHN and HUN/NHN in c re a s e d  by a f a c t o r  o f  2 

(Table 11).  This aga in  r e f l e c t s  in c re a s e d  exposure and d ec reased  

s t a b i l i t y  o f  humic s u b s tan ces  due to  c u l t i v a t i o n .  S im i la r  r e l a t i o n ­

sh ip s  have no t  been po in ted  ou t  by o t h e r  a u t h o r s ,  a l though  i n s t a n c e s  

can be found in pub l i she d  da ta  where l a r g e  l o s s e s  o f  t o t a l  N have 

o ccu r red  due to  c u l t i v a t i o n  (24) .

F ra c t io n a l  C o n t r i b u t io n s  to  Total Kjeldahl  N Loss 

In Fig .  4 ,  f r a c t i o n a l  d e c re ase s  have been r e p r e s e n t e d  as 

p e r c e n t  o f  t o t a l  Kjeldahl  N l o s s .  In th e  C h a r i t y  and Hodunk s o i l s ,  

t h e  ap p a re n t  c o n t r i b u t i o n  o f  t h e  v a r ious  f r a c t i o n s  to  l o s s  was 

roughly  p ro p o r t i o n a l  to  t h e  q u a n t i t i e s  and p ro p o r t i o n s  p r e s e n t  

b e fo re  c u l t i v a t i o n  (Table  10 and F ig s .  1 and 3 ) .  This r e s u l t  

i s  s i m i l a r  to  th e  e x p e r i en ce  o f  o t h e r  i n v e s t i g a t i o n s  (24 ,  29) .

The r e s u l t s  with  t h e  Kalamazoo s o i l  were s t r i k i n g l y  d i f f e r ­

e n t  (F ig .  4 ) .  The d ec re a se  in t h e  NHN f r a c t i o n  accounted f o r
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Table 11. E f f e c t  o f  c u l t i v a t i o n  on NĤ  and u n i d e n t i f i e d  N in a c i d  
h y d r o l y s a t e s  in r e l a t i o n  to  nonhydrolyzable  N.

AN/NHN' HUN/NHN
Soil Type -------------------------------------- --------------------------------------

V irg in  C u l t i v a t e d  Virg in  C u l t i v a t e d

C h a r i ty  c l a y 0.9 2 . 2 0 .9 1 . 8

Kalamazoo 
sandy loam

0.9 2 . 1 0.9 2 .4

Hodunk sandy 
loam

0.7 1.3 1.9 1 . 8

Means 0 . 8 1.9 0 .9 2 . 0

+AN = h y d ro ly z a b le  NĤ  N, HUN = hyd ro lyzab le  unknown N,

NHN = nonhydro lyzab le  N.
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Fig.  4.  Decrease in co n te n t  of  o rgan ic  N f r a c t i o n s  expressed  as  p e r c e n t  o f  t o t a l  N
lo s s  due to  c u l t i v a t i o n .

AN = hydro lyzab le  N, AAN = a-amino a c i d  N, STN = s e r i n e  + th re o n in e  N,

ASN = amino sugar  N, HUN = hyd ro lyzab le  unknown N, NHN = nonhydrolyzable N.



38

o n e - h a l f  o f  t h e  t o t a l  Kje ldah l  N l o s t  from th e  v i r g i n  s o i l .  The

a p p a re n t  p e r c e n t  c o n t r i b u t i o n s  o f  AN, AAN, and HUN were much l e s s  than

in the  o t h e r  two s o i l s  and were a l s o  much l e s s  than  t h e i r  o r i g i n a l  

p ro p o r t i o n  of  t o t a l  Kje ldahl  N (Tab le 10) .  Decreases in  ASN and STN, 

a s  pe rc e n t  o f  t o t a l  l o s s  in t h e  Kalamazoo (F ig .  4 ) ,  were s i m i l a r  to  

t h e i r  pe rce n tag e  o f  t o t a l  Kje ldah l  N b e fo re  c u l t i v a t i o n .

P a t t e r n s  o f  l o s s  a t  t h e  t h r e e  l o c a t i o n s  a r e  c l e a r l y  r e l a t e d  

to  d i f f e r e n c e s  in c u r r e n t  management and ,  p e rhaps ,  a l s o  th e  s o i l  pH 

(Table 1) .

I t  i s  n o t  known how long th e  c u l t i v a t e d  Kalamazoo s o i l  had 

been in a l f a l f a - g r a s s  a t  t h e  t ime o f  sampl ing .  I t  i s  a p p a re n t  in 

F ig .  2 t h a t  under t h e  p r o t e c t i o n  a f f o r d e d  by sod cover  r e s id u e s  and 

exuda tes  from th e  legume-grass  m ix tu re  were s uppo r t ing  a spectrum of 

N in hyd ro ly za b le  forms t h a t  was very  s i m i l a r  to  t h a t  in th e  v i r g i n

s o i l .  The annual  r a t e  of  r e t u r n  o f  N was such t h a t  th e  degree  of

d e p l e t i o n  o f  a l l  hyd ro ly za b le  forms was very much l e s s  than  in the  

C h a r i ty  c l a y  (F ig .  1) o r  t h e  Hodunk sandy loam (F ig .  3 ) .

The degree  of  d e p l e t i o n  o f  t h e  NHN f r a c t i o n  in th e  c u l t i ­

va ted  Kalamazoo sandy loam was much g r e a t e r  than f o r  th e  hyd ro lyza ­

b l e  f r a c t i o n  (F ig .  2 ) .  This  may be r e s i d u a l  ev idence  o f  more 

d e p l e t i v e  management in t h e  p a s t ,  in which case  th e  l e v e l s  found 

in hyd ro ly za b le  forms would r e p r e s e n t  r e c o v e r i e s  from more de p le te d  

l e v e l s  p r i o r  to  t h e  e s t a b l i s h m e n t  o f  th e  a l f a l f a - g r a s s  s t a n d .  I t  

would appear  t h a t  i n p u t s  o f  N due to  N £ - f ix a t i o n  by th e  a l f a l f a  

may have e q u i l i b r a t e d  q u ic k ly  with  hyd ro ly za b le  f r a c t i o n s ,  whereas
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f u r t h e r  convers ion  to  s t a b l e  humic complexes may no t  have had time 

to  proceed to  e q u i l i b r i u m  a t  a l e v e l  of  NHN approaching  more c l o s e l y  

t h a t  in t h e  v i r g i n  s o i l .

The ap p a re n t  f r a c t i o n a l  c o n t r i b u t i o n s  t o  t o t a l  Kjeldahl  N 

l o s s  as  c a l c u l a t e d  f o r  F ig .  4 s e rv e  to  focus  on changes t h a t  can be 

i n t e r p r e t e d  u s e f u l l y  in te rm s  o f  e q u i l i b r i u m  s h i f t s  due to  d e p l e t i v e  

vs .  c o n s e r v a t iv e  management p r a c t i c e s .  O bvious ly ,  they  do no t  pro­

v ide  any b a s i s  f o r  judg ing  whether  one form o f  N i s  more s u s c e p t i b l e  

to  m i n e r a l i z a t i o n  than  a n o t h e r ,  and t h e r e f o r e ,  more s i g n i f i c a n t  as  a 

source  o f  " a v a i l a b l e  N" f o r  c r o p s .  Comparison o f  F ig .  4 with  

F igs .  1,  2 ,  and 3 does i n d i c a t e  t h a t  th e  h y d ro ly z a b le  f r a c t i o n s  

respond more qu ic k ly  to  changes in management and a r e  t h e r e f o r e  more 

" a c t i v e "  than  m a t e r i a l s  t h a t  a r e  n o t  hydrolyzed  by a c i d .



SUMMARY AND CONCLUSIONS

E f f e c t s  o f  c u l t i v a t i o n  on o rg an ic  m a t t e r  c o n t e n t  and on 

d i s t r i b u t i o n s  o f  N in  h y d ro ly z a b le  and nonhydro lyzable  forms were 

a s s e s s e d  by comparing d a t a  f o r  p a i r e d  v i r g i n  and c u l t i v a t e d  p r o f i l e s  

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

Decreases  in o rg an ic  carbon and t o t a l  Kjeldahl  N in  c u l t i ­

va ted  s u r f a c e  s o i l s  and under ly ing  s ubso i l  l a y e r s  were r e l a t e d  t o  the  

i n t e n s i t y  o f  c u r r e n t  management. In a corn-navy bean -suga r  b e e t  

r o t a t i o n  on C h a r i t y  c l a y ,  o rgan ic  C in t h e  plow l a y e r  was reduced 62% 

from t h a t  in th e  wooded v i r g i n  s o i l  t o  t h e  same dep th .  The r e d u c t io n  

f o r  a p o t a to - c o r n - c o r n  sequence on Hodunk was 80%. By c o n t r a s t ,  

o rg a n ic  C in Kalamazoo sandy loam under  a l f a l f a - g r a s s  sod was only  

13% l e s s  than  under f o r e s t  cover .

Cor responding dec re a se s  in  t o t a l  Kjeldahl  N were 67% and 65% 

f o r  t h e  C h a r i t y  and Hodunk s o i l s  and 23% f o r  th e  Kalamazoo. Decreases  

in the  nonhydro lyzab le  f r a c t i o n  were s u b s t a n t i a l l y  g r e a t e r :  81%

and 70% f o r  t h e  two c u r r e n t l y  t i l l e d  s i t e s  and 63% f o r  t h e  sodded 

Kalamazoo.

As a r e s u l t ,  the  p ro p o r t i o n  o f  nonhydrolyzable  N to  t o t a l  

K je ldah l  N in c u l t i v a t e d  s o i l s  was reduced by approx im ate ly  40%. This 

r e d u c t io n  and a co r respond ing  r e l a t i v e  in c r e a s e  in th e  p r o p o r t i o n s  

o f  h y d ro ly z a b le  NĤ  and u n i d e n t i f i e d  N were taken  as  ev idence  t h a t

40



41

t h e  s t a b i l i t y  o f  humic a c i d s  and humin had been weakened ( t h e i r  

h y d r o l y z a b i l i t y  in c re a s e d )  by in c re a s e d  exposure  a t  m a t r ix  s u r f a c e s  

r e s u l t i n g  from d i s tu r b a n c e  by t i l l a g e  o p e r a t i o n s  in  a l l  t h r e e  l o c a ­

t i o n s .

E f f e c t s  o f  c u r r e n t  management became s t r i k i n g l y  a p p a r e n t  

when f r a c t i o n a l  d e c l i n e s  were expressed  as  pe rc e n ta g e s  o f  t o t a l  

Kjeldahl  N l o s s .  Under d e p l e t i v e  cash crop  systems on C h a r i t y  and 

Hodunk s o i l s ,  ap p a re n t  c o n t r i b u t i o n s  o f  t h e  v a r io u s  f r a c t i o n a l  forms 

to  t o t a l  l o s s  were roughly  p r o p o r t i o n a l  t o  q u a n t i t i e s  and p ro p o r t i o n s  

p r e s e n t  b e fo re  c u l t i v a t i o n ,  w i th  th e  major p r o p o r t i o n  coming from the  

a-amino a c i d  f r a c t i o n .

By c o n t r a s t ,  in p u t s  o f  N f ix e d  by a l f a l f a  in  th e  Kalamazoo 

s o i l  had suppor ted  a spec trum o f  N in h y d ro ly za b le  f r a c t i o n s  t h a t  

was s i m i l a r  to  t h a t  in the  v i r g i n  s o i l s .  The a p p a re n t  p e r c e n t  con­

t r i b u t i o n s  of  a-amino a c i d s ,  hyd ro lyzab le  NĤ  and u n i d e n t i f i e d  N 

were much l e s s  than  in t h e  o t h e r  two s o i l s  and l e s s  a l s o  than  t h e i r  

o r i g i n a l  p ro p o r t io n  o f  t o t a l  Kjeldahl  N.

I t  i s  concluded t h a t  a c i d  hyd ro ly za b le  f r a c t i o n s  in c lu d e  

" a c t i v e "  forms t h a t  respond q u ic k ly  t o  changes in c u r r e n t  management. 

Changes invo lv ing  s t a b l e  humic subs tances  in t h e  nonhydro lyzab le  

f r a c t i o n  a p p a r e n t ly  proceed much l e s s  r a p i d l y  and may r e f l e c t  p a s t  

management. I t  i s  u n l i k e l y ,  however, t h a t  s u s c e p t i b i l i t y  to  a c i d  

h y d r o ly s i s  can p rov ide  a b a s i s  f o r  e s t i m a t in g  th e  a v a i l a b i l i t y  o f  N 

forms t o  c rops  w i thou t  some b a s i s  in known management h i s t o r y  f o r  

judg ing  whether  s o i l s  a r e  in a d e p l e t i v e  o r  c o n s e r v a t i v e  phase of  

management.



LITERATURE CITED

1. A de r ikh in ,  P. 6 . ,  Ye P. Tikhova,  V. P. Kulahov,  and N. Ya Degty r -
a r e v a .  1960. Changes in  the  podzo l ic  s o i l s  o f  the  
Murmansk Region under c u l t i v a t i o n .  S o v ie t  Soil  S c i .
4 :379-383.

2. Bremner, J .  M. 1949. S tu d ie s  on s o i l  o rg an ic  m a t t e r .  P a r t  I .
The chemical n a t u r e  of  s o i l  o rgan ic  n i t r o g e n .  J .  A gr ic .
S c i .  39:183-193.

3.  Bremner,  J .  M. 1958. Amino sugars  in s o i l s .  J .  S c i .  Food
A gr ic .  9 :528-532.

4.  Bremner,  J .  M. 1959. Determinat ion  o f  f i x e d  ammonium in  s o i l .
J .  A gr ic .  S c i .  52:147-160 .

5. Bremner, J .  M. 1965. Organic forms o f  n i t r o g e n .  Ln C. A. B lack ,
e t  a l .  ( e d s . ) .  Methods o f  Soil  A n a ly s i s ,  P a r t  2.  Agronomy 
9:1238-1255 .

6 . Bremner, J .  M. 1965. Total  n i t r o g e n .  Jji C. A. B lack ,  e t  a l .
( e d s . ) .  Methods o f  Soil  A n a ly s i s ,  P a r t  2.  Agronomy 9 :1149-  
1178.

7. Bremner, J .  M., and C. S. Mulvaney. 1983. N i t ro g en —T o t a l .
In A. L. Page e t  a l . ( e d s . ) .  Methods o f  Soil  A n a l y s i s ,  
t l n d  e d . ) .  9 :595-624.

8 . Bremner,  J .  M., and K. Shaw. 1954. S tu d ie s  on th e  e s t i m a t i o n
and decomposi t ion  of amino sugars  in s o i l .  J .  A gr ic .
S c i .  44 :152-159.

9. Bundy, L. G . ,  and J .  M. Bremner. 1972. A s imple  t i t r i m e t r i c
method f o r  d e t e rm in a t io n  of  ino rgan ic  carbon in  s o i l s .
So il  S c i .  Soc. Amer. Proc.  36:273-275.

10. Cheng, J .  H . ,  and J .  Van Hove. 1964. C h a r a c t e r i z a t i o n  o f
o rg an ic  m a t t e r  in European s o i l s  by n i t r o g e n  f r a c t i o n a t i o n .  
Pedo log ie .  14 :8 -23 .

11. C o rn fo r th ,  I .  S. 1968. The p o t e n t i a l  a v a i l a b i l i t y  o f  o rg a n ic
n i t r o g e n  f r a c t i o n s  in some Western Indian  s o i l s .  Exp.
Agr ic .  4 :193-201 .

42



43

12. D a l a i ,  R. C. 1978. D i s t r i b u t i o n  o f  o rg a n ic  n i t ro g e n  in o rgan ic
v o lc a n ic  and nonvo lcan ic  t r o p i c a l  s o i l s .  Soil  S c i .  125: 
178-180.

13. F r i t s c h e n ,  L. J . ,  and J .  A. Hobbs. 1958. E f f e c t  o f  crop  r o t a ­
t i o n  and f e r t i l i z e r  t r e a tm e n t  on th e  n i t r o g e n  and o rgan ic  
carbon c o n t e n t s  o f  a p r a i r i e  s o i l .  Soil  S c i .  Soc. Amer. 
Proc .  22:439-441.

14. G r i g o r ' y e v ,  G. I .  1960. D iagnos t i c  in d i c e s  o f  sod -podzo l i c
s o i l s  a t  v a r i o u s  l e v e l s  o f  c u l t i v a t i o n .  S o v ie t  Soil  
S c i .  6 :619-629 .

15. Haas, H. J . ,  C. E. Evans ,  and E. F. M i les .  1957. Nit rogen  and
carbon changes  in Grea t  P l a i n s  s o i l s  as  in f lu en ced  by 
c ropp ing  and s o i l  t r e a t m e n t s .  Technica l  B u l l e t i n  No. 1164. 
USDA.

16. Hide,  J .  C . ,  and W. H. Metzger.  1939. The e f f e c t  o f  c u l t i v a ­
t i o n  and e r o s i o n  on th e  n i t r o g e n  and carbon o f  some Kansas 
s o i l s .  Agron. J .  31:625-632.

17. Hinman, W. C. 1964. Fixed ammonium in some Saskatchewan s o i l s .
Can. J .  Soil  S c i .  44:151-157.

18. Hobbs, J .  A . ,  and P. L. Brown. 1957. N i t rogen  and o rgan ic
carbon changes  in  c u l t i v a t e d  w es te rn  Kansas s o i l s .  Kansas 
Agr. Exp. S t a .  B u l l .  89.

19. Hobbs, J .  A . ,  and P. L. Brown. 1965. E f f e c t s  o f  c ro p p in g  and
management on n i t r o g e n  and o rg an ic  carbon c o n te n t s  of  a 
w es te rn  Kansas s o i l .  Kansas Agr. Exp. S ta .  Tech.  B u l l .
144.

20. I s i r i m a h ,  N. 0 . ,  E. F. A. B u ru to lu ,  D. A. Nwanchufcu, and J .  E. K.
Aroh. 1981. P r e l im in a ry  s t u d i e s  on th e  o rgan ic  m a t t e r  
and n i t r o g e n  s t a t u s  o f  some s o i l s  o f  R ive rs  S t a t e .  Paper 
p re s e n te d  a t  t h e  N ational  Conference  in  A g r i c u l t u r e ,  Rivers  
S t a t e  Univ.  o f  S c i .  and T e c h . ,  P o r t  H a rc o u r t ,  N ig e r i a .

21. J a n s s o n ,  S. L . ,  and J .  P e rs son .  1982. M in e r a l i z a t i o n  and
im m o b i l iza t io n  o f  s o i l  n i t r o g e n .  Di F. J .  S tevenson ,
( e d . ) .  N i t rogen  in A g r i c u l t u r a l  S o i l s .  Agronomy 22: 
229-252.

22. Jenny ,  H. 1950. Causes o f  t h e  h igh n i t r o g e n  and o rgan ic  m a t t e r
of  c e r t a i n  t r o p i c a l  f o r e s t  s o i l s .  Soil  S c i .  69 :63-69 .

23. Jenny ,  H. 1960. Comparison of  s o i l  n i t r o g e n  and carbon in
t r o p i c a l  and te m p era te  r e g i o n s .  Missouri  Agr ic .  Exp. S ta .  
Res. B u l l . 765 :1 -30 .



44

24. Kenneyi D. R . , and J .  M. Bremner. 1964. E f f e c t  o f  c u l t i v a t i o n
on th e  n i t r o g e n  d i s t r i b u t i o n  in s o i l s .  Soil  S c i .  Soc.
Amer. Proc.  28 :653-656.

25.  Kahn, S. U. 1971. Nit rogen  f r a c t i o n s  in a gray  wooded s o i l  as
in f lu e n c e d  by long- te rm  cropping  systems and f e r t i l i z e r s .  
Can. J .  Soil  S c i .  51:431-437.

26. Khan, S. U. ,  and F. J .  Sowden. 1971. D i s t r i b u t i o n  o f  n i t r o g e n
in t h e  b lack  S o lo n e t z ic  and b lack  Chernozemic s o i l s  of  
A l b e r t a .  Can. J .  Soil  S c i .  51:185-193.

27. Konovalonva,  A. S. 1961. Comparative c h a r a c t e r i s t i c s  o f  sod-
podzo l ic  f o r e s t  s o i l s  in  v a r io u s  s t a g e s  o f  c u l t i v a t i o n .  
S o v ie t  Soil  S c i .  3:293-299.

28. M a r te l ,  Y. A . ,  and E. A. Pau l .  1974. E f f e c t s  of  c u l t i v a t i o n
on th e  o r g a n ic  m a t t e r  o f  g r a s s l a n d  s o i l s  as  de termined  by 
f r a c t i o n a t i o n  and rad ioca rbon  d a t in g .  Can. J .  Soil  S c i .  
54:419-426 .

29. M ein ts ,  V. W., and G. A. P e te r s o n .  1977. The in f l u e n c e  o f
c u l t i v a t i o n  on th e  d i s t r i b u t i o n  o f  n i t r o g e n  in s o i l s  of  
the  U s to l l  s u b o rd e r .  Soil  S c i .  124:334-342.

30.  Nommik, H. 1967. D i s t r i b u t i o n  o f  forms o f  n i t r o g e n  in a
p o d z o l i c  s o i l  p r o f i l e  from Garpenberg ,  C en t ra l  Sweden.
J .  Soil  S c i .  18:301-308.

31. P a rk e r ,  D. I . ,  F. J .  Sowden, and J .  J .  A tk inson .  1952. The
n i t r o g e n  d i s t r i b u t i o n  and amino a c i d  c o n t e n t  of  c e r t a i n  
s o i l  o rg a n ic  m a t t e r  f r a c t i o n s .  S c i .  Agr ic .  32 :163-169 .

32.  P au l ,  E. A . ,  and J .  A. van Veen. 1979. The use of  t r a c e r s  to
de te rm ine  th e  dynamic n a t u r e  of  o rgan ic  m a t t e r ,  p. 75-132. 
In J .  K. R. Gasser  ( e d . ) .  Modell ing n i t r o g e n  from farm 
w as tes .  Appl ied  Science P u b l i s h e r s ,  L t d . ,  London.

33.  P o r t e r ,  L. K . , B. A. S te w a r t ,  and H. J .  Haas. 1964. E f f e c t s
o f  lo n g - t im e  c ropping  on h yd ro lyza b le  o rg an ic  n i t r o g e n  
f r a c t i o n s  in some Grea t  P la in s  s o i l s .  Soil  S c i .  Soc.
Amer. Proc.  28:368-370.

34.  S c h u l t e ,  E. E. 1980. Recommended s o i l  o rg an ic  m a t t e r  t e s t s .
_Iji W. C. Dahnke, ( e d . ) .  Recommended chemical s o i l  t e s t  
p rocedures  f o r  th e  North Cent ra l  Region.  North Dakota 
Agr. Exp. S t a .  B u l l .  499 (R ev i sed ) .  N. D. S t a t e  U n iv . ,  
Fargo,  N.D.



45

35.  S ingh ,  B. R . , A. P. U r iyo ,  and B. J .  LQntu. 1978. D i s t r i b u t i o n
and s t a b i l i t y  o f  o rg a n ic  forms o f  n i t r o g e n  in  f o r e s t  s o i l  
p r o f i l e s  in Tanzan ia .  Soil  B io l .  Biochem. 10:105-108.

36. Smith.  S. J . ,  and I .  B. Young. 1975. D i s t r i b u t i o n  o f  n i t r o g e n
forms in  v i r g i n  and c u l t i v a t e d  s o i l s .  Soil  S c i .  120: 
354-360.

37. Sowden, F. J .  1956. D i s t r i b u t i o n  o f  amino a c i d s  in  s e l e c t e d
h o r iz o n s  o f  s o i l  p r o f i l e s .  Soil  S c i .  82 :491-196.

38.  Sowden, F. J .  1958. The forms o f  n i t r o g e n  in  th e  o rg an ic  m a t te r
o f  d i f f e r e n t  h o r i z o n s  o f  s o i l  p r o f i l e s .  Can. J .  Soil  
S c i .  38 :147-154 .

39.  Sowden, F. J .  1977. D i s t r i b u t i o n  o f  n i t r o g e n  in  r e p r e s e n t a ­
t i v e  Canadian s o i l s .  Can. J .  Soil  S c i .  57:445-456.

40. Sowden, F. J . ,  S. M. G r i f f i t h  and M. S c h n i t z e r .  1976. The
d i s t r i b u t i o n  o f  n i t r o g e n  in some h ig h l y  o rg an ic  t r o p i c a l  
v o l c a n i c  s o i l s .  Soil  B io l .  Biochem. 8 :5 5 -6 0 .

41.  S tevenson ,  F. J .  1957. D i s t r i b u t i o n  o f  t h e  forms o f  n i t r o g e n
in some s o i l  p r o f i l e s .  Soil  S c i .  Soc. Amer. P roc .  21:
283-287.

42. S tevenson ,  F. J .  1957. I n v e s t i g a t i o n s  o f  am inopolysacchar ides
in s o i l s :  I .  C o lo r i m e t r i c  d e t e rm in a t io n  o f  hexosamines
in s o i l  h y d r o l y s a t e s .  So i l  S c i .  83 :113-122.

43.  S tevenson ,  F. J .  1957. I n v e s t i g a t i o n s  o f  am inopo lysacchar ides
in s o i l s :  2. D i s t r i b u t i o n  o f  hexosamines in some s o i l
p r o f i l e s .  So i l  S c i .  84 :99-106.

44.  S tevenson ,  F. J .  1959. C a rbon-n i t rogen  r e l a t i o n s h i p s  in  s o i l .
Soil  S c i .  88 :201-208 .

45.  S tevenson ,  F. J .  1965a. Amino a c i d s .  Jji C. A. Black e t  a l .
a l . ( e d s . ) .  Methods o f  Soil  A n a ly s i s ,  P a r t  2.  Agronomy 
9:1437-1451 .

46. S tevenson ,  F. J .  1965b. Amino s u g a r s .  _In C. A. Black e t  a l .
( e d s . ) .  Methods o f  Soil  A n a ly s i s ,  P a r t  2.  Agronomy 
9:1429-1436 .

47.  S tevenson ,  F. J .  1982. Humus Chemist ry .  John Wiley and Sons,
New York.

48. S tevenson ,  F. J .  1982. Organic  forms o f  s o i l  n i t r o g e n .  _In
F. J .  S t e v e n s o n , ( e d . ) .  Nitrogen in  A g r i c u l t u r a l  S o i l s  
Agronomy 22:67-122.



46

49.  S tevenson ,  F. J .  1983. N i t rogen—Organic forms.  ] n  A. L.
Page e t  a l , ( e d . ) .  Methods o f  Soil  A n a ly s i s ,  P a r t  2.  
Agronomy (2nd e d . ) .  9 :625-641 .

50. S tevenson,  F. J . ,  and D. C. B ra id s .  1968. V a r i a t i o n  in  th e
r e l a t i v e  d i s t r i b u t i o n  o f  amino s uga r s  w ith  depth  in some 
s o i l  p r o f i l e s .  Soil  S c i .  Soc.  Amer. Proc .  32 :598-600.

51. S t o u t ,  J .  D . ,  K. M. Goh, and T. A. R a f t e r .  1981. Chemistry
and tu r n o v e r  o f  n a t u r a l l y  o cc u r r in g  r e s i s t a n t  o rg a n ic  
compounds in s o i l .  In E. A. Paul and J .  N. Ladd ( e d s . ) .  
So il  B ioc hem is t ry ,  VcTT. 5 Marcel Dekker,  I n c . ,  N .J .

52. Walkley,  A. 1935. An exam inat ion o f  methods f o r  de te rm in ing
o rg a n ic  carbon and n i t r o g e n  in s o i l s .  J .  Agr. S c i .  25: 
598-609.

53. Walkley,  A . ,  and I .  A. Black .  1934. An examinat ion  o f  th e
D e g t j a r e f f  method f o r  de te rm in ing  s o i l  o rg a n ic  m a t t e r  and
a proposed m o d i f i c a t i o n  o f  t h e  chromic a c i d  t i t r a t i o n  
method.  Soil  S c i .  37 :29-37 .



CHAPTER I I I

INFLUENCE OF CROPPING SYSTEMS ON FORMS OF NITROGEN 

IN A CLAY SOIL

Organic m a t t e r  and n i t r o g e n  c o n t in u e  t o  p la y  s i g n i f i c a n t  

r o l e s  in s o i l  f e r t i l i t y  and crop p ro d u c t i o n .  M ain ta in ing  and improv­

ing the  f e r t i l e  and p ro d u c t iv e  s t a t u s  o f  a g r i c u l t u r a l  s o i l s  r e q u i r e  

s t e a d y ,  b u t  a d e q u a te ,  r e t u r n  o f  o rg an ic  m a t t e r  as  crop r e s id u e s  to  

th e  s o i l  through a planned i n t e n s i v e  management p r a c t i c e .  But i n t e n ­

s iv e  c u l t i v a t i o n  r e s u l t s  in d e t e r i o r a t i o n  o f  s o i l  p r o p e r t i e s  which 

a r e  c o s t l y  and d i f f i c u l t  t o  r e p a i r .  The d e g ra d a t io n  o f  s o i l  i s  o f t e n  

a t t r i b u t e d  to  a gradual  d e c l i n e  in o rgan ic  m a t t e r  which tends  towards 

e q u i l i b r i u m  with  t ime .  Moreover, c ro p s  a r e  a c tu a l  n u t r i e n t  "miners" 

and " d e p o s i t o r s . "  They a r e  a l s o  p o t e n t i a l  t o x i n  " e x c r e t e r s . "  

T h e r e f o re ,  a planned s e l e c t i o n  and sequencing o f  c rops  i s  d e s i r a b l e  

in terms o f  adequa te  minera l  n u t r i t i o n ,  a l l e l o p a t h i c  e f f e c t s  of  one 

crop sp e c ie s  on a n o th e r  and y i e l d s .

The e f f e c t i v e n e s s  o f  a c ropping  system in m a in ta in ing  o rgan ic  

m a t t e r  and N depends on th e  crop s p e c ie s  in the  r o t a t i o n , t h e  C/N 

r a t i o  of  th e  r e s i d u e s , d u r a t i o n  o f  r e s id u e  a p p l i c a t i o n ,  and i n c o r ­

p o ra t i o n  method. E f f e c t s  o f  crop  s p e c i e s  and c ropping  sequence on 

o rgan ic  m a t t e r  and N a r e  due to  d i f f e r e n c e s  in  r o o t i n g  h a b i t s  and in 

q u a n t i t y  and q u a l i t y  o f  r e s id u e s  r e t u r n e d .  For example,  carbonaceous
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r e s id u e s  low in  N a r e  decomposed by microorganisms a t  th e  expense  of  

a v a i l a b l e  s o i l  N (24) .

S tud ie s  of  th e  e f f e c t  o f  r o t a t i o n s  i n d i c a t e d  t h a t  o rg a n ic  

m a t t e r  and t o t a l  N l o s s e s  were l e a s t  in r o t a t i o n s  t h a t  in c luded  small 

g r a i n s  and legumes with  l a r g e  o r  f r e q u e n t  amendments with  l i v e s t o c k  

manures a n d / o r  f e r t i l i z e r s  p lus  l ime as  needed (10 ,  12, 22,  23) .  

Losses  were g r e a t e s t  in con t inuous  row cropping  with  l i t t l e  o r  no 

a p p l i c a t i o n  of  s o i l  amendments (1 ,  8 ,  16, 27 ) .  In a n o th e r  s tu d y ,  

con t inuous  wheat ,  b lu e g ra s s  and l a d in o  cl  o v e r - o r c h a r d  g r a s s  p a s tu r e  

in c re a s e d  o rg an ic  m a t t e r  whi le  con t inuous  soybeans and corn reduced 

i t  over  t ime (42) .  All t r e a tm e n t s  showed N l o s s  e x ce p t  where peas 

were r o t a t e d  with  w i n t e r  wheat .  In t h e  same s tudy  a l l  t r e a tm e n t s  

r e s u l t e d  in o rgan ic  m a t t e r  ga in s  e x ce p t  p l o t s  in permanent f a l l o w  

and th o se  cropped 2 y e a r s  with  one i n t e r v e n i n g  f a l l o w  in a 25 -year  

r o t a t i o n  on a c l a y  loam s o i l  in Utah (1 1 ) .  S tu d i e s  on th e  d ry land  

s o i l s  o f  Kansas,  from 1916 to  1956 (9) dem ons t ra ted  t h a t  small g r a i n s  

grown c o n t inuous ly  o r  a l t e r n a t i n g  with  f a l l o w  caused  th e  s m a l l e s t  N 

and o rg an ic  m a t t e r  l o s s e s  compared t o  con t inuous  row c ro p ,  a l t e r n a t e  

row c ro p ,  and f a l l o w  which showed th e  g r e a t e s t  ( 1 5 ) .  L i t t l e  i n f o r ­

mation i s  a v a i l a b l e  on r o t a t i o n s  t h a t  in c lu d e  c o r n ,  navy b ean s ,  

sugar  b e e t s  in v a r ious  combinations .

The types  o f  c rops  grown do a f f e c t  t h e  degree  o f  o rg an ic  

m a t t e r  and N main tenance .  However, i n v e s t i g a t o r s  have a l s o  r e p o r t e d  

t h a t  s p e c i f i c  management p r a c t i c e s ,  such as f e r t i l i z a t i o n ,  t i l l a g e  

p r a c t i c e s ,  and r e s id u e  a p p l i c a t i o n ,  may be more s i g n i f i c a n t  in main­

t a i n i n g  o rgan ic  m a t t e r  and t o t a l  N than  th e  crop  s p e c i e s .
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In t h e i r  54- to  7 2 -yea r  s tu d y ,  White e t  a l . (46) r e p o r t e d  

t h a t  NPK a p p l i c a t i o n  was more e f f e c t i v e  in m a in ta in ing  o rgan ic  

m a t t e r  and N l e v e l s  over t ime in t h e  c o n t in u o u s ly  c u l t i v a t e d  than  in 

t h e  a d j a c e n t  g r a s s l a n d  s o i l s .  In a l a t e r  10-year  s tu d y ,  Lee and 

Bray (18) r e p o r t e d  t h a t  t h e  o v e r a l l  t r e n d  o f  a b s o lu t e  N l o s s  with  

t ime was e v i d e n t  in a l l  t r e a t m e n t s ,  a l though  PK f e r t i l i z a t i o n  appeared  

to  m a in ta in  t h e  o rg an ic  m a t t e r  and N c o n t e n t s  a t  h ighe r  l e v e l s  r e l a ­

t i v e  to  t h e  u n t r e a t e d  p l o t s .  They conc luded  t h a t  a p p l i c a t i o n s  o f  more 

f e r t i l i z e r  might  have in c re a s e d  th e  o rg an ic  m a t t e r  and N c o n t e n t s .

These f i n d i n g s  a p p e a r  to  have been conf irmed by th e  work o f  Mazurak 

and Conrad (20 ) .  They found t h a t  a p p l i c a t i o n  o f  N f e r t i l i z e r s  on 

g r a s s e s ,  a l f a l f a ,  and s m a l l - g r a i n s  i n c re a s e d  th e  t o t a l  N c o n t e n t  o f  

Brunizem, Chernozem, and Ches tnu t  s u r f a c e  s o i l s  over  a 7 -y e a r  cropp ing  

h i s t o r y .  However, l a r g e  a p p l i c a t i o n s  o f  NPK and l im e ,  in a n o t h e r  

long - te rm  s tudy  on 3 s o i l  t y p e s ,  showed c o n t in u in g  d e c l i n e  in t o t a l  

N with  t ime (21 ) .  In a n o t h e r  s tu d y ,  Young e t  a l . (47) found t h a t  

t o t a l  N and OM c o n t e n t  d e c l in e d  r e g a r d l e s s  o f  th e  f e r t i l i z e r  t r e a t m e n t ,  

b u t  t h e  r a t e  o f  d e c l i n e  was g r e a t e r  in  t h e  check p l o t s  than  in  th ose  

t h a t  r e c e iv e d  the  f e r t i l i z e r  t r e a tm e n t .

In g e n e r a l ,  t h e s e  s t u d i e s  i n d i c a t e  t h a t  th e  e f f e c t i v e n e s s  of  

f e r t i l i z a t i o n  in m a in ta in in g  l e v e l s  o f  N and o rgan ic  m a t t e r  over  t ime 

may vary  widely with  cropp ing  system,  s o i l  t y p e ,  and c l i m a t i c  c o n d i ­

t i o n s .

Other i n v e s t i g a t i o n s  have examined th e  r o l e  o f  t i l l a g e  p r a c t i c e s  

in m a in ta in in g  o rg a n ic  m a t t e r  and t o t a l  N. In g e n e r a l ,  l o s s e s  of  

o r g a n ic  m a t t e r  and N a r e  r e p o r t e d  f o r  t i l l a g e  p r a c t i c e s  t h a t  g r e a t l y
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d i s t u r b  s o i l  s t r u c t u r e  o r  l e a v e  th e  s o i l  u n p r o te c t e d  by- v e g e t a t i o n  

or  r e s id u e s  f o r  pe r iods  o f  t ime (12 ,  14, 23,  4 3 ) .  The degree  o f  

d e p l e t i o n  i n c r e a s e s  with  i n c r e a s i n g  i n t e n s i t y  and f requency  of  

t i l l a g e  and with  d e c re a s in g  p ro p o r t i o n  o f  sod c r o p s ,  n o ta b ly  legumes,  

in t h e  r o t a t i o n s .  C ur ren t  p r a c t i c e s  a r e  r e -em phas iz ing  t h e  need to  

adopt  n o - t i l l  o r  minimum t i l l a g e  p r a c t i c e s  a s  a measure f o r  o rg a n ic  

m a t t e r  and N main tenance .

In crop  r o t a t i o n s ,  each crop  in  t h e  sequence a f f e c t s  th e  

p h y s i c a l ,  chem ica l ,  and b i o l o g i c a l  p r o p e r t i e s  o f  t h e  s o i l  in vary ing  

d eg ree s .  Changes in s o i l  p r o p e r t i e s  a f f e c t  th e  growth and y i e l d  o f  

succeeding  c ro p s .  An im por tan t  way t h a t  c rops  a f f e c t  s o i l  p r o p e r t i e s  

i s  t h e  r e t u r n  o f  o rgan ic  m a t t e r  as  crop r e s i d u e s  a f t e r  h a r v e s t  o f  th e  

c ro p s .  In the  r o t a t i o n ,  th e  type  and amount o f  crop  r e s i d u e s  

r e t u r n e d  an n u a l ly  a f f e c t  t h e  c o n t e n t  and p r o p o r t i o n  of  th e  v a r io u s  

o rg a n ic  N f r a c t i o n s  due t o  d i f f e r e n c e s  in crop  c o m p o s i t io n ,  decomposi­

t i o n  r a t e s  and s u i t a b i l i t y  as  s u b s t r a t e s  f o r  t h e  m ic rob ia l  p o p u la t io n .

Cropping sequences and management p r a c t i c e s  t h a t  m a in ta in  

h igh t u r n o v e r  r a t e s  through f r e q u e n t  r e t u r n  o f  carbonaceous  r e s i d u e s  

tend  to  in c re a s e  th e  c o n t e n t s  o f  s o i l  o rg a n ic  m a t t e r  and n i t r o g e n  

and change th e  r e l a t i v e  p r o p o r t i o n s  and composi t ion  of  t h e i r  v a r io u s  

f r a c t i o n s .  In g e n e r a l ,  changes in o rgan ic  N f r a c t i o n s  a r e  p ro p o r ­

t i o n a l  to  s i g n i f i c a n t  changes in  s o i l  o rg a n ic  m a t t e r  and t o t a l  N. 

However, v a r i a t i o n s  in f r a c t i o n a l  d i s t r i b u t i o n  can be observed  in 

th e  absence  o f  s i g n i f i c a n t  d i f f e r e n c e s  in o rg a n ic  m a t t e r  and t o t a l  

s o i l  N. This  i s  im por tan t  in s h o r t - t e r m  s t u d i e s  where remarkable
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d i f f e r e n c e s  in t o t a l  s o i l  N due to  c ropp ing sequence and r e s i d u e  

a d d i t i o n s  may n o t  be n o t i c e d ,  b u t  th e  p r o p o r t i o n s  o f  t h e  v a r io u s  

o rg an ic  forms may vary  s i g n i f i c a n t l y .

Abso lu te  c o n t e n t s  o f  t h e s e  o rgan ic  forms vary  widely  in s o i l s  

and v a r i a t i o n s  a r e  n o t  only  due to  th e  q u a l i t y  and q u a n t i t y  o f  crop  

r e s i d u e s ,  b u t  a l s o  due to  d i f f e r e n c e s  in e x t r a c t i o n ,  f r a c t i o n a t i o n ,  

and p u r i f i c a t i o n  p ro ced u re s .  Of t h e  t o t a l  s o i l  N, 30 to  50% occur  

a s  amino a c i d  N, 5 to  24% as amino s u g a r s ,  and 20 to  35% a s  a c i d -  

i n s o l u b l e  N (2 ,  6 ,  30 ,  34,  35,  36,  41) .

In a l o n g - t im e  r o t a t i o n  s tudy  on a Flanagan s i l t  loam 

(Brunizem) ,  th e  c o r n - o a t s - c l o v e r  r o t a t i o n  with  annual  a p p l i c a t i o n s  o f  

farmyard manure and c rop  r e s id u e s  had a h ig h e r  p r o p o r t i o n  o f  t h e  

t o t a l  N a s  amino a c i d  N than  t h e  con t inuous  corn  and c o r n - o a t s  

r o t a t i o n s  w i th o u t  manure and r e s id u e  a d d i t i o n s  ( 3 3 ) .  The r e l a t i v e  

d i s t r i b t u i o n  o f  amino a c i d s  v a r ie d  with  r o t a t i o n s .  However, i t  was 

no t  a p p a r e n t  from t h i s  s tudy  whether  the  observed  d i f f e r e n c e s  were 

due t o  th e  i n c l u s i o n  o f  c l o v e r  in th e  r o t a t i o n ,  t h e  a d d i t i o n  of  

manure and crop r e s i d u e s ,  or  a combination o f  bo th .

The p r o p o r t i o n s  o f  t o t a l  N as amino a c i d  N and amino sugar  N 

in s o i l s  from a 5 -y e a r  r o t a t i o n  of  g r a in s  and legumes were s i g n i f i ­

c a n t l y  g r e a t e r  than  those  from a w hea t - fa l low  system even though 

t h e r e  were no remarkable  d i f f e r e n c e s  in t o t a l  s o i l  N ( 1 7 ) .  This  

s tudy  i n d i c a t e d  t h a t  legumes in a r o t a t i o n  make a s i g n i f i c a n t  con­

t r i b u t i o n  to  th e  fo rm at ion  of  n i t rogenous  compounds in s o i l s .

Cropping systems can a l s o  have a s i g n i f i c a n t  e f f e c t  on t h e  k inds  of  

amino a c i d s  in th e  amino ac id  f r a c t i o n  o f  th e  s o i l  ( 3 1 ) .  On th e
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o t h e r  hand,  i t  has been r e p o r t e d  t h a t  t h e  in c o rp o r a t i o n  o f  leguminous 

r e s i d u e s  tended  to  lower th e  a-amino a c i d  N due t o  more complete 

d e g ra d a t io n  of  th e  amino a c i d s  in th e  crop  r e s id u e s  compared to  

carbonaceous  r e s i d u e s  such as  corn (13 ) .

Under f i e l d  condi - t ions ,  independen t  e f f e c t s  of  crop r e s id u e s  

a r e  d i f f i c u l t  t o  s e p a r a t e  from th e  e f f e c t s  o f  s ev e ra l  o t h e r  e n v i ro n ­

mental v a r i a b l e s .  In r o t a t i o n  s t u d i e s ,  th e  e f f e c t s  a t t r i b u t e d  to  

crop  r e s i d u e s  a r e  cum ula t ive  f o r  p rev ious  t r e a tm e n t s  in the  p a r t i c u l a r  

c ropp ing  sequence .  Fur thermore ,  a c c u r a t e  measurements of  amounts 

r e t u r n e d  an n u a l ly  by each crop  type  in t h e  sequence a r e  hard  t o  come 

by.  Only e s t i m a t e s  a r e  used to  i n t e r p r e t  r e s u l t s  in most r e s id u e  

s t u d i e s  in c ropping  systems under f i e l d  c o n d i t i o n s .

In t h i s  s tu d y ,  t h e  cropp ing systems invo lve  a l f a l f a ,  navy 

b ean s ,  c o rn ,  and s u g a r  b e e t s ,  o c c u r r in g  from 25 to  75% of t h e  t ime 

in t h e  r o t a t i o n .  The o b j e c t i v e s  o f  t h i s  i n v e s t i g a t i o n  were:

1. To de te rm ine  t h e  i n f l u e n c e  o f  cropping  systems on 

th e  changes in s o i l  o rg an ic  m a t t e r  and t o t a l  N with  

t ime in a C h a r i ty  c l a y .

2.  To de te rm ine  the  c o n t e n t ,  p r o p o r t i o n ,  and r e l a t i v e  

change o f  o rg an ic  N f r a c t i o n s  as in f lu e n c e d  by 

v a r io u s  c ropp ing  sys tems.



MATERIALS AND METHODS

F ie l d  Experiment

A cropp ing  system re s e a r c h  p r o j e c t  was i n i t i a t e d  in  1972 on 

th e  Bean and Beet  Research Farm in t h e  Saginaw Valley  o f  Michigan.

The o b j e c t i v e s  o f  th e  s tudy  were:

1. To de termine  the  e f f e c t  of  r o t a t i o n  l e n g t h ,  

c ropp ing  sys tem,  and cropping  sequence on p ro ­

d u c t i o n ,  y i e l d ,  and q u a l i t y  o f  navy beans and 

sugar  b e e t s

2. To e v a l u a t e  th e  e f f e c t  o f  th e s e  systems on spe­

c i f i c  s o i l  p r o p e r t i e s  r e l a t e d  to  y i e l d .

The seven c ropping  systems in t h i s  i n v e s t i g a t i o n  were s e l e c t e d  

from twelve c ropp ing  systems in the  whole r e s e a r c h  p r o j e c t .  They 

in c luded  th e  fo l lo w in g  c ro p s :  corn ( Zea mays L . ) ,  sugar  b e e t s  (Beta

v u l g a r i s  L . ) ,  navy beans ( Phaseolus  v u l g a r i s  L . ) ,  o a t s  (Avena s a t i v a  

L . ) ,  and a l f a l f a  (Medicago s a t i v a  L . ) .  The s e l e c t e d  systems were:

1. C-Bn-Bn-SB

2. C-C-Bn-SB

3. C-C-C-SB C = Corn; Bn = Navy beans ;
SB = Sugar b e e t s ;  0 = o a t s ;

4.  C-SB A = A l f a l f a

5. Bn-SB

6 . 0-A-Bn-SB

7. 0-Bn-SB

53



54

The complete  sequence o f  c rops  in  each r o t a t i o n  was grown each 

y e a r .

All c rops  r e c e iv e d  adequa te  PgOg and m i c r o n u t r i e n t s  based on 

s o i l  t e s t  l e v e l s .  No a d d i t i o n a l  f e r t i l i z e r  K was a p p l i e d  due to  an 

adequa te  s o i l  t e s t  K l e v e l .  Annual N a p p l i c a t i o n s  and c rops  f o r  

each y e a r  in t h e  r o t a t i o n  a r e  i n d i c a t e d  on Tab le 1.

The p l o t s  (5 .73  x 20.12m) were l a i d  o u t  on a C h a r i t y  c l a y  

in a randomized comple te  block  des ign  with  4 r e p l i c a t i o n s .

So i l  Type

The s o i l  type  was a C h a r i ty  c l a y  (A e r i e ,  Hapleaquep t ,  f i n e ,  

i l l i t i c ,  c a l c a r e o u s ,  mesic)  (Appendix B3). The s o i l  t e s t  r e s u l t s  f o r  

t h e  genera l  r e s e a r c h  a r e a  were:  pH, 7 . 7 ;  Bray Pj phosphorus ,  38 kg/ha ;

exchangeab le  K, 506 kg /ha ;  exchangeable  Ca, 11,267 kg /ha ;  exchangeable  

Mg, 1,  852 kg/ha and p e r c e n t  o rg a n ic  m a t t e r ,  4 .3  (26 ) .

Soil  Sampling

In J u n e ,  1972, 20 c o re  samples were randomly taken  from th e  

plow l a y e r  ( 0 -0 .2 3  m) o f  each p l o t .  All p l o t s  which had been in the  

crops  l i s t e d  f o r  1983 Table  1 were sampled aga in  in November, 1983.

A composite  sample f o r  each  p l o t  was o b ta in ed  a f t e r  pass ing  the  

co re  samples th rough a 5 mm s c r e e n .  Sur face  r e s i d u e s  were removed 

from t h e  samples.  The a i r - d r i e d  samples were f i r s t  ground to  pass 

th rough a 2 mm s i e v e  and a l i q u o t s  were then  ground to  pass  an 0 .18 mm 

s i e v e  b e fo re  be ing used  f o r  t h e  v a r io u s  a n a l y s e s .
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Table 1. Crops grown and supplemental N ap p lied  to  cropping systems from 1972 to  1983

Year

C-Bn--Bn-Sb1* C-C-Bn--SB 0 1 0 1 o -SB C-SB Bn-•SB 0-A-Bn-SB
cCO1o

-SB

Crop
S u p p l i  

N Crop
S u p p l . 

N Crop
S u p p l . 

N Crop
S u p p l . 

N Crop
S u p p l . 

N Crop
S u p p l . 

N Crop
S u p p l . 

N

k g/ha kg/ha kg/ha k g /h a k g/ha k g /h a k g /h a

1972 C 150 Bn 30 C 150 C 150 Bn 30 0 56 0 56

1973 Bn 28 SB 50 C 168 SB 50 SB 84 A 0 Bn 28

1974 Bn 28 C 224 C 106 C 224 Bn 28 Bn 28 SB 50

1975 SB 50 C 140 Sb 50 SB 50 SB 84 SB 50 0 56

1976 C 168 Bn 28 C 224 C 224 Bn 28 0 56 Bn 28

1977 Bn 28 SB 56 C 168 SB 56 SB 84 A 0 SB 56

1978 Bn 28 C 168 C 168 C 224 Bn 28 Bn 28 0 56

1979 SB 56 C 168 SB 56 SB 56 SB 84 SB 56 Bn 28

1980 C 168 Bn 128 C 168 C 224 Bn 28 0 56 SB 56

1981 Bn 28 SB 56 C 168 SB 56 SB 84 A 0 0 56

1982 Bn 28 C 168 C 168 C 224 Bn 28 Bn 28 Bn 28

1983 SB 56 C 168 SB 56 SB 56 SB 84 SB 56 SB 56

+1 Each crop  in  each  c r o p p in g  sy stem  was grown each  y e a r .  Samples f o r  t h i s  s tu d y  were tak en  in  June 1972 and  
November 1983.

|  C = Corn; Bn = Navy b ea n s;  SB -  su gar  b e e t s ;  0 = O ats;  A = A l f a l f a

§ N in  b a sa l  f e r t i l i z e r  a t  p la n t in g :  Corn, 4 0 ;  b e a n s ,  6 0 ;  b e e t s ,  30;  o a t s ,  30; a l f a l f a ,  none

SOURCE: R esearch  R ep o rts .  1972 t o  1983. Saginaw V a l le y  b e a n - b e e t - r e s e a r c h  farm and r e l a t e d  b e a n -b e e t  r e s e a r c h ,  
MSU, A g r . -  Exp. S tn .
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Labora to ry  Analyses

Total  Kje ldah l  N was de termined  by semimicro Kjeldahl  methods 

d e s c r ib e d  by Bremner ( 3 ) ,  Bundy and Bremner ( 7 ) ,  and Bremner and 

Mulvaney (5 ) .

E a s i ly  o x id i z e d  o rg a n ic  C was de te rmined by c o l o r i m e t r i c  

method d e s c r ib e d  by S c h u l t e  ( 2 8 ) .  This  method invo lves  chromic 

a c i d  o x id a t io n  f o r  d e t e r m in a t io n  o f  e a s i l y  o x id ized  m a te r i a l  through 

spontaneous  h e a t .  The method was s t a n d a r d i z e d  a g a i n s t  th e  Walkely-  

Black method (44 ,  4 5 ) .  Organic m a t t e r  was taken  by m u l t ip ly in g  %C 

by 1.724.

C/N r a t i o  was taken  as  t h e  r a t i o  o f  t o t a l  N to  C.

Total  h y d ro ly z a b le  N(THN), hyd ro lyza b le  ammonium N (AN), 

amino a c i d  N (AAN), amino su g a r  N (ASN), hyd ro lyzab le  unknown N (HUN), 

and nonhydro lyzab le  N (NHN) were de termined  by methods d e s c r ib e d  by 

Bremner (4)  and Stevenson  (37 ,  38 ,  40 ) .

S t a t i s t i c a l  Analyses

Data were s u b j e c t e d  to  a n a l y s i s  of  v a r i a n c e  and o t h e r  e s s e n ­

t i a l  a n a l y s e s  us ing  methods d e s c r ib e d  by Snedecor and Cochran (2 9 ) ,  

S tee l  and T o r r i e  (32) and L i t t l e  and H i l l s  (19 ) .



RESULTS AND DISCUSSION

E f f e c t  o f  Cropping System on th e  
D i s t r i b u t i o n  o f  N Over Time

Changes in Total  K je ldah l  N 
and Organic Carbon

The c o n t e n t s  o f  o rg a n ic  carbon and t o t a l  Kje ldah l  N in 1972 

and a f t e r  11 y e a r s  o f  r o t a t i o n a l  c ropping  a r e  shown in Table 2.  The 

q u a n t i t i e s  were lower in  1983 than  in 1972 in  a l l  cropping  systems.

The d e c l i n e  o f  t o t a l  K je ldahl  N and o rg a n ic  carbon  due to  c ropping 

ranged from 5.9 t o  10.5% and 12.3 t o  17.0%, r e s p e c t i v e l y .  This  

r e p r e s e n t s  0 .5  t o  1.0% l o s s  o f  N and 1.1 to  1.5% l o s s  o f  o rg an ic  carbon 

a n n u a l ly  over  t h e  1 1 -y ea r  c ropp ing  p e r io d .  This compares w ith  1.07% 

and 1.15% annual l o s s  o f  s o i l  N and o rg an ic  C, r e s p e c t i v e l y ,  over  a 

3 7 -y ea r  c ropp ing  p e r i o d  in t h e  G rea t  P l a i n s  (12 ) .  In form at ion  con­

ce rn ing  c ropping  p r a c t i c e s  p r i o r  to  1972 i s  no t  a v a i l a b l e .  The small 

d e c l i n e  o f  s o i l  N and o r g a n ic  carbon appea rs  to  i n d i c a t e  th e  e s t a b ­

l i shm en t  o f  e q u i l i b r i u m  between th e  r a t e  o f  annual i n p u t s  and l o s s e s .  

The C/N r a t i o s  d e c l i n e d  in a l l  cropp ing  systems over  t im e .  The 

average  C/N change r a t i o  o f  0 .90  was very s i m i l a r  to  t h e  va lues  f o r  the  

in d iv id u a l  c ropp ing  systems (Tab le 2 ) .

Although o r g a n ic  carbon and s o i l  N dec reased  over  t im e ,  the  

pe rcen tage  d e p l e t i o n  d id  n o t  appea r  to  vary  s i g n i f i c a n t l y  among th e  

cropping  sys tems .  This  appeared  to  i n d i c a t e  t h a t  a l l  t h e  c ropp ing
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Table 2. E f f e c t  o f  c ropp ing system on t o t a l  Kjeldahl  N and organ ic  carbon l e v e l s  and carbon-  
n i t ro g e n  r a t i o  in a C h a r i ty  c l a y  s o i l .

Cropping
System

0.C+

Change

C:N %
Change

C:N

1972 1983 1972 1983 Rat io  83/72

C-Bn-Bn-SB 16.8 14.7 -12 .5 9.33 8.49 - 9 .00 0 .90

C-C-Bn-SB 16.5 14.4 -12 .7 9.21 8.62 - 6 .40 0.93

C-C-C-SB 17.6 14.7 -16 .5 9.46 8.54 - 9.72 0.90

C-SB 16.6 14.2 -14 .5 9.54 8.40 -11.90 0 .88

Bn-SB 16.4 13.6 -17.1 8.86 8.29 - 6.43 0.93

0-A-Bn-SB 17.6 14.7 -1 6 .5 9.83 8.85 - 9.96 0.90

0-Bn-SB 16.2 13.9 -14 .2 9.36 8 .22 -12 .20 0.87

Means 16.8 14.3 -1 4 .9 9.38 8.46 - 9 .80 0.90

LSD0.05 NS$ NS - - NS NS — —

to .C = E as i ly  o x id i z a b l e  o rgan ic  carbon

$  % Change = The pe rcen tage  o f  mean va lues  with  c ro p p in g ,  based  on i n i t i a l  va lues  

§ NS = Not s i g n i f i c a n t  a t  95 % p r o b a b i l i t y  l eve l
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sys tems,  r e g a r d l e s s  o f  t h e  p ro p o r t i o n  o f  corn  o r  legume in the  r o t a ­

t i o n s ,  c o n t r i b u t e d  t o  a " s o i l  d e p l e t i n g , "  r a t h e r  than a " s o i l  b u i ld in g "  

c y c l e .  The e l e v e n - y e a r  c ropp ing  p e r io d  seemed s h o r t  f o r  s i g n i f i c a n t  

d i f f e r e n c e s  to  occur  among t h e  c ropp ing  sys tems,  though re a l  d i f f e r ­

ences o cc u r r e d .  In t h e  v i r g i n - c u l t i v a t e d  comparisons o f  Chapter  I I ,  

d e c l i n e s  in o rg an ic  carbon and s o i l  N were l a r g e  and th e s e  r e f l e c t e d  

d i f f e r e n c e s  in i n t e n s i t y  of  c u r r e n t  management among th e  sampling 

s i t e s .

Changes in F r a c t i o n a l  Forms o f  N

The q u a n t i t i e s  and d i s t r i b u t i o n  o f  f r a c t i o n a l  N forms a r e  

p resen ted  in  Tab le 3.  The f r a c t i o n a l  forms of  N in c re a s e d  or  

decreased  a f t e r  e leven  y e a r s  o f  c ropp ing .

The mean va lues  show t h a t  t h e  p r e s e n t  dec rease  o f  t o t a l  

Kjeldahl  N n o t  hydro lyzed  by 6M HC1 (NHN) was about  t h r e e  t imes as 

g r e a t  a s  t o t a l  Kje ldah l  N. The p e rc e n t  dec rease  in t o t a l  hydro lyzab le  

N (THN) was l e s s  than  t h a t  o f  t o t a l  Kjeldahl  N (Table 3 ) .  The p ro ­

p o r t i o n  of  TKN p r e s e n t  as  nonhydro lyzab le  N decreased  by 15%, 

w hi le  t h a t  of  THN in c re a s e d  by 4% (Table 4 ) .  That  give an average  

i n c re a s e  in THN/NHN r a t i o  from 4 . 0  in 1972 to  5.1 in 1983 (Table 5 ) .

In g e n e r a l ,  t h e  p r o p o r t i o n  of  TKN as hydro lyzab le  NĤ  (AN) 

and hyd ro lyza b le  unknown N (HUN) i n c r e a s e d ,  while  t h a t  of  amino ac id  

N (AAN) and amino sugar  N (ASN) dec reased  in most c ropping systems 

(Table 4 ) .  Fur the rm ore ,  t h e  c o n c e n t r a t i o n  of  NHN (Table 3) decreased  

by 20% on th e  ave rage  compared to  d e c re a se s  of  2% (THN) and 6% (TKN).



Table 3. E ffec t  o f  cropping system on the  concentration  of nitrogen forms and percentage change.

H y d ro ly z a b le  N

C ropping
System

TKN

Change

THN 5
I

Change

AN
%

Change

AAN
%

Change

ASN
%

Change

HUN
%

Change

NHN
%

Change1972 1983 1972 1973 1972 1983 1972 1983 1972 1983 1972 1983 1972 1983
— m g/kg— — m g/kg— — mg/kg— — mg/ kg— --m g /k g — — m g/kg— — m g/kg—

C-Bn-Bn-SB 1802 1732 -  3 .9 1470 1416 -  4 .0 433 453 + 4 .6 634 449 - 2 9 .2 261 118 -5 4 .8 147 396 +169 332 316 -  3 .4

C-C-Bn-SB 1798 1677 -  6 .7 1401 1390 -  0 .8 455 424 -  6 .8 550 492 -1 0 .5 158 152 -  3 .9 238 322 + 3 5 .3 397 287 -2 7 .7

C-C-C-SB 1863 1727 -  7 .3 1468 1479 + 0 .7 479 477 -  0 .4 603 497 -1 7 .6 171 134 -2 1 .6 215 371 + 72 .6 395 248 -3 7 .2

C-SB 1746 1 6 9 5 ' -  2 .9 1423 1394 -  2 .0 421 410 -  2 .6 555 467 -1 5 .8 189 184 -  2 .6 258 333 + 2 9 .0 323 301 -  6 .8

Bn-SB 1851 1648 -1 0 .9 1398 1429 + 2 .2 428 410 -  4 .2 586 555 -  5 .3 189 155 - 1 8 .0 195 309 + 5 8 .5 453 219 -5 1 .6

0-A-Bn-SB 1793 1666 -  7 .0 1484 1377 -  7 .2 404 435 + 7 .7 577 488 - 1 5 .4 188 140 -2 5 .5 315 314 -  0 .3 309 289 -  6 .5

0-Bn-SB 1733 1696 -  2 .1 1425 1401 -  1 .6 453 399 -1 1 .9 528 510 -  3 .4 189 134 -2 9 .1 255 358 + 40 .4 307 295 -  4 .5

Means 1798 1691 -  5 .8 1439 1412 -  1 .8 439 430 -  1 .9 576 494 - 1 3 .9 192 145 -2 2 .2 232 343 + 5 7 .8 359 279 -1 9 .6

LSD0 .0 5 NS NS — NS NS — 4 3 .5 3 2 .2 — 3 9 .7 NS — 4 5 .5 NS — 8 4 .4 NS — NS NS —

i"TKN = T o ta l K je ld a h l n i t r o g e n

Change = P e rc e n ta g e  ch ange o f  mean v a lu e s  w ith  c ro p p in g ,  b a se d  on i n i t i a l  v a lu e s .

§ THN = T o ta l h y d ro ly z a b le  N; AN = h y d ro ly z a b le  ammonium N; AAN = am ino a c id  N; ASN = am ino su g a r  N; HUN = h y d ro ly z a b le  unknown N; 
NHN = n o n h y d ro ly z a b le  N.



Table 4. Effect of  cropping system on the d i s t r i b u t io n  o f  to ta l  Kjeldahl N among organic N f ra c t io n s  and percent change.

Cropping
System

Hydrolyzable N Non-
hydrolyzable N 
(NHN) %

Change
THNf

Change
AN

%

Change
AAN

%

Change
ASN

%

Change
HUN

%

Change1972 1983 1972 1983 1972 1983 1972 1983 1972 1983 1972 1983

% % % X % % % % % % % %
C-Bn-Bn-SB 8 1 .6 8 1 .8 + 0 .2 2 4 .0 26 .1 + 8 . 8 3 5 .2 2 5 .9 - 2 6 . 4 14 .5 6 .8 -5 3 .1 8 . 2 2 2 .8 + 178 .0 18 .4 18 .2 -  1 .1

C-C-Bn-SB 77 .9 8 2 .8 + 6 .3 25 .3 25 .3 0 . 0 3 0 .6 29 .3 -  4 . 2 8 . 8 9 .1 + 3 . 4 13 .2 19 .2 + 4 5 .4 2 2 .0 17.1 - 2 2 .3

C-C-C-SB 78 .8 8 5 .6 + 8 . 6 25 .7 27 ,6 + 7 .4 3 2 .4 2 8 .8 -1 1 .1 9 .2 7 .7 -1 6 .3 11 .5 2 1 .5 + 8 6 .9 2 1 .2 14 .4 - 3 2 . 1

C-SB 8 1 .5 8 2 .2 + 0 .8 24 .1 2 4 .2 + 0 .4 3 1 .8 2 7 .5 - 1 3 . 5 10 .8 10 .8 0 .0 14 .7 19 .6 + 3 3 .3 18 .5 17 .8 -  3 .8

Bn-SB 7 5 .5 8 6 .7 + 14 .8 23 .1 24 .9 + 7 .8 3 1 .6 3 3 .6 + 6 . 3 10 .2 9 .4 - 7 . 8 10 .5 18 .8 -  7 9 .0 2 4 .5 13.3 - 4 5 . 7

0-A-Bn-SB 8 2 .7 8 2 .6 -  0 .1 22 .5 26 .1 + 1 6 .0 3 2 .2 2 9 .3 -  9 . 0 10 .4 8 .4 - 1 9 . 2 17 .5 18 .8 + 7 .4 17 .2 17 .1 -  0 .6

0-Bn-SB 8 2 .2 8 2 .6 -  0 . 5 26 .1 2 3 .5 -  9 .9 3 0 .5 3 0 .1 -  1 .3 10 .9 7 .9 - 2 7 . 5 14 .7 21 .1 + 4 3 .5 17 .7 17 .3 -  2 .3

Means 8 0 .0 8 3 .5 + 4 . 3 24 .4 25 .4 + 4 . 3 3 2 .0 2 9 .2 8 . 6 10 .7 8 . 6 - 1 7 . 2 12 .9 2 0 .2 + 6 7 .6 19 .9 1 6 .5 - 1 5 .4

LSD0 .0 5 NS NS - - NS 2 .0 8 — NS 2 .5 4 — 2 .7 3 NS — 3 .8 5 NS — NS NS —

*^THN = T o ta l h y d ro ly z a b le  N; AN = h y d ro ly z a b le  ammonium N; AAN = am ino a c id  N; ASN = am ino su g a r  N; HUN -  h y d ro ly z a b le  unknown N; NHN = non-

h y d ro ly z a b le  N; TKN = t o t a l  K je ld a h l N. 

% ch ange in  p e r c e n ta g e  d i s t i r b u t i o n  o f  TKN.



Tab le  5. E f f e c t  o f  c ro p p in g  system on t o t a l  h y d r o l y z a b l e  N (THN), h y d r o l y z a b l e  ammonium
(AN), and h y d r o l y z a b l e  unknown N (HUN) in  r e l a t i o n  t o  n o n h y d r o ly z a b le  N (NHN)

THN/NHN AN/NHN HUN/NHN

1972 1983 Rat io
83/72 1972 1983 Ratio

83/72 1972 1983 Ratio
83/72

C-Bn-Bn-SB 4.51 4.45 0.98 1.32 1.42 1.07 0.45 1.24 1.75

C-C-Bn-SB 3.52 4.84 1.37 1.14 1.47 1.28 0.59 1.12 1.89

C-C-C-SB 3.71 6.05 1.63 1.21 1.95 1.61 0.54 1.51 2.79

C-SB 4.40 4.62 1.05 1.30 1.36 1.04 0.79 1.10 1.39

Bn-SB 3.08 6.54 2.12 0.94 1.87 1.98 0.42 1.41 3.35

0-A-Bn-SB 4.78 4.73 0.98 1.30 1.49 1.14 1.01 1.07 1.05

0-Bn-SB 4.62 4.73 1.02 1.46 1.35 0.92 0.82 1.21 1.47

Means 4.01 5.06 1.26 1.22 1.54 1.26 0.65 1.23 1.89
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These t r e n d s  were r e f l e c t e d  by in c r e a s e s  in o v e r a l l  mean AN/NHN 

r a t i o  from 1.22 in 1972 to  1.54 in 1983, and HUN/NHN r a t i o  from 0 .65 

in 1972 t o  1.23 in 1983 (Table 5 ) .  These changes  i n d i c a t e  t h a t  

c ropp ing  tended to  i n c r e a s e  exposure t o  t h e  a c t i o n  o f  t h e  s o i l  b i o ­

mass and dec re ase  s t a b i l i t y  o f  p r e v io u s l y  p r o t e c t e d  humic s u b s t a n c e s .  

The in c r e a s e  in c o n c e n t r a t i o n  o f  AN and HUN were due to  t h e  f a c t  t h a t  

t h e s e  f r a c t i o n s  may have o r i g i n a t e d  in f u l v i c  a c i d s  and l e s s  t i g h t l y  

bound p e r ip h e ra l  groupings  on humic a c i d s  and humic (25 ,  3 9 ) .

With most r o t a t i o n s ,  the  d i s t r i b u t i o n  among hyd ro ly za b le  

f r a c t i o n s  s h i f t e d  s h a rp ly  towards l a r g e r  r a t i o s  f o r  HUN/THN, whereas 

th e  AAN/THN and ASN/THN r a t i o s  dec reased  (Tab le  6 ) .  These changing 

r a t i o s  i n d i c a t e  the  " a c t i v e  n a t u r e  o f  t h e  h y d ro ly z a b le  N f r a c t i o n s  and 

t h e i r  r e sp o n s iv en ess  to  management." However, t h e  p e r c e n t  d i s t r i b u t i o n  

o f  t h e  o rgan ic  N f r a c t i o n s  was n o t  a p p r e c i a b ly  d i f f e r e n t  f o r  the  

d i f f e r e n t  cropping  sys tems.

The lack  o f  s i g n i f i c a n t  d i f f e r e n c e s  in c o n c e n t r a t i o n s  and 

p r o p o r t i o n s  of  t h e  o rg an ic  N forms among c ropping  systems may be due 

t o  t h e  f a c t  t h a t  the  samples were taken in 1983 fo l low ed  sugar  b e e t s  

in a l l  b u t  one t r e a tm e n t  (Table 1) .  The e l e v e n - y e a r  c ropp ing  pe r iod  

may have been too  s h o r t  a t ime to  produce s i g n i f i c a n t  d i f f e r e n c e s .  

However, the  t r e n d s  in N c y c l in g  between th e  NHN and THN and the  

f r a c t i o n s  w i th in  THN were s i m i l a r  to  th e  f i n d i n g s  in  Chapter  I I ,  bu t  

l e s s  d r am a t ic .



Table  6.  E f f e c t  o f  c ro p p in g  sys tem on h y d r o l y z a b l e  NH* (AN), amino a c i d  N (AAN), amino s u g a r  N
(ASN) and h y d r o l y z a b l e  unknown N (HUN) in  r e l a t i o n  t o  t h e  t o t a l  h y d r o l y z a b l e  N (THN)

AN/THN AAN/THN ASN/THN HUN/THN

1972 1983 Rat io
83/72 1972 1983 Rat io

83/72 1972 1983 Rat io
83/72 1972 1983 Ratic

83/72

C-Bn-Bn-SB 0.29 0.32 1 . 1 0 0.43 0.32 0.74 0.18 0.08 0.44 0 . 1 0 0.23 1.77

C-C-Bn-SB 0.32 0.30 0.94 0.39 0.35 0.90 0 . 1 1 0 . 1 1 1 . 0 0 0.17 0.23 1.35

C-C-C-SB 0.33 0.32 0.97 0.41 0.34 0.82 0 . 1 2 0.09 0.75 0.15 0.25 1.67

C-SB 0.30 0.29 0.97 0.39 0.34 0.87 0.13 0.13 1 . 0 0 0.18 0.24 1.33

Bn-SB 0.31 0.29 0.94 0.42 0.39 0.93 0.14 0 . 1 1 0.79 0.13 0 . 2 2 1.38

0-A-Bn-SB 0.27 0.32 1.19 0.38 0.35 0.92 0 . 1 2 0 . 1 0 0.83 0 . 2 1 0.23 1 . 0 0

0-Bn-SB 0.31 0.28 0.90 0.36 0.36 1 . 0 0 0.13 0 . 1 0 0.77 0.17 0.26 1.37

Means 0.30 0.30 1 . 0 0 0.40 0.35 0 . 8 8 0.13 0 . 1 0 0.77 0.16 0.24 1.50



SUMMARY AND CONCLUSIONS

The e f f e c t s  o f  c ropp ing  systems on t h e  c o n t e n t  o f  o rgan ic  

carbon and d i s t r i b u t i o n  of  n i t r o g e n  forms over  an e l e v e n - y e a r  pe r iod  

were e v a lu a te d .

Organic carbon and t o t a l  Kje ldah l  N d ec reased  with  cropping  

f o r  a l l  cropping  sys tems.  Total  Kje ldah l  N l o s s e s  ranged from 2.1% 

f o r  th e  0-Bn-SB r o t a t i o n  to  11.4% f o r  t h e  Bn-SB r o t a t i o n .  Organic C 

l o s s e s  ranged from 13% f o r  C-Bn-Bn-SB and C-C-Bn-SB r o t a t i o n s  to  17% 

f o r  th e  Bn-SB r o t a t i o n .  The o v e r a l l  average  d ec re ase  f o r  o rg an ic  C 

was 14.9%, f o r  TKN i t  was 5.8%.

The 5.8% dec re a se  in TKN was comprised o f  a 19.6% dec re a se  in 

q u a n t i t y  of  nonhydro lyzab le  N (NHN) and a 1.8% dec re ase  in th e  quan­

t i t y  of  hy d ro ly s ab le  N (THN). These d e c re a s e s  can be compared with 

da ta  f o r  C h a r i ty  c l ay  in Fig .  1 o f  Chap te r  I I  (p .  31) where d ec rease s  

due to  c u l t i v a t i o n  were 67% f o r  TKN, 81% f o r  NHN and 63% f o r  THN.

Thus,  i t  appeared t h a t  management under  a l l  seven cropp ing 

systems co n t in u es  to  be d e p l e t i v e .  The annual d i s t u r b a n c e  of  the  

s o i l  m a t r ix ,  due to  t i l l a g e ,  s e rv e s  t o  expose s t r u c t u r a l l y  p r o t e c t e d  

c o l l o i d a l  s u r f a c e s  t o  m ic rob ia l  and chemical a c t i v i t i e s  t h a t  decrease  

th e  s t a b i l i t y  of  humic complexes. An expec ted  consequence would be 

t h e  d i f f e r e n t i a l l y  g r e a t e r  d e c l i n e  in NHN r e l a t i v e  to  THN observed  

h e r e ,  as  well as  in  t h e  p r o f i l e  s tudy  o f  Chapte r  I I .
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The av e rage  change in composi t ion  f o r  t h e  seven c ropp ing  

systems was no t  g r e a t  (from THN/NHN = 4 .01  in 1972 to  5.06 in  1983).  

This  change may be compared with  th e  p r o f i l e  s tu d y ,  where THN/NHN 

i n c re a s e d  from 3 .8  in v i r g i n  C h a r i ty  c l a y  t o  7.3 in the  c u l t i v a t e d  

s o i l .  N e v e r th e l e s s ,  the  r e l a t i v e l y  g r e a t e r  r e t e n t i o n  o f  N in a c t i v e  

forms s ugges t s  an i n c re a s e d  r a t e  o f  annual tu r n o v e r .  This may be 

due,  p e rh a p s ,  t o  h ig h e r  l e v e l s  of  y i e l d  and r e s id u e s  r e tu r n e d  s in c e  

1972.

Among th e  h y d ro ly za b le  N f r a c t i o n s ,  hydro lyzab le  ammonium 

(AN) remained c o n s t a n t  a t  abou t  25% of  TKN, whereas i t  had in c re a s e d  

from 18% of  TKN in  th e  v i r g i n  s o i l  to  24% in th e  c u l t i v a t e d  a n a lo g .  

U n i d e n t i f i e d  N (HUN) in c re a s e d  r e l a t i v e  to  TKN in both s t u d i e s ,  bu t  

th e  f i n a l  p r o p o r t i o n s  were s i m i l a r  (20 to  22%). The p ro p o r t i o n  of  

amino a c i d s  (AAN) d ec reased  in both s t u d i e s ,  bu t  over  a s i m i l a r  

range (28 t o  32% o f  TKN). Amino sugar  compos it ion dec reased  from 11% 

to  9% o f  TKN, as  a mean f o r  t h e  r o t a t i o n s ,  bu t  remained c o n s t a n t  a t  

abou t  9% in th e  p r o f i l e  s tu d y .  These va lues  a r e  w i th in  th e  range 

r e p o r t e d  by o t h e r s ,  bu t  they  do not  p o in t  t o  any c l e a r  t r e n d s .

No s i g n i f i c a n t  d i f f e r e n c e s  f o r  c ropping systems had developed 

dur ing  th e  11-year  p e r io d  between 1972 and 1983. D i f f e r e n c e s  may 

develop over  a l o n g e r  pe r io d  o f  time as new e q u i l i b r i a  between 

in p u t s  and removals  o f  N and C a r e  approached.
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CHAPTER IV

EFFECT OF TYPE AND RATE OF CROP RESIDUES ON THE 

CONCENTRATION AND DISTRIBUTION OF NITROGEN 

FORMS DURING INCUBATION

An im por tan t  way t h a t  c rops  a f f e c t  s o i l  p r o p e r t i e s  i s  the  

r e t u r n  o f  o rg a n ic  m a t t e r  a s  exudates  and r e s id u e s  produced dur ing  

growth,  b u t  mos tly  a f t e r  h a r v e s t  o f  t h e  c ro p s .  The type s  and amount 

o f  crop  r e s id u e s  a f f e c t  th e  c o n c e n t r a t i o n  and p ro p o r t i o n  o f  th e  

v a r io u s  o rgan ic  N f r a c t i o n s  due to  d i f f e r e n c e s  in crop  com pos i t ion ,  

decomposit ion r a t e s ,  and s u i t a b i l i t y  a s  s u b s t r a t e s  f o r  t h e  m icrob ia l  

p o p u la t io n .

A p p l i c a t io n  of  a l f a l f a ,  c o r n s t a l k s ,  sawdus t ,  o a t  s t raw  and 

bromegrass a t  r a t e s  o f  0 to  16 t o n s / h a / y e a r  in c re a s e d  th e  o rg an ic  C 

and n i t r o g e n  in p ro p o r t i o n  to  t h e  amount of  r e s id u e s  added over  a 

pe r iod  o f  11 y e a r s  ( 1 2 ) .  These a u t h o r s  found no s i g n i f i c a n t  d i f f e r ­

ences  among the  f i v e  r e s i d u e s  exce p t  f o r  sawdust  which produced 

s i g n i f i c a n t l y  lower va lues  f o r  n i t r o g e n .  In o t h e r  s t u d i e s ,  o rgan ic  

amendments such as green ry e ,  s t r a w ,  a l f a l f a  hay,  dec iduous l e a v e s ,  

p e a t ,  muck, and manure were added to  an Uplands sand and a Rideau 

c l a y  under f i e l d  c o n d i t i o n s  f o r  a 20-year  p e r io d .  The p r a c t i c e  

m a in ta ined  th e  l e v e l s  o f  t o t a l  N, o rgan ic  m a t t e r  and th e  d i s t r i b u t i o n  

o f  th e  v a r io u s  n i t ro g en o u s  compounds (23 ,  24) .
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Some i n v e s t i g a t o r s  have noted  a r e l a t i v e  cons tancy  in  t h e  p ro ­

p o r t i o n s  o f  o rgan ic  N f r a c t i o n s  with  l a r g e  d e c re a s e s  in t o t a l  N c o n ten t  

due to  c u l t i v a t i o n  and c ropping  (5 ,  11,  15,  19,  28 ) .  In s o i l s  

where l a rg e  i n c re a s e s  in  t o t a l  N have occu r red  under f e r t i l i z e d  legume 

p a s tu r e s  in t r o p i c a l  and tempera te  a r e a s  in A u s t r a l i a ,  o rg a n ic  N 

f r a c t i o n s  p ro p o r t i o n s  have remained r e l a t i v e l y  c o n s t a n t  ( 1 6 ) .  This 

appeared  to  sugges t  t h a t  o rg an ic  N f r a c t i o n a t i o n  by h y d r o l y s i s  us ing  

6  M HC1 produced a p a t t e r n  t h a t  bore l i t t l e  r e l a t i o n  to  t h e  b io l o g i c a l  

l a b i l e  o f  s o i l  n i t r o g e n .

Some o t h e r  s t u d i e s  showed t h a t  t h e  p ro p o r t i o n  of  o rg an ic  N 

f r a c t i o n s  would no t  n e c e s s a r i l y  remain c o n s t a n t  with  l a r g e  changes in 

t o t a l  N. I t  was r e p o r t e d  t h a t  t h e  a d d i t i o n  o f  f r e s h  r e s i d u e s  was accom­

panied i n i t i a l l y  by an i n c r e a s e  in h y d ro ly z a b le  a-amino a c i d  a r i s ­

ing by p r o t e o l y s i s  and m icrob ia l  s y n t h e s i s  ( 6 ) .  Changes were a l s o  

observed f o r  o t h e r  o rg a n ic  N f r a c t i o n s .  The changes were r e l a t e d  more 

c l o s e l y  to  th e  degree  o f  o x id a t io n  of  th e  t o t a l  o r g a n ic  f r a c t i o n  than 

t o  th e  composi t ion  o f  t h e  m a t e r i a l s  t h a t  were added.  C o rn s fo r th  (3) 

r e p o r t e d  t h a t  c o n s id e r a b le  r e d i s t r i b u t i o n  o f  N took p la c e  i n d i c a t i n g  

changes in the  p r o p o r t i o n s  o f  t h e  organic-N f r a c t i o n s  w ith  changes in 

th e  amounts o f  t o t a l  N. Other  workers showed t h a t  c u l t i v a t i o n  and 

cropping  r e s u l t e d  in a marked d e c l in e  in th e  p r o p o r t i o n s  of  t o t a l  N 

as  o rg a n ic  N f r a c t i o n s  ( 8 , 20) .  These i n v e s t i g a t o r s  did  not  show 

th e  magnitude of  change in p ro p o r t i o n s  o f  t o t a l  N as  o rg a n ic  N f r a c ­

t i o n s  i f  va r ious  energy sources  were added a t  va ry ing  r a t e s  with  no 

a d d i t i o n a l  a p p l i c a t i o n  o f  f e r t i l i z e r  N.
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The above r e p o r t s  have shown t h a t  t h e  c o n c e n t r a t i o n  and p ropo r ­

t i o n  o f  t o t a l  N as  o rg a n ic  N f r a c t i o n s  may be s i g n i f i c a n t l y  a f f e c t e d  

by management p r a c t i c e s .  That  appea rs  to  i n d i c a t e  t h a t  any c u l t u r a l  

p r a c t i c e  t h a t  r e t u r n s  l a r g e  q u a n t i t i e s  o f  some crop  r e s i d u e s  may 

in c r e a s e  o r  dec re a se  th e  r e l a t i v e  p r o p o r t i o n s  o f  t o t a l  N p r e s e n t  as  

o rg a n ic  N f r a c t i o n s .

The r e d i s t r i b u t i o n  of  N can occur  in s ev e ra l  ways. In g e n e r a l ,  

a d e c l i n e  in t o t a l  N due t o  c u l t i v a t i o n  o r  c ropping  i s  a s s o c i a t e d  with  

r e d i s t r i b u t i o n  o f  hyd ro lyzab le  N and nonhydro lyzab le  N f r a c t i o n s .  

However, i t  has been r e p o r t e d  t h a t  a l a r g e  d e c re a s e  o f  carbon and 

n i t r o g e n  dur ing  c u l t i v a t i o n  did  no t  r e s u l t  in measurable  changes in the  

d i s t r i b u t i o n  o f  th e  hyd ro lyza b le  and nonhydro lyzab le  f r a c t i o n s  o f  N 

(1 4 ) .  The a d d i t i o n  of  crop r e s id u e s  w ith  vary ing  C/N r a t i o s  can a l s o  

l e a d  to  t h e  r e d i s t r i b u t i o n  o f  N from th e  h y d ro ly za b le  N to  t h e  non­

hyd ro ly za b le  N and v ic e  v e r s a ,  depending on th e  s t a g e  o f  h u m i f i c a t i o n .  

During th e  e a r l y  s t a g e s  o f  hum ica t ion ,  t h e  nonhydro lyzab le  N f r a c t i o n  

te nds  to  i n c r e a s e  a t  t h e  expense of  the  h y d ro ly z a b le  N which comprise 

the  " a c t i v e "  m a t e r i a l s .

Within t h e  h yd ro lyza b le  N f r a c t i o n ,  h y d ro ly z a b le  ammonium N, 

amino a c i d  N, amino sugar  N, and th e  hyd ro ly za b le  unknown N (HUN) 

change in c o n c e n t r a t i o n  and p ro p o r t i o n  r e l a t i v e  to  change in  the  

t o t a l  hyd ro ly za b le  N. This  depends on t h e  s t a b i l i t y  o f  t h e s e  f r a c t i o n s .  

Under incuba ted  c o n d i t i o n s ,  hyd ro lyzab le  f r a c t i o n s  such as  amino a c i d  

N, hydroxyamino ac id  N and HUN were found to  be more s u s c e p t i b l e  to  

lo s s  than  t o t a l  N ( 9 ) .  This  means t h a t  t h e s e  d e c re a s e s  would account  

f o r  t h e  o v e r a l l  d e c l i n e  o f  t o t a l  hyd ro ly za b le  N which would account  f o r
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t h e  d e c l i n e  in t o t a l  N. In o t h e r  s t u d i e s ,  t h e  d e c re a se  in t o t a l  N was 

accounted  f o r  by a d e c re a se  in  nonhydro lyzable  N and o t h e r  h yd ro lyza b le  

f r a c t i o n s  such a s  hydroxyamino a c i d  N (3 ) .

There i s  ve ry  l i t t l e  in fo rm at ion  about  th e  e f f e c t  o f  a l f a l f a  

t o p s ,  navy bean s t r a w ,  corn s t o v e r ,  and sugar  b e e t  tops  on th e  con­

c e n t r a t i o n  and d i s t r i b u t i o n  o f  N forms in an a c i d  s o i l  low in s o i l  

o rg a n ic  m a t t e r .  The r e s u l t s  can be meaningfu lly  r e l a t e d  to  th e  behav io r  

and p o t e n t i a l  b eh av io r  o f  t o t a l  N and o rgan ic  N f r a c t i o n s  under f i e l d  

c o n d i t i o n s .  The o b j e c t i v e  o f  th e  inc u b a t io n  s tudy  was:

To de te rm ine  th e  i n f l u e n c e  of  v a r io u s  types  and r a t e s  of  

crop  r e s i d u e s  and t ime o f  incuba t ion  on th e  c o n c e n t r a t i o n  

and d i s t r i b u t i o n  o f  N forms.



MATERIALS AND METHODS

Incuba t ion  s t u d i e s  were performed on a homogenous l o t  o f  

Hodunk sandy loam s o i l  c o l l e c t e d  in th e  f a l l  o f  1983 a f t e r  h a r v e s t  o f  

second y e a r  o f  corn  in a p o t a to - c o r n - c o r n  sequence .  The s o i l  was 

passed  th rough a 4 .8  mm screen  t o  remove undecomposed p l a n t  m a t e r i a l s ,  

a i r - d r i e d ,  and then  s t o r e d  in a p l a s t i c  bag.

Bulk samples o f  corn s t o v e r ,  dry bean s t r a w ,  sugar  b e e t  to ps  

and a l f a l f a  tops  were taken  from th e  f i e l d  in O ctober .  The p l a n t  

m a t e r i a l s  were d r i e d  and ground t o  pass  a 2 . 0  mm s i e v e  and s t o r e d  in 

p l a s t i c  bags .  The ground m a t e r i a l s  were mixed with  500g a l i q u o t s  

o f  t h e  s o i l  a t  r a t e s  of  0 ,  2 , 1 0 , and 50 g A g .  The amended a l i q u o t s  

were p laced  in p l a s t i c  i c e  cream c a r t o n s  and mois tened  t o  f i e l d  capac­

i t y  (0 .03  mPa) w i th  d e io n ized  w a te r .  They were then  p laced  in  p o ly ­

e t h y l e n e  bags to  reduce ev a p o ra t io n  dur ing  in c u b a t io n  a t  27°C. Pin 

ho le  punc tu re s  were made in each bag f o r  gas exchange.  A t o t a l  o f  156 

exper imenta l  u n i t s  were prepared  to  perm i t  s a c r i f i c i n g  t r i p l i c a t e  u n i t s  

o f  an unamended c o n t ro l  and o f  each m a t e r i a l / r a t e  combinat ion a f t e r  

9 ,  21, 42 ,  and 63 days. Water was added as needed to  m a in ta in  a 

c o n s t a n t  weight  du r ing  in c u b a t io n .

S a c r i f i c e d  samples were f ro zen  and s t o r e d  a t  -4°C f o r  a n a l y s i s .
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Labora to ry  Analyses

Total  N was de termined  by th e  s a l i c y c l i c  a c i d - t h i o s u l f a t e  

m o d i f i c a t i o n  o f  t h e  Kjeldahl  method d e s c r ib e d  by Bremner and Mulvaney 

( 2 ) .  Exchangeable NĤ  N and NOg p lus  NOg N were de te rmined by the  

methods d e s c r ib e d  by Keeney and Nelson (10 ) .

E a s i l y  o x id i z e d  o rg a n ic  C was de te rmined by th e  c o l o r i m a t r i c  

method d e s c r ib e d  by S c h u l t e  ( 2 1 ) .  This  method invo lves  chromic a c i d  

o x id a t io n  f o r  d e t e rm in a t io n  o f  e a s i l y  o x id i z e d  m a te r i a l  through 

spontaneous  h e a t .  The method was s t a n d a r d i z e d  a g a i n s t  the  Walkley- 

Black method (31 ,  32) .

Total  hyd ro ly za b le  N (THN), hyd ro lyza b le  ammonium N (AN), 

amino a c i d  N (AAN), amino sugar  N (ASN), hydro lyzab le  unknown N (HUN) 

and nonhydro lyzab le  N (NHN) were de te rmined by the  methods de s c r ib e d  

by Bremner (1)  and Stevenson (26 ,  27,  29,  30).

S t a t i s t i c a l  Analyses

The exper iment was des igned  in  a randomized complete block  

and th e  da ta  were s u b je c t e d  t o  a n a ly s e s  o f  v a r i a n c e ,  us ing  methods 

d e s c r ib e d  by Snedecor and Cochran (2 2 ) ,  S tee l  and T o r r i e  ( 2 5 ) ,  and 

L i t t l e  and H i l l s  (13 ) .



RESULTS AND DISCUSSION

Changes in  c o n c e n t r a t i o n  and d i s t r i b u t i o n  o f  N forms were 

fo l lowed  over  a 63-day in c u b a t io n  p e r io d  in a sandy loam s o i l  

amended with  r e s id u e s  o f  a l f a l f a ,  navy b eans ,  c o rn ,  o r  sugar  b e e t s  

a t  r a t e s  up to  50 g /kg .  A Hodunk sandy loam low in o rgan ic  m a t t e r  was 

used so t h a t  r e s id u e  e f f e c t s  would be most pronounced f o r  measurement.

Chemical a n a l y s e s  f o r  t h e  f o u r  crop  m a t e r i a l s  used a r e  given 

in Table 1.

Table 1. Composit ion o f  crop  r e s i d u e s  used in  the  in c uba t ion  s tudy

Residue type Total  N P K Ca C/Nf

___0/ _____

A l f a l f a 3 .45 0.24 1.53 0.23 14

Navy bean 0.77 0.07 1.49 0.38 65

Corn 0.79 0.09 0.38 0 . 2 0 63

Sugar b e e t 1.51 0.13 1 . 1 0 0.39 33

fE s t i m a t e d  C/N r a t i o ,  assuming 40% C.

Apparent  Gains and Losses of  N

Simple e f f e c t s  and 2-way and 3-way i n t e r a c t i o n s  of  r e s i d u e s ,  

r a t e s  and t imes  on t o t a l  N were s t a t i s t i c a l l y  s i g n i f i c a n t
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(Table 1,  Appendix A). The da ta  f o r  th e  3-way i n t e r a c t i o n s  a r e  shown 

g r a p h i c a l l y  in F ig s .  1 t o  4.

At ze ro  t im e ,  t h e  c o n c e n t r a t i o n  o f  t o t a l  N r e f l e c t e d  th e  

d i f f e r e n c e s  in N c o n c e n t r a t i o n  o f  t h e  r e s id u e s  (Table 1) and th e  r a t e s  

o f  a d d i t i o n .  Subsequent  changes du r ing  i n c u b a t io n ,  however,  were not  

p a r a l l e l  f o r  th e  d i f f e r e n t  m a t e r i a l s  nor d i f f e r e n t  r a t e s  of  th e  same 

m a t e r i a l .

In th e  case  o f  a l f a l f a  a t  th e  h ig h e s t  r a t e ,  a s t r i k i n g  d e c re a se  

in t o t a l  N o c c u r r e d ,  du r ing  th e  63-day inc u b a t io n  p e r io d .  At the  

1 0  g/kg r a t e ,  a s i m i l a r  d e c r e a se  was preceded by a s i g n i f i c a n t  

i n c r e a s e  in  th e  second sampl ing.  At th e  low es t  r a t e  (2 g / k g ) ,  t h e r e  

was a c o n t in u in g  in c r e a s e  over  t h e  e n t i r e  in c u b a t io n  p e r io d .  With 

th e  o t h e r  r e s i d u e s ,  p a t t e r n s  o f  change were d i f f e r e n t  and v a r i e d  with  

r a t e  o f  a d d i t i o n .

The magnitude o f  s e v e ra l  o f  the  changes over  time in F ig .  1 

and t h e i r  s t a t i s t i c a l  s i g n i f i c a n c e ,  i n d i c a t e  t h a t  r e a l  in c r e a s e s  and 

r ea l  d e c r e a s e s  may have occu r red  a t  d i f f e r e n t  t im es .  Mechanisms f o r  

l o s s  o f  N from s o i l  systems in c luded  v o l a t i l i z a t i o n  o f  NH3  and 

d e n i t r i f i c a t i o n  o f  n i t r a t e  and n i t r i t e .  Mechanisms f o r  adding N 

in c lu d e  a b s o r p t i o n  o f  NH3  from th e  atmosphere and N2- f i x a t i o n  by 

n i t r o g e n - f i x i n g  b a c t e r i a .

Energy to  s u p p o r t  b i o l o g i c a l  d e n i t r i f i c a t i o n  a n d /o r  Ng- 

f i x a t i o n  would have been s u p p l i e d  by the  added r e s i d u e s .  The more 

r e a s i l y  a v a i l a b l e  carbon s u b s t r a t e s  were d i s s i p a t e d  r a t h e r  qu ick ly  

(Table 2 ) .  Thus th e  p r o b a b i l i t y  t h a t  h e t e r o t r o p h i c  a c t i v i t i e s  were



T
O

T
R

L
 

N
IT

R
O

G
E

N
C

M
G

/K
G

)

1 5 0 0  

1 4 0 0  

1 3 0 0  

1200 

1100 

1000 

3 0 0  

8 0 0  

7 0 0  

8 0 0  

0

0 10  2 0  3 0  4 0  5 0  8 0  7 0

I N C U B R T I  ON T I M E ( D R Y S )

Fig.  1. E f f e c t  o f  type and r a t e  o f  a l f a l f a  r e s id u e s  and t ime o f  inc uba t ion  on th e  c o n c e n t r a t i o n  
o f  t o t a l  n i t r o g e n  ( r a t e s  = 0 , 2 , 1 0 , and 50 g /k g ) .
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Table 2.  E f f e c t  o f  type  and r a t e  o f  crop  r e s i d u e  and t ime o f  
i n c uba t ion  on o rg a n ic  carbon.

Residue Rate

Organic carbon

Incuba t ion  t ime (days)

0 + 2 1 42 63

nf\srty/Kg ------------ g/kg

Check ofc 8 . 1 8 . 1 7.7 6 . 2

A l f a l f a 2 9 .0 8 .4 8 . 0 9 .0
1 0 1 2 . 0 9.3 7.8 8 .9
50 28.0 13.0 1 1 . 0 1 1 . 0

Navy bean 2 9 .0 8 . 6 7.3 7.8
1 0 1 2 . 0 9.9 7.3 8 .4
50 28.0 16.0 1 1 . 0 9 .7

Corn 2 9 .0 9 .2 7.4 7.5
1 0 1 2 . 0 1 0 . 0 8 .5 8 . 6

50 28.0 17.0 14.0 1 1 . 0

Sugar b e e t 2 9.0 8 .4 7.8 7.3
1 0 1 2 . 0 8 .5 7.9 7.5
50 28.0 1 2 . 0 9 .7 8 . 6

LSD0.05 ( 3 - way i n t e r a c t i o n )

Assuming 40% C in r e s id u e s :

C a l c u la t e d  = 8 g C in 1,000 q s o i l  + 0 .4  x g/kg  r e s id u e  added
1 , 0 0 0  g s o i l  + g kg r e s id u e  added

Values a t  zero r a t e  no t  inc luded  in AN0VA
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r e s p o n s ib l e  f o r  l o s s e s  o r  ga ins  o f  N would have been g r e a t e s t  dur ing  

e a r l y  s t a g e s  o f  in c u b a t io n  and would have d e c l in e d  with  d e c l i n i n g  r a t e  

o f  carbon l o s s .

On th e  o t h e r  hand,  th e  l i k e l i h o o d  t h a t  l o s s e s  o f  N might  occur 

by chemical d e n i t r i f i c a t i o n  would be expec ted  t o  i n c r e a s e  a s  o x id a t io n  

p rog re s sed  and phenol-quinone  systems appeared  t h a t  could  r e a c t  with  

n i t r i t e  under ac id  c o n d i t i o n s  to  produce Ng, ^ 0 , and o t h e r  gases  

(17) .

In t h e  case  o f  high  N m a t e r i a l s ,  r a p id  d i s s i p a t i o n  o f  carbon

i s  accompanied by ne t  m i n e r a l i z a t i o n  and r a p id  r e l e a s e  of  NHg. I f

NH2  i s  r e l e a s e d  more r a p i d l y  than i t  can be adsorbed  o r  t r ans fo rm ed  

by s o i l  sys tems ,  v o l a t i l i z a t i o n  l o s s e s  w i l l  o c c u r .  This  would appea r  

the  most l i k e l y  e x p la n a t io n  f o r  t h e  d i sa p p e a ra n c e  o f  N a t  t h e  h i g h e s t  

r a t e  o f  a d d i t i o n  o f  a l f a l f a .

In t h e  case  o f  carbonaceous  m a t e r i a l s ,  low in N, decompos it ion 

i s  accompanied by im mobil iza t ion  o f  minera l  forms o f  N i n t o  micro­

b i a l  t i s s u e s .  The p resence  o f  carbonaceous  m a t e r i a l s  can in c r e a s e  

t h e  a d s o r p t i v e  c a p a c i t y  of  t h e  s o i l  f o r  NH3  in  t h e  ambient  atmosphere .

In th e  p r e s e n t  exper im en t ,  i t  i s  p o s s i b l e  t h a t  NHg l o s t

by v o l a t i l i z a t i o n  from high N t r e a tm e n t s  may have e q u i l i b r a t e d ,  through

t h e  conf ined  atmosphere o f  t h e  growth chamber,  w i th  s o i l  and r e s id u e s  

in low N t r e a t m e n t s .  Thus a s i g n i f i c a n t  i n c r e a s e  in t o t a l  N occurred  

dur ing  t h e  f i r s t  21 days a t  a l l  r a t e s  o f  corn  a d d i t i o n .  At t h e  2 g/kg 

r a t e ,  t h e  i n c r e a s in g  t r e n d  was m a in ta ined  th rough th e  63rd day with  

both  corn and a l f a l f a .  D i f f e re n c e s  between 2 and 10 g/kg a p p l i c a t i o n s  

were no t  g r e a t ,  bu t  i t  d id  appea r  t h a t  i n t e r a c t i n g  systems which
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a f f e c t  t h e  ba lance  between ga ins  and l o s s  were in f l u e n c e d  d i f f e r ­

e n t l y  by th e  r a t e  o f  a d d i t i o n .

Changes in Exchangeable Ammonium

V o l a t i l i z a t i o n  o r  a d s o r p t i o n  o f  NHg r e f l e c t  s h i f t s  in dynamic 

e q u i l i b r i a  t h a t  invo lve  exchangeable NĤ  (1 8 ) .  The immediate e f f e c t  

o f  added r e s i d u e s  a t  t im e  ze ro  (Table 3) was t o  reduce exchangeable 

NĤ  i n i t i a l l y  p r e s e n t  in  t h e  s o i l  t o  t r a c e  l e v e l s .  Levels  were 

s h a rp ly  h ig h e r  a t  21 days in a l l  samples.  A ddit ion  o f  w ate r  a t  th e  

beginning  o f  in c u b a t io n  would have a c t i v a t e d  th e  s o i l  m ic rob ia l  popu­

l a t i o n .  The q u a n t i t i e s  o f  NĤ  found r e p r e s e n t  th e  ba lance  a t  t h e  t ime 

o f  sampling between th e  r a t e  o f  r e l e a s e  o f  NHg by th e  a c t i v a t e d  popu­

l a t i o n  and th e  r a t e  o f  i t s  removal by severa l  p r o c e s s e s ,  in c lu d in g  

im m obi l iza t ion  i n t o  m ic rob ia l  t i s s u e s  and m e tabo l ic  p r o d u c t s ,  

n i t r i f i c a t i o n ,  v o l a t i l i z a t i o n ,  and chemical t r a n s f o r m a t io n  l e a d in g  to  

i n c o r p o r a t i o n  i n t o  humic complexes (7 ) .

D i f f e r e n c e s  in  exchangeable  NĤ  l e v e l s  in Table 3 a r e  not  

r e l a t e d  c o n s i s t e n t l y  t o  t h e  N c o n t e n t  o f  the  r e s i d u e s .  The 32 mg/kg 

p r e s e n t  a t  2 1  days w ith  the  h i g h e s t  r a t e  o f  a l f a l f a  i s  c o n s i s t e n t  

with  t h e  e a r l i e r  c o n c lu s io n  t h a t  l a r g e  l o s s  o f  N from t h i s  system may 

have been due to  v o l a t i z a t i o n  of  NHg r e l e a s e d  a t  r a t e s  exceed ing the  

a d s o r p t i v e  c a p a c i t y  o f  t h e  s o i l  (F ig .  1) .

Exchangeable NH  ̂ l e v e l s  were lower in th e  l a s t  sampling in the  

c o n t ro l  than  in most amended s o i l s .  This  probab ly  r e f l e c t s  a more 

r a p id  d ec re ase  in s i z e  and a c t i v i t y  o f  the  microb ia l  p o p u la t io n  due 

to  e a r l i e r  d e p l e t i o n  o f  a v a i l a b l e  s u b s t r a t e s .
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Table 3.  E f f e c t  o f  type  and r a t e  o f  r e s id u e  and t ime o f  in c uba t ion  
on exchangeable  ammonium N.

Residue Rate

Exchangeable ammonium N

Incuba t ion  t ime (days)

0 2 1 42 63

9 /kg ---------------- mg/kg

Check ot 2 . 8 15.0 9 .9 4 .2

A l f a l f a 2 T r a c e t 19.0 16.0 7.1
1 0 Trace 4 .2 19.0 7.1
50 Trace 3 2 . 0 7.1 9.9

Navy bean 2 Trace 7.1 9 .9 7.1
1 0 Trace 9.9 9 .9 9 .9
50 Trace 1 1 . 0 7.2 7.2

Corn 2 Trace 19.0 9 .9 1 0 . 0

1 0 Trace 7.1 7.5
50 Trace 8 .5 1 1 . 0 8 . 5

Sugar b e e t 2 Trace 18.0 9 .9 5.7
1 0 Trace 7.1 5.7 8 . 5
50 Trace 18.0 23.0 9 .9

LSDn nc (3-way i n t e r a c t i o n )  
0 .05

3 .2

t v a l  ues a t  ze ro  r a t e  n o t  i n c l u d e d ' i n  ANOVA.

I  Trace = A v a lu e  o f  1.0 mg/kg was a s s ig n e d  f o r  s t a t i s t i c a l  a n a l y s i s .
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Changes i n  N i t r i f i e d  N

Normally n i t r i f i c a t i o n  r e p r e s e n t s  an im por tan t  s ink  f o r  NH  ̂

in  s o i l s .  N i t r i f i c a t i o n  r a t e s  and th e  q u a n t i t i e s  o f  n i t r a t e  p lus  

n i t r i t e  produced with  a l f a l f a  and sugar  b e e t  (Table 4) r e f l e c t e d  both  

t h e  d i f f e r e n c e s  in n i t r o g e n  c o n t e n t  o f  th e s e  two r e s id u e s  and th e  

r a t e s  of  a d d i t i o n .  The t r a n s f o r m a t io n  was most r a p id  and e x t e n s i v e  

with  a l f a l f a ,  which c o n ta in e d  3.45% N, fo l lowed  by sugar  b e e t  to ps  

which c o n ta in e d  1.51% N and l e a s t  with  corn and navy beans.

In t h e  ca s e  o f  navy bean r e s id u e s  (0.77% N) and corn (0.80% N) 

th e  a d d i t i o n  o f  2 g/Kg had no e f f e c t  on n i t r i f i c a t i o n  as compared 

with  th e  c o n t r o l .  At h i g h e r  r a t e s ,  n i t r i f i c a t i o n  was s e v e re l y  de lay ed .  

These d e lay s  occu r red  even though l e v e l s  o f  exchangeable  NhJ (Tab le 3) 

were no lower than  many o f  those  a s s o c i a t e d  with  high n i t r i f i c a t i o n  

r a t e s  in  s o i l s  amended w i th  a l f a l f a  o r  sugar  b e e t s .

Thus,  t h e  f a i l u r e  o f  n i t r a t e  to  accumula te normally a t  h ig h e r  

r a t e s  o f  wide C/N r a t i o  r e s i d u e s  in t h i s  s tudy  does not  appea r  to  have 

been due to  c o m p e t i t iv e  im m obi l iza t ion  o f  NH^, th e  s u b s t r a t e  f o r  t h e  

f i r s t  s t e p  in  n i t r i f i c a t i o n .  R a the r ,  i t  would appear  t h a t  NO2  a n d /o r  

NÔ  were removed by o t h e r  t r a n s f o r m a t io n s  as r a p i d l y  as formed.  

P roces ses  t h a t  u t i l i z e  NOg a n d /o r  NÔ  inc lude  microb ia l  a s s i m i l a t i o n ,  

m ic ro b ia l  d e n i t r i f i c a t i o n  and r e a c t i o n  o f  N0 ^ with o rgan ic  compounds 

a t  a c i d  pH. These r e a c t i o n s  o f  NÔ  can r e s u l t  in both chemical 

im m obi l iza t ion  and chemical d e n i t r i f i c a t i o n  (17) .
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Table 4.  E f f e c t  o f  ty p e  and r a t e  o f  crop r e s id u e s  and t ime of
i n c u b a t io n  on th e  c o n c e n t r a t i o n  o f  n i t r a t e  p lus  n i t r i t e

Residue Rate
N added 
in  r e s id u e

N i t r a t e  p lu s  n i t r i t e  n i t r o g e n  

Incuba t ion  t ime (days)

0 21 42 63

g/kg mg/kg —

Check 0 * — 0.9 16.5 26.1 30.8

A l f a l f a 2 69 1.5 26.2 39.5 50.6
1 0 345 3 .1 66.4 81 .4 83.9
50 1725 6 .4 207.0 241.0 277.0

Navy bean 2 15 1.5 17.1 18.8 30.9
1 0 79 1.5 1.3 1.3 8 . 6

50 387 1.5 1.5 1.5 44 .5

Corn 2 16 1.5 1 1 . 2 26.1 31.4
1 0 80 1.5 1.3 6 .7 1 1 . 0

50 400 1.5 1 . 1 0.9 0.9

Sugar b e e t 2 30 1.3 15.5 30.9 37.1
1 0 151 1.5 13.5 33.1 41 .7
50 755 1.5 19.0 95.8 99.8

LSD0.05
( 3 - way i n t e r a c t i o n ) 1 1 . 6

Values a t  ze ro  r a t e  n o t  in c luded  in ANOVA
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Changes in  Organ ic  N F r a c t i o n s

In F ig s .  5 to  3 ,  da ta  f o r  n i t r a t e  p lus  n i t r i t e  a r e  compared 

g r a p h i c a l l y  with  r e c o v e r i e s  o f  N in o rg an ic  forms a t  th e  50 g/kg  r a t e  

o f  a d d i t i o n .  I t  shou ld  be no ted t h a t  NHg recovered  in th e  h yd ro lyza ­

b l e  f r a c t i o n  (AN) would have inc luded  t h e  exchangeable  NĤ  in  Table 3.

Because t h e  va lues  were low, exchangeable  NHjJ was no t  broken ou t  

s e p a r a t e l y  in t h e  f i g u r e s .  P a t t e r n s  o f  change in t h e  AN f r a c t i o n  or  

in t o t a l  o rg an ic  N (TON) would not  have been a l t e r e d  a p p r e c i a b ly  i f
•J*

t h i s  mineral  f r a c t i o n  had been exc luded .  I f  p r e s e n t ,  NĤ  f i x e d  by 

c l a y  m ine ra l s  would have a l s o  c o n t r i b u t e d  t o  AN. However, i t  i s  

u n l i k e l y  t h a t  much f i x e d  NĤ  would have been p r e s e n t  in t h i s  sandy 

loam s o i l .

Changing l e v e l s  o f  o rg a n ic  N (TON) in  F ig s .  5 to  7 r e f l e c t e d

n e t  m i n e r a l i z a t i o n  to  NOg a n d / o r  NO3 . In th e  case  o f  corn (F ig .  8 ) ,

TON accounted  f o r  t o t a l  N (TN) in t h e  system because  n e t  n i t r i f i c a t i o n  

d id  n o t  occur .

Total  Hydro lyzable N and Nonhydrolyzable N

In th e  case  o f  a l f a l f a  (F ig .  5) and sugar  b e e t  tops  (F ig .  6 ) ,  

changes in TON were due mainly t o  changes in t o t a l  hyd ro lyza b le  N (THN). 

Changes in t h e  nonhydrolyzable  f r a c t i o n  (NHN) were sm al l .

By c o n t r a s t ,  changes in TN and TON with  t h e  two low N r e s i ­

dues (F ig s .  7 and 8 ) r e f l e c t e d  changes in both h yd ro lyza b le  and non­

hyd ro lyzab le  forms.  With both  navy beans and c o rn ,  i n c r e a s e s  in NHN 

c o n t r i b u t e d  to  the  e a r l y  i n c r e a s e s  in TN and TON a t  21 days.
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In th e  case  of  navy beans (F ig .  7) s i g n i f i c a n t  l o s s e s  of  

N from th e  system dur ing  th e  l a s t  21 days (Table 5) were due to  

d ec re a se s  in both THN (Tab le 6 ) and NHN (Table  7 ) .  An a d d i t i o n a l  

d ec re a se  in o rgan ic  N (TON) was due t o  n e t  n i t r i f i c a t i o n .

With corn (F ig .  8 ) no acc um ula t ion  o f  n i t r a t e  o r  n i t r i t e  

occu r red .  I n s t e a d ,  i t  appeared  t h a t  a l a r g e  t r a n s f e r  o f  N from 

hyd ro lyza b le  t o  nonhydro lyzab le  f r a c t i o n  o ccu r red  during  th e  l a s t  2 1  

days.  As a r e s u l t ,  both  TN and TON remained e s s e n t i a l l y  unchanged.

Changes Among H ydrolyzable  Forms o f  N

The 3 - way i n t e r a c t i o n  p l o t t e d  in F ig s .  5 t o  8  f o r  th e  d i f f e r e n t

forms of  N in the  a c i d  h y d r o l y s a t e  a r e  t a b u l a t e d  in Table 8  t o  11.

P r o b a b i l i t i e s  f o r  main e f f e c t s  and i n t e r a c t i o n s  a r e  given in  Tables

1 and 2 ,  Appendix A.

A l f a l f a  system: In F ig .  5 , i t  appea rs  t h a t  much o f  t h e  N

t h a t  was l o s t  from a l f a l f a - a m e n d e d  s o i l  a t  t h e  h i g h e s t  r a t e  must 

have o r i g i n a t e d  in the  h y d ro ly z a b le  unknown f r a c t i o n  (HUN). A lso ,  

much o f  t h e  N t h a t  appeared  as NOg p lus  NOg must have o r i g i n a t e d  in 

t h e  HUN f r a c t i o n .

A l a r g e  i n c r e a s e  in  th e  h y d ro ly z a b le  ammonium f r a c t i o n  (AN) 

dur ing  th e  f i r s t  21 days i n d i c a t e s  t h a t  u n i d e n t i f i e d  HUN m a t e r i a l s  were 

f i r s t  conver ted  to  h y d ro ly z a b le  NĤ  a n d / o r  exchangeable  NĤ  be fo re  

e n t e r in g  in to  f u r t h e r  t r a n s f o r m a t i o n .

Gradual d e c r e a s e s  in  amino a c i d s  (AAN) may r e f l e c t  th e  r e c y c l ­

ing o f  a l f a l f a  p r o t e i n s  i n t o  a d e c l i n i n g  m icrob ia l  p o p u la t io n .  A



96

Table 5. E f f e c t  of  type  and r a t e  o f  c rop  r e s id u e s  and t ime of  
in c uba t ion  on t h e  c o n c e n t r a t i o n  o f  t o t a l  N

Tota l  n i t r o g e n  (TN)

Incuba t ion  t ime (days)

Residue Rate 0 2 1 42 63

9 /kg - - - - - - -  my/ *.y - - - - - - - - - - -

Check 0 + 565 605 619 604

A l f a l f a 2 711 731 751 799

1 0 811 855 790 760

50 1483 1334 1299 1271

Navy bean 2 648 612 694 644

1 0 695 692 709 676

50 808 856 855 795

Corn 2 6 6 6 693 722 728

1 0 697 745 707 697

50 767 851 816 826

Sugar b e e t 2 697 657 653 637

1 0 712 719 704 701

50 965 924 986 930

LSD0.05 (3-way i n t e r a c t i o n )  38

4*' Values a t  zero  r a t e  n o t  inc luded  in  ANOVA.
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Table 6 . E f f e c t  o f  ty p e  and r a t e  o f  crop r e s i d u e s  and th e  t ime of  
inc u b a t io n  on th e  c o n c e n t r a t i o n  o f  t o t a l  hyd ro lyza b le  
n i t ro g e n

Residue Rate

Total h y d ro ly za b le  n i t r o g e n  (THN)

Incuba t ion  t ime (days)

0 2 1 42 63

n / \tn9/ K9 ---------------U|y/ -

Check 0 + 498 531 552 521

A l f a l f a 2 557 526 542 534
1 0 699 607 628 594
50 1276 948 901 804

Navy bean 2 550 540 523 488
1 0 576 572 592 524
50 698 627 696 631

Corn 2 471 505 521 504
1 0 553 547 588 546
50 652 704 709 625

Sugar b e e t s 2 557 546 506 519
1 0 591 577 577 570
50 839 774 732 697

LSD0.05 (3 - way i n t e r a c t i o n ) 64

^ V a l u e s  f o r  zero r a t e  n o t inc luded  in AN0VA.
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T a b le  7. E f f e c t  o f  t y p e  and r a t e  o f  c ro p  r e s i d u e s  and t im e  o f
i n c u b a t i o n  on t h e  c o n c e n t r a t i o n  o f  n o n h y d r o l y z a b l e  N

Nonhydrolyzable N (NHN)^*

Incuba t ion  t ime (days)

Residue Rate 0 21 42 63

Check

g/kg

0 $ 67

..........  mg/kg

74 67 83

A l f a l f a 2 153 179 169 214
1 0 109 182 80 82
50 2 0 0 179 157 191

Navy bean 2 97 55 152 126
1 0 117 119 115 147
50 157 228 158 119

Corn 2 194 177 175 192
1 0 142 197 113 140
50 114 146 106 2 0 0

Sugar b e e t 2 140 95 116 81
1 0 119 128 114 89
50 125 132 137 133

LSDn nt; (3-way i n t e r a c t i o n ) NS

*^NHN = Nonhydrolyzable N = TN -  THN 

^ V a l u e s  a t  ze ro  r a t e  n o t  in c luded  in  ANOVA
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Table 8 . E f f e c t  o f  type  and r a t e  o f  crop  r e s i d u e s  and t ime of  
i n c u b a t io n  on the  c o n c e n t r a t i o n  o f  hydro lyzab le  
unknown N

Hydrolyzable unknown n i t r o g e n  (HUN)'

Residue Rate

Incuba t ion  t ime (days)

0 2 1 42 63

n / kn mn/lsn _ _ _ _ _ _ _ _ _9/*9 my/*y - - - - - - - - -

Check 0 $ 79 150 131 - 103

A l f a l f a 2 181 114 84 .0 67 .2
1 0 207 116 89.1 88 .5
50 578 233 195 128

Navy bean 2 151 135 73.8 62 .9
1 0 119 182 98.2 70.5
50 184 152 143 93.4

Corn 2 152 1 1 0 51.2 92 .0
1 0 164 119 1 0 1 76.9
50 198 251 166. 84 .4

Sugar b e e t 2 2 1 1 141 80.7 95.3
1 0 243 132 82 .3 1 0 0

50 351 188 103.2 149

LSD0.05
(3-way i n t e r a c t i o n ) 8 8 . 6

*  HUN = Hydrolyzable  unknown N = Total hyd ro ly za b le  N
(Ammonium N + amino a c i d N + amino sugar  N)

t V a l u e s : a t  ze ro  r a t e i no t  inc luded  in AN0VA
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T a b le  9 .  E f f e c t  o f  t y p e  and r a t e  o f  c ro p  r e s i d u e s  and t im e  o f  i n c u ­
b a t i o n  on t h e  c o n c e n t r a t i o n  o f  h y d r o l y z a b l e  ammonium N

Hydrolyzable ammonium n i t ro g e n (AN)*

Incuba t ion  t ime (days)

Residue Rate 0 2 1 42 63

9/kg - mg/kg ----------------

Check 0 * 141 165 168 172

A l f a l f a 2 113 168 162 166
1 0 133 198 192 184
50 2 0 1 306 271 287

Navy beans 2 1 2 1 156 167 162
1 0 157 159 161 168
50 129 170 176 171

Corn 2 97 160 180 159
1 0 132 148 166 166
50 137 164 180 176

Sugar b e e t 2 133 170 179 160
1 0 137 167 188 183
50 145 217 232 215

LSD0.05 (3-way i n t e r a c t i o n ) 24, . 6

*AN = h y d ro ly z a b le  ammonium N in c lud ing  exchangeable  NĤ  

3*Values a t  ze ro  r a t e  n o t  inc luded  in ANOVA
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Table 10. E f f e c t  o f  ty p e  and r a t e  o f  crop r e s i d u e s  and t ime of  
in c u b a t io n  on t h e  c o n c e n t r a t i o n  o f  amino a c i d  N.

Residue Rate

Amino a c i d  n i t r o g e n  (AAN)

Incuba t ion  t ime (days)

0 2 1 42 63

r» /  |/n mnf V n  ____________9/ K9 •'iy/Ny - - - - - - - - - -

Check - 0  + 186 158 136 136

A l f a l f a 2 155 180 194 2 0 2

1 0 274 225 242 218
50 396 349 328 321

Navy beans 2 226 188 205 192
1 0 242 185 234 2 0 0

50 236 249 291 279

Corn 2 147 179 2 2 2 194
1 0 194 226 236 242
50 242 235 292 287

Sugar b ee t s 2 155 184 2 0 2 192
1 0 178 227 236 223
50 274 305 321 272

LSDq q5  (any comparison) 46.3

Values a t  ze ro r a t e  n o t in c luded in  ANOVA.
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Table 11. E f f e c t  o f  type  and r a t e  o f  crop  r e s i d u e s  and t ime of  
incuba t ion  on th e  c o n c e n t r a t i o n  of  amino sugar N.

Amino sugar n i t r o g e n  (ASN)

Incuba t ion  t ime (days)

Residue Rate 0 2 1 42 63

g/kg m g / k g .....................

Check 0 + 119.0 58.0 67 .0 60 .0

A l f a l f a 2 108 65.3 1 0 2 98.9
1 0 8 6 . 0 6 8 . 1 105 104.0
50 1 0 2 70.8 107 69.3

Navy bean 2 52.7 61.9 77.7 71.0
1 0 58.2 46 .5 99.8 85.1
50 103 55.3 8 6 . 1 87 .8

Corn 2 74.9 56.4 68.4 58.4
1 0 63.8 54.2 85 .0 61.9
50 74.9 53.5 71.6 77.6

Sugar bee t 2 58.2 51.9 44.3 71.2
1 0 63.8 51.9 70.3 63.8
50 69.4 64.3 75.8 61.9

lsdo . o5 (3-way i n t e r a c t ! on) 27.4

"^Values a t  zero  r a t e  n o t  inc luded  in  ANOVA.
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s i g n i f i c a n t  in c r e a s e  in amino sugars  (ASN) from 21 days t o  42 days 

would be c o n s i s t e n t  w i th  n e t  s y n t h e s i s  by th e  m ic rob ia l  p o p u la t io n .

Sugar b e e t  sys tem : I t  would appea r  t h a t  with  sugar  b e e t s  as

with  a l f a l f a ,  N l o s t  d u r ing  t h e  f i r s t  21 days and N n i t r i f i e d  dur ing 

th e  f i r s t  42 days must have o r i g i n a t e d  in th e  HUN f r a c t i o n  (F ig .  6 ) .  

Also ,  i t  would a p p e a r  t h a t  HUN m a t e r i a l s  were f i r s t  conver ted  to  

h yd ro lyza b le  NĤ  a n d / o r  exchangeab le  NĤ  b e fo re  be ing t rans fo rm ed  

f u r t h e r .

The ev idence  t h a t  N may have been added to  the  system between 

21 and 42 days may r e f l e c t  th e  lower  N c o n t e n t  and wider C/N r a t i o  

o f  sugar  b e e t s  as  compared with  a l f a l f a .  The a p p a re n t  i n c r e a s e  a t  

t h i s  t ime and th e  a p p a r e n t  l o s s  o f  N dur ing  th e  l a s t  21 days a f f e c t e d  

a l l  f r a c t i o n s  excep t  HUN.

The r a t e  of  n i t r i f i c a t i o n  l e v e l e d  o f f  a f t e r  42 days .  This  

would be c o n s i s t e n t  with  d e n i t r i f i c a t i o n  as  th e  mechanism f o r  N lo s s  

a t  t h i s  t ime.

Navy bean s ys tem : The i n i t i a l  in c r e a s e  in  TN and TON in

F ig .  7 was r e f l e c t e d  mainly  in  NHN and the  AN f r a c t i o n s .  This  would 

seem to  suppor t  t h e  view t h a t  a d d i t i o n s  o f  N to  t h e  system were due 

t o  a d s o rp t io n  o f  NHg from th e  atmosphere .  The added NHg would 

be expec ted  to  accumula te  f i r s t  a t  a c t i v e  s u r f a c e  s i t e s  in th e  AN 

f r a c t i o n  befo re  being  f i x e d  in more s t a b l e  combinat ions  in the  NHN 
f r a c t i o n .  I f  b i o l o g i c a l  N g - f i x a t i o n  had occur red  i t  would be expec ted 

to  appear  f i r s t  in recogn ized  m e tabo l i c  p roduc ts  such as  amino 

a c i d s  and amino s u g a r s .  In f a c t ,  i n c r e a s e s  in AAN and ASN occurred
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l a t e r  and a t  th e  expense o f  N t h a t  p r e v io u s ly  accumula ted  in  th e  NHN 

f r a c t i o n .

Apparent  l o s s e s  o f  N from th e  system dur ing  th e  l a s t  21 days 

invo lved  mainly d e c re a se s  in NHN and HUN. However, i t  i s  l i k e l y  t h a t  

t h i s  n i t r o g e n  was f i r s t  n i t r i f i e d  and then l o s t  by e i t h e r  b i o l o g i c a l  

o r  chemical d e n i t r i f i c a t i o n .  The low pH of  th e  s o i l  (pH 5 .5 )  would 

have f avo red  chemical d e n i t r i f i c a t i o n .

Corn sys tem: I n c r e a s e s  in TN dur ing  th e  f i r s t  21 days (F ig .  8 )

involved  i n c re a s e s  in both  AN and NHN, b u t  a l s o  in HUN. In c r e a s e s  in 

i d e n t i f i a b l e  m e tabo l ic  p roduc ts  (AAN and ASN) d id  n o t  occur  u n t i l  

l a t e r .  Again,  t h i s  i s  ev idence  t h a t  a d s o rp t io n  of  NH-j, r a t h e r  than  

N2 " f i x a t i o n ,  was r e s p o n s i b l e  f o r  inc re ased  N in  the  system.

As in the  o t h e r  t h r e e  systems,  th e  h yd ro lyza b le  NH  ̂ f r a c t i o n  

(AN) appea rs  to  r e p r e s e n t  N he ld  t r a n s i t i o n a l l y  by a c t i v e  s u r f a c e  

groups .  I t s  e q u i l i b r i u m  le v e l  did  no t  f l u c t u a t e  w id e ly ,  bu t  the  f l u x  

o f  N through t h i s  s t a g e  was undoubtedly  high .

The HUN f r a c t i o n  may r e p r e s e n t  an o th e r  t r a n s i t i o n a l  phase 

th rough which N compounds and complexes of  i n t e r m e d i a t e  weight  pass 

en r o u te  to  and from l a r g e r  and more s t a b l e  complexes in t h e  NHN 

f r a c t i o n .  Thus,  dur ing  th e  l a s t  21 days of  i n c u b a t io n ,  i t  appea rs  t h a t  

NHN in c re as ed  d i r e c t l y  a t  th e  expense of  th e  HUN f r a c t i o n  (F ig .  8 ) .

The same th in g  happened a t  t h i s  t ime in the  a l f a l f a  system (F ig .  5 ) .  

S im i l a r  r e c i p r o c a l  changes between th e s e  two f a c t i o n s  had occur red  

dur ing the  f i r s t  21 days with  navy beans (F ig .  4) and dur ing  l a t e r  

s t a g e s  of  incuba t ion  with  sugar  b e e t s  (F ig .  3 ) .
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N i t r i t e  o r  n i t r a t e  d id  n o t  accumula te  a t  any t ime in  the  

corn  system (F ig .  8 ) .  I t  must be assumed t h a t  a c t i v e  n i t r i f y i n g  

p o p u la t io n s  were p r e s e n t  because t r a c e  l e v e l s  were m a in ta ined  

(Tab le 4 ) .  I t  i s  p o s s i b l e  t h a t  n i t r i t e  may have been s i d e t r a c k e d  

i n t o  r e a c t i o n s  l e a d in g  t o  s t a b l e  o rg an ic  combinat ions  and t h a t  th e s e  

r e a c t i o n s  may have been invo lved  in t h e  t r a n s f e r  o f  N from th e  HUN 

f r a c t i o n  to  NHN dur ing  t h e  l a s t  21 days.



SUMMARY

A l f a l f a  t o p s ,  navy bean s t r a w ,  corn  s t o v e r  and sugar  b e e t  

tops  a t  0 ,  2,  10,  and 50 g/kg  were i n c o rp o ra te d  in  a Hodunk sandy loam 

s o i l .  Changes in c o n c e n t r a t i o n  and d i s t r i b u t i o n  of  N forms were 

fo l lowed  over  a 63-day in c u b a t io n  p e r io d .

P a t t e r n s  o f  n i t r o g e n  t r a n s f o r m a t io n  and d i s t r i b u t i o n s  o f  N 

in d i f f e r e n t  forms were e s s e n t i a l l y  u n a f f e c t e d  by th e  a d d i t i o n s  o f  the  

d i f f e r e n t  r e s i d u e s  a t  t h e  2 g/kg r a t e .  N i t r i f i c a t i o n  r a t e s  and th e  

q u a n t i t i e s  o f  NOg p lus  NO  ̂ produced in c re as ed  with  th e  r a t e  o f  a d d i ­

t i o n  o f  r e s i d u e s  high  in N ( a l f a l f a  t o p s ,  3.45% N, and s u g a r  b e e t  

t o p s ,  1.51% N). In the  ca s e  o f  low N m a t e r i a l s  (navy bean s t raw  and 

corn s t o v e r ,  both  about  0.8% N), n e t  n i t r i f i c a t i o n  was de layed  a t  

h ig h e r  r a t e s  o f  a d d i t i o n .  At 50 g /k g ,  no more than  t r a c e  q u a n t i t i e s  

of  NO3  p lus  N0 g were encoun te red  a t  any t ime with  th e  corn amendment. 

Some rec o v e r in g  o f  n i t r i f y i n g  c a p a c i t y  in  the  high r a t e  bean system 

was a p p a re n t  in th e  l a s t  sampling (63 days ) .

These d i f f e r e n t  p a t t e r n s  o f  n i t r a t e  accumula t ion  dem ons t ra te  

t h e  e f f e c t  o f  C/N r a t i o  on the  ba lance  between n e t  m i n e r a l i z a t i o n  and 

n e t  im m ob i l iz a t ion  c f  N as  p l a n t  r e s id u e  carbon i s  con v e r ted  to  CO2  

and m ic rob ia l  c e l l s  and p ro d u c ts .  Major l o s s e s  o f  carbon occu r red  

dur ing  t h e  f i r s t  2 1  days o f  i n c u b a t io n ,  bu t  con t inued  a t  d e c r e a s in g  

r a t e s  through th e  63rd day.  Changes in t o t a l  N (TN) and d i f f e r e n t i a l
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e f f e c t s  on f r a c t i o n a l  forms o f  N were most pronounced a t  th e  h ig h e s t  

r a t e  o f  r e s i d u e  a d d i t i o n  (50 g / k g ) .

Large l o s s e s  o f  N occu r red  dur ing  th e  f i r s t  42 days from the  

h i g h e s t  r a t e  o f  a l f a l f a  and sugar  b e e t  t o p s .  Losses o f  N from th e s e  

narrow C/N systems were a s c r i b e d  to  v o l a t i l i z a t i o n  o f  NHg. In c rea s es  

in h yd ro lyza b le  ammonium (AN), i n c lu d in g  t r a n s i e n t l y  high l e v e l s  of  

exchangeable NĤ  were c o n s i s t e n t  w ith  th e  i n t e r p r e t a t i o n  t h a t  r a p id  

r e s p i r a t o r y  l o s s  o f  C was accompanied by n e t  m i n e r a l i z a t i o n  o f  N, 

a t  r a t e s  t h a t  exceeded th e  s o i l ' s  c a p a c i t y  to  adsorb and s t a b i l i z e  

the  r e l e a s e d  NHg. D e n i t r i f i c a t i o n  d id  no t  appear  to  be r e s p o n s ib l e  

f o r  l o s s e s  o f  N dur ing  t h e  f i r s t  42 days in  th e s e  two sys tems ,  s in ce  

NOg accumula ted  a t  r a p id  and uni form r a t e s  over  t h i s  p e r io d .

On th e  o t h e r  hand,  t h e  a d d i t i o n  of  wide C/N m a t e r i a l s  (navy 

beans and corn )  a t  high  r a t e s  r e s u l t e d  in s i g n i f i c a n t  i n c r e a s e s  in 

t o t a l  N dur ing  th e  f i r s t  21 days .  These i n c r e a s e s  were a s c r ib e d  to  

a d s o rp t io n  o f  NHg v o l a t i l i z e d  from a l f a l f a  and sugar  b e e t  systems 

and t r a n s f e r r e d  by d i f f u s i o n  th rough  th e  conf ined  atmosphere of  the  

growth chamber. The i n c r e a s e s  in  TN were accounted  f o r  by i n c re a s e s  

in the  nonhydro lyzab le  f r a c t i o n  (NHN), hyd ro lyza b le  ammonium (AN), 

and u n i d e n t i f i e d  h y d ro ly z a b le  forms (HUN). I n c r e a s e s  in r eco g n izab le  

m e tabo l ic  p roduc ts - -am ino  a c i d s  (AAN) and amino sugars  (ASN)--did not  

occur u n t i l  l a t e r .  This was taken  as  ev idence  t h a t  th e  i n i t i a l  

i n c r e a s e s  in TN were due t o  a d s o r p t i o n  of  NHg r a t h e r  than to  b i o ­

l o g i c a l  N2  f i x a t i o n .

S i g n i f i c a n t  l o s s e s  of  N occur red  dur ing  th e  l a s t  21 to  42 

days from th e  high  r a t e  sys tems.  These appeared  to  have been due
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to  d e n i t r i f i c a t i o n ,  s i n c e  th e  r a t e  o f  n i t r a t e  accumula t ion was 

s h a rp ly  c u r t a i l e d  with  a l f a l f a  and sugar  b e e t s  and con t inued  to  be 

s t r o n g l y  r e p re s s e d  in  t h e  p resence  o f  beans and co rn .  The low pH 

o f  t h e  s o i l  (pH 5 .5 )  would have favo red  chemical d e n i t r i f i c a t i o n  by 

s i d e t r a c k i n g  r e a c t i o n s  o f  n i t r i t e .  A lso ,  th e  more r e a d i l y  a v a i l a b l e  

energy s u b s t r a t e s  to  s u p p o r t  b i o l o g i c a l  d e n i t r i f i c a t i o n  would have 

been l a r g e l y  d i s s i p a t e d  dur ing  th e  f i r s t  s eve ra l  days of  in c u b a t io n .

S i g n i f i c a n t  i n c r e a s e s  and d e c re ase s  in amino a c i d s  and amino 

sugars  sugges t  t h a t  m ic rob ia l  p o p u la t io n s  may have reached peak 

numbers sometime between t h e  2 1 s t  and 42nd day o f  in c u b a t io n .  How­

e v e r ,  i t  appeared t h a t  much l a r g e r  q u a n t i t i e s  o f  N were a c t i v e l y  

cyc led  over the  e n t i r e  in c u b a t io n  pe r io d  by t r a n s f o r m a t io n s  in vo lv ing  

th e  HUN and NHN f r a c t i o n s .

Rec iproca l  changes  in t h e  HUN and NHN f r a c t i o n s  sugges t  t h a t  

HUN m a t e r i a l s  r e p r e s e n t  a t r a n s i t i o n a l  phase th rough which N in  com­

pounds o f  i n t e rm e d i a t e  m o lecu la r  weight  passes  en r o u t e  to  and from

l a r g e r  a n d / o r  more s t a b l e  complexes in t h e  NHN f r a c t i o n .
+

The AN f r a c t i o n  (which in c luded  exchangeable NH^) probably  

r e p r e s e n t s  N he ld  t r a n s i e n t l y  by a c t i v e  s u r f a c e  groups .  I t s  e q u i l i b r i u m  

le v e l  d id  not  f l u c t u a t e  w id e ly ,  as  i s  to  be expec ted  i f  q u a n t i t i e s  

p r e s e n t  depend p r i m a r i l y  on a c t i v e  s u r f a c e  a r e a .  N e v e r th e l e s s ,  the  

f l u x  of  N through t h i s  phase was undoubtedly  h igh .  Ammonia e n t e r i n g  

the  system from th e  e x t e r n a l  atmosphere or  r e l e a s e d  w i th in  th e  systems 

by m i n e r a l i z a t i o n  would l i k e l y  appear  f i r s t  a t  s u r f a c e  s i t e s  be fo re  

e n t e r i n g  in to  f u r t h e r  t r a n s f o r m a t i o n s  such as microb ia l  im mobi l iza­

t i o n ,  n i t r i f i c a t i o n ,  v o l a t i l i z a t i o n  and chemical condensa t ion  to  form



109

humic complexes o f  v a ry in g  s t a b i l i t y  to  be found in t h e  HUN and NHN 

f r a c t i o n s .



CONCLUSIONS

The observed d i s t r i b u t i o n s  o f  N may have r e s u l t e d ,  in  p a r t ,  

from a r t i f a c t s  o f  a c i d  h y d r o l y s i s -  N e v e r th e l e s s ,  th e  d a t a  i n d i c a t e  

t h a t  f r a c t i o n a l  a n a ly se s  based on a c i d  h y d ro ly s i s  can be used to  

d i f f e r e n t i a t e  a number o f  chem ica l ly  d i s t i n c t  c a t e g o r i e s  o f  N com­

pounds t h a t  appear  t o  e x i s t  in  dynamic s e q u e n t i a l  r e l a t i o n s h i p s ,  one 

t o  a n o th e r .

The b a s i c  t r a n s f o r m a t io n  l e a d in g  to  changing d i s t r i b u t i o n s  o f  

N was undoubtedly  the  r e s p i r a t o r y  disengagement o f  COg by t h e  s o i l  

h e t e r o t r o p h i c  p o p u la t io n .  The most a c t i v e l y  f l u c t u a t i n g  f r a c t i o n s  

were recovered  in t h e  h y d r o ly s a t e .

One-ha l f  o r  l e s s  o f  th e  hyd ro lyza b le  N was in r e c o g n iz a b le  

p roduc ts  o f  m icrob ia l  s y n t h e s i s .  Thus, much of  th e  a c t i v e  c y c l in g  

o f  N may have involved  s t r i c t l y  chemical a n d /o r  phys ica l  t r a n s f o r m a t i o n s  

in th e  e x t r a c e l l u l a r  envi ronment.

Nonenzymatic p ro ces s e s  i n f e r r e d  from th e  da ta  inc luded  

v o l a t i l i z a t i o n  and a d s o r p t i o n  o f  NHg, sequences o f  p o ly m e r iz a t io n  and 

depo lym er iza t ion  inv o lv in g  p r e c u r s o r s  and components o f  f u l v i c  and 

humic a c i d s ,  and r e a c t i o n s  of  n i t r o u s  ac id  l e a d in g  to  both  chemical 

im mobil iza t ion  and chemical d e n i t r i f i c a t i o n .

These co n c lu s io n s  were based mainly on r e s u l t s  a t  t h e  50 g/kg 

r a t e  o f  amendment. S e q u en t ia l  changes were not  c l e a r l y  exp res sed  a t

1 1 0
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more p r a c t i c a l  lower r a t e s .  N e v e r th e l e s s ,  s i m i l a r l y  high  concen­

t r a t i o n s  o f  p l a n t  exuda tes  and r e s i d u e s  undoubtedly  a t t a i n  in  micro­

h a b i t a t s  under normal management in the  f i e l d  and both  b i o l o g i c a l  

and n o n b io lo g ica l  p ro c e s s e s  a r e  s i m i l a r l y  invo lved .
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Table  1. P r o b a b i l i t i e s  f o r  s i g n i f i c a n c e  o f  main e f f e c t s  and i n t e r a c t i o n s  o f  r e s i d u e s ,  r a t e s ,
and  t im es  on a n a l y s e s  f o r  c a rbon  and forms o f  n i t r o g e n .

Parameter Source of  v a r iance

Measured Residence (R) Rate (A) Time (T) R x A R x T A x T R x A x T

Degrees of  Freedom 3 2 3 6 9 6 18

n = 36 48 36 1 2 9 1 2 3

Total  N 0 . 0 1 0 . 0 1 0.05 0 . 0 1 0 . 0 1 0 . 0 1 0 . 0 1

Total  hydro lyzab le  N 0 . 0 1 0 . 0 1 0 . 0 1 0 . 0 1 0 . 0 1 0 . 0 1 0 . 0 1

Hydrolyzable ammonimum N 0 . 0 1 0 . 0 1 0 . 0 1 0 . 0 1 0 . 0 1 0.05 NS

Amino a c i d  N 0 . 0 1 0 . 0 1 0.05 0 . 0 1 NS NS 0.05

Amino sugar  N 0 . 0 1 NS 0 . 0 1 NS NS NS NS

Hydrolyzable unknown N 0 . 0 1 0 . 0 1 0 . 0 1 0.05 0 . 0 1 0.05 0.05

Nonhydrolyzable N 0 . 0 1 0 . 0 1 NS 0 . 0 1 NS 0.05 NS

Exchangeable NĤ 0 . 0 1 0 . 0 1 0 . 0 1 0 . 0 1 0 . 0 1 0 . 0 1 0 . 0 1

N i t r a t e  + n i t r i t e  N 0 . 0 1 0 . 0 1 0 . 0 1 0 . 0 1 0 . 0 1 0 . 0 1 0 . 0 1

Organic C 0 . 0 1 0 . 0 1 0 . 0 1 NS NS 0 . 0 1 NS



Tab le  2. P r o b a b i l i t i e s  f o r  s i g n i f i c a n c e  o f  main e f f e c t s  and i n t e r a c t i o n s  o f  r e s i d u e s ,  r a t e s ,
and t im es  on t h e  p r o p o r t i o n  { %  o f  t o t a l  N) o f  f r a c t i o n a l  forms o f  N.

Parameter
measured

Source of v a r iance

Residue (R) Rate (A) Time (T) R x A R x T A x T R x A x T

Degrees o f  Freedom 3 2 3 6 9 6 18

n = 36 48 36 12 9 12 3

Total  hydro lyzab le  N 0.01 0.05 0.01 0.01 0.05 0.05 NS

Hydrolyzable ammonium N 0.01 0.01 0.01 0.05 0.05 0.05 NS

Amino a c i d  N 0.01 0.01 0.01 0.05 0.05 NS 0.05

Amino sugar N 0.01 0.01 0.01 0.01 NS NS NS

Hydrolyzable unknown N NS NS 0.01 NS NS NS NS

Nonhydrolyzable N 0.01 0.01 N.S. 0.01 N.S. 0.05 NS
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T a b le  3 .  E f f e c t  o f  t y p e  and r a t e  o f  c r o p  r e s i d u e s  and t im e  o f
i n c u b a t i o n  on t h e  c o n c e n t r a t i o n  o f  t o t a l  o r g a n i c  n i t r o g e n .

Residue Rate

Total  o rgan ic  n i t r o g e n  (TON)^

Incuba t ion  t ime (days)

0 21 42 63

g/kg -------------------  mg/kg -

Check o i 564 589 593 573

A l f a l f a 2 710 705 712 748
10 808 789 709 676
50 1477 1127 1058 994

Navy bean 2 647 595 675 613
10 694 691 707 667
50 807 855 854 751

Corn 2 665 682 696 697
10 696 745 700 686
50 766 850 815 825

Sugar b e e t 2 696 642 622 600
10 711 706 671 659
50 964 905 890 830

LSD0.05 (3-way i n t e r a c t i o n )  NS

1 TON = Tota l  Organic  N = Total  N -C  ( N i t r a t e  + n i t r i t e  N)

t  Values a t  ze ro  t ime n o t  inc luded  in ANOVA
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Table 4.  E f f e c t  o f  c rop  r e s i d u e  type  and t ime o f  i n c u b a t io n  on the  
p ro p o r t i o n  o f  t o t a l  N as  t o t a l  h y d ro ly za b le  N.

Tota l  h y d ro ly za b le  N (exp re s sed  as  % o f  t o t a l  N)

Incuba t ion  t ime (days)

Residue 0 21 42 63 Residue  M<

A l f a l f a 83.6 71.3

% ------------

73.7 69 .5 74.5

Navy bean 84.6 81 .5 80 .2 71.5 80.9

Corn 78.3 76.7 80.6 74.5 77.5

Sugar b e e t 83.3 82 .5 78.6 79.2 80 .9

Time mean 82 .5 77.9 78.3 75.2

LSD0.05
( 2-way i n t e r a c t i o n ) 4 .8
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T a b le  5. E f f e c t  o f  t y p e  and r a t e  o f  c ro p  r e s i d u e s  on t h e  p r o p o r t i o n
o f  t o t a l  N a s  t o t a l  h y d r o l y z a b l e  N.

Total  hydro lyzab le  N (ex p re s sed  as % o f  t o t a l  N)

Residue r a t e (g /kg)

Residue 0* 2 10 50 Residue  Mean

A l f a l f a

................. .............% -

87 .7  72.4 78.7 72.4 77.8

Navy bean 87.7  81.1 81.7 80.1 82 .6

Corn 87 .7  71.6 78.7 82.4 80.1

Sugar b e e t 87 .7  80 .5 81.7 8 0 .5 82 .6

Rate mean 87 .7  76.4 80.2 78.8

LSD0.05 (2-way i n t e r a c t i o n ) 4 .2

^ V a lu e s  a t  zero  r a t e  not  inc luded  in ANOVA.
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Tab le  6 .  E f f e c t  o f  c r o p  r e s i d u e  r a t e  and t ime o f  i n c u b a t i o n  on
t h e  p r o p o r t i o n  o f  t o t a l  N a s  t o t a l  h y d r o l y z a b l e  N.

Tota l  hyd ro lyza b le  N (expressed  as  % o f  t o t a l  N)

Incuba t ion time (days)

Rate 0 21 42 63 Rate Mean

9/k g % --------------

ot 77.4 76.6 75.6 74.7 76.1

2 78.4 79.4 74.3 73.4 76.4

10 82.9 76.6 82.1 78.8 80 .2

50 8 6 .0 77.7 78.3 73.3 78.8

Time mean 81 .2 77.6 77.6 75.1

LSD0.05
( 2-way i n t e r a c t i o n ) 4 .2

1"Values a t  ze ro  r a t e  n o t  inc luded  in ANOVA
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T a b le  7. E f f e c t  o f  t y p e  and r a t e  o f  c ro p  r e s i d u e  on t h e  c o n c e n t r a ­
t i o n  o f  n o n h y d r o l y z a b l e  N.

Nonhydrolyzable N ^

Residue r a t e  (g /kg)

Residue 0 ^  2 10 50 Residue Mean

mg/kg

A l f a l f a 70.0 178.8 113.2 181.7 135.9

Navy bean 70.0 107.2 124.6 153.7 113.9

Corn 70.0 184.4 147.7 141.7 135.9

Sugar b e e t 70.0 107.8 107.5 131.7 104.2

Rate mean 70.0 144.6 123.2 152.2

LSD0.05 (2-way i n t e r a c t i o n ) 34.7

^ Nonhydrolyzable N = Total  N - Total  h yd ro lyza b le  N 

$  Values a t  zero  r a t e  no t  inc luded  in ANOVA



124

T a b le  8 .  E f f e c t  o f  r e s i d u e  r a t e  and  t im e  o f  i n c u b a t i o n  on t h e
c o n c e n t r a t i o n  o f  n o n h y d r o l y z a b l e  N.

Nonhydrolyzabl e N1"

Incuba t ion time (days)

Rate 0 21 42 63 Rate Mean

g/kg mg/kg ..........

-H
-

O

70.0 154.0 55.0 167.0 111.5

2 145.3 126.0 152.8 153.3 144.6

10 121.6 156.5 100.4 114.3 123.2

50 137.5 171.2 139.3 160.8 152.2

Time mean 118.7 152.0 111.9 148.9

LSD0.05
( 2-way i n t e r a c t i o n ) 34.7

^ Nonhydrolyzable N = Total  N -  Tota l  hyd ro ly za b le  N

$ V a lues  a t  z e ro  r a t e  n o t  i n c l u d e d  in  ANOVA
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Table  9 .  E f f e c t  o f  t y p e  and r a t e  o f  c ro p  r e s i d u e  on t h e  p r o p o r t i o n
o f  t o t a l  N a s  n o n h y d r o ly z a b le  N.

Nonhydrolyzable  N* ( e x p re s s ed  a s  5I o f  t o t a l  N)

Residue r a t e  (g/tcg)

Residue 0 * 2 10 50 Residue Mean

A l f a l f a 12.3

...................% ------------------

23 .7  13.9 13.5 15.9

Navy bean 12.3 16.2 17.9 18.3 16.2

Corn 12.3 26.2 20.6 17.1 19.1

Sugar b e e t 12.3 16.1 15.1 13.8 14.3

Rate mean 12.3 20.6  16.9 15.7

LSD0.05
(2-way i n t e r a c t i o n  ) 4 .2

^Nonhydro lyzab le  N = Tota l  N -  Total  h y d ro ly za b le  N

^ Va lues  a t  z e ro  r a t e  n o t  i n c l u d e d  in  ANOVA
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Tab le  10. E f f e c t  o f  r e s i d u e  r a t e  and t im e  o f  i n c u b a t i o n  on t h e
p r o p o r t i o n  o f  t o t a l  N a s  n o n h y d r o ly z a b le  N-

Nonhydrolyzabl e NT (exp re s sed  a s  5I o f  t o t a l  N)

Incuba t ion  t ime (days)

Rate 0 21 42 63 Rate Mean

g/kg -------------%

0 * 12.3 22.5 19.1 24.3 19.6

2 21.3 18.2 21.5 21.3 20.6

10 16.8 20.6 13.8 16.3 16.9

50 13.7 17.8 14.2 17.1 15.7

Time mean 16.0 19.8 17.1 19.8

LSD0.05 (2-way i n t e r a c t i o n ) 4 .2

^Nonhydro lyzab le  N = Total  N -  Total  h y d ro ly z a b le  N

$ Values  a t  z e r o  r a t e  n o t  i n c l u d e d  in  ANOVA



127

Tab le  11. E f f e c t  o f  r e s i d u e  t y p e  and t im e  o f  i n c u b a t i o n  on th e
c o n c e n t r a t i o n  o f  h y d r o l y z a b l e  ammonium N.

Hydrolyzable  ammonium N (AN)^

Residue

Incuba t ion  t ime (days)  

0 21 42 63 Residue Mean

A l f a l f a 148.6

............ mg/kg -----------

223.8 208.2 211.8 198.1

Navy bean 135.4 161.7 167.9 166.9 158.0

Corn 121.8 157.2 175.1 161.1 155.3

Sugar b e e t 138.0 184.4 199.6 186.0 177.0

Time mean 135.9 181.8 187.7 182.9 172.1

LSD0.05 ( 2-way i n t e r a c t i o n ) 14.2

^ AN = Hydrolyzable ammonium N in c lu d in g  exch .  NH^
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Tab le  12.  E f f e c t  o f  t y p e  and r a t e  o f  c ro p  r e s i d u e s  on t h e
c o n c e n t r a t i o n  o f  h y d r o l y z a b l e  ammonium N.

Hydrolyzable ammonium N (AN)^"

Residue r a t e  (g /kg)

Residue 0^ 2 10 50 Residue Mean

mg/kg

A l f a l f a 141.0 151.9 176.6 265.6 183.8

Navy bean 141.0 151.5 161.0 161.6 153.8

Corn 141.0 149.2 152.7 164.1 151.8

Sugar b e e t 141.0 160.5 168.6 201.9 168.0

Rate mean 141.0 153.3 164.7 198.3

LSD0.05
(2-way i n t e r a c t i o n ) 12.3

tAN = Hydrolyzable ammonium N inc lud ing  exch .  NĤ  

■^Values a t  ze ro  r a t e  no t  inc luded  in ANOVA
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T a b le  13. E f f e c t  o f  r e s i d u e  r a t e  and t im e  o f  i n c u b a t i o n  on t h e
c o n c e n t r a t i o n  o f  h y d r o l y z a b l e  ammoniijm N.

Hydrolyzabl e ammonium N (AN)1"

Incuba t ion time (days)

Rate 0 21 42 63 Rate Mean

g/kg •.......... m g / k g -------------

0 * 141.0 165.0 168.0 172.0 161.5

2 115.9 163.4 171.9 161.9 153.3

10 139.4 167.9 176.6 175.0 164.7

50 152.6 214.0 214.7 212.0 198.3

Time mean 137.2 177.6 182.8 180.2

LSD0.05 ( 2 - way i n t e r a c t i o n ) 12.3

t AN = Hydrolyzable  ammonium N in c lu d in g  exch.  NĤ

1rValues a t  z e ro  r a t e  n o t  i n c l u d e d  in  ANOVA
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T a b le  14. E f f e c t  o f  r e s i d u e  t y p e  and t ime  o f  i n c u b a t i o n  on t h e
p r o p o r t i o n  o f  t o t a l  N a s  h y d r o l y z a b l e  ammonium N.

Hydrolyzable ammonium N (AN)^

Incuba t ion  t ime (days)

Residue 0 21 42 63 Residue 1

A l f a l f a 15.2 22.9

%*■..........

22 .2 22.4 20.7

Navy bean 19.0 22.8 22.5 23.8 22 .0

Corn 17.2 20.7 23.5 22.3 20.9

Sugar b e e t 17.8 24.2 25.7 24.8 23.1

Time mean 17.3 22.7 23.5 23.3

LSD0.05 (2-way i n t e r a c t i o n ) 1.7

t  AN = Hydro lyzable  ammonium inc lud ing  exch.  NĤ  

X  Expressed as  % o f  t o t a l  N
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Tab le  15. E f f e c t  o f  t y p e  and r a t e  o f  c ro p  r e s i d u e s  on t h e  p r o p o r ­
t i o n  o f  t o t a l  N a s  h y d r o l y z a b l e  ammonium N.

Hydrolyzable ammonium N (AN)1"

Res idue  r a t e ( g / kg)

Residue 0* 2 10 50 Residue Mean

.......... — %

A l f a l f a 24.8 20.3 22 .0 19.9 21 .8

Navy bean 24.8 23.3 23.3 19.5 22.7

Corn 24.8 21 .2 21.5 20.2 21.9

Sugar b e e t 24.8 24.4 23.8 21.3 23.6

Rate mean 24.8 22.3 22.6 20.2

LSD0.05 ( 2-way i n t e r a c t i on) 1.5

t  AN = H ydro lyzab le  ammonium N in c lu d in g  exch.  NĤ  

^  Value a t  ze ro  r a t e  n o t  in c luded  in ANOVA 

§  Expressed  as  % o f  t o t a l  N
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T a b le  16.  E f f e c t  o f  r e s i d u e  r a t e  and t im e  o f  i n c u b a t i o n  on t h e
p r o p o r t i o n  o f  t o t a l  N a s  h y d r o l y z a b l e  ammonium N.

Hydrolyzable ammonium N (AN)t

Incuba t ion  (days)

0 21 42 63 Rate Mean

9 / kg

oS 24.8 26.4

%x.....
27.6 25.0 25.9

2 17.0 24.4 24.5 23.3 22.3

10 19.3 22.3 24.3 24.7 22.6

50 15.6 21.4 21.8 22.1 20.2

Time mean 19.2 23.6 24.6 23.8 22.8

LSD0.05 (2-way i n t e r a c t i on) 1.5

t  AN = H ydrolyzable  ammonium N inc lud ing  exch.  NĤ  

■f Expressed a s  % o f  t o t a l  N 

5 Values a t  ze ro  r a t e  n o t  inc luded  in ANOVA
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T a b le  17. E f f e c t  o f  t y p e  and r a t e  o f  c ro p  r e s i d u e s  and t ime of
i n c u b a t i o n  on t h e  p r o p o r t i o n  o f  t o t a l  N a s  amino a c i d  N.

Amino a c i d  n i t r o g e n  (AAN)

Incuba t ion  t ime (days)

Residue Rate 0 21 42 63

9/ kg _ * t _ .....................10 — — — — — — — — — — —

Check 0 * 32.9 26.1 30.0 30.8

A l f a l f a 2 21.7 24.5 25.9 25.3

10 33 .7 26.3 30.5 28.6

50 26.7 26.0 25.2 25.2

Navy bean 2 34.8 30.6 29.5 29.7

10 34 .8 26.6 33.0 29.6

50 29.2 28.9 34.1 35.1

Corn 2 22.1 25.7 30.7 26.8

10 27.9 30.3 33.4 34.6

50 31.6 27.8 35.7 34.7

Sugar b e e t 2 22.1 27.9 30.9 30.1

10 25.0 25.8 33.5 31.8

50 28.3 28.5 32.5 29.2

LSD0.05
(3-way i n t e r a c t i o n ) 4 .7

t  Expressed as  % o f  t o t a l  N 

^  Values a t  z e ro  r a t e  n o t  inc luded  in ANOVA
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Table 18. Simple e f f e c t  o f  type o f  c rop  r e s i d u e s  and t ime of  
in c u b a t io n  on th e  c o n c e n t r a t i o n  and p ro p o r t io n  of  
t o t a l  N as  amino sugar  N.

Residue Amino 
sugar  N

Time of  
in c u b a t io n Amino sugar  N (ASN)

mg/kg day mg/kg **

A l f a l f a 90.5 0 76.2 9 .7

Beans 73.7 21 58.4 7.4

Corn 66.7 42 82 .8 10.4

Sugar b e e t 62.2 63 75.9 9 .9

LSD0.05 7.9 7.9 1,1

t  Expressed as  % o f  t o t a l  N
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Table 19. E f f e c t  o f  type  and r a t e  o f  r e s id u e  on th e  p ro p o r t i o n  of  
t o t a l  N as  amino sugar  N •

Amino sugar  N (ASN)

Residue r a t e  (g/kg)

Residue o t 2 10 50 Residue 1

A l f a l f a 16.2 12.5

%X-------------

11.4 6 .5 11.6

Navy bean 16.2 10.1 10.5 10.1 11.7

Corn 16.2 9 .2 9.3 8 .6 10.8

Sugar b e e t 16.2 8 .6 8 .8 7.1 10.2

Rate mean 16.2 10.1 9 .9 8 .1

LSD0.05
(2-way i n t e r a c t i o n ) 1 .8

' Values a t  ze ro  r a t e  no t  in c luded  in ANOVA 

X Expressed as  % o f  t o t a l  N
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Tab le  20.  S imple  e f f e c t  o f  t im e  o f  i n c u b a t i o n  on t h e  p r o p o r t i o n
o f  t o t a l  N a s  h y d r o l y z a b l e  unknown N.

Incuba t ion  t ime
...................................... —  f .....

Hydrolyzable unknown N (HUN)

Day % *

0 27.2

21 20:5

42 13.1

63 13.4

LSD0.05 1.1

+
1 HUN = Hydro lyzab le  unknown N = Total  hyd ro lyzab le  N

- (ammonium N + amino a c i d  N + amino sugar  N) 

$  Expressed as  % o f  t o t a l  N
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APPENDIX B1

HODUNK SERIES

The Hodunk s e r i e s  c o n s i s t s  o f  modera t ley  well d ra in e d  Gray- 

Brown Podzo l ic  (O ch rep t i c  f r a g u d a l f )  s o i l s  with  f r a g ip a n s  which 

developed on c a l c a r e o u s  sandy loam g l a c i a l  t i l l .  Hodunk s o i l s  a r e  

found in  a s s o c i a t i o n  w i th  t h e  well d ra in e d  H i l l s d a l e  and m odera te ly  

well d ra in e d  Elmdale s e r i e s  which a l s o  developed on c a l c a r e o u s  sandy 

loam t i l  1.

Soil  P r o f i l e :  Hodunk sandy loam

AP 0 - 0 . 18m Dark g r a y i s h  brown (10 YR 4 /2 )  to  very  dark  g r a y i s h
brown (10 YR 3 / 2 ) ;  sandy loam; modera te ly  f i n e ,  
g r a n u l a r  s t r u c t u r e ;  f r i a b l e  when mois t  and s o f t  
when d ry ;  medium c o n t e n t  o f  o rgan ic  m a t t e r ;  medium 
to  s l i g h t l y  a c i d ;  a b ru p t  smooth boundary.  0 .10  t o  
0.28m t h i c k

Ap 0 . 1 8 - 0 . 41m Yellowish  brown (10 YR 5 / 4 ) ;  pa le  brown (10 YR 6 /3 )
o r  l i g h t  y e l l o w is h  brown (10 YR 6 / 4 ) ;  sandy loam;
weak,  f i n e ,  g r a n u l a r  to  weak, f i n d  subangu la r  blocky 
s t r u c t u r e ;  very f r i a b l e  when moist  and s o f t  when 
d ry ;  medium a c i d ;  a b ru p t  wavy boundary. 0 .15  to  
0 .51 m t h i c k .

B. 0 . 4 1 - 0 . 64m Brown (10 YR 5/3 )  to  p a l e  brown (10 YR 6 / 3 ) ;  sandy 
1111 loam to  l i g h t  sandy c lay  loam; massive to  weak,

t h i c k ,  p l a t y  s t r u c t u r e ;  f i rm  when mois t  and b r i t t l e  
when d ry ;  weak to  modera te ly  developed f r a g i p a n ;  
few then  c l a y  f lo w s ;  medium to  s t r o n g l y  a c i d ;  
c l e a r  wavy boundary.  0 .10 to  0.30 m t h i c k .
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B2g 0 .6 4 - 1

Cg 1.18 m

Topography:

Drainage and 
P e r m e a b i l i t y :

Natural  
V e g e ta t io n :

Source:

17m Brown (10 YR 5/3 )  t o  y e l lo w is h  brown (10 YR 5/4)  
m o t t l e d  with  y e l lo w is h  brown (10 YR 5/8)  and dark 
brown (7 .5  YR 4 . 4 ) ,  m o t t l e s  a r e  common, medium, 
d i s t i n c t ;  sandy c l a y  loam, heavy sandy loam, or  
l i g h t  c l a y  loam; few t h i n  c l a y  f low s ;  weak, medium, 
s u b a n g u la r  blocky s t r u c t u r e ;  f i rm  when m o i s t ,  
s t r o n g l y  to  medium a c i d  in th e  upper p a r t  and 
s l i g h t l y  a c i d  in the  lower p a r t ;  a b ru p t  i r r e g u l a r  
boundary.  0 .38 to  0.76 m t h i c k .

+ L i g h t  y e l lo w is h  brown (10 YR 6 /4 )  to  brown (10 YR 
5 /3)  m o t t l e d  w i th  y e l lo w is h  brown (10 YR 5 / 6 - 5 / 8 ) ,  
m o t t l e s  a r e  common, medium, d i s t i n c t ;  sandy loam; 
mass ive  to  very  weak, c o a r s e ,  subangu la r  blocky 
s t r u c t u r e ;  f r i a b l e  when moist  and hard when dry ;  
c a l c a r e o u s .

G ently  to  modera te ly  s lo p in g  t i l l  p l a i n s  and 
m ora ines .

Moderate ly  well d r a in e d .  Su r face  r u n o f f  i s  slow 
t o  modera te .  P e rm e a b i l i ty  i s  moderate t o  slow 
depending upon th e  degree  o f  development o f  the  
f r a g i p a n .

Deciduous f o r e s t  c o n s i s t i n g  o f  suga r  maple,  
beech ,  oak ,  and h i c k o r i e s .

S c h n e i d e r ,  I .  F . , R. W. Johnson ,  and E. P. Whi tes ide .  
1967. T e n t a t i v e  placement o f  Michigan s e r i e s  in 
t h e  new s o i l  c l a s s i f i c a t i o n  system. Dept,  of  
Crop and Soil  S c i . ,  Michigan S t a t e  U n i v e r s i t y ,
E as t  Lans ing ,  Michigan.



APPENDIX B2

KALAMAZOO SERIES

The Kalamazoo s e r i e s  c o n s i s t s  o f  deep ,  well d ra in e d  s o i l s ,  

formed in loamy outwash o v e r ly in g  sand ,  loamy sand,  o r  sand and grave l  

on outwash p l a i n s ,  t e r r a c e s ,  v a l l e y  t r a i n s ,  and low ly in g  mora ines .  

These s o i l s  have moderate p e r m e a b i l i t y  in t h e  A and B h o r izons  and 

r a p id  p e r m e a b i l i t y  in th e  11B and 11C h o r i z o n s .  S lopes  range from 

0 t o  12 p e r c e n t .  Mean annual  p r e c i p i t a t i o n  i s  about  34 in c h e s ,  and 

mean annual t e m p era tu re  i s  about  49 degrees  F.

TAXONOMIC
CLASS:

Typical
Pedon:

Soil  P r o f i l e

Ap

B1

0 - 0 . 28m

0 . 2 8 - 0 . 41m

B21t 0 . 4 1 - 0 . 51m

B22t 0 . 5 1 - 0 . 76m

Fine- loamy, mixed,  mesic Typic H ap lu d a l f s .

Kalamazoo loam—on a 1 p e rc e n t  s lope  in a c u l t i v a t e d  
f i e l d .  (Colo rs  a r e  f o r  m o is t  s o i l  u n l e s s  o the rw ise  
s t a t e d . )

Dark g ray is h  brown (10 YR 4 /2 )  loam; weak medium 
g r a n u l a r  s t r u c t u r e ;  f r i a b l e ;  common f i n e  r o o t s ;  
n e u t r a l ;  a b ru p t  smooth boundary.  0 .15  to  0.28 m 
t h i c k .

Dark y e l lo w is h  brown (10 YR 4 /4 )  loam; weak medium 
subangu la r  blocky s t r u c t u r e ;  f r i a b l e ;  common f i n e  
r o o t s ;  worm channe ls  f i l l e d  with  Ap m a t e r i a l ;  
n e u t r a l ;  gradual  wavy boundary .  0 to  0 .15  m t h i c k .

Dark y e l lo w is h  brown (10 YR 4 /4 )  c l a y  loam; moderate 
medium subangu la r  blocky s t r u c t u r e ;  f i r m ;  t h i n  
con t inuous  dark y e l lo w is h  borwn (10 YR 3 /4 )  c lay  
f i l m s  on f a c e s  of  peds ;  few f i n e  r o o t s ;  1 p e rce n t  
p e b b l e s ;  n e u t r a l ;  gradual  wavy boundary.

Dark brown (7 .5  YR 4 /4 )  c l a y  loam; moderate medium 
subangu la r  blocky s t r u c t u r e ;  f i r m ;  t h i n  con t inuous  
dark y e l lo w is h  brown (10 YR 3 /4)  c l a y  f i l m s  on 
f a c e s  of  peds ;  few f i n e  r o o t s ;  1 p e r c e n t  pebb le s ;  
n e u t r a l ;  gradual  wavy boundary.  The combined t h i c k ­
ness  of  the B21t and B22t h o r izons  0 .20 to  0 .76 m.
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B23t  0 . 7 6 - 0 . 96m

IIb31 0 . 9 6 - 1 . 07m

IIb32  1 . 1 - 1 . 39m

IIC 1 . 4 - 1 . 63m

Drainage and 
P e rm e a b i l i ty :

Use and 
V ege ta t ion :

Source:

Dark y e l lo w is h  brown (10 YR 4 /4 )  sandy loam; weak 
medium subangu la r  blocky s t r u c t u r e ;  f r i a b l e ;  t h i n  
d i s c o n t in u o u s  dark  y e l lo w is h  brown (10 YR 3/4 )  
c l a y  f i l m s  on f a c e s  o f  peds ;  5 p e r c e n t  p eb b le s ;  
medium a c i d ;  gradual  wavy boundary. 0 .15 to  0 .38 m 
t h i c k .

Dark y e l lo w is h  brown (10 YR 4 /6 )  loamy c o a r s e  sand;  
mass ive ;  f r i a b l e ;  10 p e r c e n t  p ebb le s ;  medium a c i d ;  
g radual  wavy boundary,  t  t o  0 .51 m t h i c k .

Dark y e l lo w is h  brown (10 YR 4 /4 )  g r a v e l l y  loamy 
sand ;  mass ive ;  f r i a b l e ;  20 p e r c e n t  p e b b le s ;  n e u t r a l ;  
g radua l  wavy boundary.  0 to  0 .38 t h i c k .

Dark y e l lo w i s h  brown (19 YR 4 /4 )  g r a v e l l y  coa rse  
sand;  s i n g l e  g r a in e d ;  l o o s e ;  20 p e r c e n t  pebb le s ;  
s l i g h t  e f f e r v e s c e n c e ;  m i ld ly  a l k a l i n e .

Well d r a in e d .  Runoff i s  slow on the  l e v e l  a r e a s  
and r a p i d  on t h e  s t e e p e r  s lo p e s .  P e rm ea b i l i ty  i s  
moderate in th e  A and B ho r izons  and r p a id  in the  
IIB3 and IIC h o r i z o n s .

A l a r g e  p a r t  i s  cropped to  co rn ,  wheat ,  soybeans ,  
and hay.  A small p a r t  i s  in p a s t u r e .  Some a r e a s  
a d j a c e n t  t o  t h e  l a r g e r  c i t i e s  a r e  i d l e  c rop la nd .
The n a t i v e  v e g e t a t i o n  was oak and h ickory  f o r e s t .

N a t iona l  Coopera t ive  Soil  Survey,  U .S .A . ,  1978.



APPENDIX B3

CHARITY SERIES

The c h a r i t y  s e r i e s  c o n s i s t s  o f  poor ly  d r a in e d  to  very  poor ly  

d ra ined  and l imy s o i l s  which developed  from h ig h l y  c a l c a r e o u s  s t r a t i f i e d  

l a c u s t r i n e  c l a y  and s i l t y  c l a y  m a t e r i a l s  (management group l c - c ) . They 

a r e  g e n e r a l l y  l o c a t e d  in n e a r l y  l e v e l  t i l l  and la k e  p l a i n  a r e a s .

Representat ion p r o f i l e  o f  C h a r i ty  s i l t y  c l a y  loam in a c u l t i v a t e d  

f i e l d :

0.0.15m Very dark  g r a y ,  f r i a b l e ,  l imy s i l t y  c l a y  loam;
s t ro n g  g r a n u l a r  s t r u c t u r e .

0 . 1 5 - 0 . 28m Grayish-brown,  f i r m ,  l imy s i l t y  c l a y .

0 . 2 8 - 0 . 51m Ligh t  b ro w n is h -g ra y ,  very  f i r m ,  limy s i l t y  c l a y ;
f a i n t l y  m o t t l e d  with  pa le  brown.

0 . 5 1 - 1 . 07m + L igh t  b ro w n is h -g ray ,  very  f i r m ,  limy c l a y .

Taxonomic l a s s  f o r  t h e  C h a r i ty  Clay:  A e r i e ,  Hapleaquep t ,  f i n e ,  i l l i t i c

( c a l c a r e o u s ,  mesic)

Source:  Soil  Survey Arenac County,  Michigan.  USDA Soil  Conservation

S e rv ice  in Coopera t ion  with  Michigan A gr ic .  Exp. S t a .  and 

Michigan Dept,  o f  C o n s e rv a t io n ,  May 1967.

142


