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ABSTRACT

EXTRAC TAB I  L I  TY OF CARBON, IRON AND ALUMINUM FROM 
SPODIC HORIZONS OF REPRESENTATIVE MICHIGAN 
SPODOSOLS, USING VARIOUS CHELATING AGENTS

By

M asso u d  H a k im ia n

S o i l  s a m p l e s  o f  t h e  s p o d i c  B h o r i z o n s  o f  some r e p r e ­

s e n t a t i v e  M i c h i g a n  S p o d o s o l s ,  a s  w e l l  a s ,  t h e  A h o r i z o n s ,  t h e  

a r g i l l i c  h o r i z o n ,  o r t s t e i n  a n d  t h e  f r a g i p a n  w e re  s u b j e c t e d  

t o  e x t r a c t i o n  w i t h  d i f f e r e n t  i n o r g a n i c  and  o r g a n i c  c h e l a t i n g  

a g e n t s  o f  v a r y i n g  pH. The a m o u n ts  o f  e x t r a c t a b l e  i r o n  and  

aluminum w e r e  d e t e r m i n e d  i n  t h e  s o i l  e x t r a c t s .  The am oun ts  

o f  e x t r a c t a b l e  c a r b o n  w e r e  d e t e r m i n e d  f rom  t h e  d i f f e r e n c e  

b e t w e e n  t h e  t o t a l  c a r b o n  o f  t h e  s o i l  s a m p l e s  b e f o r e  an d  

a f t e r  e x t r a c t i o n .

S t a t i s t i c a l  a n a l y s i s  o f  t h e  e x t r a c t i o n  d a t a  r e v e a l s  

t h a t  t h e  O.IM Na2 ~NTA, O.IM Na^PgOy and  O.IM Na2 ~EDTA e x ­

t r a c t i o n  p r o c e d u r e s  f o r  Fe p r o d u c e  d e c r e a s i n g  am o u n ts  w i t h  

s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  th e m .  Na^-DPTA, a t  pH 12 ,  

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

The O.IM Na^-DPTA and  O.IM Nag-NTA e x t r a c t a b l e  A1 w e re  

c o m p a r a b l e .  However DPTA e x t r a c t a b l e  A1 r e s u l t s  w e re  s i g n i ­

f i c a n t l y  h i g h e r  t h a n  f o r  O.IM Na2 ~EDTA and  O.IM N a^ -P 2 0 ^ .

The O.IM Na2 -NTA i s  s u g g e s t e d  t o  b e  a s u i t a b l e  A1 e x t r a c t o r .
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The low pH s o l u t i o n s  (EDTA and  NTA) w e re  good  e x ­

t r a c t a n t s  f o r  c a r b o n .  H ow ever ,  EDTA r e s u l t s  w e r e  s i g n i f i ­

c a n t l y  g r e a t e r  t h a n  f o r  t h e  o t h e r  e x t r a c t a n t s .  NTA p r o d u c e d  

c o m p a r a b l e  r e s u l t s  w i t h  t h e  h i g h  pH e x t r a c t a n t s .

I n  g e n e r a l  t h e  O.IM Na2 ~NTA o f f e r s  g r e a t e r  p r o m i s e  a s  

a n  e x t r a c t a n t  o f  F e ,  A1 and  C, an d  h e n c e  a s  a c l a s s i f i c a t i o n  

t o o l ,  t h a n  e x t r a c t a n t s  w h ic h  w e r e  e q u a l l y  o r  m ore  " e f f i c i e n t "  

i n  e x t r a c t i n g  Al (DPTA) o r  C (EDTA).

The amount o f  e x t r a c t a b l e  i r o n  a n d  a luminum i s  t h e  

l o w e s t  i n  t h e  p o o r l y  d r a i n e d  K i n r o s s  p e d o n .  How ever ,  t h e  

maximum Fe  a c c u m u l a t i o n  o c c u r s  i n  t h e  s o m e w h a t - p o o r l y  t o  mo­

d e r a t e l y  w e l l - d r a i n e d  A u G r e s - C r o s w e l l  member o f  a  s a n d y  t o p o -  

s e q u e n c e .  E x t r a c t a b l e  a lum inum  maximum o c c u r s  i n  t h e  some­

w h a t - p o o r l y  d r a i n e d  S a u g a t u c k - A u G r e s . The m a g n i t u d e  o f  t h e  

A l  c o m p le x  e x t r a c t e d  b y  t h e  c h e l a t i n g  a g e n t s  u s u a l l y  e x c e e d e d  

t h e  c o r r e s p o n d i n g  am oun ts  o f  i r o n .  The l o w e s t  e x t r a c t a b l e  C 

o c c u r r e d  i n  t h e  w e l l - d r a i n e d  member o f  t h e  d r a i n a g e  c a t e n a ,  

n a m e l y  C r o s w e l l - G r a y c a l m ,  w h i l e  t h e  h i g h e s t  amount  o f  t h e  

e x t r a c t a b l e  c a r b o n  was fo u n d  i n  t h e  somewhat p o o r l y - d r a i n e d  

S a u g a t u c k - A u G r e s .

The amount  o f  i l l u v i a l  F e ,  A l  and  C i n c r e a s e s  w i t h  

t h e  i n c r e a s e  i n  t h e  p e d o g e n i c  d e v e l o p m e n t  o f  t h e  s p o d i c  h o r i ­

zo n s  o f  t h e  w e l l - d r a i n e d  S p o d o s o l s  s t u d i e d .  Thus  t h e  w e a k e s t  

s p o d i c  Bs (Omega and  E a s t p o r t )  c o n t a i n e d  t h e  l o w e s t  amount  

o f  e x t r a c t a b l e  F e ,  A l  an d  C, w h i l e  t h e  s t r o n g e r  H i a w a t h a
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a n d  M u n i s i n g  e x h i b i t  t h e  h i g h e s t  amount o f  e x t r a c t a b l e  F e ,

A l  and  C.

The a c c u m u l a t i o n  p r o d u c t s  o f  t h e  s p o d i c  B h o r i z o n  a r e  

u s e d  a s  a c h e m i c a l  c r i t e r i a  f o r  c l a s s i f i c a t i o n  o f  t h e  S p o ­

d o s o l s .  I t  i s  s u g g e s t e d  t h a t  t h e  c u r r e n t l y  u s e d  r a t i o  o f  

% e x t r a c t a b l e  F e  an d  A l  o v e r  % c l a y  s h o u l d  b e  r e d u c e d  f ro m  

.1 5  t o  . 1 0  t o  i n c l u d e  m o s t  S p o d o s o l s  ( A u G r e s - C r o s w e l l ,  C r o s -  

w e l l - G r a y c a l m  and M u n i s i n g ) .  I t  i s  a l s o  s u g g e s t e d  t h a t  t h e  

r e q u i r e d  r a t i o  b e  l o w e r e d  t o  0 . 0 4  f o r  t h e  w e l l - d r a i n e d ,  f i n e -  

t e x t u r e d  a s  w e l l  a s  t h e  p o o r l y - d r a i n e d  S p o d o s o l s  (Onaway 

and  K i n r o s s ) .  F u r t h e r m o r e ,  t h e  d a t a  o b t a i n e d  i n  t h i s  s t u d y  

i n d i c a t e  t h a t  t h e  % t o t a l  c a r b o n ,  % e x t r a c t a b l e  Fe  an d  fo 

e x t r a c t a b l e  Al  o v e r  % c l a y ,  t h e  p r e v i o u s  c r i t e r i o n  f o r  t h e  

c l a s s i f i c a t i o n  o f  S p o d o s o l s ,  p r o v i d e s  a  b e t t e r  e s t i m a t e  o f  

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

c a t i o n  p u r p o s e s  i n  t h e s e  S p o d o s o l s .
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INTRODUCTION

S p o d o s o l s  ( p o d z o l s )  a r e  s o i l s  w h ic h  a r e  c h a r a c t e r i z e d  

b y  a d i a g n o s t i c  s u b s u r f a c e  h o r i z o n ,  t h e  s p o d i c  h o r i z o n .  The 

s p o d i c  h o r i z o n  i s  one i n  w h ic h  a  r e l a t i v e l y  h i g h  c o n t e n t  o f  

i l l u v i a l  o r g a n i c  m a t t e r  and  s e s q u i o x i d e s  o c c u r s .  T h e s e  s u b ­

s t a n c e s  fo rm  an  a c t i v e  am orphous  m a t e r i a l  w i t h  a h i g h  e x ­

c h a n g e  c a p a c i t y ,  l a r g e  s u r f a c e  a r e a ,  and  h i g h  w a t e r  r e t e n ­

t i o n  p r o p e r t y .

I n  b o r d e r - l i n e  c a s e s  w h e re  t h e  m o r p h o l o g i c a l  f e a t u r e s  

a r e  s o  w e a k l y  e x p r e s s e d  a s  t o  p r e v e n t  t h e  i d e n t i f i c a t i o n  o f  

s u c h  s o i l s  i n  t h e  f i e l d  by  t h e  s o i l  s c i e n t i s t ,  t h e  c h e m i c a l  

c r i t e r i a  b a s e d  on t h e  l a b o r a t o r y  m e a s u r e m e n t s  o f  o r g a n i c  

m a t e r i a l  and  s e s q u i o x i d e s  w o u ld  b e  o f  much v a l u e  i n  i d e n t i ­

f i c a t i o n  and  c l a s s i f i c a t i o n  o f  t h e s e  s o i l s .

One o f  t h e  t h e o r i e s  c o n c e r n i n g  t h e  f o r m a t i o n  o f  

s p o d i c  h o r i z o n s  p o s t u l a t e s  t h e  m u t u a l  f l o c c u l a t i o n  o f  p o s i ­

t i v e l y  c h a r g e d  s e s q u i o x i d e  c o l l o i d s  and  n e g a t i v e l y  c h a r g e d  

o r g a n i c  c o l l o i d s .  O t h e r  t h e o r i e s  s u g g e s t  t h e  c h a n g e s  i n  

r e d o x - p o t e n t i a l  o r  i n  pH a s  a p r i m a r y  c a u s e  f o r  o r g a n i c  

m a t e r i a l  and  s e s q u i o x i d e s  f l o c c u l a t i o n .  The more  r e c e n t  and  

a c c e p t e d  t h e o r i e s  i n d i c a t e  t h e  i n v o l v e m e n t  o f  a c h e l a t i o n
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r e a c t i o n  and  e l e c t r o s t a t i c  b o n d s  i n  t h e  a s s o c i a t i o n  b e t w e e n  

o r g a n i c  m a t t e r ,  i r o n ,  an d  a lum inum .  Such  compounds a r e  

s o l u b l e  and  a r e  i m m o b i l i z e d  when: t h e  c o n c e n t r a t i o n  o f  s e s ­

q u i o x i d e  r e a c h e s  a  c r i t i c a l  l e v e l ,  o r  t h e  h y d r o l y s i s  o f  t h e  

o r g a n i c  m e t a l  c o m p le x  i s  i n d u c e d  b y  a  c h a n g e  i n  pH, o r  t h e r e  

i s  b i o l o g i c a l  d e s t r u c t i o n  o f  o r g a n i c  l i g a n d s .

A l a r g e  number  o f  o r g a n i c  compounds w i t h  a p p r o p r i a t e  

e l e c t r o n - d o n o r  g r o u p s  c a p a b l e  o f  c h e l a t i n g  t h e  m e t a l s  c a n  b e  

u s e d  t o  e x t r a c t  t h e  o r g a n i c  m a t t e r ,  i r o n  and  a lum inum  from  

t h e  i m m o b i l i z e d  am orphous  m a t e r i a l  o f  t h e  s p o d i c  h o r i z o n .

The o b j e c t i v e s  o f  t h i s  s t u d y  a r e  a s  f o l l o w s :

( 1 )  To s t u d y  v a r i a t i o n s  o f  t h e  e x t r a c t a b l e  i l l u ­

v i a l  o r g a n i c  c a r b o n ,  i r o n  an d  a lum inum  c o n t e n t s  o f  t h e  s p o d i c  

h o r i z o n  w i t h  d i f f e r e n t  i n o r g a n i c  and  o r g a n i c  a q u e o u s  c h e ­

l a t i n g  a g e n t s  and  t h e i r  r e l a t i o n s h i p  t o  t h e  pH o f  t h e  

e x t r a c t i o n .

( 2 )  To i n v e s t i g a t e  t h e  e x t r a c t a b i l i t y  o f  i l l u ­

v i a l  o r g a n i c  c a r b o n ,  i r o n  and  a lum inum  o f  t h e  s p o d i c  h o r i z o n  

a s  a f f e c t e d  by  t h e  p o s i t i o n  o f  t h e  g r o u n d  w a t e r  ( i n  a t o p o -  

s e q u e n c e  o f  S p o d o s o l s )  and  t h e  d e g r e e  o f  s p o d i c  h o r i z o n  

d e v e l o p m e n t  ( i n  w e l l - d r a i n e d  S p o d o s o l s  w i t h  v a r y i n g  d e g r e e s  

o f  s p o d i c  h o r i z o n  d e v e l o p m e n t ) .

( 3 )  To e v a l u a t e  t h e  r e l a t i v e  s u i t a b i l i t y  o f  t h e  

v a r i o u s  e x t r a c t i n g  a g e n t s  i n  t h e  c h a r a c t e r i z a t i o n  and  c l a s s i ­

f i c a t i o n  o f  t h e  p e d o n s  s t u d i e d  a c c o r d i n g  t o  t h e  new S o i l  

Taxonomy,  1970 .
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I l l u v i a l  S p o d i c  H o r i z o n  

The e a r l y  W e s t e r n  E u r o p e a n  o b s e r v e r s  o f  o r t s t e i n  and  

i t s  s u b s e q u e n t  r e c o g n i t i o n  by  R u s s i a n  w o r k e r s  b r o u g h t  a b o u t  

t h e  i d e a  o f  t h e  downward t r a n s l o c a t i o n  o f  s u b s t a n c e s  f ro m  

t h e  u p p e r  l a y e r s  o f  t h e  s o i l  t o  l o w e r  l a y e r s .  I n  g e n e r a l ,  

t h e  t r a n s f e r e n c e  was t h o u g h t  o f  a s  o c c u r r i n g  i n  s o l u t i o n .  

P a v l i n o v  i n  1887  s u g g e s t e d  t h a t  t h e  movement  o f  c l a y  p a r t i ­

c l e s  o c c u r s  i n  s o l u t i o n  ( M u i r ,  1 9 6 1 ) .  However ,  t h e  more  

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

s u g g e s t e d  by  V y s o t z k y  i n  1 8 8 9 , who d e f i n e d  t h e  i l l u v i u m  as  

t h e  m a t e r i a l  w a sh e d  o u t  o f  t h e  s u r f a c e  s o i l  and  d e p o s i t e d  

b e lo w  t o  fo rm  a d e f i n i t e  h o r i z o n  o f  a c c u m u l a t i o n ,  su c h  a s  

t h e  i l l u v i a l  h o r i z o n  ( M u i r ,  1 9 6 1 ) .  Z a k h a r o v  i n  1906  a d v o ­

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

t h e  p o d z o l i c  p r o f i l e  and  p r o p o s e d  t h a t  t h e  f o l l o w i n g  l e t t e r s  

s h o u l d  s y m b o l i z e  t h e  v a r i o u s  h o r i z o n s :  A, u p p e r  humus h o r i ­

z o n ;  B ,  t r a n s i t i o n a l  o r  p o d z o l i c - e l u v i a l  h o r i z o n ;  C, i l l u ­

v i a l  ( o r t s t e i n )  h o r i z o n ;  D, p a r e n t  m a t e r i a l .  T h i s  p a r t i c u ­

l a r  u s a g e  o f  sy m b o ls  c o n t i n u e d  among many R u s s i a n  w o r k e r s  

u n t i l  a b o u t  1 9 3 0 ,  when t h e  fo rm  e a r l i e r  p r o p o s e d  by  G l i n k a :

A, e l u v i a l ;  B ,  i l l u v i a l ;  C, p a r e n t  m a t e r i a l ,  w i t h  t h e  a d d i t i o n
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o f  n u m e r a l  s u b s c r i p t s  f o r  s u b d i v i s i o n s ,  becam e t h e  s t a n d a r d  

( M u i r ,  1 9 6 1 ) .

S t o b b e  and  W r i g h t  ( 1 9 5 9 )  g i v e  a  m ore  d e f i n i t e  d i s ­

t i n c t i o n  b e t w e e n  t h e  i l l u v i a l  h o r i z o n  and  o t h e r  h o r i z o n s  o f  

a c h a r a c t e r i s t i c  p o d z o l  s o i l  i n  t h e  f o l l o w i n g  s e q u e n c e  w h e re  

A0 o r  C>2 h o r i z o n  i d e n t i f i e s  t h e  o r g a n i c  s u r f a c e  l a y e r .  

D i r e c t l y  u n d e r  t h e  s u r f a c e  o r g a n i c  h o r i z o n  i s  a  l i g h t - c o l o r e d  

e l u v i a l  A2 h o r i z o n  w h ic h  h a s  l o s t  r e l a t i v e l y  m ore  s e s q u i o x i d e  

t h a n  s i l i c a .  The A2 h o r i z o n  r e s t s  o v e r  a  d a r k - c o l o r e d  i l l u ­

v i a l  h o r i z o n  i n  w h ic h  t h e  o r g a n i c  m a t e r i a l  and  s e s q u i o x i d e s  

l e a c h e d  f rom  t h e  A2 h o r i z o n  h a v e  a c c u m u l a t e d .

The new c o m p r e h e n s i v e  s y s t e m  o f  s o i l  c l a s s i f i c a t i o n  

d e v e l o p e d  by  t h e  U .S .  D e p a r t m e n t  o f  A g r i c u l t u r e  ( S o i l  T a x o ­

nomy, 1 9 7 0 , u n e d i t e d )  d e f i n e s  s p o d i c  h o r i z o n s  a s  d i a g n o s t i c  

s u b - s u r f a c e  i l l u v i a l  h o r i z o n s  w h i c h  a r e  c h a r a c t e r i s t i c  f e a ­

t u r e s  o f  m o s t  S p o d o s o l s  ( p o d z o l s )  an d  a r e  d e v e l o p e d  f rom  

medium t o  c o a r s e - t e x t u r e d  m a t e r i a l  u n d e r  humid  e n v i r o n m e n t  

and  f o r e s t  o r  h e a t h  v e g e t a t i o n .  T h e s e  h o r i z o n s  c o n t a i n  

a c t i v e  am orphous  m a t e r i a l s  composed  o f  o r g a n i c  m a t t e r  and  

a lum inum ,  w i t h  o r  w i t h o u t  i r o n .  The w ord  " a c t i v e "  i s  u s e d  

t o  d e s c r i b e  m a t e r i a l  h a v i n g  h i g h  e x c h a n g e  c a p a c i t y ,  l a r g e  

s u r f a c e  a r e a ,  an d  h i g h  w a t e r  r e t e n t i o n .
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T h e o r i e s  o f  O r g a n i c  M a t t e r  and  S e s q u i o x i d e s  
T r a n s l o c a t i o n  an d  A c c u m u l a t i o n ~ i n  S u b s o i l

The m ech an ism s  b y  w h ic h  t h e  o r g a n i c  m a t t e r  a n d  s e s q u i ­

o x i d e s ,  p a r t i c u l a r l y  t h e  l a t t e r ,  h a v e  b e e n  rem oved  f r o m  t h e  

A h o r i z o n s  an d  d e p o s i t e d  i n  t h e  i l l u v i a l  B h o r i z o n ,  h a v e  

b e e n  o f  m o s t  c o n c e r n  i n  t h e  p r o c e s s  o f  p o d z o l i z a t i o n .  How­

e v e r ,  t h e  p o d z o l i z a t i o n  p r o c e s s  w i l l  n o t  b e  t a k e n  t o  mean 

o n l y  t h o s e  r e a c t i o n s  i n v o l v e d  i n  m o b i l i z a t i o n  and  s u b s e q u e n t  

d e p o s i t i o n  o f  s e s q u i o x i d e s  i n  t h e  p e d o - s p h e r e .  R a t h e r ,  i t  

w i l l  b e  n e c e s s a r y  t o  c o n s i d e r  t h e  sum t o t a l  o f  a l l  t h e  r e ­

a c t i o n s  a p p a r e n t l y  a s s o c i a t e d  w i t h  t h e  d e v e l o p m e n t  o f  t h e  

k i n d  and  s e q u e n c e  o f  s o i l  h o r i z o n s  d e s c r i b e d  by  S t o b b e  and  

W r i g h t  a s  c h a r a c t e r i s t i c  o f  p o d z o l s .

I n  g e n e r a l ,  t h e r e  a r e  t h r e e  g r o u p s  o f  r e a c t i o n s  c i t e d  

a s  b e i n g  c o n t r i b u t o r s  t o  p o d z o l i z a t i o n .  M a t t s o n ' s  (1931* 

1 9 3 4 ,  1942)  t h e o r i e s  on i s o e l e c t r i c  w e a t h e r i n g ,  w h i l e  a p ­

p e a r i n g  q u i t e  so u n d  c h e m i c a l l y ,  r e q u i r e  a  pH g r a d i e n t  w i t h  

d e p t h  i n  t h e  s o i l  w h ic h  i s  n o t  commonly f o u n d  i n  p o d z o l s .  

B e f o r e  t h i s  m echan ism  i s  l i g h t l y  d i s m i s s e d ,  h o w e v e r ,  c o n s i ­

d e r a t i o n  s h o u l d  b e  g i v e n  t o  t h e  m echan ism  a s  b e i n g  r e a s o n a b l y  

i m p o r t a n t  i n  t h e  e a r l i e s t  s t a g e s  o f  p o d z o l  d e v e l o p m e n t  when 

t h e r e  may b e  a s u f f i c i e n t  pH g r a d i e n t  i n  t h e  p r o f i l e .

A m ore  w i d e l y  a c c e p t e d  r e a c t i o n  u s e d  t o  e x p l a i n  p o d ­

z o l i z a t i o n  h a s  b e e n  t h e  c i t a t i o n  o f  t h e  s i g n i f i c a n t  d i f f e r ­

e n c e  i n  s o l u b i l i t i e s  o f  t h e  r e d u c e d  v e r s u s  t h e  o x i d i z e d  s e s ­

q u i o x i d e s  o f  i r o n .  L i n k  ( 1 9 5 8 ) r e p o r t s  v a r i o u s  s o l u b i l i t y
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p r o d u c t  ( KSp )  v a l u e s  f o r  f e r r o u s  o x i d e  (FeO) a n d  f e r r o u s

h y d r o x i d e  Fe(OH)g r a n g i n g  f rom  7x l O - 1 3 t o  4 . 5 x l 0 ~ 2 1 . The
1

K f i g u r e s  m o s t  a c c e p t e d  by  L i n k  ( i b i d . )  a r e  8x10"  a t
o

2 5 °C o r  a s o l u b i l i t y  o f  a b o u t  1 . 5x l O "5 m o l e s / l i t e r  a t  25°C .  

S o l u b i l i t y  p r o d u c t s  f o r  f e r r i c  o x i d e  ( F e 2 C>2 ) a n d  f e r r i c  

h y d r o x i d e  F e ^ H ) ^  a r e  r e p o r t e d  b y  L i n k  ( i b i d . )  a s  b e i n g  

3 . l 6 x l O - ^  o r  3 . 2 x l O ” 36 an(j s o l u b i l i t i e s  a s  b e i n g  f rom  3 t o  

3 . 4 x 1 0 - 1 ® m o l e s / l i t e r .

To s u b s t a n t i a t e  t h i s  m e ch an ism  o f  r e d u c t i o n  t o  t h e  

f e r r o u s  s t a t e  i n  t h e  A h o r i z o n  w i t h  a  s u b s e q u e n t  o x i d a t i o n  t o  

c a u s e  p r e c i p i t a t i o n  i n  t h e  B h o r i z o n *  i t  m u s t  b e  shown t h a t  

s u c h  r e a c t i o n s  a r e  i n d e e d  a c t i v e  i n  s o i l s  t h a t  show a d v a n c e d  

p o d z o l  m o r p h o l o g y .  McKenzie  and  E r i c k s o n  ( 1 9 5 ^ )  made r e d o x -  

p o t e n t i a l  m e a s u r e m e n t s  i n  two p o d z o l  p r o f i l e s  d u r i n g  one 

summer an d  f o u n d  s l i g h t  b u t  d e f i n i t e  e v i d e n c e  o f  h i g h e r  o x i ­

d a t i o n  p o t e n t i a l s  i n  t h e  B h o r i z o n  t h a n  i n  t h e  A h o r i z o n .  A 

l a t e r  p a p e r  b y  McKenzie* ert a l .  ( i 9 6 0 ) r e p o r t e d  r e d o x  p o t e n ­

t i a l s  f o r  a two y e a r  p e r i o d  and  f u r t h e r  c o n f i r m e d  t h a t  Bi r  

h o r i z o n s  o f  p o d z o l s  h a v e  a h i g h e r  o x i d i z i n g  p o t e n t i a l  t h a n  

do e i t h e r  o v e r l y i n g  o r  u n d e r l y i n g  l a y e r s .  The c a u s e  o f  t h e  

o b s e r v e d  v a r i a t i o n  i n  r e d o x  p o t e n t i a l s  b e t w e e n  t h e  A* B and 

C h o r i z o n s  was f u r t h e r  e x am in ed  b y  M cK en z ie ,  et_ al_. ( i b i d . ) .  

They fo u n d  t h a t  f e r r i c  c i t r a t e  o x i d i z i n g  o r g a n i s m s  w e r e  many 

t i m e s  m ore  common i n  t h e  A h o r i z o n  t h a n  i n  Bi r  h o r i z o n .  The 

i m p l i c a t i o n s  a r e  t h a t  d i c a r b o x y l i c  a n d  t r i c a r b o x y l i c  a c i d s



a r e  fo rm ed  i n  t h e  s o i l  a n d  a c t  a s  c o m p l e x i n g  o r g a n i c  compounds 

w i t h  t h e  m e t a l s .

The i n f e r e n c e  b y  M cK en z ie ,  a t  a l .  ( i b i d . )  t h a t  a  m e t a l -  

o r g a n o  c o m p le x  i s  i n v o l v e d  a s  a v e h i c l e  i n  t h e  movement o f  

i r o n  i n  t h e  p r o f i l e  s e r v e s  t o  i n t r o d u c e  a n o t h e r  m ech an ism  

commonly d e s c r i b e d  b y  s o i l  s c i e n t i s t s  a s  b e i n g  i n v o l v e d  i n  

p o d z o l i z a t i o n .  K a u r i c h e v ,  et. aT.  ( 1 9 5 8 )  su m m a r iz e s  much o f  

t h e  R u s s i a n  r e s e a r c h  on t h e  f o r m a t i o n  o f  i r o n - o r g a n o  c o m p le x e s  

i n  t h e  p r o c e s s  o f  p o d z o l i z a t i o n  a s  f o l l o w s :

" l .  I n  s o i l s  w i t h  t e m p o r a r y  e x c e s s  m o i s t u r e ,
r e d u c i n g  p r o c e s s e s  a p p e a r  d u r i n g  t h e  s p r i n g  
t h a t  l e a d  t o  t h e  f o r m a t i o n  o f  f e r r o u s  i r o n .

"2 .  The f e r r o u s  i r o n ,  r e a c t i n g  w i t h  w a t e r - s o l u b l e  
o r g a n i c  s u b s t a n c e s ,  fo rm s  c o m p lex  o r g a n i c  
i r o n  com pounds .  Upon l a t e r  o x i d a t i o n  o f  t h e  
i r o n  t h e s e  compounds m a i n t a i n  a h i g h  s o l u b i ­
l i t y  and  m i g r a t e  t h r o u g h  t h e  s o i l .

" 3 .  T h e r e  i s  a p o s s i b i l i t y  o f  t h e  f o r m a t i o n  o f  
c o m p le x  o r g a n i c - i r o n  compounds u n d e r  c o n d i ­
t i o n s  o f  t h e  f o r m a t i o n  o f  p o d z o l i c  an d  b o g  
s o i l s  a s  w e l l  a s  s o l o t h s ,  s o l o n e t z  an d  
d e p r e s s i o n  p o d z o l i z e d  s o i l . "

B l o o m f i e l d  (1953* 195^)  f o u n d  t h a t  a q u e o u s  l e a c h a t e s  o f  c o n i ­

f e r o u s  a n d  b r o a d l e a f e d  f o r e s t  l i t t e r  r e a d i l y  d i s s o l v e d  h y ­

d r a t e d  f e r r i c  and  a lum inum  o x i d e  w i t h  t h e  s u b s e q u e n t  f o r m a ­

t i o n  o f  s o l u b l e  f e r r o u s  and  a luminum com p lex  com pounds .  S u ch  

a m echan ism  w o u ld  remove  t h e  n e c e s s i t y  o f  f i r s t  r e d u c i n g  t h e  

i r o n  a s  i s  n e c e s s a r y  i n  t h e  scheme p o s t u l a t e d  by  K a u r i c h e v ,  

e t  a l . ( i b i d . ) .  However ,  a n o t h e r  m echan ism  o r  o t h e r  m ech a ­

n i s m s  a r e  n e c e s s i t a t e d  f o r  s t o p p i n g  t h e  m o b i l i z e d  m a t e r i a l s  

i n  t h e  B h o r i z o n .
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From t h e  d a t a  p r e s e n t l y  a v a i l a b l e  i t  a p p e a r s  t h a t  no  

s i n g l e  m echan ism  i s  t o t a l l y  r e s p o n s i b l e  f o r  s e s q u i o x i d e  

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

t h e  A h o r i z o n s ,  movement  an d  s u b s e q u e n t  o x i d a t i o n  i n  t h e  B 

h o r i z o n  a p p e a r s ,  f rom  l a b o r a t o r y  an d  f i e l d  d a t a ,  t o  b e  a  v e r y  

p l a u s i b l e  m e c h a n i s m .  Complex m e t a l  and  o r g a n i c  compounds  

h a v e  b e e n  shown t o  b e  a p l a u s i b l e  s o l u b i l i z i n g  m e ch a n ism ,  

b o t h  w i t h  c o m p le x e s  o f  t h e  f e r r i c  and  f e r r o u s  i o n s  a s  w e l l  a s  

w i t h  a luminum f o r  t h e i r  movement i n  t h e  s o i l .  F u r t h e r  f i e l d  

e v i d e n c e  now seems t o  b e  i n  o r d e r  t o  e s t a b l i s h  t h i s  m ech an ism  

a s  a m a j o r  c o n t r i b u t o r  i n  t h e  p o d z o l i z a t i o n  p r o c e s s .

Complex F o r m a t i o n  and  C h e l a t i o n  R e a c t i o n s  

M a r t e l l  and  C a l v i n  ( 1 9 5 2 )  h a v e  d e s c r i b e d  a c o m p le x  a s  

b e i n g  a s u b s t a n c e  w i t h  a n  e l e c t r o n  d o n o r  t h a t  c o m b in e s  w i t h  

t h e  m e t a l  i o n .  However ,  i f  t h e  s u b s t a n c e  w h ic h  co m b in e s  

w i t h  t h e  m e t a l  p o s s e s s e s  two o r  m ore  d o n o r  g r o u p s  s o  t h a t  

one o r  more  r i n g s  a r e  f o r m e d ,  a c h e l a t e  compound o r  m e t a l  

c h e l a t e  i s  fo rm ed  and  t h e  d o n o r  i s  s a i d  t o  b e  a c h e l a t i n g  

a g e n t .

The a u t h o r s  r e p r e s e n t  s c h e m a t i c a l l y  s i m p l e  e x a m p le s  

o f  com p lex  f o r m a t i o n  and  c h e l a t i o n  r e a c t i o n s  i n  t h e  f o l l o w i n g  

m a n n e r ,  w i t h o u t  f u r t h e r  c o n s i d e r a t i o n  o f  t h e  n a t u r e  o f  t h e  

b o n d s :

A
I  -  M e t a l  Complex M + 4  A = A -lyl- A

A
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A
I I  -  M e t a l  C h e l a t e  M + 2 A-A = A - fy -  A

A

W here :  A-A r e p r e s e n t s  a  c h e l a t i n g  a g e n t
M r e p r e s e n t s  a  m e t a l  i o n  
A r e p r e s e n t s  a  c o m p l e x i n g  a g e n t

T h i s  t y p e  o f  r i n g  f o r m a t i o n  was t e r m e d  c h e l a t i o n  b y  Morgan

an d  Drew ( M a r t e l l  and  C a l v i n ,  1952)  and  t h e  t e r m  h a s  b e e n

u s e d  t o  c o v e r  a l l  t y p e s  o f  r i n g  s y s t e m s  w i t h  m e t a l  a n d  w i t h

h y d r o g e n ,  w i t h o u t  r e g a r d  t o  t h e  n a t u r e  o f  t h e  c h e m i c a l  b o n d

i n v o l v e d .  However ,  a s  i n  o r d i n a r y  c o m p lex  com pounds ,  t h e

t y p e  o f  l i n k a g e  w h ic h  b i n d s  t h e  m e t a l  i n t o  t h e  c h e l a t e  r i n g

may b e  t h e  o r d i n a r y  c o v a l e n t  o r  t h e  c o o r d i n a t e  c o v a l e n t  t y p e

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

S i n c e  many o r g a n i c  m o l e c u l e s  h a v e  m ore  t h a n  tw o  p o s i t i o n s

t h r o u g h  w h ic h  c o v a l e n t  o r  c o o r d i n a t e  c o v a l e n t  b o n d s  w i t h  t h e

m e t a l  may b e  f o r m e d ,  t h e  t e r m s  u n i d e n t a t e ,  b i d e n t a t e ,  t r i -

d e n t a t e ,  q u a d r i d e n t a t e ,  e t c . ,  w e r e  p r o p o s e d  by  M organ t o

d e n o t e  c o m p le x e s  fo r m e d  w i t h  m o l e c u l e s  o r  i o n s  c o n t a i n i n g

o n e ,  tw o ,  t h r e e ,  f o u r ,  e t c . ,  d o n o r  g r o u p s  r e s p e c t i v e l y .

O b v i o u s l y ,  c o m p le x e s  w i t h  u n i d e n t a t e  s u b s t a n c e s  w o u ld  n o t

i n v o l v e  c h e l a t i o n .  T a b l e  3 i n  t h e  M ethods  s e c t i o n  shows t h e

c h e m i c a l  f o r m u l a e  and  c h a r a c t e r i s t i c s  o f  some c h e l a t i n g

a g e n t s  u s e d .

The f a c t o r s  c o n t r i b u t i n g  t o  t h e  s t a b i l i t y  o f  a  m e t a l  

c h e l a t e  a r e  d i s c u s s e d  b y  Lehman ( 1 9 6 3 ) .  The a u t h o r  c l a s s i ­

f i e s  s u c h  f a c t o r s  i n  t h r e e  c a t e g o r i e s :  ( l )  e f f e c t  o f  m e t a l

i o n ,  ( 2 )  e f f e c t  o f 1 c h e l a t i n g  a g e n t ,  ( 3 ) e f f e c t  o f



10

e n v i r o n m e n t .  B a s e d  on t h e  t y p e  o f  b o n d s  f o r m e d ,  t h e  s i z e ,  

c h a r g e ,  a n d  t h e  e l e c t r o - n e g a t i v i t y  o f  t h e  m e t a l  i o n  p l a y s  

a  r o l e  i n  t h e  co m p lex  s t a b i l i t y .  A c h e l a t i n g  a g e n t  e x e r t s  

i t s  i n f l u e n c e  t h r o u g h :  t h e  num ber  o f  r i n g s  fo r m e d  b y  a

m o l e c u l e  o f  c h e l a n t  an d  t h e  m e t a l  i o n ;  t h e  s i z e  o f  t h e  c h e ­

l a t e  r i n g ;  t h e  d o n o r  a to m ,  w h ic h  d e t e r m i n e s  t h e  t y p e  o f  b o n d  

fo r m e d ;  r e s o n a n c e  s t a b i l i z a t i o n ;  s t e r i c  e f f e c t s  and  e n t r o p y  

e f f e c t .  Among t h e  e n v i r o n m e n t a l  f a c t o r s  a f f e c t i n g  t h e  c h e ­

l a t i o n  e q u i l i b r i u m ,  t e m p e r a t u r e  p l a y s  a  r o l e .  I n c r e a s i n g  

t e m p e r a t u r e  g e n e r a l l y  r e s u l t s  i n  a d e c r e a s e  i n  s t a b i l i t y  

c o n s t a n t .  S i n c e  c h e l a t i n g  a g e n t s  a r e  g e n e r a l l y  Lew is  b a s e s  

and  w i l l  r e a c t  w i t h  Lewis  a c i d s ,  pH s h o u l d  a l s o  b e  c o n s i ­

d e r e d .  H y d ro g en  i o n  w i l l  co m p e te  w i t h  m e t a l  i o n  f o r  t h e  

c h e l a n t  w h e r e  t h e  s t a b i l i t y  c o n s t a n t  i s  low .  H ow ever ,  t h e  

m e t a l  c h e l a t e s  w i t h  h i g h  s t a b i l i t y  c o n s t a n t  a r e  u n a f f e c t e d  

by  low pH. E f f e c t i v e  c h e l a t i o n  a t  h i g h  p H ' s  d e p e n d s  on t h e  

s o l u b i l i t y  p r o d u c t  o f  t h e  h y d r o x i d e  o r  a s s o c i a t i o n  c o n s t a n t  

o f  t h e  h y d r o x i d e  c o m p le x ,  i . e . ,  s o l u b i l i t y  p r o d u c t  o f  f e r r i c  

h y d r o x i d e  i s  10 and  a t  a pH o f  8 o r  9 i t  b ecom es  d i f f i ­

c u l t  t o  g e t  good  c h e l a t i o n  o f  i r o n  w i t h  EDTA.

S o i l  O r g a n i c  M a t t e r  and  C h e l a t i o n  

Among t h e  m ech an ism s  r e s p o n s i b l e  f o r  t h e  c o m p l e x i n g  

o f  t h e  m e t a l s  by  s o i l  o r g a n i c  m a t t e r ,  c h e l a t i o n  an d  c o m p le x  

c o a g u l a t i o n ,  i o n  e x c h a n g e ,  s u r f a c e  a d s o r p t i o n ,  a n d  p e p t i z a ­

t i o n  r e a c t i o n s  a r e  d e s c r i b e d  ( M o r t e n s e n ,  1 9 6 3 ) .  V e ry  l i t t l e
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i s  known c o n c e r n i n g  t h e  n a t u r e  o f  t h e  l i g a n d s  i n  p o l y m e r i c  

co m p o n en t s  o f  o r g a n i c  m a t t e r  w h ic h  c h e l a t e  m e t a l s , b u t  c a r ­

b o x y l ,  c a r b o n y l ,  h y d r o x y l ,  a n d  am ide  g r o u p s  a r e  p r o b a b l y  

i n v o l v e d .

A g e n e r a l  c l a s s i f i c a t i o n  o f  s o i l  o r g a n i c  m a t t e r  i s  

g i v e n  b y  A l l i s o n ,  1 9 6 5  ̂ a nd  A l l i s o n ,  e t  a l . ,  1 9 6 5 . The o r g a ­

n i c  m a t t e r  i s  d i v i d e d  i n t o  t h e  f o l l o w i n g  c a t e g o r i e s :

" ( l )  f r e s h  p l a n t  and  a n i m a l  r e s i d u e  c a p a b l e  o f  r a p i d  decom­

p o s i t i o n  and  l o s s  o f  i d e n t i t y  w i t h  s i m u l t a n e o u s  r e l e a s e  of  

n u t r i e n t s ,  ( 2 )  ' h u m u s '  w h ic h  r e p r e s e n t s  t h e  v a s t  b u l k  o f  

r e s i s t a n t  o r g a n i c  m a t t e r ,  h a v i n g  a h i g h  a d s o r p t i v e  c a p a c i t y  

f o r  c a t i o n s  and  c a p a b l e  o f  i m p r o v i n g  s o i l  s t r u c t u r e ,  and

( 3 )  i n e r t  fo rm s  o f  n e a r l y  e l e m e n t a l  C, s u c h  a s  c h a r c o a l ,  

c o a l  o r  g r a p h i t e ,  w h ic h  a r e  o c c a s i o n a l l y  p r e s e n t  i n  a p p r e ­

c i a b l e  q u a n t i t i e s . "

B r o a d b e n t  ( 1 9 5 3 ) 3 w h i l e  c o n s i d e r i n g  t h e  c o n s t i t u e n t s  

o f  p l a n t  t i s s u e  a s  p r e c u r s o r s  o f  s o i l  o r g a n i c  m a t t e r ,  g r o u p s  

s u c h  c o n s t i t u e n t s  i n t o  more  s p e c i f i c  d i v i s i o n s  a s  f o l l o w s :

( l )  p o l y s a c c h a r i d e s ,  ( 2 )  l i g n i n ,  and  ( 3 )  p r o t e i n .  More  r e ­

c e n t  s t u d y  (M ehta  et_ al_ 1 9 6 1 ) i n d i c a t e  t h a t  c a r b o h y d r a t e s  

a c c o u n t  f o r  no  more  t h a n  2 0 $  and  p o l y s a c c h a r i d e s  l e s s  t h a n  

2$ o f  t h e  s o i l  o r g a n i c  m a t t e r .  P o l y s a c c h a r i d e s  a r e  a l s o  

r e a d i l y  a t t a c k e d  and  u t i l i z e d  by  t h e  s o i l  o r g a n i s m s .  B e c a u s e  

o f  s u c h  s u s c e p t i b i l i t y  t o  m i c r o b i a l  a t t a c k  t h e  p r i n c i p a l  

s t r u c t u r a l  p o l y s a c c h a r i d e s  o f  p l a n t s  a r e  t h e r e f o r e  n o t  l i k e l y
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t o  a c c u m u l a t e  i n  s o i l ,  w h e r e a s  l i g n i n  i s  b r o k e n  down o n l y  

s l o w l y .  N e v e r t h e l e s s  d r a s t i c  a l t e r a t i o n  t a k e s  p l a c e  i n  p l a n t  

l i g n i n  d u r i n g  t h e  c o u r s e  o f  d e c o m p o s i t i o n  i n  s o i l .  N i t r o g e n  

a c c o u n t s  f o r  5% o f  t h e  s o i l  o r g a n i c  m a t t e r .  Much o f  t h e  o r ­

g a n i c  n i t r o g e n  i s  i n  t h e  fo rm  o f  p o l y p e p t i d e s  and  am ino  

a c i d s  i n t i m a t e l y  c o m p le x e d  w i t h  p o l y s a c c h a r i d e s ,  l i g n i n  d e r i ­

v a t i v e s ,  a n d  p i g m e n t s  ( B r e m n e r ,  1 9 6 5 ) .

I n  a d d i t i o n  t o  t h e  i n t e r m e d i a r y  p r o d u c t s  o f  o r g a n i c  

m a t t e r  b re a k d o w n  and  s e c o n d a r y  s y n t h e t i c  p r o d u c t s  o f  m i c r o ­

b i a l  a c t i o n ,  t h e r e  e x i s t s  i n  s o i l  a n  a c c u m u l a t i o n  o f  t h e  

more  r e s i s t a n t  p r o d u c t s  o f  d e c o m p o s i t i o n :  t h e  s o i l  humus.

The n a t i v e  o r g a n i c  f r a c t i o n  o f  s o i l s  i s  made up o f  a h e t e r o ­

g e n e o u s  m i x t u r e  o f  p o l y m e r i z e d  a r o m a t i c  m o l e c u l e s ,  p o l y ­

s a c c h a r i d e s ,  b ound  amino a c i d s ,  u r o n i c  a c i d  p o l y m e r s ,  and  

v a r i o u s  o r g a n i c  p h o s p h o r o u s  com pounds .  By d e f i n i t i o n  humus 

i s  a com p lex  m i x t u r e  o f  am orphous  an d  c o l l o i d a l  s u b s t a n c e s  

a r i s i n g  f rom  m o d i f i e d  p l a n t  m a t e r i a l s  an d  s y n t h e s i z e d  m i c r o ­

b i a l  t i s s u e .  The c h a r a c t e r i z a t i o n  o f  humus i s  f a r  f ro m  

c o m p l e t e  and  c o n c e p t s  c o n c e r n e d  w i t h  i t s  f o r m a t i v e  p r o c e s s e s  

a r e ,  t o  a  l a r g e  e x t e n t ,  s p e c u l a t i v e  ( S t e v e n s o n ,  1 9 6 5 ) .

M o r t e n s e n  and  Himes ( 1 9 6 5 ) r e c o u n t e d  some d i f f i c u l ­

t i e s  a s s o c i a t e d  w i t h  t h e  f r a c t i o n a t i o n  a n d  q u a l i t a t i v e  

s t u d y  o f  t h e  s o i l  o r g a n i c  m a t t e r .  Some o f  t h e s e  p r o b l e m s  

c a n  b e  ov e rco m e .  The m o s t  i m p o r t a n t  i s  t h e  r e m o v a l  o f  

i n o r g a n i c  c o n s t i t u e n t s  s u c h  a s  c l a y ,  s a l t s ,  a n d  m e t a l s  i f  t h e
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p h y s i c o - c h e m i c a l  p r o p e r t i e s  o f  t h e  o r g a n i c  compounds a r e  t o  

b e  s t u d i e d .  The a u t h o r s  h a v e  f u l l y  d i s c u s s e d  t h e  v a r i o u s  

p r o c e d u r e s  u s e d  f o r  f r a c t i o n a t i o n  o f  o r g a n i c  m a t t e r  e x t r a c t s .  

Such  p r o c e d u r e s  i n c l u d e  p a r t i a l  f r a c t i o n a t i o n  o f  t h e  compo­

n e n t s  i n  o r g a n i c  m a t t e r  e x t r a c t s  b y  p r e c i p i t a t i o n  w i t h  a c i d  

o r  m e t a l  s a l t s  o r  s o l u b i l i t y  d i f f e r e n c e s  i n  o r g a n i c  s o l v e n t s ,  

c h r o m a t o g r a p h i c  s e p a r a t i o n s  o f  c r u d e  p r e p a r a t i o n s ,  s e p a r a ­

t i o n  o f  s u b s t a n c e s  b y  means o f  a n  e l e c t r i c  c u r r e n t ,  d i f f u ­

s i o n  and  s e d i m e n t a t i o n .

S t u d i e s  b y  s e v e r a l  r e s e a r c h e r s  h a v e  shown t h a t  m o s t  o f  

t h e  p r i n c i p a l  c h e l a t i n g  d o n o r  g r o u p s  a r e  p r e s e n t  i n  s o i l  o r ­

g a n i c  m a t t e r .  S u ch  g r o u p s  i n c l u d e  a m in o ,  i m i n o ,  k e t o ,  

h y d r o x y ,  t h i o e t h e r ,  c a r b o x y l a t e ,  and  p h o s p h o n a t e  g r o u p s .

Many l i g a n d  g r o u p s  p r o b a b l y  f u n c t i o n  l a r g e l y  a s  c e n t e r s  f o r  

i o n i c  e x c h a n g e  b u t  c h e l a t i o n - t y p e  r e a c t i o n  no  d o u b t  o c c u r s  

( M c r t e n s e n ,  1 9 6 3 ) .  A l t h o u g h  t h e  l i g a n d  g r o u p s  i n  p o l y m e r s  

a r e  n o t  f r e e  t o  move and  c l u s t e r  a r o u n d  a  m e t a l  i o n  i n  a 

way s m a l l  l i g a n d s  b e h a v e ,  and  m o r e o v e r  t h e  number  o f  c h e l a t e  

s i t e s  a r e  c o m p a r a t i v e l y  s m a l l ,  a few l i g a n d  g r o u p s  s h o u l d  b e  

fo u n d  i n  a r r a y s  w h ic h  a r e  s t e r i c a l l y  f a v o r a b l e  f o r  c h e l a t i o n .  

S i d e  c h a i n  g r o u p s  a r e  u s u a l l y  m ore  e f f e c t i v e  i n  b i n d i n g  

m e t a l s  t h a n  t h e  t e r m i n a l  g r o u p s  (G u a rd  and  W i l c o x ,  1 9 5 6 ) .

The s t u d y  o f  B l o o m f i e l d  i n  1956 on t h e  m o b i l i z a t i o n  

o f  i r o n  i n  p o d z o l  s o i l s  by  a q u e o u s  l e a f  e x t r a c t s  s u g g e s t s  

t h a t  t h e  p o l y m e r i c  c o m p o n e n t s  o f  o r g a n i c  m a t t e r  c h e l a t e
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m e t a l s .  B l o o m f i e l d  r e c o g n i z e s  p o l y p h e n o l s  a s  b e i n g  t h e  

p r i n c i p a l  c h e l a t o r s  i n  a q u e o u s  l e a f  e x t r a c t s .  S c h n i t z e r  

( 1 9 5 4 )  and  S c h n i t z e r  a n d  DeLong ( 1 9 5 5 )  h a v e  i n d i c a t e d  t h e  

c o n s i d e r a b l e  c h e l a t i n g  a b i l i t y  o f  p o l y s a c c h a r i d e s  i n  a q u e o u s  

l e a f  e x t r a c t ' s .  T h e s e  compounds a r e  a l s o  f o u n d  t o  b e  a c o n s ­

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

h y d r o l y z a t e s  o f  s o i l  o r g a n i c  m a t t e r  a n d  t h e  c h e l a t i n g  a b i l i t y  

o f  p r o t e i n s  a s  w e l l  a s  a number  o f  low  m o l e c u l a r  w e i g h t  com­

p o u n d s  h a s  b e e n  c o n f i r m e d  b y  a num ber  o f  i n v e s t i g a t o r s  

( M o r t e n s e n ,  1 9 6 3 )- A l l  s u c h  s t u d i e s  s u g g e s t  t h e  c h e l a t i o n  

r e a c t i o n  a s  one o f  t h e  m ech a n ism s  b y  w h ic h  o r g a n i c  m a t t e r  

fo rm s  c o m p le x e s  i n  s o i l .  However ,  i n  a  m ore  s p e c i f i c  s t u d y  

S c h n i t z e r  an d  S k i n n e r  ( 1 9 6 3 ) i n v e s t i g a t e d  t h e  r e a c t i o n s  b e ­

tw e en  a num ber  o f  m e t a l  i o n s  and  t h e  o r g a n i c  m a t t e r  o f  a 

p o d z o l  Bh h o r i z o n .  U s i n g  p o t e n t i o m e t r i c  and  c o n d u c t o m e t r i c  

t i t r a t i o n ,  a d s o r p t i o n  an d  i n f r a r e d  s p e c t r o s c o p y  a n d  f l o c c u ­

l a t i o n  m e t h o d s ,  t h e y  c o n c l u d e d  t h a t  t h e  o r g a n i c  m a t t e r  

fo r m e d  s t a b l e  w a t e r  s o l u b l e  c o m p le x e s  w i t h  a l l  o f  t h e  m e t a l s  

s t u d i e d  (F e + + + , A l+++, Ca++, Mg**, Cu+ + , and  Ni+ + ) o v e r  t h e  

pH r a n g e  e n c o u n t e r e d  i n  p o d z o l  s o i l s .  F e r r i c  i r o n ,  a lum inum  

a nd  c o p p e r  fo rm ed  w a t e r  s o l u b l e  1 : 1  m o l a r  c o m p le x e s  a t  pH 5 . 

However ,  a r a n g e  o f  m o l a r  c o m p le x e s  v a r y i n g  f rom  1 : 1  t o  6 : 1  

w e r e  fo r m e d  and  t h e  c o m p le x e s  w e r e  i n c r e a s i n g l y  r e n d e r e d  

w a t e r  i n s o l u b l e  a s  m ore  m e t a l  was c o m p le x e d .  The n u m b e r -  

a v e r a g e  m o l e c u l a r  w e i g h t  o f  o r g a n i c  m a t t e r  u s e d  i n  t h i s
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s t u d y  i n  two d i f f e r e n t  s o l v e n t s  was f o u n d  t o  b e  6 7 0 , and  

f rom  t h e  m o l e c u l a r  w e i g h t  a n d  f rom  u l t i m a t e  a n d  f u n c t i o n a l  

g r o u p  a n a l y s i s ,  t h e  m o l e c u l a r  f o r m u l a  c a l c u l a t e d  t o  b e  

C2 i H i 2 (C00H)6 ( 0 H ) 5 (C 0 ) 2 .

The same a u t h o r s  ( S c h n i t z e r  a n d  S k i n n e r ,  1 9 6 3 ) ,  i n  a 

s u b s e q u e n t  s t u d y  o f  t h e  r e a c t i o n s  b e t w e e n  d i f f e r e n t  f o r m s  o f  

i r o n  and  a lum inum  and  t h e  o r g a n i c  m a t t e r  o f  t h e  p o d z o l  Bh 

h o r i z o n ,  showed t h a t  on c o n t i n u o u s  w e t t i n g  and  l e a c h i n g  i n  a 

p e r i o d  o f  one week one m o le  o f  o r g a n i c  m a t t e r  m o b i l i z e d  one 

m o le  o f  i r o n  f ro m  g o e t h i t e  a n d  an  i r o n  s a t u r a t e d  e x c h a n g e  

r e s i n ,  and  1 . 1  m o le  o f  a lum inum  f rom  a lum inum  s a t u r a t e d  e x ­

c h a n g e  r e s i n .  The m e t a l  u p t a k e  i n  r e a c t i o n  w i t h  g o e t h i t e  

and  g i b b s i t e  was  d e c r e a s e d  w i t h  an  i n c r e a s e  i n  pH. The me- 

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

u p t a k e  i n d i c a t i n g  t h e  i m p o r t a n t  r o l e  o f  c a r b o x y l  g r o u p s  i n  

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

S c h n i t z e r  and  S k i n n e r  ( 1 9 6 6 ) c a r r i e d  on a s t u d y  o f  

t h e  s t a b i l i t y  c o n s t a n t  o f  Cu+ + , F e+ + , and  Zn++ f u l v i c  a c i d  

c o m p l e x e s .  The r e s u l t s  o b t a i n e d  show t h a t  t h e  l o g  K v a l u e s  

f o r  C u - f u l v i c  a c i d  c o m p le x e s  w e re  pH d e p e n d e n t ,  t h a t  i s ,  

t h e s e  v a l u e s  w e r e  i n c r e a s e d  f rom  5*78 t o  8 .6 9  a s  pH was i n ­

c r e a s e d  f rom  3 -5  t o  5 - A s l i g h t  i n c r e a s e  was o b s e r v e d  f o r  

Z n - f u l v i c  a c i d  c o m p le x e s  w h i l e  t h e  Fe+ + - f u l v i c  a c i d  c o m p le x e s  

w e re  u n a f f e c t e d .  The o r d e r  o f  s t a b i l i t i e s  o f  c o m p le x e s  

fo rm ed  b e t w e e n  f u l v i c  a c i d  and  C u "^ ,  Zn+ + , a n d  Fe"1̂ " d i d  n o t
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f o l l o w  t h e  I r v i n g - W i l l i a m s  s e r i e s  h u t  was i n s t e a d  Cu 
+ 4 \  I .

Fe Zn • I n  a l a t e r  a t t e m p t  t o  e v a l u a t e  t h e  m e th o d s  f o r
+>

t h e  d e t e r m i n a t i o n  o f  s t a b i l i t y  c o n s t a n t s  o f  m e t a l - f u l v i c  

a c i d  c o m p l e x e s ,  S c h n i t z e r  and  H ansen  ( 1 9 7 0 ) f o u n d  t h e  f o l l o w ­

i n g  o r d e r  o f '  s t a b i l i t i e s  a t  low pH:

An i n c r e a s e  i n  i o n i c  s t r e n g t h  ( u )  a t  a pH a s  low as  3 c a u s e d  

a l i n e a r  d e c r e a s e  i n  l o g  K v a l u e s  ( s t a b i l i t y  c o n s t a n t s ) .

The a u t h o r s  b e l i e v e  t h a t  s t a b i l i t y  c o n s t a n t s  m e a s u r e d  a t  low

( u )  a r e  m ore  r e l e v a n t  t o  s o i l s  t h a n  t h o s e  d e t e r m i n e d  a t  

h i g h e r  ( u ) .

S c h n i t z e r  a n d  D e s j a r d i n s  ( 1 9 6 9 ) s t u d i e d  t h e  n a t u r a l  

l e a c h a t e  f ro m  a humid  p o d z o l  and  a n a l y z e d  i t  b y  c h e m i c a l  and  

s p e c t r o s c o p i c  m e t h o d s .  A b o u t  8 7$  o f  t h e  d r y ,  a s h - f r e e  w e i g h t  

o f  t h e  l e a c h a t e  was f o u n d  t o  b e  f u l v i c  a c i d ,  t h e  r e m a i n d e r  

c o n s i s t i n g  m a i n l y  o f  p o l y s a c c h a r i d e s  and  n i t r o g e n o u s  com pounds .  

The o r g a n i c  m a t t e r  i n  t h e  l e a c h a t e  h a d  a l l  t h e  c h a r a c t e r i s t i c s  

o f  an  e f f i c i e n t  irn. d - c o m p l e x i n g  a g e n t ,  a s  e v i d e n c e d  f ro m  i t s  

h i g h  w a t e r  s o l u b i l i t y ,  t h u s  p l a y i n g  a s i g n i f i c a n t  r o l e  i n  

m e t a l  o r g a n i c  m a t t e r  i n t e r a c t i o n s  i n  s o i l s .

F e ^ d  Al+++> Cu+t >  N i+ + >  Co+j >  Pb++

T h i s  was e s p e c i a l l y  t r u e  f o r  Co++- f u l v i c  a c i d  c o m p l e x e s .
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E x t r a c t i o n  o f  O r g a n i c  M a t t e r  f ro m  S o i l s  

M o r t e n s e n  a n d  Himes ( 1 9 6 5 ) h a v e  r e v i e w e d  t h e  e x t r a c ­

t i o n  p r o c e d u r e s  o f  s o i l  o r g a n i c  m a t t e r  a s  f o l l o w s :

( 1 ) p r o x i m a t e  a n a l y s i s ,  ( 2 ) a d s o r p t i o n  o f  o r g a n i c  m a t t e r  on 

c l a y ,  ( 3 ) o r g a n o - m i n e r a l  g e l s ,  ( 4 )  a q u e o u s  e x t r a c t a n t s  and  

c h e l a t i n g  e x t r a c t a n t s .

The p r o x i m a t e  a n a l y s i s  i n v o l v e s  a t t r a c t i o n  b e t w e e n  

s o l u t e  and  s o l v e n t  and  g i v e s  some g e n e r a l  i n f o r m a t i o n  on t h e  

q u a n t i t y  o f  d i f f e r e n t  c l a s s e s  o f  com pounds .  I n  a d d i t i o n  t o  

d i f f e r e n t i a l  s o l u b i l i t y  p r o b l e m s ,  a d s o r p t i o n  o f  o r g a n i c  

m a t t e r  on t h e  s u r f a c e  o f  s o i l  m i n e r a l s ,  p a r t i c u l a r l y  c l a y  

m i n e r a l s ,  make t h e  e x t r a c t i o n  o f  o r g a n i c  m a t t e r  d i f f i c u l t .  

Some o r g a n i c  m o l e c u l e s  a r e  a p p a r e n t l y  h e l d  t o  t h e  c l a y  s u r ­

f a c e  t h r o u g h  C - H . . . 0  ( c l a y - m i n e r a l  s u r f a c e )  b o n d s ,  a l t h o u g h  

any  s o r b a t e  c a p a b l e  o f  s u p p l y i n g  e l e c t r o n s  t o  t h e  i n c o m p l e t e  

P o r b i t a l s  o f  a d s o r b e d  o r  l a t t i c e  a lum inum  c o u l d  b e  a d s o r b e d .

Compounds c o n t a i n i n g  e l e c t r o - n e g a t i v e  e l e m e n t s  may b e  

a d s o r b e d  by  a  h y d r o g e n  b o n d i n g  m e ch a n ism .  N e g a t i v e l y  

c h a r g e d  o r g a n i c  a n i o n s  an d  p o l y a n i o n s  a r e  a p p a r e n t l y  l i n k e d  

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

i o n i z e d  c a r b o x y l  g r o u p s  (c lay -M -O O CR ) . Among t h o s e  c a t i o n s  

a d s o r b e d ,  a luminum o r  i r o n  h y d r o x i d e  p o l y m e r s  c a n  b e  men­

t i o n e d .  I t  a p p e a r s  t h a t  t h e  r e a g e n t s  w h i c h  decom pose  t h e  

c l a y  l a t t i c e ,  s u c h  a s  p h o s p h a t e ,  f l u o r i d e ,  s t r o n g  b a s e  and  

h y d r o f l u o r i c  a c i d  may b e  m o s t  u s e f u l  f o r  o r g a n i c  m a t t e r  

e x t r a c t i o n .
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O r g a n o - m i n e r a l  c o l l o i d s  i n  t h e  s o i l ,  p a r t i c u l a r l y  

t h o s e  o c c u r r i n g  a s  a r e s u l t  o f  i n t e r a c t i o n  o f  o r g a n i c  m a t t e r  

w i t h  a lum inum  a n d  i r o n ,  c a n  b e  t r a n s f e r r e d  i n t o  w a t e r - s o l u b l e  

h y d r o x y  c o m p le x e s  i n  a  s l i g h t l y  a l k a l i n e  medium, w h i l e  a 

s t r o n g l y  a l k a l i n e  medium may c o m p l e t e l y  h y d r o l y z e  th e m .

The p r e s e n c e  o f  f r e e  monom er ic  fo rm s  o f  o r g a n i c  m o l e ­

c u l e s  s u c h  a s  am ino  a c i d s  a n d  h y d r o c a r b o n s  n e c e s s i t a t e s  t h e i r  

r e m o v a l  i n  o r d e r  t o  i n c r e a s e  t h e  e f f i c i e n c y  o f  e x t r a c t i o n .  

S uch  p r e t r e a t m e n t  p r o c e d u r e s  i n c l u d e  t h e  u s e  o f  o r g a n i c  r e ­

a g e n t s  s u c h  a s  b e n z e n e ,  m e t h a n o l ,  c h l o r o f o r m ,  and  e t h a n o l ,  a s  

w e l l  a s  b a l l - m i l l i n g  t h e  s o i l  an d  s u l f a c e t o l y s i s  o r  d e n s i m e -  

t r i c  f r a c t i o n a t i o n  t o  rem ove  t h e  " u n h u m i f i e d "  o r  u n a d s o r b e d  

m a t e r i a l .  H y d r o f l u o r i c  a c i d - h y d r o c h l o r i c  a c i d  m i x t u r e s  and  

d e c a l c i f i c a t i o n  w i t h  0 .1 N  h y d r o c h l o r i c  a c i d  h a v e  i n  some i n s ­

t a n c e s  i n c r e a s e d  t h e  e f f i c i e n c y  o f  e x t r a c t i o n  ( M o r t e n s e n  an d  

H im es ,  1 9 6 5 )-

Aqueous  i n o r g a n i c  an d  o r g a n i c  e x t r a c t a n t s  h a v e  b e e n  

w i d e l y  u s e d  t o  e x t r a c t  s o i l  o r g a n i c  m a t t e r .  The s u c c e s s f u l  

u s e  o f  n a t u r a l  and  s y n t h e t i c  c h e l a t i n g  a g e n t s  t o  e x t r a c t  

m e t a l s  and  o r g a n i c  m a t t e r  f ro m  s o i l  a r e  t o  some d e g r e e  i n d i ­

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

t e d  by  o r g a n i c  m a t t e r .

S e v e r a l  r e s e a r c h e r s  h a v e  u s e d  c h e l a t i n g  a g e n t s  t o  

d e s o r b  t h e  m i c r o n u t r i e n t s  f ro m  t h e  s o i l  and  make them  a v a i l ­

a b l e  t o  p l a n t s .  D io n  and  Mann ( 1 9 4 6 )  h a v e  shown t h a t  n e u t r a l
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so d iu m  an d  p o t a s s i u m  p y r o p h o s p h a t e s ,  a s  e x t r a c t a n t s  f o r  man­

g a n e s e ,  a r e  much more  e f f e c t i v e  t h a n  t h e  c o r r e s p o n d i n g  o r t h o ­

p h o s p h a t e s  and  t h a t  a s o l u b l e  c o m p le x  o f  m a n g a n i - p y r o p h o s p h o -  

r i c  a c i d  H(MnP2 0 y)  h a s  b e e n  i d e n t i f i e d  i n  t h e  b u f f e r e d  p y r o ­

p h o s p h a t e  i n  w h ic h  m a n g an e se  h a s  a v a l e n c e  o f  3 .  H e i n t z  and 

Mann ( 1 9 ^ 7 )  i n d i c a t e  t h a t  v a r i o u s  o r g a n i c  h y d r o x y - a c i d s  a r e  

a l m o s t  a s  e f f e c t i v e  a s  p y r o p h o s p h a t e  and  m ore  e f f e c t i v e  t h a n  

t h e  c o r r e s p o n d i n g  u n s u b s t i t u t e d  a c i d s  a s  s o i l  m a n g a n e s e  e x ­

t r a c t a n t s .  Kanwar (195*0 was a b l e  t o  c o r r e c t  t h e  c o p p e r  d e ­

f i c i e n c y  c a u s e d  by  f i x a t i o n  b y  p a d d y  s o i l s  h i g h  i n  o r g a n i c  

m a t t e r  c o n t e n t .  Sod ium v e r s e n a t e  and  so d iu m  p y r o p h o s p h a t e  

a p p e a r e d  t o  b e  s a t i s f a c t o r y  c o m p le x  f o r m i n g  a g e n t s .  M i s r a  

an d  S h a r m a ' s  ( 1 9 6 1 ) e x p e r i m e n t a l  r e s u l t s  r e v e a l  t h a t  t h e
.j,

Cu i o n s  a r e  a d s o r b e d  f ro m  c o p p e r  s u l p h a t e  s o l u t i o n  b y  s o i l s  

and  c o m p o s t  a l i k e ,  b u t  t h e  a d s o r p t i o n  g r e a t l y  d e p e n d s  upon  

CaCO^ c o n t e n t  and  pH o f  t h e  m a t e r i a l  and  t h a t  t h e  a d s o r b e d  

Cu++ i s  r e a d i l y  e x t r a c t e d  b y  o r g a n i c  a c i d s .

E x p e r i m e n t s  u s i n g  t h e  s o l u b l e  c o m p o n en t  o f  p l a n t  r e ­

s i d u e s  a s  w e l l  a s  a n i m a l  b y p r o d u c t s  a s  e x t r a c t a n t s  o f  t r a c e  

e l e m e n t s  h a v e  b e e n  c o n d u c t e d  by  s e v e r a l  s c i e n t i s t s .  H u r w i t z  

( 1 9 4 9 ) h a s  d e m o n s t r a t e d  t h e  a b i l i t y  o f  s o l u b l e  c o m p o n en t s  o f  

a l f a l f a  m e a l  and  o a t  s t r a w  t o  i n c r e a s e  t h e  amount o f  c o p p e r  

l e a c h e d  f ro m  a s a n d y  loam and  s i l t y  c l a y  loam s o i l .  He a l s o  

i n d i c a t e s  t h a t  t h e  amount o f  c o p p e r  l e a c h e d  f ro m  t h e  s o i l  i s  

d i r e c t l y  p r o p o r t i o n a l  t o  t h e  amount  o f  p l a n t  r e s i d u e  u s e d .
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F u r t h e r m o r e , he  c o n c l u d e s  t h a t  t h e  c o p p e r  w h ic h  e x i s t s  i n  

m e t a l o - o r g a n i c  c o m p lex  i s  t h e  fo rm  a f f e c t e d  by  t h e  s o l u b l e  

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

M i l l e r  and  O h l r o g g e  ( 1 9 5 8 ) ,  i n  a s t u d y  of i n f l u e n c e  

o f  c h e l a t e - c o n t a i n i n g  m a t e r i a l s  on t h e  a v a i l a b i l i t y  o f  t r a c e  

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

Zn and  Fe by  p l a n t s  upon  a d d i t i o n  o f  w a t e r - e x t r a c t s  o f  b a r n ­

y a r d  m an u re  t o  n u t r i e n t  s o l u t i o n s .  They a l s o  n o t i c e d  t h a t  

s u c h  e x t r a c t s  d e c r e a s e d  t h e  a v a i l a b i l i t y  o f  Zn and Cu when i t  

was a p p l i e d  t o  t h e  s o i l .  I t  was c o n c l u d e d  t h a t  t h e  c h e l a t i n g  

a g e n t s  h e l d  t h e  m i c r o n u t r i e n t s  i n  a l e s s  a v a i l a b l e  fo r m .

Matomura  (1 9 6 1 )  r e c o g n i z e d  t h a t  t h e  e x t r a c t s  f rom  

m i l k  v e t c h  had  a f a i r l y  h i g h  d i s s o l u t i o n  c a p a c i t y  f o r  b o t h  

i n s o l u b l e  i n o r g a n i c  i r o n  compounds and  i r o n  i n  s o i l .  The 

d i s s o l v e d  i r o n  was m a i n l y  i n  f e r r i c  fo rm s  and  o n l y  2 0 - 4 0 $ 

o f  t h e  t o t a l  d i s s o l v e d  i r o n  was i n  f e r r o u s  fo rm .  He a l s o  

n o t i c e d  t h a t  t h e  d i s s o l v i n g  c a p a c i t y  f o r  a luminum was much 

l e s s  t h a n  f o r  i r o n .  F u r t h e r m o r e ,  h e  c o n c l u d e d  t h a t  f a t t y  

a c i d s  and  c o m p le x  c h e l a t i n g  m a t e r i a l s  i n  e x t r a c t s  w e re  r e s ­

p o n s i b l e  f o r  d i s s o l u t i o n  o f  i r o n  and  r e d u c t i o n  o f  d i s s o l v e d  

f e r r i c  i r o n  was due  t o  some r e d u c i n g  s u b s t a n c e s  w hich  w e re  

fo rm ed  d u r i n g  t h e  f e r m e n t a t i o n  p r o c e s s .

The r e s u l t s  o f  s t u d i e s  b y  a num ber  o f  r e s e a r c h e r s  

h a v e  r e v e a l e d  t h a t  t h e  i l l u v i a l  o r g a n i c  m a t t e r  i n  t h e  B h o r i ­

zon  o f  p o d z o l i c  s o i l s  i s  e a s i e r  t o  e x t r a c t  t h a n  t h e  o r g a n i c
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m a t t e r  i n  t h e  s u r f a c e  s o i l .  Such  d a t a  a l s o  s u g g e s t  t h e  p o s ­

s i b i l i t y  o f  t h e  p r e c i p i t a t i o n  o r  f l o c c u l a t i o n  o f  o r g a n i c  

m a t t e r  b y  i r o n  a n d  a lum inum  i n  t h e s e  s o i l s ,  and  t h a t  c o m p le x -  

i n g  t h e s e  m e t a l s  r e n d e r s  t h e  o r g a n i c  m a t t e r  s o l u b l e  i n  w a t e r .

A v a r i e t y  o f  n a t u r a l  and  s y n t h e t i c  o r g a n i c  c h e l a t i n g  a g e n t s  

a s  w e l l  a s  i n o r g a n i c  r e a g e n t s  h a v e  b e e n  u s e d  t o  e x t r a c t  b o t h  

t h e  o r g a n i c  m a t t e r  f rom  t h e  s u r f a c e  an d  s u b s u r f a c e  l a y e r s  o f  

p o d z o l i c  s o i l s .

An e x t e n s i v e  r e v i e w  c o n c e r n i n g  t h e  s o l u b i l i z i n g  e f f e c t  

o f  n a t u r a l l y  o c c u r r i n g  com pounds ,  s u c h  a s  m a t e r i a l  s y n t h e ­

s i z e d  by  p l a n t  c e l l s ,  e . g . ,  ADP, a s  w e l l  a s  o t h e r  n a t u r a l  

s a l t s  o f  o r g a n i c  a n d  i n o r g a n i c  a c i d s  on t h e  i n s o l u b l e  m a t t e r  

i n  n a t u r e ,  c a n  b e  f o u n d  i n  a r t i c l e s  b y  M a n d le ,  G r a u e r ,  and  

N eu b erg  (1952 and  1 9 5 3 ) .  The a u t h o r s  c o n s i d e r  a num ber  o f  

s u c h  n a t u r a l l y  o c c u r r i n g  compounds a s  b e i n g  " o b l i g a t o r y  

i n t e r m e d i a t e s ,  c o n t i n u a l l y  r e f o r m e d ,  o r  f i n a l  p r o d u c t s  o f  

m e t a b o l i s m ,  o r  c e l l u l a r  c o n s t i t u e n t s . "

S y n t h e t i c  o r g a n i c  c h e l a t i n g  a g e n t s  h a v e  b e e n  u s e d  t o  

e x t r a c t  m e t a l s  c o m p le x e d  by  s o i l  o r g a n i c  m a t t e r  w i t h  a s u b s e ­

q u e n t  d i s p e r s i o n  o f  s o i l  o r g a n i c  m a t t e r .  M a r t i n  and  R eev es  

( 1 9 5 7 ) h a v e  u s e d  a number  o f  o r g a n i c  c h e l a t i n g  a g e n t s  i n  

d e a l i n g  w i t h  p o d z o l i c  i l l u v i a l  h o r i z o n s .  T h e i r  e x p e r i m e n t a l  

r e s u l t s  r e v e a l  t h a t  a c e t y l a c e t o n e  a p p e a r s  t o  b e  t h e  m o s t  s a t i s ­

f a c t o r y  r e a g e n t  and  r e a d i l y  fo rm s  c o m p le x e s  w i t h  t r a n s i t i o n a l  

m e t a l s .  The c h e l a t e s  o f  A1 a n d  Fe  w i t h  a c e t y l a c e t o n e  a r e
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e x t r e m e l y  s t a b l e  w i t h  o v e r a l l  f o r m a t i o n  c o n s t a n t s  ( o r  l o g  

o f  2 2 . 3  and  2 6 . 2  r e s p e c t i v e l y .  C u p f e r r o n ,  a n o t h e r  

o r g a n i c  r e a g e n t  t h e y  u s e d  i n  t h e i r  s t u d y ,  was n o t  s a t i s f a c ­

t o r y  a s  a n  e x t r a c t a n t .  N e i t h e r  was  t h e  o x i n e ,  w h i c h  p r o v e d  

t o  b e  a  s lo w  e x t r a c t o r .  They c o n c l u d e d  t h a t  e v e n  i f  t r u e  

m e t a l  c o o r d i n a t i o n  c o m p le x e s  e x i s t  i n  t h e s e  s o i l s ,  e x t r a c t i o n  

o f  o r g a n i c  m a t t e r  w o u ld  b e  g o v e r n e d  by  o t h e r  f a c t o r s  s u c h  a s  

pH and  t h e  n a t u r e  o f  t h e  c a t i o n  a s s o c i a t e d  w i t h  t h e  r e a g e n t .

I n  a  s u b s e q u e n t  s t u d y  M a r t i n  and  R ee v e s  ( 1 9 5 7 )  r e p o r t  

on t h e  e f f e c t  o f  t h e  c o n c e n t r a t i o n  o f  a q u e o u s  a c e t y l a c e t o n e  

a s  w e l l  a s  t h e  e f f e c t  o f  e x t r a c t i o n  t i m e  and  pH on t h e  e x ­

t r a c t i o n  o f  o r g a n i c  c a r b o n  a n d  s e s q u i o x i d e s . T h e i r  d a t a  

c l e a r l y  show t h a t  r e a c t i o n  t i m e  h a s  l i t t l e  i n f l u e n c e  on e x ­

t r a c t i o n  o f  c a r b o n ,  w h i l e  i n c r e a s i n g  r e a g e n t  c o n c e n t r a t i o n  

c a u s e s  an  i n c r e a s e  i n  c a r b o n  d i s p e r s i o n .  A l s o ,  °.2M a c e t y l a c e ­

t o n e  a t  pH 7 rem oves  m ore  c a r b o n  a n d  i n  some c a s e s  m ore  A1 

c o m p le x e s  t h a n  a t  pH 4 . 2 ,  b u t  l e s s  Fe  i s  e x t r a c t e d  a t  h i g h e r  

pH. F u r t h e r m o r e ,  t h e  s u p e r i o r i t y  o f  p y r o p h o s p h a t e  o v e r  a c e ­

t y l a c e t o n e  was c o n f i r m e d .  W h i l e  i t  i s  d i f f i c u l t  t o  e x p l a i n  

t h e s e  f i n d i n g s  i n  t e r m s  o f  c h e l a t e  s t a b i l i t y  ( o v e r - a l l  s t a b i ­

l i t y ,  l o g  c o n s t a n t s  o f  C u - p y r o p h o s p h a t e  and  C u - a c e t y l a c e t o n e  

a r e  1 0 .1  a n d  1 7 . 4  r e s p e c t i v e l y ) ,  t h e  a u t h o r s  s u g g e s t  t h a t  t h e  

r e a l  e x p l a n a t i o n  may l i e  i n  t h e  f a c t  t h a t  t h e  a c e t y l a c e t o n e  

a t  pH 7 c o n t a i n s  o n l y  1 - 2 $  f r e e  a n i o n  and  t h e  Na+ c o n c e n t r a ­

t i o n  i s  low .  Thus m e t a l s  r em oved  f r o m  t h e  o r g a n i c  m a t t e r  a r e



23

r e p l a c e d  p r e d o m i n a n t l y  b y  H+ . W i t h  ^ 2^ 2 2 0 7 s t h e  d e g r e e  o f  

i o n i z a t i o n  i s  l a r g e  a n d  a  l a r g e r  f r a c t i o n  o f  t h e  a c t i v e  

g r o u p s  on t h e  o r g a n i c  m a t t e r  s u r f a c e  i s  o c c u p i e d  b y  Na, r e ­

s u l t i n g  i n  g r e a t e r  d i s p e r s i o n .

O t h e r  o r g a n i c  c o m p l e x i n g  r e a g e n t s  s u c h  a s  8 - h y d r o x y -  

q u i n o l i n e ,  d i s o d i u m  d i h y d r o g e n  e t h y l e n e d i a m i n e t e t r a a c e t i c  

a c i d ,  c u p f e r r o n ,  a c e t y l a c e t o n e ,  a s  w e l l  a s  t h e  i n o r g a n i c  

c h e l a t i n g  a g e n t  N a - p y r o p h o s p h a t e ,  w e r e  u s e d  t o  e x t r a c t  o r g a ­

n i c  m a t t e r  f rom  s o i l  b y  C h o u d h r i  and  S t e v e n s o n  ( 1 9 5 7 ) .  They 

s t u d i e d  t h e  e f f e c t s  o f  p r e t r e a t m e n t  an d  e x c h a n g e a b l e  b a s e s ,  

r e m o v a l  o f  f r e e  i r o n  and  a lum inum  o x i d e s ,  and  f i n a l l y ,  r e m o ­

v a l  o f  s i l i c a t e  m i n e r a l s  on t h e  o r g a n i c  m a t t e r  e x t r a c t i o n .  

They c o n c l u d e d  t h a t  t h e  r e m o v a l  o f  c a l c i u m  and  f r e e  i r o n  and  

a lum inum  o x i d e s  i n c r e a s e d  t h e  s o l u b i l i t y  o f  o r g a n i c  m a t t e r  

by  a l m o s t  a l l  t h e  r e a g e n t s  t h e y  u s e d ,  b u t  h a d  n o  e f f e c t  on 

e x t r a c t i o n  b y  p y r o p h o s p h a t e .  H ow ever ,  t h e  r e m o v a l  o f  s i l i ­

c a t e  m i n e r a l s  was e f f e c t i v e  i n  f a c i l i t a t i n g  t h e  e x t r a c t i o n  

o f  humic  a c i d  by  p y r o p h o s p h a t e  a s  w e l l  a s  o t h e r  c h e l a t i n g  

a g e n t s  u s e d  i n  t h e  s t u d y .

P a r s o n  an d  T i n s l e y  ( i 9 6 0 ) h a v e  u s e d  f o r m i c  a c i d ,  a 

p o l a r  compound, a s  an  e x t r a c t a n t  f o r  s o i l  o r g a n i c  m a t t e r ,  

p a r t i c u l a r l y  p o l y s a c c h a r i d e s .  They  s t a t e  t h a t  one o f  t h e  

a d v a n t a g e s  o f  t h e  s o l v e n t  i s  t h e  l a c k  o f  e i t h e r  o x i d i z i n g  

o r  h y d r o l y t i c  p r o p e r t i e s  i n  t h e  a n h y d r o u s  c o n d i t i o n .  They 

a l s o  n o t e d  an  i n c r e a s e  i n  e x t r a c t i o n  e f f i c i e n c y  upon  a d d i t i o n  

o f  i n o r g a n i c  c a t i o n s  t o  t h e  e x t r a c t a n t .



24

I n o r g a n i c  r e a g e n t s  h a v e  b e e n  w i d e l y  u s e d  t o  e x t r a c t  

s o i l  o r g a n i c  m a t t e r  w i t h  some s u c c e s s .  B r e m n e r ,  e t  a l . , 

(1 9 4 6 )  h a v e  u s e d  p y r o p h o s p h a t e ,  o r t h o p h o s p h a t e ,  an d  some 

sod ium  s a l t s  o f  o r g a n i c  compounds s u c h  a s  c i t r a t e  an d  o x a ­

l a t e  a s  e x t r a c t a n t s  o f  o r g a n i c  m a t t e r .  They n o t i c e d  t h a t  

upon  d i a l y s i s  o f  t h e  p y r o p h o s p h a t e  e x t r a c t  t h e  w a t e r - s o l u b l e  

o r g a n i c  n i t r o g e n  i s  n o t  removed  w h i l e  m o s t  o f  t h e  m e t a l s  a r e  

rem oved .  T h e i r  r e s u l t s  f u r t h e r  i n d i c a t e  t h a t ,  on t h e  w h o l e ,  

t h e  compounds t h a t  a r e  good p o l y v a l e n t  c a t i o n  e x t r a c t a n t s  

a r e  a l s o  good  o r g a n i c  m a t t e r  e x t r a c t a n t s .  They  i n f e r  t h a t  

p a r t  o f  t h e  p o l y v a l e n t  m e t a l s  i s  co m b in ed  a s  c o - o r d i n a t i o n  

c o m p le x e s  w i t h  p a r t  o f  t h e  o r g a n i c  m a t t e r ,  and  t h e  p r e s e n c e  

o f  t h e  m e t a l s  r e n d e r s  o r g a n i c  m a t t e r  i n  t h e  c o m p le x e s  i n s o l ­

u b l e  i n  w a t e r .  They  a l s o  i n d i c a t e  t h a t  t h e  e x t r a c t i n g  pow er  

o f  2% N a - h y d r o x i d e  i s  p r i m a r i l y  due  t o  d e g r a d a t i o n  o f  t h e  

h i g h  m o l e c u l a r  w e i g h t  compounds i n i t i a l l y  p r e s e n t  i n  t h e  

s o i l .

B re m n e r  and  L ees  ( 1 9 ^ 9 )  f u r t h e r  i n v e s t i g a t e d  t h e  

q u e s t i o n  w h e t h e r  t h e  s o l u b i l i t y  o f  o r g a n i c  m a t t e r  i s  g o v e r n e d  

by  t h e  n a t u r e  o f  t h e  a s s o c i a t i o n  b e t w e e n  o r g a n i c  m a t t e r  and  

m e t a l s ,  a s  w e l l  a s  t h e  a b i l i t y  o f  t h e  a n i o n  o f  t h e  e x t r a c t ­

a n t  t o  rem ove  t h e  i n t e r f e r i n g  m e t a l s  a s  e i t h e r  i n s o l u b l e

p r e c i p i t a t e s  o r  s o l u b l e  c o o r d i n a t i o n  c o m p l e x e s .  Among t h e
+ +

a c c o m p a n y in g  c a t i o n s  u s e d  i n  t h e  e x t r a c t a n t s ,  Na , K , and  

NH^ g a v e  r i s e  t o  an  e f f i c i e n t  e x t r a c t i o n ,  w h i l e  Ca p r o v e d  t o
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b e  a c h i e f  i n t e r f e r a n t  i n  o r g a n i c  m a t t e r  e x t r a c t i o n .  I n  t h e  

ab o v e  s t u d i e s  o r g a n i c  n i t r o g e n  was t a k e n  a s  a n  i n d e x  f o r  s o i l  

o r g a n i c  m a t t e r .  H ow ever ,  i n  a s u b s e q u e n t  s t u d y ,  B re m n er  

( 19^ 9 ) f o u n d  t h a t  t h e  o r g a n i c  c a r b o n  and  n i t r o g e n  a r e  i n t i ­

m a t e l y  a s s o c i a t e d  s o  t h a t  t h e  o r g a n i c  c a r b o n  i s  d i s s o l v e d  

o n l y  i n  p r o p o r t i o n  t o  o r g a n i c  n i t r o g e n .

D i l u t e  i n o r g a n i c  a c i d s  h a v e  b e e n  u s e d  t o  e x t r a c t  o r ­

g a n i c  m a t t e r  f rom  t h e  p o d z o l i c  s o i l s  b y  S c h n i t z e r  and  W r i g h t  

( 1 9 5 7 ) .  Two p e r  c e n t  o f  t h e  c a r b o n  o f  t h e  Ao h o r i z o n  an d  a s  

h i g h  a s  96/0 o f  t h e  c a r b o n  o f  a B h o r i z o n  o f  a  p o d z o l  s o i l  

w e re  e x t r a c t e d  by  HF, HC1, and  a m i x t u r e  o f  HC1-HF. An a c i d  

c o n c e n t r a t i o n  h i g h e r  t h a n  0 . 5 $  was l e s s  e f f e c t i v e .  The 

amount o f  c a r b o n  e x t r a c t e d  by  0 . 5 $  HC1 showed a c o r r e l a t i o n  

w i t h  e x t r a c t e d  Fe  an d  A l ,  w i t h  maxima o c c u r r i n g  i n  t h e  B 

h o r i z o n  e x t r a c t s .

I n  a l a t e r  s t u d y  by  S c h n i t z e r ,  e t  a l . ,  ( 1 9 5 8 ) ,  a 

s u r v e y  o f  t h e  e x t r a c t i v e  p ow er  o f  f i f t e e n  i n o r g a n i c  r e a g e n t s  

was made.  I n c l u d e d  among them  w e re  NaOH, Na4 P2 0 y ,  Na^PO^, 

NaF, an d  NaCl.  The o n l y  o r g a n i c  r e a g e n t  u s e d  was Nag-EDTA. 

The pH r a n g e d  f rom  1 . 4  t o  1 3 . 1 ,  and  t h e  am ount  o f  o r g a n i c  

m a t t e r  e x t r a c t e d  v a r i e d  w i t h  h o r i z o n  a s  w e l l  a s  w i t h  t h e  e x ­

t r a c t a n t .  They c o n c l u d e d  t h a t  w h i l e  o n l y  NaOH removed 

a p p r e c i a b l e  am oun ts  o r  o r g a n i c  m a t t e r  f rom  t h e  Ao h o r i z o n ,  

o t h e r s  s u c h  a s  Na2| P 2 0y ,  Na^PO^, NaF, NagCO^, an d  EDTA, e x ­

t r a c t e d  m ore  t h a n  80$  o f  t h e  o r g a n i c  m a t t e r  i n  t h e  Bg^ 

h o r i z o n .
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Evans  ( 1 9 5 9 )  n o t e d  t h a t  t h e  e x t e n t  o f  o r g a n i c  m a t t e r  

e x t r a c t i o n  t e n d e d  t o  r i s e  w i t h  t h e  pH o f  t h e  e x t r a c t i n g  s o l u ­

t i o n .  The c h e l a t i n g  r e a g e n t s  e x t r a c t e d  m ore  o r g a n i c  m a t t e r  

t h a n  o t h e r  e x t r a c t a n t s  o f  c o m p a r a b l e  pH, b u t  e x t r a c t s  b y  a l l  

r e a g e n t s  r o s e  w i t h  i n c r e a s i n g  t i m e  and  t e m p e r a t u r e .  T i n s l e y  

and  S a lam  ( 1 9 6 1 ) a l s o  c o n f i r m e d  t h e  s u i t a b i l i t y  o f  N a - p y r o -  

p h o s p h a t e  a s  w e l l  a s  c i t r a t e ,  o x a l a t e ,  and  s u l p h a t e  a t  com­

p a r a b l e  c o n c e n t r a t i o n  and  pH v a l u e s  f o r  o r g a n i c  m a t t e r  e x ­

t r a c t i o n .  The r o l e  o f  pH was a l s o  s t u d i e d  by  t h e  a b o v e  

a u t h o r s  and  i t  was i n  a g r e e m e n t  w i t h  E v a n ' s  p r e v i o u s l y  men­

t i o n e d  s t u d i e s .

I t  h a s  b e e n  d e m o n s t r a t e d  t h a t  s e c o n d a r y  Fe  an d  Al 

compounds  and  o r g a n i c  m a t t e r  i n  s o i l  r e f l e c t  p r o c e s s e s  o f  

s o i l  f o r m a t i o n  and  i n f l u e n c e  s o i l  s t r u c t u r e  an d  p l a n t  n u ­

t r i e n t  s t a t u s .  Fe  and  Al  e x i s t  i n  d i f f e r e n t  fo rm s  i n  s o i l ,  

p a r t i c u l a r l y  i n  c r y s t a l l i n e  o x i d e s  and  s i l i c a t e s ,  am orphous  

h y d r o u s  o x i d e s ,  and  a s  c o m p le x e s  w i t h  o r g a n i c  m a t t e r .  The 

fo rm  i n  w h ic h  t h e y  a p p e a r  i s  a d i a g n o s t i c  f e a t u r e  o f  t h e  B 

h o r i z o n  o f  p o d z o l s  and  o f  i m p o r t a n c e  i n  i d e n t i f i c a t i o n  o f  

t h e  p o d z o l i c  s o i l s .  A c o l l e c t i v e  t e r m  o f  " a c t i v e "  m a t e r i a l  

h a s  b e e n  a s s i g n e d  t o  t h e  c o l l o i d a l  humus and  s e s q u i o x i d e s  

c o m p le x e s  i n d i c a t i v e  o f  h i g h  c a t i o n  e x c h a n g e  c a p a c i t y  and  

p h y s i c o - c h e m i c a l  p r o p e r t i e s .  T h e r e f o r e  many r e s e a r c h e s  h a v e  

b e e n  c o n d u c t e d  t o  d e s i g n  a s i m p l e  e x t r a c t i o n  t e c h n i q u e  t o  

s e p a r a t e  t h e  a c t i v e  f rom  i n a c t i v e  compounds a n d  c o m p le x e s
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w i t h  t h e  o b j e c t  o f  i m p r o v i n g  t h e  i d e n t i f i c a t i o n  an d  c l a s s i ­

f i c a t i o n  o f  p o d z o l s .

F o r  some t i m e  f r e e  Fe  o x i d e s  h a v e  b e e n  e x t r a c t e d  f rom  

s o i l s  b y  d i t h i o n i t e - c i t r a t e - b i c a r b o n a t e  e x t r a c t i n g  s o l u t i o n  

(Mehra  an d  J a c k s o n ,  i 9 6 0 ) .  McKeague a n d  Day ( 1 9 6 6 ) made a  

c o m p a r i s o n  o f  t h e  e x t r a c t a b i l i t y  o f  i r o n  a n d  a lum inum  w i t h  

d i t h i o n i t e  and  a c i d  ammonium o x a l a t e ,  u s i n g  some C a n a d i a n  

p o d z o l i c  s o i l s .  T h e i r  r e s u l t s  r e v e a l  t h a t  t h e  o x a l a t e  e x ­

t r a c t i o n  d i s s o l v e d  much o f  t h e  i r o n  and  a lum inum  f rom  t h e  

am orphous  m a t e r i a l s ,  i n c l u d i n g  t h e  am orphous  h y d r o u s  o x i d e s  

o f  r e c e n t  w e a t h e r i n g  a s  w e l l  a s  m e t a l - o r g a n o  c o m p l e x e s ,  b u t  

v e r y  l i t t l e  f rom  c r y s t a l l i n e  o x i d e s .  On t h e  o t h e r  h a n d ,  t h e  

d i t h i o n i t e  e x t r a c t i o n  d i s s o l v e d  a l a r g e  p r o p o r t i o n  o f  c r y s ­

t a l l i n e  i r o n  o x i d e s ,  a s  w e l l  a s  much o f  t h e  am orphous  m a t e ­

r i a l s .  They a l s o  n o t i c e d  t h a t  o x a l a t e - e x t r a c t a b l e  A l  f r e ­

q u e n t l y  e x c e e d e d  d i t h i o n i t e - e x t r a c t a b l e  A l ,  and  t h e  r a t i o  o f  

o x a l a t e  t o  d i t h i o n i t e - e x t r a c t a b l e  Fe  commonly was h i g h  f o r  B 

h o r i z o n s .  They c o n c l u d e d  t h a t  s i n c e  o x a l a t e  e x t r a c t s  i r o n  

an d  Al o r g a n i c  c o m p le x e s  f ro m  s o i l ,  some o f  t h e  Fe  an d  Al  

e x t r a c t e d  by  o x a l a t e  f rom  B h o r i z o n s  o f  p o d z o l s  e x i s t e d  a s  

m e t a l - o r g a n i c  c o m p l e x e s .

F r a n z m e i e r ,  et_ a l . ,  ( 1965)5  u s e d  a m i x t u r e  o f  p y r o ­

p h o s p h a t e  and  d i t h i o n i t e  i n  s o l u t i o n  a t  pH 7 . 3  t o  e x t r a c t  F e ,  

A l ,  an d  o r g a n i c  C f ro m  p o d z o l  B h o r i z o n s .  H ow ever ,  d i t h i o ­

n i t e  d i s s o l v e s  Fe s i l i c a t e  m i n e r a l s  and  am orphous  Fe  o x i d e s .
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T i t o v a  ( 1 9 6 2 )  h a s  shown t h a t  n e u t r a l  so d iu m  p y r o p h o s p h a t e  i s  

c a p a b l e  o f  e x t r a c t i n g  i r o n  f r o m  h y d r o x i d e  a s  w e l l  a s  i r o n  co n  

t a i n i n g  m i n e r a l s .  F u r t h e r  d a t a  b y  Kononova* e t  a l . ( 1 9 6 4 ) *  i n  

d i c a t e s  t h a t  t h e  n e u t r a l  sod ium  p y r o p h o s p h a t e  i s  r a t h e r  a 

s t r o n g  r e a g e n t  w h i c h  d ecom poses  m i n e r a l s  and  f r e e s  t h e  i r o n  

a n d  a lum inum .  T h e r e f o r e ,  t h e  ab o v e  a u t h o r s  do  n o t  c o n f i r m  

t h e  h y p o t h e s i s  t h a t  t h e  p y r o p h o s p h a t e  s o l u t i o n  e x t r a c t s  o n l y  

t h e  Fe  and  Al  f i x e d  by  o r g a n i c  s u b s t a n c e s .

McKeague ( 1 9 6 7 ) co m p ared  F r a n z m e i e r ' s  e x t r a c t i n g  s o l u ­

t i o n ,  O.lM N a - p y r o p h o s p h a t e  an d  0.2M a c i d i f i e d  ammonium o x a ­

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

H i s  d a t a  s u g g e s t  t h a t  o . lM  N a - p y r o p h o s p h a t e  s o l u t i o n  e x t r a c ­

t e d  some o f  t h e  F e -*  A l - o r g a n i c  m a t t e r  p r o d u c t s  i n  p o d z o l  B* 

b u t  d i d  n o t  d i s s o l v e  t h e  i n o r g a n i c  am orphous  o r  c r y s t a l l i n e  

Fe  and  A l  s u b s t a n c e s  t e s t e d .  The o x a l a t e  s o l u t i o n  e x t r a c t e d  

Fe and  A l  f rom  am orphous  i n o r g a n i c  s u b s t a n c e s  a s  w e l l  a s  

am orphous  F e -  and  A l - o r g a n i c  m a t t e r  c o m p l e x e s .  I t  d i d  n o t  

d i s s o l v e  c r y s t a l l i n e  Fe  o x i d e s .  The p y r o p h o s p h a t e - d i t h i o n i t e  

s o l u t i o n  e x t r a c t e d  a l a r g e  p r o p o r t i o n  o f  Fe  and  Al  f rom  

c r y s t a l l i n e  o x i d e s  a s  w e l l  a s  am orphous  o r g a n i c  and  i n o r g a n i c  

f o r m s .  He recommends  e i t h e r  a c i d  ammonium o x a l a t e  o r  O.lM 

p y r o p h o s p h a t e  a s  u s e f u l  e x t r a c t a n t s  f o r  e s t i m a t i n g  t h e  

a c c u m u l a t i o n  p r o d u c t s  i n  p o d z o l - l i k e  B h o r i z o n s .

Bascomb (1 9 6 8 )  e x t r a c t e d  Fe  and  c a r b o n  f ro m  a num ber  

o f  B r i t i s h  s o i l s  u s i n g  O.lM K - p y r o p h o s p h a t e  s o l u t i o n .
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S t u d y i n g  t h e  e f f e c t  o f  pH o f  s o l u t i o n  on e x t r a c t i o n  o f  F e ,  

he  u s e d  a s e r i e s  o f  F e - c o n t a i n i n g  m a t e r i a l s  i n c l u d i n g  a  

f r e s h l y  p r e c i p i t a t e d  h y d r a t e d  F e ^ H ) ^ ,  a p o o r l y  c r y s t a l i z e d  

l e p i d o c r o c i t e ,  a n d  x - r a y  am orphous  F e - o x i d e ,  a  m o d e r a t e l y  

c r y s t a l i z e d  g o e t h i t e ,  a n d  a t r o p i c a l  l a t e r i t e .  He o b s e r v e d  

t h a t  t h e  e x t r a c t i o n  o f  c r y s t a l l i n e  o x i d e s  was s l i g h t  a t  pH 

1 0 ,  c o m p a r ed  w i t h  pH 7 .  He a l s o  s u g g e s t s  l i t t l e  a t t a c k  on 

s i l i c a t e s  b y  p y r o p h o s p h a t e .  I n  c o n c l u s i o n  he  s t a t e s  t h a t  

p y r o p h o s p h a t e  e x t r a c t s  p e p t i z a b l e  o r g a n i c  m a t t e r  and  s e p a ­

r a t e s  am orphous  fo rm s  f rom  t h e  l e s s  a c t i v e  c r y s t a l l i n e  Fe 

o x i d e s  b e t t e r  a t  a pH o f  10 t h a n  a t  a  pH o f  7 o r  13 .



MATERIALS AND METHODS

S o i l s  Used  i n  t h e  S t u d y  

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

two g r o u p s  o f  p r o f i l e s :  ( l )  S p o d o s o l s  d e v e l o p e d  on a s a n d y

T o p o - b i o s e q u e n c e  i n  N o r t h e r n  M i c h i g a n  and  ( 2 )  w e l l - d r a i n e d  

S p o d o s o l s  w i t h  v a r y i n g  d e g r e e  o f  s p o d i c  h o r i z o n  d e v e l o p m e n t .  

(The a u t h o r  e x p r e s s e s  h i s  a p p r e c i a t i o n  t o  D r .  J .  B. C o l l i n s  

and  D r .  D. A. L i e t z k e  f o r  t h e i r  p e r m i s s i o n  t o  u s e  t h e s e  s o i l  

s a m p l e s  i n  t h i s  s t u d y . ) I n  a d d i t i o n  t o  s p o d i c  h o r i z o n s  f rom  

t h e  ab o v e  p r o f i l e s ,  some o t h e r  h o r i z o n s  s u c h  a s  A ^ ,  Kq ,  a r -  

g i l l i c  h o r i z o n s  and  f r a g i p a n s  w e r e  a l s o  i n c l u d e d  i n  t h e  

s t u d y .  Some o f  t h e  p h y s i c a l  an d  c h e m i c a l  p r o p e r t i e s  o f  t h e  

s o i l s  r e l e v a n t  t o  t h i s  s t u d y  a s  w e l l  a s  t h e  k i n d s  o f  h o r i ­

zons  u s e d  i n  t h e  s t u d y  a r e  g i v e n  i n  T a b l e  1 ,  and  t h e  a p p r o ­

x i m a t e  l o c a t i o n s  o f  t h e  s i t e s  a r e  shown i n  F i g u r e  1 .  The 

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

a r e  a l s o  g i v e n  i n  T a b l e  2 .  The f u l l  p r o f i l e  d e s c r i p t i o n  o f  

t h e  s o i l s  a r e  g i v e n  by  t h e  ab o v e  a u t h o r s  i n  t h e i r  r e s p e c t i v e  

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

b e  g i v e n  i n  t h e  s u c c e e d i n g  p a r a g r a p h s .

The f i r s t  g ro u p  o f  p r o f i l e s  w e re  s e l e c t e d  f rom  a Topo-  

b i o s e q u e n c e  so  t h a t  i t  r e f l e c t s  a  g r a d a t i o n  i n  s o i l  m o i s t u r e
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r e g im e  and  i t s  r e l a t i o n s h i p  w i t h  t h e  v e g e t a t i o n  a l o n g  t h e  

s l o p e  ( C o l l i n s ,  1 9 7 1 ) .  The s o i l  p a r e n t  m a t e r i a l s  a r e  e x t e n ­

s i v e  a r e a s  o f  s a n d y  and  g r a v e l l y  t i l l s  and  o u tw a s h  p l a i n s  o f  

l a t e  p l e i s t o c e n e  a g e .  T h e s e  p l a i n s  a r e  p i t t e d  w i t h  g l a c i a l  

k e t t l e  h o l e s .  The u p l a n d  a r e a  i s  known a s  a  " J a c k  p i n e  a r e a "  

o f  M i c h i g a n .  V a r i o u s  t y p e s  o f  b og  and  m a r s h  v e g e t a t i o n  h a v e  

d e v e l o p e d  i n  t h e  a d j o i n i n g  k e t t l e  h o l e s .  The d o m i n a n t  s h r u b  

c o v e r  i s  known t o  b e  o f  t h e  t y p e  o f  " l e a t h e r  l e a f "  b e i n g  

a d a p t e d  t o  t h e  p o o r l y - d r a i n e d  a c i d  b o g .  The s o i l  t y p e s  c a n  

b e  b r i e f l y  d e s c r i b e d  a s  f o l l o w s :

K i n r o s s  s a n d  i s  a p o o r l y  d r a i n e d ,  H i s t i c  H a p la q u o d  

( lo w - H u m ic - G l e y )  w h i c h  i s  d e v e l o p e d  f rom  medium t o  v e r y  

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

T h i s  s o i l  h a s  a n  o r g a n i c  s u r f a c e  w h ic h  i s  t h i r t e e n  i n c h e s  

t h i c k .  The s p o d i c  B h o r i z o n s  c o n t a i n  a g g r e g a t e s  w h ic h  a r e  

a p p a r e n t l y  h e l d  t o g e t h e r  by  t h e  r e d d i s h - b r o w n  h u m u s - s e s q u i -  

o x i d e s  and  some c l a y .  K i n r o s s  s e r i e s ,  w h ic h  i n c l u d e s  f o r m e r  

Low-Hum ic-Gley  s o i l s ,  a r e  t h e  p o o r l y  t o  v e r y  p o o r l y  d r a i n e d  

member o f  c a t e n a s  w h ic h  i n c l u d e s  t h e  w e l l  d r a i n e d  G r a y l i n g  

o r  R u b ic o n  s o i l s ,  t h e  m o d e r a t e l y  w e l l  d r a i n e d  C r o s w e l l ,  and  

t h e  somewhat p o o r l y  d r a i n e d  AuGres s o i l s .

S a u g a t u c k - AuGres s a n d  i s  a  somewhat p o o r l y  d r a i n e d  

p ed o n  i n  t h e  S a u g a t u c k  s e r i e s  b u t  b o r d e r l i n e  t o  A u G re s .  I t  

r a n g e s  f rom  A e r i e  H a p la q u o d s  t o  E n t i c  H a p la q u o d s  i n  c h a r a c ­

t e r i s t i c s  ( G r o u n d - W a t e r - P o d z o l s ) .  T h i s  s o i l  i s  d e v e l o p e d  i n
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T a b l e  1.  Some p h y s i c a l  and c h e m i c a l  p r o p e r t i e s  o f  t h e  p r o f i l e s  s t u d i e d

S o i l  s e r i e s  and 
h o r i z o n s

Lab
No.

P ar e n t
m a t e r i a l

Natu r a l  
d r a i n a g e

Depth
( i n c h e s )

M u n se l l
n o t a t i o n pH

%
c l a y

CTEc 
NaOAC 
(pH 8 . 2 )  
m . e . / l O O  gm

K i n ro s s B s i h

B2 2 h l r

1

2

sand & 
g r a v e l  
d r i f t s

p o o r l y

d ra i n e d

1 1 - 21

2 1 - 2 7

5YR 3 / 3  

5YR 4 / 3

4 . 5

4 . 7

2 . 1

1 . 8

8 . 2

6 . 1

S a ug a t u c k -  

AuGres
B2l"'i r  
b 22-'ii 

I I R p j h i r ’ 
I I B h i r ' m

3
4
5

sand somewhat

p o o r l y

d r a i n e d

3-  7 
7 - 11

I t  - 2  3

5YR 3 / 3  
5YR 3 / 3
EYR 3 / 4  
3’YK 1 / 2 -  

7/3

4 . 8  
4 .  o 
4 . 5

_E. 0

8 . 8
6 . 7
3 . 1

1 . 1

1 7 . 3  
14 .1
1 4 . 3

6 .

AuGres-

C r o s w e l l

I ' o i h i r

s and

or.ev.r.a t 
p o o r l y  t o  
mode r -
a t  e y

d r a i n e d

.1 - I d PYR 4 / I  

I VI. • / 4

4 . 7

d . 7 4 . 6

■ r,

C r o s w e l l -  

Graycalm

UPPFp j h i  r

1 ov.’Bo-j h i r  
P g h - . i r

1 h

s a n d  t o

s a n d  v 
s a nd  
d r i f t  s

m o d e r ­
a t e l y  v ; e l l  
t o  w e l l  
d r a i n e d

7

EYR3 / 3  t o  
7 . 5YR4/4 
EYE 7/7 t o  
7 . EYR4/4 
;■. eyr4 / 4

t 'V
7 . EYRE/4

^ . 9  

‘3. l  

h . L

K # 0 

8 . 6  

2 . r-‘

4 . 5  

' . 2  

3-1

Omega P.pS 12 s and w e l l
d r a i n e d

■ - 1 2 7 . r YR 4 / 4 ( 2 . "

L a s t p or t B21 13 s a n d wel  1 
d r a  i n e d 1 -;-i ■ 7 .  EYR 4 / 4 ’L O 1-3 2 .  E

Rubicon A1

I '2 ] i r

o r t . s t e i n

14

l r

!•'
1 I

sand v;el 1 
d m  i n e d 1-9 1 / 2 10YR 2 / 1

5YR3/4-
4 / 4

7 . 3-YR 4 / 4
7.5YR 4 / 4  
t, o RYR 3 / 2

4 . 5

4 . 5  

5 .  0

4 . 9

3 . 7
2 . 1

1 1 . 4

1 !

7.

Hiawatha Ai

a 2

E2 1 n i r

13

!:■

s a n d wel  1 
d r a i n e d 0 - 0

3 - 1 1

RYR 2 / 1
5YR5/1-

4 / 1
5YR 2 / 2

5 . 5
E. E

4 . 5

4 . 1
2 . 2

1 7 . 7
4 . 2

1 6 . 2

E 2 2 1 r 2 1 11- 17 5YR 3 / 4 5 . 5 1 2 . E

Onaway Ao 
B2 i  i r  
E2 2 i r  
E2 2 t

22 
2 3 

24 
2 0

loam or  
sandy  
1 cam 
g l a c i a l  
t i l l

wel  1 
d r a i n e d

7 - 1 2
2 4 - 23

2 YR 2 / 3  
RYR 3 / 4  
5 YR 9 / 6  
EYR 4 / 3

4 . 5

5 . 0
7 . 0

4 . 3  
15 .  “ 
1 3 . 7  
2 4 . 9

16 . 5  
1 1 . 4  
1 7 . 1

Mun is i ng A1
a2

B g j h i r

B2 2 l r
b 3x

26

27

28
29
30

sandy
loam
g l a c i a l
t i l l

w e l l
d r a i n e d

0-1
1 -c,

9 - 1 3
13- 21
2 1 - 2 9

5YR 2 / 2  

5YR 6 / 2

5YR 3 / 3 -  
3 / 2

2.5YR 4 / 4

5 - 0

4 . 5

4 . 5
5 . 0

5 . 5

3 . 8  

. 3 8

1 0 . 6
7 . 8  
4 . 4

2 6 . 5  

7 . 5

2 5 . 9
1 4 . 8

3 - 5



T a b l e  2 .  S o i l  t y p e  names and l e g a l  d e s c r i p t i o n s  o f  l o c a t i o n s  o f  t h e  p r o f i l e s  
s t u d i e d  ( s e e  a l s o  F i g .  1)

S o i l  t y p e L o c a t i o n

Omega f i n e  s a n d SW 1 / 4  o f  SE 1 / 4 ,  S e c t i o n  2 7 ,  T 46 N, R 25 W. 
M a r q u e t t e  C oun ty

E a s t p o r t  s a n d SW 1 / 4  o f  SW 1 / 4  o f  SE 1 / 4  o f  NE 1 / 4 ,  S e c t i o n  9 ,  
t  7 N, R 17 E. S t .  C l a i r  C oun ty

R u b ic o n  s an d NE 1 / 4  o f  NE 1 / 4 ,  S e c t i o n  1 ,  T 45  N, R 19 W. 
A l g e r  C o u n ty

H iaw a th a  s a n d NW 1 / 4  o f  SE 1 / 4 ,  S e c t i o n  7 ,  T 53 N, R 35 W. 
H ough ton  Coun ty

Onaway f i n e  s an d y  loam SW 1 / 4  o f  SW 1 / 4 ,  S e c t i o n  33 , T 40  N, R 24 W. 
D e l t a  C oun ty

M u n i s i n g  loamy san d SW 1 / 4  o f  NE 1 / 4 ,  S e c t i o n  4 ,  T 51 N, R 31 W. 
B a r a g a  C oun ty

K i n r o s s , S a u g a t u c k - A u G r e s , A u G r e s - C r o s w e l l  and  C r o s w e l l - G r a y c a l m  a r e  f rom  a

s a n d y  t o p o - b i o s e q u e n c e  w h ic h  i s  l o c a t e d  i n  t h e  N o r t h e r n  p a r t  o f  M i c h i g a n ' s

l o w e r  p e n i n s u l a  on S t a t e F o r e s t  l a n d ,  i n  S o u t h  C e n t r a l  C ro w fo rd  C o u n ty .
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s a n d y  d e p o s i t s  o f  l a t e  p l e i s t o c e n e  a g e .  T h i s  s o i l  h a s  a 

s t r o n g l y  c e m e n te d  o r t s t e i n  i n  t h e  l o w e r  B h o r i z o n  w i t h  w e l l -  

c o a t e d  s a n d  g r a i n s  i n  t h e  s p o d i c  h o r i z o n s .  The w a t e r  t a b l e  

v a r i e s  d u r i n g  t h e  g r o w i n g  s e a s o n  an d  a v e r a g e s  20"  b e l o w  t h e  

s u r f a c e .  S a u g a t u c k  s o i l s  a r e  i m p e r f e c t l y  t o  p o o r l y  d r a i n e d  

G r o u n d - W a t e r - P o d z o l s  o f  a c a t e n a  w h ic h  i n c l u d e s  i m p e r f e c t l y  

d r a i n e d  AuGres and  A r e n a c  s o i l s  w i t h o u t  a c e m e n te d  B h o r i z o n ,  

t h e  p o o r l y  d r a i n e d  Roscommon s o i l s  (w h ich  a r e  l e s s  a c i d  t h a n  

t h e  K i n r o s s  s o i l s ) ,  t h e  w e l l  d r a i n e d  R u b i c o n ,  and  t h e  m o d e r ­

a t e l y  w e l l  d r a i n e d  C r o s w e l l  s o i l s .

A u G re s - C r o s w e l l  s a n d  i s  an  i m p e r f e c t  t o  m o d e r a t e l y  

w e l l  d r a i n e d  p e d o n  i n  t h e  AuGres s e r i e s  b u t  b o r d e r l i n e  t o  

C r c s w e l l .  The w a t e r  t a b l e  a v e r a g e s  3 6 " d e ep  d u r i n g  t h e  

g r o w in g  s e a s o n .  T h i s  s o i l  h a s  c h a r a c t e r i s t i c s  w h ic h  r a n g e  

f rom  E n t i c  H a p la q u o d s  t o  E n t i c  H a p l o r t h o d s  and  i s  d e v e l o p e d  

i n  medium an d  c o a r s e  s a n d .  I t  i s  a b o r d e r l i n e  c a s e  o f  

AuGres w i t h  r e s p e c t  t o  d r a i n a g e  and  s p o d i c  h o r i z o n  d e v e l o p ­

m e n t .

C r o s w e l l - G ra y ca lm  s a n d  i s  a m o d e r a t e l y  w e l l  t o  w e l l  

d r a i n e d  p e d o n  i n  t h e  C r o s w e l l  s e r i e s  b u t  b o r d e r l i n e  t o  G ra y -  

c a lm .  I t  I s  c l a s s i f i e d  a s  E n t i c  H a p l o r t h o d s  (G ra y  Brown 

P o d z o l  i n t e r g r a d e ) .  I t  i s  d e v e l o p e d  f rom  a r a n g e  o f  p a r e n t  

m a t e r i a l  e x t e n d i n g  f rom  medium and  c o a r s e  s a n d s  t o  loamy 

sa n d  and  s a n d  d r i f t s  w i t h  t h i n  t e x t u r a l  b a n d s  i n  t h e  l o w e r  

p a r t  o f  t h e  p r o f i l e .  A weak f r a g i p a n  o c c u r s  a t  t h e  d e p t h
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o f  2 3 - 2 8 " .  I t s  B2 h o r i z o n s  h a v e  c h a r a c t e r i s t i c s  o f  a weakly- 

d eve loped .  s p o d i c  h o r i z o n .  The w a t e r  t a b l e  a v e r a g e s  5 8 " 

d u r i n g  t h e  g ro w in g  s e a s o n .

The s e c o n d  g r o u p  o f  p r o f i l e s  a r e  d e v e l o p e d  f rom  s a n d y  

t o  c o a r s e  loam y m a t e r i a l s  w i t h  w e l l - d r a i n e d  m o i s t u r e  r e g i m e s .  

Such  p r o f i l e s  w e r e  s e l e c t e d  on t h e  b a s i s  o f  i n c r e a s i n g  i n ­

t e n s i t y  o f  p e d o g e n i c  p r o c e s s e s  a s  e v i d e n t  i n  t h e  am ount  o f  

i l l u v i a l  o r g a n i c  c a r b o n ,  F e ,  an d  Al i n  t h e  s p o d i c  h o r i z o n  

( L i e t z k e ,  1 9 6 9 )* T h e r e  a r e  two g r o u p s  o f  s o i l s  i n c l u d e d  i n  

t h e s e  w e l l  d r a i n e d  S p o d o s o l s ,  t h o s e  a l s o  h a v i n g  t e x t u r a l  B 

h o r i z o n s  an d  t h o s e  w i t h o u t  t e x t u r a l  B h o r i z o n s .  T h e s e  s o i l s  

i n c l u d e  a  r a n g e  o f  s p o d i c  h o r i z o n  d e v e l o p m e n t  f ro m  t h e  w e ak ­

e s t  t o  t h e  s t r o n g e s t  d e v e l o p m e n t  an d  a r e  l i s t e d  i n  T a b l e  1 ,  

and  d e s c r i b e d  b r i e f l y  b e l o w .

Omega f i n e  s a n d  i s  a w e l l  d r a i n e d  T y p i c  Udipsam m ent  

(Brown P o d z o l i c  s o i l )  w h ic h  h a s  d e v e l o p e d  f rom  s a n d  i n  an  

o u tw ash  p l a i n .  The v e g e t a t i o n  i s  j a c k  p i n e ,  s w e e t  f e r n ,  

r e i n d e e r  m o s s ,  and  b l u e b e r r i e s .  Some o f  t h e  Omega s e r i e s  i s  

fo u n d  t o  h a v e  i n t e r m i t t e n t  t h i n  g r a y  A2 and  d a r k  r e d d i s h -  

brown B^ h o r i z o n s  s u g g e s t i n g  a  weak p o d z o l  p r o f i l e .  However ,  

t h e y  g e n e r a l l y  l a c k  e v i d e n c e  o f  s p o d i c  h o r i z o n  d e v e l o p m e n t .  

Omega i s  a w e l l  d r a i n e d  member o f  a c a t e n a  w h ic h  i n c l u d e s  

t h e  somewhat p o o r l y  d r a i n e d  AuGres and  t h e  p o o r l y  d r a i n e d  

Roscommon s e r i e s .
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E a s t p o r t  s a n d  i s  a w e l l  d r a i n e d  S p o d i c  Ud ipsam m ent  

( R e g o s o l - P o d z o l  i n t e r g r a d e )  w h ic h  h a s  d e v e l o p e d  f ro m  s a n d  on 

l a k e  b e n c h e s  and  b e a c h  r i d g e s .  The v e g e t a t i o n  i s  a s p e n  and  

ch o k e  c h e r r y ,  w i t h  g r o u n d  c o v e r  o f  w eeds  and  g r a s s e s .  A few 

p e d o n s  o f  t h i s  s e r i e s  a r e  known t o  h a v e  w e a k l y  c e m e n te d  t h i n  

chu n k s  o f  o r t s t e i n  i n  t h e  l o w e r  p a r t  o f  t h e  B h o r i z o n .  The 

w e l l  d r a i n e d  E a s t p o r t ,  a l o n g  w i t h  t h e  somewhat p o o r l y  

d r a i n e d  Roscommon, fo rm  a d r a i n a g e  s e q u e n c e  o r  c a t e n a .

R u b ic o n  s a n d  i s  a w e l l  d r a i n e d  E n t i c  H a p l o r t h o d  

( w e a k l y  d e v e l o p e d  P o d z o l )  w h ic h  h a s  d e v e l o p e d  f rom  s a n d y  

p a r e n t  m a t e r i a l  on o u tw a sh  p l a i n s ,  t i l l  p l a i n s  o r  m o r a i n e s .  

The v e g e t a t i o n  a s s o c i a t e d  w i t h  t h i s  s o i l  c o n s i s t s  o f  r e d  

p i n e ,  o a k ,  a  few a s p e n ,  a n d  g r o u n d  c o v e r  o f  p r i m a r i l y  b r a c k e n  

f e r n .  The s p o d i c  h o r i z o n s  c a n  b e  r e c o g n i z e d  i r .  t h e  f i e l d ,  

and  i n  some p e d o n s  a  few w e a k l y  c e m e n t e d  c h u n k s  may b e  p r e ­

s e n t  i n  t h e  B ^ i r  h o r i z o n .  I t  i s  t h e  w e l l  d r a i n e d  member 

o f  a d r a i n a g e  s e q u e n c e  t h a t  i n c l u d e s  t h e  m o d e r a t e l y  w e l l  

d r a i n e d  C r o s w e l l  s e r i e s ,  t h e  somewhat p o o r l y  d r a i n e d  AuGres 

s e r i e s ,  and  t h e  p o o r l y  d r a i n e d  Roscommon o r  K i n r o s s  s e r i e s .

H ia w a th a  s a n d  i s  a w e l l  d r a i n e d  T y p ic  H a p l o r t h o d  

( w e l l - d e v e l o p e d  P o d z o l )  d e v e l o p e d  i n  s a n d  o f  o u tw a sh  p l a i n s  

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

o f  c u t - o v e r  h a r d  m a p le  f o r e s t  w i t h  a  q u a c k  g r a s s  and  t i m o t h y  

s o d .  H ia w a th a  s o i l s  h a v e  s t r o n g  an d  d i s t i n c t  s p o d i c  h o r i z o n  

d e v e l o p m e n t .  I n  some p e d o n s  t h e  B g q h i r  and  B2 2 i r  h o r i z o n s
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a r e  s l i g h t l y  t o  s t r o n g l y  c o h e r e n t  i n  p l a c e s ,  w i t h  f a i r l y  

t h i c k  p i e c e s  o f  c e m e n te d  o r t s t e i n  w h ic h  c r u s h  u n d e r  m o d e r a t e  

p r e s s u r e .  H ia w a th a  i s  t h e  w e l l  d r a i n e d  member o f  t h e  d r a i n ­

a g e  s e q u e n c e  w h ic h  i n c l u d e s  t h e  i m p e r f e c t l y  d r a i n e d  W a t e r s -  

m ee t  ( t e n t a t i v e  s e r i e s ) ,  S a u g a t u c k  ( G r o u n d - W a t e r  P o d z o l  w i t h  

c e m e n te d  B ) ,  and  t h e  p o o r l y  d r a i n e d  Roscommon o r  K i n r o s s  

s o i l s .

Onaway f i n e  s a n d y  loam i s  a w e l l  d r a i n e d  A l f i c  H a p l o r ­

t h o d  ( m i n i m a l  P o d z o l  g r a d i n g  t o  Gray  Brown P o d z o l i c )  d e v e l o p e d  

on c a l c a r e o u s  loam o r  s a n d y  loam g l a c i a l  t i l l  i n  t i l l  p l a i n s  

o r  on m o r a i n e s .  The v e g e t a t i o n  i s  m a i n l y  r e d  m a p l e ,  w h i t e  

b i r c h ,  b a l s a m  f i r  and  a s p e n .  Onaway s o i l s  h a v e  a  f i n e  s a n d y  

loam u p p e r  s e q u e n c e  o f  h o r i z o n s  o f  b l a c k  Op h o r i z o n ,  brown 

Ag h o r i z o n s ,  and  a d a r k  r e d d i s h - b r o w n  a n d  r e d d i s h - b r o w n  B p i r  

h o r i z o n s  o f  s l i g h t  o r g a n i c  m a t t e r  an d  i r o n  a c c u m u l a t i o n s ,  

and  a l o w e r  s e q u e n c e  o f  h o r i z o n s  o f  l i g h t  r e d d i s h - b r o w n  a n d
I !

d a r k  r e d d i s h - b r o w n  loam Ap and  B g p t  h o r i z o n s ,  an d  a  l i g h t  

brown and  b row n  C h o r i z o n s  o f  loamy c a l c a r e o u s  t i l l .  Onaway 

s o i l  i s  a w e l l  d r a i n e d  member o f  t h e  d r a i n a g e  s e q u e n c e  w h ic h  

i n c l u d e s  somewhat  p o o r l y  d r a i n e d  M ac k in a c  and  t h e  p o o r l y  

d r a i n e d  A n g e l i c a  s o i l s .

M u n i s i n g  loamy s a n d  i s  a w e l l  d r a i n e d  A l f i c  F r a g i o r t h o d  

( P o d z o l  g r a d i n g  t o  Gray  Brown P o d z o l i c  s o i l  w i t h  f r a g i p a n ) .  

T h i s  s o i l  i s  d e v e l o p e d  i n  s a n d y  loam g l a c i a l  t i l l  i n  a mo- 

r a i n i c  a r e a  o f  W i s c o n s i n  a g e .  H ard  m a p l e  an d  y e l l o w  b i r c h
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a r e  t h e  d o m i n a n t  v e g e t a t i o n  i n  t h i s  l o c a t i o n .  The M u n i s i n g  

s o i l s  a r e  b i - s e q u a l  s o i l s .  T y p i c a l l y  t h e y  h a v e  an  u p p e r  

sequum c o m p r i s e d  o f  t h i n ,  b l a c k ,  f i n e  s a n d y  loam A-  ̂ h o r i z o n ,  

a p i n k i s h  g r a y  loam y s a n d  A2 h o r i z o n ,  an d  d a r k  r e d d i s h - b r o w n  

and r e d d i s h - b r o w n  s a n d y  loam B i r  h o r i z o n s .  The l o w e r  sequum 

i s  c o m p r i s e d  o f  a v e r y  c o m p a c t  f r a g i p a n  o f  g r a y  loamy s a n d
' i

■^2x h o r i z o n ,  r e d d i s h - b r o w n  s a n d y  loam E ^ i t x  h o r i z o n ,  r e d d i s h -
t

brown s a n d y  loam B2p t  h o r i z o n ,  and  r e d d i s h - b r o w n  s a n d y  loam 

C h o r i z o n .  M u n i s i n g  i s  a w e l l  d r a i n e d  member o f  a d r a i n a g e  

s e q u e n c e  w h ic h  i n c l u d e s  somewhat p o o r l y  d r a i n e d  S k a n e e  s o i l s  

an d  p o o r l y  d r a i n e d  Gay s o i l s .

M ethods  Used  i n  t h i s  S t u d y  

M ethods  u s e d  i n  t h i s  s t u d y  c o n s i s t  o f  two p a r t s :

( l )  t h e  e x t r a c t i o n  p r o c e d u r e s  and  ( 2 )  t h e  q u a n t i t a t i v e  d e t e r ­

m i n a t i o n  o f  t h e  i l l u v i a l  o r g a n i c  c a r b o n ,  Fe and  A1 i n  t h e  

s o i l  e x t r a c t s .

The a q u e o u s  e x t r a c t a n t s  u s e d  i n  t h e  s t u d y  a r e  o f  t h e  

t y p e  w h ic h  h a v e  t h e  a b i l i t y  t o  c h e l a t e  m e t a l s .  S u c h  c h e l a ­

t i n g  a g e n t s  i n c l u d e  t h e  t e t r a - s o d i u m  s a l t  o f  p y r o p h o s p h o r i c  

a c i d  ( N a ^ - p y r o p h o s p h a t e ) ,  an  i n o r g a n i c  c h e l a t i n g  a g e n t ,  as  

w e l l  a s  t h e  f o l l o w i n g  Na s a l t s  o f  o r g a n i c  c h e l a t i n g  a g e n t s :  

d i e t h y l e n e t r i a m i n e p e n t a a c e t i c  a c i d ,  p e n t a s o d i u m  s a l t  (Na^-  

DPTA); e t h y l e n e d i a m i n e  t e t r a a c e t i c  a c i d ,  d i s o d i u m  s a l t  (Na2 - 

EDTA); and  n i t r i l o t r i a c e t i c  a c i d  d i s o d i u m  s a l t  (Na2 -NTA).
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The c h e m i c a l  f o r m u l a e  and  t h e  s t a b i l i t y  c o n s t a n t s  o f  t h e s e  

c h e l a t i n g  a g e n t s  w i t h  Fe  an d  A1 a r e  p r e s e n t e d  i n  T a b l e  3 .

E x t r a c t i n g  p r o c e d u r e : B a s c o m b ' s  ( 1 9 6 8 ) p r o c e d u r e  was

u s e d ,  a s  f o l l o w s :  2g .  a i r - d r y  s o i l  ( <^ 2mm) w e r e  p l a c e d  i n

2 50m l .  c e n t r i f u g e  b o t t l e s  ( p o l y p r o p y l e n e )  a n d  200ml o f  0.1M 

e x t r a c t i n g  s o l u t i o n  w e re  a d d e d  t o  t h e  s o i l s .  The  b o t t l e s  

c o n t a i n i n g  s o i l s  and  s o l u t i o n s  w e re  c a p p e d  and  s h a k e n  o v e r ­

n i g h t  a t  room t e m p e r a t u r e .  F i v e  d r o p s  o f  0 . 4 $  s u p e r f l o e  

w e re  a d d e d  and  t h e  b o t t l e s  s h a k e n  a g a i n  f o r  f i v e  m i n u t e s .  

A f t e r  t h i s  t h e  s a m p l e s  w e re  c e n t r i f u g e d  a t  2 , 0 0 0  rpm f o r  

t e n  m i n u t e s  o r  u n t i l  t h e  s u p e r n a t a n t  l i q u i d  was c l e a r  i n  r e ­

f l e c t e d  l i g h t .  The s o i l  e x t r a c t s  w e re  t h e n  t r a n s f e r r e d  t o  

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

S o i l  e x t r a c t  c o l o r : The s o i l  e x t r a c t s  w e re  p l a c e d  i n

100ml g l a s s  b o t t l e s ,  t h u s  k e e p i n g  t h e  s o l u t i o n  t h i c k n e s s  

u n i f o r m .  The c o l o r  v a l u e s  w e r e  d e t e r m i n e d  i n  r e f l e c t e d  

l i g h t  by  means o f  a M u n s e l l  c o l o r  c h a r t .

S o i l  e x t r a c t  r e a c t i o n : The h y d r o g e n  i o n  a c t i v i t y  o f

t h e  e x t r a c t i n g  s o l u t i o n s  w e re  d e t e r m i n e d  b e f o r e  e x t r a c t i o n  

and  i m m e d i a t e l y  a f t e r  e x t r a c t i o n .  A g l a s s  e l e c t r o d e  Beckman 

Z e r o m a t i c  pH m e t e r  was u s e d  i n  t h e  s o i l  e x t r a c t  r e a c t i o n  

m e a s u r e m e n t .

Fe an d  Al  i n  t h e  s o i l  e x t r a c t s : The e x t r a c t s  w e re

a n a l y z e d  f o r  i r o n  and  a lum inum  u s i n g  a 303 m ode l  P e r k i n - E l m e r  

a t o m i c  a b s o r p t i o n  s p e c t r o - p h o t o m e t e r . A c e t y l e n e  an d  a i r  w e re
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Table 3. Chemical formulae and some of the equilibrium constants of the 
chelating agents used in this study

Ligand Abbreviated formula Metal ion Equilibrium constants 
_____________________ Log (K)_________

Pyrophosphoric acid

0 = P^_OH
0 = P<— - OH 

^"-OH
Diethylenetriamine- 
pentaacetic acid 
DPTA

(Na^PpOy)
Fe (II) 
Fe (III) 
A1 (III)

HOOCCH,-
H—

H — 
OOCCH.

, CHpCOO 

CH2
?h2
-Ni CHgCOO
CH2
CHo

-CH2COOH

(Na5DPTA)
Fe (II) 
Fe (III) 
A1 (III)

16.5

28 .6

Ethylene diamine- 
tetraacetic acid, 
EDTA
OOCCHp

H— iriCH2CH2Ni
HOOCCH,/
Nitrilotri- 
acetic acid, 
NTA

HN-
,c h2coo
•ch2cooh
'CH2C00H

/ch2coo
(Na2H2EDTA)

ch2cooh

(Na2HNTA)

Fe (II) 
Fe (III) 
A1 (III)

Fe (II) 
Fe (III) 
A1 (III)

14.33
25.1
16.3

8.82

15-9
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u s e d  f o r  i r o n  d e t e r m i n a t i o n  a s  f u e l  an d  o x i d a n t ,  r e s p e c t ­

i v e l y .  The o x i d a n t  u s e d  f o r  A1 d e t e r m i n a t i o n  was n i t r o u s  

o x i d e  t o  p r o v i d e  a h o t t e r  f l a m e .  The p e r c e n t  Fe  a n d  A1 i n

t h e  e x t r a c t  w e re  c a l c u l a t e d  u s i n g  t h e  f o l l o w i n g  e q u a t i o n :

C V ( d f  )
% e l e m e n t  = vyVj_Q ~$qq Where  V = vo lum e i n  u n d i -

'  '  5 l u t e d  s a m p le
d . f .  = d i l u t i o n  f a c t o r  

W = w e i g h t  o f  
s am p le  

C = c o n c e n t r a t i o n  
o f  e l e m e n t  i n  
s am p le  s o l u ­
t i o n s  o b t a i n e d  
f rom  s t a n d a r d  
c u r v e  i n  ppm

The e l e m e n t a l  Fe  and  A1 a r e  e x p r e s s e d  i n  p e r c e n t a g e  
o f  t h e  s o i l  s a m p l e ,  oven  d r y .

T o t a l  c a r b o n  i n  s o i l s  b e f o r e  e x t r a c t i o n : T o t a l  c a r ­

b o n  i n  s o i l s  w e re  d e t e r m i n e d  b y  t h e  d r y  c o m b u s t i o n  m e th o d  

u s i n g  a "LECO 70 S e c o n d  C arb o n  A n a l y z e r " .  S o i l  s a m p l e s  w e re  

g r o u n d  f o r  s i x  m i n u t e s  i n  a h i g h  s p e e d  i m p a c t  s h a k e r ,  t h e n  

one h u n d r e d  m i l l i g r a m s  o f  f i n e l y  g r o u n d  s o i l  (8 0  m esh)  was 

p l a c e d  i n t o  a s p e c i a l  c e r a m i c  c r u c i b l e  and  one s co o p  ( a p p r o x ­

i m a t e l y  1 gram) e a c h  o f  i r o n  c h i p  and  t i n  a c c e l e r a t o r s  w e re  

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

c o m b u s t i o n  t u b e  o f  t h e  i n d u c t i o n  f u r n a c e  t h r o u g h  w h ic h  02 

was b e i n g  p a s s e d .  The c o m b u s t i o n  t u b e  p r o v i d e s  a t e m p e r a t u r e  

o v e r  l 6 7 0 ° C ,  s u f f i c i e n t l y  h i g h  t o  o x i d i z e  o r  b u r n  t h e  s am p le  

r e a d i l y .  The C i n  t h e  s am p le  was o x i d i z e d  t o  C02 . The g a s  

m i x t u r e  l e a v i n g  t h e  i n d u c t i o n  f u r n a c e  was p a s s e d  t h r o u g h  a
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d u s t  t r a p  t o  f i l t e r  o u t  t h e  s o l i d  t i n  an d  i r o n  o x i d e s ,  

f o l l o w e d  by  a s u l f u r  t r a p  c o n t a i n i n g  Mn02 t o  a b s o r b  s u l f u r  

g a s e s  w h ic h  m i g h t  h a v e  b e e n  o x i d i z e d  d u r i n g  t h e  c o m b u s t i o n  

o f  t h e  s a m p l e ,  a n d  f i n a l l y  t h r o u g h  a  h e a t e d  c a t a l y s t  t o  o x i ­

d i z e  an y  CO fo rm ed  t o  C02 . The m o i s t u r e  o f  t h e  g a s  m i x t u r e  

was rem oved  b e f o r e  i t  e n t e r e d  t h e  a n a l y z e r  by  an  a n h y d r o n e  

t r a p .

The g a s  m i x t u r e  (0 ^  and  C02 ) w h ic h  h a d  u n d e r g o n e  t h e  

c o m b u s t i o n  and  p u r i f i c a t i o n  p r o c e s s e s  was t h e n  p a s s e d  i n t o  

a c y l i n d e r  l o c a t e d  i n  a t e m p e r a t u r e - c o n t r o l l e d  oven  (450°C )  

i n  t h e  a n a l y z e r .  The t h e r m a l  c o n d u c t i v i t y  o f  t h e  g a s  m i x t u r e  

i n  t h e  c y l i n d e r  was m e a s u r e d  by  means o f  a t h e r m a l  c o n d u c ­

t i v i t y  c e l l  o f  a t h e r m i s t o r - t y p e .  The o u t p u t  o f  t h e  t h e r m a l  

c o n d u c t i v i t y  c e l l  was r e a d  on a s p e c i a l  DC d i g i t a l  v o l t m e t e r  

a s  p e r  c e n t  c a r b o n  ( $ C ) .

T o t a l  c a r b o n  i n  s o i l s  a f t e r  e x t r a c t i o n : The s o i l

s a m p l e s  ( a f t e r  b e i n g  s u b j e c t e d  t o  e x t r a c t i o n )  w e re  w a sh e d  

w i t h  d i s t i l l e d  w a t e r  i n  #4 2  f i l t e r  p a p e r s  on g l a s s  f u n n e l s .  

The w a s h i n g s  w e r e  r e p e a t e d  u n t i l  t h e  f i l t r a t e  r e s u m e d  a 

n e u t r a l  pH. S i x  t o  n i n e  h u n d r e d  m l .  o f  d i s t i l l e d  w a t e r  was 

u s e d .  The s a m p l e s  w e re  t h e n  a i r - d r i e d  a n d  t h e i r  t o t a l  c a r ­

b o n s  w ere  d e t e r m i n e d  by  t h e  d r y  c o m b u s t i o n  p r o c e d u r e  a l r e a d y  

d e s c r i b e d .



RESULTS AND DISCUSSION

P r e l i m i n a r y  S t u d i e s  

P r e l i m i n a r y  s t u d i e s  c o n c e r n i n g  t h e  v a r i o u s  f a c t o r s  

a f f e c t i n g  t h e  e x t r a c t i o n  o f  F e ,  A l ,  and  c a r b o n  w e r e  c o n d u c t e d .  

The d i s c u s s i o n  o f  t h e  r e s u l t s  o f  s u c h  e x p e r i m e n t s  f o l l o w s :

E f f e c t  o f  c o n c e n t r a t i o n  o f  t h e  e x t r a c t a n t : S o l u t i o n s

o f  0 .1M, 0.2M, and  O .5M Nag-NTA and  a l s o  0.1M and  0.2M 

Na2 ~EDTA w e r e  a p p l i e d  t o  s o i l  s a m p l e s .  The e x t r a c t i o n  p r o ­

c e d u r e  o f  Bascomb was f o l l o w e d  and  s l i g h t l y  m o d i f i e d  by  

u s i n g  d i f f e r e n t  c o n c e n t r a t i o n s  o f  t h e  r e a g e n t s  a s  i n d i c a t e d .  

The r e s u l t s  a r e  shown i n  T a b l e  4 .  The s e l e c t e d  s p o d i c  h o r i ­

zons  a s  w e l l  a s  o r t s t e i n  and  f r a g i p a n  s a m p l e s  do n o t  seem t o  

h a v e  r e l e a s e d  h i g h e r  am oun ts  o f  s e s q u i o x i d e  w i t h  i n c r e a s i n g  

c o n c e n t r a t i o n  o f  t h e  r e a g e n t .  However ,  t h e  a r g i l l i c  h o r i z o n
I

( ^ 2 2 ^)  o f  t h e  Onaway s e r i e s  and  t h e  H ia w a th a  B2 ^ h i r  showed 

p r o g r e s s i v e l y  l o w e r  v a l u e s  o f  e x t r a c t a b l e  Fe w i t h  i n c r e a s i n g  

r e a g e n t  c o n c e n t r a t i o n ,  w h i l e  e x t r a c t a b l e  Al i n c r e a s e d  

s l i g h t l y .

E f f e c t  o f  e x t r a c t i o n  t i m e  and  s h a k i n g  t r e a t m e n t s :

Some s e l e c t e d  s p o d i c  h o r i z o n  s a m p l e s  w e r e  s u b j e c t e d  t o  0.1M 

s o l u t i o n  o f  Nap-NTA a n d  Nap-EDTA f o r  t h r e e  d i f f e r e n t
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T a b l e  4 .  E f f e c t s  o f  c o n c e n t r a t i o n  o f  e x t r a c t a n t s  on t h e  e x t r a c t i o n  o f  Fe and  
Al f rom  s o i l s

E x t r a c t a n t s  and  c o n c e n t r a t i o n  
N a 2 -NTA N a2 -EDTA

H o r i z o n  0 .1M “0.2M 675M O I  0.2M

Fe% A lfa F e$ Al % Fefo Al fo Fe% A l fo Fefo A l %

K i n r o s s B21h i r t r a c e . 0 8 . 0 4 .1 0 t r a c e • 03 t r a c e .1 0 .0 3 .1 5
S a u g a tu c k - A u G r e s B21h i r .2 0 • 51 .1 8 .4 9 .1 9 • 54 .13 .3 3 .1 0 .3 8

A u G r e s - C r o s w e l l B2 j h i r .2 9 .3 3 .26 • 37 .2 7 • 29 .1 1 .2 0 .1 2 .1 9
C r o s w e l l - G r a y c a l m B2 i h i r .16 .23 . 1 8 . 2 0 .1 8 .21 .0 5 .1 4 • 05 .1 0
R u b ic o n B2 1 i r .2 3 .4 1 .2 1 • 45 .21 .3 9 .1 0 . 2 0 .1 0 . 1 8
R u b ic o n o r t s t e i n .1 1 .1 9 .1 1 .2 1 .1 0 .2 0 .0 5 . 1 1 t r a c e .1 0
H ia w a th a B21h i r • 56 . 2 5 . 4 8

moCM• .42 . 2 8 • 51 . 2 1 . 4 5 . 2 8
Onaway B2 2 t .4 0 .1 2 • 38 . 1 4

M
OCM• . 1 5 . 1 6 . 06 .1 2 .1 0

M u n i s i n g B2 ^ h i r .4 8 .4 7 .46 .4 9 .4 4 .4 4 .5 0 • 53 .5 1 .5 9
M u n i s i n g b 3x . 07 .0 7 t r a c e . 09 .0 9 .03 .0 4 .06 t r a c e .06
mean .2 5 .26 .2 3 . 2 8 .21 .26 .1 7 • 19 .1 5 .2 1
s t a n d a r d  e r r o r  - . 0 0 9  - . 0 0 8
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e x t r a c t i o n  t i m e s .  The f i r s t  g r o u p  was s h a k e n  c o n t i n u o u s l y  

f o r  a p e r i o d  o f  f o u r t e e n  h o u r s  b y  means o f  a m e c h a n i c a l  

s h a k e r .  The s e c o n d  g r o u p  was s h a k e n  o c c a s i o n a l l y  by  h a n d  

f o r  t h e  same p e r i o d  o f  t i m e .  The t h i r d  g r o u p  was s h a k e n  by  

h a n d  o c c a s i o n a l l y  f o r  a p e r i o d  o f  f i v e  d a y s  ( 1 2 0  h r s . ) .  

Nai4.- P 2 ° 7  was a l s o  u s e d  a s  an  e x t r a c t a n t  i n  t h e  f i r s t  g r o u p .  

The m i x t u r e s  o f  s o i l  and  s o l u t i o n s  w e r e  c e n t r i f u g e d  a f t e r  

e ac h  s p e c i f i e d  e x t r a c t i o n  p e r i o d  and  t h e  c l e a r  e x t r a c t s  w e re  

a n a l y z e d  f o r  Fe  and  A l .  The r e s u l t s  o f  t h i s  e x p e r i m e n t  a r e  

shown i n  T a b l e  5*

The d a t a  r e v e a l s  t h a t  i n  g e n e r a l  t h e  f o u r t e e n  h o u r s  

o f  o c c a s i o n a l  s h a k i n g  t r e a t m e n t  b j  r e s u l t e d  i n  l o w e r  y i e l d s  

o f  b o t h  e x t r a c t a b l e  Fe and  Al f rom  t h e s e  s o i l  s a m p l e s .  Ex­

t r a c t i o n  t i m e  o f  120  h o u r s ,  t r e a t m e n t  c ,  c a u s e d  t h e  g r e a t e s t  

e x t r a c t i o n  o f  Fe  and  A l ,  and  f i n a l l y  t h e  f o u r t e e n  h o u r s  c o n ­

t i n u o u s  s h a k i n g  t i m e ,  t r e a t m e n t  a ,  r e l e a s e d  i n t e r m e d i a t e  

am oun ts  o f  e x t r a c t a b l e  Fe  and  A l .  The e f f e c t s  o f  t h e  t i m e  

o f  c o n t a c t  b e t w e e n  s o i l  a n d  e x t r a c t a n t ,  a s  w e l l  a s  s h a k i n g  

d u r a t i o n ,  a r e  m o s t  d i v e r s e  i n  t h e  am oun ts  o f  Fe an d  Al e x ­

t r a c t e d  f rom  t h e  b e t t e r  d r a i n e d  s o i l s  w i t h  s t r o n g e r  s p o d i c  

h o r i z o n  d e v e l o p m e n t .  F u r t h e r m o r e ,  t h e s e  r e s u l t s  s u g g e s t  

t h a t  a l t h o u g h  b o t h  Na2 -NTA and  Na2 -EDTA h a v e  e x t r a c t e d  more  

Fe and  Al a f t e r  120 h o u r s  e x t r a c t i o n  t i m e ,  t h e  r a t e  o f  i n ­

c r e a s e  o f  Fe e x t r a c t i o n  i s  s u b s t a n t i a l l y  h i g h e r  t h a n  t h a t  o f  

A l .



T a b l e  5 . E f f e c t  o f  s h a k i n g  and  e x t r a c t i o n  t i m e  on t h e  amount  o f  Fe and  A l  e x t r a c t e d  
by  t h r e e  0.1M c h e l a t i n g  a g e n t s

C h e l a t i n g  a g e n t
E x t r a c t a n t s ,, e x t r a c t i o n  t i m e s and s h a k i n g  t r e a t m e n t s

Na4P2®7 IM 3 2 -W '-L'/V iNa2

E x t r a c t i o n  t i m e 14 h r ^ a ) 14 h r ( a ) 14 h r ^ ( c )120h r  1 14 h r l' a ; 14 h r 1, D ^ 120h r l' C ^

S o i l  S e r i e s H o r i z o n F e # A l # F e # A l# F e # A l# Fe# A l# F e # A l # A l # F e # A l #

K i n r o s s E'2 2 h i r t r . . 06 t r . .0 8 t r . . 0 8 .0 8 .12 t r . .0 9 t r . .0 5 .0 7 . 16

S a u g a tu c k - A u G r e s B21h i r .1 9 • 39 .2 0 .51 . 2 4 .36 . 58 .13 • 33 .1 0 • 25 • 19 • 39

A u G r e s - C r o s w e ! 1 B 2 i h i r .2 4 . 2 9 . 2 9 .33 .3 1 .2 9 .3 8 • 39 .11 .20 .1 4 .2 0 • 29 .2 1

C r o s w e l l - G r a y c a l m B2 ]_hir .12 .1 8 .1 6 .2 3 . 2 0 .21 • 29 .3 0 .0 5 .14 t r . .1 0 .1 5 .2 0

R u b ic o n B2 1 i r • 15 .2 4 .2 3 .41 .1 5 • 36 .4 8 • 50 .1 0 .20 .0 5 .1 8 .2 1 .2 8

H iaw a th a B 2 i h i r • 51 .26 .56 .2 5 . 4 7 • 15 .8 5 • 29 .51 .21 • 32 .1 7 .66 .3 1

Onaway B2 i i r .4 0 • 30 .43 .2 8 . 3 8 .21 • 91 • 35 .22 .21 .17 .1 7 .3 0 .2 4

M u n i s i n g B p p h i r .47 .6 0 . 4 8 .47 .4 0 .3 8 .7 5 .62 .5 0 •53 • 31 .42 . 6 7 .56

mean .26 .2 9 • 29 .32 .26 .27 .51 • 39 .2 0 .2 4 .1 4 .1 9 .32 .2 9

s t a n d a r d  e r r o r + .03 ± .01

( a )  O v e r n i g h t ,  14 h o u r s ,  s h a k i n g  i n  a r e c i p r o c a l  s h a k e r
(b )  O c c a s i o n a l  s h a k i n g  o v e r n i g h t , ,  14 h o u r s
( c )  O c c a s i o n a l  s h a k i n g  f o r  a p e r i o d  o f  5 d a y s ,  120 h o u r s



The Na^-DPTA s o l u

t i o n  a t  i t s  n a t u r a l  pH o f  12* a s  w e l l  a s  a t  p H ' s  o f  7 and  

10 .  w e re  a p p l i e d  t o  s o i l s .  (HC1 was u s e d  t o  a d j u s t  t h e  pH 

t o  7 and  1 0 . )  The am oun ts  o f  Fe  a n d  A l  w e re  d e t e r m i n e d  i n  

t h e  e x t r a c t s .  C a rb o n  was d e t e r m i n e d  i n  t h e  s o i l  b e f o r e  and  

a f t e r  e x t r a c t i o n  an d  t h e  d i f f e r e n c e  was r e c o r d e d  a s  t h e  

d i s p e r s e d  o r g a n i c  c a r b o n .  The r e s u l t s  a r e  g i v e n  i n  T a b l e  6 .

The d a t a  r e v e a l s  a g e n e r a l  t r e n d  o f  i n c r e a s i n g  amount

o f  e x t r a c t a b l e  F e ,  Al and  o r g a n i c  c a r b o n  w i t h  i n c r e a s e  o f  t h e  

pH o f  t h e  e x t r a c t a n t .  However ,  t h e  n a t u r a l  pH o f  12 o f

s o l u t i o n .

T h e s e  r e s u l t s  a r e  i n  a g r e e m e n t  w i t h  t h e  s t u d y  o f  

T i n s l e y  and  S a la m  ( 1 9 6 1 ) i n  w h ic h  t h e y  s u g g e s t  t h a t  a s  pH 

i s  r a i s e d  t h e  e q u i l i b r i u m  b e t w e e n

i s  l i k e l y  t o  b e  d i s p l a c e d  t o  t h e  r i g h t  w i t h  c o n s e q u e n t  i n ­

c r e a s e  i n  s o l u b i l i t y  o f  t h e  o r g a n i c  c o m p le x .

The r e s u l t s  o b t a i n e d  f rom  t h e  p r e l i m i n a r y  s t u d i e s  

make o b v i o u s  t h e  n e e d  f o r  some s t a n d a r d  p r o c e d u r e  a s  t o  t h e  

e f f e c t  o f  e x t r a c t i o n  t i m e ,  r e a g e n t  c o n c e n t r a t i o n ,  an d  pH. 

Even t h o u g h  t h e  l o n g e r  t i m e  o f  c o n t a c t  b e t w e e n  r e a g e n t  and

Na^-DPTA a p p e a r e d  t o  b e  t o o  h i g h  t o  d e t e c t  any  Fe  i n

7 /

F e r r i c  h y d r o x i d e  
p r e c i p i t a t e

Fe
M e t a l - o r g a n i c  c o m p l e x ^ ^ i o n  c o n c e n t r a t i o n

Al
A l u m i n a t e  i n  
s o l u t i o n



T a b l e  6 .  The e f f e c t  o f  t h e  pH o f  0.1M Na^-DPTA s o l u t i o n s  on t h e  e x t r a c t a b i l i t y  o f  
F e ,  A l and  o r g a n i c  c a r b o n  o f  s o i l  s a m p l e s

S o i l  s e r i e s H o r i z o n

Na5 --DPTA

pH = 7 pH = 10 11%

hi CD k lfo C  fo* F efo k l fo Cfo Fefo k l f o C.%

K i n r o s s B22M r t r . . 0 8 .0 8 t r . . 06 - t r . . 0 4 .12

S a u g a tu c k - A u G r e s B 2 i h i r .12 .3 0 •89 .1 5 .4 1 •97 t r . .5 3 1 . 4 9

A u G r e s - C r o s w e l l B2 ^ h i r .0 9 .1 9 • 32 .2 1 • 30 .4 4 t r . .3 4 .5 0

C r o s w e l l - G r a y c a l m B21h i r .0 4 .12 .1 0 .1 0 .1 9 - t r . .2 6 -

R u b ic o n B2 1 i r . 0 9 .2 1 .1 0 . 1 8 . 2 7 .2 0 t r . .4 4 .2 5

H iaw a th a B2 ]_hir .4 9 . 16 .5 1 .5 8 . 20 .6 8 t r . .22 .9 7

Onaway B2 i i r .2 0 .2 0 .37 .3 3 .4 7 .4 8 t r . .4 1 .42

M u n i s i n g B21h i r A l A l 1 . 1 0 .4 0 . 5 6  1 . 90 t r . A l 2 . 1 3

means .1 9 .22 .4 3 .2 4 • 31 .5 8 .3 4 .7 4

s t a n d a r d  e r r o r  f o r  pH c l a s s  - . 07

*The p e r c e n t a g e s  o f  e x t r a c t e d  c a r b o n  i s  b a s e d  on t h e  t o t a l  d r y  c o m b u s t i o n  v a l u e s  o f  
o r i g i n a l  s o i l  and  a f t e r  e x t r a c t i o n .  D a sh e s  i n d i c a t e  n e g a t i v e  c a r b o n  v a l u e s .



s o i l  m a t e r i a l  a p p e a r e d  t o  r e s u l t  i n  h i g h e r  am o u n ts  o f  e x -  

t r a c t a h l e  Fe and  A l ,  t h e  f o u r t e e n  h o u r s  o f  c o n t i n u o u s  

s h a k i n g  f o r  p r a c t i c a l  p u r p o s e s  i s  more  s u i t a b l e .  The r e ­

a g e n t  c o n c e n t r a t i o n  o f  0 . 1M a l s o  p r o v e d  t o  b e  m ore  e f f i ­

c i e n t  s i n c e  t h e  s e n s i t i v i t y  o f  t h e  a t o m i c  a b s o r p t i o n  u n i t  

d r o p s  w i t h  i n c r e a s i n g  c o n c e n t r a t i o n  o f  t h e  r e a g e n t .  F i n a l l y ,  

t h e  pH h a s  a p r o n o u n c e d  i n f l u e n c e  on t h e  e x t r a c t a b i l i t y  o f  

i l l u v i a l  m a t e r i a l s ,  a s  i s  e v i d e n t  f rom  t h e  s t u d y  w i t h  DPTA. 

However ,  i t  seemed d e s i r a b l e  t o  u s e  t h e  r e a g e n t s  a t  t h e  

n a t u r a l  pH o f  t h e i r  s o l u t i o n s  an d  t o  s t u d y  t h e  e f f e c t  o f  a 

r a n g e  o f  p H ' s  a s  w e l l  a s  t h e  e x t r a c t a n t s  t h e m s e l v e s .

C o n s i d e r i n g  t h e  a b o v e  p r e l i m i n a r y  s t u d i e s ,  B a s c o m b 's  

( 1 5 6 8 ) p r o c e d u r e  was a d a p t e d  and  s l i g h t l y  m o d i f i e d  b y  s u b s ­

t i t u t i n g  d i f f e r e n t  o r g a n i c  c h e l a t i n g  a g e n t s  w i t h  d i f f e r e n t  

p H ' s  f o r  t h e  K - p y r o p h o s p h a t e .  A l s o ,  sod ium  was u s e d  a s  an  

a c c o m p a n y in g  c a t i o n  w i t h  a l l  t h e  e x t r a c t i n g  r e a g e n t s .  The 

d i s c u s s i o n  o f  t h e  r e s u l t s  f o l l o w s .

P r i n c i p a l  S t u d i e s  

pH o f  t h e  e x t r a c t i n g  s o l u t i o n s  b e f o r e  and  a f t e r  c o n ­

t a c t  w i t h  t h e  s o i l  s a m p l e s : The e x t r a c t i n g  s o l u t i o n s  u s e d

i n  t h i s  t u d y  p r o v i d e  a r a n g e  o f  p H ' s .  T h e s e  a r e  pH 3 - 2 ,

4 . 6 ,  10 ,  and  1 2 ,  c o r r e s p o n d i n g  t o  0.1M s o l u t i o n s  o f  Nag-NTA, 

Nag-EDTA, N a ^ - p y r o p h o s p h a t e ,  and  Na^-DPTA, r e s p e c t i v e l y .

The Na^DPTA s o l u t i o n  was b u f f e r e d  s t r o n g l y  e n o u g h  t o  m a i n ­

t a i n  a c o n s t a n t  pH ev en  a f t e r  b e i n g  i n  c o n t a c t  w i t h  t h e  s o i l
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s a m p l e s  s t u d i e d ,  T a b l e  7 .  The N a - p y r o p h o s p h a t e  s o l u t i o n s  

m a i n t a i n e d  t h e i r  i n i t i a l  pH v a l u e s  w i t h i n  0 . 3  pH u n i t .  How­

e v e r ,  t h e  h o r i z o n  o f  t h e  H ia w a th a  and  M u n i s i n g  s e r i e s  

l o w e r e d  t h e  pH o f  t h e  N a ^ - p y r o p h o s p h a t e  e x t r a c t i n g  s o l u t i o n s  

0 . 5  and  0 . 7  u n i t s ,  r e s p e c t i v e l y .  Those  h o r i z o n s  d i d  n o t  

c h a n g e  t h e  pH o f  t h e  o t h e r  e x t r a c t i n g  s o l u t i o n s  a p p r e c i a b l y .  

The p H ' s  o f  t h e  Na2 ~HTA and  Nag-EDTA e x t r a c t a n t s  u s u a l l y  r e ­

m a in e d  w i t h i n  0 . 1  pH o f  t h e i r  o r i g i n a l  r e a c t i o n s .  The 

Nag-NTA pH was r a i s e d  f rom  3 . 2  t o  3 . 6  and  t h e  Na2 ~EDTA pH

was r a i s e d  f rom  4 . 6  t o  4 . 7  a f t e r  c o n t a c t  w i t h  t h e  a r g i l l i c

h o r i z o n  o f  t h e  Onaway s o i l  s e r i e s .

The r i s e  i n  pH o f  e x t r a c t i n g  s o l u t i o n s  (Na2 -NTA and

Na2 -EDTA) upon  c o n t a c t  w i t h  t h e  a r g i l l i c  h o r i z o n  o f  t h e  

Onaway s o i l  s e r i e s  may b e  a t t r i b u t e d  t o  a t t a c k  on s i l i c a t e  

m i n e r a l s  by  s o l u t i o n s  o f  s u c h  low p H ' s  and  c o n s e q u e n t  r e l e a s e  

o f  h y d r o x y l  i o n s  t o  t h e  e n v i r o n m e n t .

C o l o r  o f  t h e  s o i l  e x t r a c t s : The M u n s e l l  n o t a t i o n s

f o r  e x t r a c t  c o l o r s  a r e  shown i n  T a b l e  8 . The A-j_ h o r i z o n  

e x t r a c t s  w e re  c o n s i d e r a b l y  l i g h t e r  i n  c o l o r  a s  co m p ared  t o  

t h e  s p o d i c  h o r i z o n  e x t r a c t s .  However ,  t h e  Na^-NTA e x t r a c t s  

w e re  more  y e l l o w i s h  i n  c o l o r  ( w i t h  h u e s  o f  2 . 5 7  and  57) 

w h i l e  t h e  Na^-EDTA, N a ^ - p y r o p h o s p h a t e ,  and  Na^-DPTA e x t r a c t  

c o l o r s  r a n g e d  f rom  t h e  y e l l o w i s h  b rown t o  d a r k  b ro w n .  The 

p o o r l y  d r a i n e d  s o i l s  ( K i n r o s s  and  S a u g a t u c k )  had  c o l o r s  

m o s t l y  i n  b r o w n i s h  y e l l o w  (107R 6 / 6 ) w i t h  Na2 -NTA and



T a b l e  7 .  pH v a l u e s  o f  t h e  e x t r a c t i n g  s o l u t i o n s  b e f o r e  and  
a f t e r  c o n t a c t  w i t h  s o i l  s a m p l e s

S o i l  s e r i e s H o r i z o n  E x t r a c t a n t  ( i n i t i a l  pH)
Na2 NTA Nag'EDTA Na^P^O^

( PH=3»2) ( pH=4. 6 )  (pH=10)

K i n r o s s

S a u g a t u c k - A u G r e s

B21^
B2 2 h i r

B2 i h i r  
B2 2 h i r  
I I B 2 ] _ h i r ' 
I I B h i r ’m

A u G r e s - C r o s w e l l  B2 ]_hir
B2 2 h i r

C r o s w e l l - G r a y c a l m  U P P .B p ^ h i r
low  B2 j h i r

Omega
E a s t p o r t

R u b ic o n

H ia w a th a

Onaway

M u n i s i n g

B2 2 h i r

b22
b21

A1 
B
B
21ir
22ir 

o r t s t e i n
Al
a 2
B2 ]_hir 
B l r22
a2
B22lr
B2 2 i r
B2 2 t

A1
A2
B2 l h i r
B2 2 i r

3 . 2  
3 -2

3 -3
3 . 3
3 . 3
3 . 2

3 . 2
3 . 3

3 . 3
3 . 2

3 . 1

3 . 3
3 . 2
3 . 2  
3 -3
3 . 1
3 . 2
3 . 2

3 . 3
3 . 2
3 . 3
3 . 2

3 . 3
3 . 3  
3 . 6
3 . 2
3 . 2
3 . 3
3 . 3

4 . 4
4 . 4

4 . 6

4 . 5

4 . 5

4 . 6
4 . 6

4 . 6
4 . 5
4 . 5

4 . 6

4 . 5
4 . 4
4 . 6
4 . 6
4 . 5
4 . 4

4 . 5
4 . 6
4 . 5
4 . 5
4 . 5
4 . 4
4 . 7
4 . 4
4 . 4
4 . 6
4 . 6

9 . 8

9 . 9  
10.1

9 . 9  
10.0  
10.0

10.2
10.3

10.2
10.2

1 0 . 3

1 0 . 3
1 0 . 3

9 . 7  
10.1 
10.2 
10.2

9 - 5
10.0

9 - 9
10.2

9 . 8  
10.0 
10.1 
10.1

9 . 3
9 . 9
9 - 9

10.1



53

Na^-EDTA, w h i l e  y e l l o w  c o l o r s  w e re  d o m in a n t  w i t h  N a ^ - p y r o -  

p h o s p h a t e  and  Na^-DPTA. The c o l o r  o f  t h e  h i g h l y  d e v e l o p e d  

s p o d i c  h o r i z o n s  ( H i a w a t h a  and  M u n i s i n g )  r a n g e d  f rom  s t r o n g  

brown ( 7 - 5  YR 5 / 6 )  t o  y e l l o w i s h  r e d  (5Y 5 / 6 ) .  The l e s s  

d e v e l o p e d  s p o d i c  h o r i z o n s  ( A u G r e s - C r o s w e l l ,  C r o s w e l l - G r a y c a l m  

and  R u b i c o n )  w e r e  m o s t l y  w h i t e  (5Y 8 / 2 - 8 / 1 ) .  I n  g e n e r a l ,  

Nac -DPTA c o l o r s  w e re  m o s t l y  y e l l o w  ( 2 . 5Y - 5Y) w h i l e  t h e  o t h e r  

e x t r a c t a n t s  w e re  c o m p a r a b l e  i n  c o l o r ,

Fe e x t r a c t i o n  r e s u l t s : I n  g e n e r a l  t h e  Na2 -NTA c h e l a ­

t i n g  a g e n t  r e s u l t e d  i n  t h e  e x t r a c t i o n  o f  s u b s t a n t i a l  a m o u n ts  

o f  e x t r a c t a b l e  Fe f ro m  m o s t  o f  t h e  s o i l  s a m p l e s  s t u d i e d  

( T a b l e  9 ) .  Na2 -EDTA e x t r a c t i n g  s o l u t i o n  y i e l d e d  v e r y  low 

am oun ts  o f  F e ,  and  N a ^ - p y r o p h o s p h a t e  e x t r a c t e d  somewhat 

l e s s  t h a n  Na2 ~NTA. The m e th o d s  w e r e  m o s t  d i v e r s e  i n  t h e  

a m oun ts  o f  Fe e x t r a c t e d  f rom  t h e  R u b ic o n  p r o f i l e .

Na^-DPTA e x t r a c t s  c o n t a i n e d  t r a c e  am o u n ts  o f  Fe  
5

( n e t  shown i n  T a b l e  9 ) .  As d i s c u s s e d  e a r l i e r  i n  t h e  p r e l i ­

m in a ry ,  s t u d y  o f  t h e  e f f e c t  o f  pH on t h e  e x t r a c t a b i l i t y  o f  

F e ,  A l ,  and  C, t h e  low q u a n t i t y  o f  i r o n  i n  t h e s e  e x t r a c t s  

was d u e  t o  t h e  h i g h  pH o f  t h i s  e x t r a c t a n t ,  w h ic h  w o u ld  h a v e  

c a u s e d  t h e  p r e c i p i t a t i o n  o f  Fe a s  F e ^ H ) ^ .

I f  o n l y  t h e  e f f e c t  o f  pH w e r e  t o  be  c o n s i d e r e d ,  t h e  

d a t a  r e v e a l s  t h a t  t h e  low pH e x t r a c t a n t s  h a v e  r e s u l t e d  i n  

t h e  h i g h e s t  am o u n ts  o f  e x t r a c t a b l e  Fe ;  y e t  t h e  N a ^ - p y r o p h o s -  

p h a t e  (pH=10) ha s  a l s o  e x t r a c t e d  a s  much Fe  a s  Na^-EDTA 

( p H = 4 . 6 ) .  F u r t h e r m o r e ,  t h e  Na2 -NTA e x t r a c t a b l e  Fe i s
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T a b l e  8 .  C o l o r  o f  t h e  s p o d i c  B e x t r a c t s  b y  d i f f e r e n t  
e x t r a c t a n t s

M u n s e l l  n o t a t i o n s

S o i l  s e r i e s ; H o r i z o n Na2NTA
E x t r a c t a n t  

Na2 EDTA N a ^ P ^ y Na5DPTA

K i n r o s s B2 1h 10YR7/8 7 . 5 7 H 5 / 8 10YR6/8 2 . 5 7 7 / 8
B o p h i r 10YR7/8 10YR6/8 2 . 5 y 7 / 8 2 . 5 7 7 / 6

S a u g a t u c k -
AuGres B2 } h i r 10YR6/8 10YR6/8 10YR6 / 8 2 . 5 7 7 / 6

B22h i r 10YR7/8 10YR6/8 2 . 5 7 7 / 8 2 . 5 7 7 / 8
I I B 21h i r ' 10YR6/8 10YR6/8 2 . 5 7 7 / 8 2 . 5 7 7 / 8
I I B h i r ' m 2 . 5Y7/8 2 . 5 7 7 / 8 2 . 5 7 7 / 8 2 . 5Y 7/8

A u G re s -
C r o s w e l l B2 i h i r 2 . 5Y7/8 5 7 7 /6 2 . 5 7 7 / 6 2 . 5Y 7/8

B22h i r - 5 7 8 / 1 5 7 7 / 4 5Y8/4
C r o s w e l l -
G rayca lm UPPB2 i h i r - 5Y8/2 5 7 8 / 3 5Y8/4

low B2 i h i r 5Y7/8 5 7 7 /6 5Y7 / 6 5 7 7 / 6
B22h i r 5Y8/2 5 7 8 /1 5Y8 / 2 5 7 8 / 2

R u b ic o n A1 5Y7/6 7 -5Y R 5/8 5YR3/3 5YR3/4
B2 i i r 2 . 5  7 / 6 5 7 7 /6 2 . 5Y6/8 5 7 7 / 6
B2 2 i r 5Y8/3 5 7 8 /1 5 7 8 / 1 5Y8/2

H ia w a th a Al 5 7 8 / 3 2 . 5 7 7 / 6 1OYR5 / 6 2 . 5 7 5 / 6
B 2 i h i r 7 . 5 7 R 5 / 6  7 -5Y R 5/8 7 . 5YR5/6 2 . 5Y6/8
B2 2 i ^ 2 . 5Y7/8 2 . 5 7 7 / 8 2 . 5Y6 / 6 5 7 7 / 8

Onaway B2 l i r 2 . 5Y6/8 2 .  5Y6 / 8 IOYR7 / 8 2 . 5 7 7 / 8
B2 2 i r 2 . 5Y7/8 2 . 5 7 7 / 8 2 . 5 7 7 / 6 5Y7 / 8

M i n i s i n g Al 2 . 5 7 7 / 6 10YR6/8 5YR3/4 7 . 57R 4/4

B2 ^ h i r 5YR5 / 8 5YR5 / 8 IOYR5 / 6 2 . 5 7 6 / 8

B2 2 i r 2 . 5 7 7 / 8 2 . 5 Y 7 / 8 10YR6/8 5 7 7 / 8
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commonly n o t  s i g n i f i c a n t l y  h i g h e r  t h a n  N a ^ - p y r o p h o s p h a t e  

e x t r a c t a b l e  F e ,  b u t  r a t h e r  c o m p a r a b l e  t o  them .

The c h e l a t i n g  p o w e rs  o f  t h e  r e a g e n t s  a r e  d i f f e r e n t .  

M a r t e l l  and  C a l v i n  (195*0 g i v e  t h e  s t a b i l i t y  c o n s t a n t s  o f  

NTA w i t h  Fe++ a s  8 . 8 2  an d  t h a t  o f  EDTA w i t h  F e ++ a s  14 .33*  

T h e r e f o r e ,  EDTA i s  c a p a b l e  o f  f o r m i n g  more  s t a b l e  Fe  c h e ­

l a t e s  com pared  t o  NTA. I n  a d d i t i o n ,  EDTA p o s s e s s e s  two 

d o n o r  g r o u p s  i n  t h e  s t r u c t u r e  w h ic h  r e n d e r  a  s t r o n g e r  a b i ­

l i t y  t o  c h e l a t e  m e t a l s .  However ,  t h e  d a t a  o b t a i n e d  f o r  t h e  

s o i l s  s t u d i e d  h e r e  show more  e x t r a c t i o n  by  NTA t h a n  EDTA i n  

a l l  s a m p l e s .

Na-D PTA  h a s  t h r e e  d o n o r  g r o u p s ,  t h e  h i g h e s t  number
5

o f  d o n o r  g r o u p s  among t h e  t h r e e  o r g a n i c  c h e l a t i n g  a g e n t s  

u s e d  i n  t h e  s t u d y .  T h e r e f o r e ,  i t  w ou ld  b e  e x p e c t e d  t o  c h e ­

l a t e  m e t a l s  m o s t  r e a d i l y .  The s t a b i l i t y  c o n s t a n t  of 

Nac -DPTA w i t h  Fe++ i s  1 6 . 5 . As m e n t i o n e d  e a r l i e r ,  t h e  h i g h  

pH v a l u e  may h a v e  m asked  t h e  c h e l a t a b i n t y  o f  t h i s  e x t r a c t ­

a n t .  I t s  e x t r a c t i o n  o f  i r o n  was g r e a t l y  im p r o v e d  a t  pH 10 .  

I t s  a b i l i t y  t o  c h e l a t e  a luminum w i l l  b e  d i s c u s s e d  l a t e r .

N a ^ - p y r o p h o s p h a t e  i s  an  i n o r g a n i c  c h e l a t i n g  a g e n t  an d  

h a s  r e s u l t e d  i n  c o m p a r a b l e  am oun ts  o f  e x t r a c t a b l e  Fe  a s  

Na2 ~NTA an d  Na2 ~EDTA. W i th  t h e  ab o v e  g e n e r a l i z a t i o n s  a s  

b a c k g r o u n d ,  t h e  r e s u l t s  o b t a i n e d  f o r  e a c h  o f  t h e  p r o f i l e s  

s t u d i e d  a r e  shown i n  T a b l e  9 a n d F i g u r e  2 and  w i l l  b e  e x a ­

m ined  i n  t h e  f o l l o w i n g  p a r a g r a p h s .
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I

T a b l e  9- P e r c e n t  t o t a l  c a r b on  and e x t r a c t a b l e  I r o n  and aluminum c o n t e n t  o f  s o i l  
sampl es  w i t h  d i f f e r e n t  e x t r a c t i n g  s o l u t i o n s  ( c h e l a t i n g  a g e n t s )

— E x t r a c t a n t
S o i l  s e r i e s  H or i z on  Lab § % 0.1MNa2 'NTA 0.1MNa2 ~EDTA 0 . lMNaaPPO/, 0 . lMKac'DPTA

t o t a l  pH=3.2 pH=4.6  pHSlO pH=10
______________________________________c ar b on  j£Fe %Fe %kl %Fe ^A1 $Fe S&U

T o p o s e q u e n c e :

Ki nr os s A 1 l . l i t r . . 09 t r . . 1 0 t r . . 0 8 - . 04

Saugatuck. -
E2 2h i r 2 .66 t r . . 05 t r . . 0 9 t r . . 06 - . 04

A u Gres E p  ] R i  r 3 0 .27 .51 . 1 3 . 3 3 • 15 • 39 - . 53
i'2 2h i r U 1 . 4o .11 . 52 . 05 . 25 .26 - .41
I I E 2 1 h i r 1 5 1 40 . 02 .4 0 .02 . 32 . 02 . 33 - . 4 8
I IE Li  r 1 r. C 6 ° .01 . 16 .01 . 1 5 .02 . 19 - .16

AuGres-
C r o s w e l l B2 i h i r 7 1 . 2 9 . 29 . 33 .11 . 2 0 . 2 4 . 2 9 - . 3 4

B22b,ir A 59 • 15 .22 . 04 . 1 0 . 0 ? . 1 8 - . 2 9
C r o s w e l l -
O rayca1m UPPI'2 j h i r 9 53 .16 .23 . 0 5 . 1 4 .12 . 1 8 - .26

low B o i h i r 10 5- . l '• .21 .12 .16 . 18 . 2 0 - .23
~ •: - :. i r 11 pci . 0'< .1? . 03 . 0 7 . 07 . 10 - . 2 3

Range o f  s p o d i c  d e v e l o p m e n t :

Omega B22 12 .44 .21 .01 . 0 7 .02 .12 - .31
E a s tp o r t £21 13 .2" . 12 .10 . 07 . 0 5 . 1 4 . 1 0 - . 26
Hut i c o n Ai 19 2 . 5c .04 .04 . 02 . 0 3 • 05 . 0 3 - .02

B2 1 i r 19 1 . 0 7 . 23 .41 . 1 0 . 2 0 • 15 . 24 - .44
E2 2 i r 1-: • 39 .24 .01 . 0 6 . 0 3 .12 - . 31

or t s t e i n 17 . c 2 .11 • 1? . 05 .11 . 0 8 . 1 9 - . 24
Hiawatha A1 1 - 5 . 4 0 ■ 05 .02 . 03 .02 .03 . 01 - . 01

A2 i ° • 79 • 05 . 03 . 0 4 . 0 2 . 0 7 .02 - .01
B p i h i r 20 2 . 1 5 .56 . 2 5 • 51 .21 • 51 .26 - .22

E2 2 i r 21 1 . 3 S . 2 7 . 4 9 . 10 .26 .21 • 35 - . 41
Onaway A 2 22 1 . 2 7 . 02 .02 .01 .01 . 0 4 . 02 - . 01

cvj 1 . 4 5 . 4 3 .23 .22 . 21 . 40 . 3 0 - .41
t 2 2 i r 24 1 . 0 4 .34 .16 .17 . 11 . 30 .12 - .22

B2 2 t 29 1 . 2 “ . 4 0 .12 .16 .06 . 11 •05 - . 2 9
Mun is i ng — 1 £6 5.4c. .oC .02 .04 . 0 3 . 06 .02 - . 01

A? 27 1.  3c • Of .02 . 0 4 . 0 2 .08 . 01 - . 01
E2 l h i r 2" 3 .1 ■ ■ . 4 “ .4? ■ 50 . 5 3 . 47 C'O - . 4 5

B o p i r 2 ' ‘ 1 . :‘2 • 34 . 54 . 20 . 44 . 33 .46 - . 4 9

V 30 . 45 . 07 .07 .04 . 06 . 07 .37 - • 05
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A. T o p o s e q u e n c e  o f  p r o f i l e s :

K i n r o s s :  The I^-^h and  h o r i z o n s  o f  K i n r o s s

s e r i e s  y i e l d e d  n e g l i g i b l e  am o u n ts  o f  Fe upon  e x t r a c t i o n  w i t h  

a l l  o f  t h e  e x t r a c t i n g  s o l u t i o n s  u s e d  i n  t h i s  s t u d y .  T h e s e  

f i n d i n g s  a r e  i n  a g r e e m e n t  w i t h  a r e c e n t  s t u d y  b y  C o l l i n s  

(1 9 7 1 )  i n  w h ic h  t h e  a u t h o r  was a b l e  t o  d e t e c t  o n l y  t r a c e s  o f  

Fe i n  h i s  p y r o p h o s p h a t e  e x t r a c t s .  T h i s  p r o f i l e  i s  l o c a t e d  

t w e n t y  f e e t  o u t  i n t o  a l e a t h e r - l e a f - s p h a g n u m  b o g  on a n e a r l y  

l e v e l  a r e a  w i t h  p o o r  d r a i n a g e .  The w a t e r  t a b l e  i s  commonly 

a t  6" b e lo w  t h e  s u r f a c e  d u r i n g  t h e  g r o w i n g  s e a s o n .  I t  was 

d e v e l o p e d  i n  r e d u c i n g  c o n d i t i o n s  w i t h  low pH w h e r e  a l l  t h e  

i r o n  may b e  i n  t h e  f e r r o u s  fo rm s  and  i s  l e a c h e d  away.

S a u g a t u c k - A u G r e s : The amount o f  e x t r a c t a b l e  Fe  r e ­

l e a s e d  by  a l l  e x t r a c t a n t s  w e re  c o n s i d e r a b l y  h i g h e r  i n  t h e  

u p p e r  s p o d i c  h o r i z o n s  and  d e c r e a s e d  w i t h  d e p t h .  Nag-NTA 

and  N a ^ - p y r o p h o s p h a t e  e x t r a c t e d  t h e  h i g h e s t  am ount  o f  i r o n  

f rom  B ^ ^ h i r  and  B ^ h i r ,  w h i l e  Na2 ~EDTA e x t r a c t e d  l e s s  f rom  

t h e  u p p e r  B ^ h i r  h o r i z o n .  The am o u n ts  o f  Fe r e l e a s e d  by  t h e  

t h r e e  r e a g e n t s  w e re  a l m o s t  t h e  same f o r  b o t h  t h e  l o w e r  Bg 

and c e m e n te d  s p o d i c  h o r i z o n s ,  I T E ^ ^ h i r 1 and  I I B h i r ' m .  Con­

s i d e r i n g  t h e  m o i s t u r e  r e g im e  o f  t h e  p r o f i l e  and  t h e  f a c t  

t h a t  t h e  i n t e r n a l  d r a i n a g e  i s  i m p e r f e c t ,  w i t h  t h e  w a t e r  

t a b l e  a t  a n  a v e r a g e  d e p t h  o f  2 8 " d u r i n g  t h e  g r o w i n g  s e a s o n ,  

t h e  d a t a  c l e a r l y  shows t h a t  t h e  l o w e r  c e m e n te d  h o r i z o n s  f rom  

l 6 " - 3 3 "  a r e  l e s s  a e r a t e d  a s  t h e  r e s u l t  o f  t h e  p r e s e n c e  o f  a
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6 o

w a t e r  t a b l e .  C o n s e q u e n t l y ,  t h e  p r e v a i l i n g  r e d u c i n g  c o n d i ­

t i o n s  h a v e  r e s u l t e d  i n  l o w e r  Fe  c o n t e n t .  The Fe  maxima i s  

i n  t h e  u p p e r  s p o d i c  d e v e l o p m e n t  w i t h  f i n e r  t e x t u r e .  The e x ­

t r a c t a b l e  i r o n  i n  t h i s  p r o f i l e  d e c r e a s e d  w i t h  d e p t h  i n  t h e  

s p o d i c  h o r i z o n .

A u G r e s - C r o s w e l l :  Among t h e  t h r e e  e x t r a c t a n t s  t h e

Na^-NTA e x t r a c t e d  t h e  l a r g e s t  amount o f  i r o n .  Na, - p y r o p h o s -  £ 4
p h a t e  an d  Na^-EDTA r e l e a s e d  t h e  i n t e r m e d i a t e  and  l o w e s t  

amounts  o f  F e ,  r e s p e c t i v e l y .  The s i t e  w h e re  t h e  s a m p le  was 

t a k e n  i s  a b e t t e r  d r a i n e d  l o c a t i o n  w i t h  a d r a i n a g e  c l a s s  o f  

i m p e r f e c t  t o  m o d e r a t e l y  w e l l  d r a i n e d .  The d e p t h  o f  t h e  

w a t e r  t a b l e  a v e r a g e s  3 6 " d u r i n g  t h e  g r o w i n g  s e a s o n .  The Fe 

maximum o c c u r s  i n  t h e  s p o d i c  h o r i z o n  somewhere  i n  t h e  u p p e r  

B2 h i r  a n d  d e c r e a s e s  i n  t h e  l o w e r  p a r t  o f  t h i s  h o r i z o n .

C r o s w e l l - G r a y c a l m :  The Fe maximum o c c u r s  i n  t h e

l o w e r  B2 ]_hir  i n  t h e  l o c a t i o n  f rom  w h ic h  t h i s  s am p le  was 

t a k e n .  The Na2 -NTA an d  N a ^ - p y r o p h o s p h a t e  r e l e a s e d  t h e  same 

am ounts  o f  i r o n  f rom  t h i s  h o r i z o n  w h i l e  Na -EDTA e x t r a c t e d  

t h e  l o w e s t  am oun ts  o f  F e .  T h i s  p r o f i l e  i s  l o c a t e d  a t  a 

b e t t e r  d r a i n e d  s i t e  i n  t h i s  t o p o s e q u e n c e .  I t  i s  m o d e r a t e l y  

w e l l  d r a i n e d  w i t h  t h e  w a t e r  t a b l e  a t  an  a v e r a g e  d e p t h  o f  5 8 " 

d u r i n g  t h e  g r o w i n g  s e a s o n .  The e x t r a c t i o n  o f  Fe i s  l o w e r  

i n  t h e  B2 2 h i r  h o r i z o n .

Summary: The e x t r a c t i o n  d a t a  o v e r a l l  shows a h i g h

a c c u m u l a t i o n  o f  Fe  i n  a l l  t h e  s p o d i c  h o r i z o n s  o f  t h e  s o i l s
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i n  t h i s  t o p o s e q u e n c e  e x c e p t  t h e  v e r y  p o o r l y  d r a i n e d  member,  

K i n r o s s .  The maximum a c c u m u l a t i o n  i s  i n  t h e  somewhat p o o r l y  

d r a i n e d  members ( C o l l i n s ,  1 9 7 1 ) .

B. P r o f i l e s  r e p r e s e n t i n g  r a n g e  o f  s p o d i c  d e v e l o p m e n t :

The s e c o n d  g r o u p  o f  s o i l s  i n c l u d e s  a  r a n g e  o f  s p o d i c  

h o r i z o n  d e v e l o p m e n t  f rom  t h e  w e a k e s t  t o  t h e  s t r o n g e s t  d e v e l ­

opment i n  M i c h i g a n  ( L i e t z k e ,  1 9 6 9 ) .  The r e s u l t s  o f  t h e  Fe 

e x t r a c t i o n  f o r  t h e s e  s o i l s  a r e  su m m ar ized  i n  t h e  f o l l o w i n g  

p a r a g r a p h s .

Omega: The B22 h o r i z o n  o f  Omega s e r i e s  c o n t a i n e d  a

l a r g e  p r o p o r t i o n  o f  Na2 - N T A - e x t r a c t a b l e  Fe  a s  co m p ared  t o  

Na^-EDTA and  N a ^ - p y r o p h o s p h a t e .  The l a t t e r  two e x t r a c t a n t s  

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

E a s t p o r t :  B21 e x t r a c t a b l e  Fe  c o n t e n t  w i t h  t h e  c h e l a ­

t i n g  a g e n t s  u s e d  i n  t h i s  s t u d y  was g e n e r a l l y  h i g h e r  i n  com­

p a r i s o n  w i t h  Omega B2 2 . The e x t r a c t a b i l i t y  o f  i r o n  by  t h e s e  

r e a g e n t s  i n  a  d e c r e a s i n g  o r d e r  i s  a s  f o l l o w s :

N a ^ - p y r o p h o s p h a t e  = Na2 -NTA^> Nag-EDTA

R u b ic o n :  A]_, B2 ^ i r ,  B2 2 i r  an d  o r t s t e i n  h o r i z o n s  o f

t h i s  s o i l  s e r i e s  w e re  s u b j e c t e d  t o  e x t r a c t i o n  w i t h  t h e  c h e ­

l a t i n g  a g e n t s .  E x c e p t  f o r  t h e  A^ h o r i z o n s  w h e re  b o t h  Na^- 

p y r o p h o s p h a t e  a n d  Na,-,-NTA y i e l d e d  s i m i l a r  s m a l l  q u a n t i t i e s  o f  

e x t r a c t a b l e  F e ,  t h e  e x t r a c t i o n  p a t t e r n  f o l l o w e d  t h e  same 

g e n e r a l  t r e n d  i n  t h a t  Na2 -NTA e x t r a c t e d  t h e  h i g h e s t  q u a n t i t y



62

of  F e ,  Na2 -EDTA t h e  l o w e s t  a m o u n t ,  and  N a ^ - p y r o p h o s p h a t e  

i n t e r m e d i a t e  q u a n t i t i e s .  The amount o f  e x t r a c t a b l e  Fe  f rom  

t h e  o r t s t e i n  h o r i z o n  l i e s  b e t w e e n  t h a t  o f  B2 1 i r  and  B2 2 i r  

h o r i z o n s .  O r t s t e i n  o c c u r s  a t  a d e p t h  r a n g i n g  f rom  9" t o  2 7 " 

w i t h  c h u n k s  o r  t o n g u e s  1 1 / 2 " - 3 "  t h i c k ,  a s  d e s c r i b e d  b y  

W h i t e s i d e  and  J o h n s o n  ( 1 9 6 7 ) .  T h i s  s o i l  g i v e s  r i s e  t o  two 

Fe maxima due  t o  t h e  p r e s e n c e  o f  o r t s t e i n ,  i n  w h ic h  e x t r a c t -  

a b l e  Fe  c o n t e n t  o f  t h e  s e c o n d  zone  o f  maxima i s  c o n s i d e r a b l y  

l o w e r  t h a n  t h e  f i r s t  Fe maxima i n  t h e  B21 i r  h o r i z o n .

H ia w a t h a :  The p e r  c e n t  Fe  e x t r a c t e d  f rom  e a c h  h o r i ­

zon  o f  t h i s  s o i l  i s  q u i t e  s i m i l a r  f o r  t h e  d i f f e r e n t  e x t r a c t ­

a n t s .  The and  A2 h o r i z o n s  y i e l d e d  t h e  l o w e s t  v a l u e s  

w h i l e  t h e  maximum e x t r a c t a b l e  Fe  o c c u r r e d  i n  t h e  B2 l h i r  h o r i ­

zon w h e r e  t h e  s p o d i c  h o r i z o n  e x p r e s s i o n  i s  q u i t e  p r o n o u n c e d  

i n  t h e  f i e l d .  The d i f f e r e n c e s  i n  t h e  am oun ts  o f  e x t r a c t a b l e  

Fe o b t a i n e d  w i t h  t h e  s o l u t i o n s  u s e d  i n  t h i s  s t u d y  w e r e  q u i t e  

n o t i c e a b l e  i n  t h e  B2 2 i r  h o r i z o n .  The o r d e r  o f  e x t r a c t i o n  i s  

shewn b e lo w :

T h i s  s o i l  i s  w e l l  d r a i n e d  and  h a s  b e e n  c l a s s i f i e d  a s  a T y p i c  

H a p l o r t h o d  a c c o r d i n g  t o  1967  c l a s s i f i c a t i o n s .  The s p o d i c  

c h a r a c t e r i s t i c s  and  m o r p h o l o g y  a r e  e a s i l y  o b s e r v a b l e  i n  t h e  

f i e l d .  The h i g h  c o n t e n t  o f  e x t r a c t a b l e  Fe  a l s o  c o n f i r m s  t h i s  

s t r o n g  d e v e l o p m e n t .

Nag-NTA -  N a ^ - p y r o p h o s p h a  Na2 -EDTA
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Onaway: The A2 , B i r ,  B ^ i r ,  and  B2 2 t  h o r i z o n s  o f

t h i s  s o i l  s e r i e s  w e re  s t u d i e d  f o r  e x t r a c t a b l e  Fe  c o n t e n t .

The r e s u l t s  showed tw o  Fe  maxima. T h e s e  o c c u r r e d  i n  B2 -^ir
r

and  t h e  a r g i l l i c  h o r i z o n  B2 2 t  wlrien Na^-NTA was u s e d  a s  t h e  

e x t r a c t a n t .  The o t h e r  two e x t r a c t a n t s ,  N a ^ - p y r o p h o s p h a t e  and  

Na2 -EDTA, r e s u l t e d  i n  o n l y  one Fe  maximum i n  t h e  B ^ i r  h o r i ­

zo n .  Na2 -EDTA e x t r a c t e d  t h e  l o w e s t  amount  o f  Fe f ro m  t h e  

B2 i r ,  w h i l e  s i m i l a r ,  l a r g e r  q u a n t i t i e s  o f  e x t r a c t a b l e  Fe 

w e re  o b t a i n e d  w i t h  N a ^ - p y r o p h o s p h a t e  an d  Na2 ~NTA s o l u t i o n s .

As m e n t i o n e d  e a r l i e r ,  t h e  N T A - e x t r a c t a b l e  Fe c o n t e n t  f ro m
t

B2 2 t  was c o n s i d e r a b l y  h i g h e r  t h a n  t h e  amount e x t r a c t e d  w i t h  

t h e  o t h e r  s o l u t i o n s .  T h i s  may b e  due  t o  t h e  f a c t  t h a t  t h e  

c l a y  p a r t i c l e s  i n  t h i s  p a r t i c u l a r  h o r i z o n  ( c l a y  c o n t e n t  = 

2 4 . 9 $ )  w e re  m ore  s e r i o u s l y  a f f e c t e d  b y  t h i s  a c i d  s o l u t i o n .  

O t h e r  fo rm s  o f  F e ,  i n  a d d i t i o n  t o  t h o s e  c h a r a c t e r i s t i c  o f  

s p o d i c  h o r i z o n s ,  w e re  e x t r a c t e d  a s  w e l l .  The o t h e r  s o l u ­

t i o n s ,  w i t h  h i g h e r  p H ' s ,  w e re  more  s p e c i f i c  a s  t o  t h e  form 

o f  i r o n  b e i n g  e x t r a c t e d .

M u n i s i n g :  E x c e p t  f o r  t h e  B2 2 i r  h o r i z o n ,  w h ic h

y i e l d e d  d i f f e r e n t  q u a n t i t i e s  o f  e x t r a c t a b l e  Fe w i t h  t h e  e x ­

t r a c t a n t s  u s e d  i n  t h e  s t u d y ,  a l l  t h e  o t h e r  h o r i z o n s  o f  t h i s  

s o i l  r e s u l t e d  i n  t h e  r e l e a s e  o f  s i m i l a r  q u a n t i t i e s  o f  Fe 

w i t h  t h e  t h r e e  c h e l a t i n g  a g e n t s  u s e d .  The A , A2 an d  f r a g i -  

p a n  B^x c o n t a i n e d  t h e  l o w e s t  e x t r a c t a b l e  Fe  c o n t e n t s .  The 

B2 l h i r  h o r i z o n  c o n t a i n e d  t h e  h i g h e s t  am o u n t .  T h e r e f o r e ,  an
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Fe maxima o c c u r r e d  i n  t h i s  h o r i z o n  n e a r  t h e  t o p .  T h i s  s o i l  

h a s  m ore  c l a y  c o n t e n t  t h r o u g h o u t  t h e  p r o f i l e  a s  c o m p ared  mo 

H i a w a t h a ,  y e t  t h e  e x t r a c t a b l e  Fe  c o n t e n t  o f  t h e  s p o d i c  h o r i ­

zon  i s  q u i t e  c o m p a r a b l e  t o  t h a t  o f  H i a w a t h a .

Aluminum e x t r a c t i o n  r e s u l t s : The e x t r a c t i o n  o f  A1

w i t h  t h e  c h e l a t i n g  a g e n t s  u s e d  i n  t h i s  s t u d y  f o l l o w  t h e  same 

g e n e r a l  p a t t e r n  a s  t h a t  o f  F e ,  T a b l e  9? F i g u r e  3 j  e x c e p t  t h a t  

s u b s t a n t i a l  q u a n t i t i e s  w e re  e x t r a c t e d  by  Na^-DPTA.

I n  c o n t r a s t  t o  Fe e x t r a c t i o n ,  a c o n s i d e r a b l e  amount  o f  

Al was e x t r a c t e d  f rom  a l m o s t  a l l  t h e  s o i l s  w i t h  a h i g h  pH 

Na,--DPTA s o l u t i o n .  T h i s  was p a r t i c u l a r l y  t r u e  o f  t h e  Onaway, 

S a u g a t u c k - A u G r e s , R u b i c o n ,  a n d  C r o s w e l l - G r a y c a l m  p e d o n s .  

Na^-NTA e x t r a c t e d  m ore  A l  a s  com pared  t o  N a ^ - p y r o p h o s p h a t e  

and  Na2 ~EDTA e x t r a c t a n t s .  H ow ever ,  t h e  m a g n i t u d e  o f  d i f f e r ­

e n c e s  a r e  m a r k e d l y  h i g h e r  w i t h  t h e  B2 ]_ir and  B2;- , i r  h o r i z o n s  

o f  R u b ic o n  and  C r o s w e l l - G r a y c a l m  p e d o n s .  The o t h e r  p e d o n s  

do  n o t  show a c o n s i s t e n t  d i f f e r e n c e  i n  t h e  am ount  o f  e x t r a c t -  

a b l e  A l  w i t h  t h e  d i f f e r e n t  e x t r a c t a n t s ,  a l t h o u g h  t h e r e  e x i s t s  

a v e r y  p r o n o u n c e d  v a r i a t i o n  i n  t h e  am ount  o f  e x t r a c t a b l e  Al  

f rom  h o r i z o n  t o  h o r i z o n  w i t h i n  a p r o f i l e .  T h i s  r e l a t i o n s h i p  

i s  e v i d e n t  i n  t h e  l o w e r  B g i r  h o r i z o n s .  The p r o f i l e  v a r i a t i o n s  

w i l l  b e  d i s c u s s e d  i n  m ore  d e t a i l  i n  t h e  f o l l o w i n g  p a r a g r a p h s .

D a t a  on s o l u b i l i t y  o f  Al  i n  s o l u t i o n s  a t  d i f f e r e n t  pH 

v a l u e s  i s  g i v e n  by  M a g i s t a d  ( 1 9 2 5 ) ,  J a c k s o n  ( 1 9 6 1 ) ,  a n d  R i c h

( i 9 6 0 ) .  The s u g g e s t e d  b e h a v i o r  o f  A l  i n  r e s p o n s e  t o  v a r i o u s
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pH v a l u e s  i n d i c a t e  t h a t  i n  s t r o n g l y  a c i d  s o l u t i o n  t h e  Al  

e x i s t s  a s  t h e  t r i v a l e n t  c a t i o n  c o m p le x  w i t h  s i x  w a t e r  m o l e ­

c u l e s  i n  s i x  c o o r d i n a t i o n s ,  f o r m i n g  A l ( H 2 0 ) ^ p .  J a c k s o n

( 1 9 6 1 )  d e s i g n a t e s  t h e  r e s u l t i n g  t r i v a l e n t  i o n  com p lex  

" a l u m i n o h e x a h y d r o n i u m " . W i th  i n c r e a s i n g  pH t h e  H2 O g r o u p s  

l o s e  an  H* i o n  t o  fo rm  an  OH i o n .  T h i s  r e s u l t s  i n  d i -  o r  

m o n o - v a l e n t  h y d r o x y - A l  c a t i o n s  w i t h  t h e  f o r m u l a  

A l (0 H 2 )p_(0H) +2 and  A1(0H2 )^ (  0H)2 + 1 , r e s p e c t i v e l y .  W i th  

s u b s e q u e n t  i n c r e a s e s  i n  pH t h e  p r e c i p i t a t i o n  A l ( O H ) 0 H 2 ) ^ 

w i l l  r e s u l t .  However ,  f u r t h e r  i n c r e a s e  i n  pH w i l l  s o l u b i l i z e  

A l  by  f o r m a t i o n  o f  Al(OH)g . T h e r e f o r e  t h e  h i g h e r  am oun ts  o f  

A l  e x t r a c t e d  by  Na^-DPTA may b e  a r e f l e c t i o n  o f  t h e  h i g h  pH 

a s s o c i a t e d  w i t h  t h i s  e x t r a c t a n t .

The am ount  o f  Al  e x t r a c t e d  b y  a l l  t h e  c h e l a t i n g  a g e n t s  

m a r k e d l y  e x c e e d s  t h e  c o r r e s p o n d i n g  am o u n ts  o f  e x t r a c t a b l e  F e .  

T h i s  i s  i n  a g r e e m e n t  w i t h  M a r t i n  an d  R eeve  ( 1 9 5 7 ) .  T h e s e  

a u t h o r s  p o s t u l a t e  t h a t  t h e  h i g h e r  c o n t e n t  o f  e x t r a c t a b l e  Al  

may b e  a r e f l e c t i o n  o f  t h e  e x c e s s  o f  t o t a l  A l  o v e r  t o t a l  Fe  

p r e s e n t  i n  a l l  s o i l s .  C o n s e q u e n t l y  i t  i s  d i f f i c u l t  t o  assum e 

t h a t  Al h a s  a p r e d o m i n a n t  i n f l u e n c e  i n  c o m b i n i n g  w i t h  t h e  

o r g a n i c  f r a c t i o n .

The f r e e  i r o n  o x i d e  c o n t e n t s  and t h e  t o t a l  e x c h a n g e a b l e  

A l  o f  some o f  t h e  p e d o n s  u s e d  i n  t h e  s t u d y ,  d e t e r m i n e d  b y  SCS 

l a b o r a t o r y ,  a r e  shown i n  T a b l e  1 0 .  The o r t h o p h e n a n t h r o l i n e  

c o l o r i m e t r y  and  f l u o r i d e  t i t r a t i o n  m e th o d s  a r e  u s e d  f o r  Fe
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oxide and exchangeable Al determination, respectively. The 
data shows that, except for the Onaway B21ir and B22ir hori­
zons, the spodic B horizons have higher contents of Al com­
pared with Fe. Al exceeds Fe six to seven times in the case 
of Munising Bpqhir and B22ir. These results may serve to 
confirm the validity of Martin and Reeve's postulate.

The results of the extractable Al for all the pedons 
are further discussed in the following paragraphs.

A. Toposequence of profiles:
Kinross: The Bpqh and B22hir horizons released more

Al upon extraction with the chelating agents as compared with 
Fe, but the extractable Al was also lowest in this poorly 
drained member of the toposequence. The extractable Al of 
this soil is comparable with all four extractants used.
From the very low amounts of extractable Fe it seems that Fe 
plays little or no part in stabilizing organic matter in 
this poorly drained soil. It is therefore concluded that Al 
is the "active" metal involved in stabilizing the organic 
fraction in the spodic horizon of this soil.

Saugatuck-AuGres: The amount of Al extracted by the
chelating reagents is quite diverse. The Bpqhir released 
more Al than any other horizon. The effect of the extracting 
solutions on the amount of extractable Al is as follows:

A1-DPTA> Al-NTA Al-pyrophosphata> Al-EDTA
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T a b l e  10 .  P e r c e n t  f r e e  i r o n  o x i d e  an d  t o t a l  e x c h a n g e a b l e  
A l  o f  some o f  t h e  s o i l  p e d o n s  u s e d  i n  t h e  s t u d y  
b y  o r t h o p h e n a n t h r o l i n e  c o l o r i m e t r y  and  f l u o r i d e  
t i t r a t i o n  m e th o d s

T o t a l  i r o n  o x i d e  % E x c h a n g e -  
S o i l  s e r i e s  and  h o r i z o n  a s  % Fe a b l e  Al

Omega B22 0 .40 0 .40

Eastport i—i 
CM

PQ 0 . 3 0 0 . 1 0

Rubicon Al 0 . 2 0 0 . 6 0

B2 1 i r 0 .50 i . 4o

B 2 2 ^-r 0 . 2 0 0 .40

ortstein 0 . 2 0 0 . 5 0

Hiawatha Al 0.40 0 . 1 0

A2 o . 4o 0 . 3 0

B2ihir 1 . 1 0 2 .4 0

E^ir o . 6 o 1 . 9 0

Onaway a2 0 . 5 0 0 .40

B2iir 1.70 i . 4o

B g p i r 1.40 1 . 0 0

B2 2 t 2 . 0 0 trace
Munising A1 o . 4 o 0 .30

A2 0 .40 0 . 9 0

B22hir 1 . 0 0 6 . 1 0

B 2 2 i r 0 . 6 0 4 . 0 0

b 3x o . 4 o 1 . 2 0
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The h o r i z o n  w i t h  t h e  n e x t  h i g h e s t  e x t r a c t a b l e  amount o f  Al 

was I I B 2 ]_h i r '  . The  E ^ h i r  h a s  an  i n t e r m e d i a t e  amount o f  

e x t r a c t a b l e  A l ,  w h i l e  t h e  I I B h i r ' m  y i e l d e d  t h e  l e a s t  amount  

o f  A l  upon  e x t r a c t i o n .  The d a t a  s u g g e s t  t h a t  A l  was l o s t  

f rom  t h e  B2 2 h i r  h o r i z o n  and  a c c u m u l a t e d  i n  t h e  I I B g ^ h i r ' ,  

p r o b a b l y  c o m p le x e d  and f i x e d  w i t h  o r g a n i c  m a t t e r .  The 

B ^ h i r  and  I I B ^ h i r 1 e x t r a c t a b l e  Al  c o n t e n t s  w e re  q u i t e  d i ­

v e r s e  upon  DPTA, NTA and  p y r o p h o s p h a t e  e x t r a c t i o n *  w h i l e  

EDTA e x t r a c t e d  t h e  same amount o f  Al  a s  p y r o p h o s p h a t e .

A u G r e s - C r o s w e l l : The DPTA e x t r a c t a b l e  Al f rom  t h e

B g i h i r  and  B2 2 h i r  h o r i z o n s  w e re  g r e a t e s t *  w h i l e  EDTA e x ­

t r a c t e d  t h e  l e a s t  amount o f  A l .  The o t h e r  two e x t r a c t i n g  

s o l u t i o n s  r e s u l t e d  i n  i n t e r m e d i a t e  am oun ts  o f  e x t r a c t a b l e  

A l .  I n  e v e r y  c a s e  t h e  B ^ h i r  h a d  more  e x t r a c t a b l e  A l  com­

p a r e d  w i t h  t h e  l o w e r  B ^ h i r  h o r i z o n .

C r o s w e l l - G r a y c a l m :  The maximum e x t r a c t a b l e  Al

o c c u r r e d  i n  t h e  l o w e r  B2 q h i r  when EDTA an d  p y r o p h o s p h a t e  w e re  

u s e d  a s  t h e  e x t r a c t i n g  a g e n t s ,  w h i l e  t h e  maximum o c c u r r e d  i n  

t h e  u p p e r  B p ^ h i r  w i t h  DPTA and  NTA. I n  g e n e r a l ,  t h e  DPTA 

s o l u t i o n  e x t r a c t e d  t h e  h i g h e s t  amount o f  Al f rom  a l l  h o r i ­

z o n s ,  f o l l o w e d  by  NTA, p y r o p h o s p h a t e ,  and  EDTA, i n  d e c r e a s i n g  

o r d e r .  The amount o f  Al e x t r a c t e d  was l e s s  i n  t h i s  w e l l  

d r a i n e d  member o f  t h e  t o p o s e q u e n c e  t h a n  i n  t h e  somewhat 

p o o r l y  d r a i n e d  member.
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B. Profiles representing range of spodic development:
Omega: The B22 had a high amount of DPTA extractable

Al. The NTA extractable Al was intermediate, while EDTA and 
pyrophosphate extracted lower amounts of Al.

Eastport: The B21 horizon had a high DPTA extract-
able Al content as compared with other extracting solutions. 
NTA and pyrophosphate extracted the same intermediate amounts 
of Al from this horizon, and EDTA the least.

Rubicon: The A-j_, B^ir, B^ir and an ortstein were
subjected to extraction by the chelating agents. The A^ had 
a trace amount of extractable Al with all of the reagents 
used. Maximum Al occurred in the B21ir horizon. The B22ir 
contained less extractable Al compared to the upper B22ir. 
Ortstein had an intermediate amount of extractable Al. This 
drop in the amount of Al in the B22ir and its subsequent 
increase in the ortstein was only evident with EDTA and 
pyrophosphate extractions. DPTA and NTA showed a continuous 
decrease in the amount of extractable Al from the B22ir hori­
zon downward. DPTA and NTA extracted more Al from the B2^ir 
horizon compared to Al extracted from the same horizon by 
EDTA and pyrophosphate.

Hiawatha: The A^ and A2 horizons contained traces of
extractable Al with all the extracting agents used. The 
B^hir had the less extractable Al than the lower B22ir.
NTA resulted in the maximum extractable Al from the B22ir,
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f o l l o w e d  by  DPTA, p y r o p h o s p h a t e ,  an d  EDTA i n  d e c r e a s i n g  

o r d e r .  The d a t a  s u g g e s t  t h a t  t h e  A l  h a d  b e e n  t r a n s l o c a t e d  

d e e p e r  i n  t h i s  p r o f i l e  t h a n  i n  t h e  o t h e r  p e d o n s  s t u d i e d ,  

w here  t h e  e x t r a c t a b l e  A l  u s u a l l y  d e c r e a s e s  w i t h  d e p t h .

Onaway: The A2 h o r i z o n  c o n t a i n e d  t r a c e s  o f  e x t r a c t -

a b l e  Al  w i t h  a l l  t h e  e x t r a c t i n g  s o l u t i o n s .  The maximum e x -
t

t r a c t a b l e  Al  o c c u r r e d  i n  t h e  B2 1 i r ;  t h e  l o w e s t  i n  t h e  B2 2 t ,  

a n  a r g i l l i c  h o r i z o n ;  and  i n t e r m e d i a t e  e x t r a c t a b l e  Al  i n  t h e  

®22^-r ' g e n e r a l> t h e  DPTA e x t r a c t a b l e  Al c o n t e n t  was c o n ­

s i d e r a b l y  h i g h e r  t h a n  t h e  c o r r e s p o n d i n g  EDTA e x t r a c t a b l e  A l ,  

w h i l e  p y r o p h o s p h a t e  and  NTA s o l u t i o n s  r e l e a s e d  i n t e r m e d i a t e  

am oun ts  o f  A l .

M u n i s i n g :  The A-j_, A , and  t h e  f r a g i p a n  h o r i z o n s  c o n ­

t a i n e d  v e r y  low q u a n t i t i e s  o f  e x t r a c t a b l e  A l .  The h i g h e s t  

amount o f  Al  o c c u r r e d  i n  t h e  B2 ^ h i r  and  B g ^ i r  h o r i z o n s .

The d i s t r i b u t i o n  o f  e x t r a c t a b l e  A l  d e p e n d e d  upon  t h e  e x t r a c t ­

i n g  a g e n t  u s e d .  Upon e x t r a c t i o n  w i t h  N a ^ - p y r o p h o s p h a t e  and  

Na^-EDTA, t h e  maximum o c c u r r e d  i n  t h e  B2 -j_hir, w h i l e  NTA r e ­

s u l t e d  i n  maximum e x t r a c t a b l e  A l  i n  t h e  B2 2 i r .  DPTA e x ­

t r a c t e d  t h e  same amount f ro m  b o t h  t h e  B0 -^hir  and  B2 2 i r  

h o r i z o n s .

C a rb o n  e x t r a c t i o n  r e s u l t s : The t o t a l  c a r b o n  c o n t e n t

o f  t h e  s o i l s  u s e d ,  b e f o r e  e x t r a c t i o n  w i t h  d i f f e r e n t  c h e l a t i n g  

a g e n t s ,  a r e  shown i n  T a b l e  9- (Due t o  t h e  low pH o f  t h e  s o i l  

s a m p l e s  and  l a c k  o f  c a r b o n a t e s ,  t h e  t o t a l  c a r b o n  i s  t a k e n  t o
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b e  e q u a l  t o  t h e  o r g a n i c  c a r b o n  p r e s e n t  i n  t h e  s o i l . )  The 

e x t r a c t a b l e  c a r b o n  was o b t a i n e d  f ro m  t h e  d i f f e r e n c e  i n  c a r ­

b o n  b e t w e e n  t h e  n o n - t r e a t e d  ( o r i g i n a l )  s o i l  and  t h e  t r e a t e d  

s o i l ,  a s  shown i n  T a b l e  1 1 .  The f a c t  t h a t  some c a r b o n  m e a s ­

u r e m e n t s  w e re  g r e a t e r  a f t e r  e x t r a c t i o n  i s  a p e c u l i a r i t y  t h a t  

w i l l  b e  d i s c u s s e d  l a t e r .  The p e r c e n t  o f  t o t a l  c a r b o n  e x ­

t r a c t e d  b y  t h e  d i f f e r e n t  e x t r a c t a n t s  a r e  a l s o  c a l c u l a t e d  i n  

T a b l e  11 .  Where c a r b o n  m e a s u r e d  d i d  n o t  c h a n g e  o r  i n c r e a s e d  

w i t h  e x t r a c t i o n ,  no  f i g u r e  i s  g i v e n  and  a d a s h  i s  s u b s t i t u t e d .

I n  a d d i t i o n  t o  s p o d i c  h o r i z o n s ,  o t h e r  h o r i z o n s  s u c h  a s  

A ^ ,  A2 , o r t s t e i n ,  a r g i l l i c  an d  f r a g i p a n  w e re  s u b j e c t e d  t o  e x ­

t r a c t i o n  by  t h e  d i f f e r e n t  c h e l a t i n g  a g e n t s .

The h i g h  o r g a n i c  m a t t e r  s u r f a c e  h o r i z o n s ,  s u c h  a s  

R u b ic o n  A^,  H i a w a t h a  A ^ ,  and  M u n i s i n g  A^ h a v e  v e r y  l i t t l e  e x ­

t r a c t a b l e  c a r b o n .  However ,  t h e  h i g h  pH Na^-DPTA s o l u t i o n  e x ­

t r a c t e d  a s  much a s  2 2 $  o f  t h e  t o t a l  c a r b o n  f rom  M u n i s i n g  A^.

I n  g e n e r a l ,  i t  c a n  b e  c o n c l u d e d  t h a t  t h e  c h e l a t i n g  e x t r a c t a n t s  

u s e d  i n  t h i s  s t u d y  a r e  n o t  s p e c i f i c  t o  t h e  fo rm  o f  o r g a n i c  

m a t t e r  p r e s e n t  i n  s u r f a c e  s o i l ,  a s  e v i d e n t  by  t h e  v e r y  low 

e f f i c i e n c y  o f  e x t r a c t i o n  o f  s u c h  m a t e r i a l s ,  T a b l e  11 .  The 

A2 h o r i z o n s  u s e d  i n  t h e  s t u d y  a r e  low i n  i n i t i a l  c a r b o n  c o n ­

t e n t .  The H ia w a th a  A2 d i d  n o t  y i e l d  any  e x t r a c t a b l e  c a r b o n .  

The o t h e r  h o r i z o n s  (Onaway and  M u n i s i n g ) ,  w h ic h  h a v e  r e l a ­

t i v e l y  h i g h e r  c o n t e n t s  o f  o r g a n i c  c a r b o n ,  y i e l d e d  s m a l l  

am oun ts  o f  e x t r a c t a b l e  c a r b o n .
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T a b le  11. P e r c e n t  o f  t o t a l  carb on  a f t e r  e x t r a c t i o n ,  p e r c e n t  e x t r a c t a b l e  c a r b o n ,  and 
t h e  p e r c e n t  o f  t o t a l  ca rb o n  e x t r a c t e d  by t h e  d i f f e r e n t  e x t r a c t a n t s  u se d  
In  t h i s  s tu d y

E x t r a c t a n t s

Na2 -NTA Na2 -EDTA Na4 -P 2 0 ., Na^-DPTA
S o i l  s e r i e s  H o r iz o n s  --------------------------------------------  -----------------------  -----------------------  -------------------

#C a f t e r  $  e x t .  % o f  
e x t r a c -  c ( l )  t o t a l  C 
t l o n  e x t . ( 2 )

K i n r o s s

B 2 2 * ^ r

.70

. 3 °
.41
.27

37
40

. 7 7

. 0 5
. 3 4
. 61

30
92

.73

.77
. 38 37 . 53

. 57
. 58  
. 12

50
18

S a u g a t u c k -
AuGres

E? ] h i r 1 . 13 1 . 1 2 4y 1 . 7 8 . 7 9 37 1 . 27 I . 0 3 7 5 . 7 8 1 . 7 9 6 5

F-2 2 h i r . * 7 .>*1 t-4 . 77 . 7 ] r • 5 c; q . 77 .70 k [

I I B 2 1 h i r t■ 0 . --4 57 .76 1 . 00 . 67 . 7 9 97 . 70 .76 92
I I B h i r ' ■■ .20 . 49 a .77 - - • o2 . 0 7 - . 97 . 19 21

Au Gr es - B o / i i r .62 . 6 7 51 . 7 k 72 . 6 2 . 7 7 3fc . 7 9 . 90 38
C r o s w e l l F 2 2 n i r 59 - - . 37 .22 37 . 57 . 0 5 - . 7 9 . 10 16

C r o s w e l l - UPPE2 1 h i r . 47 .05 11 • 37 . 16 30 .70 _ _ . 7 7 - _

Graycalm Low B2 1 h i r . 30 34 . 7 7 .11 12 66 - - QQ - -
E2 2 h i r 30 - - . 3 7 - - . 7 8 - - . 5 8 -

Omega I-22 - - . 3'-' - - . 8 2 - - . 7 7 - -
E a s t p o r t B21 - - ■ 7 k - - . 71 - - .£'9 - -

Ru b l e  on A1 2 .99 .11 4 2 . 3 " . 1 0 6 2 . 8 5 . 1 1 7 2 . 5 0 . 06 r.

E2 1 i r • 15 17 1 . :,2 . 05 - 1 . 1 0 - - . 8 2 ■ 29 23
B2 2 i r . 54 - - . 37 - - . 76 - - . 5 8 - -
o r t s t e i n . 2 3 .37 . 66 - - . 7 0 - - .66 - -

H i a w a t h a Ai 5.1  “ .22 4 7 . 9 3 . k 7 5 . 0 3 . 3 7 6 2 . 6 7 2 . 5 3 47
a2 7 " - - . 7 2 - - . 'OP - - 1. 90 - -

B 2 i h i r 7 :- 1 . 3 7 *"3 1 .02 1 . 1 3 52 • 97 1 . 2 1 56 1 .1 . '-7 4n

E22^-r 1 . 20 . 1 '' 13 • 32 1 . 0 2 73 . -1 . 7 7 37 . 7 7 . 67 4f

Onaway a 2 1 . 2 5 . 02 1 ] . 13 .1*+ 11 1 . 2 0 . 0 7 6 1 . 1 6 . 11
E2 1 i r ' 7 .11 41 • 7 s .70 77 .88 . 6 0 70 1 . 0 6 . 72 23

P22 i r (' 2 .42 , ? 7 k k 1 . 02 . 0 2 - 1 . 0 0 .07 -

'~ 2 2 t
’ 2 ■"1 . k k , a7 ( 7 1 . 1 2 . 1 6 12 1 . 2 3 • 05 -

M u n i s i n g Ai 7 . 4 - - - ■. , 4 3 - - 8 .  6 0 - - 7 . 2 6 1 .21 22

A- 1 . 1 / .1 7 12 . 77 o7 1.2.6 - 1 . 3 6 - -

E2 1 h i r 1 . 11 2 .  )■: 2 . 3 1 72 1 . 1 6 2 . 0 1 63 1 . 06 2 . 1 3 66
^ 2 2 ^ r 7 1 . 1 4 59 . 6 1' 1 . 2 3 67 . 79 1 . 1 3 96 . 66 1 . 0 6 55
e 3x .40 . 0 5 11 .24 .21 76 .7 6 - - . 7 9 - -

( 1 )  C a l c u l a t e d  from t h e  d i f f e r e n c e  b e tw e e n  t h e  o r i g i n a l  (T a b le  9 )  and t h e  t r e a t e d  s a m p le s .  
D ashes  I n d i c a t e  where n e g a t i v e  v a l u e s  w ere  r e c o r d e d .

( 2 )  P e r c e n t  e x t r a c t a b l e  ca rb o n  d i v i d e d  by p e r c e n t  t o t a l  o r i g i n a l  carbon  (T a b le  9 ) x 10 0 .
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The o n l y  e x t r a c t a n t  c a p a b l e  o f  d i s p e r s i n g  c a r b o n  f rom  

t h e  o r t s t e i n  h o r i z o n  o f  t h e  R u b ic o n  p e d o n  was t h e  a c i d i c  s o l ­

u t i o n  o f  Na2 -NTA ( p H = 3 . 2 ) .  T h i r t y - s e v e n  p e r  c e n t  o f  t h e  

t o t a l  o r g a n i c  c a r b o n  o f  t h i s  h o r i z o n  was e x t r a c t e d  by  Na2 -NTA. 

T h i s  e x t r a c t a n t  a l s o  r e s u l t e d  i n  r e l a t i v e l y  h i g h  am oun ts  o f  

Fe  and  Al f rom  t h i s  h o r i z o n ,  a s  d i s c u s s e d  p r e v i o u s l y .  T h e r e ­

f o r e ,  Na2 -NTA may h a v e  d i s t u r b e d  t h e  a s s o c i a t i o n  b e t w e e n  s e s -  

q u i o x i d e s  and  o r g a n i c  m a t t e r  and  c o n s e q u e n t l y  r e s u l t e d  i n  

h i g h e r  c a r b o n  e x t r a c t i o n .

The low pH e x t r a c t a n t s  a p p e a r e d  t o  b e  more  e f f e c t i v e  

i n  e x t r a c t i n g  c a r b o n  f rom  t h e  a r g i l l i c  (B2 2 t )  h o r i z o n  o f  t h e  

Onaway p e d o n .  Na2 -EDTA and  Na2 -NTA e x t r a c t e d  6 5 $  an d  51$ 

o f  t h e  t o t a l  o r g a n i c  c a r b o n ,  r e s p e c t i v e l y .  N a ^ p y r o p h o s p h a t e  

r e s u l t e d  i n  e x t r a c t i o n  o f  1 2 $  o f  t h e  t o t a l  c a r b o n  an d  t h e  

h i g h e s t  pH e x t r a c t a n t  r e s u l t e d  i n  a v e r y  m i n u t e  amount  o f  e x ­

t r a c t a b l e  c a r b o n .  T h i s  p a r t i c u l a r  h o r i z o n  c o n t a i n s  a b o u t  

2 4 . 9 $  c l a y  and  i t  c a n  b e  p o s t u l a t e d  t h a t  t h e  a c i d i c  e x t r a c t ­

a n t s  r e l e a s e d  o r g a n i c  m a t t e r  a d s o r b e d  on c l a y  s u r f a c e s .

Na^-EDTA a p p e a r e d  t o  b e  t h e  m o s t  e f f e c t i v e  e x t r a c t a n t  

o f  c a r b o n  f rom  t h e  f r a g i p a n  h o r i z o n  o f  M u n i s i n g .  F o r t y - s i x  

p e r  c e n t  o f  t h e  t o t a l  c a r b o n  was e x t r a c t e d  by  t h i s  c h e l a t i n g  

a g e n t .  Na^-NTA r e s u l t e d  i n  c o n s i d e r a b l y  l e s s  e x t r a c t a b l e  

o r g a n i c  c a r b o n .  The o t h e r  e x t r a c t a n t s  d i d  n o t  r e s u l t  i n  

d i s p e r s i o n  and  c o n s e q u e n t  e x t r a c t i o n  o f  o r g a n i c  c a r b o n  f ro m  

M u n i s i n g  f r a g i p a n .
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I n  g e n e r a l ,  t h e  s u b - s u r f a c e  h o r i z o n s  i n i t i a l l y  low  i n  

o r g a n i c  c a r b o n  c o n t e n t  d i d  n o t  r e s p o n d  t o  t h e  e x t r a c t i n g  

s o l u t i o n s ,  r e g a r d l e s s  o f  t h e i r  i n t e r n a l  d r a i n a g e  o r  i n t e n ­

s i t y  o f  e x p r e s s i o n  o f  p e d o g e n i c  p r o c e s s e s .  I n c l u d e d  among 

t h o s e  h o r i z o n s  a r e  C r o s w e l l - G r a y c a l m  B2 2 h i r ,  Omega B2 2 , 

E a s t p o r t  B2 1 , an d  R u b ic o n  B2 2 i r .  The o r g a n i c  c a r b o n  c o n t e n t  

o f  t h e s e  s o i l s  p r i o r  t o  e x t r a c t i o n  a r e  . 2 5 > . 2 8 , an d

. 3 3 , r e s p e c t i v e l y .  More o r g a n i c  c a r b o n  was d e t e c t e d  i n  

t h e s e  s a m p l e s  a f t e r  t h e  s o i l s  w e re  s u b j e c t e d  t o  d i f f e r e n t  ex  

t r a c t a n t s ,  r e s u l t i n g  i n  n e g a t i v e  am oun ts  o f  e x t r a c t a b l e  o r g a  

n i c  c a r b o n .  The p o s s i b i l i t y  o f  t h e  a d s o r p t i o n  o f  some o f  

t h e  c h e l a t i n g  a g e n t s  b y  s o i l  p a r t i c l e s  d o e s  n o t  seem t o  b e  

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

I t  i s  a l s o  e v i d e n t  f rom  t h e  p r e c i s i o n  o f  d e t e r m i n a t i o n  on 

r e p l i c a t e s  o f  t h e  same s a m p le  t h a t  t h e  v a r i a t i o n  i s  n o t  s u f ­

f i c i e n t  t o  o b s c u r e  c a r b o n  c h a n g e s  i n  t h e s e  s o i l s .  The c a r ­

b o n  e x t r a c t i o n  r e s u l t s  w i l l  b e  f u r t h e r  ex am in ed  a s  f o l l o w s :

K i n r o s s :  From l8 /o -92$  o f  t h e  t o t a l  c a r b o n  o f  t h e

B2 1 h and B22h i r  h o r i z o n s  o f  t h i s  s o i l  s e r i e s  was e x t r a c t e d  

by  t h e  c h e l a t i n g  a g e n t s  u s e d  i n  t h i s  s t u d y .  However ,  Na^-  

p y r o p h o s p h a t e  d i d  n o t  e x t r a c t  any  c a r b o n  f rom  t h e  BQ2h i r  

h o r i z o n .

S a u g a t u c k - A u G r e s : The m ore  a c i d i c  e x t r a c t a n t s

(Na2 ~NTA and  Na2 -EDTA) w e re  more  e f f i c i e n t  i n  e x t r a c t i o n  o f  

o r g a n i c  c a r b o n  f rom  t h e  l o w e r  B h o r i z o n s ,  s u c h  a s  B22 h i r ,
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I I B g h i r ' , an d  I I B h i r ' m .  However ,  t h e  u p p e r  B (B2 1 h i r )  g a v e  

h i g h e r  r e c o v e r i e s  w i t h  t h e  h i g h  pH Na^-DPTA e x t r a c t a n t .  I n  

g e n e r a l ,  f rom  2 1 $ t o  71$  o f  t h e  t o t a l  o r g a n i c  c a r b o n  was e x ­

t r a c t e d  b y  t h e  f o u r  c h e l a t i n g  a g e n t s  u s e d  i n  t h e  s t u d y .

A u G r e s - C r o s w e l l :  The low pH e x t r a c t a n t s  (NTA, EDTA)

rem oved  m ore  c a r b o n  t h a n  t h e  h i g h  pH e x t r a c t a n t s  f ro m  t h e  

B2 p h i r  h o r i z o n  o f  t h i s  s o i l  s e r i e s .  I n  t h e  b e t t e r  d r a i n e d  

C r o s w e l l - G r a y c a l m  h i g h  pH s o l u t i o n s ( p P q I j . 5DPTA) w e r e  u n a b l e  

t o  e x t r a c t  d e t e c t a b l e  q u a n t i t i e s  o f  c a r b o n .

H ia w a th a  B ^ h i r  and  M u n i s i n g  B2 1 h i r  r e s u l t e d  i n  t h e  

h i g h e s t  p e r c e n t a g e  o f  t o t a l  c a r b o n  e x t r a c t e d  by  a l l  t h e  e x ­

t r a c t a n t s  u s e d .  How ever ,  t h e  B p p i r  h o r i z o n s  o f  t h e s e  s o i l s  

c o n t a i n  somewhat l e s s  e x t r a c t a b l e  c a r b o n .  C o m p a r in g  t h e s e  

d a t a  w i t h  t h o s e  o f  s u r f a c e  h o r i z o n s  o f  t h e  same s o i l s ,  i t  

a p p e a r s  t h a t  t h e s e  e x t r a c t a n t s  a r e  much more  s p e c i f i c  t o  t h e  

fo rm s  o f  o r g a n i c  m a t t e r  e l u v i a t e d  f ro m  t h e  u p p e r  p a r t  o f  t h e  

s o i l s .

The Onaway B2 ^ i r  h o r i z o n  was a l s o  e x t r a c t e d  e f f i ­

c i e n t l y  by  t h e  e x t r a c t a n t s ,  a l t h o u g h  l e s s e r  am oun ts  o f  c a r ­

bon  w e re  rem oved .  I n  g e n e r a l ,  t h e  low pH e x t r a c t a n t s  a p p e a r  

t o  b e  somewhat more  e f f i c i e n t  i n  e x t r a c t i n g  t h e  i l l u v i a l  

c a r b o n .

S t a t i s t i c a l  a n a l y s e s : The d a t a  w e re  s t a t i s t i c a l l y

a n a l y z e d  u s i n g  a C o n t r o l  D a t a  C o r p o r a t i o n  (CDC) 3600 d i g i t a l  

c o m p u t e r .  The M i c h i g a n  S t a t e  A g r i c u l t u r a l  e x p e r i m e n t
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s t a t i o n  STAT r o u t i n e s  w e re  u s e d .  The e x t r a c t a b l e  F e ,  A l  

and  C b y  d i f f e r e n t  e x t r a c t a n t s  w e re  s u b j e c t e d  t o  a n a l y s i s  o f  

v a r i a n c e .  The tw o-w ay  a n a l y s i s  o f  v a r i a n c e  w i t h  i n t e r a c t i o n  

was u s e d  f o r  Fe and  A l .  The c a t e g o r i e s  w e re  s o i l  h o r i z o n s  

and  e x t r a c t a n t .  The d e s i g n  u s e d  f o r  c a r b o n  was t h e  same e x ­

c e p t  f o r  t h e  u s e  o f  t h e  m e th o d  o f  f i t t e d  c o n s t a n t s  t o  a c c o u n t  

f o r  t h e  h i g h l y  u n b a l a n c e d  d a t a .  A n a l y s i s  o f  t h e  v a r i a n c e  o f  

t h e  d a t a  i s  shown i n  T a b l e  12 .  The F t e s t  shows t h a t  t h e  

d i f f e r e n c e s  due  t o  s o i l s  an d  e x t r a c t a n t s  a r e  h i g h l y  s i g n i f i ­

c a n t  a t  t h e  Y fo  l e v e l .  However ,  t h e  s t a t i s t i c a l  a n a l y s i s  

f a i l e d  t o  show a s i g n i f i c a n t  d i f f e r e n c e  f o r  c a r b o n  d u e  t o  

d i f f e r e n t  e x t r a c t a n t s  a t  t h e  1% and  5$ l e v e l s .

The T u k e y ' s  W - p r o c e d u r e  was u s e d  t o  com pare  t h e  t r e a t ­

m en t  m ean s .  The f o l l o w i n g  c o n c l u s i o n s  a r e  d raw n  f rom  t h e  

c o m p u t a t i o n  o f  t h e  d a t a .

The r e s u l t s  f o r  Fe e x t r a c t i o n  r e v e a l  t h a t  t h e r e  was a 

s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  t h e  e x t r a c t i n g  pow er  o f  t h e  

NTA, p y r o p h o s p h a t e ,  and  EDTA e x t r a c t a n t s  a t  t h e  5% l e v e l .

The t r e a t m e n t  means a r e  r a n k e d  i n  an  i n c r e a s i n g  o r d e r  and 

t h e  r e s u l t s  o f  t h e  T u k e y ' s  t e s t  f o r  Fe w i t h  l e a s t  s i g n i f i c a n t  

r a n g e  (LSR) ( 5 / 0 =  -0265  c a n  b e  sum m ar ized  a s  f o l l o w s :

NTA pP0|| EDTA
.1 6 7 3  .1 3 8 3  .0 9 7 3

The t h r e e  means  a r e  s i g n i f i c a n t l y  d i f f e r e n t .



T a b le  12. A n a l y s i s  of v a r i a n c e  of  t h e  e x t r a c t a b l e  Fe ,  Al and ca rbon

S o u r c e  o f  v a r i a n c e

Fe Al c

d . f . M.S. d . f . M.S. d . f . M.S.

S o i l s 29 0 .1 1 0 7 * * 29 0 .1 7 0 5 * * 23 0 . 1888**

E x t r a c t a n t 2 0 .0 7 4 2 * * 3 0 . 0 9 9 0 ** 3 0 .0 0 8 2  MS

S o i l  e x t r a c t a n t 58 0 .0 0 3 6 87 0 .0 0 5 3 4 5 d )  0 . 0 3 9 8

R em ain in g  e r r o r 90 0 .0 0 0 4 120 0 .0 0 0 6 72 0 .0 0 0 9

T o t a l 179 239 143

NS = n o t  s i g n i f i c a n t  a t  t h e  5$  l e v e l

( l ) =  d e g r e e  o f  f r e e d o m  f o r  i n t e r a c t i o n  r e d u c e d  owing t o  m i s s i n g  t r e a t m e n t  
c o m b i n a t i o n s .
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The T u k e y ' s  t e s t  f o r  Al  w i t h  ISR ( 5 $ ) = * 0348 i s  sum­

m a r i z e d  b e lo w :

DPTA NTA pPO ^ EDTA

. 2 407____________.2 1 1 7  . 1 7 8 0  . 1 4 7 0

(any  two means n o t  u n d e r s c o r e d  by  t h e  same l i n e  a r e  s i g n i f i ­

c a n t l y  d i f f e r e n t . )  The r e s u l t s  show t h a t  a l t h o u g h  t h e  NTA 

a n d  DPTA e x t r a c t a n t s  r e s u l t  i n  h i g h e r  e x t r a c t i o n  o f  A l ,  t h e  

d i f f e r e n c e s  b e t w e e n  them a r e  n o t  s i g n i f i c a n t  a t  t h e  5$ l e v e l .  

However ,  t h e  DPTA r e s u l t s  a r e  s i g n i f i c a n t l y  d i f f e r e n t  f ro m  

t h e  p y r o p h o s p h a t e  e x t r a c t i o n  r e s u l t s .  The l a t t e r  i s  a l s o  

n o t  s i g n i f i c a n t l y  d i f f e r e n t  f rom  t h e  EDTA r e s u l t s .  The d i f ­

f e r e n c e s  b e t w e e n  NTA an d  pPO^ i s  a p p r o a c h i n g  s i g n i f i c a n c e  

a t  t h e  5$. l e v e l .

A m o d i f i e d  T u k e y " s  LSR ( 5 $ )  was u s e d  f o r  c o m p a r i s o n  

o f  t h e  c a r b o n  t r e a t m e n t  means due  t o  u n b a l a n c e d  num ber  o f  

o b s e r v a t i o n s  i n  e a c h  t r e a t m e n t  mean. G e n e r a l l y  T u k e y ' s  LSR 

i s  d e f i n e d  by  e q u a t i o n  

W = q « ( P ,  n )  Sx 
¥ = LSR
q « ( P ,  n )  i s  a f a c t o r  o b t a i n e d  f rom  a t a b l e  o f  u p p e r  

p e r c e n t a g e  p o i n t s  o f  t h e  s t u d e n t i z e d  r a n g e  

w i t h  p t r e a t m e n t ,  n  e r r o r  d e g r e e  o f  f r e e d o m  

a n d  an o< e r r o r  r a t e .

Sx = s t a n d a r d  e r r o r  o f  t h e  mean



79

I n  t h e  c a s e  o f  u n e q u a l  o b s e r v a t i o n s  on e a c h  mean a  m o d i f i c a ­

t i o n  i s  s u g g e s t e d  b y  S o k a l  a n d  R o h l f  ( 1 9 6 9 ) a s :

Sx = S 2 n l  + n 2 
2 n ^ 2

2
w h e re  S = v a r i a n c e  o f  i n d i v i d u a l s

n^  = num ber  o b s e r v e d  on t h e  f i r s t  mean i n  

t h e  c o m p a r i s o n  

n 2 = number  o b s e r v e d  on t h e  s e c o n d  mean i n  

t h e  c o m p a r i s o n .

The two low pH e x t r a c t a n t s  d e m o n s t r a t e d  t h e  g r e a t e s t  

e f f i c i e n c y  i n  e x t r a c t i o n  o f  c a r b o n .  The d i f f e r e n c e s  b e t w e e n  

them a r e  s i g n i f i c a n t  a t  t h e  5% l e v e l .  The EDTA e x t r a c t a n t  

r e s u l t s  a r e  a l s o  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  t h e  h i g h  pH 

p y r o p h o s p h a t e  and  DPTA e x t r a c t a n t s ,  w h i l e  t h e  NTA i s  n o t .

The T u k e y ' s  t e s t  f o r  c a r b o n  e x t r a c t i o n  c a n  b e  su m m a r iz e d  a s  

f o l l o w s :

EDTA NTA pPO^ DPTA

. 5117 .3 7 1 7_________ .3 4 1 7 _________ .2 9 1 7

(a n y  two means n o t  u n d e r s c o r e d  b y  t h e  same l i n e  a r e  s i g n i f i ­

c a n t l y  d i f f e r e n t . )

The a b o v e  s t a t i s t i c a l  a n a l y s i s  r e v e a l s  t h a t  DPTA 

e x t r a c t e d  t h e  h i g h e s t  am oun ts  o f  A l ,  and  EDTA t h e  h i g h e s t  

am oun ts  o f  c a r b o n  f rom  t h e  s p o d i c  h o r i z o n s  u s e d  i n  t h i s  

s t u d y .  However ,  t h e  f o r m e r  i s  n o t  a  s u i t a b l e  e x t r a c t a n t  f o r  

Fe due  t o  i t s  h i g h  pH, and  t h e  l a t t e r  e x t r a c t e d  t h e  l o w e s t



80

am oun ts  o f  Fe  an d  Al  f ro m  t h e  s o i l s  u s e d .  T h e r e f o r e ,  t h e  

e x t r a c t a n t  w h ic h  r e s u l t e d  i n  t h e  m o s t  e f f e c t i v e  e x t r a c t i o n  

o f  F e ,  A l ,  a n d  c a r b o n  f ro m  t h e  s p o d i c  h o r i z o n s  u s e d  was t h e  

low pH, . 1M Na2 ~NTA.

C l a s s i f i c a t i o n  o f  t h e  s o i l s : The p e d o n s  u s e d  i n  t h i s

s t u d y  a r e  c l a s s i f i e d  a c c o r d i n g  t o  t h e  c r i t e r i a  e x p l a i n e d  i n  

t h e  new s o i l  c l a s s i f i c a t i o n  s y s t e m  (S o i l  Taxonomy, 1 9 7 0 ,  u n e d . ) 

and  a s  g i v e n  by  C o l l i n s  (1 9 7 1 )  and  L i e t z k e  ( 1 9 6 8 ) ,  a s  f o l l o w s :

( 1 )  K i n r o s s  ( o r g a n i c  s u r f a c e ) :  H i s t i c  H a p la q u o d ;  
s a n d y ,  m ix e d ,  f r i g i d .

( 2 )  S a u g a t u c k - A u G r e s : A e r i e  H a p la q u o d ;  s a n d y ,
m ix e d ,  f r i g i d ,  o r t s t e i n .

(3 )  A u G r e s - C r o s w e l l : E n t i c  S i d e r a q u o d ;  s a n d y ,  
m ix e d ,  f r i g i d .

( 4 )  C r o s w e l l - G r a y c a l m : E n t i c  H a p l o r t h o d ;  s a n d y ,
m ix e d ,  f r i g i d .

( 5 )  Omega: T y p i c  U d ipsam m en t ;  m i x e d ,  f r i g i d .

( 6 ) E a s t p o r t : S p o d i c  U d ipsam m en t ;  m i x e d ,  f r i g i d .

( 7 )  R u b i c o n : E n t i c  H a p l o r t h o d ;  s a n d y ,  m ix e d ,
f r i g i d .

( 8 ) H i a w a t h a : T y p ic  H a p l o r t h o d ;  s a n d y ,  m ix e d ,
f r i g i d .

( 9 ) Onaway: A l f i c  H a p l o r t h o d ;  f i n e - l o a m y ,  m ix e d ,
f r i g i d .

(1 0 )  M u n i s i n g : A l f i c  F r a g i o r t h o d ;  c o a r s e - l o a m y ,
m ix e d ,  f r i g i d .

The c h e m i c a l  c r i t e r i a  f o r  c l a s s i f i c a t i o n  o f  S p o d o s o l s  

c o n s i d e r e d  i n  t h i s  s t u d y  a r e  t h e  a c c u m u l a t i o n  i n d e x  a n d  t h e  

r a t i o  o f  % p y r o p h o s p h a t e  e x t r a c t a b l e  Fe and  Al t o  % c l a y ,
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T a b l e  13 .  The i n d e x  o f  a c c u m u l a t i o n  i s  e x p r e s s e d  a s

CEC(pH 8 . 2 )  -  1 / 2 $  c l a y t h i c k n e s s  i n  cm. = 6 5 . T h i st i m e s

i n d e x  i s  a m e a s u r e  o f  t h e  amount o f  am orphous  m a t e r i a l  i n  

t h e  s p o d i c  h o r i z o n .  The c a l c u l a t i o n  o f  t h e  i n d e x  i s  b a s e d  

on t h e  c o n s i d e r a t i o n  o f  t h e  h i g h  c a t i o n  e x c h a n g e  c a p a c i t y  o f  

t h e  am orphous  m a t e r i a l ,  a s  w e l l  a s  t h e  $  c l a y  and  t h i c k n e s s  

o f  t h e  h o r i z o n .  T h i s  w o u ld  s e t  some l o w e r  l i m i t  f o r  t h e  

amount o f  p r e c i p i t a t e d  i l l u v i a l  m a t e r i a l .  The $ c l a y  i s  con  

s i d e r e d  i n  a n  a t t e m p t  t o  c o r r e c t  f o r  t h a t  p a r t  o f  t h e  e x ­

c h a n g e  c a p a c i t y  w h ich  i s  a f u n c t i o n  o f  t h e  s i l i c a t e  c l a y  p r e  

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

s o i l  h o r i z o n  t h i c k n e s s  i s  t o  e v a l u a t e  t h e  v e r t i c a l  d i s t r i b u ­

t i o n  o f  t h e  am orphous  m a t e r i a l  i n  t h e  s p o d i c  h o r i z o n .

The c r i t e r i o n  o f  t h e  % p y r o p h o s p h a t e  e x t r a c t a b l e  Fe 

and  Al  o v e r  % c l a y  b e i n g  e q u a l  o r  g r e a t e r  t h a n  . 2 ,  i n  some 

s u b - h o r i z o n ,  i s  b a s e d  on t h e  f a c t  t h a t  t h e  e x t r a c t i o n  w i t h  

p y r o p h o s p h a t e  a t  pH=10 i s  s e l e c t i v e  f o r  t h e  compounds t h a t  

a r e  t y p i c a l  o f  s p o d i c  h o r i z o n s .  F u r t h e r m o r e ,  s i n c e  s m a l l  

am oun ts  o f  s e s q u i o x i d e s  a r e  a s s o c i a t e d  w i t h  c l a y  s u r f a c e s  

o r  o t h e r  am orphous  m a t e r i a l s  p r e s e n t  i n  t h e  s o i l ,  t h e  % 

c l a y  i s  c o n s i d e r e d  t o  a l l o w  f o r  t h e  a d s o r b e d  i r o n  and  a lu m ­

inum o x i d e s .

T a b l e  13 shows t h e  ab o v e  r a t i o s  an d  t h e  Fe and  A l / $  

c l a y  r a t i o s  w i t h  o t h e r  c h e l a t i n g  a g e n t s  s u b s t i t u t e d  f o r  

p y r o p h o s p h a t e .  The s p o d i c  h o r i z o n s  s t u d i e d  g e n e r a l l y  a g r e e
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w i t h  t h e  r e q u i r e d  a c c u m u l a t i o n  i n d e x .  H ow ever ,  t h e  e x c e p ­

t i o n s  a r e  Omega and  E a s t p o r t .

M os t  o f  t h e  s o i l s  do  n o t  m e e t  t h e  r e q u i r e d  r a t i o  o f  

% e x t r a c t a b l e  Fe  an d  k \ / %  c l a y .  T h i s  i s  p a r t i c u l a r l y  t r u e  

w i t h  t h e  h i g h l y  e x p r e s s e d  s p o d i c  h o r i z o n s  i n  t h e  f i e l d ,  s u ch  

a s  M u n i s i n g .  I n  g e n e r a l ,  EDTA e x t r a c t i o n  h a s  r e s u l t e d  i n  a 

l o w e r  Fe  + A l /%  c l a y  r a t i o  a s  co m p ared  w i t h  t h e  o t h e r  e x t r a c t

a n t s .  The NTA, pPO^ and  DPTA r a t i o s  a r e  f a i r l y  c o m p a r a b l e .

The c h a n g e s  o f  t h e  % Fe + Al t o  fo c l a y  w i t h i n  t h e  

p r o f i l e  c a n  b e  f u r t h e r  s u m m a r iz ed  a s  f o l l o w s :

( 1 )  I n  two o f  t h e  s o i l  p r o f i l e s ,  n a m e l y  S a u g a t u c k -

AuGres and  H i a w a t h a ,  t h e  r a t i o  o f  Fe  + k l / %  c l a y  i n c r e a s e d

w i t h  d e p t h .  The h i g h e r  r a t i o s  w e re  o b s e r v e d  i n  t h e  l o w e r  

s p o d i c  s u b - h o r i z o n s .

( 2 )  I n  A u G r e s - C r o s w e l l  t h e  h i g h e r  r a t i o  o f  Fe  + k l / %  

c l a y  o c c u r r e d  i n  t h e  u p p e r  s p o d i c  B h o r i z o n .

( 3 )  I n  K i n r o s s ,  Onaway, a n d  M u n i s i n g ,  t h e  Fe  + Al  

t o  % c l a y  r e m a i n e d  c o n s t a n t  t h r o u g h o u t  t h e  p r o f i l e .

( 4 )  I n  C r o s w e l l - G r a y c a l m  t h e  r a t i o  o f  Fe  + A l /%  c l a y  

i n c r e a s e d  t o  a c e r t a i n  d e p t h  ( l o w e r  B p p h i r ) .  B eyond  t h a t  

d e p t h  t h e  r a t i o  d e c r e a s e d .

( 5 )  R u b ic o n  showed a d e c r e a s e  o f  t h e  r a t i o  w i t h  

d e p t h  w i t h  EDTA and  p y r o p h o s p h a t e  e x t r a c t i o n .  H ow ever ,  t h e  

NTA and  DPTA e x t r a c t i o n s  r e s u l t e d  i n  a  c o n s t a n t  r a t i o  t h r o u g h  

o u t  t h e  p r o f i l e .
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T a b l e  13 .  The a c c u m u l a t i o n  i n d e x  a n d  t h e  p e r c e n t  e x t r a c t -
a b l e  Pe  p l u s  A l  o v e r  % c l a y  b y  d i f f e r e n t  e x t r a c t ­
a n t s  o f  s p o d i c  h o r i z o n s  u s e d  i n  t h i s  s t u d y

—  E x t r a c t a n t  and  % F e  +
$  A l /%  c l a y

S o i l  S e r i e s  H o r i z o n  Acc .  i n d e x  NTA EDTA pPO^ DPTA

K i n r o s s B p i h 1 8 1 . 4 .0 5 . 0 5 .0 4 .02
B22h i r 7 9 . 6 .0 4 . 0 3 .0 5 .02

S a u g a t u c k - A u G r e s  B2 i h i r 6 5 . 3 . 0 8 .0 5 . 0 7 .0 8
B2 2 h i r 1 0 9 . 1 .06 .0 5 . 0 5 .07

I I B g i h i r 1 2 2 7 . 1 .1 3 . 1 1 .1 1 .16
I I B h i r ' m 1 3 5 . 1 .1 5 .1 5 .2 0 .1 7

A u G r e s - C r o s w e l l  B2 i h i r 6 4 . 7 .1 4 .0 7 .1 2 • 13
B22h i r 4 4 . 8 . 0 8 .0 3 . 06 .0 8

C r o s w e l l - G ray ca lm  UppB21h i r  6 . 0 . 0 8 . 0 4 . 06 .0 8
low B2 i_hi r  3 2 . 5 .1 1 . 0 8 . 1 0 .1 1
B22 b i r 4 5 . 5 .0 7 .0 3 . 06 . 1 1

Omega B22 1 9 . 3 .1 1 .02 . 0 5 .1 1

E a s t p o r t B21 2 8 . 2 .1 7 . 1 0 .1 8 • 30

R u b ic o n B2 l i r 8 2 . 8 . 1 7 . 0 8 . 1 1 . 1 6
Al 6 4 . 9 .02 .0 1 .02 .0 0 4
B2 2 i r 2 7 . 3 .1 6 .0 3 . 0 7 .1 6
o r t s t e i n - .3 3 .1 7 . 2 8 . 3 5

H ia w a th a A l 7 8 . 5 .02 .01 .0 1 .002
B2 i h i r 9 7 - 5 .12 .1 0 . 1 1 .1 1
B2 2 i r 1 7 2 . 9 .3 2 .1 5 . 2 8 .2 7

Onaway B2 i i r 6 5 . 5 .0 4 .02 . 0 4 .0 5
B22 i r 3 4 . 6 .0 3 .02 . 0 3 .0 5
B2 2 t 4 6 . 0 .02 .0 1 . 0 1 .01

M u n i s i n g Al 6 1 . 3 .02 .02 .02 .002
B2 i h i r 2 0 9 . 2 .0 9 .1 0 . 1 0 .0 9
B2 2 i r 2 2 1 . 4 .1 1 .0 8 . 1 0 .11
B3x 2 0 . 8 .0 3 .02 • 03 .0 1
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From t h e  c o n s i d e r a t i o n  o f  t h e  a b o v e  c r i t e r i a ,  i t  i s  

h i g h l y  d e s i r a b l e  t o  s e t  a l i m i t  f o r  t h e  r a t i o  o f  Fe  & A l /

% c l a y  t o  p r e v e n t  t h e  e x c l u s i o n  o f  t h e  w e l l - d e v e l o p e d  s p o d i c  

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

f o r  t h o s e  w i t h  a low e x t r a c t a b l e  Fe  a n d  A l  c o n t e n t  o r  h i g h  

p e r c e n t a g e  o f  c l a y ,  w h ic h  t e n d  t o  l o w e r  t h e  r a t i o  b e l o w  t h e  

c u r r e n t l y  a c c e p t e d  r e q u i r e d  v a l u e .  I t  i s  s u g g e s t e d  t o  l o w e r  

t h e  r a t i o  o f  Fe & A l /  /  c l a y  t o  = 0 . 1 0  t o  i n c l u d e  m o s t  S p o -  

d o s o l s  ( A u G r e s - C r o s w e l l ,  C r o s w e l l - G r a y c a l m ,  and  M u n i s i n g ) .  

The same r a t i o  i s  s u g g e s t e d  t o  b e  s e t  a t  = .0 4  f o r  t h e  w e l l -  

d r a i n e d ,  f i n e - t e x t u r e d  S p o d o s o l s  a s  w e l l  a s  t h e  p o o r l y -  

d r a i n e d  S p o d o s o l s  (Onaway an d  K i n r o s s  s e r i e s ) .

The o l d e r  c h e m i c a l  c r i t e r i a  f o r  s p o d i c  h o r i z o n s  c a l l s  

f o r  t h e  r a t i o  o f  % t o t a l  c a r b o n  o r  % e x t r a c t a b l e  c a r b o n ,  % 

e x t r a c t a b l e  F e ,  and  % e x t r a c t a b l e  A l  o v e r  % c l a y .  D i f f e r e n t  

e x t r a c t a n t s  w e re  u s e d  f o r  Fe and  Al e x t r a c t i o n .  C o n s e ­

q u e n t l y ,  d i f f e r e n t  l i m i t s  w e re  p r o p o s e d  ( L i e t z k e ,  1 9 6 8 ) .

Such  r a t i o s  w e re  s e t  a t  = .1 2  when t o t a l  c a r b o n  and  a c i d  

ammonium o x a l a t e  was u s e d .  T a b l e  14 shows t h e  r a t i o  o f  /  

t o t a l  c a r b o n  p l u s  % e x t r a c t a b l e  Fe and  A l  o v e r  % c l a y  w i t h  

t h e  e x t r a c t a n t s  u s e d  i n  t h i s  s t u d y .  The a v a i l a b l e  o x a l a t e  

e x t r a c t a b l e  Fe  and  Al o f  L i e t z k e  i s  a l s o  i n c l u d e d  f o r  com­

p a r i s o n .  A l l  o f  t h e  s p o d i c  h o r i z o n s  u s e d  i n  t h e  s t u d y  m e e t  

t h e  r e q u i r e d  r a t i o  i n  some s u b - h o r i z o n .  S i n c e  c a r b o n  i s  

one o f  t h e  m a in  c o n s t i t u e n t s  o f  t h e  i l l u v i a l  m a t e r i a l  o f  t h e
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s p o d i c  h o r i z o n  i n  t h e s e  s o i l s ,  i t  i s  s u g g e s t e d  t h a t  t h e  

r a t i o  h e  u s e d  i n  p r e f e r e n c e  t o  t h e  % Fe  & A l /  /  c l a y  r a t i o  

c u r r e n t l y  i n  u s e .
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T a b l e  1 4 .  The r a t i o  o f  % t o t a l  C, % e x t r a c t a b l e  F e ,  an d
fo e x t r a c t a b l e  A l  o v e r  % c l a y  f o r  s p o d i c  h o r i z o n s  
u s e d  i n  t h e  s t u d y

E x t r a c t a n t  a n d  $  C + $  f ’e  + 
% A l /  % c l a y   _______

S o i l  S e r i e s H o r i z o n NTA EDTA PPO4 DPTA Oxala l

K i n r o s s B2 i h .5 8 .5 8 • 57 . 5 5
B22h i r .4 0 .3 9 .41 . 3 8 -

S a u g a t u c k - A u G r e s B2 1 h i r .3 3 .3 0 .3 2 .3 3 —
B22h i r . 2 8 . 2 7 .2 7 • 29

I I B 2 ] _ h i r ' . 6 0 . 5 8 .5 8 . 6 3
I I B h i r ' m .7 7 .7 7 .82 • 79 -

A u G r e s - C r o s w e l l B 2 l h i r . 4 4 .3 7 .42 .4 3
B22h i r .2 0 • 15 . 1 8 . 2 0 -

C r o s w e l l - G r a y c a l m Upp.B2 i h i r .1 9 .1 5 .1 7 . 1 9
low B2 ]_hir • 35 .3 2 . 3 4 • 35 —

B22h i r . 1 6 .12 . 1 5 . 2 0

Omega b 22 . 2 6 . 1 7 .2 0 .2 6 • 25
E a s t p o r t B21 . 3 8 • 31 • 39 • 51 .3 7

R u b ic o n B2 i i r .4 5 .36 • 39 .4 4 .4 0
B2 2 i r .3 1 . 1 8 .22 .3 1 • 29
o r t s t e i n 1 . 0 1 .8 5 • 96 1 . 0 3 1 . 0 8

H ia w a th a a2 .4 0 .3 8 .3 9 • 36 _

B 2 i h i r . 4 3 . 4 1 .4 2 .4 2 .4 4

B22i r .92 • 75 .8 8 . 8 7 . 7 8

Onaway a 2 . 3 0 . 3 0 .31 . 2 9 -
B2 1 i r . 1 3 .1 1 • 13 .1 4 .1 5
B2 2 i r .1 0 . 0 9 .1 0 . 1 2 .1 3
B2 2 t . 0 7 . 06 . 06 .0 6 -

M u n i s i n g a 2 3 . 8 3 . 7 3 . 7 3 . 3 -

B 2 i h i r .3 9 .4 0 .4 0 . 3 9 . 4 0
Bp2 i r .3 5 .3 2 • 34 . 3 5 . 3 3
B^x .1 3 .12 . 1 3 .1 1 -



SUMMARY AND CONCLUSIONS

T h i s  r e s e a r c h  was i n i t i a t e d  t o  s t u d y  t h e  d e g r e e  o f  

a c c u m u l a t i o n  o f  t h e  i l l u v i a l  m a t e r i a l ,  a s  m e a s u r e d  by  d i f ­

f e r e n t  e x t r a c t i n g  m e d ia  and  i n f l u e n c e d  b y  p e d o l o g i c a l  p r o ­

c e s s e s  a n d  s o i l  f o r m a t i o n  f a c t o r s ,  i n  t h e  B h o r i z o n s  o f  S p o -  

d o s o l s .  The i l l u v i a l  m a t e r i a l  o f  i n t e r e s t  ( a c t i v e  m a t e r i a l )  

i s  c o n s i d e r e d  t o  b e  composed o f  s e s q u i o x i d e s  ( p a r t i c u l a r l y  

t h o s e  o f  Fe and  A l )  and  o r g a n i c  m a t t e r .  The f o l l o w i n g  c o n ­

c l u s i o n s  may b e  drawn from  t h e  d i s c u s s i o n  o f  t h e  r e s u l t s .

S o i l  d r a i n a g e  and  t h e  i l l u v i a l  m a t e r i a l : The n e g l i ­

g i b l e  q u a n t i t i e s  o f  e x t r a c t a b l e  Fe  i n  t h e  e x t r a c t s  o f  p o o r l y -  

d r a i n e d  K i n r o s s  s o i l  may b e  e x p l a i n e d  by  c o n s i d e r i n g  t h e  

f o l l o w i n g  p o s s i b i l i t i e s :  ( l )  S i n c e  t h e  w a t e r  t a b l e  i s  v e r y

c l o s e  t o  t h e  s u r f a c e  and  i t  commonly a v e r a g e s  6 i n c h e s  b e ­

low t h e  s u r f a c e  d u r i n g  t h e  g r o w in g  s e a s o n ,  i t  i s  u n l i k e l y  

t h a t  t h e  p r e c i p i t a t i o n  o f  i r o n  o x i d e s  h a v e  o c c u r r e d  by  

o c c a s i o n a l  f l u s h e s  o f  o x y g e n a t e d  w a t e r  w h ic h  o x i d i z e  f e r r o u s  

compounds and  d e c r e a s e  t h e i r  s o l u b i l i t y .  However ,  t h e  p o s ­

s i b i l i t y  o f  m i c r o b i a l  o x i d a t i o n  s h o u l d  a l s o  b e  c o n s i d e r e d .

(2 )  The p r e s e n c e  o f  t h e  p r e v a i l i n g  r e d u c i n g  c o n d i t i o n s  p r o ­

b a b l y  h a v e  r e s u l t e d  i n  t h e  o c c u r e n c e  o f  t h e  i r o n  i n  t h e  r e ­

d u c e d  (Fe"*-*") fo r m .  C o n s e q u e n t l y  i t  c o u l d  h a v e  b e e n  l e a c h e d  

away f rom  t h e  s u b - s o i l ,  s i n c e  t h a t  i s  t h e  m ore  s o l u b l e  fo rm
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o f  i r o n .  T h i s  phenomenon c a n  h e  s u p p o r t e d  by  D e b ' s  ( 1 9 ^ 9 )  

s t u d y  i n  w h ic h  t h e  a u t h o r  c o n c l u d e s  t h a t  t h e  low  pH o f  m o s t
4-4-p o d z o l s  p r e c l u d e s  t h e  e x i s t e n c e  o f  an y  i r o n  a s  Fe  , w h ic h  

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

The d a t a  o b t a i n e d  i n  t h i s  s t u d y  shows t h e  am o u n ts  o f  

e x t r a c t a b l e  Fe  f rom  t h e  p o o r l y  d r a i n e d  K i n r o s s  s u b s o i l  i s  

n e g l i g i b l e ,  e v e n  when t h e  low pH e x t r a c t a n t s  w e re  u s e d .  

T h e r e f o r e  i t  i n v a l i d a t e s  t h e  p o s s i b i l i t y  o f  t h e  e x i s t e n c e  o f  

t h e  o x i d i z e d  F e .  F u r t h e r m o r e ,  i t  i s  s u g g e s t e d  t h a t  A1 may 

b e  a s s i g n e d  a m a j o r  r o l e  i n  s t a b i l i z i n g  t h e  o r g a n i c  m a t t e r  

i n  t h e  B h o r i z o n s  o f  t h i s  s o i l ,  a l t h o u g h  t h e  q u a n t i t i e s  o f  

e x t r a c t a b l e  A1 a r e  a l s o  low i n  t h e  s u b s o i l  o f  K i n r o s s .

The b e t t e r - d r a i n e d  s o i l s  o f  t h i s  d r a i n a g e  c a t e n a  a r e  

shown t o  h a v e  a  h i g h e r  amount  o f  e x t r a c t a b l e  F e .  The i m p e r ­

f e c t l y - d r a i n e d  S a u g a t u c k - A u G r e s  c o n t a i n s  m ore  e x t r a c t a b l e  

Fe i n  t h e  u p p e r  B h o r i z o n ,  a n d  d e c r e a s i n g  am oun ts  i n  t h e  

l o w e r  B h o r i z o n ,  w h e re  t h e  l o w e r  p a r t  o f  t h i s  h o r i z o n  o c c u r s  

a t  t h e  a v e r a g e  o b s e r v e d  d e p t h  t o  t h e  w a t e r  t a b l e .  The 

A u G r e s - C r o s w e l l  maximum e x t r a c t a b l e  Fe  o c c u r s  i n  t h e  u p p e r  

B h o r i z o n ,  w h i l e  C r o s w e l l - G r a y c a l m  h a s  i t s  maximum Fe accum ­

u l a t i o n  i n  t h e  l o w e r  B h o r i z o n .  The maximum e x t r a c t a b l e  Fe 

o f  t h e  l a t t e r  two s o i l s  c o r r e l a t e  w i t h  t h e  maximum e x t r a c t -  

a b l e  o r g a n i c  m a t t e r ,  s u g g e s t i n g  g r e a t e r  c o m p lex  f o r m a t i o n  i n  

t h o s e  h o r i z o n s .  Among t h e  s o i l s  o f  t h i s  t o p o s e q u e n c e ,  A u G res -  

C r o s w e l l  h a s  e x h i b i t e d  t h e  h i g h e s t  e x t r a c t a b l e  F e .  However ,
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t h i s  i s  n o t  i n  a g r e e m e n t  w i t h  t h e  g r e a t e s t  e x t r a c t a b i l i t y  o f  

o r g a n i c  m a t t e r  i n  t h e  t o p o s e q u e n c e ,  aid  c o n s e q u e n t l y  t h e  

h i g h e s t  i n t e n s i t y  o f  s p o d i c  h o r i z o n  d e v e l o p m e n t ,  a s  w i l l  b e  

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

The m a g n i t u d e  o f  t h e  A1 e x t r a c t e d  by  a l l  o f  t h e  c h e ­

l a t i n g  a g e n t s  e q u a l s  o r  e x c e e d s  t h e  c o r r e s p o n d i n g  am oun ts  o f  

i r o n  e x t r a c t e d  f rom  t h e  s p o d i c  h o r i z o n s  i n  a l l  t h e  s o i l s  

s t u d i e d  e x c e p t  E a s t p o r t ,  H ia w a th a  I ^ h i r ,  and  Onaway. T h i s  

may b e  a r e f l e c t i o n  o f  t h e  g r e a t e r  i n v o l v e m e n t  o f  A1 i n  

c h e l a t i o n  r e a c t i o n s  w i t h  o r g a n i c  m a t t e r ,  o r  t h e  e x c e s s  o f  t h e  

t o t a l  A1 o v e r  Fe p r e s e n t  i n  t h e  s o i l .  The l a t t e r  p o s s i b i l i t y  

may b e  more  v a l i d  s i n c e  t h e  e x c h a n g e a b l e  A1 e q u a l s  o r  e x c e e d s ,  

t h e  t o t a l  c i t r a t e - d i t h i o n i t e  e x t r a c t a b l e  F e ,  e x c e p t  i n  t h e  

E a s t p o r t  and  Onaway p e d o n s .  I n  t h e  p o o r l y - d r a i n e d  K i n r o s s  

s o i l  i t  i s  d e f i n i t e l y  shown t h a t  A1 i s  t h e  m a j o r  e l e m e n t  

a s s o c i a t e d  w i t h  t h e  e x t r a c t a b l e  o r g a n i c  m a t t e r .  H ow ever ,  i t  

i s  d i f f i c u l t  t o  s a y  w h ic h  m e t a l  h a s  t h e  p r e d o m i n a n t  i n f l u e n c e  

i n  c o m b i n i n g  w i t h  t h e  o r g a n i c  f r a c t i o n  o f  t h e  s p o d i c  h o r i z o n s  

o f  t h e  o t h e r  s o i l s .

The am ounts  o f  A1 do n o t  seem t o  b e  i n f l u e n c e d  by  

d r a i n a g e  a s  much a s  F e .  However ,  t h e  p o o r l y - d r a i n e d  K i n r o s s  

s o i l  c o n t a i n s  t h e  l o w e s t  amount o f  e x t r a c t a b l e  A1 w h i l e  t h e  

somewhat p o o r l y  d r a i n e d  S a u g a t u c k - A u G r e s  h a s  t h e  h i g h e s t  

e x t r a c t a b l e  A l ,  w i t h  two maxima,  t h e  s e c o n d  maxima b e i n g  

a s s o c i a t e d  w i t h  a d i f f e r e n t  p a r e n t  m a t e r i a l ,  I I B 2 . The h i g h
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c o n t e n t  o f  A1 i n  S a u g a t u c k - A u G r e s  c o r r e l a t e s  w i t h  t h e  h i g h  

a c c u m u l a t i o n  o f  o r g a n i c  m a t t e r  a s  w e l l  a s  t h e  i n t e n s i t y  o f  

s p o d i c  h o r i z o n  d e v e l o p m e n t  i n  t h i s  s o i l .

I t  i s  a p p a r e n t  f rom  t h e  e x t r a c t i o n  d a t a  t h a t  c o n s i ­

d e r a b l e  am o u n ts  o f  t h e  B h o r i z o n  o r g a n i c  m a t t e r  a r e  a s s o ­

c i a t e d  w i t h  a  f r a c t i o n  o f  t h e  t o t a l  s e s q u i o x i d e s . F u r t h e r ­

m o re ,  i t  i s  e v i d e n t  t h a t  t h e  c h e l a t i n g  e x t r a c t a n t s  a r e  s p e ­

c i f i c  t o  t h e  e x t r a c t i o n  o f  t h e  o r g a n i c  m a t t e r  p r e s e n t  i n  t h e  

B h o r i z o n s ,  s i n c e  v e r y  s m a l l  am ounts  o f  c a r b o n  w e re  e x t r a c t e d  

f rom  t h e  s u r f a c e  A h o r i z o n .

S p o d o s o l s  o f  v a r i o u s  d e g r e e s  o f  s p o d i c  h o r i z o n  

d e v e l o p m e n t  and  t h e  i l l u v i a l  m a t e r i a l : The amount o f  com-

p l e x e d  i r o n  i n c r e a s e s  f rom  t h e  w e a k e s t  s p o d i c  h o r i z o n  e x p r e s ­

s i o n  t o  t h e  s t r o n g e s t  d e v e l o p m e n t .  The maximum e x t r a c t a b l e  

Fe  o c c u r s  i n  t h e  u p p e r  B h o r i z o n  i n  a l l  t h e  s o i l s  o f  t h i s  

g r o u p .  The Omega and  E a s t p o r t ,  w h ic h  a r e  c l a s s i f i e d  a s  

T y p ic  U d ipsam m ents  (Brown P o d z o l i c  s o i l )  and  S p o d i c  U d ipsam -  

men t  ( R e g o s o l  P o d z o l  i n t e r g r a d e ) ,  r e s p e c t i v e l y ,  c o n t a i n  t h e  

l o w e s t  am oun ts  o f  e x t r a c t a b l e  F e .  O t h e r  more  d e v e l o p e d  

s p o d o s o l s ,  su c h  a s  R u b i c o n ,  H i a w a t h a ,  and  M u n i s i n g  s e r i e s ,  

c o n t a i n  h i g h e r  am oun ts  o f  e x t r a c t a b l e  F e .

The am ounts  o f  e x t r a c t a b l e  A1 show t h e  same t r e n d  a s  

F e ,  i n  w h ic h  i t  i n c r e a s e s  w i t h  t h e  i n t e n s i t y  o f  p e d o l o g i c a l  

d e v e l o p m e n t .  The A1 a n d  Fe maxima o c c u r  i n  t h e  same h o r i ­

zon  ( B ^ ^ i r )  i n  R u b ic o n  and  Onaway s o i l  s e r i e s ,  w h i l e  t h i s  i s
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n o t  t h e  c a s e  w i t h  H i a w a t h a  a n d  M u n i s i n g .  I n  t h e  l a t t e r  t h e  

maximum A1 o c c u r s  d e e p e r  i n  t h e  p r o f i l e ,  n a m e ly  i n  t h e  l o w e r  

s p o d i c  B h o r i z o n  (B2 2 i r )* E x t r a c t a h l e  Fe  i s  c o n s i d e r a b l y  

p r e d o m i n a n t  i n  t h e  Onaway an d  M u n i s i n g  p r o f i l e s ,  w h i l e  A1 

i s  p r e d o m i n a n t  i n  t h e  R u b ic o n  and  H ia w a th a  p r o f i l e s .  However ,  

H ia w a th a  B2 i h i r  d a s  m ore  e x t r a c t a b l e  Fe  com pared  t o  A l .

A h i g h  p e r c e n t a g e  "of e x t r a c t a b l e  c a r b o n ,  a s  c a l c u l a t e d  

f rom  t h e  d i f f e r e n c e  b e t w e e n  t h e  n o n - e x t r a c t e d  and  e x t r a c t e d  

s o i l s ,  o c c u r s  i n  t h e  s p o d i c  h o r i z o n s .  T h i s  i s  e s p e c i a l l y  

t r u e  i n  s u b s o i l s  w i t h  a h i g h  i n i t i a l  c a r b o n  c o n t e n t .  The 

e x t r a c t a b l e  C maximum o c c u r s  a t  t h e  same h o r i z o n  ( B g i i r )  o f  

Fe and  A l  maxima i n  R u b ic o n  and  Onaway s e r i e s .  However ,  

H ia w a th a  and  M u n i s h i n g  e x t r a c t a b l e  C and  Fe  maxima o c c u r  

a t  t h e  u p p e r  B h o r i z o n  (B2 p h i r )  w h i l e  t h e  Al  maximum o c c u r s  

a t  t h e  l o w e r  B ^ i r  h o r i z o n .  T h i s  may s u g g e s t  t h e  p r e d o m i ­

n a n t  r o l e  o f  Fe  i n  t h e s e  s o i l s  i n  t h e  s o l u b i l i t y  o f  o r g a n i c  

m a t t e r .

S t a t i s t i c a l  a n a l y s e s : The s t a t i s t i c a l  a n a l y s i s  o f  

t h e  e x t r a c t i o n  d a t a  r e v e a l s  t h a t  t h e  NTA, pPO^, an d  EDTA 

e x t r a c t i o n  p r o c e d u r e s  f o r  Fe p r o d u c e  r e s u l t s  w i t h  s i g n i f i ­

c a n t  d i f f e r e n c e s  b e t w e e n  them .  The e x t r a c t a b l e  F e ,  EDTA 

v a l u e s  a r e  s i g n i f i c a n t l y  l o w e r  t h a n  t h e  o t h e r  e x t r a c t a n t s .

The ETA e x t r a c t a b l e  Fe  i s  i n d i c a t e d  t o  b e  a  good  e s t i m a t e  

o f  t h e  amount o f  c o m p le x e d  F e .
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The DPTA a n d  NTA e x t r a c t a b l e  Al a r e  a l s o  c o m p a r a b l e .  

However ,  NTA and  pPO^ e x t r a c t a b l e  A l  a r e  n o t  s i g n i f i c a n t l y  

d i f f e r e n t  f rom  e a c h  o t h e r ,  w h i l e  DPTA e x t r a c t a b l e  A l  r e s u l t s  

a r e  s i g n i f i c a n t l y  h i g h e r  t h a n  p y r o p h o s p h a t e  an d  EDTA r e s u l t s .  

T h e r e f o r e  NTA i s  s u g g e s t e d  t o  b e  a s u i t a b l e  e x t r a c t a n t  f o r  

A l .

The e x t r a c t i o n  o f  c a r b o n  h a s  b e e n  m ore  s u c c e s s f u l  w i t h  

t h e  low pH s o l u t i o n s .  EDTA and  NTA e x t r a c t a b l e  c a r b o n  a r e  

s i g n i f i c a n t l y  d i f f e r e n t  f rom  e a c h  o t h e r .  H ow ever ,  EDTA i s  

s i g n i f i c a n t l y  d i f f e r e n t  f ro m  t h e  o t h e r  two h i g h  pH e x t r a c t ­

a n t s ,  w h i l e  t h e  NTA r e s u l t e d  i n  c o m p a r a b l e  am oun ts  o f  e x t r a c t -  

a b l e  C w i t h  t h e  h i g h  pH e x t r a c t a n t s .  Even t h o u g h  EDTA h a s  

t h e  h i g h e s t  e f f i c i e n c y  f o r  t h e  e x t r a c t i o n  o f  c a r b o n ,  i t  r e ­

s u l t e d  i n  t h e  l o w e s t  e x t r a c t a b l e  Fe  and  A l .  T h e r e f o r e ,  t h e  

o v e r a l l  s t a t i s t i c a l  a n a l y s i s  s u g g e s t s  t h a t  t h e  low pH, . 1M 

NTA s o l u t i o n  i s  t h e  m o s t  s u i t a b l e  e x t r a c t a n t  f o r  F e ,  A l ,  

and  C f rom  t h e  M i c h i g a n  s p o d i c  h o r i z o n s .

C h e m ic a l  c r i t e r i a  i n  s o i l  c l a s s i f i c a t i o n : The chem­

i c a l  c r i t e r i o n  o f  t h e  % e x t r a c t a b l e  Fe  and  Al  o v e r  % c l a y ,  

f o r  t h e  c l a s s i f i c a t i o n  o f  S p o d o s o l s ,  i s  s u g g e s t e d  t o  b e  

l o w e r e d  t o  = 0 . 1 0  t o  i n c l u d e  m o s t  S p o d o s o l s  ( A u G r e s - C r o s w e l l ,  

C r o s w e l l - G r a y c a l m ,  and  M u n i s i n g ) .  I t  i s  a l s o  s u g g e s t e d  t h a t  

t h e  r e q u i r e d  r a t i o  n e e d s  t o  b e  l o w e r e d  t o  = 0 . 0 4  f o r  t h e  

w e l l - d r a i n e d ,  f i n e - t e x t u r e d  a s  w e l l  a s  t h e  p o o r l y - d r a i n e d  

S p o d o s o l s  (Onaway an d  K i n r o s s  s e r i e s ) .  The d a t a  o b t a i n e d  i n
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t h i s  r e s e a r c h  a l s o  i n d i c a t e  t h a t  t h e  fo t o t a l  c a r b o n ,  fo 

e x t r a c t a b l e  F e ,  and  fo e x t r a c t a b l e  A l  o v e r  % c l a y ,  = . 1 2 ,  

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

g i v e s  a much b e t t e r  e s t i m a t e  o f  t h e  a c t i v e  i l l u v i a l  m a t e r i a l  

o f  t h e  s p o d i c  B h o r i z o n .  T h e r e f o r e  i t  i s  s u g g e s t e d  t h a t  t h i s  

r a t i o  b e  u s e d  i n  p r e f e r e n c e  t o  t h e  c u r r e n t l y  u s e d  r a t i o  o f  

fo  e x t r a c t a b l e  Fe  and  Al o v e r  fo  c l a y .
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