
University of Montana University of Montana 

ScholarWorks at University of Montana ScholarWorks at University of Montana 

Graduate Student Theses, Dissertations, & 
Professional Papers Graduate School 

1972 

Progressive acid dissolution as a technique for determining the Progressive acid dissolution as a technique for determining the 

potassium supply of forest soils potassium supply of forest soils 

Christopher Warren Bowen 
The University of Montana 

Follow this and additional works at: https://scholarworks.umt.edu/etd 

Let us know how access to this document benefits you. 

Recommended Citation Recommended Citation 
Bowen, Christopher Warren, "Progressive acid dissolution as a technique for determining the potassium 
supply of forest soils" (1972). Graduate Student Theses, Dissertations, & Professional Papers. 6935. 
https://scholarworks.umt.edu/etd/6935 

This Thesis is brought to you for free and open access by the Graduate School at ScholarWorks at University of 
Montana. It has been accepted for inclusion in Graduate Student Theses, Dissertations, & Professional Papers by an 
authorized administrator of ScholarWorks at University of Montana. For more information, please contact 
scholarworks@mso.umt.edu. 

https://scholarworks.umt.edu/
https://scholarworks.umt.edu/etd
https://scholarworks.umt.edu/etd
https://scholarworks.umt.edu/grad
https://scholarworks.umt.edu/etd?utm_source=scholarworks.umt.edu%2Fetd%2F6935&utm_medium=PDF&utm_campaign=PDFCoverPages
https://goo.gl/forms/s2rGfXOLzz71qgsB2
https://scholarworks.umt.edu/etd/6935?utm_source=scholarworks.umt.edu%2Fetd%2F6935&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:scholarworks@mso.umt.edu


P R O G R E S S IV E  A C ID  D IS SO L U T IO N  AS A T E C H N IQ U E  

F O R  D E T E R M IN IN G  T H E  P O T A S S IU M  S U P P L Y

O F  F O R E S T  SO ILS

B y

C h r i s t o p h e r  W. B o w e n  

B . A. , C a r l e t o n  C o l le g e ,  1970

P r e s e n t e d  in  p a r t i a l  f u l f i l l m e n t  o f t h e  r e q u i r e m e n t s  f o r  th e  d e g r e e  of

M a s t e r  of S c ie n c e  

U N IV E R S IT Y  O F  M O N T A N A  

1972

A p p r o v e d  by:

C h a i r m a n , / B b a r o o f  E x a m i n e r s

D e ^ ,  G r a ^ a f e  Schoo

D a t e , ^  /

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



UMl Number: EP37736

All rights reserved

INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,

a note will indicate the deletion.

UMI
Oisssrtation RjWiahing

UMI EP37736

Published by ProQuest LLC (2013). Copyright in the Dissertation held by the Author.

Microform Edition ©  ProQuest LLC.
All rights reserved. This work is protected against 

unauthorized copying under Title 17, United States Code

P r o . Q ^ s t *

ProQuest LLC.
789 East Eisenhower Parkway 

P.O. Box 1346 
Ann Arbor, Ml 4 8 1 0 6 -1 3 4 6

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



A C K N O W L E D G M E N T S

I w o u ld  l i k e  to  th a n k  D r .  M a r k  B e h a n  f o r  h i s  g u id a n c e  a n d  

e n c o u r a g e m e n t  g iv e n  th r o u g h o u t  th e  c o u r s e  of th i s  s tu d y .  I w o u ld  

a l s o  l ik e  t o  th a n k  th e  o t h e r  m e m b e r s  of m y  c o m m i t t e e  a n d  e s p e c i a l l y  

D r .  G r a h a m  T h o m p s o n  f o r  g iv in g  m e  th e  b e n e f i t  of h i s  k n o w le d g e  a n d  

e x p e r i e n c e  w i th  p r o g r e s s i v e  a c id  d i s s o lu t io n .  I a m  a l s o  g r a t e f u l  f o r  

t h e  s u p p o r t  a n d  e n c o u r a g e m e n t  of th e  D e p a r t m e n t  of B o ta n y ,  i ts  

f a c u l t y  an d  g r a d u a t e  s t u d e n t s .  F i n a l l y ,  th e  h e lp  a n d  s u p p o r t  of 

D r .  D a le  C o le  a n d  o t h e r s  a t  th e  U n i v e r s i t y  of W a s h in g to n  a s s o c i a t e d  

w i th  th e  I B P  C o n i f e r o u s  B io m e  s tu d y  h a v e  b e e n  v e r y  m u c h  a p p r e ­

c i a t e d .

11

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



T A B L E  O F  C O N T E N T S

P a g e

A C K N O W L E D G M E N T S .........................................................................................  i i

L IS T  O F  T A B L E S .......................................................................................................  iv

L IS T  O F  F I G U R E S ................................................................................................  v

C h a p t e r
I. I N T R O D U C T I O N ...................................................................................  1

II. L IT E R A T U R E  R E V I E W ............................................................... 7

III. M E T H O D S .................................................................................................  14

P r o g r e s s i v e  A c id  D i s s o lu t i o n  T e c h n iq u e  . . . .  14

T o ta l  P o t a s s i u m  A n a l y s i s .......................................................  15

IV . R E S U L T S .................................................................................................  17

V. D I S C U S S I O N ..........................................................................................  41

R E F E R E N C E S ...................................................................................................  47

111

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



L IS T  O F  T A B L E S

T a b l e  P a g e

1. T o ta l  D i s s o lu t i o n  D a ta  f o r  t h e  S a m p le s
R u n  a t  5 0 ° C ........................................................................................  19

2 . T o ta l  D i s s o l u t i o n  D a ta  f o r  th e  S a m p le s
R u n  a t  8 0 ° C ........................................................................................  2 8

3 . P e r c e n t a g e s  of T o ta l  P o t a s s i u m ,  R a te  C o n s t a n t s ,
a n d  A c t iv a t io n  E n e r g i e s  f o r  th e  F o u r
C a l c u l a t e d  R a te s  o f  R e m o v a l ................................................  37

IV

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



L IS T  O F  F IG U R E S

F i g u r e  P a g e

1. A  S c h e m a t i c  D i a g r a m  o f  M u s c o v i t e ,
a  2:1 L a y e r  S i l i c a t e   .......................................................................  9

2 . L n  C o n c e n t r a t i o n  v s .  T im e  f o r  a  F i r s t - O r d e r
R e a c t i o n ........................................................................................................ 12

3. L n  C o n c e n t r a t i o n  v s .  T im e  f o r  a n  Io n  B e in g
R e m o v e d  a t  T w o  D i f f e r e n t  R a t e s ................................................... 12

4 . T o ta l  P o t a s s i u m  D i s s o lu t i o n  C u r v e  f o r  S a m p le  1 . . . 20

5. F i r s t  D e c o n v o lv e d  C u r v e  f o r  S a m p le  1 ............................................. 21

6. S e c o n d  D e c o n v o lv e d  C u r v e  f o r  S a m p le  1 ............................................. 22

7. T o ta l  P o t a s s i u m  D i s s o l u t i o n  C u r v e  f o r  S a m p le  2 . . . 23

8. F i r s t  D e c o n v o lv e d  C u r v e  f o r  S a m p le  2 ............................................. 24

9. S e c o n d  D e c o n v o lv e d  C u r v e  f o r  S a m p le  2 .................................... 2 5

10. T o ta l  P o t a s s i u m  D i s s o l u t i o n  C u r v e  f o r  S a m p le  3 . . . 2 9

11. F i r s t  D e c o n v o lv e d  C u r v e  f o r  S a m p le  3 ............................................. 30

12. S e c o n d  D e c o n v o lv e d  C u r v e  f o r  S a m p le  3 ....................................  31

13. T o ta l  P o t a s s i u m  D i s s o l u t i o n  C u r v e  f o r  S a m p le  4 . . . 32

14. F i r s t  D e c o n v o lv e d  C u r v e  f o r  S a m p le  4 ...........................................  33

15. S e c o n d  D e c o n v o lv e d  C u r v e  f o r  S a m p le  4 ....................................  34

V

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



C H A P T E R  I

IN T R O D U C T IO N

A n  i m p o r t a n t  ty p e  of e c o l o g i c a l  i n v e s t i g a t i o n  a n d  o n e  w h ic h  

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

f o r e s t  e c o s y s t e m s  ( B o r m a n  a n d  L ik e n s ,  1967) (C o le  a n d  G e s s e l ,  1968). 

S u c h  s t u d i e s  a r e  e s s e n t i a l  to  u n d e r s t a n d i n g  th e  b a s i s  of b i o lo g i c a l  

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

a n d  t o  m a i n t a i n in g  e n v i r o n m e n t a l  q u a l i ty .

S tu d ie s  of n u t r i e n t  c y c l in g  w i th in  e c o s y s t e m s  h a v e  c o n s i s t e d  

o f  a n a l y s i s  of th e  n u t r i e n t  c o n te n t s  of t h e  m a j o r  b io t i c  a n d  a b io t i c  

c o m p o n e n t s  of t h e  e c o s y s t e m ,  th e  r a t e s  of t r a n s f e r  b e tw e e n  t h e s e  

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

e c o s y s t e m .  F o r  c o m p o n e n ts  s u c h  a s  th e  d o m in a n t  t r e e s ,  s u c h  a n a l ­

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

p a r t i t i o n i n g  of t h e s e  n u t r i e n t s  b e tw e e n  th e  v a r i o u s  s t r u c t u r a l  a n d  

f u n c t i o n a l  s u b u n i t s  of th e  t r e e ,  a n d  r a t e s  of u p ta k e  a n d  r e t u r n  of t h e s e  

n u t r i e n t s  f r o m  a n d  to  t h e i r  s t o r a g e  c o m p a r t m e n t s  w i th in  th e  e c o s y s t e m .  

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

d e t e r m i n a t i o n  of th e  a n n u a l  r a t e  o f u p ta k e  a n d  r e t u r n  of p o t a s s i u m  to  

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

f a l l ,  a n d  l e a c h i n g  f r o m  l e a v e s  a n d  s t e m s  b y  r a i n f a l l .
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W h ile  d e t a i l e d  a n a l y s i s  a s  d e s c r i b e d  a b o v e  h a s  b e e n  c a r r i e d  

o u t  o n  t h e  m a j o r  b io t i c  c o m p o n e n ts  of f o r e s t  e c o s y s t e m s ,  th e  f o r e s t  

s o i l  h a s  in  th e  p a s t  g e n e r a l l y  b e e n  t r e a t e d  o n ly  a s  a  r a t h e r  u n i f o r m  

c o m p a r t m e n t  w h o s e  m a j o r  f u n c t io n  is  to  s u p p ly  n u t r i e n t s  f o r  p l a n t  

g r o w th .  W o r k e r s  a t  t h e  U n i v e r s i t y  o f W a s h in g to n  h a v e  i n v e s t i g a t e d  

t o p i c s  r e l a t e d  to  t h e  m o v e m e n t  of n u t r i e n t  io n s  th r o u g h  th e  s o i l  

(M c C o l l ,  1969) (M c C o l l  a n d  C o le ,  1968) ( G r i e r  a n d  C o le ,  1971)

( G e s s e l  a n d  C o le ,  1965) (C o le  a n d  B a l l a r d ,  1970) (C o le  a n d  G e s s e l ,  

1963). H o w e v e r ,  w o r k  on  th e  s p e c i f i c  s i t e s  of p o t a s s i u m  s t o r a g e  

w i th in  f o r e s t  s o i l s  i s  l i m i t e d .

I t  i s  g e n e r a l l y  b e l i e v e d  ( R e i t e m e i e r ,  1951) ( F r i e d  a n d  

B r o e s h a r t ,  1967) (H ood, e t  a l .  , 1956) t h a t  th e  s u p p ly  o f p o t a s s i u m  in  

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

a b le ,  a n d  n o n e x c h a n g e a b le  o r  f i x e d  f o r m s .  Of t h e s e ,  e x c h a n g e a b le  

p o t a s s i u m  r e p r e s e n t s  t h a t  p o r t i o n  of th e  s o i l  p o t a s s i u m  w h ic h  is  

d i r e c t l y  a n d  i m m e d i a t e l y  a v a i l a b l e  f o r  p l a n t  a b s o r p t i o n .  M e a s u r e ­

m e n t  o f e x c h a n g e a b le  p o t a s s i u m  t o  r e p r e s e n t  a  s o i l ' s  p o t a s s i u m  

s u p p ly in g  p o w e r  i s  o n e  w h ic h  i s  w id e ly  u s e d  in  a n n u a l  c r o p  a g r i c u l ­

t u r e .  T h e  p r i m a r y  v a lu e  of d e t e r m i n a t i o n s  of e x c h a n g e a b le  p o t a s s i u m  

in  a g r i c u l t u r e  i s  a n  in d e x  of f e r t i l i z e r  r e q u i r e m e n t s  (S c h m itz  a n d  

P r a t t ,  1953).

M e a s u r e m e n t  of th e  p o t a s s i u m  e x c h a n g e a b le  w i th  e x t r a c t a n t s  

l i k e  a m m o n i u m  a c e t a t e ,  h y d r o c h l o r i c  a c id ,  n i t r i c  a c i d ,  an d  o t h e r s
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h a s  a l s o  b e e n  u s e d  in  f o r e s t r y  r e s e a r c h .  H o w e v e r ,  l i k e  th e  a g r i ­

c u l t u r a l  s t u d i e s ,  t h e s e  s t u d i e s  w e r e  b a s e d  on  a  n e e d  to  d e t e r m i n e  

w h e t h e r  f e r t i l i z a t i o n  w a s  n e c e s s a r y  a n d  to  sh o w  c o r r e l a t i o n  b e tw e e n  

lo w  v a l u e s  of e x c h a n g e a b le  p o t a s s i u m  a n d  p o t a s s i u m  d e f i c i e n c y  in  

t r e e s .  L e a f  (1968) p r o v i d e s  a n  e x c e l l e n t  s u m m a r y  of th i s  w o r k .  B e ­

c a u s e  e x c h a n g e a b le  p o t a s s i u m  i s  b e l i e v e d  to  r e p r e s e n t  th a t  p o r t i o n  of 

a  s o i l ' s  p o t a s s i u m  w h ic h  i s  i m m e d i a t e l y  a v a i l a b l e  f o r  u p ta k e  b y  p l a n t s ,  

i t  i s  a  v a lu a b l e  to o l  in  a s s e s s i n g  i m m e d i a t e  n u t r i e n t  r e q u i r e m e n t s .  

H o w e v e r ,  t h i s  d o e s  n o t  n e c e s s a r i l y  m e a n  t h a t  m e a s u r e m e n t s  of e x ­

c h a n g e a b le  p o t a s s i u m  p r o v i d e  a  c o m p l e t e  in d e x  of th e  s o i l  p o t a s s i u m  

r e s e r v o i r  d i r e c t l y  in v o lv e d  in  n u t r i e n t  c y c l in g .  I t  h a s ,  h o w e v e r ,  b e e n  

u s e d  f o r  t h i s  p u r p o s e .

F o r  i n s t a n c e  a  s t u d y  on  th e  d i s t r i b u t i o n  a n d  c y c l in g  of v a r i o u s  

n u t r i e n t s  in  a  s e c o n d - g r o w t h  D o u g la s  f i r  (P s e u d o t s u g a  m e n z e i s i i ) 

e c o s y s t e m  b y  C o le ,  G e s s e l ,  a n d  D ic e  (1967) c o n s i d e r e d  th e  p o t a s s i u m  

e x c h a n g e a b le  w i th  p H  7, 1 n o r m a l  a m m o n i u m  a c e t a t e  a s  p r o v id in g  an  

a d e q u a te  m e a s u r e  of t h e  s o i l ' s  p o t a s s i u m  r e s e r v o i r .  T h is  m e th o d  of 

d e t e r m i n i n g  th e  m a g n i t u d e  of th e  p o t a s s i u m  r e s e r v o i r  a v a i l a b l e  f o r  

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

a s  w e l l  a s  s h o r t - t e r m  c y c l in g  a n d  is  c e r t a i n l y  in a d e q u a te  to  d e s c r i b e  

t h e  c o m p l e t e  s i t u a t i o n  w i th  r e s p e c t  to  s o i l  p o t a s s i u m  (N e ls o n ,  1959) 

( G a r m o n ,  1957).
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It i s  h o p e d  t h a t  th e  r e s u l t s  of t h i s  i n v e s t i g a t i o n  w i l l  p r o v i d e  a  

b e t t e r  e s t i m a t e  of t h e  s o i l  p o t a s s i u m  r e s e r v o i r  in v o lv e d  in  n u t r i e n t  

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

h e lp  a c c o u n t  f o r  th e  low  v a lu e  of tw e lv e  y e a r s  c a l c u l a t e d  b y  Cole^ 

G e s s e l j  a n d  D ic e  (1967) a s  th e  l e n g th  of t i m e  th e  C e d a r  R i v e r  e c o ­

s y s t e m  c o u ld  c o n t in u e  g r o w in g  a t  i t s  p r e s e n t  r a t e  b e f o r e  e x h a u s t in g  i t s  

p o t a s s i u m  s u p p ly .

A  n u m b e r  of d i f f e r e n t  e x p e r i m e n t s  h a v e  d e m o n s t r a t e d  t h a t  

w h e n  a  s o i l ' s  e x c h a n g e a b le  p o t a s s i u m  is  r e m o v e d ,  a n o t h e r  r e s e r v o i r  

o f p o t a s s i u m  in  th e  s o i l  i s  c a p a b le  of r e p l e n i s h i n g  th e  e x c h a n g e a b le  

c o m p a r t m e n t  ( P r a t t ,  e t  a l .  , 1956) ( R e i t e m e i e r ,  1951). T h e  f a c t  t h a t  

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

p l e t e  m e a s u r e m e n t  of s o i l  p o t a s s i u m  c a n n o t  b e  o b ta in e d  f r o m  m e a s u r e ­

m e n t s  of e x c h a n g e a b le  p o t a s s i u m  a lo n e ,  b e c a u s e  r a t h e r  th a n  r e p r e ­

s e n t i n g  t h e  t o t a l  s o i l  r e s e r v o i r ,  e x c h a n g e a b le  p o t a s s i u m  is  b u t  o ne  

p h a s e  of a  s e r i e s  o f c o m p le x  f o r m s  w h ic h  a r e  in  d y n a m ic  e q u i l i b r i a .

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

r e s e r v o i r ,  t h e  p r o p o r t i o n s  h e ld  in  d i f f e r e n t  f o r m s ,  an d  th e  r a t e s  of 

e x c h a n g e  b e tw e e n  t h e s e  f o r m s  i s  n e c e s s a r y .

D a ta  on  t o t a l  s o i l  p o t a s s i u m  a lo n e  i s  a l s o  in s u f f i c i e n t  f o r  

p u r p o s e s  of c o n s i d e r i n g  th e  c y c l in g  o f  p o t a s s i u m  t h r o u g h  a n  e c o s y s t e m .  

T o t a l  p o t a s s i u m  d a t a  d e s c r i b e s  o n ly  th e  a m o u n t  of p o t a s s i u m  p o t e n ­

t i a l l y  a v a i l a b l e  o v e r  g e o lo g ic  t i m e  a n d  i s  i n s u f f i c i e n t  to  d e s c r i b e  r a t e s
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o f r e l e a s e  to  p l a n t s  o r  w e a t h e r i n g  r a t e .  E v e n  a  c o m b in a t io n  of t o t a l  

p o t a s s i u m  w i th  e x c h a n g e a b le  p o t a s s i u m  f a l l s  s h o r t  of a n  a d e q u a te  

d e s c r i p t i o n  of t h e  s o i l  s y s t e m  f o r  th e  p u r p o s e s  of n u t r i e n t  c y c l in g  

s t u d i e s .

In  v ie w  of th e  i n a d e q u a c i e s  of p r e s e n t  m e t h o d s  of d e t e r m i n i n g  

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

m e t h o d  w h ic h  c o u ld  m o r e  c o m p l e t e l y  d e s c r i b e  th e  n a t u r e  of t h e  p o t a s ­

s i u m  r e s e r v o i r  of a  f o r e s t  s o i l .  A f t e r  s e v e r a l  p r e l i m i n a r y  a p p r o a c h e s  

h a d  b e e n  t r i e d ,  th e  t e c h n iq u e  w h ic h  I s e l e c t e d  w a s  p r o g r e s s i v e  a c i d  

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

to  d e s c r i b e  r a t h e r  p r e c i s e l y  th e  a m o u n t  a n d  d i s t r i b u t i o n  of p o t a s s i u m  

in  s o m e  c l a y s .  I h o p e d  to  d i s c o v e r  f i r s t  w h e t h e r  p r o g r e s s i v e  a c id  

d i s s o l u t i o n  c o u ld  b e  a p p l i e d  to  s o i l s ,  a n d  i f  s o ,  w h e t h e r  i t  c o u ld  p r o ­

v i d e  th e  k in d  of i n f o r m a t i o n  n e e d e d  to  p r o p e r l y  c h a r a c t e r i z e  t h e  s t a t u s  

of s o i l  p o t a s s i u m  f o r  s t u d i e s  of n u t r i e n t  c y c l in g .

P r o g r e s s i v e  a c i d  d i s s o l u t i o n  d i f f e r e n t i a t e s  b e tw e e n  c a t io n s  

b o u n d  b y  d i f f e r e n t  e n e r g i e s  to  s o i l  p a r t i c l e s .  T h e  f r a c t i o n  of th e  t o t a l  

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

m i n e d .  T h u s ,  m y  o b je c t iv e  in  u s i n g  t h i s  t e c h n iq u e  w a s  to  m a k e  a 

d e t e r m i n a t i o n  of th e  q u a n t i t y  of p o t a s s i u m  w i th in  e a c h  s o i l  s t o r a g e  

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

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

c o m p a r t m e n t .
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T h e  E v e r e t t  S o i l  f r o m  th e  A l le n  E .  T h o m p s o n  R e s e a r c h  S i te  

i n  t h e  C e d a r  R i v e r  w a t e r s h e d  n e a r  S e a t t l e ,  W a s h in g to n  w a s  u s e d  f o r  

t h e  p u r p o s e  o f t h i s  i n v e s t i g a t i o n .  T h i s  s o i l  w a s  s e l e c t e d  b e c a u s e  of 

t h e  a v a i l a b i l i t y  o f d a t a  on  p o t a s s i u m  c y c l in g  a t  t h i s  s i t e  ( c o l l e c t e d  a s  a 

p a r t  of th e  C o n i f e r o u s  B io m e  s e c t i o n  of th e  I n t e r n a t i o n a l  B io lo g ic a l  

P r o g r a m ' s  a n a l y s i s  of e c o s y s t e m s )  a n d  of d a ta  on  th e  m o r p h o lo g y  an d  

m i n e r a l o g y  of t h i s  s o i l  c o l l e c t e d  b y  S c h l i c h t e  (1968). M y i n v e s t i g a t i o n  

s h o u ld  c o m p l e m e n t  p a s t  a n d  o n g o in g  r e s e a r c h  o n  n u t r i e n t  c y c l in g  w i th in  

t h e  D o u g la s  f i r  e c o s y s t e m  a t  t h i s  s i t e .
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C H A P T E R  II 

L I T E R A T U R E  R E V IE W

T h e  E v e r e t t  S o i l  u s e d  in  t h i s  r e s e a r c h  w a s  f o r m e d  on  th e  

c o a r s e  g r a v e l l y  o u tw a s h  d e p o s i t e d  b y  th e  G l a c i a l  W i l d e r n e s s  R i v e r .  

G r a v e l  c o n te n t  w a s  s i x t y - f o u r  p e r  c e n t  b y  d r y  w e ig h t .  D r a in a g e  w a s  

e x c e s s i v e  a n d  s i l t  a n d  c l a y  c o n te n t  w a s  lo w . T h e  E v e r e t t  S o il  S e r i e s  

b e lo n g s  to  t h e  B r o w n  P o d z o l i c  G r e a t  S o il  G ro u p  a n d  h a s  b e e n  c l a s s i f i e d  

a s  a  T y p ic  H a p lo r th o d ,  c o a r s e  l o a m y ,  o v e r  s a n d y ,  s k e l e t a l  m ix e d ,  

m e s i c  s o i l  a c c o r d i n g  t o  t h e  S e v e n th  A p p r o x i m a t io n  ( S c h l ic h te ,  1968).

In  g e n e r a l  p o t a s s i u m  in  a  s o i l  c a n  b e  v ie w e d  a s  b e in g  in  a n  

e q u i l i b r i u m  b e tw e e n  a  n u m b e r  of d i f f e r e n t  f o r m s .  T h e  u l t i m a t e  s o u r c e  

o f p o t a s s i u m  in  s o i l s  i s  f r o m  th e  w e a t h e r i n g  of p r i m a r y  m i n e r a l s  c o n ­

t a i n i n g  p o t a s s i u m .  T h e s e  p r i m a r y  m i n e r a l s  a r e  c h ie f ly  th e  p o t a s s i u m  

f e l d s p a r s  w h ic h  i n c lu d e  o r t h o c l a s e ,  m i c r o c l i n e ,  a d u l a r i a ,  a n d  s a n d in e  

( J a c k s o n ,  1964), a n d  a r e  m o s t  f r e q u e n t l y  fo u n d  in  th e  s a n d  a n d  s i l t  

f r a c t i o n s  o f th e  s o i l .

S c h l i c h t e  (1968) fo u n d  t h a t  th e  p o t a s s i u m  c o n ta in in g  f e l d s p a r s  

r a n g e  f r o m  18. 7 to  40 p e r  c e n t  of th e  l ig h t  m i n e r a l s  in  th e  f in e  s a n d  

f r a c t i o n  of th e  E v e r e t t  S o i l  a n d  a l s o  fo u n d  a  n u m b e r  of p o t a s s i u m -  

b e a r i n g  h e a v y  m i n e r a l s .
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P o t a s s i u m  i s  a l s o  fo u n d  in  th e  l a y e r  s i l i c a t e s  o f s e c o n d a r y  

m i n e r a l s .  L a y e r  s i l i c a t e s  f o r m  a n  i m p o r t a n t  p a r t  of s o i l  c la y s  a n d  

a r e  a l s o  c o m m o n ly  c o m p o n e n ts  of th e  l a r g e r  s i z e  f r a c t i o n s .  T h e  b a s i c  

c r y s t a l  s t r u c t u r e  of th e  l a y e r  s i l i c a t e s  c o n s i s t s  of s i l i c o n  t e t r a h e d r a  

(S iO ^ ) w h ic h  s h a r e  a d j a c e n t  o x y g e n s ,  a n d  o c t a h e d r a  of a n  a lu m in u m ,  

i r o n ,  o r  m a g n e s i u m  io n  s u r r o u n d e d  b y  s i x  o x y g e n  o r  h y d r o x y l  io n s  

w h ic h  a r e  s h a r e d  b e tw e e n  a d j a c e n t  o c t a h e d r a .  T h e  s i l i c o n  t e t r a h e d r a  

f o r m  a  s h e e t  a s  d o  th e  o c t a h e d r a  a n d  th e  tw o  ty p e s  of s h e e t s  a r e  jo in e d  

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

h y d r o x y l  io n  in  th e  o c t a h e d r a l  s h e e t  ( s e e  F i g u r e  1). B y  v a r y i n g  th e  

r a t i o  of t e t r a h e d r a l  to  o c t a h e d r a l  s h e e t s  (2 t e t r a h e d r a l :  1 o c t a h e d r a l ,

1 t e t r a h e d r a l ;  1 o c t a h e d r a l ,  o r  2 t e t r a h e d r a l :  2 o c t a h e d r a l )  a n d  b y  

s u b s t i t u t i o n  of i o n s  in  th e  s h e e t s ,  th e  v a r i o u s  t y p e s  of l a y e r  s i l i c a t e s  

a r e  f o r m e d  ( J a c k s o n ,  1964). T h e s e  d i f f e r e n t  t y p e s  of l a y e r  s i l i c a t e s  

a r e  in  t u r n  r e s p o n s i b l e  f o r  m a n y  of th e  d i f f e r e n c e s  in  c h e m i c a l  p r o p ­

e r t i e s  d i s p l a y e d  b y  d i f f e r e n t  s o i l s .

S c h l i c h t e  (1968) fo u n d  c h l o r i t e ,  v e r m i c u l i t e ,  a n d  k a o l i n i t e  in  

t h e  c o a r s e  c l a y  f r a c t i o n  of t h e  E v e r e t t  S o i l .  B u t  h e  n o te d  t h a t  th e  

m e d i u m  p lu s  f in e  c l a y  f r a c t i o n s  of a l l  h o r i z o n s  c o n s i s t e d  l a r g e l y  of 

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

a b u n d a n t  in  t h o s e  s a m e  f r a c t i o n s .

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

h i g h ly  c h a r g e d  io n s  l i k e  Si'*"'  ̂ a n d  A l^ ^ ,  th e  r e s u l t  i s  a  c r y s t a l  l a t t i c e
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s t r u c t u r e  w i th  a  n e t  n e g a t iv e  c h a r g e .  T h is  n e g a t iv e  c h a r g e  i s  n e u t r a ­

l i z e d  b y  a d s o r p t i o n  of c a t i o n s  o n  th e  s u r f a c e  o f  th e  l a t t i c e  s t r u c t u r e  

a n d  b y  th e  c a t io n s  w h ic h  a r e  h e ld  b e tw e e n  a d j a c e n t  l a t t i c e  s t r u c t u r e s .  

C a t i o n s  b o u n d  o n  t h e s e  tw o  s i t e s  a r e  i m p o r t a n t  s o u r c e s  of th e  n u t r i e n t s  

n e e d e d  f o r  p l a n t  g r o w th .

T h e  p o t a s s i u m  io n s  h e ld  in  i n t e r l a y e r  p o s i t i o n s ,  t h o s e  h e ld  a s  

a d s o r b e d  io n s  on  t h e  s u r f a c e  of p a r t i c l e s ,  a n d  th o s e  in  th e  s o i l  s o lu t io n  

a r e  th o u g h t  to  b e  in  e q u i l i b r i u m  w i th  on e  a n o th e r  ( R e i t e m e i e r ,  1951). 

T h e  p o t a s s i u m  h e ld  in  p r i m a r y  m i n e r a l s  a n d  s lo w ly  r e l e a s e d  b y  

w e a t h e r i n g  i s  a l s o  a  p a r t  of t h i s  e q u i l i b r i u m .  In  a d d i t i o n  to  th e  io n s  

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

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

e x c h a n g e  s i t e s  c a p a b le  of a d s o r b i n g  io n s  (S a lo m o n  a n d  S m i th ,  1957).

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

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

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

p o t a s s i u m  i s  h e ld  in  s o i l s .  I t  i s  l i k e l y  t h a t  e a c h  of t h e s e  s i t e s  h a s  a  

b o n d in g  e n e r g y  d i f f e r e n t  f r o m  a l l  th e  o t h e r s .  If  s u c h  is  th e  c a s e ,  

p r o g r e s s i v e  a c i d  d i s s o l u t i o n  i s  a  t e c h n iq u e  w e l l  s u i t e d  to  t e s t i n g  th e  

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

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

In  p r o g r e s s i v e  a c i d  d i s s o l u t i o n  th e  s o i l  i s  p l a c e d  in  a  d i lu te  

a c i d .  T h e  h y d r o g e n  io n s  in  t h e  s o l u t io n  r e p l a c e  t h e  p o t a s s i u m  a n d
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o t h e r  s o i l  c a t i o n s .  F o r  t h e  m o n o v a le n t  c a t io n  t h e  e q u a t io n  f o r  th e  

d i s p l a c e m e n t  r e a c t i o n  i s :

K"''soil + H"'’a q u e o u s  ^ H ^ s o i l  + K"'’a q u e o u s

F o r  s u f f i c i e n t l y  c o n c e n t r a t e d  a c i d  s o l u t i o n s ,  th e  r e a c t i o n  w o u ld  b e  

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

b e  m a n y  t i m e s  g r e a t e r  t h a n  t h a t  of th e  r e v e r s e  r e a c t i o n .  T h is  fo l lo w s  

f r o m  th e  L a w  of M a s s  A c t io n  w h ic h  s t a t e s  t h a t  th e  r a t e  of th e  f o r w a r d  

r e a c t i o n  i s  p r o p o r t i o n a l  to  th e  c o n c e n t r a t i o n s  o f  th e  r e a c t a n t s  (w h ich  

a r e  g r e a t  in  t h i s  c a s e )  w h i l e  th e  r a t e  of th e  r e v e r s e  r e a c t i o n  i s  p r o ­

p o r t i o n a l  to  t h e  c o n c e n t r a t i o n s  o f th e  p r o d u c t s  (w h ich  a r e  v e r y  s m a l l  

in  t h i s  c a s e ) .

M y  p r i m a r y  c o n c e r n  in  t h i s  e x p e r i m e n t  w a s  to  d e t e r m i n e  th e  

r a t e  o r  r a t e s  a t  w h ic h  t h i s  r e a c t i o n  p r o c e e d s .  A lth o u g h  th i s  r e a c t i o n  

w a s  c r e a t e d  a r t i f i c i a l l y  in  th e  l a b o r a t o r y ,  i t  s h o u ld  b e  s u f f i c i e n t l y  

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

r a t e s  th e  r e a c t i o n  w h ic h  o c c u r s  n a t u r a l l y  in  f o r e s t  s o i l s .  If th e  

r e a c t i o n  i s  a  f i r s t - o r d e r  r e a c t i o n ,  th e  r a t e  of p o t a s s i u m  r e m o v a l  w i l l  

b e  p r o p o r t i o n a l  to  th e  c o n c e n t r a t i o n  of p o t a s s i u m  in  th e  s o i l ,  A  p lo t  of 

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

t i m e  s h o u ld  g iv e  a  s t r a i g h t  l i n e  a s  sh o w n  in  F i g u r e  2 (M o o re ,  1962). 

T h e  s l o p e  o f  t h i s  l i n e  i s  e q u iv a le n t  to  th e  f i r s t - o r d e r  r a t e  c o n s t a n t .
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If th e  p o t a s s i u m  in  th e  s o i l  i s  b o n d e d  in  tw o  d i f f e r e n t  s i t e s  a n d  

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

a c i d  d i s s o l u t i o n  w i l l  r e m o v e  th e  p o t a s s i u m  a t  tw o  d i f f e r e n t  r a t e s .  If 

b o t h  r e a c t i o n s  a r e  f i r s t - o r d e r ,  th e  g r a p h  of n a t u r a l  lo g  of c o n c e n t r a ­

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

s t r a i g h t  l i n e s  a n d  w i l l  a p p e a r  a s  i l l u s t r a t e d  b y  F i g u r e  3. W h en  t h e r e  

a r e  m o r e  t h a n  tw o  d i s c r e t e  f i r s t - o r d e r  r e a c t i o n s  g o in g  on, th e  c u r v e  

r e t a i n s  th e  g e n e r a l  f o r m  i l l u s t r a t e d  b y  F i g u r e  3.

I s o l a t i o n  o f  t h e  e f f e c t  o f e a c h  in d e p e n d e n t  r a t e  on th e  t o t a l  

r e m o v a l  o f p o t a s s i u m  i s  m a d e  b y  d e c o n v o lv in g  th e  c u r v e .  T h e  c u r v e  

i s  d e c o n v o lv e d  b y  s u b t r a c t i n g  t h e  c o n t r i b u t i o n  b y  th e  p o t a s s i u m  

r e m o v e d  a t  t h e  l o w e s t  r a t e  f r o m  th e  t o t a l  c u r v e  fo l lo w e d  b y  n o r m a l i ­

z a t i o n  of t h e  r e m a i n i n g  p o r t i o n  of t o t a l  p o t a s s i u m  to  100 p e r  c e n t .

T h o m p s o n  (1971) h a s  fo u n d  th e  r e m o v a l  o f p o t a s s i u m  f r o m  

s o m e  c l a y s  to  b e  a  f i r s t - o r d e r  r e a c t i o n ,  a n d  th u s  t h e r e  w a s  r e a s o n  to  

e x p e c t  t h a t  a  s i m i l a r  r e l a t i o n s h i p  w o u ld  b e  fo u n d  in  s tu d y in g  a  s o i l .
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C H A P T E R  III

M E T H O D S

P r o g r e s s i v e  A c id  D i s s o l u t i o n  T e c h n iq u e

T h e  m e th o d  u s e d  in  t h i s  i n v e s t i g a t i o n  i s  a  m o d i f i c a t io n  of th e  

m e t h o d  u s e d  b y  T h o m p s o n  (1971).

T h e  s o i l  u s e d  in  t h i s  e x p e r i m e n t  w a s  c o l l e c t e d  f r o m  th e  u p p e r  

s i x  i n c h e s  of th e  s o i l  p r o f i l e ,  s i e v e d  t h r o u g h  a  tw o  m m  m e s h ,  a n d  a i r  

d r i e d .  A  k n o w n  q u a n t i t y  (a b o u t  t e n  g r a m s )  of t h i s  s o i l  w a s  m a g n e t i c a l l y  

s t i r r e d  in  2 50 m l  o f 0 . 5 n o r m a l  H C l a t  a  c o n s t a n t  t e m p e r a t u r e .  T e m ­

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

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

A f t e r  s t i r r i n g  f o r  a  k n o w n  i n t e r v a l  of t i m e  th e  s a m p l e  w a s  q u ic k ly  

r e m o v e d  f r o m  th e  c o n s t a n t  t e m p e r a t u r e  b a th  a n d  c e n t r i f u g e d  a t  h ig h  

s p e e d  in  o r d e r  t o  s e p a r a t e  t h e  s o i l  s a m p l e  a n d  e x t r a c t i n g  s o lu t io n .

T h e  s u p e r n a t a n t  l iq u id  w a s  t h e n  p i p e t t e d  off a n d  a  p o r t i o n  of i t  s a v e d  

f o r  a n a l y s i s .  T w o  h u n d r e d  f i f ty  m l  o f  f r e s h ,  p r e h e a t e d  a c id  w a s  th e n  

a d d e d  to  th e  s a m p l e  a n d  t h i s  m i x t u r e  w a s  r e t u r n e d  to  th e  c o n s t a n t  

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

p r o c e s s  w a s  r e p e a t e d  m a n y  t i m e s  up  to  a  t o t a l  t i m e  of a b o u t  230  h o u r s .

14
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T w o  h u n d r e d  f i f ty  m l  o f 0 . 5 n o r m a l  H C l w a s  u s e d  to  m a i n t a i n  

a n  e x c e s s  o f H'*' o v e r  K"*" a n d  o t h e r  i o n s ,  a n d  to  i n s u r e  t h a t  th e  c o n ­

c e n t r a t i o n  of p o t a s s i u m  io n s  in  s o l u t io n  w a s  s u f f i c i e n t  to  a l lo w  good  

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 .  T h e  s a m p l e s  o f  s u p e r n a t a n t  w e r e  s t o r e d  

in  p o l y e t h y l e n e  b o t t l e s  u n t i l  a n a l y s i s .  A n a l y s i s  f o r  p o t a s s i u m  w a s  

c a r r i e d  o u t  on a  B e c k m a n  D U -2  f l a m e  p h o t o m e t e r  a t  a  w a v e le n g th  of 

768 m/jL u s in g  a n  o x y g e n - h y d r o g e n  f l a m e .  T h e  t i m e  b e tw e e n  r e m o v a l  

of t h e  s a m p l e  f r o m  th e  w a t e r  b a t h  a n d  r e m o v a l  of th e  s u p e r n a t a n t  

l i q u id  f r o m  th e  s a m p l e  w a s  k e p t  s h o r t  in  c o m p a r i s o n  to  t im e  s p e n t  in  

t h e  w a t e r  b a t h  in  o r d e r  to  r e d u c e  p o s s i b l e  e r r o r .

T o ta l  P o t a s s i u m  A n a l y s i s

S a m p le s  of th e  a i r  d r i e d  s o i l  w e r e  s e p a r a t e d  b y  u s e  of a  

s a m p l e  s p l i t t e r  t o  i n s u r e  h o m o g e n e i t y  a n d  th e n  g r o u n d  in  a  b a l l  m i l l  to  

r e d u c e  th e  s i z e  of l a r g e  p a r t i c l e s .  T h e  s a m p l e s  w e r e  w e ig h e d ,  p l a c e d  

in  t e f l o n  b e a k e r s ,  a n d  t h e n  d i g e s t e d  a c c o r d i n g  to  th e  fo l lo w in g  p r o c e ­

d u r e .

T o  a  s o i l  s a m p l e  of tw o  to  t h r e e  g r a m s  w a s  a d d e d  a p p r o x i ­

m a t e l y  20 m l  of w a t e r ,  50 m l  of h y d r o f l u o r i c  a c id ,  a n d  25 m l  of n i t r i c  

a c i d .  T h i s  m i x t u r e  w a s  a l lo w e d  t o  s t a n d  f o r  tw o  h o u r s  to  d i g e s t  th e  

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

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

A d d i t io n a l  h y d r o f l u o r i c  a c i d  w a s  a d d e d  a s  n e e d e d  to  c o m p l e t e  th e
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d i g e s t i o n .  T h e  i n s i d e  of th e  b e a k e r  w a s  w a s h e d  w i th  w a t e r .  A p p r o x i ­

m a t e l y  200  m l  of c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  w a s  th e n  a d d e d ,  a n d  

t h e  s o l u t i o n  w a s  h e a t e d  u n t i l  a l l  s a l t s  w e r e  d i s s o l v e d .  T h e  s o lu t io n  

w a s  p l a c e d  in  a  2 50 m l  v o l u m e t r i c  f l a s k ,  c o o le d ,  a n d  b r o u g h t  to  v o lu m e  

w i th  d i s t i l l e d  w a t e r .  T h i s  s o l u t i o n  w a s  t h e n  d i lu t e d  w i th  w a t e r  in  o r d e r  

t o  f a c i l i t a t e  a n a l y s i s  on  t h e  B e c k m a n  D U -2  f l a m e  p h o t o m e t e r .
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C H A P T E R  IV

R E S U L T S

T h e  a v e r a g e  of t h r e e  d e t e r m i n a t i o n s  of t o t a l  p o t a s s i u m  c o n te n t  

f o r  t h e  E v e r e t t  S o i l  w a s  a  v a lu e  of 0. 826 p e r  c e n t  p o t a s s i u m  b y  w e ig h t .  

S t a n d a r d  d e v i a t i o n  of t h i s  m e a n  w a s  . 0 038 .

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

d i s s o l u t i o n s  w e r e  m a d e  a t  a  t e m p e r a t u r e  of 50®C. T h e s e  tw o  r u n s  a r e  

r e f e r r e d  t o  a s  r u n s  ( S a m p le s )  o n e  a n d  tw o . T a b le  1 s h o w s  th e  r e s u l t s  

o f  t h e  p r o g r e s s i v e  a c i d  d i s s o l u t i o n s  o f  S a m p le s  o n e  a n d  tw o . F i g u r e s  4 

a n d  7 a r e  th e  t o t a l  p o t a s s i u m  d i s s o l u t i o n  c u r v e s  d e r i v e d  b y  p lo t t i n g  th e  

n a t u r a l  l o g a r i t h m  of th e  p e r  c e n t  o f t h e  t o t a l  p o t a s s i u m  r e m a i n i n g  in  th e  

s o i l  a s  a  f u n c t io n  of th e  l e n g t h  of e x t r a c t i o n  t i m e .

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

c u r v e s  i s  t h e i r  g e n e r a l  f o r m .  S in c e  th e  r e s u l t s  of th e  tw o  d i s s o l u t i o n s  

a t  5 0 °C  a r e  n e a r l y  i d e n t i c a l  I w i l l  d i s c u s s  o n ly  F i g u r e s  4 , 5, a n d  6 

( r e p r e s e n t i n g  S a m p le  o n e )  a s  r e p r e s e n t a t i v e  of p r o g r e s s i v e  a c i d  d i s ­

s o l u t i o n  a t  50*^0. T h e  s a m e  d i s c u s s i o n  a p p l i e s  to  th e  r e s u l t s  f r o m  

S a m p le  tw o  ( F i g u r e s  7, 8, a n d  9),

F i g u r e  4 s h o w s  a n  i n i t i a l  s t e e p  d r o p  in  th e  p e r c e n t a g e  of t o t a l  

p o t a s s i u m  r e m a i n i n g .  T h e  n a t u r a l  lo g  of p e r  c e n t  p o t a s s i u m  r e m a i n i n g

17
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d e c r e a s e s  t o  a  c o n s t a n t  r a t e  of r e m o v a l  a t  t i m e s  g r e a t e r  th a n  a b o u t  

f o r t y  h o u r s .  T h e  p o r t i o n  of t h i s  c u r v e  w h ic h  i s  l i n e a r  w i th in  e x p e r i ­

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

T h e  s l o p e  o f t h i s  l i n e a r  p o r t i o n  of th e  g r a p h  g iv e s  a  f i r s t - o r d e r  

r e a c t i o n  r a t e  c o n s t a n t  (K j)  of 4 .0 1 x 1 0  ^  p e r  h o u r .  If th e  l i n e a r  p o r t i o n  

of t h e  c u r v e  is  e x t r a p o l a t e d  b a c k  to  t=0 th e  i n t e r c e p t  i n d i c a t e s  th a t  

a p p r o x i m a t e l y  n i n e t y - s i x  p e r  c e n t  of th e  t o t a l  p o t a s s i u m  is  r e m o v e d  a t  

t h e  r a t e .

T h e  n o n - l i n e a r  p o r t i o n  of th e  c u r v e  a t  t i m e s  l e s s  th a n  a b o u t

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

r a t e  a n d  o n e  o r  m o r e  a d d i t i o n a l  r a t e s .  D e t e r m i n a t i o n  of th i s  m o r e

r a p i d  r a t e  i s  m a d e  b y  d e c o n v o lu t io n  of t h e  p o r t i o n  of th e  c u r v e  f o r  l e s s

t h a n  f o r t y  h o u r s .  T h is  r e s u l t s  in  th e  c u r v e  sh o w n  in  F i g u r e  5, w h ic h

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

l o w e s t  ( K j )  r a t e .

T h e  c u r v e  in  F i g u r e  5 i s  l i n e a r  w i th in  e x p e r i m e n t a l  e r r o r  a t

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

”2 “ 1y i e l d s  a  r a t e  c o n s t a n t  (K2 ) of 2 . 75x10 h o u r  . H o w e v e r ,  t h i s  c u r v e  

i s  v e r y  o b v io u s ly  n o t  l i n e a r  f o r  r u n  t i m e s  of l e s s  t h a n  s i x  h o u r s .  T h e  

l i n e a r  p o r t i o n  of F i g u r e  5 e x t r a p o l a t e s  b a c k  to  a b o u t  t h i r t y - e i g h t  p e r  

c e n t  of t h e  r e m a i n i n g  p o t a s s i u m  ( 1 .4 9  p e r  c e n t  o f t o t a l  p o t a s s i u m )  a t  

t  = 0 .
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T A B L E  1

T O T A L D IS S O L U T IO N  D A T A  F O R  T H E S A M P L E S  RUN A T  5 0 °C

S a m p le  1 S a m p le  2

C u m u l a t i v e  C u m u la t iv e  K C u m u la t iv e  K
T i m e R e m o v e d % T o ta l  K R e m o v e d % T o ta l  K

( H o u r s ) ( M i l l i g r a m s ) R e m a in in g ( M i l l i g r a m s  ) R e m a in in g

0..0 0 . 0 1 0 0 .0 0 0. 0 1 0 0 .0 0
0. 25 0. 98 98. 82 0. 94 98. 86
0. 50 1 .2 0 98. 55 1. 14 98. 62
0. 75 1 .3 1 98. 42 1 .2 5 98. 49

1. 0 1. 38 98. 33 1. 33 98. 39
1. 5 1 .4 8 9 8 .2 1 1. 43 9 8 .2 7
2 . 0 1. 60 98. 07 1. 52 98. 16
3 . 0 1. 74 97. 90 1. 68 97. 97

4 . 0 1 . 8 9 97. 72 1. 84 97. 78

5. 0 2 . 03 97. 55 1. 99 97. 59

6. 0 2 . 17 97. 38 2. 17 97. 38

10. 0 2 .  60 96. 86 2. 55 96. 92

2 0 . 0 3. 12 96. 23 3. 15 96. 19
3 0 ,0 3. 63 95. 62 3. 68 95. 55

4 2 . 0 4 . 31 94 . 80 4. 39 94. 69

66 . 0 5 .2 2 93, 70 5. 29 93. 60

90 . 0 6. 09 92. 65 6 .2 3 92. 47

114 . 0 6. 81 91. 78 7. 03 91. 50

138 . 0 7. 50 90. 95 7. 85 90. 51

1 6 2 .0 8. 20 90. 10 8. 71 89. 47

186 . 0 8 . 95 8 9 .2 0 9. 53 88. 48

2 1 0 .  0 9. 69 88 . 30 10. 35 8 7 .4 8

2 3 4 .  0 1 0 .2 9 87. 58 11. 05 86. 64

T o t a l  W t. S a m p le  1 10. 0306 g m .  T o ta l  W t. K  in  S a m p le  1 82. 85 n

T o t a l  W t. S a m p le  2 1 0 .0 1 1 8 g m .  T o ta l  W t. K  in  S a m p le  2 8 2 . 70 n
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D e c o n v o lu t io n  of th e  c u r v e  in  F i g u r e  5 f o r  t i m e s  l e s s  t h a n  s ix  

h o u r s  y i e l d s  th e  c u r v e  s h o w n  in  F i g u r e  6 . T h is  c u r v e  i s  a g a in  l i n e a r  

w i t h i n  e x p e r i m e n t a l  e r r o r  a t  t i m e s  g r e a t e r  t h a n  a b o u t  . 75 h o u r s  i n d i ­

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

a t  t h i s  t h i r d  (Kg) r a t e .  T h e  r a t e  c o n s t a n t  (Kg) f o r  t h i s  p o r t i o n  of th e  

c u r v e  i s  2 . 2 5 x 1 0 ”  ̂ h o u r   ̂ a n d  th e  l i n e a r  p o r t i o n  e x t r a p o l a t e s  b a c k  to  

a b o u t  f o r t y - t w o  p e r  c e n t  of t h e  r e m a i n i n g  p o t a s s i u m  (1 . 0  p e r  c e n t  of 

t h e  t o t a l  p o t a s s i u m ) .

T h e  r e m a i n i n g  p o r t i o n  of th e  p o t a s s i u m  w a s  r e m o v e d  a t  a n  

e x t r e m e l y  r a p i d  r a t e  (K^) w h ic h  w a s  c a l c u l a t e d  a s  5. 7 h o u r ' ^ .  T h e  

p o t a s s i u m  r e l e a s e d  a t  t h i s  r a t e  w a s  v e r y  l o o s e l y  h e ld  a n d  m o s t  of it  

w a s  r e m o v e d  d u r i n g  t h e  f i r s t  e x p o s u r e  of th e  s o i l  to  th e  a c id .  T o ta l  

p o t a s s i u m  r e m o v e d  a t  t h i s  r a t e  w a s  1. 39 p e r  c e n t .

S a m p le  n u m b e r  tw o  i s  a  r e p l i c a t e  of n u m b e r  o n e .  C o m p le te  

a c i d  d i s s o l u t i o n  d a ta  f o r  t h i s  s a m p l e  i s  g iv e n  in  T a b le  1. T h e  r a t e  c o n ­

s t a n t s  a n d  p e r c e n t a g e  of th e  t o t a l  p o t a s s i u m  r e l e a s e d  a t  e a c h  r a t e  is  

g iv e n  i n  T a b le  3 . F i g u r e  7 s h o w s  th e  g r a p h  of t o t a l  p o t a s s i u m  r e m o v e d ,  

a n d  F i g u r e s  8 a n d  9 sh o w  th e  f i r s t  a n d  s e c o n d  d e c o n v o lu t io n s  r e s p e c ­

t i v e l y .  T h e  d a t a  a n d  t h e  c u r v e s  f o r  S a m p le s  o n e  a n d  tw o  a r e  e s s e n t i a l l y  

i d e n t i c a l .

T h e  e x p e r i m e n t  w a s  r e p e a t e d  o n  s i m i l a r  s a m p l e s  a t  a  t e m p e r ­

a t u r e  o f BO^C. T a b l e  2 s h o w s  th e  c o m p l e t e  r e s u l t s  of th e  p r o g r e s s i v e  

a c i d  d i s s o l u t i o n  of S a m p le s  3 a n d  4 a t  8 0 ° C .  T h e  r e s u l t s  of th e  t o t a l
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p o t a s s i u m  e x t r a c t i o n s  a t  t h i s  t e m p e r a t u r e  a r e  g iv e n  b y  F i g u r e  10 f o r  

S a m p le  3 a n d  b y  F i g u r e  13 f o r  S a m p le  4. T h e  r e s u l t s  of t h e s e  tw o  

s a m p l e s  a r e ,  a g a in ,  s o  s i m i l a r  th a t  I w i l l  o n ly  d i s c u s s  S a m p le  3 a s  

r e p r e s e n t a t i v e  of b o th .

A  c o m p a r i s o n  of t h i s  c u r v e  w i th  t h a t  f o r  th e  50°C  r u n s  sh o w s  

t h e  s a m e  g e n e r a l  f o r m ,  b u t  w i th  a  few  d i f f e r e n c e s .  T h e  m a j o r  d i f ­

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

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

_ Q — 1
o r d e r  r e a c t i o n  w i th  a  r a t e  c o n s t a n t  (K^) of 1 . 4 6 x 1 0 ” h o u r ” . E x t r a p ­

o l a t i o n  o f  t h i s  l i n e  b a c k  to  t = 0  s h o w s  t h a t  a b o u t  n in e ty - tw o  p e r  c e n t  of 

t h e  s o i l ' s  t o t a l  p o t a s s i u m  c o n te n t  i s  r e m o v e d  a t  t h e  r a t e .

D e c o n v o lu t io n  a n d  n o r m a l i z a t i o n  of t h e  n o n - l i n e a r  p o r t i o n  of 

F i g u r e  10 f o r  t i m e s  l e s s  t h a n  a b o u t  40 h o u r s  y i e ld s  th e  c u r v e  sh o w n  in

F i g u r e  11 . T h e  l i n e a r  p o r t i o n  of t h i s  c u r v e  h a s  a  r a t e  c o n s t a n t  (Kg) of 

- 2  -14 . 71 X 10 h o u r  a n d  e x t r a p o l a t i o n  to  t  = 0 r e v e a l s  t h a t  f i f t y - f o u r  p e r  

c e n t  o f t h e  r e m a i n i n g  p o t a s s i u m  ( 4 .1 7  p e r  c e n t  of th e  t o t a l  p o t a s s i u m )  

w a s  r e m o v e d  a t  t h i s  r a t e .

D e c o n v o lu t io n  a n d  n o r m a l i z a t i o n  of th e  c u r v e  in  F i g u r e  11 

y i e l d s  th e  c u r v e  sh o w n  in  F i g u r e  12. T h is  c u r v e  a l s o  h a s  a  l i n e a r  

p o r t i o n ,  i n d i c a t i n g  a  f i r s t - o r d e r  r e a c t i o n  w h ic h  h a s  a  r a t e  c o n s t a n t  

(K 3 ) of 4 . 7 7 x 1 0   ̂ h o u r  E x t r a p o l a t i o n  of t h i s  p o r t i o n  to  t  = 0 

s h o w s  t h a t  s i x t y - f i v e  p e r  c e n t  o f th e  r e m a i n i n g  p o t a s s i u m  (2 .3 1  p e r  

c e n t  of th e  t o t a l  p o t a s s i u m )  w a s  r e m o v e d  a t  t h i s  r a t e .
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T A B L E  2

T O T A L D IS S O L U T IO N  D A T A  F O R  T H E S A M P L E S  RUN A T  8 0 °C

S a m p le 3 S a m p le 4

C u m u la t iv e  C u m u la t iv e  K  
T i m e  R e m o v e d  

( H o u r s )  ( M i l l i g r a m s )

% T o ta l  K  
R e m a in in g

C u m u la t iv e  K 
R e m o v e d  

( M i l l i g r a m s  )

% T o ta l  K 
R e m a in in g

0 . 0 0 . 0 1 0 0 . 0 0 0 . 0 1 0 0 . 0 0
0. 25 1 . 18 98. 57 1 .2 2 98. 53
0 . 50 1. 54 98 . 14 1 .5 8 98. 09
0. 75 1 . 81 97. 81 1. 84 97. 78
1 . 0 2 . 00 97 . 58 2 . 0 5 97. 52
1. 5 2 .4 1 97. 08 2 . 3 7 97. 14
2 . 0 2 . 73 96 . 70 2 . 62 96, 84
3 . 2 5 3 .2 4 96. 08 3 .0 6 96. 31
4 . 0 3. 60 95. 65 3. 36 95. 94
5. 0 4 .0 2 95. 14 3. 72 95. 51
6 . 0 4 . 3 8 94. 70 4 . 01 95. 16
7 .0 4 . 72 9 4 .2 9 4. 31 94. 80

1 5 .0 6 . 1 0 9 2 .6 2 5. 57 9 3 .2 7
1 8 .0 6 . 67 91. 93 6 . 15 92. 57
2 2 . 0 7. 39 91. 06 6 . 94 91, 62
2 6 .  0 8 .0 8 90. 23 7. 93 9 0 .4 3
30 . 0 8 .8 1 89 . 34 8 . 73 89. 46
3 8 .0 1 0 . 0 2 87. 88 9. 85 8 8 . 11
4 2 .  0 10. 78 8 6 . 96 10. 52 87. 30
6 6 . 0 1 3 .4 4 83 . 74 1 2 .8 4 84. 50
90 . 0 15. 90 80 . 77 1 5 .2 6 81. 57

114 . 0 1 8 .1 6 78. 03 17. 37 79. 03
138 . 0 2 0 . 40 7 5 .3 2 19. 55 76. 39
1 6 2 .0 2 2 . 33 72. 99 2 1 . 35 7 4 .2 2
188 . 0 2 4 .  53 70. 33 2 3 . 30 7 1 .8 7
2 1 0 . 0 2 6 .4 3 6 8 . 03 2 4 . 96 69 . 86
2 3 4 .  0 2 8 . 13 65 . 97 2 6 . 64 67. 83

T o t a l  W t.  S a m p le  3 10 . 0090  g m .  

T o ta l  W t. S a m p le  4 1 0 .0 2 6 1  g m .

T o ta l  W t.  K  in  S a m p le  3 82. 67 m g .  

T o ta l  W t.  K  in  S a m p le  4 82 . 82 m g .
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T h e  r e m a i n i n g  p o t a s s i u m  w a s  r e m o v e d  q u i te  r a p i d l y  b y  th e  

a c i d .  T h e  r a t e  f o r  t h i s  r e a c t i o n  w a s  c a l c u l a t e d  a s  7 .2 8  h o u r  T o ta l  

p o t a s s i u m  r e m o v e d  a t  t h i s  r a t e  w a s  1 .2 4  p e r  c e n t .

T h e  t o t a l  p r o g r e s s i v e  a c i d  d i s s o l u t i o n  c u r v e  of S a m p le  4 a n d  

t h e  f i r s t  a n d  s e c o n d  d e c o n v o lu t io n s  of th e  t o t a l  p o t a s s i u m  d i s s o l u t i o n  

c u r v e  a r e  sh o w n  in  F i g u r e s  13, 14, a n d  15.

T h u s  in  a l l  th e  s a m p l e s  s u b j e c t e d  to  p r o g r e s s i v e  a c id  d i s ­

s o l u t io n  t h e r e  a p p e a r  t o  b e  f o u r  d i f f e r e n t  r a t e s  a t  w h ic h  p o t a s s i u m  i s  

r e m o v e d .  T h e s e  f o u r  f i r s t - o r d e r  r e a c t i o n s  a p p e a r  t o  i n d ic a t e  th e  

p r e s e n c e  o f  f o u r  s i t e s  a t  w h ic h  p o t a s s i u m  i s  h e ld  in  th e  s o i l .

B y  a s s u m i n g  t h a t  t h e  f o u r  r a t e s  fo u n d  a t  50°C  a n d  th e  f o u r  

r a t e s  fo u n d  a t  8 0 °C  r e p r e s e n t  t h e  s a m e  f o u r  b o n d  s i t e s  i t  i s  p o s s i b l e  to  

c a l c u l a t e  a c t i v a t i o n  e n e r g i e s  f o r  t h e  r e a c t i o n s .  T h e  A r r h e n i u s  e q u a t io n  

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

K =

w h e r e  K  = r a t e  c o n s t a n t

A = c o n s t a n t

E  = a c t i v a t i o n  e n e r g y  in  c a l o r i e s  
p e r  m o le

R = g a s  c o n s t a n t

T  = a b s o l u t e  t e m p e r a t u r e

(M o o re ,  1962)
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T h e  w o r k i n g  f o r m  of t h e  A r r h e n i u s  e q u a t io n  i s :

_  = R ( A l n  K)

A  ( - ^ )

(T h o m p s o n ,  1971)

T h e  tw o  5 0 °C  r u n s  w e r e  a v e r a g e d  a n d  th e  tw o  8 0 °C  r u n s  w e r e  a v e r a g e d  

a s  s h o w n  in  T a b le  3, a n d  th e  a v e r a g e  v a l u e s  f o r  r a t e  c o n s t a n t s  th u s  

o b ta in e d  w e r e  u s e d  to  c a l c u l a t e  th e  a c t iv a t io n  e n e r g i e s  f o r  th e  f o u r  

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

s l o w e s t  r a t e  (K^) i s  8 . 93 K c a l  m o le ~ ^ ,  th e  a c t i v a t i o n  e n e r g y  f o r  th e  

Kg r a t e  i s  2 .  87 K c a l  m o l e  ^ , t h e  a c t i v a t i o n  e n e r g y  f o r  th e  Kg r a t e  is  

6 . 10 K c a l  m o l e " ^ ,  a n d  th e  a c t i v a t i o n  e n e r g y  f o r  th e  m o s t  r a p i d  r a t e  

(K^) i s  0 .  69 K c a l  m o l e ” ^.

A n o t h e r  c o m p a r i s o n  w h ic h  c a n  b e  m a d e  b e tw e e n  th e  50^C  r u n s  

a n d  t h o s e  m a d e  a t  8 0 °C  i s  b e tw e e n  th e  p e r c e n t a g e s  of t o t a l  p o t a s s i u m  

h e ld  a t  e a c h  ty p e  of s i t e  a n d  t h e r e f o r e  h e ld  w i th  th e  s a m e  a c t iv a t io n  

e n e r g y .  T h e s e  c o m p a r i s o n s  c a n  b e  m a d e  b y  e x a m in in g  th e  d a ta  in  

T a b l e  3 . F o r  i n s t a n c e ,  t h e  p o t a s s i u m  r e m o v e d  a t  th e  s l o w e s t  r a t e  in  

t h e  5 0 ° C  r u n s  w a s  c a l c u l a t e d  to  b e  a b o u t  n i n e t y - s i x  p e r  c e n t  of th e  t o t a l  

p o t a s s i u m .  T h is  i s  in  c o m p a r i s o n  to  th e  80®C r u n s  f o r  w h ic h  th e  t o t a l  

p o t a s s i u m  r e m o v e d  a t  th e  s l o w e s t  r a t e  w a s  c a l c u l a t e d  to  b e  n in e ty - tw o  

p e r  c e n t .  T h e r e  a r e  a l s o  d i f f e r e n c e s  b e tw e e n  th e  p e r c e n t a g e s  of t o t a l  

p o t a s s i u m  r e m o v e d  a t  th e  Kg a n d  Kg r a t e s  a t  5 0 °C  an d  th e  c o r r e s p o n d i n g
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T A B L E  3

PE R C E N T A G E S  O F  T O T A L  POTASSIUM , R A T E  CONSTANTS, AND A CTIV A TIO N  E N E R G IE S
FO R TH E FOUR C A L C U L A T E D  R A T E S O F  REM OV AL

Ite m R a te  K j R a te  Kg R a te  Kg R a te  K^

%
T o ta l  K

K i ( h r j l ) %
T o ta l  K

K j  (h r .-^ ) %
T o ta l  K K^ (h r . T o ta l  K  ^ 4  (h r .  !)

50°C

S am p le  1 

S a m p le  2 

Avg. of 1 & 2

96 .12  

9 6 .4 4  

9 6 .2 8

4 .0 1 x 1 0 -4  

4 .6 2 x 1 0 -4  

4. 3 2 x l0 “4

1 .4 9  

1. 35 

1 .42

2 .7 5 x 1 0 -2  

3 .7 6 x 1 0 "^  

3 .2 6 x 1 0 '^

1 .00  

0. 92 

0. 96

2 .2 5 x 1 0 " !  

2 .4 5 x 1 0 “ ! 

2 .3 5 x 1 0 " !

1. 39 5 .7 0  

1 .2 9  5. 87 

1 .3 4  5 .7 9

80°C  

S a m p le  3 

S a m p le  4 

Avg. of 3 & 4

9 2 .2 8

9 2 .3 8

9 2 .3 3

1 .4 6 x 1 0 '^  

1 .3 6 x 1 0 "^  

1 .4 1 x 1 0 "^

4 .1 7  

4. 66 

4 .4 2

4 .7 1 x 1 0 -2  

4 ,8 3 x 1 0 "^  

4 .7 7 x 1 0 “^

2. 31 

1. 51 

1. 89

4 .7 7 x 1 0 " !  

5. 77x10"! 

5 .2 7 x 1 0 “ !

1 .2 4  7. 28 

1 .4 5  5 .3 9  

1. 36 6 . 34

A c tiv a tio n  E n e rg y  (Kcal. m ole~^)

A c t iv a t io n
E n e r g y 8 . 93 2 .8 7 6 .10 0. 69

CO
->0
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p e r c e n t a g e s  c a l c u l a t e d  f o r  t h e  8 0 °C  r u n s .  H o w e v e r ,  t h e r e  i s  v e r y  

g o o d  a g r e e m e n t  b e tw e e n  th e  p e r c e n t a g e s  r e m o v e d  a t  th e  f a s t e s t  (K^) 

r a t e  a t  50^C  (1. 34 p e r  c e n t  of t o t a l  p o t a s s i u m )  a n d  th e  c o r r e s p o n d i n g  

f i g u r e  f o r  th e  80®C r u n s  ( 1 .3 6  p e r  c e n t  of t o t a l  p o t a s s i u m ) .

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

c a t e s  t h a t  a n  a c t u a l  r e s e r v o i r  of p o t a s s i u m  in  th e  s o i l  c o n ta in in g  a b o u t  

1. 35 p e r  c e n t  of th e  t o t a l  p o t a s s i u m  e x i s t s .  T h is  r e s e r v o i r  a p p e a r s  to  

b e  m o r e  d i s c r e t e  t h a n  t h e  o t h e r s  b e c a u s e  th e  r e l a t i v e  a m o u n t s  of th e  

t o t a l  p o t a s s i u m  r e m o v e d  a t  r a t e s  K ^ , K g , a n d  Kg sh o w e d  v a r i a t i o n  

w i t h  t h e  t e m p e r a t u r e  of t h e  r e a c t i o n .  N o s u c h  v a r i a t i o n  w i th  t e m p e r ­

a t u r e  e x i s t e d  f o r  th e  p o t a s s i u m  r e m o v e d  a t  th e  K^ r a t e .

T h e  a p p a r e n t  v a r i a t i o n  w i th  t e m p e r a t u r e  s e e n  b e tw e e n  th e  

p o t a s s i u m  r e m o v e d  a t  r a t e s  K g, a n d  Kg i s  in d ic a t i o n  th a t  th e  s i t e s  

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

d i s c r e t e .  F o r  e x a m p le ,  th e  p o t a s s i u m  r e m o v e d  a t  r a t e  K2 a t  8 0°C  

m ig h t  i n c lu d e  t h e  p o t a s s i u m  h e ld  a t  h y p o t h e t i c a l  s i t e s  X  a n d  Y in  th e  

s o i l  w h i l e  a t  5 0 ° C ,  s i t e  X  a p p e a r s  to  b e  r e m o v e d  a t  r a t e  Kg, b u t  s i t e  

Y i s  in c lu d e d  w i th  th e  p o t a s s i u m  r e m o v e d  a t  r a t e  K ^ . T he  p o s s i b i l i t y  

of s u c h  a n  o c c u r r e n c e  e x i s t s  d u e  to  th e  f a c t  t h a t  s o i l  is  c o m p o s e d  of 

s u c h  a  v a r i e t y  o f t y p e s  o f  m i n e r a l s ,  m a n y  of w h ic h  m ig h t  a c t u a l l y  h a v e  

d i f f e r e n t ,  b u t  v e r y  s i m i l a r ,  e n e r g i e s  w i th  w h ic h  t h e y  h o ld  p o t a s s i u m .  

T h e  p r e c i s i o n  of th e  p r o g r e s s i v e  a c i d  d i s s o l u t i o n  t e c h n iq u e  m a y  n o t  b e  

g r e a t  e n o u g h  to  d e t e c t  s u c h  s m a l l  d i f f e r e n c e s .  A d d i t io n a l  r e f i n e m e n t
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of t h e  t e c h n iq u e  m ig h t  h e lp  c l a r i f y  t h i s  a p p a r e n t  l a c k  of p r e c i s i o n ,  b u t  

e v e n  w i th o u t  f u r t h e r  c l a r i f i c a t i o n  th e  d a t a  g iv e s  good  in s ig h t  in to  

p o t a s s i u m  r e l a t i o n s h i p s  in  t h i s  s o i l .  T h e  m e a n in g  of t h i s  d a ta  w i l l  b e  

c o n s i d e r e d  in  t h e  D i s c u s s i o n  c h a p t e r .

T h e  c u r v e s  in  F i g u r e s  11 a n d  14 w e r e  c o r r e c t e d  a t  th e  15, 18, 

2 2 ,  2 6 , a n d  30 h o u r  e x t r a c t i o n  t i m e  i n t e r v a l s  b y  l o w e r in g  th e  v a lu e s  of 

p e r  c e n t  r e m a i n i n g .  T h is  c o r r e c t i o n  w a s  m a d e  b e c a u s e  th e  t e m p e r ­

a t u r e  o f t h e  w a t e r  b a t h  f o r  a t  l e a s t  p a r t  o f  th i s  t i m e  w a s  to o  lo w . T h e  

lo w  t e m p e r a t u r e  d e c r e a s e d  th e  r a t e  of p o t a s s i u m  r e m o v a l  d u r in g  th i s  

p e r i o d  g iv in g  p o in t s  f o r  p e r c e n t a g e  r e m a i n i n g  t h a t  w e r e  to o  h ig h .  T h e  

r e s u l t s  o b ta in e d  w i th o u t  c o r r e c t i o n  w e r e  e n t i r e l y  u n r e a s o n a b l e .  T h e  

lo w  v a l u e s  f o r  a c t i v a t i o n  e n e r g y  o b ta in e d  f o r  th i s  r a t e  (Kg) w a s  p r o b ­

a b l y  a l s o  d u e  to  th e  lo w  t e m p e r a t u r e .

T h is  p r o b l e m  m a y  a l s o  h a v e  c r e a t e d  a n  a r t i f i c a l l y  low  v a lu e  

f o r  t h e  s l o p e  o f  th e  l i n e  in  F i g u r e s  11 a n d  14. T h e  low  v a lu e  f o r  t h e s e  

r a t e  c o n s t a n t s  i s  p r o b a b l y  a t  l e a s t  a  p a r t i a l  c a u s e  of t h e  low  v a lu e  f o r  

th e  a c t i v a t i o n  e n e r g y  c a l c u l a t e d  f o r  r a t e  K g. T h e  r e l a t i o n s h i p  b e tw e e n  

t h e  c a l c u l a t e d  a c t i v a t i o n  e n e r g i e s  of th e  K 2 a n d  Kg r a t e s  c a n n o t  p o s ­

s i b l y  r e f l e c t  th e  t r u e  s i t u a t i o n .  T h e  a c t iv a t io n  e n e r g y  f o r  th e  Kg 

r e a c t i o n  m u s t  b e  h i g h e r  th a n  t h a t  of th e  Kg r e a c t i o n ,  s i n c e  th e  r a t e  

c o n s t a n t s  f o r  th e  Kg r e a c t i o n  a r e  l o w e r  t h a n  t h o s e  f o r  th e  Kg r e a c t i o n .

A n o t h e r  p o s s i b l e  e x p la n a t io n  f o r  t h i s  a n o m a ly  i s  th e  s a m e  one 

g iv e n  f o r  t h e  d i f f e r e n c e  t h a t  t e m p e r a t u r e  m a d e  in  d e t e r m i n i n g  th e
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p e r c e n t a g e  of t o t a l  p o t a s s i u m  r e m o v e d  a t  e a c h  r a t e .  If t h e r e  e x i s t  

m o r e  r a t e s  (an d  t h e r e f o r e  m o r e  s i t e s  of p o t a s s i u m  s t o r a g e )  th a n  th e  

e x p e r i m e n t  w a s  a b le  to  d e t e c t ,  t h e n  th e  s t r a i g h t  l i n e s  u s e d  in  th e  

d e c o n v o lu t io n s  a r e  n o t  r e p r e s e n t a t i v e  of th e  a c t u a l  s i t u a t i o n ,  b u t  on ly  

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

d a t a  a r e  n o t  v a l id .
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A m a j o r  p u r p o s e  of th i s  t h e s i s  w a s  to  d e t e r m i n e  w h e t h e r  

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

d e t e r m i n a t i o n  of th e  c h a r a c t e r i s t i c s  of t h e  p o t a s s i u m  r e s e r v o i r  of a  

f o r e s t  s o i l .  M o r e  p a r t i c u l a r l y ,  i t  w a s  h o p e d  t h a t  t h i s  te c h n iq u e  w o u ld  

b e  a b le  to  d e t e c t  th e  r e l a t i v e  r a t e s  of r e l e a s e  of p o t a s s i u m  f r o m  v a r ­

io u s  f o r m s  in  t h e  s o i l  a n d  to  m e a s u r e  th e  s i z e  of th e  r e s e r v o i r  h e ld  in  

e a c h  of t h e s e  f o r m s ,  i n f o r m a t i o n  w h ic h  w o u ld  b e  of v a lu e  in  s t u d i e s  of 

n u t r i e n t  c y c l in g .

T h e  r e s u l t s  o b t a in e d  i n d i c a t e  t h a t  p r o g r e s s i v e  a c id  d i s s o l u t i o n  

c a n  b e  s u c c e s s f u l l y  a p p l i e d  to  s o i l s .  T h e  f o r m  of th e  r e s u l t s  o b ta in e d  

(a  c u r v e  s h o w in g  th e  d e c r e a s e  in  e x t r a c t i o n  r a t e  of p o t a s s i u m  w i th  

i n c r e a s i n g  t i m e  o f  e x p o s u r e  to  a c id )  i s  r e a d i l y  i n t e r p r e t a b l e  in  t e r m s  

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

w h a t  a m b ig u o u s  w h e n  o n e  a t t e m p t s  to  a t t r i b u t e  e a c h  r e a c t i o n  to  r e ­

m o v a l  of p o t a s s i u m  f r o m  a  d i s c r e t e  s i t e  w i th in  th e  s o i l .  T h is  a m b i ­

g u i ty  i s  p r o b a b l y  d u e  to  t h e  m u l t i p l i c i t y  o f s u c h  s i t e s  in  th i s  s o i l .  

H o w e v e r ,  a  g e n e r a l  i n t e r p r e t a t i o n  of th e  r e s u l t s  in  t e r m s  of s i t e s  a t  

w h ic h  p o t a s s i u m  i s  b o u n d  c a n  b e  m a d e .
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F o r  th e  E v e r e t t  S o i l  f r o m  th e  A l le n  E .  T h o m p s o n  R e s e a r c h  

C e n t e r  i n  th e  C e d a r  R i v e r  w a t e r s h e d ,  th e  fo l lo w in g  c o n c lu s io n s  c a n  b e  

m a d e .  T h e r e  a r e  v e r y  r o u g h ly  f o u r  d i f f e r e n t  s i t e s  a t  w h ic h  p o t a s s i u m  

i s  b o u n d  in  t h i s  s o i l .  T h e  l e a s t  t i g h t l y  b o u n d  p o t a s s i u m  w a s  r e l e a s e d  

a t  t h e  m o s t  r a p i d  r a t e  a n d  c o n s i s t e d  of a b o u t  1. 35 p e r  c e n t  of th e  t o t a l  

p o t a s s i u m  p r e s e n t  in  t h i s  s o i l .  T h is  f r a c t i o n  of t o t a l  p o t a s s i u m  is  

r o u g h l y  e q u iv a le n t  to  t h e  p o t a s s i u m  e x c h a n g e a b le  w i th  pH  7 1 n o r m a l  

a m m o n i u m  a c e t a t e  w h ic h  w a s  d e t e r m i n e d  a s  b e in g  in  th e  r a n g e  of . 8 

t o  . 9 p e r  c e n t  o f th e  t o t a l  p o t a s s i u m  in  th i s  s o i l .  T h e  1 .3 5  p e r  c e n t  

o f  t o t a l  p o t a s s i u m  r e m o v e d  a t  th e  m o s t  r a p i d  r a t e  p r o b a b l y  c o r r e s ­

p o n d s  t o  t h a t  a d s o r b e d  a s  io n s  on  th e  s u r f a c e s  of m i n e r a l  an d  o r g a n ic  

p a r t i c l e s  in  th e  s o i l ,  a n d  a s  s u c h  r e p r e s e n t e d  th a t  p o r t i o n  of th e  s o i l ' s  

t o t a l  p o t a s s i u m  w h ic h  i s  d i r e c t l y  a n d  i m m e d i a t e l y  a v a i l a b l e  to  p l a n t s .

T h e  p o t a s s i u m  r e m o v e d  a t  t h e  s l o w e s t  r a t e  (K^) i s  a l s o  

f a i r l y  e a s y  to  c h a r a c t e r i z e  a s  t o  th e  s i t e  in  th e  s o i l  i t  o c c u p ie s .  It w a s  

r e m o v e d  a t  th e  s l o w e s t  r a t e ,  c o n s t i t u t e d  s o m e th in g  in  e x c e s s  of n in e ty  

p e r  c e n t  o f th e  t o t a l  s o i l  p o t a s s i u m ,  a n d  w a s  m o s t  p r o b a b l y  e q u iv a le n t  

t o  th e  p o t a s s i u m  h e ld  in  l a t t i c e  s i t e s  in  p r i m a r y  a n d  s e c o n d a r y  m i n ­

e r a l s .  S c h l i c h t e  (1968) n o te d  t h a t  m o s t  o f  th e  p o t a s s i u m  foun d  in  t h i s  

s o i l  i s  fo u n d  in  t h e  p o t a s s i u m  f e l d s p a r s .  T h is  p o t a s s i u m  f r a c t i o n  i s  s o  

t i g h t l y  b o u n d  a s  to  b e  o n ly  v e r y  s l o w l y  r e l e a s e d ,  p r o b a b l y  b y  w e a t h e r i n g  

o f  th e  s o i l  on  a  g e o lo g ic  t i m e  s c a l e .  T h u s ,  t h i s  f r a c t i o n  w o u ld  o n ly  p r o ­

v i d e  s i g n i f i c a n t  c o n t r i b u t i o n  to  th e  p o t a s s i u m  c y c l in g  in  th i s  e c o s y s t e m  

w h e n  m e a s u r e d  o v e r  g e o lo g ic  t i m e .
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T h e  r e m a i n i n g  p o t a s s i u m ,  c o n s t i t u t i n g  s o m e w h e r e  in  th e  

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

b o u n d  w i th  a n  e n e r g y  i n t e r m e d i a t e  b e tw e e n  th e  tw o  e x t r e m e  f o r m s ,  

a n d  i s  p r o b a b l y  b o u n d  in  tw o  o r  m o r e  f o r m s  w i th in  t h e  s o i l .  A n y  

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

f r a c t i o n  c a n  b e  n o th in g  m o r e  t h a n  s p e c u l a t i o n .  H o w e v e r ,  s o m e  p o s s i ­

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

o r  h e l d  b e tw e e n  h y d r a t e d  l a y e r s  of l a y e r  s i l i c a t e s  b u t  s u n k e n  to  th e  

l e v e l  o f th e  b a s a l  o x y g e n s .  In  s t u d i e s  on  th e  c l a y  f r a c t i o n  of a n o th e r  

s o i l  B o l t ,  e t  a l .  (1963) a n d  V o ig t  (1963) i n t e r p r e t e d  i n t e r m e d i a t e l y  

b o u n d  p o t a s s i u m  a s  b e in g  p o t a s s i u m  io n s  h e ld  in  i n t e r l a y e r  s i t e s  n e a r  

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

T h e  r o l e  w h ic h  t h i s  i n t e r m e d i a t e l y  b o u n d  p o t a s s i u m  p la y s  

w i th  r e s p e c t  t o  n u t r i e n t  c y c l in g  m a y  b e  a  k e y  o ne . O n e  p o s s ib l e  

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

s e q u e n c e s  i s  a s  f o l lo w s .  T h e  i n t e r m e d i a t e l y  h e ld  p o t a s s i u m ,  b e in g  in  

e q u i l i b r i u m  w i th  th e  e x c h a n g e a b le  i s  th e  i m m e d i a t e  s o u r c e  of th e  

p o t a s s i u m  w h ic h  r e p l e n i s h e s  w h a t e v e r  e x c h a n g e a b le  p o t a s s i u m  is  

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

c i r c u m s t a n c e s  w h e n  a  c l i m a x  e c o s y s t e m  o c c u p ie s  th e  s i t e ,  t h i s  f o r m  

o f  p o t a s s i u m  w o u ld  o n ly  b e  s lo w ly  r e l e a s e d .  U n d e r  s u c h  c i r c u m ­

s t a n c e s ,  c y c l in g  of p o t a s s i u m  w i th in  th e  e c o s y s t e m  w o u ld  n o t  r e q u i r e  

d r a w i n g  on  t h i s  r e s e r v o i r  e x c e p t  a t  a  low  r a t e  e q u iv a le n t  to  l o s s  of
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p o t a s s i u m  f r o m  th e  s y s t e m ,  a n d  e q u iv a le n t  to  th e  r a t e  o f r e l e a s e  of 

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

e s s e n t i a l l y  c o n s t a n t .  H o w e v e r ,  i f  th e  s i t e  w e r e  lo g g e d  an d  a  p o r t i o n  

o f  t h e  e c o s y s t e m 's  p o t a s s i u m  s u p p ly  r e m o v e d  a s  l u m b e r ,  th e  b a l a n c e  

w o u ld  b e  u p s e t .  E r o s i o n  a n d  i n c r e a s e d  r u n - o f f  c a n  a l s o  r e d u c e  th e  

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

s o i l  c l a y s  a n d  s i l t s .  C o le  a n d  G e s s e l  (1963) c l e a r - c u t  a  o n e - t e n th  a c r e  

p lo t  a n d  a n a l y z e d  l e a c h a t e s  c o l l e c t e d  in  t e n s i o n  l y s i m e t e r s .  T h e y  

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

r o o t i n g  z o n e .  E v e n  th o u g h  l e a c h i n g  i s  a p p a r e n t l y  no t a  s ig n i f i c a n t  

d r a i n  o n  t h e  e c o s y s t e m 's  p o t a s s i u m  r e s e r v o i r ,  r e m o v a l  of w o o d  and  

b a r k  w o u ld  r e m o v e  f r o m  th e  e c o s y s t e m  a n  a m o u n t  of p o t a s s i u m  

c o m p a r a b l e  in  m a g n i t u d e  w i th  t h a t  h e ld  in  e x c h a n g e a b le  f o r m .  In  th e  

n e x t  g r o w t h  of t i m b e r  t h i s  p o t a s s i u m  w o u ld  h a v e  to  b e  m a d e  up f r o m  

t h a t  h e ld  i n  i n t e r m e d i a t e l y  b o u n d  f o r m s .  T h e  i n t e r m e d i a t e  f o r m s  

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

g iv e n  t h e  s i z e  of t h i s  r e s e r v o i r  (a b o u t  t h r e e  to  s e v e n  p e r  c e n t  of t o t a l  

p o t a s s i u m  o r  a b o u t  700 to  1700 k i l o g r a m s / h e c t a r e )  i t  w o u ld  b e c o m e  

e x h a u s t e d  a f t e r  a  r e l a t i v e l y  few  s u c h  e v e n t s .  A t t h i s  p o in t  th e  a v a i l ­

a b i l i t y  o f p o t a s s i u m  w o u ld  b e c o m e  c o n t r o l l e d  b y  th e  r e l a t i v e l y  s lo w  

w e a t h e r i n g  of p o t a s s i u m - b e a r i n g  m i n e r a l s .  C o n s e q u e n t ly ,  t h e r e  w o u ld  

b e  a  r e d u c t i o n  in  s i t e  q u a l i t y  a n d  t h e  r e l a t i v e l y  r a p i d  r e t u r n  of a  c l im a x  

f o r e s t  a s s o c i a t e d  w i th  s e c o n d a r y  s u c c e s s i o n  c o u ld  n o t  b e  e x p e c te d  to
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o c c u r .  A  s i m i l a r ,  b u t  s h o r t e r  r a n g e d  r e d u c t i o n  in  f e r t i l i t y  b y  

i n t e n s i v e  c r o p p in g  i s  w e l l  k n o w n  in  a n n u a l  c r o p  a g r i c u l t u r e .

If t h e  i n t e r m e d i a t e l y  b o u n d  p o t a s s i u m  is  c o m b in e d  w i th  th e  

e x c h a n g e a b le  p o t a s s i u m  a n d  a s s u m e d  to  r e p r e s e n t  t h e  r e s e r v o i r  of 

s o i l  p o t a s s i u m  in v o lv e d  in  c y c l in g  th e  s u p p ly  of p o t a s s i u m  in  th e  s o i l  

i s  a t  l e a s t  q u a d r u p l e d .  T h i s  h e lp s  to  r e s o l v e  th e  p r o b l e m  e v id e n t  w h e n  

c o n s i d e r i n g  t h e  d a ta  f r o m  C o le ,  G e s s e l ,  a n d  D ic e  (1967), U s in g  

e x c h a n g e a b le  p o t a s s i u m  to  r e p r e s e n t  th e  s o i l ' s  e n t i r e  s u p p ly ,  th e y  

c a l c u l a t e d  t h a t  a t  p r e s e n t  r a t e s  of d e m a n d  t h i s  r e s e r v o i r  w o u ld  b e  

d e p l e t e d  b y  t w e lv e  y e a r s  g r o w th .  A t th e  t i m e  C o le ,  G e s s e l ,  a n d  D ic e  

(196 7 )  m e a s u r e d  a n n u a l  u p t a k e  of n u t r i e n t s ,  t h e  t r e e s  (a t  a g e  t h i r t y -  

s i x )  w e r e  in  t h e i r  p e r i o d  of m o s t  r a p i d  g ro w th .  B a s e d  on th e  e x p e c te d  

f u t u r e  g r o w th  of D o u g la s  f i r  in  t h e  P a c i f i c  N o r th w e s t  r e g io n  (M c A rd le ,  

1930 ) , t h e s e  t r e e s  c a n n o t  b e  e x p e c te d  to  c o n t in u e  to  a b s o r b  n u t r i e n t s  

a t  t h e  r a t e  m e a s u r e d .  T h is  i s  p a r t i c u l a r l y  t r u e  s i n c e  a m o u n t  of f o l ia g e ,  

w h ic h  c o n ta in s  t h e  l a r g e s t  f r a c t i o n  of p o t a s s i u m  of a l l  c o m p o n e n ts  of 

t h e  t r e e  (C o le ,  G e s s e l ,  a n d  D ic e ,  1967), c a n  b e  e x p e c te d  to  r e m a i n  

r e l a t i v e l y  c o n s t a n t  f r o m  t h i s  p o in t  on  in  th e  t r e e ' s  l i f e  h i s t o r y .  T h u s  

a  d e c r e a s e d  r a t e  of n u t r i e n t  u p ta k e  a n d  a n  i n c r e a s e d  e s t i m a t e  of s o i l  

p o t a s s i u m  r e s e r v o i r  m a k e  th e  c y c l e  of p o t a s s i u m  in  th i s  e c o s y s t e m  

a p p e a r  m o r e  r e a s o n a b l e ,  p r o b a b l y  a d e q u a te ,  c o n s i d e r i n g  th e  c o m b in e d  

c o m p a r t m e n t s ,  t o  p e r m i t  t h i s  s e c o n d - g r o w t h  s t a n d  to  r e a c h  m a t u r i t y  

w i th o u t  a n  e x t e r n a l  p o t a s s i u m  s o u r c e .  T h is  a p p e a r s  to  b e  g e n e r a l l y
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t h e  c a s e ,  a s  g r o w th  r e s p o n s e  fo l lo w in g  p o t a s s i u m  f e r t i l i z a t i o n  in  th e  

n o r t h w e s t  a r e  r e l a t i v e l y  u n c o m m o n  o b s e r v a t i o n s  (C o le ,  p e r s o n a l  

c o m m u n i c a t i o n ) .  H o w e v e r ,  th e  r e s u l t s  of t h i s  s tu d y  do  s u g g e s t  t h a t  

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

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

t h e  E v e r e t t  s e r i e s .
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