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ABSTRACT

A g r e e n h o u s e  p o t  e x p e r i m e n t  w a s  s e t  up  t o  f i n d  

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

u p t a k e  o f  P s M n  a n d  F e  b y  r i c e  p l a n t  u n d e r  f l o o d e d  

c o n d i t i o n s .  T w o  s o i l  s e r i e s  A k u s e  a n d  A m o  ( v e r t i «  

s o l  a n d  I n c e p t i s o l ,  r e s p e c t i v e l y )  w e r e  u s e d .  T h e  

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

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

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

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

t h e  w e t  s o i l s  w e r e  t a k e n  f o r  l a b o r a t o r y  a n a l y s i s  a t  o n e ,  

t w o ,  t h r e e ,  f i v e ,  s i x  a n d  e i g h t  w e e k s  o f  a g e  d u r i n g  

an  e i g h t  w e e k  p e r i o d .  T h e  s o l u b l e  P ,  M n  a n d  F e  i n  

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

t h e  p l a n t  a n d  t h e  e x t r a c t a b l e  M n  a n d  F e  f r o m  t h e  w e t  

s o i l  w e r e  d e t e r m i n e d ,

I n  m o s t  o f  t h e  t r e a t m e n t s ,  P a M n  a n d  F e  f o l l o w e d  

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

I n  t h e  m a j o r i t y  o f  t h e  t r e a t m e n t s ,  t h e  h i g h e s t  v a l u e s  

o f  n u t r i e n t s  w e r e  o b t a i n e d  i n  t h e  f i r s t  w e e k  w i t h  m a r k ­

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

p l a n t  m a t e r i a l ,  t h e  m a r k e d  d e c r e a s e  w a s  i n  t h e  

f i f t h  w e e k .  T h e  c o n c e n t r a t i o n  o f  t h e  n u t r i e n t s  i n  

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

l o w e s t  l e v e l  i n  t h e  e i g h t h  w e e k  e x c e p t  M n  a n d  F e  

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

m a t e r i a l  w h i c h  i n c r e a s e d  t h e n .

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

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

M n  a n d  F e ,  s o l u b i l i t y  o r  p r e c i p i t a t i o n  o f  C a  p h o s ­

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

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

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

a f f e c t e d  t h e  u p t a k e  b y  t h e  p l a n t .

T h e  t w o  s o i l s  s t u d i e d  w e r e  f o u n d  t o  b e  s i g n i ­

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

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

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

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

d i d  m u c h  b e t t e r  t h a n  A k u s e  s e r i e s .
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I N T R O D U C T I O N  

R i e e  i s  t h e  w o r l d ' s  m o s t  i m p o r t a n t  a n d  w i d e l y  

g r o w n  c e r e a l  f o r  h u m a n  c o n s u m p t i o n  ( I I T A ,  1 9 7 8 )  a n d  

i t  c o n t r i b u t e s  26 p e r  c e n t  o f  t h e  w o r l d Ts c e r e a l  p r o d u c ­

t i o n  ( F A O ,  1 9 6 6 ) o I t  a l s o  p r o v i d e s  22 p e r c e n t  a n d  17 

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

r e s p e c t i v e l y  ( F A O ,  1 9 6 5 ) ,

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

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

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

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

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

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

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

a r e a s  u n d e r  r i c e  ( I R R I ,  1 9 6 4 ) „

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

g r e a t e r  t h a n  t h a t  g r o w n  u n d e r  u p l a n d  c o n d i t i o n s .  H o w e v e r ,  

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

m a n d ,  t o  t h e  e x t e n t  t h a t  m o s t  W e s t  A f r i c a n  c o u n t r i e s  i m ­

p o r t  a l m o s t  30 p e r  c e n t  o f  t h e i r  t o t a l  r e q u i r e m e n t  ( I I T A ,

1 9 7 8 ) „
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W h e r e  c o n t i n u o u s  c r o p p i n g  i s  p r a c t i s e d  p r o d u c t i o n  

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

t i o n  s y s t e m s  a n d  e f f e c t i v e  m a n a g e m e n t  p r a c t i c e s .  A 1 -  

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

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

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

K n o w l e d g e  i n  t h i s  f i e l d  i s  s t i l l  l i m i t e d 8 m o r e  e s p e c i a l l y  

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

s o i l  -  w a t e r  - p i  a n t - i n t e r p h a s e s .

In  W e s t  A f r i c a ,  t h e  a l t e r n a t i n g  w e t  a n d  d r y  s e a s o n s  

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

n u t r i e n t s .  N o t  m u c h  h o w e v e r  i s  k n o w n  o f  t h e  e x t e n t  t o  

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

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

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

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

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

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

S e v e r a l  r e s e a r c h  w o r k e r s  h a v e  h i g h l i g h t e d  t h e  r o l e  

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

o t h e r  m i c r o  n u t r i e n t s  i n  b o t h  u p l a n d  a n d  p a d d y  f i e l d s
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( Y a m a s a k i ,  1 9 6 5 ;  P o n n a m p e r u m a ,  1 9 6 5 ;  D e  G e u s ,

1 9 7 3 ).

P h o s p h o r u s ,  m a n g a n e s e  a n d  i r o n  i n  t h e  s o i l  

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

p a d d y  ( R o d r i g o ,  1 9 6 2 ;  P o n n a m p e r u m a ,  1 9 6 5  ; M e e k ,  

M a c k e n z i e  a n d  G r a s s ,  1 9 6 8 ; G o r a n t i w a r ,  J a g g i  

a n d  K h a n n a ,  1 9 7 3 )f  b u t  n o t  m u c h  i s  k n o w n  o f  w h a t  

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

p a d d y  f i e l d s  m o r e  e s p e c i a l l y  i n  W e s t  A f r i c a n  s o i l s .

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

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

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

t r i b u t i o n  a n d  u p t a k e  w i t h i n  t h e  s o i l - w a t e r  p l a n t  

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

p h o s p h o r u s ,  m a n g a n e s e  a n d  i r o n .
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C H A P T E R  ONE 

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

1. 10 0. I n t r o d u c t i o n

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

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

( F A O ,  1 9 6 6 ) .

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

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

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

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

t i o n  o f  f e r t i l i z e r , ,  w e e d  c o n t r o l ,  c u l t i v a t i o n  a n d  h a r ­

v e s t i n g  ( P a t r i c k  J r .  a n d  M a h a p a t r a ,  1 9 6 8 ) „  In  a d d i ­

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

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

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

1 . 2 . 0 .  C h a n g e s  t h a t  t a k e  p l a c e  d u r i n g  w a t e r l o g g i n g

1 . 2 . 1 .  P h y s i c  a l

T h e  s t r u c t u r e  o f  t h e  s o i l  i s  d e s t r o y e d .  B e c a u s e  

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

b o n d s  h o l d i n g  t h e  s o i l  p a r t i c l e s  t o g e t h e r  a r e  b r o k e n
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b y  t h e  s l i g h t e s t  m a n u p u l a t i o n  ( P a t r i c k  J r .  a n d  M a h a -  

p a t r a ,  1 9 6 8 ) .

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

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

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

d e s c r i b e d  b y  P e a r s a l l  a n d  M o r t i m e r  (1 9 3 9 ) .  T h e  p a r t  

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

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

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

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

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

( M i t s u i ,  1 9 5 4 ;  A l b e r d a ,  1 9 5 3 ) .  T h i s  s u r f a c e  o f  t h e  s o i l  

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

h a v e  a h i g h  c o n c e n t r a t i o n  o f  o x y g e n  ( M o r t i m e r ,  1 9 4 1 ,

1 9 4 2 ;  d e  G e e ,  1 9 5 0 ) .  T h i s  i s  b e l i e v e d  t o  b e  d u e  t o  d i f f u™ 

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

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

d e v o i d  o f  o x y g e n  a n d  r e d u c e d .  B u t  t h e  i m m e d i a t e  v i c i n i t y  

i s  o x i d a t i v e  w i t h  r e d d i s h  b r o w n  s t r e a k s  ( P o n n a m p e r u m  a ,

1 9 5 5 ) .  T h e s e  f e a t u r e s ,  t o g e t h e r  w i t h  t h e  s e c r e t i o n  o f  

o x y g e n  b y  r o o t s  o f  r i c e  p l a n t s  ( M i t s u i ,  1 9 5 5 )  l e a d  t o  c e r -
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t a i n  c h a r a c t e r i s t i c s  p e c u l i a r  t o  p a d d y  s o i l s ,

. 2 . 2 ,  B i o l o g i c  al

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

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

o x y g e n  b e c o m e s  i n f i n i t e s m a l l y  s l o w  ( G r o t e ,  1 9 3 4 ) ,  W i t h ­

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

o x y g e n  a n d  b e c o m e  q u i e s c e n t  o r  d i e  ( P o n n a m p e r u m a ,  1 9 7 2 ) .  

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

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

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

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

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

d u c e d  b y  m i c r o o r g a n i s m s ,  T a k a i  a n d  K a m u r a  (1 9 6 6 ) a n d  

T u r n e r  a n d  P a t r i c k  ( 1 9 6 8 )  h a v e  p r e s e n t e d  e v i d e n c e s  f o r  

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

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

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

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

d u c e d  c o m p o u n d  b e g i n s  t o  b e  r e d u c e d .

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

a e r o b i c  t o  a n a e r o b i c  o r  n e a r  a n a e r o b i c  e n v i r o n m e n t  w h e r e

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

p a r t s  b y  g a s e o u s  d i f f u s i o n  ( B a r b e r ,  E b e r t  a n d  E v a n s ,

(1 9 6 2 ) .

. 2 . 3 .  C h e m i c a l

W a t e r l o g g i n g  r e s u l t s  i n  i n c o m p l e t e  m e t a b o l i s m  of  

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

s u b s t a n c e s  s u c h  a s  N H g ,  N i t r o g e n  g a s ,  C H ^ ,  m a n g a ­

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

o r g a n i c  a c i d s  a r e  f o r m e d  ( P o n n a m p e r u m a ,  1 9 7 2 ;  d e  G e u s ,

1 9 7 3 ) .  T h e  d e g r e e  o f  r e d u c t i o n  d e p e n d s  o n  t h e  a m o u n t  o f  

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

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

w e t  s o i l  r e s u l t s  i n  o x i d a t i o n ,  a n d  on  r e - s u b m e r g e n c e  r e ­

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

r u m  a ,  1 9 7 2) „

T h e  r e d u c e d  f o r m s  o f  F e ,  S i ,  Mn  a n d  p h o s p h a t e  i o n s  

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

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

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

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

( P o n n a m p e r u m a ,  1 9 7 2 ) .  P l o w i n g  a n d  p u d d l i n g  r e d i s t r i b u t e
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t h e  p r e c i p i t a t e d  F e ,  M n  a n d  p h o s p h a t e  c o m p o u n d s .  T h e y  

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

w i t h  i r r i g a t i o n  w a t e r  t o  b e l o w  t h e  p l o w  l a y e r „  H e n c e  r e ­

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

f o r m i n g  p r o c e s s e s  o f  p a d d y  s o i l  ( P o n n a m p e r u m  a ,  1 9 7 2 ) .

A c c o r d i n g  t o  T a k a i ,  K o y a m a  a n d  K a m u r a  (1 9 5 6 ) ,  o x y ­

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

g e d ,  t o  b e  f o l l o w e d  b y  t h e  e v o l u t i o n  o f  h y d r o g e n .  T h e n  

t h e r e  i s  a r a p i d  i n c r e a s e  o f  C 0 2 » a s l o w  i n c r e a s e  o f  n i ­

t r o g e n ,  a f i n a l  d e c r e a s e  o f  C O 2 a n d  n i t r o g e n  a n d  a n  i n ­

c r e a s e  i n  CH^ o  T h e  g a s e s  e s c a p e  a s  b u b b l e s  t h r o u g h  t h e  

w a t e r .

P o n n a m p e r u m a  (1 9 6 5 )  f o u n d  t h a t  t h e  u s u a l  c o n c e n t r a ­

t i o n  o f  C 0 2 i n  p a d d y  s o i l s  i s  b e l o w  t o x i c  l i m i t .  B u t  s u g ­

g e s t e d  t h a t  t o  a v o i d  C 0 2 t o x i c i t y ,  r i c e  s e e d l i n g s  s h o u l d  

n o t  b e  t r a n s p l a n t e d  t i l l  a t  l e a s t  t w o  w e e k s  a f t e r  w a t e r ­

l o g g i n g  t h e  s o i l .  T h i s  i s  b e c a u s e  e x c e s s  s o i l  C 0 2 e v e n  

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

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

( V l a m i s  a n d  D a v i s ,  1 9 4 4 )  b u t  r e t a r d s  w a t e r  a b s o r p t i o n  

a n d  n u t r i e n t  u p t a k e  i n c l u d i n g  u p t a k e  o f  P ( C h a n g  a n d
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P o n n a m p e r u m a  (1 9 6 5 ,  1 9 7 2 )  a d v o c a t e d  t h a t  r e d u c t i o n  

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

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

c e r t a i n  t h e r m o d y n a m i c  s e q u e n c e  v i z :  n i t r a t e s MnC>2 » F e  

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

g a n i c  m a t t e r ,  s u l p h a t e ,  C 0 2 a n d  p e r h a p s  p h o s p h a t e .  H e  

s u g g e s t e d  t h a t  n i t r a t e  a n d  M n 0 2 i f  p r e s e n t  r e t a r d  r e d u c ­

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

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

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

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

t a b o l i s m  „

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

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

w h i c h  w o u l d  n o r m a l l y  c o n v e r t  i t  t o  n i t r a t e .

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

t e s  a n d  t h e n c e  t o  s u l p h i d e s  b y  s t r i c t  a n a e r o b e s  ( S t a r k e y  

a n d  W r i g h t ,  1 9 4 6 ) .  T h i s  r e s u l t s  i n  t h e p r e c i p i t a t i o n  o f  

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

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

L o o m i s ,  1 9 4 5 ) ,
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1 9 7 2 ) .

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

p h a t e s  t o  p l a n t s  ( B r a d l e y  a n d  S i e l i n g ,  1 9 5 3 ;  M a n d a l ,  1 9 6 4 ) .  

L i k e w i s e  o r g a n i c  m a t t e r  m a k e s  Mn  a n d  F e  a v a i l a b l e  t o  

p l a n t s  ( M e e k ,  M a c k e n z i e  a n d  G r a s s ,  1 9 6 8 ;  M a n d a l  a n d  

C h a t t e r j e e ,  1 9 7 2 ;  S i n g h  a n d  R a m ,  1 9 7 7) o

1 . 2 . 4 .  E l e c t r o c h e m i c a l

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

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

d u c t i o n  o f  s o i l s .

£ H

S t u d i e s  a t  I R R I  r e v e a l e d  t h a t  o n  f l o o d i n g  t h e  p H 

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

s o i l s  d e c r e a s e d  ( I R R I ,  1 9 6 3 ) .  T h e  p H of  p r a c t i c a l l y  a l l  

s o i l s  w h e n  f u r t h e r  s t u d i e d ,  s h o w e d  p H v a l u e s  o f  6 . 9 t o

7 . 3  a f t e r  16  w e e k s  o f  s u b m e r g e n c e  r e g a r d l e s s  of  t h e  i n i t i a l  

p H a n d  s o i l  p r o p e r t y .  I t  w a s  a l s o  f o u n d  t h a t  t h e  m a j o r i t y  

o f  s o i l s  h a d  p H v a l u e s  o f  6 . 7  t o  7 . 2  s e v e n  w e e k s  a f t e r  

f l o o d i n g  ( I R R I ,  1 9 6 4 ) .  D e c r e a s e  i n  p H o f  a l k a l i n e  s o i l s  

m a y  b e  d u e  t o  h i g h  COg  c o n c e n t r a t i o n  ( P o n n a m p e r u m  a ,  1 9 6 5 ,  

1 97 2 )  a n d  i n c r e a s e  i n  p H of  a c i d  s o i l s  m a y  b e  d u e  t o  p r e -
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s e n c e  o f  a m m o n i a  ( K a r u n k a r  a n d  D a n i e l ,  1 9 5 0 ) o

R e d o x  p o t e n t i a l

T h e  m o s t  s t r i k i n g  e l e c t r o c h e m i c a l  c h a n g e  t h a t  

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

t h e  d e c r e a s e  i n  r e d o x  p o t e n t i a l „  I n  1 9 5 5 ,  P o n n a m p e r u m a  

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

e d  s o i l  ( E h )  f a l l s  s h a r p l y  o n  f l o o d i n g ,  r e a c h e s  a m i n i m u m  

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

w i t h  t i m e .  A e r a t e d  s o i l s  h a v e  r e d o x  p o t e n t i a l s  i n  t h e  

r a n g e  o f  + 4 0 0  t o  7 0 0  m v „  R e d u c e d  s o i l s  h a v e  l o w  E h  w i t h  

v a l u e s  a s  l o w  a s  - 2 5 0  t o  - 3 0 0  m v .  P o n n a m p e r u m a  (1 9 6 5 )  

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

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

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

s o i l 0 T h e  E h  t h e r e f o r e  m e a s u r e s  t h e  s t a t e  o f  o x i d a t i o n  

o r  r e d u c t i o n  o f  t h e  s o i l „

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

t e n s i v e l y  s t u d i e d ,  ( I R R I S 1 9 6 3 ,  1 9 6 4 s 1 9 6 5 ;  P o n n a m p e ­

r u m a ,  L o y  a n d  T i a n c o ,  1 9 6 7 ,  1 9 6 9 ) 0 I t  w a s  s h o w n  i n  

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

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

p e r u m a  e t  a l  (1 9 6 7 ,  1 9 6 9 )  c o r r e l a t e d  E h  v a l u e s  o b t a i n e d  

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

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

l i e r  P o n n a m p e r u m a  (1 9 5 5 )  s t u d i e d  t h e  e f f e c t  of  a d d i t i o n  

o f  ( a )  o r g a n i c  m a t t e r ,  ( b)  n i t r a t e  on t w o  s u b m e r g e d  s o i l s  

o v e r  a p e r i o d  o f  t i m e  o n  E h  a n d  c o m p a r e d  t h e  i r o n  a n d  

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

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

o f  E h  u n d e r  s u b m e r g e n c e  a n d  n i t r a t e  s u p r e s s e s  i t 0 He  

h o w e v e r  f e l t  t h a t  r e d o x  s y s t e m s  h a v e  n o t  b e e n  c l e a r l y  d e ~  

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

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

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

o v e r  e m p h a s i z e d  b y  s o m e  w o r k e r s  ( J e f f e r y  1 9 6 0 ;  M o t o -  

m u r  a ,  1 9 6 2 a ) .

I t  w a s  c o n s i d e r e d  ( P o n n a m p e r u m a ,  1 9 6 5 )  t h a t  t h e  

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

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

w o u l d  b e  ( a )  t o  d e f i n e  a m e a s u r a b l e  o x i d a t i o n ^ r e d u c t i o n
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z o n e  i n  w h i c h  r i c e  p l a n t s  w i l l  n o t  s u f f e r  f r o m  d e f i c i e n c y  

of  e s s e n t i a l  n u t r i e n t s  a n d  e x c e s s  o f  r e d u c t i o n  p r o d u c t s  

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

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

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

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

a n d  b a d  s o i l  ( P o n n a m p e r u m  a a 1 9 6 5 )  a n d  t h e  b o u n d a r y  b e t ­

w e e n  o x i d i z i n g  a n d  r e d u c i n g  s o i l  s u r f a c e s  ( P e a r s a l l ,  1 9 5 0 ) »

S p e c i f i c  c o n d u c t a n c e

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

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

e r u m a ,  1 9 6 5 )  c o i n c i d i n g  w i t h  p e a k  r e d u c t i o n  t o  b e  f o l l o w e d  

b y  d e c r e a s e ,  P o n n a m p e r u m a  ( 1 9 6 5 )  f o u n d  t h a t  s o i l s  v a r y  

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

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

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

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

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

1 . 3 „ 0 ,  P h o s p h o r u s

1 . 3 . 1  R o l e  o f  p h o s p h o r u s  i n  n u t r i t i o n  o f  t h e  r i c e  p l a n t

P h o s p h o r u s  i s  o n e  o f  t h e  m a j o r  n u t r i e n t s  r e q u i r e d  b y
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p l a n t s  i n c l u d i n g  r i c e .  I t s  r o l e  i s  q u i t e  e x t e n s i v e  a n d  

i n c l u d e s  d i r e c t  o r  i n d i r e c t  a c t i o n  on  c e l l  d i v i s i o n ,  

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

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

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

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

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

o f  p r o t e i n ,  b r e a k  d o w n  o f  c a r h o h y d r a t e s  a n d  t r a n s f e r  o f  

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

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

1 . 3 . 2 ,  D i s t r i b u t i o n  o f  p h o s p h o r u s  i n  f l o o d e d  s o i l s

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

w i t h  v a l u e s  b e t w e e n  0 „ 2  a n d  0 o 4 p e r  c e n t  o f  Og ( P a t ­

r i c k  J r c a n d  M a h a p a t r a ,  1 9 6 8 ) ,  N y e  a n d  B e r t h e u x  (1 9 5 7 )  

a t t r i b u t e d  t h e  l o w  p h o s p h o r u s  i n  G h a n a i a n  s o i l s  t o  t h e  l o w  

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

a n d  i n t e n s i v e  w e a t h e r i n g  t o  w h i c h  t h e  r o c k s  h a v e  b e e n  

s u b j  e c t e d „

S o i l  P c o n s i s t s  o f  b o t h  o r g a n i c  a n d  i n o r g a n i c  f o r m s  

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

( P a t r i c k  J r .  a n d  M a h a p a t r a ,  1 9 6 8 ) ,
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T h e  i n o r g a n i c  c o m p o u n d s  o f  P i n  s o i l s  h a v e  b e e n  

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

(1 95 7a ) „  T h e y  a r e  c a l c i u m  p h o s p h a t e ,  a l u m i n i u m  p h o s ­

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

e x t r a c t a b l e  a f t e r  t h e  r e m o v a l  o f  t h e  f i r s t  t h r e e  f o r m s .  

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

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

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

a n d  t r i - c a l c i u m  p h o s p h a t e  ( B r a d y ,  1 9 7 4 )  i n  s m a l l  a m o u n t s  

a s  t r a n s i t i o n a l  f o r m s .

L i t t l e  i s  k n o w n  o f  t h e  f o r m s  o f  i r o n  a n d  a l u m i n i u m  

p h o s p h a t e  p r e s e n t  i n  s o i l s  ( B r a d y ,  1 9 7 4 ) ,  B u t  C h a n g  

a n d  J a c k s o n  (1 9 5 7 b )  h a v e  s u g g e s t e d  t h a t  t h e y  c o u l d  b e  i n  

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

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

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

a n d  T y n e r  (1 95 7) a n d  i s  e q u i v a l e n t  t o  r e d u c t a n t  s o l u b l e  

F e  p h o s p h a t e  p l u s  o c c l u d e d  A1 a n d  F e  p h o s p h a t e  f r a c t i o n s  

o f  C h a n g  a n d  J a c k s o n  (1 9 5 7 b ) »  T h i s  f r a c t i o n  i s  t h o u g h t  

t o  b e  i m p o r t a n t  i n  w a t e r l o g g e d  s o i l s  a s  p a r t  o f  i t  i s  r e ­

l e a s e d  ( M a h a p a t r a  a n d  P a t r i c k  J r .  5 1 9 6 9 )  w h e n  t h e  h y ­

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

-  1 5  -
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G l e y  h o r i z o n  o f  m a n y  p o o r l y  d r a i n e d  m i n e r a l  s o i l s  

c o n t a i n  a m i n i m u m  o f  t o t a l  P  i n  t h e  f o r m  of  r e d u c e d  F e  

a n d  Mn  c o m p o u n d s ,  G l e n w o r t h  ( 1 9 4 7 )  s t a t e d  t h a t  a m a x i ­

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

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

i n  t h e  C h o r i z o n  i n  w e l l  d r a i n e d  p r o f i l e s .  A s  r o c k s  w e a ­

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

v e r t e d  t o  t h e  l e s s  s o l u b l e  F e  a n d  A l  f o r m s .  I n  t h e  p r e s e n c e  

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

I n s t e a d  m a n y  a l k a l i  a n d  a c i d  s o l u b l e  c o m p l e x e s  of  P a r e  

f o r m e d  ( G o d f r e y  a n d  R i e c k e n ,  1 9 5 7 ) .

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

s o i l s  i s  r a t h e r  l i m i t e d  ( P a t r i c k  J r .  a n d  M a h a p a t r a ,  1 9 6 8 ) .  

H e s s e  (1 9 6 2 )  h o w e v e r  r e p o r t e d  t h a t  87 p e r  c e n t  o f  t o t a l  

P i n  s w a m p  m u d  i n  S i e r r a  L e o n e  w a s  i n  o r g a n i c  c o m b i n a t i o n  

a n d  t h e  r e s t  w a s  i n  a s s o c i a t i o n  w i t h  F e  a n d  Ca „  T s e n g  (1 9 6 0 )  

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

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

s t o n e  a n d  s h a l e  a l l u v i a l  s o i l s ,  C a ,  F e  a n d  A l  p h o s p h a t e s  

w e r e  p r e s e n t  i n  a b o u t  e q u a l  q u a n t i t i e s .  T h e  m i n i m u m  

s o l u b i l i t y  o f  p h o s p h a t e  i n  s o i l s  o f  d i f f e r a n t  s o i l  g r o u p s  w a s
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i n  t h e  r a n g e  o f  pH 6 t o  8 ( P a t r i c k  J r .  a n d  M a h a p a t r a ,

1 9 6 8 ) 0

1 . 3 . 3 c  F a c t o r s  t h a t  c o n t r o l  t h e  a v a i l a b i l i t y  o f
I n o r g a n i c  S o i l  P  u n d e r  s u b m e r g e n c e  i n c l u d e

(a) S o i l  p H ,  (b)  S o l u b l e  i r o n ,  a l u m i n i u m ,  m a n g a n e s e  

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

o r g a n i c  m a t t e r  ( d)  T y p e  a n d  a m o u n t  o f  c l a y  ( e )  a c t i v i ­

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

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

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

l a c e m e n t  b y  w h i c h  P c a n  b e  f i x e d  i n  s o i l s .  K a r d o s  (1 9 5 5 )  

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

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

S o i l  pH

T h e  a v a i l a b i l i t y  o f  P  i s  d e t e r m i n e d  b y  t h e  k i n d  o f

p h o s p h a t e  i o n  p r e s e n t  a n d  t h i s  v a r i e s  w i t h  t h e  p H  of  t h e

s o i l  s o l u t i o n .  F o r  n o r m a l  s o i l s  pH4 t o  7 „ 5 ,  H P o / "  a n d

H 2 P O 4 i o n s  p r e v a i l .  A b o v e  p H 6 ,  H ^ P O  4 i o n s  i n c r e a s e

t o  9 8 . 4  p e r  c e n t  a t  p H 9„ W h e r e  t h e r e  a r e  i n s o l u b l e

p h o s p h a t e  c o m p o u n d s ,  t h e  s o i l  r e a c t i o n  p r o d u c e s  a m i x -  
2 ** _

t u r e  o f  H P O ^  a n d  H ^ P O ^  i o n s  a n d  i n  v e r y  a l k a l i n e  s o i l

3 -r e a c t i o n  p H 9  o r  a b o v e  PO^ i s  d o m i n a n t .
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F l o o d i n g  w a s  r e p o r t e d  b y  P o n n a m p e r u m a  (1 96 5 )  

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

d a y s ,  f o l l o w e d  b y  an  i n c r e a s e  t o  a m a x i m u m  o f  6 . 5  t o  

7 . 5  p H i n  2 t o  3 w e e k s ,  a n d  t h a t  t h e r e  i s  s t r o n g  c o r r e l a ­

t i o n  b e t w e e n  s o i l  r e a c t i o n  a n d  P  a v a i l a b i l i t y .

S o l u b i l i t y  o f  P i n c r e a s e d  u n d e r  f l o o d e d  c o n d i t i o n s  

( K a w a g u c h i ,  1 9 4 4 ;  I s l a m  a n d  E l a h i ,  1 9 5 4 ;  P a t r i c k  a n d  

M a h a p a t r a ,  1 9 6 8 )  a n d  d e  G e u s  (1 9 7 3 )  n o t e d  t h a t  t h e  i n c r e a s e  

i n  a v a i l a b i l i t y  of  P w a s  g r e a t e r  u n d e r  p r o l o n g e d  f l o o d i n g .  

H o w e v e r ,  B a s a k  a n d  B h a t t a c h a r y a  (1 9 6 2 ) ,  I R R I  (1 9 6 3 ) s 

H o s s n e r ,  F r e e o u f  a n d  F o l s o m  (1 9 7 3 ) ,  S i n g h  a n d  R a m  (1 9 7 7 )  

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

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

c r e a s e .

W i t h  i n c r e a s e  i n  p H  b e t w e e n  6 . 5  a n d  7 . 5  t h e r e  i s  a 

d e c r e a s e  i n  a v a i l a b l e  P ( A o k i s 1 9 4 1 ;  U S D A ,  1 95 7;  T s e n g ,

I  9 6 0 ) .  B r a d y  (1 9 7 4 )  s u g g e s t e d  t h a t  a b o v e  p H  7 t h e  c o m ­

p l e x  i n s o l u b l e  p h o s p h a t e  a n d  b e l o w  p H 5 i n s o l u b l e  F e s A l  

a n d  Mn  c o m p o u n d s  f i x  p h o s p h a t e  i o n  w h i l e  b e t w e e n  p H 6 

a n d  7 P f i x a t i o n  i s  a t  a m i n i m u m  t h u s  P a v a i l a b i l i t y  i s  

a t  a m a x i m u m .
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E f f e c t  o f  s o l u b l e  I r o n ,  a l u m i n i u m ,  m a n g a n e s e  
a n d  t h e i r  m i n e r  a l  s on  t h e  a v a i l a b i l i t y  o f  P 
u n d e r  s u b m e r g e n c e

P o n n a m p e r u m a  (1 9 6 5 )  d i s c o v e r e d  t h a t  s o i l s  b e t w e e n  

pH 6 . 2  t o  6 o 6 h a v e  l o w  F e  b u t  h i g h  a c t i v e  m a n g a n e s e ,  P a t ­

r i c k  J r . .  a n d  M a h a p a t r a  (1 9 6 8 )  m e n t i o n e d  t h e  p o s s i b i l i t y  

of  s u b s t a n t i a l  q u a n t i t y  o f  F e  a n d  A l  i o n s  i n  a c t i v e  f o r m  

i n  a c i d  s o i l s .  T h e y  a l s o  s u g g e s t e d  t h a t  t h e s e  i o n s  w i l l  

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

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

a n d  J a c k s o n  (1 95 7b)  d e m o n s t r a t e d  t h e  p r e c i p i t a t i o n  a n d  a c ­

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

(1 95 0) r e v i e w e d  s o i l  P  f i x a t i o n  a n d  d r e w  a t t e n t i o n  t o  t h e  

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

F e  a n d  A l  i n  t h e  s o i l s .  He  p o i n t e d  o u t  t h a t  t h e  f i x a t i o n  

w a s  r e d u c e d  w h e n  F e  a n d  A l  o x i d e s  w e r e  r e m o v e d  a n d  i n ­

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

b e t w e e n  F e  a n d  A l  w i t h  p h o s p h a t e  i o n s  c o u l d  b e  r e p r e s e n t  

t e d  t h u s : ~

3+ *■> \  +
F e  + H 2 P 0 4 + 2 H ^ 0    2H + F e ( 0 H ) 2 H 2 P 0 4

s o l u b l e  i n s o l u b l e  ( s t r e n g i t e )

3 -f- ♦-*
A l  + H g P 0^ -r- 2 H 2 0 2 H + + A 1 ( 0 H ) 2 H P 0

2
s o l u b l e  i n s o l u b l e  ( v a r i s c i t e )
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f o r m i n g  h y d r o x y - p h o s p h a t e 0 A s  t h e  c o n c e n t r a t i o n  o f  F e ,

A1 a n d  Mn  i o n s  a r e  u s u a l l y  g r e a t e r  t h a n  t h a t  o f  p h o s p h a t e  

i o n s  t h e  r e a c t i o n  a b o v e  w i l l  m o v e  t o  t h e  r i g h t 0 So o n l y  

a s m a l l  a m o u n t  o f  p h o s p h a t e  i o n  w i l l  b e  a v a i l a b l e  ( B r a d y 9 

1 9 7 4 ) .

H e s s e  ( 1 9 6 2 )  o b s e r v e d  t h a t  w h e n  e x c e s s  s o l u b l e  p h o s ­

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

c u r r e d  a l o s s  o f  A1 p h o s p h a t e  a n d  a g a i n  i n  F e  p h o s p h a t e  

w i t h  t i m e .  T h e  a b s e n c e  o f  A1 b o u n d  p h o s p h a t e  w a s  d u e  t o  

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

i n  f i x a t i o n , ,

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

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

s o i l s  ( A o k i s 1 9 4 1 ;  S h a p i r o ,  1 9 5 8 a , b ;  D a v i d e ,  1 9 6 0 )  w a s  

a t t r i b u t e d  t o  t h e  i n c r e a s e  i n  r e d u c t i o n  o f  F e  I I I  p h o s p h a t e  

t o  m o r e  s o l u b l e  F e  I I  f o r m .  P h o s p h a t e  r e a c t i o n s  i n  f l o o d ­

e d  s o i l s  h a v e  b e e n  a s s o c i a t e d  w i t h  F e  I I  r a t h e r  t h a n  w i t h  

F e  I I I  w h i c h  i s  u s u a l l y  f o u n d  i n  w e l l  d r a i n e d  s o i l s  ( M i t ­

s u i ,  1 9 5 4 ) o T h i s  f i n d i n g  w a s  c o n f i r m e d  b y  F u j i w a r a  (1 95 0 )  

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

t e r  t o  F e  o r  A1 p h o s p h a t e  t h a n  b a r l e y  o r  u p l a n d  r i c e „
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I s l a m  a n d  E l a h i  ( 1 9 5 4 )  n o t i c e d  t h a t  t h e r e  w a s  a 

p r o g r e s s i v e  r e d u c t i o n  o f  F e  I I I  t o  F e  I I  a n d  a n  i n c r e a s e  

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

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

l i a m ,  B r o m f i e l d  a n d  W i l l i a m  (1 9 5 8 )  s t a t e d  t h a t  s o i l s  

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

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

c o n d i t i o n s ,  b u t  s o i l s  w i t h o u t  F e  I I I  p h o s p h a t e  s h o w e d  a 

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

T h e  c o a t i n g s  o f  h y d r a t e d  F e  I I I ,  M n l V ,  A l  a n d  C a  

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

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

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

( C h a n g  a n d  J a c k s o n ,  1 9 5 8 ;  M a h a p a t r a ,  1 9 6 6 )  b y  h y d r a t e d  

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

l o g g i n g  t o  t h e  m o r e  s o l u b l e  F e  ( OH)  r e l e a s e s  t h e  o c c l u -  

d e d  p h o s p h a t e .

V a l e n c i a  (1 9 6 2 )  s t u d i e d  t h e  a v a i l a b i l i t y  o f  n a t i v e  

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

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

i n g  a n d  c o n c l u d e d  t h a t  t h i s  w a s  d u e  t o  t h e  h y d r o l y s i s  o f
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A l  p h o s p h a t e  a n d  r e d u c t i o n  o f  F e  I I I  p h o s p h a t e .  He 

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

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

p o r t e d  b y  R o d r i g o  (1 9 6 2 ) ,  I R R I  (1 9 6 3 ) ,  H o s s n e r  e t  a l . 

( 1 9 7 3 ) »  S i n g h  a n d  R a m  (1 9 7 7 )  r e l a t e d  t h i s  d e c r e a s e  i n  

a v a i l a b l e  p h o s p h o r u s  t o  r e f o r m a t i o n  6 f  i n s o l u b l e  F e  a n d  

C a  p h o s p h a t e  i n  o n e  s o i l  a n d  Al a n d  C a  p h o s p h a t e  i n  

a n o t h e r .  B u t  P o n n a m p e r u m a  (1 9 6 5 )  p o i n t e d  o u t  t h a t  t h e  

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

t h e  p r e c i p i t a t i o n  o f  F e  P O ^  a r o u n d  r i c e  r o o t s  w h i c h  w i l l  

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

h a n d  B r o m f i e l d  (1 9 6 0 )  c o n t e n d s  t h a t  t h e  s u b s e q u e n t  d e «  

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

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

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

P a t r i c k  Jr .  and M ahapatra  (1 9 6 8 )  t r i e d  t o  e m p h a s i z e  t h e  f a c t  

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

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

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

i n  f l o o d e d  s o i l s .

F u j i w a r a  (1 9 5 0 ) ,  P o n n a m p e r u m a  (1 9 5 8 ) ,  S h a p i r o
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(1 95 8b)  a n d  M a n d a l  (1 9 6 4 )  e x p r e s s e d  t h a t  t h e  e f f e c t  of  

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

o n l y  b e  d u e  t o  h y d r o l y s i s  o f  A1 p h o s p h a t e  b u t  t h a t  h y ­

d r o l y s i s  o f  F e  p h o s p h a t e  m a y  a l s o  b e  i n v o l v e d .

B r a d y  ( 1 9 7 4 )  h a s  s t r e s s e d  t h a t  H 2 PC>4 i o n  r e a c t s  

n o t  o n l y  w i t h  s o l u b l e  F e ,  A1 a n d  M n  i o n s  b u t  a l s o  i n s o ­

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

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

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

f o r m  of  h y d r o x y  p h o s p h a t e  ( K i t t r i c k  a n d  J a c k s o n ,  1 9 5 6 )  

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

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

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

i n  a v a i l a b i l i t y  o f  P  a s  e x p l a i n e d  b y  S p e r b e r  (1 95 8 ) a n d  

K a w a g u c h i  (1 965 ).

F e  ^ ( P O ^ ) ^  + 3 H 9 S- >3PteS + 2 H g P O ^ .  T h i s  p r o c e s s

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

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

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

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

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

A f t e r  t h e  w e t  s o i l  i s  d r i e d  o x i d a t i o n  a n d  d e h y d r a t i o n  

r e s u l t  i n  p r e c i p i t a t i o n  o f  p h o s p h a t e  ( P a t r i c k  J r .  a n d  

M a h a p a t r a  1 9 6 8 ) .

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

B r a d l e y  a n d  S i e l i n g  (1 9 5 3 ) ,  US DA ( 1 9 5 7 ) ,  0 1 o m u , R a e z

a n d  Ch o  ( 1 9 7 3 )  r e p o r t e d  t h a t  c e r t a i n  o r g a n i c  s u b s t a n c e s

t h a t  a r e  p r o d u c t s  o f  o r g a n i c  d e c a y  ( B r a d y ,  1 9 7 4 )  a r e

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

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

m o l e c u l e s  w i t h  t h e s e  m e t a l s ,  t h u s  m a k i n g  P a v a i l a b l e .

T h e  e q u a t i o n  b e l o w  h a s  b e e n  s u g g e s t e d  b y  B r a d l e y  a n d

S i e l i n g  (1 9 5 3 )  f o r  t h e  t y p e  o f  r e a c t i o n  t h a t  c o u l d  go  o n

i n  a w i d e  r a n g e  o f  p H v a l u e s .

F e OH + O r g a n i c  s u b s t a n c e s
x h 2 p o 4

C o m p l e x  f o r m i n g  o r g a n i c

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

s o u r c e s
OH

F e OH +

/ O r g a n i c  s u b s t a n c e /  

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

m o l e c u l e  o r  i o n

s o l u b l e  

p ho s p h  a t e
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S h a p i r o  (1 95 8b)  p r o p o s e d  t h a t  o r g a n i c  m a t t e r  d o e s  

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

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

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

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

M a n d a l  (1 9 7 3 ) ,  H o s s n e r  e t  a l  . (1 9 7 3 ) ,  S i n g h  a n d  R,i.m 

(1 9 7 7 ) .  T h e  r o l e  p l a y e d  b y  o r g a n i c  m a t t e r  i n  r e d u c i n g  

t h e  i n t e n s i t y  o f  P f i x a t i o n  b y  s e s q u i o x i d e s  o n  f i f t e e n  

I n d i a n  s o i l s  w a s  s t u d i e d  b y  D a t t a  a n d  S r i v a s t a v a  (1 9 6 3 ) ,  

T h e  s t a t i s t i c a l  d a t a  i n d i c a t e d  a s t r o n g  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  a n d  p H  w i t h  t h e  s e s q u i o x i d e  c o n t e n t .  W h e n  

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

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

w a t e r l o g g e d  s o i l s .

B a s a k  a n d  B h a t t a c h a r y a  (1 9 6 2 ) ,  P a t h a k ,  K r i s h n a  

a n d  T i w a r i  (1 9 7 2 )  d i s c o v e r e d  t h a t  w a t e r l o g g e d  s o i l s  

s h o w  a u n i q u e  c a p a c i t y  f o r  r e g e n e r a t i n g  an  i n c r e a s i n g  

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

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

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

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

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

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

P a t r i c k  J r .  a n d  M a h a p a t r a  (1 9 6 8 )  a d v o c a t e d  t h a t  t h e r e  

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

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

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

t h e  i n o r g a n i c  f o r m  b e f o r e  b e i n g  u t i l i z e d  b y  p l a n t 0 H o w ­

e v e r ,  r a t e  of  m i n e r a l i z a t i o n  o f  o r g a n i c  P  i n c r e a s e s  a s  

l i m i n g  r a i s e s  t h e  p H w h i c h  i n c r e a s e s  t h e  a c t i v i t y  of  

m i c r o - o r g a n i s m s  w h i l s t  F e  a n d  A l  o x i d e s  b e c o m e  l e s s  

a c t i v e  i n  a b s o r b i n g  o r g a n i c  P ( U S D A s 1 9 5 7 ) .

I s l a m  a n d  E l a h i  ( 1 9 5 4 )  f o u n d  o u t  t h a t  t h e  a d d i t i o n  

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

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

t o  F e  I I  a n d  g r e a t l y  i n c r e a s e d  t h e  a v a i l a b i l i t y  o f  P i n  

s u b m e r g e d  s o i l s .  B u t  T a n a k a  a n d  N a v a s e r o  (1 9 6 7 )  a n d  

J a g g i  a n d  R u s s e l l  (1 9 7 3 )  s t a t e d  t h a t  t h e  a p p l i c a t i o n  o f  

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

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

B a r t h o l o m e w  ( 1 9 3 1 )  a n d  P a u l  a n d  D e l o n g  (1 9 4 9 )  

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

l a b i l i t y .  G a s s e r  (1 9 5 6 )  s u g g e s t e d  t h a t  o r g a n i c  c o m p l e ­

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

P a v a i l a b l e  a n d  d e m o n s t r a t e d  t h a t  P  w a s  f i x e d  w h e n  i n ­

s o l u b l e  A l  o r g a n i c  c o m p l e x e s  o f  P  w e r e  p r o d u c e d  d u r i n g  

a n a e r o b i c  f e r m e n t a t i o n  o f  r i c e  s t r a w .

V e r y  l i t t l e  i s  k n o w n  of  t h e  f a c t o r s  t h a t  a f f e c t  t h e  

a v a i l a b i l i t y  o f  o r g a n i c  P t o  h i g h e r  p l a n t s  ( B r a d y  1 9 7 4 ) c 

R o g e r s  ^ t  a l .  ( 1 9 4 1 )  e s t a b l i s h e d  t h a t  b o t h  p h y t i n  a n d  

n u c l e i c  a c i d s  c a n  b e  u t i l i z e d  a s  s o u r c e s  o f  P» P h y t i n  

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

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

P a b s o r b e d  e i t h e r  i n  t h e  o r g a n i c  o r  i n o r g a n i c  f o r m  

( B r a d y ,  1 9 7 4 ) .  B o w e r  ( 1 9 4 9 )  s t u d i e d  a v a i l a b i l i t y  of  

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

C a  p h y t a t e s ,  a l s o  t h a t  i n  a c i d  s o i l s  t h e  p h y t i n  i s  i n s o ­

l u b l e  a n d  t h u s  u n a v a i l a b l e .  B u t  u n d e r  a l k a l i n e  c o n d i ­

t i o n s ,  C a  p h y t a t e  i s  p r e c i p i t a t e d  h e n c e  P i s  u n a v a i l a b l e .  

N u c l e i c  a c i d s  a r e  s t r o n g l y  a d s o r b e d  b y  c l a y s  e s ­

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

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

i n  f i x a t i o n  ( B r a d y ,  1 9 7 4 ) .

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

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

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

U n d e r  m o d e r a t e l y  a c i d i c  c o n d i t i o n ,  s i l i c a t e  

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

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

p o s e d  c r y s t a l  e d g e s .  P h o s p h a t e  h a s  b e e n  s h o w n  t o  b e  

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

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

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

p h o s p h a t e  c o m p o u n d s  ( H e m w a l l ,  1 9 5 7 ) .

T o t h  (1 93 7) s h o w e d  t h a t  p h o s p h a t e  f i x a t i o n  t a k e s  

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

L o w  a n d  B l a c k  (1 9 5 0 )  s t u d i e d  t h e  r e a c t i o n  b e t w e e n  p h o s ­

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

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

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

r e p l a c e  a p r o p o r t i o n a t e  a m o u n t  o f  s i l i c a t e .  P a r t  o f  t h e
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p h o s p h a t e  w h i c h  r e a c t s  w i t h  F e  a n d  A1 c o m p o u n d s  a n d  

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

a n i o n s  s u c h  a s  h y d r o x y l  i o n  ( B r a d y ,  1 9 7 4 ) .  I n  t h e  e x ­

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

c o m p o s i t i o n ,  15 p e r  c e n t  d i s p l a c e m e n t  o f  s i l i c a t e  a n i o n  

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

s o l i d  p h a s e  a s  p r e c i p i t a t e s  o f  F e  a n d  A1 ( H a s e m a n ,  

B r o w n  a n d  W h i t t ,  1 9 5 0 ) .  T h e  e x t e n t  o f  t h e  f i x a t i o n  c a n  

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

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

t a k e s  t o  g o  o n .

C o n c e n t r a t i o n  o f  A1 i n  c l a y  i s  u s u a l l y  m u c h  

h i g h e r  t h a n  t h a t  o f  F e  o r  C a .  H e n c e  p h o s p h a t e s  a r e  

f i x e d  i n i t i a l l y  a s  A1 p h o s p h a t e .  W i t h  t i m e  p h o s p h a t e s  

b o u n d  t o  A1 c o m b i n e  w i t h  F e  t o  f o r m  l e s s  s o l u b l e  F e  

p h o s p h a t e  o

B r o m f i e l d  (1 9 6 0 )  n o t e d  t h a t  d e c r e a s e  i n  p h o s p h a t e  

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

s o r p t i o n  o f  p h o s p h a t e  b y  c l a y  o r  b y  A1 h y d r o x i d e .  H o w ­

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

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

T s u b o t a  (1 9 5 9 )  i n v e s t i g a t e d  t h e  p r o c e s s  o f  b i o ­

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

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

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

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

p h i t e  a n d  h y p o p h o s p h i t e  i o n s  w e r e  d e t e c t e d .  He  r e p o r t e d  

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

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

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

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

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

l a t e d  m o l e c u l e s  f o r m e d  ( B r a d l e y  a n d  S i e l i n g ,  1 95 3 ;

S h a p i r o s 1 9 5 8 b ;  O l o m u j r t  _ad_. , 1 9 7 3 ) ,  p r o d u c t i o n  o f  w h i c h  

e n h a n c e d  t h e  a v a i l a b i l i t y  o f  P„  B a s a k  a n d  B h a t t a c h a r y a

( 1 9 6 2 )  r e p o r t e d  t h e  r e l e a s e  o f  p h o s p h o r i c  a c i d  f r o m  

m i n e r a l i z a t i o n  o f  o r g a n i c  P a n d  i n  a d d i t i o n  m i c r o b i a l  

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

( B r a d y f 1 9 7 4 ) „

( R u s s e l ,  1 9 6 2 ) .
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E f f e c t  of  p h o s p h a t e  a v a i l a b i l i t y  b y  c a l c i u m  
a n d  c a l c i u m  m i n e r a l s

T h e  m e c h a n i s m  o f  p h o s p h a t e  f i x a t i o n  i n  a l k a l i n e  

a n d  c a l c a r e o u s  s o i l s  i s  c a u s e d  m o s t l y  b y  C a  i o n s  a n d  

i n  m o s t  c a s e s  C a  C o ^  ( P a t r i c k  J r .  a n d  M a h a p a t r a ,  1 9 6 8  

a n d  B r a d y ,  1 9 7 4 )  a n d  i t  w a s  s u g g e s t e d  t h a t  t h e  p r o d u c t s  

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

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

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

a t  h i g h  p H -> a p a t i t e s  a r e  s a i d  t o  b e  t h e  m o s t  i m p o r t a n t  

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

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

t r a l  o r  a l k a l i n e  s o l u t i o n s  a n d  M o r e n o ,  L i n d s a y  a n d  

O s b o r n e  (1 9 6 0 )  b e l i e v e d  t h a t  o c t a c a l c i u m  p h o s p h a t e  i s  

a v e r y  s t a b l e  f o r m .

B r a d y  (1 9 7 4 )  s t a t e d  t h a t  a v a i l a b l e  p h o s p h a t e  r e ­

a c t s  w i t h  b o t h  C a  i o n s  a n d  c a r b o n a t e  i o n s  i n  s o i l s  r e s u l ­

t i n g  i n  f i x a t i o n  o f  P .  I n  a l k a l i n e  s o i l s  t h a t  c o n t a i n  f r e e  

C a  C 0 3 3 p h o s p h a t e  i o n s  a r e  p r e c i p i t a t e d ,  a n d  a c c o r d i n g  

t o  P a t r i c k  J r .  a n d  M a h a p a t r a  ( 1 9 6 8 )  t h e  q u a n t i t y  o f  p r e ­

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

of  C a  C O g .
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In  s o m e  s o i l s ,  C a  p h o s p h a t e  c r y s t a l s  b e g i n  t o  f o r m  

a r o u n d  p H  6 a n d  t h e i r  s o l u b i l i t y  d e c r e a s e s  a s  t h e  pH 

i n c r e a s e s  t o  a b o u t  7 , 5 .  B u t  i n  t h e  p r e s e n c e  o f  e x c e s s  

C a  C O , ,  t h e  s o l u b i l i t y  o f  t h e  C a  p h o s p h a t e  i n c r e a s e sO

b e t w e e n  p H 7 . 5  a n d  9 ,  a n d  t h e  a v a i l a b i l i t y  o f  P i s  a t  

a m a x i m u m  a t  p H 6 . 5  t o  7 .  A s  t h e  s o i l  p H i n c r e a s e s  

f r o m  7 t o  8 . 5 ,  p h o s p h o r u s  i s  f i x e d  d u e  i n  p a r t  t o  c h a n ­

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

t o  a d e c r e a s e  i n  c o n c e n t r a t i o n  o f  H P O 4 ( U S D A ,  1 9 5 7 ) 0 

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

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

d u c e d  i n  t h e  s o i l  ( P o n n a m p e r u m a  1 9 6 5 ) ,  a l s o  t h e  e q u i l i -

b r i u m  o f  a c i d  s o i l s  r i c h  i n  i r o n  i s  r e g u l a t e d  b y  F e  ( OH)  -
2

C O 2 "  ecl u i l * k r i u m  • H e n c e  w h e r e  t h e r e  i s  an  i n ­

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

l e c t e d  i n  t h e  p H„  T h e r e  w i l l  b e  a s i m u l t a n e o u s  d e c r e a s e  

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

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

M a n d a l  (1 9 6 4 )  s t u d y i n g  t r a n s f o r m a t i o n  o f  i n o r g a n i c  

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

i n c r e a s e  i n  0 . 5  N e t h a n o i c  a c i d  e x t r a c t a b l e  P a n d  a
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s l i g h t  d e c r e a s e  i n  F e  P O ^ ,  a l t h o u g h  A1 a n d  C a  p h o s ­

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

e t h a n o i c  -  e x t r a c t a b l e  p h o s p h a t e  i n c r e a s e d  a n d  C a  

p h o s p h a t e  d e c r e a s e d .

He  a r g u e d  t h a t  t h e  p r o f u s e  p r o d u c t i o n  o f  C 0 2 a s  

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

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

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

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

s i d e r a b l y  a n d  A1 p h o s p h a t e  d e c r e a s e d  s l i g h t l y ,  b u t  t h a t  

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

s o m e  of  t h e  F e  I I I  p h o s p h a t e  m u s t  h a v e  b e e n  t r a n s f o r m e d  

t o  C a  p h o s p h a t e ,  s o m e t h i n g  h e  t h o u g h t  w o u l d  n o t  t a k e  

p l a c e  u n d e r  w e l l  d r a i n e d  c o n d i t i o n s ,

1 ,4 ,0 , A v a i l a b i l i t y  o f  M a n g a n e s e  a n d  I r o n i n  S u b m e r g e d  s o i l

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

s e s  t h e  r e d u c t i o n  of  o t h e r  c o m p o n e n t s .  T h e  r e d u c t i o n  

o f  t h e  h i g h e r  o x i d e s  o f  Mn  ( M n 2 O g S M n ^ O ^ )  f o l l o w - i n  t h e  

w a k e  o f  d e n i t r i f i c a t i o n .  T h e  r e d u c t i o n  m a y  r e a u l t  f r o m  

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

r e s p i r a t i o n  o f  m i c r o - o r g a n i s m s  ( P o n n a m p e r u m  a ,  1 9 6 5 )
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a n d  a s  c h e m i c a l  o x i d a n t  o f  r e d u c t i o n  p r o d u c t s  ( M a n n  

a n d  Q u a s t e l ,  1 9 4 6 ) .  M a n g a n e s e  i s  m o r e  r e a d i l y  r e d u c e d ^  

r e n d e r e d  s o l u b l e  a n d  r e l e a s e d  q u i c k e r  i n t o  s o l u t i o n  t h a n  

F e  (M a n d  a l  s 1 9 6 1 ;  P o n n a m p e r u m a  1 9 6 5 ) ,  T h e  i n c r e a s e  

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

h a s  b e e n  r e p o r t e d  b y  P e a r s a l l  (1 9 5 0 ) ,  M a n d a l  (1 9 6 1 ,  1 9 6 2 ) ,  

R o d r i g o  (1 9 6 2 ) ,  P a t h a k  et_ a l .  (1 9 7 2 )  a n d  O l o m u  e t  al<,

(1973)0

Changes in r e d u c e d  M n  v a r y  f r o m  o n e  s o i l  t o  a n o t h e r .  

P o n n a m p e r u m a  (1 9 6 5 )  h a s  s h o w n  t h a t  s o i l s  w i t h  h i g h  M n  

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

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

f e w  w e e k s  of  s u b m e r g e n c e  f o l l o w e d  b y  a g r a d u a l  f a l l *

W h i l s t  t h e  M n  c o n c e n t r a t i o n  i n  s o i l s  w i t h  l o w  a c t i v e  M n  

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

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

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

t o  s o i l , ,  C l a r k ,  N e a r p a s s  a n d  S p e c h t  (1 9 5 7 ) ,  M a n d a l  

( 1 9 6 1 ) ,  O l o m u  et^ a_l_o (1 9 7 3 )  d i s c o v e r e d  t h a t  Mn  e n t e r e d  

t h e  e x c h a n g e  c o m p l e x  w i t h i n  a w e e k  a f t e r  w a t e r l o g g i n g  

a n d  t h a t  t h e  a m o u n t  o f  s o l u b l e  M n  s h o w e d  a g r a d u a l
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i n c r e a s e  f o l l o w e d  b y  a d e c r e a s e .  M a n d a l  ( 1 9 6 1 )  o b s e r v e d  

a s i m u l t a n e o u s  i n c r e a s e  i n  r e d u c i b l e  M n .  R o d r i g o  ( 1 9 6 1 )  

d i s c o v e r e d  t h a t  M n  i n  t h e  w e t  s o i l  a n d  w a t e r  p e r c o l a t e s  

( he  c o l l e c t e d  f r o m  a h o l e  a t  t h e  l o w e r  s i d e  o f  t h e  p o t s )  

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

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

l i q u i d s  o

A c c o r d i n g  t o  P o n n a m p e r u m a  (1 9 6 5 )  t h e  m o s t  i m ­

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

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

i n  s o l u b i l i t y .  T h e  a m o u n t  o f  F e  r e d u c e d  d e p e n d s  on  t h e  

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

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

s t a t e .  C h a n g e s  i n  t h e  s t a t e  o f  o x i d a t i o n  c o u l d  b e  c a u s e d  

b y  m i c r o - o r g a n i s m s  t h a t  o b t a i n  t h e i r  e n e r g y  u n d e r  sub™ 

m e r g e n c e  t h r o u g h  t h e  c o n v e r s i o n  o f  i r o n  I I I  t o  i r o n  I I  

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

b y  m i c r o b e s  m a y  b e  r e s p o n s i b l e  f o r  t h e  ox i da t i on<- >r educ«*  

t i o n  r e a c t i o n s .  A t  t h e  s a m e  t i m e  h i g h  p H f a v o u r s  o x i d a «  

t i o n ,  a n d  a c i d  c o n d i t i o n s  a r e  c o n d u c i v e  t o  r e d u c t i o n .

S o i l s  w i t h  i n i t i a l  p H o f  4 . 6  t o  5 . 7  t e n d  t o  h a v e
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h i g h  a c t i v e  F e  c o n t e n t  a n d  t h o s e  w i t h  p H 6 , 2  t o  6 „ 6  a 

l o w  a c t i v e  i r o n  c o n t e n t  ( P o n n a m p e r u m a ,  1 965 ) ,  T h e  

c o n s t a n t  v a l u e  o f  s o i l s  a t  p H  6 „ 5 t o  7 . 2  d e c r e a s e d  t h e  

c o n c e n t r a t i o n  o f  i r o n  ( P o n n a m p e r u m a ,  1 9 6 5 ) ,  c a u s e d  

i r o n  d e f i c i e n c y  i n  a l k a l i n e  s o i l s  ( I n g e b r e t s o n ,  M a r t i n . ,  

V l a m i s  a n d  J e t e r ,  1 95 9) a n d  i r o n  t o x i c i t y  i n  L a t o s o l i c  

s o i l s  ( P o n n a m p e r u m a ,  1 9 5 8 ,  1 9 6 0 ) o

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

w a t e r l o g g e d  c o n d i t i o n s  d e p e n d s  o n  t h e  p H  ( R o d r i g o ,

1 9 6 2 ;  P o n n a m p e r u m a ,  1 9 6 5 )  o r g a n i c  m a t t e r  c o n t e n t ,  

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

o f  s u b m e r g e n c e  ( P o n n a m p e r u m a ,  1 9 6 5 ) „  T h e  l o w e r  t h e  

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

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

i n  p H ( R o d r i g o ,  1 962) , ,

J e f f e r y  (1 9 6 1 ^  s t a t e d  t h a t  a s  t h e  s o i l  c h a n g e d  

f r o m  o x i d i z i n g  t o  r e d u c i n g  c o n d i t i o n s  F e  I I I  d e c r e a s e s  

a n d  F e  I I  i n c r e a s e s .  P o n n a m p e r u m a  (1 9 7 2 )  r e p o r t e d  

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

m e r g e n c e  i n c l u d e  F e ^ O ^  n H ^ O  ( h y d r a t e d  m a g n e t i t e )  o r  

F e 3 ( O H ) g e s t a b l i s h e d  b y  S i n g h  a n d  P a s r i c h a  (1 9 7 8 )  a n d
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iron  s u l p h a t e , ,  S o m e  of  t h e  F e  I I I  c o m p o u n d s  a r e  

t h o u g h t  t o  h a v e  b e e n  r e d u c e d  t o  F e  I I  s u l p h i d e 8 h y ­

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

w h i c h  m a y  b e  i n  t h e  s o l i d  p h a s e ,  M a n d a l  ( 1 9 6 1 )  w a s  

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

n a l l y  i n  t h e  d r y  s o i l  w e r e  i n i t i a l l y ,  c o n v e r t e d  t o  i n ­

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

s o l u b l e  F e  I I  c o m p o u n d .  T h i s  i s  b e c a u s e  i n s o l u b l e  

F e  I I  i n c r e a s e d  i n  t h e  s o i l ,  a n d  n o  s o l u b l e  F e  I I  w a s  

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

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

of  C 0 2 s s o m e  o f  t h e  i n s o l u b l e  F e  I I  m u s t  h a v e  b e e n  

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

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

W h e n  a s o i l  i s  w a t e r l o g g e d ,  F e  b e c o m e s  i n -  

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

p o u n d s  ( I s l a m  a n d  E l a h i ,  1 9 5 4 ;  M a n d a l ,  1 9 6 4 ;  P o n n a m ­

p e r u m a ,  1 9 6 5 ,  1 9 7 2 ;  O l o m u  e t  a l .  1 9 7 3 ;  J a g g i  a n d  

R u s s e l ,  1 9 7 3 ;  S i n g h  a n d  P a s r i c h a ,  1 9 7 8 )  a n d  m i n e r a l i ­

z a t i o n  o f  i r o n  c o m p l e x  o r g a n i c  m a t t e r  ( O l o m u  e_t a l .  , 

1 9 7 3 ) „  T h e  i n c r e a s e  i n  s o l u b l e  F e  u n d e r  s u b m e r g e n c e
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r o s e  t o  a p e a k  a n d  g r a d u a l l y  d e c r e a s e d  ( R o d r i g o ,

1 9 62 ;  P o n n a m p e r u m a ,  1 9 6 5 ;  P a t h  a k  _ejt _al „ ,  1 9 7 2 ;  J a g g i  

a n d  R u s s e l ,  1 9 7 3 ) .  R o d r i g o  (1 9 6 2 ) ,  P a t h  a k  e l  _al_ (1 9 7 2 ) , 

J a g g i  a n d  R u s s e l  (1 9 7 3 )  g a v e  n o  e x p l a n a t i o n  f o r  t h e  

s u b s e q u e n t  d e c r e a s e  i n  F e  d a y s  a f t e r  s u b m e r g e n c e ,  

P o n n a m p e r u m a  (1 9 6 5 )  s u g g e s t e d  t h a t  t h e  d e c r e a s e  i n  

c o n c e n t r a t i o n  c o u l d  b e  d u e  t o  p r e c i p i t a t i o n  o f  i r o n  I I I  

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

t h a n  7 a n d  t h e  p r e s e n c e  a n d  i n t e r f e r a n c e  o f  o t h e r  i o n s  

s u c h  a s  M n ,  C u ,  P ,  a n d  s i l i c o n , ,

M e e k ,  M a c k e n z i e  a n d  G r a s s  (1 96 8 ) s h o w e d  h o w  

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

t i o n  of  F e  a n d  M n  o r  m a k e  t h e m  u n a v  a i l  a b l e  „ T h e y  s u g ­

g e s t e d  t h a t  s o m e  o f  t h e  s o l u b l e  F e  a n d  Mn  m a y  b e  p r e s e n t  

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

x e s ,  T h e s e  c o m p l e x e s  t h e y  t h o u g h t  w e r e  a d s o r b e d  b y  

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

u n a v a i l a b l e  t o  p l a n t s .

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

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

Mn f r o m  p r e c i p i t a t i o n  b y  p h o s p h a t e s  ( B r a d l e y  a n d  S i e l i n g ,
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1 9 53 ;  US D A , 1 9 5 7 ;  O l o m u  e t  a [ , ,  1 9 7 3 ) „  S h a p i r o  

(1 9 5 8 b )  w a s  a m o n g s t  t h e  f i r s t  t o  s u g g e s t  t h a t  o r g a n i c  

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

t h e  c a t i o n - c h e l  a t e  c o m b i n a t i o n  i s  l e s s  l i k e l y  t o  t a k e  

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

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

t i o n  o f  t h e  m e t a l  i n  t h e  p l a n t  ( B r a d y ,  1 9 7 4 ) .  H o w e v e r ,

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

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

c h e l a t e  c o m b i n a t i o n s  ( B r a d y ,  1 9 7 4 ) 0

An i n c r e a s e  i n  p H  i n  t h e  s o i l  s o l u t i o n  i n  t h e  p r e »  

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

a n d  Mn  ( P o n n a m p e r u m a ,  M a r t i n e y  a n d  L o y ,  1 9 6 6 )  a l t h o u g h  

H e m  (1 960  , 1 963  ) s u g g e s t e d  t h a t  a h i g h e r  c o n c e n t r a t i o n  

of  Mn  i s  m o r e  s t a b l e  a t  a g i v e n  r e d o x  p o t e n t i a l  a n d  p H 

t h a n  F e .

M a n g a n e s e  a n d  F e  i n t e r a c t  w i t h  s i l i c a t e  c l a y s  i n  

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

s t r u c t u r e  o f  s o m e  of  t h e  c l a y s  e s p e c i a l l y  t h e  2 : 1 t y p e  

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

( B r a d y ,  1 9 7 4 ) ,
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1 . 5 . 0 .  E f f e c t  o f  a d d e d  p h o s p h a t e  f e r t i l i z e r  
on  S u b m e r g e n c e

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

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

t h a n  do u p l a n d  c r o p s  g r o w n  on  t h e  s a m e  t y p e  of  

s o i l s  ( B a r t h o l o m e w ,  1 9 3 1 ;  A o k i ,  1 9 4 1 ;  M i t s u i ,  1 9 5 5 s 

1 9 6 0 ;  P a t r i c k  J r .  a n d  M a h a p a t r a ,  1 9 6 8 ) ,  D a v i d e  

( 1 9 6 5 )  e x p l a i n e d  t h i s  d i f f e r e n c e  i n  r e s p o n s e  a s  a 

r e a s o n  w h y  p h o s p h a t e  f e r t i l i z a t i o n  h a s  n o t  b e e n  

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

B u t  I s o  ( 1 9 5 4 )  e m p h a s i z e d  t h a t  t h e  s t u d y  o f  P a s  a 

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

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

N y e  a n d  B e r t h e u x  (1 9 5 7 )  r e p o r t e d  t h a t  q u a r t z o s e  

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

p h o s p h o r u s ,  b u t  a t t r i b u t e d  t h e  l o w  P i n  G h a n a i a n  

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

p a r e n t  r o c k s  a s  w e l l  a s  t h e i r  a g e  a n d  i n t e n s e  w e a »  

t h e r i n g .  R e s p o n s e  o f  p h o s p h a t e  f e r t i l i z e r  on  t r o ­

p i c a l  s o i l s  h a s  n o t  a l w a y s  b e e n  o b t a i n e d  a n d  

h a s  b e e n  a t t r i b u t e d  t o  h i g h  f i x a t i o n
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c a p a c i t y  o f  t h e s e  s o i l s  ( N y e ,  1 9 5 2 ) ,  a v i e w  c o n t e n ­

d e d  b y  T e m p a n y  a n d  G r i s t  ( 1 9 5 8 ) ,  I g n a t i e f f  a n d  

L e m o s  , ( 1 9 6 3 ) .  V i c e  ( 1 9 6 6 ) f o u n d  t h a t  t r o p i c a l  s o i l s

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

r e s p o n s e  t o  a p p l i e d  P w a s  p o o r .  N y e  ( 1 9 6 3 ) w a s  o f  

t h e  o p i n i o n  t h a t  p o s s i b l e  e x p l a n a t i o n  o t h e r  t h a n  f i x ­

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

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

t h e  t r o p i c a l  s o i l s  ( B u r r i d g e  a n d  C u n n i n g h a m ,  I 9 6 0 , 1

J e n n y ,  B i n g h a m  a n d  P a d i l  1 a -  S e r  a v i a  , 1 9 4 8 ) .

D u m o n t  ( 1 9 6 6 ) i n d i c a t e d  t h a t  d u e  t o  t h e  h i g h

r a t e s  o f  P e f f i c i e n c y  u n d e r  i r r i g a t e d  c o n d i t i o n s  i n  

U p p e r  V o l t a ,  o p t i m u m  r e s u l t s  w e r e  o b t a i n e d  w i t h  m o ­

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

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

C o a s t  i s  P a n d  l o s s  i n  y i e l d  m a y  r e a c h  5 0 %  ( L e  

B u a n e c ,  1 9 7 3 ) ,  a n d  P r e s p o n s e s  w e r e  v e r y  m a r k e d  

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

1 9 7 3 ) .  I n  S e n e g a l ,  t h e  m a j o r  m i n e r a l  d e f i c i e n t  i n  

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

f e r t i l i z e r  r e g a r d l e s s  o f  t h e  f o r m  ( s o l u b l e  o r  n o t )  

u s e d  w a s  q u i t e  a p p a r a n t  ( G o r a  B e y e  , 1 973) a n d  m a n y  t r o ­

p i c a l  s o i l s  s h o w  a r e s p o n s e  e v e n  u n d e r  w e t  r i c e  grow ing
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A l t h o u g h  t h e  a v a i l a b i l i t y  o f  p h o s p h a t e  i n  f l o o d e d  

s o i l s  h a s  b e e n  a t t r i b u t e d  t o  r e d u c t i o n  o f  i n s o l u b l e  F e  

I I I  p h o s p h a t e  t o  s o l u b l e  F e  I I  p h o s p h a t e  ( I s l a m  a n d  

E l a h i ,  1 9 5 4 ;  P o n n a m p e r u m a ,  1 9 5 5 ;  M i t s u i s 1 9 6 0 ) ,  Sha-> 

p i r o  (1 9 5 8 a )  c o n c l u d e d  f r o m  a s e r i e s  o f  s t u d i e s ,  t h a t  

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

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

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

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

of  n a t i v e  P a t  e q u a l  f e r t i l i z e r  a p p l i c a t i o n ,  B a s a k  a n d  

B h a t t a c h a r y a  (1 9 6 2 )  r e p o r t e d  60 p e r  c e n t  i n c r e a s e  i n  

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

W e s t  B e n g a l  f r o m  p l a n t i n g  t i l l  t i l l e r i n g .

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

n o n  f l o o d e d  s o i l s  w e r e  f o u n d  b y  A o k i  ( 1 9 4 1 )  t o  r e s e m b l e  

t h o s e  of  p r e c i p i t a t e d  F e  I I  a n d  F e  I I I  p h o s p h a t e .  A s  a 

r e s u l t  o f  t h i s  w o r k ,  M i t s u i  ( 1 9 5 4 )  c o n j e c t u r e d  t h a t  p h o s «  

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

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

( de  G e u s ,  1 9 7 3 ) .
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h i g h  s o l u b i l i t y  o f  p h o s p h a t e  i n  a l k a l i n e  p H r a n g e  w a s  

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

F u j i w a r a  (1 9 5 0 ) ,  S h a p i r o  (1 9 5 8 a ) ,  a n d  M i t s u i  (1 9 6 0 )  

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

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

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

D a v i d e  ( 1 9 6 0 ) ,  C h a n g  a n d  C h u  ( 1 9 6 1 ) ,  T y n e r  a n d  

D a v i d e  (1 9 6 2 )  a n d  M a h a p a t r a  (1 9 6 6 )  s t u d i e d  t h e  f r a c t i o n ” 

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

p h o s p h a t e  w a s  p r e d o m i n a n t .  B u t  i n  s y s t e m s  w h e r e  C a  

p h o s p h a t e  w a s  p r e d o m i n a n t ,  S h a p i r o  (1 95 8b)  n o t i c e d  

l i t t l e  o r  no  i n c r e a s e  i n  a v a i l a b i l i t y  o f  P .  On t h e  o t h e r  

h a n d ,  P a t r i c k  J r .  a n d  M a h a p a t r a  (1 9 5 8 )  o b s e r v e d  t h a t  

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

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

2 +i n  w h i c h  t h e  C a  a r e  b o u n d  t o  t h e  p h o s p h a t e .  T h i s

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

i o n s  i n  t h e  p a d d y  s o i l  s o l u t i o n .  I n  t h e  s t u d y  o f  p h o s p h a t e  

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

s u p e r - p h o s p h a t e  f o r  31 y e a r s ,  C h a n g  a n d  C h u  ( 1 9 6 1 )  f o u n d  

t h a t  t h e  p h o s p h a t e  w a s  r e t a i n e d  m o s t l y  a s  F e  p h o s p h a t e ,
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A l  p h o s p h a t e  n e x t  a n d  C a  p h o s p h a t e  t h e  l e a s t .  T h e y  

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

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

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

k i n d s  o f  p h o s p h a t e  f o r m e d  d e p e n d e d  o n  t h e  s p e c i f i c  

a r e a  o f  t h e  s o l i d  p h a s e s  a s s o c i a t e d  w i t h  A l ,  F e ,  M n  

a n d  C a .  I t  w a s  f o u n d  t h a t  s u b s e q u e n t l y ,  A l  a n d  C a  

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

p h a t e ,  T h e  r a t e  o f  t r a n s f o r m a t i o n  i n c r e a s e d  w i t h  m o i s «  

t u r e  c o n t e n t  o f  t h e  s o i l  ( P a t r i c k  J r ,  a n d  M a h a p a t r a  

(1 9 6 8 ) a n d  t h a t  a l l  s o l u b l e  p h o s p h a t e  f e r t i l i z e r s  a d d e d  

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

w e r e  c o n v e r t e d  t o  A l  a n d  F e  p h o s p h a t e s  ( V a l e n c i a ,

1 9 6 2 ) ,  H e n c e  u n l e s s  a s o i l  i s  d e f i c i e n t  i n  p h o s p h f e t e ,  

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

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

( D a v i d e ,  1 9 6 5 ) ,

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

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

t i l i z e r ,  s o i l  r e a c t i o n ,  t h e  l e v e l  o f  t h e  n a t i v e  P ,  t h e  

r a t e ,  m e t h o d  a n d  t i m e  o f  a p p l i c a t i o n  ( D a v i d e ,  1 9 6 5 ) ,
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1 „ 6 . 0  E f f e c t  o f  n a t i v e  p h o s p h o r u s . ,  m a n g a n e s e ,
i r o n  a n d  f e r t i l i z e r  o n  g r o w t h  o f  r i c e  u n d e r  
s u b m  e r g e n c e

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

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

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

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

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

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

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

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

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

o f  o x y g e n  ( de  G e u s ,  1 9 7 3 ) .  G r a l l e y  a n d  A d a i r  ( 1 9 4 3 )  

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

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

h i g h e r  y i e l d s  a n d  h a d  h i g h e r  g r a i n  s t r a w  r a t i o  t h a n  

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

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

V l a m i s  a n d  D a v i s  ( 1 9 4 4 ) ,

O k a j i m a  (1 9 6 5 )  r e p o r t e d  t h a t  r i c e  c a n  a b s o r b  

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

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

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

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

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

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

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

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

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

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

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

c r o p s  i n  r o t a t i o n  w i t h  r i c e  ( M i t s u i ,  1 9 5 4 ) .

A d e q u a t e  p h o s p h o r u s  i n  t h e  s o i l  i s  e s s e n t i a l

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

g r o w  n o r m a l l y  a n d  y i e l d s  a r e  d e p r e s s e d  ( S i r c a r  a n d

S e n ,  1 9 4 1 ;  A i y e r ,  1 9 4 6 ) .  M i t s u i  ( 1 9 5 4 )  r e p o r t e d

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

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

c l u s i o n  w a s  c o r r o b o r a t e d  b y  F r i e d  a n d  B r o e s h a r t

( 1 9 6 3 )  w h o  u s e d  .P i n  t h e i r  s t u d i e s .  G a m a  a n d  D e  

( 1 9 6 0)  s t u d i e d  t h e  u p t a k e  d u r i n g  t h e  g r o w t h  o f  t h e

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

t i l i z e r .  L a r g e  c o n c e n t r a t i o n  o f  p h o s p h a t e  i n  t h e  

s o i l  s o l u t i o n  p r o d u c e d  c h l o r o s i s  ( P a t r i c k  J r .  a n d
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M a h a p a t r a ,  1 9 6 8 ) .  T h e  m e c h a n i s m  o f  t h e  u t i l i z a ­

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

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

o f  p h o s p h a t e  i n h i b i t  t h e  i n t a k e  a n d  t r  a n s 1 o c  a t  i o n  

o f  i r o n  i n  t h e  p l a n t  ( K i m u r a  , 1 9 3 2 , 1 K i m u r a  a n d  

O k a j i m a ,  1 9 5 0 ) .

E x t e n s i v e  s t u d i e s  o f  m i c r o e l e m e n t s  f o r  u p l a n d  

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

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

m i c r o - e 1e m e n t s  e x c e p t  f o r  M n  t o  d e g r a d e d  p a d d y  

f i e l d s  ( Y a m a s a k i ,  1 9 6 5 ) .

I r o n  a n d  M n  p l a y  a n  i m p o r t a n t  r o l e  i n  n u t r i t i o n  

o f  r i c e  p l a n t  ( M a n d a l ,  1 9 6 1 ) .  G e r i c k e  ( 1 9 3 0 ) s t u d i e d  

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

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

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

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

t h a t  r i c e  r e q u i r e d  a v a i l a b l e  F e  i n  c u l t u r e  s o l u t i o n  

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

p o t a s s i u m .  I s h i z u k a ,  T a n a k a  a n d  F u j i t a  ( 1 9 6 1 )  i n  

c u l t u r e  s t u d i e s  o n  r i c e  n o t e d  t h a t  0 . 1  p p m  F e  i n  

t h e  s o l u t i o n  i n c r e a s e d  y i e l d ,  b u t  l O p p m  h a d  n o
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f u r t h e r  i n f l u e n c e  a n d  1 0 0  p p m  r e d u c e d  y i e l d  b u t  

s h o w e d  n o  t o x i c  e f f e c t s  ( H o s o d a ,  1 9 4 2 ) .

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

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

a p p a r e n t  F e  r e q u i r e m e n t  t h a n  o t h e r  p l a n t s  ( G e r i c k e  , 

1 9 3 0 ;  L i n ,  1 9 4 6 ;  K i m u r a  a n d  O k a j i m a , 1 9 5 0 ;  P o n n a m ­

p e r u m a ,  1 9 5 5 ) a n d  F e  ( 1 1 0 0 3 ) 2  p r o m o t e s  t h e  g r o w t h  

o f  r i c e  r o o t s  ( T a k i j i m a ,  1 9 63 ) .  An  e x c e s s  o f  F e  

h o w e v e r  m a y  b e  t o x i c  ( P o n n a m p e r u m a ,  B r a d f i e l d  a n d  

P e e c h ,  1 9 5 5 ;  Y a m a n d a  1 9 5 9 ;  Y a k a h a s h i ,  1 9 6 0 )  o r  

c a u s e  p o t a s s i u m  a n d  P d e f i c i e n c i e s  ( Y a m a n d a ,  1 9 5 9 ) .  

T h e  f a c t o r s  h o w e v e r  t h a t  i n f l u e n c e  F e  I I  u p t a k e  b y  

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

19 6 5 ) .

A i y e r  (1 94  6 ) o b s e r v e d  t h a t  a l o n g  w i t h  F e ,  r i c e  

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

m i n o r  e l e m e n t s .  J a p a n e s e  w o r k e r s  ( M i n i s t r y  o f  

A g r i c u l t u r e ,  1 9 5 4 ) h a v e  c l a i m e d  t h a t  r i c e  y i e l d s  

i n c r e a s e d  t e n  p e r  c e n t  b y  F e  a n d  M n  s u p p l y .  B u t  a 

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

b y  C l a r k  e t  a 1 . (1957) w h o  c o n c l u d e d  t h a t  r i c e  h a s  a
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h i g h  r e q u i r e m e n t  f o r  a n d  a n  e x c e p t i o n a l l y  h i g h  

t o l e r a n c e  t o  M n .  I s h i z u k a  e t  a 1 . ( 1 9 6 1 )  r e p o r t e d  

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

l e s s  t h a n  0 . 1  p p m  o f  M n  i n c r e a s e d  y i e l d ,  u p  t o  

1 0  p p m  i n c r e a s e d  y i e l d  o n l y  a l i t t l e ,  a b o v e  1 0  p p m  

r e d u c e d  y i e l d .  T h e  i n t e r a c t i o n  b e t w e e n  M n  a n d  F e  

i s  r e i t e r a t e d  b y  M e  H a r g u e  ( 1 9 4 5 ) t h a t  w h e n  a p l a n t  

i s  d e f i c i e n t  i n  M n ,  t h e r e  i s  t o x i c  l e v e l  o f  F e  a n d  

i f  M n  c o n c e n t r a t i o n  i s  h i g h  F e  b e c o m e s  d e f i c i e n t  

a n d  s u g g e s t e d  t h a t  M n  o x i d e s  o x i d i z e d  F e  I I  t o  

F e  I I I  i n  r i c e  s o i l s .
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MATERIALS A N D  M E T H O D S
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2.1.0. D e s c r i p t i o n  of the soils

T w o  s o i l  s e r i e s  f r o m  t h e  A c c r a  P l a i n s  w e r e  

u s e d  i n  t h i s  s t u d y  ( a )  A k u s e  ( b )  A m o .  S a m p l i n g  

o f  t h e  s o i l s  w a s  d o n e  a t  0 - 1 5  c m  i n  u n c u l t i v a ­

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

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

2 . 1 .  1. A k u s e  s e r i e s

A k u s e s e r i e s  i s  t h e  m a j o r  s o i l  o f  t h e  T r o ­

p i c a l  B l a c k  c l a y s  ( V e r t i s o l s ) .  T h e  o r i g i n  i s  

s e d e m e n t a r y  I t  i s  a s s o c i a t e d  w i t h  b a s i c  r o c k s  

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

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

f o u n d  a t  d e p t h s  g r e a t e r  t h a n  7 6  c m .  I t  c o n t a i n s  

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

b e t w e e n  45  t o  70  c m  d e p t h  i n  t h e  p r o f i l e .  T h e r e  

c o u l d  b e  i r o n - s t o n e  o r  M n 0 2 c o n c r e t i o n s  t h r o u g h ­

o u t  t h e  p r o f i l e  ( B r a m m e r ,  1 9 6 7 ) .

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

P a n i c u m  m a x i m u m  D u r .  a n d  Sch.  and Sporobul us  pyrami dal i s

University of Ghana                              http://ugspace.ug.edu.gh



« 51 «

Beauv i n  t h e  a r e a .

A k u s e  s o i l  s e r i e s  i s  d a r k  g r e y  t o  b l a c k  i n  c o l o u r .

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

b e c o m e s  c o m p a c t ,  n u t t y  a n d  c l o d d y  i n  s t r u c t u r e  c r a c k 6* 

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

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

T h e  A m o  s o i l  s e r i e s

T h e  A m o  s o i l  s e r i e s  i s  t h e  S a v a n n a  a c i d  g l e i s o l s  

( I n c e p t i s o l s )  o f  t h e  A c c r a  P l a i n s .

T h i s  s o i l  s e r i e s  i s  w e l l  d e v e l o p e d  i n  f i n e  t e x t u r e d  

a l l u v i a l  d e p o s i t s  of  t h e  r i v e r  V o l t a „  I t  i s  b e l i e v e d  t o  

h a v e  b e e n  t r a n s p o r t e d  a n d  r e d e p o s i t e d  on  t h e  f l o o d  

p l a i n  s a v a n n a  u n d e r  s i l k  c o t t o n  a n d  p a l m  t r e e .

T h e  A m o  s o i l  s e r i e s  i s  y e l l o w i s h  i n  c o l o u r  a n d  r a »  

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

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

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

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

v e r y  l o o s e  b u t  c o m p a c t  w i t h  d e p t h  ( B r a m m e r ,  1 9 6 7 ) „

2 . 1 . 2  P r e p a r a t i o n  a n d  s t o r a g e  o f  s o i l  s a m p l e s

A k u s e  a n d  Am o se r i e s  s a m p i  e s w e r e  c o l l e c t e d  f r o m
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u n c u l t i v a t e d  s i t e s .  T h e  s o i l s  w e r e  s p r e a d  o u t  o n  p l a s «  

t i c  s h e e t s  on  w o r k  b e n c h e s  i n  t h e  g r e e n  h o u s e .  U n d e «  

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

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

a n d  t h e  A k u s e  f o r  t h r e e  t o  f o u r  w e e k s  a s  i t  w a s  m o i s t  

w h e n  r e c e i v e d .

T h e  a i r - d r i e d  s o i l s  w e r e  p o u n d e d  l i g h t l y  i n  a 

m o r t a r  w i t h  a p e s t l e  a n d  p a s s e d  t h r o u g h  a 2 m m  s i e v e  

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

a n a l y t i c a l  w o r k .  T h e  f i n e  e a r t h  f r a c t i o n  f r o m  e a c h  s o i l  

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

2 . 2 . 0  C h e m i c a l  c h a r a c t e r i z a t i o n  o f  t h e  s o i l s

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

e a c h  s o i l o  

EiL

T h e  p H of  t h e  s o i l s  w a s  m e a s u r e d  i n

(a)  W a t e r

T w e n t y  g r a m  of  s o i l  s a m p l e  w e r e  p u t  i n t o  50 m l  

b e a k e r s .  T w e n t y  m i l l i l i t r e s  o f  d i s t i l l e d  w a t e r  w e r e  

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

of  30 m i n u t e s .  T h e  s o i l  s u s p e n s i o n  w a s  t h e n  a l l o w e d  t o

‘- 5  2 mUniversity of Ghana                              http://ugspace.ug.edu.gh



-  5 3  «

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

t o  s e t t l e .  T h e  p H w a s  r e a d  w i t h  a F i s h e r  A c c u m e n t  

M o d e l  3 2 0  p H m e t e r .

(b)  C a l c i u m  c h l o r i d e

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

1 s o i l  : 2 8 0 .  01 M C a C l  s o l u t i o n  u s i n g  a F i s h e r  A c c u -  

m e n t  M o d e l  3 2 0  p H  m e t e r .

C a t i o n  E x c h a n g e  C a p a c i t y

T h e  m e t h o d  b y  B a s c o m b  (1 9 6 4 )  w a s  u s e d  f o r  t h e  

d e t e r m i n a t i o n  o f  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  s o i l s .  

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

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

s o i l  w a s  n o t e d  ( W ^ g ) .  B u f f e r e d  b a r i u m  c h l o r i d e  s o l u t i o n  

a t  p H 8 . 1  w a s  p r e p a r e d  b y  m i x i n g  e q u a l  v o l u m e s  of  

t r i e t h a n o l  a m i n e  a n d  2 N B a C l  s o l u t i o n .  T h e  p H  of  t h e  

t r i e t h a n o l  a m i n e  w a s  a d j u s t e d  w i t h  2N H y d r o c h l o r i c  a c i d .

T w o  h u n d r e d  m i l l i l i t r e s  o f  t h e  b u f f e r e d  s o l u t i o n  

w e r e  a d d e d  t o  e a c h  s o i l  a n d  a l l o w e d  t o  s t a n d  o v e r n i g h t , ,  

T h e y  w e r e  c e n t r i f u g e d  a t  1 5 0 0  r . p . m .  f o r  15 m i n s  a n d  

t h e  s u p e r n a t a n t  l i q u i d  d i s c a r d e d .  T h e y  w e r e  s h a k e n  

w i t h  200  m l  o f  d i s t i l l e d  w a t e r  f o r  a f e w  m i n u t e s  t o  b r e a k
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up t h e  s o i l  c a k e ,  c e n t r i f u g e d  a n d  t h e  s u p e r n a t a n t  l i q u i d  

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

w e r e  n o t e d  ( W 0g ) .  A 1 0 0  m l  o f  0 . 0 5  N m a g n e s i u m  s u l -Zt ~~~

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

a n d  s h a k e n  o c c a s i o n a l l y  f o r  a p e r i o d  o f  t w o  h o u r s .  A f t e r  

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

g e n t  b o t t l e s .

T o  5 m l  a l i q u o t  o f  t h e  s o l u t i o n , ,  6 d r o p s  o f  2N 

a m m o n i a  a n d  2 d r o p s  o f  c a t e c h o l  v i o l e t  i n d i c a t o r  w e r e  

a d d e d  a n d  t h e  m i x t u r e  t i t r a t e d  w i t h  s t a n d a r d  E D T A  

s o l u t i o n  ( t i t r e  A^ m l ) .

I n  o r d e r  t o  c o r r e c t  t h e  t i t r e  ( A^ )  f o r  t h e  e f f e c t  

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

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

T h e  c o r r e c t e d  t i t r e  ( A g ) = A ( 1 0 0  + W g -  W 1 ) / 1 0 0  m l .  

O r g a n i c  C a r b o n  a n d  O r g a n i c  M a t t e r

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

b y  t h e  m o d i f i c a t i o n  o f  t h e  w e t  o x i d a t i o n  m e t h o d  o f  W a l k -  

l e y  a n d  B l a c k  (1 9 3 4 )  a n d  W a l k l e y  (1 9 4 6 ) .

T w o  g r a m  of  s o i l  w e r e  p u t  i n t o  a 5 0 0  m l  E r l e n -  

m e y e r  f l a s k  w i t h  1 0 m l  p o r t i o n  o f  N p o t a s s i u m  d i c h r o m a t e ,
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a n d  20 m l  o f  c o n c e n t r a t e d  H 2 S 0 4 w e r e  a d d e d  t o  t h e  s o i l „  

T h e  f l a s k s  w e r e  s w i r l e d  t o  m a k e  s u r e  t h a t  t h e  s o l u t i o n  

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

t o  s t a n d  o n  a s b e s t o s  s h e e t  f o r  30 m i n u t e s .  A v o l u m e  of  

2 0 0  m l  o f  w a t e r  a n d  10 m l  o f  H , , P O ^  w e r e  p u t  i n t o  e a c h  

f l a s k  a n d  t h e  m i x t u r e  t i t r a t e d  a g a i n s t  0 . 2 N  i r o n  I I  a m »  

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

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

T o t a l  N i t r o g e n

T h i s  d e t e r m i n a t i o n  w a s  d o n e  b y  t h e  m e t h o d  of  

B r e m n e r  (1 9 6 0 )  b e i n g  m o d i f i c a t i o n  of  K j e l d a h l s  m e t h o d .

T e n  g r a m  of  t h e  f i n e  e a r t h  f r a c t i o n  o f  e a c h  a i r  

d r y  s o i l  s a m p l e  w e r e  p u t  i n t o  3 0 0  m l  K j e l d a h l  f l a s k s .

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

m o i s t e n  t h e  s o i l s 9 20 m l  o f  c o n c e n t r a t e d  H g S C ^  a n d  a 

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

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

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

w i t h  d i s t i l l e d  w a t e r  i n t o  a 2 5 0  m l  v o l u m e t r i c  f l a s k  a n d  

t h e  l i q u i d  m a d e  u p  t o  v o l u m e ,  A 5 m l  a l i q u o t  w a s  d i s t i l l e d  

i n  a M a r k h a m  a p p a r a t u s  w i t h  20 m l  o f  4 0  p e r  c e n t  N a O H
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a n d  t h e  d i s t i l l a t e  c o l l e c t e d  i n  5 m l  o f  2 p e r  c e n t  b o r i c  

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

a d d e d  a n d  t h e  d i s t i l l a t e  t i t r a t e d  w i t h  0 o 001  N h y d r o c h ­

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

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

F r e e  I r o n  O x i d e

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

e s t i m a t e d  b y  t h e  m e t h o d  o f  J a c k s o n  (1 9 5 6 ) .

F i v e  g r a m  of  s o i l  w e r e  p u t  i n t o  1 0 0  m l  c e n t r i f u g e  

t u b e  f o r  e a c h  r e p l i c a t e .  F o r t y  m i l l i l i t r e s  o f  0 . 3  M 

s o d i u m  c i t r a t e  s o l u t i o n  a n d  5 m l  o f  1 M s o d i u m  h y d r o g e n  

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

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

i n t o  e a c h  r e g i s t e r e d  70 -  80 ° C .  O n e  g r a m  s o d i u m  d i «  

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

c o n s t a n t l y  f o r  1 m i n u t e  a n d  t h e n  o c c a s i o n a l l y  f o r  15 

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

c h l o r i d e  w e r e  a d d e d  t o  f l o c c u l a t e  t h e  m i x t u r e .  I t  w a s  

t h e n  c o o l e d  a n d  c e n t r i f u g e d  f o r  1 0  « 15 m i n u t e s  a t  1 6 0 0  

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

a 5 0 0  m l  v o l u m e t r i c  f l a s k .  T h e  s t e p s  f r o m  t h e  a d d i t i o n
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of  t h e  c i t r a t e  t o  t h e  c e n t r i f u g i n g  w e r e  r e p e a t e d  o n c e  

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

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

f l a s k .  T h e  s e d i m e n t  w a s  w a s h e d  t w i c e  w i t h  a m i x t u r e  

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

w a s h i n g s  o f  e a c h  s o i l  w e r e  b r o u g h t  t o  5 0 0  m l  v o l u m e  

w i t h  d i s t i l l e d  w a t e r  s e p a r a t e l y  a n d  t h e n  t h e y  w e r e  a n a «  

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

m e t h o d  a n d  h e n c e  f o r  t h e  p e r c e n t a g e  F e 2 0  ̂ i n  t h e  s o i l .

E x c h a n g e a b l e  b a s e s

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

s h a k e n  i n  an  e x t r a c t i o n  b o t t l e  w i t h  1 0 0  m l  o f  N N H ^ O A C  

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

20 m i n u t e s  a n d  t h e  s u p e r n a t a n t  f i l t e r e d  t h r o u g h  W h a t m a n  

N o ,  42  f i l t e r  p a p e r .  A l i q u o t s  o f  t h e  e x t r a c t  w e r e  u s e d  

f o r  t h e  d e t e r m i n a t i o n  o f  C a s M g s a n d  p o t a s s i u m ,  C a l «  

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

E D T A  a c c o r d i n g  t o  M o s s  ( 1 9 6 1 )  a n d  p o t a s s i u m  a n d  s o d i u m  

u s i n g  t h e  E v a n s  E l e c t r o ^ s e l e n i u m  f l a m e  p h o t o m e t e r .  

E x c h a n g e a b l e  i r o n

T h e  m e t h o d  o f  O l s o n  ( c i t e d  b y  B l a c k  et_ al_. , 1 9 6 5 )
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a n d  J a c k s o n  (1 9 5 6 )  w e r e  a d o p t e d  f o r  t h e  d e t e r m i n a t i o n  

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

T w e n t y  f i v e  g r a m  o f  t h e  f i n e  e a r t h  f r a c t i o n  w e r e  

p u t  i n  a 3 0 0  m l  e x t r a c t i o n  b o t t l e  a n d  2 5 0  m l  o f  n e u t r a l  

I N  OAC w e r e  a d d e d .  T h e  f l a s k  w a s  s t o p p e r e d

a n d  s h a k e n  ( on  a m e c h a n i c a l  s h a k e r )  f o r  30  m i n u t e s .

I t  w a s  c e n t r i f u g e d ,  f i l t e r e d  w i t h  W h a t m a n  N o „ 4 2  f i l t e r  

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

t i o n  o f  e x c h a n g e a b l e  i r o n  i n  p p m  of  s o i l .

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

E x c h a n g e a b l e  a n d  w a t e r  s o l u b l e  M n  w e r e  d e t e r »  

m i n e d  a c c o r d i n g  t o  t h e  m e t h o d s  o f  S h e r m a n  et _ a l .  ( 1 9 4 2 )  

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

a n d  G r e a t h o u s e  ( 1 9 1 7 ) .

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

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

d e t e r m i n a t i o n  o f  e x c h a n g e a b l e  M n  i n  p p m  o f  s o i l 0 

P a r t i c l e  s i z e  a n a l y s i s

T h e  m o d i f i c a t i o n  o f  B o u y o u c o s  H y d r o m e t e r  m e t h o d  

b y  D a y  (1 95 0) w a s  u s e d  i n  t h e  m e c h a n i c a l  a n a l y s i s  o f  t h e  

s o i l s .
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F o r t y  g r a m  o f  e a c h  s o i l  s a m p l e  w a s  d i s p e r s e d  w i t h  

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

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

s o i l  c a l g o n  m i x t u r e  w a s  b r o u g h t  up  t o  a v o l u m e  o f  1 0 0 0  

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

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

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

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

h y d r o m e t e r  r e a d i n g s  t a k e n  a t  5 m i n u t e s ,  2 h o u r s ,  5 h o u r s ,  

a n d  10 h o u r s .  T h e  s u s p e n s i o n  w a s  t h e n  p a s s e d  t h r o u g h  

a 4 7 / 4 5  m i c r o n  s i e v e ,  t h e  r e s i d u e  w a s h e d  t h o r o u g h l y  

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

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

E x t r a c t i o n  o f  P h o s p h o r u s

T h e  m e t h o d  o f  O l s e n  e_t a L  (1 9 5 4 )  w a s  u s e d  f o r  m o s t  

o f  t h e  w o r k „

To  5g o f  t h e  f i n e  e a r t h  f r a c t i o n  1 0 0  m l  o f  0.  5M s o ­

d i u m  h y d r o g e n  c a r b o n a t e  a t  pH 8 . 5  w e r e  a d d e d  a n d  t h e  

m i x t u r e  s h a k e n  f o r  30 m i n s ,  c e n t r i f u g e d  a n d  f i l t e r e d .  

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

a b l e  p h o s p h o r u s  c o l o r i m  e t i c  a l l y  i n  p p m  of  s o i l  u s i n g
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a m m o n i u m  m o l y b d a t e  s o l u t i o n  a n d  S n C l ? .

A l l  c o l o r i m e t r i c  r e a d i n g s  w e r e  t a k e n  w i t h

B a u s c h  a n d  L o m b  S p e c t r o n i c  2 0 .

T h e  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 e r i e s  u s e d  

i n  t h i s  i n v e s t i g a t i o n  a r e  p r e s e n t e d  i n  t a b l e  1 .  T h e  

p H o f  t h e  s o i l  s e r i e s  i n  1 : 2  s o i l  a n d  0 . 0 1 M  C a l c i u m  

c h l o r i d e  r a t i o  w e r e  6 . 8  f o r  A k u s e  s e r i e s  a n d  5 . 5

f o r  A m o  s e r i e s .  T h e  p H  o f  6 . 8  f o r  A k u s e  s e r i e s  m a y  

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

o f  5 . 5  f o r  A m o  s e r i e s  a s  m o d e r a t e l y  a c i d i c .

T h e  t e x t u r a l  c l a s s i f i c a t i o n  f o r  e a c h  o f  t h e  

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

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

m e t h o d  w a s  4 6 . 4  p e r  c e n t  a n d  2 1 . 2  p e r  c e n t  f o r  

A k u s e  a n d  A m o  s o i l  s e r i e s  r e s p e c t i v e l y .  T h i s  r e ­

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

w e a t h e r e d .  T h e  c a t i o n  e x c h a n g e  c a p a c i t y  ( C E C )  o f  

a n y  s o i l  i s  r e l a t e d  t o  i t s  c l a y  c o n t e n t .  T h e  C E C  

o f  A m o  s e r i e s  w a s  8 . 1  m e / l O O g  a n d  t h a t  o f  A k u s e  

s o i l  s e r i e s  w a s  3 7 . 3  6 m e / l O O g  s o i l .

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

22 . 34  me of Ca and 6 . 6  me of Mg/ l OOg soi l .  This soi l  s ampl e  h a s
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TABLE 1 CHEMICAL CHARACTERISTICS OF
OF THE SOILS (OVEN DRY BASIS )

AMO Series AKUSE Series

pH in C a C l 2 5 .5 6. 8

pH in W ater 6.5 7 .5

% C lay 2 1 . 2 46 . 4

% N itrogen 0 .1 1 4 0. 097

% Carbon 0. 72 0. 92

% O rganic M atte r 1 . 25 1. 59

Ca me/lOOg 4 . 06 22 . 34

Mg me/lOOg 1. 64 6 . 60

K me/lOOg 0. 043 0. 031

Na me/lOOg 0 .0099 0. 038

Fe ppm 11 .74 3 . 84

Fe ppm 1 0 6 .5 x l0 2 56. 93 x  102

% F e 203 1. 52 0.813

P ppm 15.04 3. 23
Mn ppm. 527 . 6 384 . 6

CEC me/lOOg 8 . 1 37 . 36
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n o t  b e e n  s a t u r a t e d  w i t h  C a  a s  c o u l d  b e  e x p e c t e d  

( B r a m m e r ,  1 9 6 7 ) ,  I n  A m o  s o i l  s e r i e s  t h e  a m o u n t  o f  

C a  w a s  4 , 0 6  m e  a n d  1 . 6 4  m e  of  M g .  P o t a s s i u m  a n d  

Na  v a l u e s  w e r e  l o w .  H o w e v e r ,  K w a s  s l i g h t l y  g r e a t e r  

i n  A m o  t h a n  A k u s e  s o i l  s e r i e s  w h e r e a s  N a  w a s  l e s s  i n  

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

i s  b e t w e e n  45 a n d  55 i n c h e s .  S u c h  r a i n f a l l  m o d e r a t e l y  

l e a c h  s o i l s .  C o n s e q u e n t l y  s o i l  s e r i e s  s u c h  a s  A m o  

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

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

c a l c i u m  a n d  m a g n e s i u m  v a l u e s  a n d  l o w e r  C E C  t h a n  A k u s e  

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

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

m a n g a n e s e  o x i d e s .

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

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

b e  f o r m e d  i n  A k u s e  s e r i e s .  B u t  w h e r e  t h e  r a i n f a l l  i s  

a l i t t l e  h e a v i e r  a n d  t h e  r o c k s  n o t  s o  b a s i c ,  t h e  d o r m i «  

n a n t  c l a y  m i n e r a l  i s  u s u a l l y  k a o l i n i t e  a s  i n  A m o  s e r i e s  

w i t h  s o m e  h i g h  c h a r g e  m o n t m o r i l l o n i t e  ( O t e n g ,  1 9 7 6 ) .  

T h u s  1 . 5 2  p e r  c e n t  o f  f r e e  i r o n  o x i d e  w a s  f o u n d  i n  A m o
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s e r i e s  c o m p a r e d  t o  0 . 8 1 3  i n  A k u s e  s e r i e s  a n d  5 2 7 „ 6 p p m  

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

3 8 4 „ 6  p p m  i n  t h e  l a t t e r .

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

o r d e r  o f  1 « 2 5  a n d  l c 59 p e r  c e n t  f o r  A m o  a n d  A k u s e  s o i l  

s e r i e s  r e s p e c t i v e l y ^  t h o u g h  B r a m m e r  (1 9 6 7 )  s t a t e d  t h a t  

A m o  s o i l  s e r i e s  i s  m o d e r a t e l y  w e l l  p r o v i d e d  w i t h  o r g a »  

n i c  m a t t e r s w h i l s t  A k u s e  s o i l  s e r i e s  i s  n o t „  T h e  n i t r o «  

g e n  c o n t e n t  i n  e a c h  s o i l  s e r i e s  i s  l o w ,  0 „ 1 1 4  p e r  c e n t  i n  

A m o  s e r i e s  a n d  0 .  0 97  p e r  c e n t  i n  A k u s e  s e r i e s .

T h e  a v a i l a b l e  P v a l u e s  d e t e r m i n e d  b y  O l s e n  et_ al_

(1 95 4 )  w e r e  1 5 . 0 4  p p m  a n d  3 . 2 3  p p m  f o r  A m o  a n d  A k u s e  

s o i l  s e r i e s  r e s p e c t i v e l y , ,  A k u s e  s o i l  s e r i e s  i s  d e r i v e d  

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

c o n t a i n  a p a t i t e , ,  B u t  A m o  s o i l  s e r i e s  a r e  w e l l  p r o v i d e d  

w i t h  n u t r i e n t  b e c a u s e  of  t h e  a d m i x t u r e  o f  B l a c k  c l a y  

a l l u v i u m  f r o m  O k w e  c o l l u v i u m  w a s h  a n d  b a s e s  r i c h  d r a i n *  

a g e  w a t e r  c o m i n g  d o w n  f r o m  t h e  B l a c k  c l a y s  o n  t h e  a d «  

j o i n i n g  s l o p e s  ( B r a m m e r ,  1 9 6 7 ) „

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

t h e  e x c e p t i o n  o f  p o t a s s i u m ,  p h o s p h o r u s ,  i r o n  a n d  m a n g a «
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n e s e ,  A k u s e  s o i l  s e r i e s  h a s  m o r e  n u t r i e n t  a n d  o r g a n i c  

m a t t e r  t h a n  A m o  s o i l  s e r i e s .  A n d ,  t o g e t h e r  w i t h  h i g h e r  

C E C  a n d  c l a y  c o n ten t  of the  former^ a p o s s i b i l i t y  a r i s e s  

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

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

2 , 3 . 0  G r e e n h o u s e  P o t  C u l t u r e  E x p e r i m e n t s

2 .3 ,1 ,  P r e p a r a t i o n  o f  t h e  s e e d l i n g s , ,  t r e a t m e n t s  a n d  
t r a n s p l a n t i n g

T h e  r i c e  s e e d s  g r o w n  w e r e  1 1 2  d a y  I R 30 v a r i e t y ,  

u s e d  i n  f i e l d  t e s t s  a t  t h e  W A R D A  s t a t i o n  i n  L i b e r i a ,

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

t o  l o d g i n g , d i s e a s e ,  p e s t s  a n d  c o n v e n i e n t  t o  g r o w  i n  p o t s  

i n  a g r e e n h o u s e .  T h e  g r o w t h  t o o  w a s  j u s t  l o n g  e n o u g h  

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

R i c e  s e e d s  w e r e  s e w n  i n  s i x  p l a s t i c  c o n t a i n e r s  of  

s a n d  i n  t h e  g r e e n  h o u s e .  T h e y  w e r e  t r e a t e d  w i t h  H o a g «  

l a n d  a n d  A r n o n  (1 9 5 0 )  c o m p l e t e  n u t r i e n t  s o l u t i o n  b y  d a i l y  

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

o f  g r o w t h .

O n e  k i l o g r a m  s o i l  s a m p l e  f r o m  t h e  f i n e  e a r t h  f r a c t i o n  

of  A k u s e  s o i l  s e r i e s  w a s  p u t  i n t o  e a c h  o f  1 4 4  p o t s  a n d
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r e p e a t e d  f o r  A m o  s o i l  s e r i e s .  T h e  t o t a l  o f  2 8 8  p o t s  

w e r e  a r r a n g e d  i n  r o w s  o f  e i g h t e e n  on  t h e  b e n c h e s  i n  

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

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

p h a t e  (45 p e r  c e n t  P 2 ° 5  ̂ w i t h  z e r o  k g / h a  ( P q ) »  2 2 k g /  

h a  ( P ^ ,  44  k g / h a  ( P 2 ) a n d  6 6 k g / h a  ( P ^ )  o f  p h o s p h o «  

r u s  ( P ) .  A t  t h e  s a m e  t i m e  t h e  f e r t i l i z e r  w a s  a p p l i e d s 

8 9 o 75 kg  u r e a / h a  a n d  2 2 „ 4 4  k g / h a  m u r i a t e  o f  p o t a s h  

w e r e  u s e d  a s  d r e s s i n g  i n  a l l  t h e  p o t s „  T h e r e  w e r e  36 

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

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

t o  t r e a t m e n t .

T h e  t w o  w e e k s  o l d  s e e d l i n g s  w e r e  w e l l  w a s h e d  i n  

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

p o t „  S t a r t i n g  w i t h  t h e  r o w  o f  e i g h t e e n  p o t s  w i t h  A m o  

s o i l  s e r i e s  a t  z e r o  l e v e l  o f  P a l t e r n a t e  r o w s  w e r e  p l a n «  

t e d  w i t h  r i c e  s e e d l i n g s  t o  w h i c h  8 5 0  m l  o f  d i s t i l l e d  

w a t e r  w e r e  i m m e d i a t e l y  a d d e d 0 T h e  s a m e  a m o u n t  of  

w a t e r  w a s  p u t  i n  t h e  r e s t  o f  t h e  p o t s  w i t h  no  r i c e .  T h i s  

a r r a n g e m e n t  w a s  s u c h  t h a t  18  r e p l i c a t e s  o f  s o i l  w i t h  o n e  

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

University of Ghana                              http://ugspace.ug.edu.gh



~ 6 6  -

e i g h t e e n  h a d  no  r i c e .  A l l  2 8 8 p o t s  w e r e  w a t e r l o g g e d  

t o  t h e  s a m e  h e i g h t  o f  2 c m  t h r o u g h o u t  t h e  e x p e r i m e n t  

b y  d a i l y  a d d i t i o n s  o f  d i s t i l l e d  w a t e r .  A l l  p o t s  h a d  a d e «  

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

2 . 3 . 2 ,  H a r v e s t i n g  o f  t h e  P l a n t s

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

t h i r d ,  f i f t h ,  s i x t h  a n d  e i g h t h  w e e k s  a f t e r  t r a n s p l a n t i n g /  

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

s o i l  l e v e l  i n  24 p o t s .  T h r e e  r e p l i c a t e s  o f  e a c h  t r e a t m e n t  

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

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

d r i e d  a t  8 0 ° C  f o r  24 h o u r s  a n d  k e p t  i n  d e s s i c a t o r s .  T h e y  

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

T h e  d r y  m a t t e r  y i e l d  a r e  r e c o r d e d  i n  a p p e n d i x  1 1 a  a n d  b ,

2 . 3 . 3 ,  S a m p l i n g

At  t h e  s a m e  t i m e  a s  t h e  p l a n t s  w e r e  h a r v e s t e d ,  t h e  

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

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

d o m ,  w e r e  f i l t e r e d  u s i n g  W h a t m a n  N o . 42  f i l t e r  p a p e r  

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

p l i n g .

2 „ 3 . 4 .  T h e  w e t  s o i l

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

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

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

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

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

a c o l d  r o o m  o r  r e f r i g e r a t o r „

2 . 4 . 0  L a b o r a t o r y  A n a l y s i s  o f  t h e  S a m p l e s  

2„4„1 A n a l y s i s  o f  t h e  s u p e r n a t a n t  l i q u i d  

pH.

T h e  pH,  o f  t h e  s u p e r n a t a n t  l i q u i d  w a s  t a k e n  w i t h i n  

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

d i x  1 3 a  a n d  b c

D e t e r m i n a t i o n  o f  n u t r i e n t  i n  t h e  S u p e r n a t a n t  

P h o s p h o r u s

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

W a t a n a b e  a n d  O l s e n  m e t h o d  (1 9 6 5 ) „

F o r t y  m i l l i l i t r e s  a l i q u o t  o f  l i q u i d  w a s  m e a s u r e d  f r o m  

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

s o i l  s e r i e s  i n t o  s e p a r a t e  l a b e l l e d  50 m l  v o l u m e t r i c  f l a s k
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a r r a n g e d  a c c o r d i n g  t o  t r e a t m e n t .  D i s t i l l e d  w a t e r  w a s  

a d d e d  t o  e a c h  up  t o  a v o l u m e  o f  a b o u t  40  m l .  O n e  d r o p  

o f  p a r a  n i t r o p h e n o l  i n d i c a t o r  w a s  a d d e d 3 t h e  pH 

a d j u s t e d  w i t h  4 N N H ^ O H  a n d  t h e  b l u e  co lou r  s e e n  w hen 

5 m l  o f  0 . 0 5 M  s o l u t i o n  o f  a s c o b i c  a c i d s 5 m l  o f  a m m o «  

n i u m  m o l y b d a t e  a n d  a n t i m o n y  t a r t a r a t e  m i x t u r e  i n  

S u l p h u r i c  a c i d  w e r e  a d d e d .

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

r e a d  a t  a w a v e l e n g t h  o f  8 8 2 m u  i n  t h e  B a u s c h  a n d  L o m b  

S p e c t r o n i c  20  a f t e r  a d j u s t i n g  t h e  g a l v a n o m e t e r  t o  r e a d  

1 0 0  p e r  c e n t  t r a n s m i s s i o n  w i t h  a b l a n k  s o l u t i o n  c o n t a i n * *  

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

p a r e d  b y  u s i n g  0,  5 9 10„  1 5 ,  2 0 fl 2 5 e 30„ 3 5 B a n d  40  m l .  

a l i q u o t s  o f  a s o l u t i o n  t h a t  c o n t a i n e d  1 u g  o f  P p e r  m l .  

T h e  s o l u b l e  P w a s  t h e n  c a l c u l a t e d  i n  p p m  o f  s o i l .  T h e  

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

m e d  f o r  s t a t i s t i c a l  a n a l y s i s  a s  shown on page 79.

M a n g a n e s e

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

t o  t h e  m e t h o d  o f  S h e r m a n  e ]  a l  (1 94 2) ,  a n d  W i l l a r d  a n d  

G r e a t h o u s e  ( 1 9 1 7 ) .
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A l i q u o t s  o f  40  m l  o f  s u p e r n a t a n t  l i q u i d  w e r e  p i p e t t e d  

i n t o  s e p a r a t e  K j e l d a h l  f l a s k s  f r o m  t h e  s e t  o f  w e e k l y  

s a m p l e s  a n d  h e a t e d  t o  d r y n e s s .  T o  t h e  r e s i d u e  5 m l  

o f  c o n c e n t r a t e d  HNOg  a n d  2 m l  o f  30  p e r  c e n t  h y d r o g e n  

p e r o x i d e  w e r e  a d d e d , ,  E a c h  f l a s k  w a s  s w i r l e d  t o  m i x  

t h e  l i q u i d s  a n d  h e a t e d  f o r  30 m i n u t e s  t o  d e s t r o y  o r g a ­

n i c  m a t t e r  „ I t  w a s  t h e n  h e a t e d  t o  d r y n e s s .  A f t e r  

c o o l i n g  t h e  f l a s k  20 m l  o f  w a t e r s 2 m l  o f  c o n c e n t r a t e d  

H N O g s 5 m l  o f  85 p e r  c e n t  o r t h o p h o s p h o r i c  a c i d  a n d  0 . 3  

g o f  KI0 4 w e r e  p u t  i n t o  t h e  f l a s k  t o  d e v e l o p  t h e  c o l o u r .  

A f t e r  h e a t i n g  f o r  5 m i n u t e s  l o n g e r a t h e  s o l u t i o n  w a s  

t r a n s f e r r e d  i n t o  50 m l  v o l u m e t r i c  f l a s k  a n d  b r o u g h t  up  

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

T h e  c a l i b r a t i o n  c u r v e  w a s  p r e p a r e d  u s i n g  0 , 5 , 1 0 9 1 5 s 

2 0 ,  25 a n d  30  m l  a l i q u o t s  o f  a s t a n d a r d  s t o c k  s o l u t i o n  

w h i c h  c o n t a i n e d  0 . 0 1  m g  o f  m a n g a n e s e  p e r  m l .  T h e  

t r a n s m i t t a n c e s  w e r e  r e a d  i n  a B a u s c h  a n d  L o m b  ! S p e c "  

t r o n i c  2 0 * c o l o r i m e t e r  a f t e r  s t a n d a r d i z i n g  t h e  i n s t r u « *  

m e n t  t o  r e a d  1 0 0  p e r  c e n t  t r a n s m i s s i o n  w i t h  a b l a n k  

s o l u t i o n  a t  5 4 0  m u  w a v e l e n g t h .  T h e  Mn  w a s  c a l c u l a t e d  

i n  p p m  o f  s o i l .  T h e  d a t a  a r e  r e c o r d e d  i n  A p p e n d i x  2a
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a n d  b ,  t h e n  t r a n s f o r m e d  f o r  s t a t i s t i c a l  a n a l y s i s  a s  s h o w n  
o n  p a g e  7 9 .

I r o n

T h e  m e t h o d  b y  J a c k s o n  (1 95 8 ) f o r  e x c h a n g e a b l e  i r o n  

a n d  t h e  u n p u b l i s h e d  m e t h o d  b y  O l s o n  ( p u b l i s h e d  b y  B l a c k  

e t  al_„, 1 9 6 5 )  w e r e  u s e d  i n  t h e  d e t e r m i n a t i o n  o f  i r o n  i n  

t h e  s u p e r n a t a n t  l i q u i d s .

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

w e r e  p u t  i n t o  K j e l d a h l  f l a s k s  a n d  h e a t e d  t o  d r y n e s s .  T e n  

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

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

r e s i d u e  w a s  t h e n  h e a t e d  w i t h  3 . 5  m l  o f  N HC1 a n d  t h e  

s i d e s  o f  t h e  f l a s k s  w a s h e d  w i t h  w a t e r  t o  c o m p l e t e  t h e  

d i s s o l u t i o n  o f  t h e  r e s i d u e .

T h e  s o l u t i o n  w a s  t h e n  t r a n s f e r r e d  i n t o  50  m l  v o l u m e ­

t r i c  f l a s k  u s i n g  w a t e r  t o  r i n s e  t h e  f l a s k ,  a n d  2 m l  o f  

5N N H ^ O  A c ,  1 m l  o f  10 p e r  c e n t  h y d r o x y l a m i n e  h y d r o -  

c h l o r i d e s and 1 m l  o r t h o p h e n a n t h r o l i n e  r e a g e n t  w e r e  a d d e d .  

T h e  s o l u t i o n  w a s  d i l u t e d  t o  v o l u m e  a n d  t h e  p H c h e c k e d  

a n d  e n s u r e d  t o  b e  b e t w e e n  3 a n d  5 .  A b l a n k  w a s  r u n  

s i m u l t a n e o u s l y  b e g i n n i n g  w i t h  t h e  s a m e  a m o u n t  of
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n e u t r a l  N N H 4 0  A C .  T h e  p p m  of  t h e  i r o n  I n  t h e  t e s t  

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

e x c h a n g e a b l e  i r o n  i n  t h e  s o i l  ( J a c k s o n ,  1 9 5 8 ) .

A 5 p p m  s t a n d a r d  s o l u t i o n  w a s  u s e d  t o  d e t e r m i n e  t h e  

c a l i b r a t i o n  c u r v e ,  b y  m e a s u r i n g  0 8 5 a 1 0 ,  1 5 ,  2 5 ,  3 5 ,  

a n d  45  m l  p o r t i o n s  i n t o  s e p a r a t e  1 0 0  m l  v o l u m e t r i c .

To  e a c h ,  2 m l  o f  10  p e r  c e n t  h y d r o x y l  a m i n e  h y d r o c h l o ­

r i d e ,  a n d  2 m l  of  o r t h o p h e n a n t h r o l i n e  r e a g e n t  w e r e  a d »  

d e d ,  f o l l o w e d  b y  1 N N a O A c  s o l u t i o n  d r o p w i s e  u n t i l  a 

p e r m a n e n t  o r a n g e  r e d  c o l o u r  d e v e l o p e d .  T h r e e  m o r e  m l  

o f  t h e  Na  e t h a n o a t e  s o l u t i o n  w e r e  f u r t h e r  a d d e d  a n d  t h e  

l i q u i d s  b r o u g h t  up t o  t h e  m a r k  w i t h  d i s t i l l e d  w a t e r  

( B l a c k  e t  a l ,  1 9 6 5 ) .

T h e  p e r c e n t a g e  t r a n s m i t t a n c e  w a s  r e a d  i n  a B a u s c h  

a n d  L o m b  TS p e c t r o n i c  20* c o l o r i m e t e r  a t  5 1 0  m u  w a v e ­

l e n g t h  a f t e r  s e t t i n g  t h e  g a l v a n o m e t e r  t o  r e a d  1 0 0  p e r  c e n t  

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

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

d i x  3 a  a n d  b a n d  t h e n  t r a n s f o r m e d  f o r  s t a t i s t i c a l  a n a l y s i s  
a s  s h o w n  o n  p a g e  7 9 .

2 . 4 . 2 .  A n a l y s i s  of  t h e  P l a n t  M a t e r i a l
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D i g e s t i o n  o f  t h e  P l a n t  M a t e r i a l

T h e  p r o c e d u r e  u s e d  w a s  t h a t  d e v e l o p e d  b y  B l a c k  

(1 95 7) .

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

g r a m  o r  l e s s  o f  t h e  g r o u n d  m a t e r i a l  w e r e  p u t  i n t o  3 0 0  

m l  d r y  K j e l d a h l  f l a s k s .  T o  e a c h  15 m l  o f  c o n c e n t r a t e d  

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

b l a n k s  w e r e  p r e p a r e d  w i t h  j u s t  15 m l  o f  c o n c e n t r a t e d  

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

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

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

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

10 m l  of  8 N n i t r i c  a c i d  a n d  10 m l  o f  70 p e r  c e n t  p e r ­

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

t h e r e  w a s  no  v i s i b l e  s i g n  o f  o r g a n i c  m a t t e r  i n  t h e  f l a s k s .  

A f t e r  c o o l i n g ,  t h e  i n s i d e s  o f  t h e  f l a s k s  w e r e  w a s h e d  

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

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

t o  d r y n e s s .  F i f t e e n  m i l l i l i t r e s  o f  2N HC1 w e r e  a d d e d  

t o  t h e  r e s i d u e  a n d  t h e  c o n t e n t s  h e a t e d  f o r  1 0  m i n u t e s  

t o  d i s s o l v e  t h e  s a l t s .  T h e y  w e r e  t h e n  w e l l  s h a k e n  a n d
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f i l t e r e d  t h r o u g h  W h a t m a n  No 0 5 41  f i l t e r  p a p e r  i n t o  

1 00  m l  v o l u m e t r i c  f l a s k s .  T h e  f l a s k s  w e r e  r i n s e d  

s e v e r a l  t i m e s  a n d  t h e  f i l t e r  p a p e r  a t  l e a s t  6 t i m e s  

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

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

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

m e s  up  t o  t h e  m a r k .

D e t e r m i n a t i o n  o f  n u t r i e n t  i n  t h e  p l a n t  M a t e r i a l  

P h o s p h o r u s

The  m e t h o d  of  B l a c k  (1 9 5 7 )  w a s  u s e d  t o  d e t e r m i n e  

t h e  a m o u n t  o f  P i n  t h e  p l a n t  m a t e r i a l .

An  a l i q u o t  o f  20 m l  o f  d i l u t e d  d i g e s t  o f  p l a n t  m a t e r -  

i a l  a n d  b l a n k s  w e r e  p i p e t t e d  i n t o  s e p a r a t e  K j e l d a h l  

f l a s k s .  F i v e  m i l l i l i t r e s  o f  2N HNOg  w e r e  a d d e d  t o  e a c h  

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

m i l l i l i t e r s  o f  0 .  I N  HNOg  w e r e  p i p e t t e d  o n t o  t h e  r e s i d u e  

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

s e v e r  a l  t i m e s  i n  1 0  m i n u t e s  a n d  t h e  l i q u i d s  t r a n s f e r r e d  

i n t o  25 m l  v o l u m e t r i c  f l a s k s .  T h e  K j e l d a h l  f l a s k s  w e r e  

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

t i l l e d  w a t e r .  T h e  s o l u t i o n s  w e r e  t r a n s f e r r e d  i n t o  50 

m l  v o l u m e t r i c  f l a s k s .  T h e  25 m l  f l a s k s  w e r e  r i n s e d  

o n c e  w i t h  5 m l  o f  w a t e r  t o  m a k e  a t o t a l  o f  25 m l  of  

w a t e r  u s e d .  T h i s  w a s  t h e n  a d d e d  t o  t h a t  i n  t h e  50 m l  

f l  a s k s .

F i v e  m i l l i l i t r e s  a l i q u o t  o f  d i l u t e d  s o l u t i o n  f r o m  

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

o f  50 m l  v o l u m e t r i c  f l a s k s .  T o  e a c h  20 m l  o f  w a t e r  

a n d  1 0  m l  o f  m o l y b d a t e  v a n a d a t e  s o l u t i o n  w e r e  a d d e d  

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

l y  a n d  b r o u g h t  up  t o  v o l u m e  ( J u o s 1 9 7 8 )  t o  d e v e l o p  t h e  

c o l o u r .

T o  c a l i b r a t e  t h e  c o l o r i m e t e r  5 m l  l a l i q u o t  o f  3 S 

5 ,  8 ,  1 0 9 1 5 ,  2 0 ,  3 0 a n d  50  ug  o f  s t a n d a r d  p h o s p h o r u s  

s o l u t i o n s  p e r  m l  w e r e  p i p e t t e d  i n t o  s e p a r a t e  50 m l  v o l u ­

m e t r i c  f l a s k s  ( B l a c k s 1 9 5 7 )  t h e  c o l o u r  d e v e l o p e d  a s  i n  

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

m a r k  w i t h  d i s t i l l e d  w a t e r .  A f t e r  o n e  h o u r ,  t h e  t r a n s m i -  

t t a n c y  of  t h e  s a m p l e  s a n d  s t a n d a r d s  w e r e  r e a d  i n  t h e  

B a u s c h  a n d  L o m b  I S p e c t r o n i c  20^ c o l o r i m e t e r  a t  a w a v e ­
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l e n g t h  o f  4 0 0  m u  a f t e r  s e t t i n g  t h e  g a l v a n o m e t e r  t o  r e a d  

1 0 0  p e r  c e n t  t r a n s m i s s i o n  w i t h  t h e  b l a n k  p r e p a r e d  ( J u o ,

1 9 7 8 ) .  T h e  P w a s  t h e n  c a l c u l a t e d  a s  p e r c e n t a g e  o f  p l a n t  

m a t e  r i  a l .

M a n g  a n e  s e

M a n g a n e s e  i n  t h e  p l a n t  m a t e r i a l  w a s  d e t e r m i n e d  

a c c o r d i n g  t o  B l a c k  (1 9 5 7 ) .

T w e n t y  m i l l i l i t r e s  a l i q u o t  o f  d i l u t e d  d i g e s t  a n d  

b l a n k  w e r e  p i p e t t e d  i n t o  s e p a r a t e d  3 0 0  m l  K j e l d a h l  

f l a s k s .  T e n  m i l l i l i t r e s  o f  c o n c e n t r a t e d  HNOg  a c i d  w e r e  

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

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

a d d e d  t o  t h e  r e s i d u e ,  2 5 m l  o f  w a t e r ,  2 . 5  m l  o f  c o n c e n ­

t r a t e d  H 2 S 0 4 , 0 . 1  g o f  KIO4 a n d  t h e  m i x t u r e  b o i l e d  

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

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

i n t o  50 m l  v o l u m e t r i c  f l a s k s  a n d  d i l u t e d  t o  v o l u m e  w i t h  

d i s t i l l e d  w a t e r  t h a t  c o n t a i n e d  0 . 5 g  o f  KIO4 p e r  l i t r e .  

T h e  t r  an  s m  i t t  a n c  y w a s  i m m e d i a t e l y  m e a s u r e d  a t  w a v e ­

l e n g t h  5 2 0  m u  a f t e r  s e t t i n g  t h e  g a l v a n o m e t e r  t o  r e a d  

1 0 0  p e r  c e n t  t r a n s m i t t a n c y  w i t h  t h e  s o l u t i o n  c o n t a i n i n g

-  75  -
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no Mn  In a B a u s c h  a n d  L o m b  » S p e c t r o n i c  2 0 l „

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

s a m e  c o l o r i m e t r i c  m e t h o d  d e s c r i b e d  i n  s e c t i o n  2 ,  4 S 

1 f o r  M n  w i t h  0 S 2 9 4 9 6 g 8 S 1 0 g 1 2  m l  o f  a 1 0  p p m  

M n  s t a n d a r d  s t o c k  s o l u t i o n .  T h e  M n  c o n t e n t  i n  p p m  

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

p l a n t  h a r v e s t e d .

I r o n

I r o n  i n  t h e  p l a n t  m a t e r i a l  w a s  d e t e r m i n e d  a c c o r d ­

i n g  t o  B l a c k  (1 95 7 ) .

A p i p e t t e d  v o l u m e  of  20  m l  a l i q u o t  o f  d i l u t e d  d i ­

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

r a t e  50  m l  v o l u m e t r i c  f l a s k s .  F i f t e e n  m i l l i l i t r e s  of

N a O A c  e t h a n o i c  a c i d  m i x t u r e  w e r e  p i p e t t e d  i n t o  e a c h  

f l a s k .  On e  m i l l i l i t r e  e a c h  o f  10 p e r  c e n t  h y d r o x y l a -  

m i n e  h y d r o c h l o r i d e  a n d  0 „ 3  p e r  c e n t  o r t h o p h e n a n t h r o - 

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

t h e  f l a s k  a n d  s w i r l e d ^  T h e  s o l u t i o n s  w e r e  b r o u g h t  up  

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

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

a l i q u o t s  o f  1 ,  2 a 3 S 5 „ 7 ,  1 0 ,  1 5 ,  20 m l  o f  5 p p m  s t a n -
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d a r d  s t o c k  F e  s o l u t i o n  i n t o  s e p a r a t e  50 m l  v o l u m e t r i c  

f l a s k s  t o  w h i c h  0 . 7 5  m l  o f  2 N I iC l  w a s  a d d e d .  T h e  

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

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

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

w a s  r e a d  a t  w a v e l e n g t h  5 2 0  m u  a f t e r  a d j u s t i n g  t h e  g a l v a ­

n o m e t e r  t o  i n d i c a t e  1 0 0  p e r  c e n t  t r a n s m i s s i o n  w i t h  d i s ­

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

c a l c u l a t e d  i n  p p m  of  p l a n t  m a t e r i a l .  T h e  d a t a  f o r  P s Mn  

a n d  F e  a r e  r e c o r d e d  i n  a p p e n d i x  8 9 9 a n d  10 r e s p e c t i v e l y .

2 . 4 . 3 ,  A n a l y s i s  o f  t h e  W e t  S o i l

D e t e r m i n a t i o n  o f  t h e  m a s s  o f  t h e  w e t  s o i l

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

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

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

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

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

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

a lso  p u t  i n t o  w e i g h e d  c r u c i b l e s .  B o t h  s e t s  o f  w e t  a n d  a i r  

d r y  s o i l s  i n  c r u c i b l e s  w e r e  l e f t  t o  d r y  i n  an  o v e n  f o r  24 

h o u r s  a t  a t e m p e r a t u r e  o f  1 0 5 ° C  a n d  a f t e r w a r d s  c o o l e d
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i n  a d e s s i c a t o r  a n d  w e i g h e d  a g a i n .  T h u s  t h e  a m o u n t  

of  w e t  s o i l  s a m p l e s  e q u i v a l e n t  t o  1 0  g o f  a i r  d r y  s o i l  

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

M a n g a n e s e  a n d  I r o n  i n  W e t  S o i l

W e t  s o i l  s a m p l e s  e q u i v a l e n t  t o  25 g o f  a i r  d r y  

s o i l  w e r e  w e i g h e d  i n t o  s e p a r a t e  25 0 m l  e x t r a c t i o n  b o t -  

t l e s „  T w o  h u n d r e d  a n d  f i f t y  m i l l i l i t r e s  o f  n e u t r a l  N 

N H ^ O  Ac  s o l u t i o n  w e r e  a d d e d  t o  e a c h  w e i g h e d  s a m p l e ,  

s h a k e n  f o r  30 m i n u t e s ,  c e n t r i f u g e d  a n d  f i l t e r e d  w i t h  

W h a t m a n  N o . 42  f i l t e r  p a p e r .

T w e n t y  f i v e  m i l l i l i t r e s  a l i q u o t  o f  t h i s  e x t r a c t a n t  

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

F e  a s  w a s  d o n e  i n  s e c t i o n  2 ,  4 ,  1 .  T h e  d a t a  a r e  r e c o r ­

d e d  i n  a p p e n d i x  5 a n d  6 S t h e n  t r a n s f o r m e d  f o r  s t a t i s ­

t i c a l  a n a l y s i s  a s  s h o w n  o n  p a g e  7 9 .  

pH of  W e t  S o i l

W e t  s o i l  s a m p l e s  e q u i v a l e n t  t o  20 g o f  a i r  d r y  

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

m i l l i l i t r e s  o f  0 . 0 1  M C a C l g  s o l u t i o n  w e r e  a d d e d  t o  e a c h

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

a p e r i o d  o f  30 m i n s ,  p o u r e d  i n t o  1 0 0  m l  l a b e l l e d  b e a k e r s
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a n d  t h e n  a l l o w e d  t o  s t a n d  f o r  a n  h o u r .  T h e  p H  w a s  r e a d  

i n  a F i s h e r  ’ A c c u m e n t  M o d e l  320* p H m e t e r .  T h e  d a t a  

a r e  r e c o r d e d  i n  A p p e n d i x  1 2 a  a n d  b .

R e d o x  p o t e n t i a l  a n d  S p e c i f i c  C o n d u c t a n c e

No r e d o x  p o t e n t i a l  o r  s p e c i f i c  c o n d u c t a n c e  m e a s u r e * *  

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

2 . 5 .  0.  T r a n s f o r m a t i o n  o f  d a t a

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

r e l a t i n g  t o  P 8 Mn  F e  r e s p e c t i v e l y  i n  t h e  w e t  s o i l  a n d  

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

t o  o b t a i n  a m o r e  w o r k a b l e  s c a l e  d a t a  a n d  m a i n t a i n  i n d e ~  

p e n d e n c e  o f  e x p e r i m e n t a l  e r r o r  ( S ) .  T h e  t r a n s f o r m a t i o n  

w a s  p e r f o r m e d  a s  f o l l o w s  : «  F o r  z e r o  l e v e l  o f  P t r e a t "  

m e n t  ( P 0 ) i n  w e e k  1 f o r  A m o  s o i l  s e r i e s  s u p e r n a t a n t  P 

t h e  r e p l i c a t e  d a t a  a r e  1 „ 5 1 ,  4 . 6 2  a n d  4 . 6 2 „  T h e  c o r ­

r e s p o n d i n g  c o n t r o l  v a l u e s  a r e  3 . 0 5 ,  2 „ 2 7  a n d  2 „ 6 7 0 

M e an = 2 . 6 6 .

T r a n s f o r m e d  v a l u e  o f  1 s t  d a t a  i . e .  1 „ 5 1  i s  2 „ 6 6 -  1„51 = 1„15 

" " " 2 n d  » 4 , o 2  i s  2 .  66 •*4.62 = 1 .96

" " " 3 r d  " 4 .  62 i s  2 .  6 6 « 4 , 6 2 =  1„ 96

T h e  T r a n s f o r m e d  v a l u e s  a r e  r e c o r d e d  i n  A p p e n d i x  4 a n d

7 f o r  s u p e r n a t a n t  a n d  w e t  s o i l  r e  s p e c t i v e l y „
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S t a t i s t i c a l  A n a l y s i s

T h e  a p p r o p r i a t e  v a l u e s  w e r e  s u b j e c t e d  t o  t h r e e  w a y  

a n a l y s i s  o f  v a r i a n c e  ( A N O V A )  p e r f o r m e d  b y  a W a n g  C o m ­

p u t e r  u s i n g  t h e  W A E D A  p r o g r a m .  D a t a  w e r e  c o n s i d e r e d  

s i g n i f i c a n t  a t  5 a n d  1 p e r  c e n t  l e v e l s .
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C H A P T E R  T H R E E

R E S U L T S  A N D  D I S C U S S I O N

3 . 1 . 0 .  C h a n g e s  i n  p H v a l u e s  i n  F l o o d e d  S o i l s

3 . 1 . 1 .  C h a n g e s  i n  p H  w i t h  t i m e  i n  t h e  s u p e r n a t a n t  
l i q u i d s

T h e  i n i t i a l  p H  o f  A m o  s e r i e s  w a s  6 . 5  i n  1 : 1  

s o i l /  w a t e r  r a t i o .  T h e  a v e r a g e  p H  o f  t h e  s u p e r ­

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

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

w e e n  7 . 5  a n d  8 . 3  p H  u n i t s  i n  t h e  f i r s t  w e e k  

( F i g .  l a ) .  T h o s e  c r o p p e d  w i t h  r i c e  h a d  s l i g h t l y  

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

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

f i r s t  w e e k ,  b u t  t h e  v a l u e s  w e r e  s t i l l  h i g h e r  t h a n  

t h e  i n i t i a l  p H .  T h e  p H  o f  p o t s  w i t h o u t  r i c e  c o n t i ­

nued t o  r i s e  t i l l  a b o u t  t h e  f i f t h  w e e k  a n d  t h e n  d e ­

c r e a s e d  .

T h e  i n i t i a l  p H  o f  t h e  A k u s e  s e r i e s  w a s  7 . 5  i n  

1 : 1  s o i l / w a t e r  r a t i o .  O n  f l o o d i n g  t h e  s o i l ,  t h e  

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

t r e a t m e n t s ,  ( F i g .  l b )  e x c e p t  t h a t  o f  t h e  P^ l e v e l  

r o s e  t o  a m a x i m u m  i n  t h e  t h i r d  w e e k  a n d  t h e n  

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

r i c e  ro se  to a . m a x i m u m  i n  t h e  f i f t h  w e e k  b e f o r e  t h e r e  

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

b y  J e f f e r y  ( I  9 6 0 ) ,  R o d r i g o  (1 9 6 2 ) ,  P o n n a m p e r u m a  (1 9 6 5 ) „  

K a r „  H u s s a i n  a n d  D h u a  (1 9 7 7 ) .  Of  t h e s e  w o r k e r s  o n l y  

R o d r i g o  (1 9 6 2 )  s p e c i f i c a l l y  m e n t i o n e d  t h e  p H  of  t h e  s u ­

p e r n a t a n t .  He  f o u n d  t h a t  t h e  p H  i n c r e a s e d  a n d  r e a c h e d  

a c o n s t a n t  v a l u e  a f t e r  24 w e e k s  of  s u b m e r g e n c e  o f  u n ­

c r o p p e d  s o i l s „  P o n n a m p e r u m a  (1 9 6 5 )  a l s o  i l l u s t r a t e d  

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

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

t h a t  t h e  p H  w a s  c o n s t a n t  a f t e r  a b o u t  22 w e e k s  o f  s u b ­

m e r g e n c e .  W h i l s t  K a r ,  H u s s a i n  a n d  D h u a  (1 9 7 7 )  h a d  i n ­

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

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

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

p l o t t e d  a g a i n s t  w e e k s  o f  s u b m e r g e n c e  ( F i g .  l a )  f o r  u n ­

c r o p p e d  A m o  se r ie s  and ( F i g „  l b )  f o r  c r o p p e d  a n d  u n c r o p p e d  

A k u s e  s e r ie s  s h o w  i n c r e a s e  i n  p H t o  a m a x i m u m  of  b e t w e e n  

8 „ 2  a n d  8 . 3  p H u n i t s  a f t e r  3 w e e k s  i n  A k u s e  s o i l  a n d  5 

w e e k s  i n  A m o  s o i l  s e r i e s .  T h e s e  g r a p h s  do n o t  a p p r o a c h  

a c o n s t a n t  v a l u e  a s  r e p o r t e d  b y  S h a p i r o  (1 95 8 a ) s R o d r i g o  

(1 96 2 )  a n d  P o n n a m p e r u m a  (1 9 6 5 ) .  T h i s  m a y  b e  b e c a u s e
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Table -2 MEANS OF pH OF SUPERNATANT LIQUIDS

(a) AMO Ser ie s

-  83

Treatment Week 1 2 3 5 6 8

P R o 7.9 7.3 7 .0 6.9 6.8 6.9

P NR o 1.1 1.1 8 . 1 8.2 7.6 6.9

P1 R 8.0 7.3 7 .0 7 .0 6. 8 7.1

P^NR 1.8 7.6 8 . 1
CN]

CO 7.3 6.9

P2 R 8.0 7.2 6.8 6.8 6.5 7.0

p 2nr 1.9 1.6 8 . 1 8.3 7.5 6.9

P3R 7.9 7.4
COVO 7.6 6.9 7 .0

p 3nr 7.7 7.8 8. 1 8.4 7.4 7 .0

(b) AKUSE S eries

P R o 7.7 8.2 8.3 8.2 7.5 6.9
P NR o 7.9 8.3 8.3 8.3 7.7 7.1

PSpr 7 .6 8 . 2. 8.4 8.2 7.8 7.0
P-jNR 7.8 8. 1 8.5 8.4 7.9 7.3

P2 R 7.7 8. 1 8.3 8.0 7.5 6.9
P2NR 7.5 8.0 8.4 8.3 7.8 7.2

P3 R 7.5 8. 1 8.2 8.2 7.1 7 .0
p 3nr 7.6 8. 1 8.3 8.4 7.7 7.2

R - pots with rice NR. - pots with no rice
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t h e  e x p e r i m e n t s  d i d  n o t  g o  o n  a s  l o n g  a s  t h o s e  o f  t h e s e  

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

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

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

t e n t  o f  o x i d i z e d  s o i l  c o m p o n e n t s ,  a n d  t h e  k i n d  a n d  c o n ­

t e n t  of  o r g a n i c  m a t t e r  ( P o n n a m p e r u m a ,  1 9 6 5 ) .

In  ( F i g .  l a )  A m o  s o i l  s e r i e s  c r o p p e d  w i t h  r i c e ,  t h e  

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

l e v e l s  o f  P a p p l i c a t i o n  a t t a i n e d  a m a x i m u m  w i t h i n  t h e  

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

o r  l e s s  t h e  s a m e  v a l u e  b y  t h e  e i g h t h  w e e k .  T h e  l o w e s t  

a v e r a g e  v a l u e  w a s  s t i l l  h i g h e r  t h a n  t h e  i n i t i a l  p H  v a l u e  

of  A m o  s o i l  i n  1 : 1  s o i l / w a t e r  r a t i o  „ T h e s e  a r e  i n  l i n e  

w i t h  r e s u l t s  o b t a i n e d  b y  O l o m u  e t  a l . (1 9 7 3 )  f o r  u n c r o p ­

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

l o w e r  t h a n  t h a t  o f  A k u s e  s e r i e s , b u t  t h e y  a t t a i n e d  a l m o s t  

t h e  s a m e  m a x i m u m  p H .  T h e  l o w e r  t h e  p H of  t h e  s o i l  

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

( T o m l i n s o n ,  1 9 5 7 ;  M o o r m a n ,  1 9 6 1 ;  P o n n a m p e r u m a ,  1 9 6 5 ) .  

T h e  d e c r e a s e  i n  p H of  t h e  s u p e r n a t a n t  l i q u i d s  o f  A m o s e -  

r ie s  c r o p p e d  w i t h  r i c e  a f t e r  t h e  f i r s t  w e e k  o f  s u b m e r g e n c e

«-« 8 4 ^
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w a s  d u e  t o  e i t h e r  an  i n c r e a s e  i n  a c i d i t y  o r  a d e c r e a s e  

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

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

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

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

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

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

1 9 4 1 ;  P o n n a m p e r u m a ,  1 9 6 5 ) .  A n a l y s i s  o f  t h e  w e t  s o i l  

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

t e n t  a f t e r  w a t e r l o g g i n g .  I t  m a y  w e l l  b e ,  t h a t  t h e  p H of  

t h i s  A m o  s o i l  w a s  r e g u l a t e d  b y  t h e  F e  ( O H ) 2 -  c ®2 ~ 

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

( P o n n a m p e r u m a ,  1 9 6 5 ) .  T h e  A m o s e r i e s  h a s  n e i t h e r  h i g h  

C E C  n o r  h i g h  o r g a n i c  m a t t e r  c o n t e n t .  H e n c e  t h e  b u f ­

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

c h a n g e  i n  p H  w h e n  t h e  s o i l  i s  r e d u c e d  ( O l o m u  e t  a l ,

1 9 7 3 ) .

T h e r e  w e r e  no  m a r k e d  d i f f e r e n c e s  d u r i n g  a n y  w e e k  

( t a b l e  2 b ) ,  i n  t h e  p H b e t w e e n  t h e  d i f f e r e n t  t r e a t m e n t s  

i n  t h e  s u p e r n a t a n t  l i q u i d s  f r o m  A k u s e  s o i l  s e r i e s ,  

t h r o u g h o u t  t h e  p e r i o d  o f  e x p e r i m e n t a t i o n .  p H v a l u e s
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of  t h e  s u p e r n a t a n t  l i q u i d s  o f  A m o  s o i l  s e r i e s  w i t h  r i c e  

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

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

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

l y  t h e  s a m e  v a l u e s  a s  t h o s e  w i t h  r i c e .  I t  d o e s  a p p e a r  

( t a b l e  2 a )  t h a t  t h e  o n l y  d i f f e r e n c e  s h o w n  i n  t h e  p H  v a ­

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

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

w e r e  n o t „  H e n c e  t h e  d i f f e r e n c e  i n  p H b e t w e e n  t h e  c r o p ™ 

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

o f  p l a n t  n u t r i e n t ,  e x u d a t e s  a n d  C 0 2 r e l e a s e d  b y  t h e  r o o t s .

pH v a l u e s  f o r  t h e  d i f f e r e n t  t r e a t m e n t s  o f  t h e  s u p e r *  

n a t a n t  f r o m  A m o  s o i l  a n d  A k u s e  s o i l  s e r i e s  a t  8 w e e k s  

a f t e r  w a t e r l o g g i n g  w e r e  b e t w e e n  6 , 7  a n d  7 0 3 ( t a b l e  2 a  

& b) „  In  e x p e r i m e n t s  c o n d u c t e d  a t  IRRI (1964) p H v a l u e s  of  

6 . 7  t o  7« 2 ,  7 w e e k s  a f t e r  f l o o d i n g  w e r e  o b t a i n e d  f o r  t h e  

m a j o r i t y  o f  t h e  t r e a t m e n t s .  p H of  6 „ 5  t o  7 0 5 h a s  an  i m ­

p o r t a n t  b e a r i n g  on  t h e  n u t r i t i o n  o f  t h e  r i c e  p l a n t  ( P o n n a m ­

p e r u m a ,  1965). A pH of  6 . 5  t o  7 . 5  h a s  b e e n  f o u n d  t o  ( a )
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PH of Supernatant f rom  flooded soils vs weeks a f ter  t ransp lan t ing /subm ergence  during Paddy 
growth in pot experiments carr ied out in the Green House
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d e c r e a s e  t h e  a v a i l a b i l i t y  o f  P  ( A o k i ,  1 9 4 1 ;  T s e n g ,

1 9 6 0 )  (b)  i n c r e a s e  t h e  r a t e  o f  m i n e r a l i z a t i o n  o f  o r g a n i c  

m a t t e r  ( M i t s u i ,  1 9 5 5 )  a n d  t h e  d e s t r u c t i o n  o f  o r g a n i c  

a c i d s  ( A c h a r y a *  1 9 3 5 ) s ( c )  d e c r e a s e  t h e  c o n c e n t r a t i o n  

o f  C O £ * (d ) d e c r e a s e  t h e  c o n c e n t r a t i o n  o f  F e  ( P o n n a m ­

p e r u m a ,  1 9 5 5 )  a n d  A l  ( R a u p a c h ,  1 9 6 3 )  a n d  ( e )  f a v o u r  

d e n i t r i f i c a t i o n  ( De  a n d  S a r k o r ,  1 9 3 6 ;  D e l w i c h e ,  1 9 5 6 )  

a n d  p e r h a p s  s u l p h i t e  r e d u c t i o n  ( O s u g u i  a n d  K a w a g u c h i ,

1 9 3 9 ) .

. 1 . 2  C h a n g e s  i n  p H of  t h e  W e t  S o i l s

T h e  i n i t i a l  p H  of  t h e  s o i l s  i n  1 : 2  s o i l / 0 . 0 1  M 

C a C l 9 s o l u t i o n  r a t i o  w e r e  5 . 5  a n d  6 . 8  f o r  Amo,  a n d  

A k u s e  s o i l  s e r i e s  r e s p e c t i v e l y .  T h e r e  w a s  an i n i t i a l  

d e c r e a s e  i n  p H ( F i g .  2 a ,  t a b l e  3 a )  i n  t h e  f i r s t  w e e k  i n  

t h e  w e t  A m o  s e r i e s .  D e c r e a s e  w a s  o b s e r v e d  i n  a l l  t h e  

P q  a n d  P j  l e v e l  o f  P t r e a t m e n t s i n  t h e  w e t  A k u s e  s e r ie s  

( t a b l e  3 b ) .  T h e  i n i t i a l  d e c r e a s e  w a s  no  d o u b t  t h e  r e ­

s u l t  o f  a c c u m m u l a t i o n  o f  C O ^  p r o d u c e d  b y  r e s p i r a t i o n  

o f  a e r o b i c  b a c t e r i a ,  ( P o n n a m p e r u m a ,  1 9 6 5 ,  1 9 7 2 )  a n d  

t h e  p r o d u c t i o n  o f  o r g a n i c  a c i d s  ( M o t o m u r a ,  1 9 6 2 a ) „

T h e  s u b s e q u e n t  i n c r e a s e  t o  a m a x i m u m  t h r e e  w e e k s
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TABLE -3 MEANS OF pH OF WET SOIL

(a) AMO s e r ie s

Treatment Week 1 2 3 5 6 8

P R o 5.2 5.5 5.7 5.6 5.5 5.7

P NR o 5.3 5.6 5.6 5.7 5.7 5.7

P1 R 5.2 5.6 5.6 5.7 5.7 5.8

P,NR 5.1 5.8 5.9 ' 5.7 5.9 5.8

P2 R 5.5 5.7 5 .8 5.5 5.8 5.8

P2NR 5.2 5.9 5.8 5.7 5.8 5.8

P3 R 5.2 5.8 5.9 5.5 5.7 5.8

p 3nr 5.4 5 .8 5.9 5.6 5 .7 5.8

(b) AKUSE se r ie s

PoR 6. 6 6.7 7.1 6.5 6.7 6.7

P NR o 6.7 6. 8 7.0 6.7 6.9 7 .0

PX R 6.7 6.7 7.3 6.7 6.7 6.7

P-jNR 6.9 6.8 7.2 6.6 6.7 6. 8

P2 R 6.8 6.7 7.2 6.6 6.7 6.7

P2NR 6.9 6. 8 7.2 6.6 6.7 7 .0

P3 R 6. 8 6. 8 7.1 6.7 6.7 6.7

P3 NR 6.8 6.8 7.2 6.8 6.7 7 .0

R  — ■DCVhK W l +-V» NR -- pots with no rice
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Weeks o ffe r  tronsp lonting  / submergence

( b )  A K U S E

Weeks o ffe r transplanting /  submergence

Fig  2 C h a n g e ?  in pH  o f  w e t  s o i ls  in C a lc iu m  C h lo r id e  vs w e e k s  d u r in g  

P a d d y  g ro w th  in p o t  e x p e r im e n ts  c a r r i e d  out in Ihe Green H o u s e  w i th  

d i f f e r e n t  leve ls  o f  P a p p l ic a t i o n s
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a f t e r  t r a n s p l a n t i n g  a n d  f l o o d i n g  m i g h t  h a v e  r e s u l t e d  

i n  r e d u c t i o n  o f  F e  i n  A m o  s e r i e s ( P o n n a m p e r u m a ,  1 9 6 5 )  

a n d  p o s s i b i l i t y  o f  C a C O g  -  C 0 2 -  Hg O e q u i l i b r i u m  i n  

A k u s e  s o i l  s e r i e s  ( P o n n a m p e r u m a ,  1 9 6 5 ) .  T h e  i n c r e a s e  

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

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

f r o m  t h e  f i f t h  w e e k  ( t a b l e  3 a  a n d  b)  w i t h  v a l u e s  o f  5 „ 7  

a n d  6 . 7  i n  A m o  a n d  A k u s e  s e r ie s  r e s p e c t i v e l y ,  t h e s e  v a l u e s  

a r e  p r e t t y  c l o s e  t o  t h e  o r i g i n a l  p H of  t h e  s o i l s  i n  C a C l 2 

s o l u t i o n .

3 . 2 , 0 .  N u t r i e n t s  i n  t h e  S u p e r n a t a n t  l i q u i d s

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

s w a m p  c o n d i t i o n s  i n  t h e  t r o p i c s .  An u n d e r s t a n d i n g  of  

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

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

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

r i c e .

An a t t e m p t  h a s  b e e n  m a d e  i n  t h e s e  e x p e r i m e n t s  t o  

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

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

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

3 0 2 .  1 P h o s p h o r u s  i n  t h e  S u p e r n a t a n t

T h e  c o n c e n t r a t i o n  o f  P i n  t h e  s o l u t i o n  w i t h d r a w n  

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

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

t r e a t e d  w i t h  f e r t i l i z e r  a s  f o u n d  b y  H o s s n e r  et_ a_l_.

(1 97 3 )  0 P  s o l u t i o n  c o n c e n t r a t i o n  f o r  u n t r e a t e d  s o i l s  

r a n g e d  f r o m  0 „ 0  t o  0„ 0 3 6  p p m ,  S o i l s  t r e a t e d  w i t h  

f e r t i l i z e r  P h a d  a v e r a g e  s o l u t i o n  P v a l u e s  o f  0 . 0  t o  

0 o 08 p p m  ( F i g .  3 a  & b ) .  T h e  r e s u l t s  i n d i c a t e  a t  t h e  

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

s u p e r n a t a n t  l i q u i d s  o f  a l l  t r e a t m e n t s  ( F i g .  3 a  a n d  b)  

w h i c h  i n c r e a s e d  ( S h a p i r o 9 1 9 5 8 a ,  b ;  D a v i d e ,  I 9 6 0 ) .  

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

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

h a d  s o m e  P i n  s o l u t i o n  a t  t h e  e n d  o f  t h e  f i r s t  w e e k  o f  

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

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

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

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

t h e  p l a n t s ,  m o s t  of  i t  b e c a m e  f i x e d s ( B a r t h o l o m e w ,
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1 9 3 1  M i t s u i *  1 9 5 4 ) .  T h e  i n c r e a s e  i n  t h e  a v a i l a b i l i t y  

o f  n a t i v e  a s  w e l l  a s  a d d e d  P i s  t h o u g h t  t o  b e  d u e  t o  

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

( F u j i w a r a ,  1 95 0;  P o n n a m p e r u m a ,  1 9 5 5 ;  S h a p i r o ,  1 95 8 a 

a n d  M a n d a l ,  1 9 6 4 ) ,  r e d u c t i o n  o f  i r o n  I I I  p h o s p h a t e  

( V a l e n c i a ,  1 9 6 2 ;  P o n n a m p e r u m a ,  1 9 6 5 )  i n  A m o s e r i e s  a n d  

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

( USD A,  1 95 7 ) o

P c o n c e n t r a t i o n  i n  s u p e r n a t a n t  i n  a l l  t r e a t m e n t s  

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

o n d  w e e k  t i l l  t h e  t h i r d  w e e k  i n  A m o  s e r ie s  a n d  f i f t h  w e e k  

i n  A k u s e s e r i e s .  T h i s  d e c r e a s e  i n  s o l u b l e  P i s  t h o u g h t  

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

P ( P a t r i c k  a n d  M a h a p a t r a ,  1 968;  M a h a p a t r a  a n d  P a t r i c k ,  

1 9 6 9 ) 0 T h e  d e c r e a s e  i n  c o n c e n t r a t i o n  o f  s o l u t i o n  P w i t h  

t i m e  c o r r o b o r a t e s  t h e  f i n d i n g s  o f  H o s s n e r  e t  al_. (1 97 3 )  

K a r  _et _al. (1 9 7 7 ) .  T h e  e x p e r i m e n t a l  r e s u l t s  o f  P c o n ­

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

c r o p p e d  s o i l s  g ( F i g „  3 a  a n d  b) „

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

c h a n g e .  T h e r e  w a s  g e n e r a l l y  a m a r k e d  i n c r e a s e  i n  t h e
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Fig 3 Phosphorus in Supernatant in ppm of soil vs weeks a f te r  transplanting/submergence 

during Paddy, growth in pot experiments carried out in the Green House
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s i x t h  w e e k  i n  a v a i l a b l e  P c o n c e n t r a t i o n  ( F i g ,  3 a  a n d  

b)  i n  n e a r l y  a l l  t h e  t r e a t m e n t s ,  P̂  ̂ t r e a t m e n t  i n  b o t h  

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

i n  t h e  s i x t h  w e e k  o f  s u b m e r g e n c e .  B e c a u s e  t h e  i n c r e a s e  

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

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

i n  p H of  t h e  s u p e r n a t a n t  ( t a b l e  2 a  a n d  b )  i n  t h e  s i x t h  

w e e k  m a y  h a v e  b e e n  t h e  c a u s e .  O r g a n i c  m a t t e r  f o r m s  

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

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

b l e  ( B r a d l e y  a n d  S i e l i n g s 1 9 5 3 ;  U S D A ,  1 9 5 7 ;  S h a p i r o ,

1 95 8b;  M a n d a l  a n d  M a n d a l ,  1 9 7 3 ;  H o s s n e r  e t  a l , , 1 9 7 3 ;  

a n d  S i n g h  a n d  R a m ,  1 97 7 ) ,  D a t t a  a n d  S r i v a s t a v a  (1 9 6 3 )  

s h o w e d  t h a t  t h e r e  w a s  a s t r o n g  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  a n d  p H  w i t h  t h e  s e s q u i o x i d e  c o n t e n t .  O t h e r  t h a n  

Pj^ t r e a t m e n t  ( F i g ,  3 a ) ,  t h e  o t h e r  g r a p h s ,  s h o w  i n c r e a s e  

o f  P i n  t h e  s u p e r n a t a n t  i n  A m o  s e r i e s i n  t h e  s i x t h  w e e k  

w i t h  i n c r e a s e  i n  a p p l i e d  P .  W h i l s t  t h e  i n c r e a s e  i n  t h e  

s i x t h  w e e k  of  s u p e r n k t a n t  P i n  A k u s e  s e r ie s  w a s  i r r e g u l a r .  

In t h e  s i x t h  w e e k ,  t h e  p H of  t h e  s u p e r n a t a n t  l i q u i d s
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of  A m o  s e r ie s  w a s  b e t w e e n  6 . 7  a n d  7 „ 5 a n d  7 . 1  a n d  8 . 0  

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

a v e r a g e  p H c o n c e n t r a t i o n .  T h e s e  r e s u l t s  a r e  c o n t r a r y  

t o  a d e c r e a s e  i n  a v a i l a b i l i t y  o f  P b e t w e e n  p H 6 . 5  a n d

7 . 5  u n d e r  f l o o d e d  c o n d i t i o n s  ( A o k i  1 9 4 1 ;  T s e n g ,  1 9 6 0 )  

i n  a c i d i c  s o i l s  a s  i n  A m o s e r i e s a n d  7 . 0  a n d  8 . 5  ( U S D A ,

1 95 7) i n  a l k a l i n e  s o i l s  a s  i n  A k u s e  s e r i e s .  T h e r e  w a s  h o w "  

e v e r  no  i n c r e a s e  i n  s o l u b l e  i r o n  i n  t h e  s u p e r n a t a n t  i n  t h e  

s i x t h  w e e k  a s  s h o w n  i n  F i g . 5 a  a n d  b .  S i m i l a r  r e s u l t  w a s  

o b t a i n e d  b y  M a n d a l  (1 9 6 4 ) .  B a s a k  a n d  B h a t t a c h a r y a  (1 9 6 2 ) e 

P a t h a k  e t  a l .  ,  (1 97 2 )  d i s c o v e r e d  t h a t  w a t e r l o g g e d  s o i l s

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

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

p e r i o d  o f  c r o p ’ s l i f e .  T h e y  s u g g e s t e d  t h a t  t h e  s o u r c e  

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

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

i n  t h e  d e c r e a s e  i n  p H  of  t h e  s u p e r n a t a n t  l i q u i d s  a s  w e l l  

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

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

I n  a s i m i l a r  s t u d y  P o n n a m p e r u m a  (1 9 6 5 )  s h o w e d  t h a t  

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

W h i l s t  i n  my  e x p e r i m e n t s  t h e  i n c r e a s e  t o o k  p l a c e  

a f t e r  t h e  f i f t h  w e e k .  F o r  t h i s  i n c r e a s e  h e  g a v e  n o  

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

w i l l  d e p e n d  o n  t h e  p r o p e r t i e s  o f  t h e  s o i l s .

T h e  a m m o n i u m  a c e t a t e  e x t r a c t s  o f  t h e  w e t  A k u s e  

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

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

w a t e r l o g g i n g .  T h e  p H  o f  t h e  s u p e r n a t a n t  l i q u i d s  o f  

t h e  A k u s e  s e r i e s  s a m p l e s  o f  t h e  s i x t h  w e e k  w a s  

b e t w e e n  7 . 1  a n d  8 . 0  u n i t s .  A c c o r d i n g  t o  U S D A  ( 1 9 5 7 )  

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

w e e n  p H  7 . 5  a n d  9 i n  t h e  p r e s e n c e  o f  e x c e s s  C a C  0^ 

w h i c h  i s  f o u n d  a s  c o n c r e t i o n s  i n  A k u s e  s e r i e s .  S o  

t h i s  m a y  a c c o u n t  f o r  t h e  i n c r e a s e  o f  P i n  A k u s e  s e r i e s  

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

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

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

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

T h e  e f f e c t  o f  i n c r e a s e d  p H  o f  t h e  s u p e r n a t a n t  c a n  

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

w h e n  s o i l s  a r e  k e p t  a t  c o n s t a n t  p H o f  6 . 5  t o  7 „ 2 

( P o n n a m p e r u m a ,  1 9 6 5 ) .  T h e  h y d r o x i d e s  b e i n g  l e s s  

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

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

t r a t i o n  o f  F e  a n d  M n  i n  s o l u t i o n  t h u s : ~

Fe + + + P _ t e ^ F e ++ + P

' + OH~
4/

Fe (OH)2 + P

T h o u g h  t h e r e  w a s  a d e c r e a s e  i n  p H  i n  t h e  s i x t h  w e e k ,  

t h e  p H v a l u e s  w e r e  s t i l l  w i t h i n  t h e  r a n g e  o f  6 „ 5  t o  7 . 2 .  

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

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

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

s o r p t i o n  o f  s o l u b l e  P b y  t h e  r o o t s .  B u t  t h e  a v e r a g e  

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

s h o w  p r e t t y  m u c h  t h e  s a m e  t r e n d .

D e c r e a s e  o f  P i n  t h e  e i g h t h  w e e k  i n  n e a r l y  a l l  t h e  

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

o r  c a p a c i t y  o f  t h e  r o o t s  t o  a b s o r b  p h o s p h o r u s ,  o r  a 

d e c r e a s e  i n  H g P O "  i o n  ( U S D A ,  1 9 5 7 )  i n  t h e  s o i l s  o r
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f i x a t i o n  o f  P d u e  t o  s t a b i l i z a t i o n  o f  p H  v a l u e s  b e t ­

w e e n  6 . 5  t o  7 , 5  w h e n  P b e c o m e s  u n a v a i l a b l e  ( A o k i ,  

1 9 4 1 ) ,  A f t e r  l o n g  p e r i o d s  o f  w a t e r l o g g i n g s P a p p e a r s  

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

t a t i o n  o f  F e  a n d  Mn  p h o s p h a t e  ( V a l e n c i a ,  1 9 6 2 ) ,

T h e  P  i n  t h e  s u p e r n a t a n t  i s  w h a t  i s  i m m e d i a t e l y  

a v a i l a b l e  t o  t h e  p l a n t .  W h e n  c o n s i d e r i n g  t h e  a v e r a g e  

c o n c e n t r a t i o n  o f  P  i n  t h e  s u p e r n a t a n t  f o r  t h e  w h o l e  o f  

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

r a w  d a t a  ( t a b l e  4 ) s P  c o n c e n t r a t i o n  i n c r e a s e d  w i t h  i n ­

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

r i c e  f o r  b o t h  s o i l  s e r i e s .  H o w e v e r ,  i n  t h e  p o t s  w i t h  

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

F r o m  t h e  s t a t i s t i c a l  a n a l y s i s  ( t a b l e  5 a )  t h e  l e v e l  

o f  P a p p l i e d  w a s  s i g n i f i c a n t  a t  5% a n d  1% r e s p e c t i v e l y .  

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

p o s i t i v e  e f f e c t  o n  t h e  q u a n t i t y  o f  P  i n  t h e  s u p e r n a t a n t .  

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

i n c r e a s e s  t h e  a v a i l a b i l i t y  o f  n u t r i e n t  P i n  t h e  a q u e o u s  

m i l i e u .  I t  a l s o  m e a n s  t h a t  t h e  a v a i l a b i l i t y  o f  P i n ­

c r e a s e d  w i t h  i n c r e a s e  i n  t h e  q u a n t i t y  o f  a p p l i e d  P 3
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( S h r i k h a n d e  a n d  Y a d a v ,  1 9 5 4 ;  P a t h a k ,  e t_ _a_l„ 1 9 7 2;

H o s s n e r ,  e t  a 1 . , 1 9 7 3 )  h e n c e  t h e  g e n e r a l  I n c r e a s e

o f  P i n  t h e  s u p e r n a t a n t .

T h e r e  w a s  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  A m o

a n d  A k u s e  s e r i e s  a t  5% l e v e l  i n  t h e  a m o u n t  o f  P i n

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

t h e  g r a p h s  ( F i g . 3 a  a n d  b )  t h a t  t h e r e  w a s  m o r e  P i n

t h e  s u p e r n a t a n t  i n  A m o  s e r i e s  t h a n  i n  A k u s e  s e r i e s .

O n  t h e  w h o l e  P i n  t h e  s u p e r n a t a n t  l i q u i d s  w a s  h i g h e r

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

t h a n  i n  A k u s e  s e r i e s  a s  s h o w n  b y  t h e  m e a n  o f  m e a n s

o f  t h e  r a w  d a t a  ( t a b l e  4 ) .

N u m b e r  o f  w e e k s  o f  s u b m e r g e n c e  / s o i l  i n t e r a c t i o n

w a s  s i g n i f i c a n t  a t 5% a n d  1 % r e s p e c t i v e l y  . T h u s  t h e

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

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

q u e s t i o n .  I n s p e c t i o n  o f  t a b l e  6 o f  m e a n s  o f  t r a n s f o r ­

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

e s t  m e a n s  o f  A mo  s e r i e s  w a s  w i t h  P^ t r e a t m e n t  i n  w e e k  

s i x  w i t h  a v a l u e  o f  - 6 . 7 1 a n d  t h e  l o w e s t  w a s  w i t h  P 3 

t r e a t m e n t  w i t h  a v a l u e  o f  2 . 1 8  ( w e e k  1 ) .  W i t h  r e f e r e n c e  

A k u s e  s e r i e s ,  t he h i g h e s t  m e a n  w a s  w i t h  Pj  t rea tm en t i n
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TABLE 4

MEAN OF MEANS OF NUTRIENTS IN AMO AND AKUSE series 

NUTRIENTS IN PPM IN SUPERNATANT LIQUID

Amo Akuse Amo Akuse Amo Akuse

Level of o
P P X  10 M n ____   Fe

P Ro
P NRo
P1 R 
P jN R

p 2r 
p 2n r  

p 3r 
p 3n r

NUTRIENT IN PLANT MATERIAL 
2

Mn x 10 ppm Fe ppm

1.55 0.89 0.15 0.11 1.37 0 .46

1.30 0 .90 0.30 0 .13 1.05 0.76

3.01 1.59 0.17 0 .07 0 .81 0.71

1.41 1.45 0.24 0 .06 1.20 0 .43

1.69 0.80 0.17 0 .12 1.44 0 .84

2 .06 1.99 0 ,27 0.11 0 .73 0 ,44

2.33 1.28 0 .15 0 .004 1.01 0 .40

2 .75 2 .07 0.25 0 .05 1,24 1.03

Po 0.27 0.23 14.15 9 .46 52 .9. 49 .9

p* 0.30 0.28 14.70 10 .60 67.9 66 .9

p?, 0.30 0.28 14 .94 13 .17 66 .4 41 .5

P3 0.34 0.27 14 .71 10.28 64 ,6 49 .1

NUTRIENTS IN PPM IN WET SOIL
M n Fe

Amo Akuse Amo V Akuse
P R  173,9 84,.8 6.14 7 79
P°NR 179.1 69.6 6.25 5.81
P?R 176,5 60,8 3.79 6,99
p|NR 182. 80.3 9.56 8.6 o

174.0 24,7 5.29 7.47
159.5 79.6 6.43 8.63
157.0 44.9 3.51 7.95

PgNR 160.1 65.5 15.30 6.61
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ANALYSIS OF VARIANCE TABLE 5 a , b , C  

SUMMARY OF ANOVA TABLE

-  1 0 2  -

PROJECT ON AMO AND AKUSE SOIL SERIES

Level of Factor A = 2 (Soil types)

Level of Factor B = 4 (Level of phosphorus applied)

Level of Factor C = (No. of sampling times/period of
sufcmergence/weeks after transplanting).

Supernatant Liquids (a) 

1. Phosphorus in Supernatant

Source DF SS MS F
A 1 16.6502 16.6502 5.2502*
B 3 57.3885 19.1295 6.0435**
C 5 27.0641 5.4128 1.7100

AB 3 8.1810 2.7270 0.8615
AC 5 59.4722 11.8944 3.7577**
BC 15 70.4799 4.6986 1.4844

ABC 15 35.9132 2.3942 0.7563
ERFDR 88 278.5453 3.1652

Manganese in Supernatant

Source DF SS MS F
A 1 0.4143 0.4143 30.1974**
B 3 0.0537 0.0179 1.3046
C 5 0.3011 0.0602 4.3888**

AB 3 0.0171 0.0057 0.4171
AC 5 0.4711 0.0942 6.8670**
BC 15 0.2044 0.0136 0.9931

ABC 15 0.5414 0.0360 2.6304**
ERROR 88 1.2075 0.0137

* Significant at 5%, ** Significant at 1%, ns not significant.
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3. Iron in Superna tan t

Source DF SS MS F

A * 0.2890 0.2890 0.1305.

B 3 21.1070 7,0356 3,1776*

C 5 13,5821 2.7164 1 ,2268

AB 3 7,6808 2,5602 1 .1563

AC 5 42.8834 8,5766 3.8736**

BC 15 57,6799 3.8453 1.7367*

ABC 15 43.2017 2.8801 1,3008

ERROR 88 194.8413 2.2141

Wet Soi l (b)

1. Manganese in Wet S o i l

S ource DIF SS MS F

A 1 1117,464 1117.464 0,478 ns

B 3 19850.732 6616,910 2,835*

C 5 4g266.344 8053,268 3.450**
AB 3 11243,962 3747 .9-87 1.605 ns
AC 5 71326,498 14265.299 6 ,112**
BC 15 160329.038 10688.6.02 4,5.80**

ABC 15 190990,428 12732,695 5.455**
Error 88 205370,497 2333,755

* S i g n i f i c a n t  a t  5$,  ** S i g n i f i c a n t  1%, ns not  s i g n i f i c a n t ,
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Wat Soi l  (b) c o n t .

2. Iron in Wet Soi l

Source DF SS MS F

A 1 654.373 654.373 32.143**

B 3 468.419 156.139 7.669**

C 5 921.63® 184.326 9,054**

AB 3 465.700 155.233 7.625**

AC 5 942.547 188.509 9.259**

BC 15 3399,420 226.628 11 .132**

ABC 15 4406.668 293.777 14.430**

Error 88 1791.480 20,357

Plan t N u tr ien t  (c) 

1, Phosphorus in Pl ant  M aterial

Source DF SS MS F

A 1 0.047 0,047 9,313**

B 3 0,054 0,018 3,580*
C 5 2,810 0,562 111 .252**
AB 3 0.015 0.005 1.024ns
AC 5 0.279. 0.055 11,046**
BC 15 0,215 O.ol4 2,849**

ABC 15 0.207 0,013 2.737**
Error 88 0.444 0.005

* S i g n i f i c a n t  a t  5% ** S i g n i f i c a n t  a t  VI ns not  s i g n i f i c a n t
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P lan t N u tr ien t  (c) co n t .

2. Manganese in P lan t Material

Source DF SS MS F

A 1 454.426 454.426 27.978**

B 3 103.317 34,439 2 .120ns

C 5 9860.142 1972.028 121 .414**

AB 3 48,236 16.078 0.989ns

AC 5 151.430 30.286 1 ,864ns

BC 15 368.817 24.587 1 .517ns

ABC 15 183,426 12,228 0.752ns

Error 88 1429.311 16,242

3, Iron in P lan t Material

Source DF SS MS F

A 1 3774.163 3774.163 1 .747ns
B 3 1653.957 551.319 0.255ns
C 5 188178.383 37635,676 17.426**

AB 3 3149.479 1049.826 0.486ns
AC 5 19139.116 3827.823 1 .772ns
BC 15 49983.250 3332,216 1 ,542ns

ABC 15 26856,068 1790,404 0 ,829ns
Error 88 190047.994 2159,636

* S i g n i f i c a n t  a t  5% ** S i g n i f i c a n t  a t  1% ns not  s i g n i f i c a n t .
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w e e k  2 w i t h  a v a l u e  o f  - 1 . 1 4  a n d  t h e  l o w e s t  w a s  w i t h

P 1 i n  w e e k  2 w i t h  a v a l u e  o f  3 . 3 4 .  T h e  h i g h e s t  m e a n

o f  m e a n s  i n  A m o  s e r i e s  w a s  - 2 . 5 2  i n  w e e k  6 ( t a b l e  6 ) 

a n d  t h e  l o w e s t  0 . 7 5  i n  w e e k  5 .  T h e  h i g h e s t  m e a n  o f  

m e a n s  o f  t h e  A k u s e  s e r i e s  f o r  P w a s  - 0 . 0 8  i n  w e e k  

8 a n d  t h e  l o w e s t  0 . 7 7  i n  w e e k  6 . T h e r e f o r e  i t  c a n  

b e  a s s u m e d  t h a t  P a p p l i e d  a t  22  k g / h a  r e s u l t e d  i n  

t h e  g r e a t e s t q u a n t i t y o f  P i n  t h e  s u p e r n a t a n t  i n  t h e  t w o  

s o i l  s e r i e s .  H e n c e  22 k g  P / h a  i n  e a c h  i s  t h e  o p t i m u m  

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

l a b l e  P t h a t  w i l l  b e  i m m e d i a t e l y  a v a i l a b l e  t o  t h e  p l a n t .  

I t  c a n  b e  c o n c l u d e d  t h a t  m o r e  P w a s  a v a i l a b l e  i n  t h e

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

i n  t h e  A k u s e  s e r i e s .  I t  a l s o  a p p e a r s  t h a t  i n  b o t h  

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

d e r e d  i n n o c u o u s .  W i t h  r e f e r e n c e  t o  F i g . 6 , w h e n  P i n

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

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

s e r i e s  d e c r e a s e d  a n d  v i c e  v e r s a .  I t  w a s  o n l y  b e t ­

w e e n  t h e  f o u r t h  a n d  t h e  f i f t h  w e e k s  t h a t  A k u s e  s e r i e s  

r e l e a s e d  m o r e  P i n  i t s  s u p e r n a t a n t  t h a n  A m o  s e r i e s .

T h e  r e s t  o f  t h e  t i m e  l i t t l e  P w a s  a v a i l a b l e  i n  A k u s e  

s e r i e s  s u p e r n a t a n t  ( F i g .  6 ) .
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TABLE -6 SUPERNATANT MEANS OF TRANSFORMED VALUES FROM 
~ AMD AND AKUSE series

Amo series Akuse series

P hosphorus

P Level Po P1 P2 P3 Mean Po P1 P2 P3 Mean

Week 1 -0.93 -0.97 -0.05 2.18 0.05 -0.12 0.86 0.78 0.12 0.41

2 -0.18 -2.26 -0.13 0.82 -0.43 —0.62 -1.14 3.34 1.44 0.75

3 0.09 0.17 1.14 -0.65 0.18 0.73 0.99 1.03 0.68 0.86

5 0.88 0.75 0.64 0.74 0.75 0.00 -0.53 0.35 0.00 -0.04

6 -1.94 -6.71 0.38 -1.85 -2.52 -0.06 -0.81 1.85 2.10 0.77

8 0.64 0.63 0.25 1.25 0.38 -0.32 -0.22 -0.22 0.39 -0.08

Mean -0.24 -1.61 0.37 0.42 , ,, -0.07 -0.14 1.19 0.79-------

MANGANESE

1 -0.16 -0.19 0.02 -0.01 -0.08 0.08 -0.01 0.06 0.04 0.04

2 -0.01 0.11 0.28 -0.08 0.12 0.06 -0.10 -0.16 0.00 -0.05

3 0.46 0.24 0.12 0.11 0.23 -0.60 0.00 0.00 0.00 -0.01

5 0.22 0.13 0.20 0.24 0.19 0.03 0.04 0.06 0.04 0.04

6 0.36 0.04 -0.01 0.11 0.12 -0.08 -0.02 -0.05 0.00 -0.03

8 0.05 0.11 0.00 0.14 0.07 0.05 0.01 0.0 0.01... 0.01

0.16 0.07 0.10 0.11 0.01 -0.01 -0.02 0.02 !

IR O N

[11

1 -1.89 -0.07 -0.23 0.05 -0.53 0.13 -1.90 -1.53 0.29 ;-0.75
2 ; -0.03 -0.63 -3.61 -0.11 -1.09 2.18 0.46 -0.09 3.50 ; 1.51
3 -2.18 2.23 -1.25 2.91 0.36 0.08 0.26 0.20 0.04 i 0.14
5 1.51 0.42 0.46 -0.85 0.38 0.17 -0.55 -0.42 0.03; 0.21

6 0.44 0.25 0.51 0.84 0.50 0.04- 0.03 0.07 0.01 0.03

8 0.26 0.17 0.13 0.18 0.18 -0.77 -0.03 - 0 . 6 5 -0.01:-0.35
-0.32 0.40 -0.71 0.50 0.31 -0.29 -0.40 0 . 6 3 j
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3 . 2 . 2 , ,  M a n g a n e s e  i n  S u p e r n a t a n t

M a n g a n e s e  i n  t h e  s o i l  s o l u t i o n  i s  t h e  i m m e d i a t e  

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

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

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

n a t a n t  ( F i g .  4 a  a n d  b ) .  T h e  i n c r e a s e  i n  s o l u b i l i t y ,  

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

d e s  ( M n O g ,  M n g O g ,  M n ^ O ^ )  w h i c h  a r e  r e n d e r e d  s o l u b l e  

i n  f l o o d e d  s o i l s  ( P o n n a m p e r u m a ,  1 9 7 2 ) .  T h e  r e d u c t i o n  

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

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

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

Q u a s t e l ,  1 9 4 6 ) .  T h e  m a x i m u m  v a l u e s  w e r e  r e a c h e d  

w i t h i n  t h e  f i r s t  t h r e e  w e e k s  of  s u b m e r g e n c e  i n  a l l  t r e a t ­

m e n t s  ( F i g .  4 a  a n d  b )  o f  b o t h  s o i l  s e r i e s  e x c e p t  P Q t r e a t ­

m e n t  o f  A k u s e  s e r i e s .  T h i s  a t t a i n e d  i t s  m a x i m u m  i n  t h e  

s i x t h  w e e k  o f  f l o o d i n g .  T h e  h i g h e s t  m a n g a n e s e  c o n c e n ­

t r a t i o n  r e c o r d e d  f o r  t h e  s u p e r n a t a n t s  w e r e  1 . 0 5  p p m  

a n d  0 o 63 p p m  f o r  A m o  a n d  A k u s e  s e r ie s  r e s p e c t i v e l y .

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

f i r s t  w e e k  o f  s u b m e r g e n c e  a s  w a s  r e p o r t e d  b y  M a n d a l
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F ig  6  E f f e c t  o f  soil  and  t im e  a f t e r  t r a n s p la n t in g / s u b m e r g e n c e  in te ra c t io n  
on P in S u p e rn a ta n t  d u r in g  P a d d y  g ro w th

Fig. 7 E ffec t o f soil and tim e a fte r transplanting interaction on Mn in 

Supernatant during Paddy growth

Fig 8 E ffect of soil and tim e a fte r transplanting interaction on Fe in 
S upernatant during Poddy growth
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W eeks o f te r  T ransplanting / subm ergence

( b )  A K U S E

3 4 5 6
W eeks a f te r  tra n sp la n tin g  /  subm ergence

PoR 

P oN R  

Pt R 

P, N R  

P2 R 

P 2 N R  

P3 R 
P3 N R

Fig  4 .  M a n g a n e s e  in S u p e r n a t a n t  in p p m  of  soi l  vs w e e k s  a f t e r  t r a n s p l a n t i n g /  
s u b m e r g e n c e  du r i n g  P a d d y  g r o w t h  in pot  e x p e r i m e n t s  c a r r i e d  o u t  in 

1he G r e e n  H o u s e
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n a t a n t .  A s i m i l a r  v a r i a b l e  s o l u b l e  Mn  p a t t e r n  s h o w n  

b y  A k u s e  se r ie s  h a s  b e e n  r e c o r d e d  b y  O l o m u  e t  a j^ . (1 9 7 3 ) .  

T h e y  s u g g e s t e d  t h a t  t h i s  m a y  h a v e  b e e n  d u e  t o  c h a n g e  

i n  p H i n  s o m e  s o i l s .  T h e  e x p e r i m e n t a l  r e s u l t s  ( t a b l e  

2 a  a n d  b )  s h o w  l i t t l e  o r  no  c h a n g e  i n  p H f r o m  t h e  t h i r d  

t o  t h e  f i f t h  w e e k  i n  m o s t  o f  t h e  t r e a t m e n t s .

I n  A m o  s e r ie s  ( F i g . 4 a ) ,  t h e  i n c r e a s e  i n  M n  i n  t h e  

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

i n  t h e  f i r s t  w e e k  i n  t h e  P q a n d  P^ t r e a t m e n t s .  T h e y  d e »  

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

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

p e r u m a  (1 965  ) a s  s o i l s  h a v i n g  h i g h  m a n g a n e s e  c o n t e n t  

w h i c h  s h o w  s t e e p  i n c r e a s e  i n  M n  i r r e s p e c t i v e  o f  p H v a l u e  

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

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

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

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

t h e  p r e v i o u s  P fi a n d  P ^  l e v e l s ,  b e f o r e  f o l l o w i n g  t h e  s a m e  

t r e n d s .  W i t h  t h e  e x c e p t i o n  o f  t h e  s e c o n d  a n d  t h i r d  w e e k  

t h e  M n  c o n c e n t r a t i o n  i n  t h e  s u p e r n a t a n t  o f  P t r e a t m e n tO
w a s  t h e  l e a s t .  O t h e r  t h a n  t h e  s e c o n d  w e e k ,  t h e  s u p e r ™
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n a t a n t  f r o m  p  t r e a t m e n t  g a v e  t h e  h i g h e s t  v a l u e s  o f  

Mn  c o n c e n t r a t i o n „

In  A k u s e  s e r ie s  ( F i g .  4 b )  a f t e r  t h e  a p p e a r a n c e  o f  

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

n o n e  w a s  d e t e c t e d  i n  p o t s  w i t h  t h e  h i g h e s t  P  l e v e l ,  t i l l  

t h e  e n d  o f  t h e  s a m p l i n g  p e r i o d .  F r o m  t h e  f i f t h  w e e k  

of  s a m p l i n g  t i l l  t h e  e i g h t h ,  t h e r e  w e r e  d e t e c t a b l e  q u a n ­

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

s o i l s  w i t h  P q S P j  a n d  P ^  t r e a t m e n t s .

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

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

t h e  s o l u b i l i t y  o f  Mn  i n  t h e  s u p e r n a t a n t .  T h e  t y p e s  o f  

s o i l  u s e d  h a d  a s i g n i f i c a n t  e f f e c t  a t  5% a n d  1% r e s p e c ­

t i v e l y  ( t a b l e  5 a )  on  t h e  Mn  i n  t h e  s u p e r n a t a n t  l i q u i d .

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

f r o m  A m o  se r ie s  w a s  m o r e  t h a n  d o u b l e  t h a t  i n  s u p e r n a t a n t s  

of  A k u s e  s e r ie s  f o r  t h e  d i f f e r e n t  t r e a t m e n t s  ( t a b l e  4 ) .

Number of w eeks o f  s u b m e r g e n c e  w a s  s i g n i f i c a n t  a t  

5% a n d  1% r e s p e c t i v e l y  ( t a b l e  5 a ) c W i t h  t i m e  t h e  Mn  

d e c r e a s e d  a f t e r  t h e  i n i t i a l  m a x i m u m  r e a c h e d .  T h e  g e n e -  

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

o r g a n i s m s  t h u s  m a k i n g  i t  l e s s  a v a i l a b l e  ( M e e k  e t  a l .  ,

1 9 6 8 ) .  T h e r e  w a s  i n t e r a c t i o n  s i g n i f i c a n t  a t  5% a n d  1% 

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

t h e  M n  i n  t h e  s u p e r n a t a n t  l i q u i d .  T h e  h i g h e s t  m e a n  o f  

t r a n s f o r m e d  v a l u e  w a s  - 0 . 1 9  i n  w e e k  1 f o r  A m o  s e r i e s  

a n d  - 0 . 6 -  i n  w e e k  3 f o r  A k u s e  s o i l  s e r i e s  ( t a b l e  6 ) .

T h e  t r a n s f o r m e d  v a l u e s  f o r  A k u s e  s e r ie s  w e r e  v e r y  c l o s e  

t o  t h o s e  o f  t h e  c o n t r o l .  W h e r e a s  i n  A m o  s e r ie s  t h e r e  w a s
K’S

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

( F i g .  7 ) .  E x c e p t  f o r  t h e  f i r s t  w e e k  t h e  f i g u r e s  f o r  A m o  

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

T h e  l e v e l  o f  P  a p p l i e d ,  period  o f  s u b m e r g e n c e  a n d  

t y p e  o f  s o i l  i n t e r a c t i o n  ( t a b l e  5 a )  h a d  s i g n i f i c a n t  e f f e c t  

a t  5% a n d  1% o n  t h e  M n  i n  t h e  s u p e r n a t a n t .  I n  A m o  s e r ie s ,  

t h e  h i g h e s t  m e a n  ( t a b l e  6 ) o f  - 0 . 1 9  w a s  i n  t h e  f i r s t  w e e k  

a n d  t h i s  c o i n c i d e d  w i t h  t h e  h i g h e s t  m e a n  o f  m e a n s  w h i c h  

w a s  a l s o  i n  t h e  f i r s t  w e e k .  T h e  l o w e s t  m e a n  w a s  i n  t h e  

t h i r d  w e e k  s o  w a s  t h e  l o w e s t  m e a n  o f  m e a n s .  I n  A k u s e  

s e r ie s  th e  h i g h e s t  m e a n  ( t a b l e  6 ) w a s  - 0 . 6 0  i n  w e e k  3 

w h i l s t  t h e  h i g h e s t  m e a n  of  m e a n s  w a s  i n  w e e k  2.  T h e
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l o w e s t  m e a n  w a s  i n  w e e k  1 s o  w a s  t h e  l o w e s t  m e a n  o f  

m e a n s ,  A l l  t h e  m e a n  o f  m e a n s  f o r  Am o s e r ie s  we  r e  p o ­

s i t i v e  f o r  t h e  d i f f e r e n t  l e v e l s  o f  f e r t i l i z e r  P  a d d e d .  

H e n c e  t h e r e  w a s  l e s s  M n  i n  t h e  s u p e r n a t a n t  i n  t h e  p o t s  

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

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

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

t o  t h o s e  i n  A k u s e  s e r ie s  ( t a b l e  8 ) .  T h e s e  r e s u l t s  a r e  i n ­

d i c a t i v e  o f  t h e  s u g g e s t i o n  b y  P o n n a m p e r u m a  (1 9 6 5 )  

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

M n  v a r i e s  f r o m  s o i l  t o  s o i l .

3 . 2 . 3 0 I r o n  i n  S u p e r n a t a n t

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

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

b r o u g h t  i n t o  s o l u t i o n  d e p e n d s  on  t h e  p H ( R o d r i g o ,  1 9 6 2 )  

o f  t h e  s o i l c

I r o n  w a s  f o u n d  i n  t h e  s u p e r n a t a n t  l i q u i d s  i n  a l l  

t r e a t m e n t s  o f  b o t h  s o i l  s e r i e s  i n  t h e  f i r s t  w e e k .  T h i s  

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

O l o m u  e_t j i l „ , ( 1 9 7 3 )  wh o  h a d  h o  i r o n  p r e s e n t  i n  t h e  s o i l  

s o l u t i o n  i n  m o s t  of  t h e i r  e x p e r i m e n t s  a n d  R o d r i g o  (1 9 6 2 )
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wh o  h a d  n o n e  a t  a l l  i n  h i s  s u p e r n a t a n t  l i q u i d s .  H o w ­

e v e r ,  R o d r i g o 1 s (1 9 6 2 )  w a t e r  p e r c o l a t e s  ( f o r  u n c r o p p e d  

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

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

W i t h  r e f e r e n c e  t o  f i g  5 a  o n l y  P Q l e v e l  o f  f e r t i l i z e r  

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

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

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

w e e n  t w o  a n d  f i v e  w e e k s  a n d  d e c r e a s e d  t h e r e a f t e r .  T h e  

v a l u e s  r a n g e d  f r o m  0 . 0 5  t o  4 . 6 1  p p m  i n  t h e  s u p e r n a t a n t  

f r o m  p o t s  c r o p p e d  w i t h  r i c e  a n d  0 . 2 2  t o  3 . 5 3  p p m  i n  

s u p e r n a t a n t  f r o m  u n c r o p p e d  p o t s  ( F i g .  5 a ) .  T h e  c o n c e n ­

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

r i c e  w e r e  t h e  s a m e  v a l u e  i n  t h e  s i x t h  w e e k .  I n  t h e  c a s e  

of  t h e  s u p e r n a t a n t s  f r o m  t h e  t r e a t m e n t s  o f  A k u s e  s o i l  

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

0 . 0 5  t o  2 „ 4 8  p p m  a n d  t h e  u n c r o p p e d  s o i l  0 . 0 7  t o  4 D24 

p p m ,  ( F i g .  5 b ) .  T h e  m a x i m u m  v a l u e s  w e r e  o b t a i n e d  

i n  t h e  f i r s t  w e e k  f o r  t h e  s u p e r n a t a n t s  o f  t h e  c r o p p e d  

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

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

t h e  c o n c e n t r a t i o n  o f  F e  i n  t h e  s u p e r n a t a n t  i n  t h e  t h i r d
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A

W e e k s  a f te r  tra n sp la n t in g  / s u b m e r g e n c e

ppm

Fig. 5  Iron in S u p e rn a ta n t  in p p m  o f  soil vs  w e e k s  a f t e r

t ra n s p la n t in g /s u b m e rg e n c e  du r in g  P a d d y  g ro w th  in po t  expe r im ents  

c a r r ie d  out in the  G reen House
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w e e k  a f t e r  w h i c h  t h e  c o n c e n t r a t i o n  i n c r e a s e d  i n  t h e  

f i f t h  a n d  e i g h t h  w e e k s  w i t h  f e w  e x c e p t i o n s .  W h i l s t  

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

w e r e  p r e t t y  m u c h  t h e  s a m e  i n  t h e  s i x t h  w e e k  ( F i g .  5 b ) .  

A l m o s t  a l l  t h e  t r e a t m e n t s  i n  A k u s e s e r i e s  f o l l o w e d  t h e  

s a m e  t r e n d s ,  a n d  f a r  m o r e  c o n s i s t e n t  t h a n  i n  A m o  s e r ie s  

s u p e r n a t a n t .

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

a s  a r e s u l t  o f  s u b m e r g e n c e  w a s  p r o b a b l y  a c o n s e q u e n c e  

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

r e d u c t i o n  o f  F e  I I I  b y  m e t a b o l i t e s  ( P o n n a m p e r u m a  1 9 6 5 ) ,  

a l t h o u g h  K u m u r a ,  T a k a i ,  a n d  I s h i k a w a  (1 9 6 3 )  h a v e  r e ­

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

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

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

r e d u c t i o n  h a s  b e e n  r e p o r t e d  b y  I s l a m  a n d  E l a h i  ( 1 9 5 4 )  s 

M a n d a l  ( 1 9 6 4 ) ,  P o n n a m p e r u m a  (1 9 6 5 ,  1 9 7 2 ) ,  O l o m u  e t  

a l . ,  (1 9 6 3 ) 3 J a g g i  a n d  R u s s e l  (1 9 7 3 ) ,  S i n g h  a n d  P a s r i c h a  

(1 97 8 )  a n d  a s  a r e s u l t  o f  m i n e r a l i z a t i o n  o f  F e  c o m p l e x  

o r g a n i c  m a t t e r  b y  O l o m u  e t  a l ,  s (1 9 7 3 ) ,  I n  t h e  p r e s e n t  

i n v e s t i g a t i o n  t h e  i n c r e a s e  i n  s o l u b l e  F e  r o s e  t o  a m a x i ­
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m u m  a n d  t h e n  d e c r e a s e d  a s  r e p o r t e d  b y  G e r i c k e  ( 1 9 3 0 ) ,  

R o d r i g o  (1 9 6 2 ) ,  P o n n a m p e r u m a  (1 9 6 5 ) ,  J a g g i  a n d  R u s ­

s e l  (1 9 7 3 ) .  T h e  s m a l l  a m o u n t s  o f  F e  p r e s e n t  i n  t h e  

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

w e r e  d u e  t o  t h e  f a c t  t h a t  t h e  p H of  t h e  s u p e r n a t a n t  i n  

a l l  t h e  t r e a t m e n t s  w e r e  b e t w e e n  6 „ 7  a n d  8 . 7 „  At  p H 

v a l u e s  g r e a t e r  t h a n  7 F e  i s  p r e s u m e d  t o  b e  p r e c i p i t a t e d  

a r o u n d  r i c e  r o o t s  ( I R R I ,  1 9 6 3 ) .  T h e  d i s t r i b u t i o n  o f  r e ­

d u c e d  F e  b e t w e e n  t h e  s o l i d  a n d  s o l u t i o n  p h a s e s  o f  t h e  

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

c h a n g e  c a p a c i t y  a n d  d u r a t i o n  o f  s u b m e r g e n c e  ( P o n n a m p e *  

r u m a ,  1 9 6 5 ) .  T h e  o r g a n i c  m a t t e r  i n  b o t h  s o i l s  i s  l o w .

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

w a s  s o  l o w .  A n o t h e r  r e a s o n  i s  t h a t  t h e  a m o u n t  o f  F e  i n  

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

b r o u g h t  i n t o  s o l u t i o n  d e p e n d s  on t h e  p H of  t h e  s o i l »  T h e  

l o w e r  t h e  p H ,  t h e  m o r e  t h e  i r o n  d i s s o l v e s  ( R o d r i g o  1 9 6 2 ) ,  

H e r e  p H of  A m o s e r i e s i s  l e s s  t h a n  t h a t  o f  A k u s e  s e r ie s  h en c e  

m o r e  i r o n  i s  r e n d e r e d  s o l u b l e  i n  A m o  t h a n  i n  A k u s e  s e r ie s  

( t a b l e  4 ) 0
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T h e  l e v e l s  o f  P a p p l i e d  w e r e  s i g n i f i c a n t  a t  5% t o  

t h e  a m o u n t  o f  F e  i n  t h e  s u p e r n a t a n t  l i q u i d s .  T h e  o n l y  

i n d i c a t i o n  o f  i n c r e a s e  i n  a p p l i e d  P w i t h  i n c r e a s e  i n  F e  

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

s e e n  i n  t h e  f i f t h  w e e k  ( F i g .  5 a )  i n  A m o  s e r i e s  i n  p o t s  

w i t h  r i c e .  I n  A k u s e  s e r ie s  ( t a b l e  4)  t h e r e  i s  a n  i n c r e a s e  

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

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

l e v e l  w h i c h  g i v e s  t h e  l e a s t .  T h e  a d d i t i o n  o f  P t o  s o i l s  

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

s o l u b i l i t y  o f  F e .  T h e  m o s t  s t r i k i n g  t h i n g  ( t a b l e  6 ) i s  

t h a t  t h e  h i g h e s t  m e a n  w a s  g i v e n  b y  P 2 l e v e l  o f  a p p l i e d  

P  a s  w e l l  a s  t h e  h i g h e s t  m e a n  o f  m e a n s ,  a n d  t h e  l o w e s t  

m e a n  w a s  g i v e n  b y  P g l e v e l  o f  a p p l i e d  P a s  w e l l  a s  t h e  

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

i n  A k u s e  s o i l  s e r i e s .

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

( t a b l e  5 a )  w a s  s i g n i f i c a n t  a t  5% a n d  1% r e s p e c t i v e l y .

W h e n  t h e  c o n c e n t r a t i o n  o f  F e  i n  A k u s  e series d e  c r e  a s  e d 

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

v a l u e ,  A m o  series s h o w e d  a m a r k e d  i n c r e a s e  ( F i g .  8)
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c o r r e s p o n d i n g  t o  an  i n c r e a s e  o f  P i n  A m o  s e r i e s  s u p e r ­

n a t a n t  a n d  d e c r e a s e  o f  P  i n  A k u s e  s e r ie s  s u p e r n a t a n t  

( F i g .  6 ) .  T h i s  m a y  h a v e  b e e n  d u e  t o  a d r o p  i n  p H of  

A m o  s e r ie s  s u p e r n a t a n t  w h i l s t  t h a t  o f  A k u s e  s e r ie s  s u p e r ­

n a t a n t  w a s  on  t h e  i n c r e a s e .  F r o m  t h e  t h i r d  w e e k  o n ­

w a r d s ,  b o t h  s o i l s  f o l l o w e d  a l m o s t  t h e  s a m e  t r e n d  m o r e  

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

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

i n  t h e  p o t s  c r o p p e d  w i t h  r i c e  f r o m  t h e  t h i r d  w e e k  o n ­

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

i n  A m o  series  s u p e r n a t a n t  ( t a b l e  6 ) g a v e  t h e  h i g h e s t  v a l u e  

i n  t h e  s e c o n d  w e e k  a n d  t h e  l o w e s t  i n  t h e  s i x t h  w e e k  

w h i l s t  t h a t  o f  A k u s  e s e r ie s  s u p e  r n  a t  a n t  g a v e  t h e  h i g h e s t  

v a l u e  i n  t h e  f i r s t  w e e k  a n d  l o w e s t  i n  w e e k  2 .

3 . 3 . 0 .  N u t r i e n t s  i n  t h e  W e t  S o i l

3 . 3 . 1 .  P h o s p h o r u s  i n  t h e  W e t  S o i l

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

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

t r e a t m e n t s  i n  b o t h  s o i l  s e r i e s .  B e c a u s e  P Q t r e a t m e n t  

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

s e r i e s ,  i t  c o u l d  b e  a s s u m e d  t h a t  b o t h  n a t i v e  a n d  a p p l i e d
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P w e r e  e x t r a c t e d  i n  t h e  o t h e r  t r e a t m e n t s .  F e  w a s  e x ­

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

m e r g e n c e  i n  a l l  t r e a t m e n t s .  So t h e  h i g h  r e s u l t s  of  

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

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

s i s  o f  F e  I I I  p h o s p h a t e  a s  c l a i m e d  b y  F u j i w a r a  (1 95 0) 

a n d  S h a p i r o  (1 9 5 8 a ) .  I t  i s  a l s o  p o s s i b l e  t h a t  w e t  A m o  

s o i l  s e r i e s  a t  p H l e s s  t h a n  5 . 5  a n d  w e t  A k u s e  s o i l  s e r i e s  

a t  p H  b e t w e e n  6 . 5  a n d  7 ( t a b l e  3 a  a n d  b )  e n h a n c e d  t h e  

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

t e d  b y  P o n n a m p e r u m a  (1 9 6 5 ) .

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

w e e k  i n  a l l  t r e a t m e n t s .  W i t h  t i m e ,  p  i n c r e a s e d  s l i ­

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

t h e  e i g h t h  w e e k .  T h e r e  w e r e  s i g n s  of  i n c r e a s e d  a v a i l a ­

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

c o n s i s t e n t .  T h e  t r e n d s  i n  t h e  e x t r a a t a b l e  P d i d  n o t  s h o w  

a c l e a r  p a t t e r n .

3 . 3 , 2  M a n g a n e s e  i n  W e t  S o i l

E x t r a c t a b l e  Mn  i n  w e t  s o i l  t r e a t m e n t s  ( F i g .  9 a)

s h o w  i n c o n s i s t e n t  r e s u l t s .  T h e  c o n c e n t r a t i o n  o f  Mn  i n  

t h e s e  t r e a t m e n t s  r a n g e d  f r o m  7 3 .  90 t o  2 8 2 .  5 p p m .  T h e
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t r e a t m e n t s  w e r e  w e l l  s u p p l i e d  w i t h  a v a i l a b l e  M n ,  t h e  

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

s e c o n d  w e e k  o f  s u b m e r g e n c e .  I n  f i g .  9b t h e  r e s u l t s  

f o r  A k u s e  s e r ie s  a p p e a r  m o r e  c o n s i s t e n t .  I n  t h e s e  t h e  

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

w e e k  o f  s u b m e r g e n c e .  T h e  v a l u e s  r a n g e d  f r o m  z e r o  

t o  29 1  p p m  d u r i n g  t h e  s a m p l i n g  p e r i o d .  T h e  a v a i l a b i l i ­

t y  o f  M n  i n  t h e  w e t  t r e a t m e n t s  i n c r e a s e d  w i t h i n  t h e  

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

c o r r e s p o n d s  t o  an  i n c r e a s e  o f  M n  i n  t h e  s u p e r n a t a n t  

l i q u i d s ,  I n c r e a s e  i n  a v a i l a b i l i t y  o f  M n  i n  t h e  w e t  s o i l  

h a s  b e e n  r e p o r t e d  b y  R o d r i g o  ( 1 9 6 1 ) ,  P o n n a m p e r u m a  

(1 9 6 5 ) ,  P a t h a k  ^ t  a l .  (1 9 7 2 ) ,  a n d  G h o n e i m  e t  a l .  ( 1 9 7 4 ) .

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

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

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

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

i n  A m o  s e r i e s t r e a t m e n t s  ( F i g .  9a )  a f t e r  t h e  f i r s t  o r  

s e c o n d  w e e k  c o m p a r e d  t o  t h e  s t e e p  d e c l i n e  i n  A k u s e  

s e r i e s ( F ig .  9b)  i n  t h e  s e c o n d  o r  t h i r d  w e e k .  I n  n o r m a l  

s o i l s  t h e r e  i s  u s u a l l y  an  e q u i l i b r i u m  b e t w e e n  s o l u b l e
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ppm

W eeks a f te r  tra n s p la n t in g /s u b m e rg e n c e

P=R
p p m .  HH-I-I I !■ Po N R

F ig .  9  M a n g a n e s e  in w e t  so i l  v s  w e e k s  a f t e r  t r a n s p l a n t i n g / s u b m e r g e n c e  d u r i n g  Paddy 
g r o w t h  in p o t  e x p e r i m e n t s  c a r r i e d  o u t  in t h e  G r e e n  H o u s e
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Mn  a n d  i n s o l u b l e  M n  o x i d e s  t h a t  i s  a f f e c t e d  m a r k e d l y  

b y  s o i l  a c i d i t y  ( B l a c k  j s t  j J . , 1 9 6 5 ) .  W i t h  i n c r e a s e  i n  

s o i l  p H v a l u e s ,  t h e  e q u i l i b r i u m  i s  s h i f t e d  t o w a r d s  

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

( B o k e n ,  1 95 8 ) .  W i t h  d e c r e a s e  i n  s o i l  p H v a l u e s  t h e  

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

a v a i l a b i l i t y .  T h e  p H of  w e t  A m o  s e r ie s  t r e a t m e n t s  ( t a b l e  

3 a )  s h o w e d  g r a d u a l  i n c r e a s e  a f t e r  t h e  f i r s t  w e e k  i n t o  

t h e  t h i r d  w e e k ,  a n d  i n  a f e w  i n s t a n c e s  t h e  f i f t h  w e e k ,  

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

T h i s  i s  r e f l e c t e d  i n  f i g .  9 a  a s  t h e  M n  v a l u e s  o f  t h e  d i f «  

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

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

A s  a c o n t r a s t  t h e  pH v a l u e s  ( T a b l e  3b )  o f  t h e  w e t  

A k u s e  se r ie s  t r e a t m e n t s  s h o w e d  an  i n c r e a s e  i n  p H i n  t h e  

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

m e n t s  r e f l e c t e d  t h e  l o w  v a l u e s  o f  e x t r a c t a b l e  Mn  a n d  

w e r e  l o w e s t  i n  t h e  t h i r d  w e e k  ( F i g .  9 b ) .  B y  t h e  f i f t h  

w e e k ,  t h e  p H h a d  d e c r e a s e d  a n d  t h e  M n  v a l u e s  w e r e  on  

t h e  r i s e .  D u r i n g  t h e  n e x t  t w o  w e e k s  o f  s a m p l i n g ,  t h e  

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

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

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

e i g h t h  w e e k  of  s u b m e r g e n c e .

T h e  d e c r e a s e  of  a v a i l a b l e  M n  a f t e r  w e e k s  o f  s u b ­

m e r g e n c e  h a s  b e e n  r e p o r t e d  b y  C l a r k ,  N e a r p a s s  a n d  

S p e c h t  (1 9 5 7 ) ,  R o d r i g o  ( 1 9 6 2 ) ,  P o n n a m p e r u m a  ( 1 9 6 5 ) ,  

P a t h a k  e t  al_. (1 9 7 2 )  . T h e  d e c r e a s e  c o u l d  a l s o  h a v e  

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

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

t i o n s ,  a n d  a c c u m u l a t e  i n s o l u b l e  Mn  s a l t s  ( A l e x a n d e r ,

1 9 6 5 ) .  O t h e r s  d e r i v e  a l l  o r  p a r t  o f  t h e i r  e n e r g y  f r o m  

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

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

s t a t e  ( W a k s m a n ,  1 9 5 2 )  a n d  m a n y  o r g a n i s m s  o x i d i z e  Mn  

( S t a r k e y s 1 9 4 5 ) .  A s  a r e s u l t  o f  m i c r o b i a l  a c t i o n ,  t h e  

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

t h e  o r g a n i s m  f o r  g r o w t h .  W h e n  t h a t  i s  s a t i s f i e d  t h e n  

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

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

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

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

( M e e k  ^et a l .  » 1 9 68  ) .

M a n g a n e s e  v a l u e s  i n  a l l  t r e a t m e n t s  g e n e r a l l y  i n ­

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

w e t  A m o s e r i e s  t h e  i n c r e a s e s  w e r e  n o t  a s  s t r i k i n g  a s  

t h e y  w e r e  i n  t h e  w e t  A k u s e  s e r i e s t r e a t m e n t s  ( F i g .  9a  

a n d  b ) .  A f e w  v a l u e s  o f  e x t r a c t a b l e  M n  i n  A k u s e  s e r ie s  

i n  t h e  e i g h t h  w e e k  w e r e  a s  h i g h  a s s i f  n o t  g r e a t e r  t h a n s 

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

t e n a e r e  a n d  M a s s e t  (1 9 6 8 )  h a v e  r e p o r t e d  t h a t  a v a i l a b i ­

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

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

t h e s e  e x p e r i m e n t s  w e r e  s t i l l  or.  t h e  i n c r e a s e  i n  t h e  

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

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

i n c r e a s e  i n  a v a i l a b i l i t y  o f  M n  i n  b o t h  s o i l s  a f t e r  t h e  

f i f t h  w e e k  o f  s u b m e r g e n c e  ( M a n n ,  a n d  Q u a s t e l  1 9 4 6 ) .  

R o o t s  p r o b a b l y  p l a y  an  a c t i v e  p a r t  i n  b r i n g i n g  a b o u t  

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

t h e i r  r o o t  e x c r e t i o n  ( J o n e s  a n d  L e e p e r ,  1 9 5 1 ) .
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T h e  t y p e  o f  s o i l  p e r  s e  did n o t  a p p e a r  t o  h a v e  

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

s o i l  s t a t i s t i c a l l y  ( t a b l e  5 b ) .  W h e r e a s  , t h e  l e v e l  

o f  P w a s  5% s i g n i f i c a n t  a n d  t h e  h i g h e r  t h e  l e v e l  

( t a b l e  4 )  o f  P a p p l i e d  t h e  l e s s  t h e  e x t r a c t a b l e  M n  

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

s i g n i f i c a n t  a t  5% a n d  1% r e s p e c t i v e l y  t o  t h e  a m o u n t  

o f  M n  a v a i l a b l e  i n  t h e  w e t  s o i l  s a m p l e s  ( t a b l e  5 b ) ,  

a n d  a c c o u n t s  f o r  t h e  a v a i l a b i l i t y  a n d  d i s a p p e a ­

r a n c e  o f  M n  d u r i n g  t h e  p e r i o d  o f  s u b m e r g e n c e .

T h e  m i n i m u m  a m o u n t  o f  M n  w a s  e x t r a c t e d  f r o m  t h e  

w e t  s o i l  t r e a t m e n t s  b e t w e e n  t h e  t h i r d  a n d  t h e  s i x t h  

w e e k  o f  s a m p l i n g .  I n t e r a c t i o n  b e t w e e n  t y p e  o f  

s o i l  a n d  p e r i o d  o f  s u b m e r g e n c e  h a d  s i g n i f i c a n t  

e f f e c t  o n  t h e  M n  i n  t h e  w e t  s o i l  t r e a t m e n t s  ( F i g .

1 0 ) .  A f t e r  t h e  f i r s t  w e e k  o f  s u b m e r g e n c e ,  t h e r e  

w a s  m o r e  M n  a v a i l a b l e  i n  t h e  w e t  A k u s e  s e r i e s ,  

t h a n  i n  t h e  A m o  s e r i e s  t r e a t m e n t s .  T h e  e x t r a c t -  

a b l e  M n  i n c r e a s e d  i n  A k u s e  s e r i e s  a b o v e  t h a t  o f  

t h e  c o n t r o l  t o  t h e  e n d  o f  t h e  s e c o n d  w e e k ,  b u t  

d e c r e a s e d  i n  A mo  s e r i e s  t i l l  t h e  e n d  o f  t h e  t h i r d

w e e k  w i t h  n o  i n c r e a s e  i n  t h e  a m o u n t  o f  M n  a b s o r b e d
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by t h e  p l a n t s  i n  A k u s e  s e r i e s  t r e a t m e n t .  F r o m  t h e  

t h i r d  w e e k  o n w a r d s  t h e  e x t r a c t a b l e  M n  i n c r e a s e d  i n  

A m o  s e r i e s  a b o v e  t h a t  o f  t h e  c o n t r o l  u p  t o  t h e  e i g h t h  
w e e k  w h i l s t  t h a t  o f  A k u s e  s e r i e s  d e c r e a s e d  f i r s t  
s l o w l y  t o  t h e  f i f t h  w e e k  t h e n  s t e e p l y  t i l l  t h e  e i g h t h  

w e e k .  ( F i g .  1 0 ) .  T h e  l a t t e r  i s  r e f l e c t e d  i n  t h e  

s m a l l e r  q u a n t i t i e s  o f  M n  a b s o r b e d  b y  t h e  p l a n t  

m a t e r i a l  f r o m  A k u s e  s e r i e s  t r e a t m e n t s .

T h e  i n t e r a c t i o n  b e t w e e n  t h e  l e v e l  o f  P a p p l i e d  a n d  

t h e  p e r i o d  o f  s u b m e r g e n c e  ( t a b l e  5 b ) h a d  5% a n d  l % s i g -  

n i f i c a n t  e f f e c t  o n  t h e  M n  e x t r a c t e d  f r o m  t h e  w e t  s o i l s .  

T h e  h i g h e s t  m e a n  v a l u e  o f  M n  a b o v e  t h a t  o f  t h e  c o n t r o l  

f r o m  A k u s e  s e r i e s  w a s  - 1 0 9 f r o m  Pg t r e a t m e n t  i n  w e e k

t w o  ( t a b l e  7 ) .  T h i s  c o i n c i d e d  w i t h  t h e  h i g h e s t  m e a n  o f  

m e a n s  o f  - 26  i n  w e e k  t w o .  T h e  h i g h e s t  m e a n  v a l u e  o f  

M n  i n  A m o  s e r i e s  t r e a t m e n t  w a s  - 9 7 f r o m  P3 i n  w e e k e i g h t  

a n d  c o i n c i d e d  w i t h  t h e  h i g h e s t  m e a n  o f  m e a n s  o f  - 22  i n  

t h e  s a m e  w e e k .  T h e  l o w e s t  m e a n  v a l u e  o f  M n  f o r  A k u s e  

s e r i e s  w a s  2 4 2  w i t h  P. ,  t r e a t m e n t  i n  w e e k  e i g h t  w i t h  

t h e  l o w e s t  m e a n  o f  m e a n s  o f  1 0 4 . 7  i n  w e e k  e i g h t .  T h e  

l o w e s t  m e a n  v a l u e  f o r  A m o  s e r i e s  w a s  1 2 8 f o r  P^ t r e a t ­

m e n t  i n  w e e k  1 , t h e  l o w e s t  m e a n  o f  m e a n s  h o w e v e r  w a s  

i n  w e e k  t h r e e .  T h e s e  r e s u l t s  a l s o  r e f l e c t  t h e  s i g n i f i -
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Fig 10 E f f e c t  o f  soil and  t im e  a f t e r  t ra n sp la n t ing  /  submergence 

in te ract ion  on Mn in W et Soil d u r in g  P a d d y  g row th

W eeks o f te r  t ra n s p lo n fin c i /  'ju b rn p rq e n ce

F ig .  12  E f f e c t  o f  s o i l  a n d  t im e  o f t e r  t r a n s p la n t in g / s u b m e r g e n c e  i n t e r a c t io n  

'>n f  r  in  W e i  S o i l  d u r in g  P a d d y  g r o w t h
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c a n t  i n t e r a c t i o n  a t  5% a n d  1% b e t w e e n  t h e  t y p e  o f  

s o i l ,  l e v e l  o f  P a p p l i e d ,  w e e k s  o f  s u b m e r g e n c e  o n  

t h e  M n  e x t r a c t e d  f r o m  t h e  w e t  s o i l  ( t a b l e  5 b ) .  T h e  

A m o  s e r i e s  p r o d u c e d  l a r g e  q u a n t i t i e s  o f  M n  t h r o u g h ­

o u t  t h e  s a m p l i n g  p e r i o d ,  b u t  A k u s e  s e r i e s  v a l u e s  o f  

e x t r a c t a b l e  M n  d e c r e a s e d  s h a r p l y  f r o m  t h e  s e c o n d  

w e e k .  T h i s  p r o b a b l y  m e a n s  t h a t  t h e  M n  i n  t h e  w e t  

A k u s e  s e r i e s  t r e a t m e n t s  w e r e  i n  f o r m s  n o t  e a s i l y  e x ­

t r a c t a b l e  o r  i t  w a s  j u s t  t h e  c h a r a c t e r i s t i c  o f  t h e  s o i l  

n o t  t o  r e l e a s e  m u c h  M n  a f t e r  t h e  i n i t i a l  f i r s t  w e e k

o f  s u b m e r g e n c e .

3 . 3 . 3 .  I r o n  i n  t h e  W e t  S o i  1

T h e  a m o u n t  o f  F e  r e d u c e d  i n  a f l o o d e d  s o i l  a p p e a r s

t o  b e  d e t e r m i n e d  b y  t h e  a c t i v e  F e  c o n t e n t  a n d  a v a i l a b i ­

l i t y  o f  o r g a n i c  m a t t e r ,  t h e  pH i s  r e l a t i v e l y  u n i m p o r t a n t  

( P o n n a m p e r u m a  (1965). A m o  a n d  A k u s e  s e r i e s  u s e d  i n  

t h e s e  e x p e r i m e n t s  a r e  w e l l  s u p p l i e d  w i t h  i r o n .  A c c o r d ­

i n g  t o  t h e  m e t h o d  o f  J a c k s o n  ( 1 9 5 6 ) t h e  s o i l s  c o n t a i n e d

2 2 1 0 6  x  10  a n d  5 6 . 9  3 x 1 0 p p m  i r o n  i n  A m o  a n d  A k u s e

s e r i e s  r e s p e c t i v e l y  a n d  b y  B l a c k  _et  _aj  . ( 1 9 6 5 ) ,  1 1 . 7 4

a n d  3 . 8 4  p p m .
I n  t h e  w e t  s o i l  s a m p l e s ,  t h e  e x t r a c t a b l e  F e  t h a t  i s

t h e  e x c h a n g e a b l e  F e f o r  A m o  s e r i e s  r a n g e d  f r o m  0 . 00  t o
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TABLE -7 WET SOIL MEANS OF TRANSFORMED VALUES OF
Mn AND Fe FROM AMO AM) AKUSE series

AMO series

Manganese Iron

P Level Po P1 P2 P3 Mean Po P1 P2 P3 Mean

Week 1 128.1 -24.6 -92.6 2 .1 3.22 -5.02 7.20 -1.07 -3.10 -0.50

2 -15.0 29-8 15.6 5.5 8.98 2.20 4.03 2,15 3.24 2.91

3 -39.2 71.7 -52.0 75.0 13.86 -0.23 3.45 -2.22 0.88 0,47

5 -19.63 -26.8 34.7 25.2 3.36 -0.12 7.63 5.37 1.29 3.54

6 -0.44 -43.3 4.7 17.0 -5.53 10.15 14.24 -1.88 2.68 6.30

8 -22.8 31.1 2.0 -96.9 -21.66 -6.3 -1.92 4.37 65.7 15.47

5,16 6.31 -14.61 4.6 0 .11 5.77 1 .12 11,78

AKUSE series

1 -25..2 -62.2 87 .3 30 .4 7 .57
2 -109,,2 10.4 -7 ,3 2 .2 -25 .95
3 0,,68 -2.2 -0 ,8 2 .9 0.14
5 0 ,0 2.3 2 ,1 1 .5 1 ,48
6 58,.3 18.9 6 ,0 44 .2 31 .86
8 -15,,5 150.1 242 .0 42 .4 104 .77

-1.87 0.67 8.33 4 ,52 2.91
-0 .06 1.15 -0 .13 -0 .66 0,08
-0 .58 -0.16 -1 .14 -0 .82 -0.68

-7 .04 1.05 -3 .49 0.60 -2.22
2 .05 -6.24 -0 .49 -9 .21 ,3.47

-5 .89 13.42 3 .88 o ,59 2.21

-15.1 19,6 54.9 20.6 -2.23 1.65 1.16 -1.38
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6 7 .  25 p p m  a n d  A k u s e  se r ie s  0 . 3 6  t o  2 3 . 9  p p m  ( F i g .

1 1 a  a n d  b ) .  T h e  e x c h a n g e a b l e  i r o n  i n  s o m e  o f  t h e  

t r e a t m e n t s  t h a t  s h o w e d  v a l u e s  g r e a t e r  t h a n  3 p p m  i n  

t h e  f i r s t  w e e k  o f  s u b m e r g e n c e  d e c r e a s e d  i n  t h e  s e c o n d  

w e e k  ( F i g .  1 1 a  a n d  b ) .  T h o s e  t h a t  s h o w e d  v a l u e s  l e s s  

t h a n  3 p p m  i n  t h e  f i r s t  i n c r e a s e d  i n  t h e  s e c o n d  w e e k .

I r o n  t h a t  i s  r e d u c e d  f r o m  t h e  s o l i d  p h a s e  m a y  b e  p r e ­

s e n t  a s  h y d r o x i d e ,  c a r b o n a t e  o r  s u l p h i d e ,  a n d  t h e  d i s ­

t r i b u t i o n  o f  r e d u c e d  i r o n  b e t w e e n  s o l i d  a n d  s o l u t i o n  

p h a s e s  w o u l d  b e  c o n t r o l l e d  b y  p H ,  o r g a n i c  m a t t e r ,  

c a t i o n  e x c h a n g e  a n d  d u r a t i o n  o f  s u b m e r g e n c e  ( P o n n a m -  

p e r u m  a 1 9 6 5 ) .

C o n c e n t r a t i o n  o f  F e  i n  a l l  t h e  t r e a t m e n t s  o f  t h e  

t w o  s o i l  s e r i e s  d e c r e a s e d  t o  a m i n i m u m  v a l u e ,  i n  t h e  

t h i r d  w e e k .  T h e  i n c r e a s e d  v a l u e s  o f  p H i n  t h e  w e t  

s o i l  t r e a t m e n t s  i n  t h e  t h i r d  w e e k  o f  s u b m e r g e n c e  m a y  

h a v e  a c c o u n t e d  f o r  t h i s  d i s a p p e a r a n c e  o f  i r o n ,  p o s s i ­

b l y  b y  p r e c i p i t a t i o n  ( H e m ,  I 9 6 0 ,  1 9 6 3 ;  R o d r i g o ,  1 9 6 2 ;  

P o n n e m p e r u m  a ,  1 9 6 5 ) .  S o m e t i m e s  F e  c a n  b e  p r e c i p i ­

t a t e d ,  a s  a r e s u l t  o f  c h e m i c a l  o x i d a t i o n  d u e  t o  i n c r e a s e s  

i n  p H  ( S t a r k e y ,  1 9 4 5 ) .
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M i c r o  o r g a n i s m s  c a n  c o n v e r t  F e  I I I  t o  F e  I I  a n d  

v i c e  v e r s a .  S o m e  of  t h e s e  o r g a n i s m s  a c c u m u l a t e  F e  

I I I  ( A l e x a n d e r ,  1 9 6 5 )  o r  d e r i v e  t h e i r  e n e r g y  f r o m  s o l u ­

b l e  i n o r g a n i c  s u b s t a n c e s  s u c h  a s  F e  w h i c h  m a y  b e  p r e ­

s e n t  i n  t h e  r e d u c e d  s t a t e  ( W a k s m a n ,  1 9 5 2 ) *  o r  u t i l i z e  

t h e m  f o r  m i c r o b i a l  t r a n s f o r m a t i o n s  ( B r a d y ,  1 9 7 4 ) ,  h e n c e  

t h e y  a r e  m a d e  u n a v a i l a b l e .

M e e k  e t  a!U (1  96 8 ) s h o w e d  h o w  f a c t o r s  o t h e r  t h a n  

r e d o x  c h a n g e s  c o u l d  m a k e  i r o n  u n a v a i l a b l e  a s  i n  t h e  

t h i r d  w e e k  o f  s u b m e r g e n c e .  T h e y  s u g g e s t e d  t h a t  s o m e  

of  t h e  s o l u b l e  F e  m a y  b e  p r e s e n t  u n d e r  f l o o d e d  c o n d i t i o n s  

i n  t h e  f o r m  of  o r g a n i c  c o m p l e x e s .  T h e s e  c o m p l e x e s ,  

t h e y  t h o u g h t  w e r e  a d s o r b e d  b y  c l a y  o r  a b s o r b e d  b y  m i ­

c r o o r g a n i s m  s s t h u s  r e n d e r i n g  F e  u n a v a i l a b l e .

I n  t h e  f i f t h  a n d  s i x t h  w e e k s  o f  s u b m e r g e n c e ,  m o r e  

i r o n  b e c a m e  a v a i l a b l e  ( F i g .  1 1 a  a n d  b ) .  S i m i l a r  i n ­

c r e a s e  i n  a v a i l a b i l i t y  h a s  b e e n  r e c o r d e d  b y  J e f f e r y  

( 1 9 6 1 a ) ,  R o d r i g o  ( 1 9 6 1 ) ,  M a n d a l  ( 1 9 6 1 ) ,  P a t h a k  et_ a j . 

( 1 9 7 2 ) .  T h i s  i n c r e a s e  c o u l d  h a v e  b e e n  b r o u g h t  a b o u t  

i n  t h e  f i f t h  w e e k  a s  a r e s u l t  o f  t h e  s l i g h t  d e c r e a s e  i n  

p H of  t h e  w e t  s o i l s  i n  a l l  t h e  t r e a t m e n f e b u t  m o r e  s o  i n  Aku­

se  se r ie s  ( t a b l e  3 a n d  b ) .  B y  t h e  s i x t h  w e e k  o f  s u b m e r g e n c e
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Weeks o fte r tronsp lon ting /subm ergence

p p m  ( b )  A K U S E

Fig. 11 Iron in w e t  soil vs w e e k s  a f t e r  t r a n s p la n t in g / s u b m e r g e n c e  d u r in g  
P a d d y  g ro w th  in pot e x p e r im e n ts  c a r r ie d  out in the  Green House
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t h e  p H  v a l u e s  w e r e  p r e t t y  c o n s t a n t  a n d  c l o s e  t o  t h a t  

o f  t h e  o r i g i n a l  s o i l s .

S h a p i r o  (1 95 8b)  s t a t e d  t h a t  o r g a n i c  m a t t e r  m a y  

r e d u c e  a n d  c h e l a t e  m e t a l l i c  c a t i o n s  i n  t h e  s o i l .  T h e s e  

c h e l a t e d  c o m p o u n d s  a r e  p r o t e c t e d  f r o m  p r e c i p i t a t i o n ,  

b u t  a r e  s t i l l  a v a i l a b l e  t o  p l a n t s .  I r o n  h a s  t h e  t e n d e n c y  

t o  b e  a t t r a c t e d  t o  c h e l a t e s  m o r e  s o  t h a n  o t h e r  i o n s ,  

t h u s  r e s u l t i n g  i n  i n c r e a s e d  a v a i l a b i l i t y  ( B r a d y ,  1 9 7 4 )  

i n  w e e k  f i v e „

V a l u e s  o f  F e  c o n c e n t r a t i o n  i n  s o m e  o f  t h e  t r e a t m e n t s  

i n  e a c h  s o i l  s e r i e s  i n c l u d i n g  P g  t h e  h i g h e s t  l e v e l  o f  w e t  

c r o p p e d  t r e a t m e n t s  s h o w e d  l o w e r  v a l u e s  i n  t h e  e i g h t h  

w e e k  o f  f l o o d i n g  ( F i g .  1 1 a  a n d  b ) .  T h e y  r e a c h e d  t h e i r  

m a x i m u m  p e a k  a f t e r  w e e k s  o f  s u b m e r g e n c e  a n d  t h e n  d e ­

c r e a s e d  b y  t h e  e i g h t h  w e e k .  S i m i l a r  r e s u l t s  w e r e  o b ~  

t a i n e d  b y  R o d r i g o  ( 1 9 6 1 ) ,  P o n n a m p e r u m a  (1 9 6 5 ) ,  P a t h a k  

et_ a L  (1 9 7 2) s J a g g i  a n d  R u s s e l  (1 9 7 3 ) .  T h e  r e s t  o f  t h e  

t r e a t m e n t s  c o n t i n u e d  t o  i n c r e a s e  a s  s h o w n  i n  F i g .  1 1 a  

a n d  b t i l l  t h e  e n d  o f  s a m p l i n g .  T h i s  s h o w s  t h a t  m o r e  a n d  

m o r e  i r o n  b e c a m e  a v a i l a b l e  a s  f l o o d i n g  w a s  p r o l o n g e d .

A l l  t h e  t r e a t m e n t s  g e n e r a l l y  f o l l o w e d  t h e  s a m e  t r e n d s .
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Th e  avai lab le Fe in the w e t  soil w a s  very s e n s i ­

tive to the different factors to w h i c h  it w a s  su bj ec te d.  

The type of series, A m o  a n d  A k u s e  had significant

effect on the Fe in the w e t  soil at 5% a n d  1% r e s p e c ­

tively (table 5b). Th e  original A m o  series s h o w e d

higher Fe co nt en t than A k u s e ;  but m o s t  of the treat­

m e n t s  in A k u s e  se r i e s ( w e t  s oi 1) r e 1 e a s e d m o r e  e x t r a c ­

table Fe than those in A m o  w e t  series. This m a y  be due 

to the p r e s e n c e  of slightly m o r e  or ga ni c matter p r e ­

sent in A k u s e  than A m o  series ( P o n n a m p e r u m a ,  1 9 6 5 ). 

Th e levels of P applied w e r e  significant at 5% and 

1 %  to the ava ilable Fe in the w e t  soil, (table 5b).

In the soil, s o m e  of the Fe m a y  h a v e  b e e n  c o n v e r t e d  

to Fe III p h o s p h a t e  w h i c h  w a s  first ins oluble and 

later r e d u c e d  to soluble Fe by the fifth an d sixth 

w e e k .  In m o s t  in st a n c e s  m o r e  Fe w a s  o b t a i n e d  at the 

low er  P level (table 4 an d fig. 11a an d b) than at the 

higher levels of applied P. T h e s e  results corroborate 

thos e of G u p t a  _e_t al_ (1969). Period of s u b m e r g e n c e  

too w a s  significant at 5% a n d  1% (table 5b). A l t h o u g h  Fe

w a s  e x t r a c t e d  i n  t h e  f i r s t  w e e k  l e s s  w a s  a v a i l a b l e  i n  

t h e  t h i r d  w e e k  i n  a l l  t r e a t m e n t s .  B u t  a s  s u b m e r g e n c e
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c o n t i n u e d  i n c r e ^ s s d  a m o u n t s  w e r G  r e n d e r e d  s o l u b l e  

t h a n  i n  t h e  f i r s t  t h r e e  w e e k s  o f  s u b m e r g e n c e .

T h e  interaction b e t w e e n  type of soil an d period 

of s u b m e r g e n c e  ha d 5 %  an d 1 %  significant effect on 

the Fe in the w e t  soil. W i t h  re fer en ce to fig. 12, 

A k u s e  series h a d  less Fe in the w e t  soil trea tments 

a b o v e  that of the control than A m o  series in the 

first w e e k .  W i t h  time the a m o u n t  of Fe i n c r e a s e d  to 

the sixth w e e k  an d then d e c r e a s e d  in the eighth 

w e e k .  Th er e w a s  no time other than the first w e e k

w h e n  the Fe in A k u s e  series s h o w e d  lo we r v a l u e s  

than thos e of A m o  series as has also b e e n  pointed 

out in m o s t  of the tr ea tm en ts  of the w e t  soils 

(table 4). In fact (Fig. 12) A m o  series had less Fe

av ail a bl e for extraction (bel ow that of the control) 

th r o u g h o u t  s a m p l i n g  e x c e p t  for the first w e e k .  The 

original A m o  series had m o r e  ava ilable Fe than 

A k u s e  series. M o r e  Fe w a s  in s u p e r n a t a n t s  from 

A m o  series than those from A k u s e  series. Plants 

from A m o  series also ha d m o r e  Fe in t h e m  than those 

from A k u s e  series. This m a y  explain w h y  there w a s  

less Fe in A m o  w e t  soil treatments.

Th e type of soil, level of fertilizer applied and
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period of s u b m e r g e n c e  interaction w a s  significant at 

5% and 1% to the Fe extracted from the w e t  soil 

(Table 5b). A look at the data (table 7) revea ls that 

the hi gh es t m e a n  for A m o  w e t  series w a s  - 5 . 0 2  with 

Pq tr eat men t and the h i g h e s t  m e a n  of m e a n s  in w e e k

1. The hi gh es t m e a n  for A k u s e  series w a s  -9 .21  

with Pj tre at m en t in w e e k  six and the hi gh es t m e a n  

of m e a n s  w a s  in the s a m e  w e e k .  The l o w e s t  m e a n  for 

A m o  series w a s  65.7 with tr eatment in w e e k  eight 

with the l o w e s t  m e a n  of m e a n s  in that w e e k .  W h i l s t  

A k u s e  series ha d the l o w e s t  m e a n  with P ̂  tr eat men t 

of 1 3 . 4 2  with the l o w e s t  m e a n  of m e a n s  in w e e k  1,

h e n c e  the significant differences.

H i g h  clay conte nt  is related to high e x c h a n g e  c a p a ­

city h e n c e  high v a l u e s  of nutrients in the soil. H i g h e r  

v a lu es  of extracted P and Fe in w e t  A k u s e  series treat­

m e n t s  w e r e  b e c a u s e  of higher e x c h a n g e  c a p a c i t y  as well

as the form in w h i c h  the ions exist in it. But higher 

va lu es  of extracted M n  in the w e t  A m o  series,, and 

higher v a lu es  of the three nutrients (P, M n  and Fe) a v a i - 

lable in the su pe rn a t a n t  liquids inspite of the M n  c o n ­

cretions in A k u s e  s e r i e s, were because Amo series perhaps more
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r e a d i l y  r e l e a s e s  i t s  n u t r i e n t s  t h a n  A k u s e  s e r ie s  a s  w e l l  a s  

t h e  f a c t  t h a t  t h e  o r i g i n a l  A m o  s o i l  s e r i e s  c o n t a i n e d  m o r e  

a v a i l a b l e  P 9 M n  a n d  F e  t h a n  t h e  A k u s e  s o i l  s e r i e s .

3 . 4 . 0 .  N u t r i e n t s  i n  t h e  P l a n t

3 . 4 . 1 .  P h o s p h o r u s  i n  t h e  p l a n t  m a t e r i a l

Th e  i n c r e a s e  i n  a v a i l a b l e  P c o n c e n t r a t i o n  i n  p a d d y  

s o i l s  d u r i n g  t h e  g r o w t h  o f  r i c e  s u g g e s t s  t h a t  t h e  r a t e  o f  

t h e  r e g e n e r a t i o n  o f  P w a s  f a s t e r  t h a n  t h e  u p t a k e  c a p a -  

c i t y  of  t h e  g r o w i n g  c r o p .  T h i s  c o n d i t i o n  i s  c o n d u c i v e  

t o  t h e  u p t a k e  o f  t h e  i o n  b y  t h e  p l a n t  ( B a s a k  a n d  B h a t t a -  

c h a r y a s 1 9 6 2 ) .  T h e  P i n  t h e  p l a n t  t i s s u e  f r o m  A m o  s e r ie s  

t r e a t m e n t s  ( t a b l e  8 ) r a n g e d  f r o m  0 „ 1 7 7  t o  0 .  6 0 9  p e r  c e n t  

o f  p l a n t  m a t e r i a l .  T h a t  o f  A k u s e  se r ie s  t r e  a t m e n t s  ( t a b l e  

8 ) r a n g e d  f r o m  0.  043  t o  0„ 84 9  p e r  c e n t  o f  p l a n t  m a t e r i a l .  

T h e  h i g h e s t  v a l u e s  of  P w e r e  o b t a i n e d  i n  t h e  f i r s t  w e e k ,  

a n d  t h e  l o w e s t  w e r e  g e n e r a l l y  o b t a i n e d  i n  t h e  e i g h t h  w e e k .

I n c r e a s e  i n  c o n c e n t r a t i o n  o f  P i n  t h e  s u p e r n a t a n t  

a n d  w e t  s o i l  r e s u l t e d  i n  i n c r e a s i n g  P c o n c e n t r a t i o n  i n  

r i c e  t i s s u e  a n d  t o t a l  p  u p t a k e  b y  r i c e  p l a n t s  ( F i g .  1 3 a  

a n d  b ) .  T h e s e  r e a u l t s  c o r r o b o r a t e  t h o s e  o f  B a s a k  a n d  

B h a t t a c h a r y a  (1 962)  C h e r i a n ,  P a u l s e n  a n d  M u r p h y  (1 9 6 8 ) s 

K o y a m a  a n d  C h a m m e k  ( 1 9 7 1 ) ,  H o s s n e r  et^ al_. (1 9 7 3 ) .  T h e
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TABLE S MEANS OF P, Ml AND Fe VALUES IN PLANT MATERIAL
GROWN IN AMO AND AKUSE series

Anx> series Akuse series

% Phosphorus % Phosphorus
/el P P, Pn P„ Mean P P, Pn Meano 1 2 3 o 1 2 3

1 0.43 0.49 0.51 0.61 0.51 0.52 0.71 0.85 0.58 0.67

2 0.26 0.33 0.29 0.33 0.30 0.24 0.21 0.26 0.29 0.25

3 0.30 0.31 0.32 0.34 0.32 0 .11 0.21 0.25 0.28 0.21

5 0.26 0.25 0.27 0.29 0.27 0.33 0.24 0.04 0.13 0.19

6 0.19 0.24 0.18 0.21 0.21 0.08 0.15 0.14 0.15 0.13

8 0.19 0.19 0.23 0.25 0.22 0.08 0.14 0.15 0.16 0.13

0.27 0.30 0.30 0.34 0.23 0.28 0.28 0.27
• 2

Manganese ppm x 10 Manganese ppn x 102

1 32.30 31.13 35.08 32.32 32.71 25.69 27.72 42.00 23.00 29.81
2 10.10 10.46 11.20 11.45 10.80 9.98 10.10 11.65 11.80 10.88
3 10.98 10.98 10.50 9.95 10.39 7.14 7.56 7.59 5.77 7.02
5 9.45 10.69 12.24 12.21 11.14 5.06 6.15 6.25 6.69 6.04
6 12.51 12.73 11.43 12.31 12.25 4.59 6.37 6.00 6.54 5.88
8 10.40 12.23 9.16 10.03 10.46 4.31 5.70 5.53 7.05 5.65

14.15 14.70 14.94 14.94 14.71 9.46 10.60 13.17 10.28

Iron ppn Iron ppm

1 114.71 119.73 132.66 99.77 116.72 114.55 48.88 66.92 113.76 86.03
2 79.06 53.11 114.86 77.56 81.15 124.97 116.14 69.36 99.02102.37
3 67.86 54.04 51.75 115,44 72.27 28.78 53.03 9.89 16.93 27.16
5 4.45 8.30 3.06 7.16 5.74 5.17 3.19 50.55 2.55 15.37

6 13.73 9.00 14.79 8.09 11.40 12.09 16.42 10.65 3.85 10.75
8 37.70 163.18 81.53 79.43 90.46 13.80163^57 41.30 58.64 69.33

52.92 67.89 66.44 64.88 49.89 66.87 41.45 49.13
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Weeks o f fe r  tra n s p la n tin g  /subm ergence

Fig . 13 P h o s p h o ru s  as p e rc e n ta g e  o f  p la n t  m a te r ia l  as vs  w e e k s  a f t e r  

t r a n s p l a n t i n g / s u b m e r g e n c e  d u r i n g  P a d d y  g r o w t h  in p o t  e x p e r im e n ts  
c a r r ie d  o u t  in t h e  G re e n  H ouse
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P i n  t h e  s u p e r n a t a n t  i n  c o n t a c t  w i t h  a v a i l a b l e  P i n  

t h e  w e t  s o i l ,  w a s  e n o u g h  a s s u r a n c e  t h a t  t h e r e  w a s  

c o n t i n u i t y  o f  P s u p p l y  t o  t h e  p l a n t s .  S e c o n d l y  b e c a u s e  

t h e  r i c e  w a s  g r o w n  u n d e r  p a d d y  c o n d i t i o n ,  P w a s  

r e l e a s e d  f r o m  f i x e d  f o r m s  i n  t o  t h e  s o i l  s o l u t i o n .  As  

a r e s u l t  o f  r e d u c t i o n  r e a c t i o n s ,  w h i c h  e n s u r e d  a d e ­

q u a t e  s u p p l y  o f  P t h r o u g h o u t  t h e  g r o w i n g  p e r i o d  o f  

t h e  r i c e  p l a n t ,  e s p e c i a l l y  w h e n  t h e r e  w o u l d  n o r m a l l y  

h a v e  b e e n  P d e f i c i e n c y  u n d e r  u p l a n d  c o n d i t i o n s ,  F e  

p h o s p h a t e  a n d  r e d u c t a n t  s o l u b l e  F e  p h o s p h a t e  m a y  h a v e  

p r o v i d e d  t h e  r e d u c e d  f o r m s  t h a t  s u p p l i e d  t h e  r e q u i r e d  

P ( P a t r i c k  J r .  a n d  M a h a p a t r a ,  1 9 6 8 ) .  T h i r d l y ,  t h e  

r i c e  p l a n t  c a n  a b s o r b  a n  a d e q u a t e  a m o u n t  o f  P f r o m  

s o i l  s o l u t i o n  w i t h  l o w  c o n c e n t r a t i o n  o f  p h o s p h a t e  ( O k a «  

j i m  a ,  1 9 6 5 ) .

I t  h a s  b e e n  s u g g e s t e d  t h a t  i f  a s o i l  i s  d e f i c i e n t  

i n  p h o s p h a t e  e a r l y  a p p l i c a t i o n  e n s u r e s  ( a )  t h e  d e v e l o p ­

m e n t  o f  a g o o d  r o o t  s y s t e m ,  (b)  h i g h  a b s o r b i n g  p o w e r  

o f  r i c e  r o o t s  d u r i n g  t h e  i n i t i a l  g r o w t h  s t a g e s  ( T a k a ” 

h a s h i  et_ a l_ . , 1 95 5 )  ( c )  h e a l t h y  g r o w t h  o f  t h e  y o u n g  

r i c e  p l a n t  ( P e t e r s o n ,  1 9 6 8 )  (d)  e f f i c i e n t  u t i l i z a t i o n  o f
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P a b s o r b e d  during tillering stag es for grain p r o d u c ­

tion and a n y  P tak en up b e y o n d  this point a c c u m u l a t e s  

in the grain, straw an d roots (Patnaik _e_t _aj . , 1 9 6 5 )

(e) G o o d  yield ( M i t s u i  1 9 5 4 ). For the se r e a s o n s ,  if 

there is d e f i c i e n c y  of P, retardation of tillering easily 

takes place. This m u s t  h a v e  b e e n  a ve ry im portant 

r e a s o n  w h y  the rice cr ops  g r o w n  on A k u s e  series with 

P q tre at m en t in particular w e r e  quite retarded in g r o w t h  

(plate 2 p a g e  146). T h o u g h  un de r s u b m e r g e n c e  the 

A k u s e  series had m o r e  extractable P than A m o  series, 

the actual P in the s u p e r n at an t,  w h i c h  is the readily

available form to the plants, w a s  greater in A m o  series. 

This m a y  h a v e  affected the rice plants.

Th e p e r c e n t a g e  of P in plant material (table 8 ) i n ­

c r e a s e d  wi th in cr eas e in P appl ica tio n in m o s t  of the 

treatments. The hi gh es t v a lu es  in A m o  series w e r e  

obtain ed (Fig. 13a) in the first w e e k  but d e c r e a s e d  in 

the s e c o n d  w e e k .  There w a s  a slight i n c r ea se  in the 

third w e e k  fol l ow ed  by a gr ad ual  d e c r e a s e  into the 

sixth w e e k  and another slight in cr ea se  in the eighth 

w e e k .  The s h a p e  of this curve for Amo series follows exactly

-  144 -
University of Ghana                              http://ugspace.ug.edu.gh



s o m e  o f  t h e  f i n d i n g s  o f  I s h i z u k a  (1 9 6 5 ) .  He  r e p o r t e d  

t h a t  t h e  p e r c e n t a g e  o f  P i s  h i g h  i n  t h e  s e e d l i n g  s t a g e .

A s  a s e e d  i t  c o n t a i n s  a c e r t a i n  a m o u n t  o f  P B a n d  a b ­

s o r b s  l a r g e  a v a i l a b l e  a m o u n t s  u n d e r  p a d d y .  T h e s e  

v a l u e s  d e c r e a s e  r a p i d l y  a f t e r  t r a n s p l a n t i n g  t o  g i v e  

r e a d i n g s  t a k e n  i n  t h e  s e c o n d  w e e k  a f t e r  t r a n s p l a n t i n g /  

s u b m e r g e n c e .  T h e r e  i s  t h e n  a g r a d u a l  i n c r e a s e  a s  i n  

t h e  t h i r d  w e e k  d e p e n d i n g  o n  t h e  r e c o v e r y  o f  a n y  d a m a g e  

i n d u c e d  d u r i n g  t r a n s p l a n t i n g .  T i l l e r i n g  t a k e s  p l a c e  a s  

i t  r e a c h e s  a h i g h  p e r c e n t a g e  i n  t h e  t h i r d  w e e k  t h a t  i s  

a b o u t  t h e  t i m e  f o r  t h e  f o r m a t i o n  o f  f l o w e r  p r i m o r d i a .  

A c c o r d i n g  t o  I s h i z u k a  (1 9 6 5 )  t h i s  h i g h  p e r c e n t a g e  o f  P 

c o n t i n u e s  t i l l  f l o w e r i n g  t i m e .  H o w e v e r s u n d e r  t h e  p r e »  

s e n t  i n v e s t i g a t i o n  t h e r e  w a s  a v e r y  g r a d u a l  d e c r e a s e  

i n s t e a d  u n t i l  f l o w e r i n g  t i m e  i n  t h e  f i f t h  w e e k  o f  s a m p ­

l i n g .  T h e  d e c r e a s e  I s h i z u k a  ( 1 9 6 5 )  e x p e c t e d  t o o k  p l a c e  

u n t i l  d o u g h  s t a g e  i n  t h e  s i x t h  w e e k .  T h e  g r a p h  ( F i g .

1 3 a )  s h o w s  a s l i g h t  i n c r e a s e  i n  P i n  t h e  e i g h t h  w e e k  

o v e r  t h a t  a t  t h e  d o u g h  s t a g e .  T h o u g h  t h e r e  w a s  g r a i n  

i n  s o m e  o f  t h e  p l a n t s  i n  t h e  e i g h t h  w e e k ,  i t  w a s  f a r  f r o m  

b e i n g  c o m p l e t e l y  f o r m e d .
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P l a t e  2

Pots of Akuse soil cropped with r ice  
transplanted/w aterlogged fo r seven weeks. 
Each pot of plant rep resen ts  a d ifferent 
level of added fe r t il iz e r  -  shows poor growth.
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T h e  c u r v e s  ( F i g .  1 3 b )  f o r  A k u s e  s e r ie s  t r e a t m e n t s  

d i d  n o t  q u i t e  f o l l o w  t h e  s a m e  t r e n d s  a s  t h o s e  f o r  A m o  

s e r ie s .  P e r c e n t a g e  o f  P i n  t h e  p l a n t  d i d  n o t  i n c r e a s e  w i t h  

i n c r e a s e  i n  P a p p l i c a t i o n  t h r o u g h o u t  t h e  s a m p l i n g  p e r i o d .  

O n c e  a g a i n  a s  s u g g e s t e d  b y  I s h i z u k a ,  ( 1 9 6 5 )  a n d  a d e q u a ­

t e l y  e x h i b i t e d  i n  t a b l e  8 a n d  f i g .  1 3 b ,  t h e  p e r c e n t a g e  of  

P w a s  h i g h  i n  t h e  s e e d l i n g  s t a g e  a s  s h o w n  i n  t h e  f i r s t  

w e e k  o f  t r a n s p l a n t i n g .  T h e  s e c o n d  w e e k  r e f l e c t s  t h e  

d e c r e a s e  a f t e r  t r a n s p l a n t i n g .  H o w e v e r ,  t h i s  d e c r e a s e  

c o n t i n u e d  i n  t h e  p l a n t s  f r o m  t h e  p o t s  w i t h  P q  t r e a t m e n t  

i n t o  t h e  t h i r d  w e e k  o f  s a m p l i n g .  A c c o r d i n g  t o  I s h i z u k a  

( 1 9 6 5 )  t h e  s u b s e q u e n t  i n c r e a s e  i n  a b s o r p t i o n  o f  P d e p e n d s  

on  h o w  q u i c k l y  t h e  p l a n t s  r e c o v e r e d  f r o m  t h e  d i s o r d e r  

i n d u c e d  b y  t r a n s p l a n t i n g .  N e v e r t h e l e s s  o n  r e c o v e r y  t h e  

p l a n t s  w i t h  P Q t r e a t m e n t  a b s o r b e d  t h e  g r e a t e s t  a m o u n t  

of  P t i l l  f l o w e r i n g  t i m e  i n  t h e  f i f t h  w e e k  a s  s u g g e s t e d  

b y  I s h i z u k a  (1 965  ) .  T h e  p l a n t s  i n  t h e  p o t s  w i t h  P-^ t r e a t ­

m e n t  a l s o  a b s o r b e d  i n c r e a s e d  a m o u n t  o f  P i n t o  t h e  f i f t h  

w e e k .  P l a n t s  g r o w n  i n  s o i l s  w i t h  P 2 a n d  P 3 t r e a t m e n t s  

d i d  n o t  s h o w  a n y  i n c r e a s e  i n  P u p t a k e  i n  t h e  t h i r d  a n d  

f i f t h  w e e k  a s  w a s  e x p e c t e d .  F r o m  t h e  p e r u s a l  o f  t h e

University of Ghana                              http://ugspace.ug.edu.gh



d a t a  ( t a b l e  8 ) a t  l e a s t  o n e  s e e d l i n g  d i e d  i n  o n e  p o t  i n  

t h e  r e p l i c a t i o n s  i n  p o t s  w i t h  P 2 a n d  P g t r e a t m e n t s  i n  

t h e  t h i r d ,  f i f t h  a n d  e i g h t h  w e e k s  o f  s a m p l i n g .  B e c a u s e  

t h e  p l a n t s  w e r e  s m a l l ,  t h e  a v e r a g e  P a b s o r p t i o n  g r e a t l y  

a f f e c t e d  t h e  v a l u e s  f o r  P  i n  t h e  f i f t h  w e e k ,  T h e  d e a t h  

o f  t h e  s e e d l i n g s  i n  t h e  t h i r d  a n d  e i g h t h  w e e k s  d o e s  n o t  

a p p e a r  t o  h a v e  s i g n i f i c a n t l y  a f f e c t e d  t h e  r e s u l t s .  C o n ­

s e q u e n t l y  t h e  a f f e c t e d  P  v a l u e s  f o r  t h e  f i f t h  w e e k  w e r e  

m u c h  l o w e r  t h a n  t h e y  s h o u l d  h a v e  b e e n .

P h o s p h o r u s  i n  p l a n t  m a t e r i a l  w a s  s i g n i f i c a n t l y

a f f e c t e d  a t  5% a n d  1% ( t a b l e  5 c )  b y  t h e  t y p e  o f  s o i l  u s e d

t o  g r o w  t h e  r i c e  p l a n t s , ,  P l a n t s  g r o w n  i n  A m o  s e r ie s  ab^

s o r b e d  l e s s  P i n  t h e  f i r s t  w e e k  t h a n  t h o s e  g r o w n  i n  A k u s e

s e r ie s ( t a b l e  8 ) 0 B u t  f r o m  t h e  s e c o n d  w e e k  o n w a r d s  p l a n t s

i n  A k u s e  s e r ie s  a b s o r b e d  f a r  l e s s  P ( t a b l e  4)  t h a n  t h o s e

g r o w n  i n  A m o  s e r ie s .  T h e  l e v e l  o f  P a p p l i e d  w a s  s i g n i f i «

c a n t  o n l y  a t  5% t o  t h e  a m o u n t  o f  P i n  t h e  p l a n t  m a t e r i a l , ,

T h i s  i s  r e f l e c t e d  t o  s o m e  e x t e n t  i n  t a b l e  8 a n d  4 .  T h u s  

b y  a n d  l a r g e ,  t h e r e  w a s  a t e n d e n c y  f o r  t h e  P i n  t h e  p l a n t

m a t e r i a l  t o  i n c r e a s e  w i t h  i n c r e a s e  i n  a p p l i e d  P t h o u g h

n o t  c o n s i s t e n t l y  s o .

Period o f  p a d d y  g r o w t h  g r e a t l y  a f f e c t e d  t h e  p e r c e n ­
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t a g e  o f  P  i n  t h e  p l a n t s  a n d  s i g n i f i c a n t  a t  5% a n d  1% 

l e v e l s  ( t a b l e  5 c ) .  T h e  v a l u e s  o f  P ( t a b l e  8 ) c o u l d  b e  

s e e n  t o  d e c r e a s e  i n  t h e  p l a n t  m a t e r i a l  w i t h  i n c r e a s e  

i n  w e e k s  o f  s u b m e r g e n c e  i n  m o s t  o f  t h e  t r e a t m e n t s .  T h e  

i n t e r a c t i o n  b e t w e e n  t y p e  o f  s o i l  a n d  w e e k s  o f  s u b m e r ­

g e n c e  w a s  a l s o  s i g n i f i c a n t  t o  t h e  a m o u n t  o f  P  i n  t h e  

p l a n t  m a t e r i a l  a t  5% a n d  1% ( t a b l e  5 c )  l e v e l s .  W i t h  

r e f e r e n c e  t o  f i g .  1 6 ,  t h e r e  w a s  a s t e e p  d r o p  i n  P a b ~  

s o r b e d  b y  p l a n t s  f r o m  A k u s e  series t r e a t m e n t s  i n  t h e  second 

w e e k ,  b u t  l e s s  o f  a d r o p  i n  p l a n t s  f r o m  A m o  series t r e  a t -  

m e n t S .  T h e  P i n  A k u s e  series t r e  a t m  en ts  d e c r e a s e d  i n  t h e  

p l a n t s  u n t i l  t h e  p e r c e n t a g e  o f  P w a s  a b o u t  c o n s t a n t .  

W h e r e a s  t h e  p e r c e n t a g e  o f  P i n  p l a n t s  f r o m  A m o  series 

t r e a t m e n t s  i n c r e a s e d  i n  t h e  t h i r d  w e e k  s l i g h t l y s d e ­

c r e a s e d  g r a d u a l l y  t i l l  t h e  s i x t h  w e e k  a n d  i n c r e a s e d  

s l i g h t l y  i n  t h e  e i g h t h  w e e k s t h e  p a t t e r n s  w e r e  d i f f e r e n t .

T h e  l e v e l  o f  P a n d  number o f  w e e k s  o f  s u b m e r g e n c e  

i n t e r a c t i o n  w a s  s i g n i f i c a n t  a t  5% a n d  1% l e v e l  t o  t h e  P 

i n  t h e  p l a n t  m a t e r i a l .  T y p e  o f  s o i l ,  l e v e l  o f  P a p p l i e d  

a n d  l e n g t h  o f  s u b m e r g e n c e  i n t e r a c t i o n  w a s  s i g n i f i c a n t  

t o  t h e  P i n  t h e  p l a n t  m a t e r i a l .  T h e  h i g h e s t  p e r c e n t a g e  o f
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Fig, 16 E f fe c t  o f soil and t im e  a f t e r  t ra n s p la n t in g /s u b m e rg e n c e  in te ra c t ion  

on P in p lan t t issue  d u r in g  P a d d y  g ro w th
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P in the plant material from A m o  series w a s  with 

0.61 with P 3 treatment that from A k u s e  series 

w a s  0.85 with P tre at m en t both o b s e r v e d  in w e e k  

1 (table 8 ). Th e l o w e s t  p e r c e n t a g e  of P in plant 

material from A m o  series w a s  0. 18 with P 2 treat­

m e n t  in w e e k  six an d that from A k u s e  series w a s  

0.04 with P 2 tr eat men t in w e e k  five. T h e  hi gh es t 

m e a n  of m e a n s  w e r e  in w e e k  1 an d l o w e s t  in w e e k  

six in both soils. B e c a u s e  of the c o m b i n a t i o n  of 

factors ev er yt hi ng  bei ng equal, and the types of 

soil, the dry matter yield (table 9) w a s  m o r e  per 

pot for A m o  series than for A k u s e  series.

3.4.2. M a n g a n e s e  in Plant material

F r o m  table 8 , the e x p e r i m e n t a l  v a l u e s  of M n  in

the plant material r a n g e d  b e t w e e n  916 a n d  3 5 0 8 p p m

in A m o  series an d 431 and 4 2 0 0  p p m  in A k u s e  series.

Similar v a l u e s  of M n  h a v e  b e e n  reported by Cla rk e_t

a 1. (1957) w h o  also stated that they ha d ha d 10,000 ppm

of M n  (unpublished) in plants that a p p e a r  entirely

c o m p a t i b l e  with g o o d  rice g r o w t h  on w a t e r l o g g e d

soils. There w a s  s o m e  t e n d e n c y  (table 8) in plants 

g r o w n  in A k u s e  series to have M n  values that increased with
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increase in P applied, but less so in plants g r o w n  in

A m o  s e r i e .s .

T h e  h i g h e s t  Mn  c o n c e n t r a t i o n s  w e r e  o b t a i n e d  i n  

t h e  f i r s t  w e e k  of  s a m p l i n g .  T h e s e  v a l u e s  c o r r e s p o n d  

t o  t h e  f i g u r e s  o b t a i n e d  f o r  M n  i n  t h e  s u p e r n a t a n t  i n  t h e  

f i r s t  w e e k  o f  s a m p l i n g  ( F i g .  4 a  a n d  b ) .  H e n c e  an  i n ­

c r e a s e  o f  M n  i n  t h e  s u p e r n a t a n t  r e s u l t e d  i n  g r e a t e r  a b ­

s o r p t i o n  o f  M n  i n  t h e  p l a n t .  S i m i l a r l y  i n  t h e  s e c o n d  o r  

t h i r d  w e e k  w h e n  t h e  M n  d e c r e a s e d  i n  t h e  s u p e r n a t a n t  

t h e r e  w a s  a s i m i l a r  d e c r e a s e  i n  t h e  t i s s u e  o f  t h e  r i c e  

s h o o t .  I n c r e a s e  i n  t i s s u e  M n  w i t h  i n c r e a s e  i n  M n  i n  t h e  

e x t e r n a l  m e d i u m  h a s  b e e n  r e p o r t e d  b y  V l a m i s  a n d  W i l ­

l i a m s  (1 9 6 4 ) .  F l o o d i n g  c o n d i t i o n s  w e r e  f o u n d  t o  b e  f a ­

v o u r a b l e  t o  r i c e  p l a n t  u p t a k e  o f  M n ,  e i t h e r  t h r o u g h  

i n c r e a s e  s o l u b i l i t y  o f  M n  i n  t h e  s o i l  s o l u t i o n  o r  p o s s i b l e  

s t i m u l a t i o n  o f  r o o t  a b s o r p t i o n  of  t h e  n u t r i e n t  ( C h e r i a n ,  

P a u l s e n ,  M u r p h y  1 9 6 8 ;  P o n n a m p e r u m a ,  1 9 6 5 ;  G h o n e i m ,  

E l - G i b a l y  a n d  H a s s a n i n  1 9 7 4 ) .  N u m e r o u s  i n v e s t i g a t o r s  

h a v e  h i g h l i g h t e d  t h e  h i g h  r e q u i r e m e n t  o f  r i c e  p l a n t s  f o r  

Mn  ( A i y e r ,  1 9 4 6 ;  P o n n a m p e r u m a  1 9 6 5 ;  V l a m i s  a n d  W i l ­

l i a m s . ,  1 9 6 4 ) .  C l a r k  ^j t  al_. (1  9 5 7 )  i n  an  i n v e s t i g a t i o n ,
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c o n c l u d e d  that rice has a high r e q u i r e m e n t  for an d 

an e x c e p t i o n a l  tolerance to m a n g a n e s e .

C o n c e n t r a t i o n  of M n  d e c r e a s e d  steeply in the 

s e c o n d  w e e k  in all plants that g r e w  on A m o  series 

(Fig. 14a a n d  b), but the d e c r e a s e  c o n t i n u e d  into 

the third w e e k  of s a m p l i n g  in tho se that g r e w  on 

A k u s e  series. The dif fer ences b e t w e e n  the v a l u e s  

ob ta ine d in the s e c o n d  a n d  third w e e k  of M n  c o n c e n ­

tration in plants g r o w n  on A m o  series w e r e  far less 

than th ose  r e co rd ed  from plants g r o w n  at the s a m e  

time on A k u s e  series (table 8 ). The de cl in e in the 

c o n c e n tr at io n of M n  m a y  h a v e  b e e n  c a u s e d  as a r e ­

sult of the a d j u s t m e n t  the plants had to m a k e  b e c a u s e  

they w e r e  transp lan ted . This a p p e a r s  to h a v e  g o n e  

on a w e e k  later in A k u s e  series. This d e c r e a s e  c o n ­

tinued m o r e  or less gra dually till the eighth w e e k  

with slight inc r ea se  s h o w n  in P 3 tr eat men t in the 

eighth w e e k  (Fig. 14b). In the c a s e  of plants g r o w n  

on A m o  series (Fig. 14a) there w a s  a further d e c r e a s e  

in M n  in t r e a t m e n t  an d P^ in w e e k  5, the c o n ­

centration of M n  in cr e a s e d  in the se in the 

sixth w e e k  but d e c r e a s e d  ag ai n in the eighth w e e k .
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Fig 14 Manganese in ppm. of plant material vs weeks after transplanting/submer­
gence during Paddy growth in pot experiments carried out in the Green House
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W h i l s t  p l a n t s  i n  t r e a t m e n t  P 2 a n d  P g h a d  i n c r e a s e d  

M n  c o n c e n t r a t i o n  i n  t h e  f i f t h  w e e k  b u t  d e c r e a s e d  i n  

t h e  e i g h t h  w e e k .  D u e  t o  i n t e r a c t i o n  b e t w e e n  n u t r i e n t s  

t h e m s e l v e s s t h e  a v a i l a b i l i t y  o f  o n e  n u t r i e n t  i s  i n f l u e n ­

c e d  b y  a n o t h e r  ( P a t h a k ^ j t  al_„ 1 9 72  ) a n o r  d o e s  i t  r e m a i n  

c o n s t a n t  d u r i n g  t h e  c r o p s  g r o w t h  a n d  t h e  p e r f o r m a n c e  

o f  t h e  c r o p  v e r y  m u c h  d e p e n d s  o n  t h i s  c h a n g i n g  p a t t e r n  

o f  n u t r i e n t  a v a i l a b i l i t y  ( B a s a k  a n d  B h a t t a c h a r y a  1 9 6 2 ) .  

J u s t  a s  i n  t h e  c a s e  o f  M n  i n  t h e  s u p e r n a t a n t ,  t h e  Mn  i n  

t h e  p l a n t  t i s s u e  g e n e r a l l y  c o n t i n u e d  t o  d e c r e a s e  i n  t h e  

e i g h t h  w e e k  o f  s a m p l i n g .

A m a r k e d ,  y i e l d  r e s p o n s e  t o  Mn  w a s  o b s e r v e d  b y  C l a r k  

_et a l .  (1 9 5 7 ) .  B u t  a t  l o w  p H ,  a v a i l a b i l i t y  o f  M n  i n c r e a ­

s e s  t o  t o x i c  l e v e l s  ( A d a m s  a n d  W e a r ,  1 9 5 7 )  a n d  d e f i ­

c i e n c y  o f  M n  i n  p l a n t  o n l y  o c c u r s  a b o v e  p H o f  6 ( B l a c k  

e t_ al_. s 1 9 6 5)

T h e  t y p e s  o f  series u s e d  A m o  a n d  A k u s e  w e r e  s i g n i ­

f i c a n t  a t  5% a n d  1% t o  t h e  a m o u n t  o f  Mn  i n  t h e i r  p l a n t  

t i s s u e  ( t a b l e  5 ) .  T h r o u g h o u t  t h e  s a m p l i n g  ( t a b l e  8 ) t h e  

M n  l e v e l  f o r  p l a n t s  g r o w n  i n  Am o series t r e  a t m  e n t s  w e r e  

a l w a y s  h i g h e r  t h a n  t h o s e  g r o w n  o n  A k u s  e series t r e  a t -  

m e n t s .  T h e  d i f f e r e n c e s  b e t w e e n  t h e  c o n c e n t r a t i o n  of
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M n  in the plant tissue of the different tr ea tm en ts in

A m o  and A k u s e  series i n c r e a s e d  as the w e e k s  w e n t  by

till the eighth w e e k  w h e n  thos e of A k u s e  series w e r e

a l m o s t  half of th ose  in plants from A m o  series 

(table 8 ) .

The n u m b e r  of w e e k s  of s u b m e r g e n c e  jd e_r s e w a s

significant at 5 %  and 1 %  to the M n  pres ent  in the

plant tissues. This could be related to the d e c r e a s e

in M n  c o n c e n t r a t i o n  in the plant material wi th w e e k s

of s u b m e r g e n c e  with slight de via tio n in the fifth and

sixth w e e k s  in A m o  series tre atments.

3.4.3. Iron in Plant Ma te ri al

Results ob ta in ed  from the investigation into the 

co n c e n t r a t i o n  of Fe a b s o r b e d  by the rice plant under 

study (Fig. 15a an d b) s h o w  quite different trends 

from thos e ob ta in ed  for other nutrients (Fig. 13a and 

b and Fig. 14a an d b). In A m o  series tr eat me nts  the 

Fe a b s o r b e d  by the plants r a n g e d  b e t w e e n  3 . 06  and 

1 6 3 . 1 8  p p m  (table 8) a n d  for plants g r o w n  in A k u s e  

series b e t w e e n  2.55 an d 1 6 3.5 7 p p m .  Larg e a m o u n t s

of Fe w e r e  a b s o r b e d  in the first w e e k  of all treat­

m e n t s  in A m o  series, but s o m e  of the v a lu es

i n c r e a s e d  in the s e c o n d  w e e k  in A k u s e  series. All
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v a l u e s  o f  F e  c o n c e n t r a t i o n  i n  t h e  p l a n t  m a t e r i a l  d e ­

c r e a s e d  f a i r l y  s t e e p l y  t i l l  t h e  f i f t h  w e e k  e x c e p t  t h o s e  

o f  p l a n t s  g r o w n  w i t h  P 2 t r e a t m e n t  w h i c h  h a s  o n e  p o t  of  

p l a n t s  w i t h  a b n o r m a l l y  h i g h  v a l u e  f r o m  A k u s e  s e r i e s .T h e  

d a t a  f o r  i r o n  i n  t h e  p l a n t  m a t e r i a l  a r e  n o t  r e l a t e d  t o  

i r o n  c o n c e n t r a t i o n  i n  t h e  s u p e r n a t a n t  e x c e p t  t h e  v a l u e s  

o b t a i n e d  i n  t h e  s i x t h  w e e k  f o r  s o l u b l e  F e ,  T h e  c o n c e a -  

t r a t i o n  o f  F e  i n  p l a n t  m a t e r i a l  d e c r e a s e d  s t e e p l y  up  t o  

t h e  f i f t h  w e e k  b e c a u s e , ,  t h e  p H of  t h e  s u p e r n a t a n t  p r o ­

b a b l y  a f f e c t e d  t h e  r o o t  s y s t e m  a n d  i t s  c a p a c i t y  t o  a b ­

s o r b  n u t r i e n t s .  I f  t h e  p H of  t h e  s o i l  i s  g r e a t e r  t h a n  

7 ,  t h e  p l a n t s  m a y  n o t  b e  a b l e  t o  a b s o r b  e n o u g h  F e ,  T h e  

i r o n  i s  o x i d i z e d  a n d  t h e r e f o r e  p r e c i p i t a t e d  a r o u n d  r i c e  

r o o t s  a t  i n c r e a s e d  p H v a l u e s  ( I R R I 9 1 9 6 3 )  b e t w e e n  t h i r d  

a n d  f i f t h  w e e k s  a s  r e f l e c t e d  i n  t a b l e  2a a n d  b .  I n  t h e  

s i x t h  w e e k  t h e  p H  o f  t h e  s u p e r n a t a n t  f r o m  t h e  d i f f e r e n t  

t r e a t m e n t s  d e c r e a s e d ,  s o  t h e r e  w a s  a s l i g h t  i n c r e a s e  

i n  t h e  a b s o r p t i o n  o f  F e  b y  t h e  r o o t s .  F u r t h e r  r e d u c t i o n  

t o o k  p l a c e  i n  t h e  pH o f  t h e  s u p e r n a t a n t  i n  t h e  e i g h t h  

w e e k  h e n c e  t h e  i n c r e a s e  i n  i r o n  c o n c e n t r a t i o n  i n  t h e  

p l a n t s  f r o m  m o s t  of  t h e  t r e a t m e n t s .  T h e  i n c r e a s e  o f  F e
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Fig 15 Iron in ppm of plant m ateria l vs weeks a fte r  transp lanting /subm ergence during Poddy 

growth in pot experiments carried out in the Green House
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i n  t h e  l a s t  s a m p l e s  ( e i g h t h  w e e k )  i s  i n  c o n t r a s t  t o  t h e  

d e c r e a s e  o f  P a n d  M n  i n  t h e  p l a n t  m a t e r i a l  a t  t h e  s a m e  

t i m e  b u t  r e l a t e d  t o  F e  i n  t h e  w e t  s o i l „

P e r i o d  o f  s u b m e r g e n c e  h a s  b e e n  t h e  o n l y  f a c t o r  

s i g n i f i c a n t  a t  5% a n d  1% t o  t h e  a m o u n t  o f  F e  i n  t h e  

p l a n t  m a t e r i a l .  I t  a p p e a r s  t h a t  t h e  a m o u n t  o f  F e  a b s o r ­

b e d  b y  t h e  p l a n t  d e p e n d e d  t o  a g r e a t  e x t e n t  on  t h e  pH of  

t h e  m e d i u m  a n d  t h e  p e r i o d o f  s u b m e r g e n c e .  W e e k s  o f  

s u b m e r g e n c e  h a s  i n d e e d  i n c r e a s e d  t h e  a m o u n t  o f  F e  i n  

b o t h  t h e  w e t  s o i l  a n d  t h e  p l a n t  t i s s u e .

I r o n  a n d  M a n g a n e s e  p l a y  an  i m p o r t a n t  r o l e  i n  t h e  

n u t r i t i o n  o f  t h e  r i c e  p l a n t  ( M a n d a l ,  1 9 6 1 ) .  G e r i c k e  

(1 9 3 0 )  s t u d i e d  n u t r i e n t  r e q u i r e m e n t s  o f  r i c e  i n  c u l t u r e  

s o l u t i o n ,  a n d  f o u n d  t h a t  i r o n  h a d  t o  b e  a d d e d  t o  n u t r i e n t  

s o l u t i o n  m o r e  f r e q u e n t l y  f o r  y o u n g  r i c e  s e e d l i n g s  t h a n  

f o r  a n y  o t h e r  c e r e a l  g r o w n  u n d e r  t h e  s a m e  c o n d i t i o n s .

He  a l s o  d i s c o v e r e d  t h a t  r i c e  r e q u i r e d  i r o n  i n  c u l t u r e  

s o l u t i o n  l o n g e r  t h a n  o t h e r  e l e m e n t s  e x c e p t  n i t r o g e n  a n d  

p o t a s s i u m .  A i y e r  ( 1 9 4 6 )  o b s e r v e d  t h a t  a l o n g  w i t h  i r o n ,  

r i c e  r e q u i r e d  Mn  i n  m u c h  l a r g e r  q u a n t i t i e s  t h a n  o t h e r  

m i n o r  e l e m e n t s .  J a p a n e s e  w o r k e r s  (1 9 5 4 )  c l a i m e d  t h a t
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r i c e  y i e l d  i n c r e a s e d  t e n  p e r c e n t  b y  F e  a n d  Mn  s u p p l y .

A m a r k e d  y i e l d  r e s p o n s e  o f  r i c e  t o  Mn  w a s  o b s e r v e d  b y  

C l a r k  et_ a l_ . (1 95 7) wh o  c o n c l u d e d  t h a t  r i c e  h a s  a h i g h  

r e q u i r e m e n t  f o r  a n d  e x c e p t i o n a l  h i g h  t o l e r a n c e  t o  M n .  

H e n c e  i t  i s  i m p o r t a n t  t o  h a v e  an  a d e q u a t e  s u p p l y  n o t  

o n l y  o f  P  b u t  a l s o  o f  F e  a n d  M n  d u r i n g  t h e  g r o w t h  of  

r i c e ,  s h o r t  o f  w h i c h  t h e y  s h o u l d  b e  a p p l i e d  a s  f e r t i l i ­

z e r s  „

C o n f l i c t i n g  r e p o r t s  a b o u t  Mn  ( S e n e w i r a t n e  a n d  M i k ~  

k e l s e n ,  1 9 6 1 )  a n d  o b s e r v a t i o n s  ( I R R I ,  1 9 6 3 )  t h a t  f l o o d ­

i n g  p r o m o t e s  M n  u p t a k e  i n  n e u t r a l  s o i l ,  c o m p a r e d  t o a  

n o n ~ f l o o d e d  s o i l ,  e m p h a s i z e d  t h e  c o m p l e x i t i e s  o f  t h e  

M n  n u t r i t i o n  o f  t h e  r i c e  p l a n t ( P o n n a m p e r u m  a 8 1 9 6 5 ) „

An  e x a m p l e  b e i n g  t h a t  t h e  o x i d i z e d  r h i z o s p h e r e  o f  r i c e  

r o o t s  p r e c i p i t a t e s  i r o n  m o r e  r e a d i l y  t h a n  M n ,  t h u s  a l ­

t e r i n g  t h e  F e / M n  r a t i o  i n  t h e  s o i l  s o l u t i o n .  M a n d a l  

( 1 9 6 1 )  a l s o  s u g g e s t e d  t h a t  t h e  m e c h a n i s m  of  t h e  p r o c e s ­

s e s  l e a d i n g  t o  an  i n c r e a s e  o f  t h e  r e d u c e a b l e  M n  i n  a 

w a t e r l o g g e d  s o i l  i s  n o t  p r o p e r l y  u n d e r s t o o d  a s  i n  f i g .

4 a , 4 b  a n d  9 a .

T h e  f a c t o r s  t h a t  i n f l u e n c e  F e  I I  u p t a k e  b y  r i c e  p l a n t s
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a r e  n o t  c l e a r l y  u n d e r s t o o d .  C o n t r o v e r s i a l  r e p o r t s  

a b o u t  t o x i c  l e v e l s  o f  F e  s u g g e s t  c o m p l e x i t y  of  

f a c t o r s  r e g u l a t i n g  F e  u p t a k e  b y  r i c e  ( P o n n a m p e r u m a  

1 9 6 5 )  a s  s e e n  i n  f i g .  5 a ,  1 1 a  a n d  b .

3 . 5 . 0 .  Y i e l d  o f  R i c e

T h e  b e n e f i c i a l  e f f e c t  o f  f l o o d i n g  o n  r i c e  g r o w t h  

h a s  b e e n  a t t r i b u t e d  t o  i n c r e a s e d  a v a i l a b i l i t y  o f  

m i n e r a l  n u t r i e n t s  ( A i y e r ,  1 9 4 6 ;  S h a p i r o ,  1 9 5 8 a b ;  

C l a r k  e_t a 1 . , 1 9 5 7 ;  I R R I ,  1 9 6 3 ,  1 9 6 5 ) .  G r a l l e y  a n d

A d a i r  ( 1 9 4 3 ) s h o w e d  t h a t  r i c e  p l a n t s  g r o w n  o n  c o n -  

t i n o u s l y  s u b m e r g e d  s o i l  w e r e  l a r g e r ,  t i l l e r e d  m o r e  

p r o f u s e l y ,  p r o d u c e d  h i g h e r  y i e l d s  a n d  h a d  a h i g h  

g r a i n  t o  s t r a w  r a t i o  t h a n  p l a n t s  g r o w n  o n  m o i s t  b u t  

n o t  s u b m e r g e d  s o i l s .

D r y  m a t t e r  y i e l d  p r o d u c e d  i n  t h i s  i n v e s t i g a t i o n  

( t a b l e  9)  h a s  b e e n  r e p r e s e n t e d  g r a p h i c a l l y  ( F i g .  1 7 a  

a n d  b ) .  I n  A m o  s o i l  s e r i e s ,  t h e  y i e l d  r a n g e d  f r o m  

0 . 0 9  g / p o t  t o  1 2 . 3 7  g / p o t  , a n d  i n  A k u s e  s e r i e s  i t  

r a n g e d  f r o m  0 . 0 4  g / p o t  t o  4 . 4 2  g / p o t .  T h e  c u r v e s  

( F i g .  1 7 a )  f o r  p l a n t s  g r o w n  i n  A m o  s e r i e s  w e r e  

s t e e p e r  t h a n  t h o s e  ( F i g .  1 7 b )  g r o w n  i n  A k u s e  s e r i e s .  

T h i s  s h o w s  t h a t  t h o s e  t h a t  g r e w  i n  A m o  s e r i e s  g r e w
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m o r e  p r o f u s e l y /  w e r e  b i g g e r  a n d  b e t t e r  t i l l e r e d  

t h a n  t h o s e  t h a t  g r e w  o n  A k u s e  s e r i e s  ( p l a t e  3 

p a g e  1 6 5 ) .  T h e  c o n t r o l  (Pq) o f  A m o  s e r i e s  a p p e a ­

r e d  m u c h  t h e  s a m e  a s  a n y  o f  t h e  o t h e r  t r e a t m e n t s  

e v e n  t h o u g h  f i g s .  3 a ,  4 a ,  1 1 a ,  1 3 a ,  1 4 a  a n d  e v e n  

1 5 a  a l l  a p p e a r  t o  s h o w  t h a t  P ̂  t r e a t m e n t  o f  A m o  

s e r i e s  h a d  l e s s  a v a i l a b l e  n u t r i e n t  a n d  l e s s  w a s  

a b s o r b e d  b y  p l a n t s  g r o w n  i n  i t  ( p l a t e  1 p a g e  1 6 6 ) .  

B u t  p l a n t s  i n  t h e  P q  t r e a t m e n t  o f  A k u s e  s e r i e s  h a d  

t h e  m o s t  s t u n t e d  g r o w t h  ( p l a t e  2 p a g e  1 4 6 )  w i t h  

l e s s  n u t r i e n t  a v a i l a b l e .  I n  g e n e r a l  a l l  t h e  p l a n t s  

g r o w n  o n  A k u s e  s e r i e s  l a g g e d  b e h i n d  t h o s e  t h a t  

g r e w  o n  A m o  s e r i e s  i n  t e r m s  o f  n u t r i e n t  a b s o r b e d  

a n d  w e i g h t  o f  p l a n t  ( p l a t e  3 p a g e  1 6 5 ) .  T h i s  w a s  

b e c a u s e  t h e r e  w a s  a l w a y s  l e s s  r e a d i l y  a v a i l a b l e  

n u t r i e n t  i n  t h e  s u p e r n a t a n t  o f  A k u s e  s e r i e s  t h a n  i n  

t h a t  o f  A m o  s e r i e s ,  n o t  w i t h s t a n d i n g  t h e  f a c t  t h a t  

t h e  o r i g i n a l  A m o  s e r i e s  h a d  m o r e  o f  t h e  n u t r i e n t s  

u n d e r  s t u d y .
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MEAN VALUES OF DRY MATTER YIELD OF RICE (g) 
DURING PADDY GROWTH IN POT EXPERIMENTS 
CARRIED OUT IN THE GREEN HOUSE

TABLE -9

AMO series

Treatment Week 1 2 3 5 6 8

P 0.13 0.54 1.94 5.19 7.25 10.03
o

P 1 0 .1 2 0.55 1.99 5.43 5.62* 12. 37

P 2 0 .1 1 0.49 1.73 5.27 7.43 9 .07*

P 3 0.09 0.48 1.70 5.02 7.12 8 .66*

AKUSE series

Po 0.08 0.19 0.43 1.07 1.58 2.83

P1 0.06 0.26 0.98 1. 65 2.53* 4.42

P2 0.04 0.19 0 .6 8 1.85* 3.17 3.21*

P3 0.06 0 .2 2 0.79 2.52* 3.57 3.45*

*Pots in which one or two seedlings died.
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Fig 17 Dry m a t te r  yield of Rice vs weeks a f te r  t ra n s p la n t in g /s u b m e rg e n c e  
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£  3 -0 -

o

l-O-1-

(b) AKUSE

----------1-----------1-------- r~
3 4 5 6
W eeks a fle r  transp lan ting  /s u b m e rg e n c e

164
University of Ghana                              http://ugspace.ug.edu.gh



P l a t e  3

P ots of Amo soil (left) and Akuse soil (right) 
transp lan ted /w ater logged fo r seven weeks. 
This shows the obvious con trast in growth of 
the r ic e  p lants in the two soils se r ie s  under 
the sam e conditions.
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A  ru m  - ' p c .

Plate 1

Pots of Amo soil cropped -with r ice  transplanted, 
waterlogged fo r seven weeks. Each pot of plant 
re p re sen ts  a different level of added fe r tiliz e r  «• 
shows healthy growth.
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C H A F T E R  F O U R  

S H M M A R Y  A N D  C O N C L U S I O N  

I n t r o d u c t i o n

A g r e e n h o u s e  p o t  e x p e r i m e n t  w a s  s e t  u p  t o  f i n d  

t h e  e f f e c t  o f  a d d e d  p h o s p h o r u s  o n  t h e  a v a i l a b i l i t y  

a n d  u p t a k e  o f  P ,  M n  a n d  F e  b y  r i c e  p l a n t  u n d e r  

f l o o d e d  c o n d i t i o n s .  T w o  s o i l  s e r i e s  A k u s e  a n d  

A m o  ( V e r t i s o l  a n d  I n c e p t i s o l ,  r e s p e c t i v e l y  ) w e r e  

u s e d .  T h e  e x p e r i m e n t  w a s  o f  a s i m p l e  f a c t o r i a l  

d e s i g n  c o m p r i s i n g  o f  f o u r  l e v e l s  o f  P w i t h  a n d  w i t h ­

o u t  r i c e  p l a n t  o n  b o t h  s o i l s  u n d e r  c o n t i n u o u s  s u b ­

m e r g e n c e .  S a m p l e s  o f  g r o w i n g  r i c e  p l a n t s ,  s u p e r ­

n a t a n t  s o i l  s o l u t i o n ,  a n d  t h e  w e t  s o i l s  w e r e  t a k e n  

f o r  l a b o r a t o r y  a n a l y s i s  a t  o n e ,  t w o ,  t h r e e ,  f i v e ,  

s i x  a n d  e i g h t  w e e k s  o f  a g e  d u r i n g  a n  e i g h t  w e e k  

p e r i o d .  T h e  s o l u b l e  P ,  M n  a n d  F e  i n  t h e  s u p e r n a t a n t  

l i q u i d s ,  t h e  u p t a k e  o f  t h e s e  i o n s  b y  t h e  p l a n t  a n d  

t h e  e x t r a c t a b l e  M n  a n d  F e  f r o m  t h e  w e t  s o i l  w e r e  

d e t e r m i n e d  .

S u p e r n a t a n t  L i q u i d s  

p h o s p h o r u s

P q t r e a t m e n t  p r o d u c e d  t h e  l e a s t  a m o u n t  o f  P i n  t h e
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s u p e r n a t a n t  l i q u i d s  o f  A m o  c r o p p e d  s e r i e s  w h i l s t  

P j  t r e a t m e n t  p r o d u c e d  t h e  m o s t .  P 3 t r e a t m e n t  p r o ­

d u c e d  t h e  l e a s t  a m o u n t  o f  P i n  t h e  s u p e r n a t a n t  o f  

c r o p p e d  A k u s e  s e r i e s  a n d  P j, t h e  m o s t .

G e n e r a l l y  t h e  c r o p p e d  a n d  u n c r o p p e d  ( c o n t r o l )  

s o i l s  f o l l o w e d  s i m i l a r  t r e n d s  i n  b o t h  s o i l  s e r i e s .  

F r o m  t h e  m e a n  o f  m e a n s  t a b l e  4 ,  a n d  s t a t i s t i c a l  

a n a l y s i s  t h e  t w o  s o i l s  h a d  s i g n i f i c a n t  e f f e c t  o n  

t h e  P i n  t h e  s u p e r n a t a n t  l i q u i d s .

M a n g a n e s e

Th e  s u p e r n a t a n t  f r o m  p o t s  w i t h  c r o p p e d  A m o  

s e r i e s  w i t h  P q t r e a t m e n t  c o n t a i n e d  t h e  l e a s t  a m o u n t  

o f  M n  o n  a n  a v e r a g e  ( t a b l e  4 ) .  M a n g a n e s e  c o n c e n ­

t r a t i o n  i n  c r o p p e d  A m o  s e r i e s  p o t s  c o n t a i n i n g  P j  

t r e a t m e n t  w a s  t h e  h i g h e s t .  Pg t r e a t m e n t  p r o d u c e d  

j u s t  a b o u t  a s  m u c h  M n  i n  t h e  s u p e r n a t a n t  a s  P^  

t r e a t m e n t  f o r  t h e  c r o p p e d  p o t s .  I n  A k u s e  s e r i e s  

t r e a t m e n t s ,  t h e  h i g h e r  t h e  l e v e l  o f  P t r e a t m e n t  t h e  

s m a l l e r  t h e  q u a n t i t y  o f  M n  i n  t h e  s u p e r n a t a n t .  

S u p e r n a t a n t s  f r o m  u n c r o p p e d  p o t s  ( c o n t r o l )  o f  b o t h  

s o i l  s e r i e s  g a v e  m o s t  i r r e g u l a r  r e s u l t s .  M a n g a n e s e  

c o n c e n t r a t i o n  i n  t h e  s u p e r n a t a n t  l i q u i d s  w a s
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g r e a t e r  i n  A m o  t h a n  i n  A k u s e  s e r i e s  t r e a t m e n t s  v 

a n d  t h e  d i f f e r e n c e s  i n  t h e  s o i l s  w e r e  q u i t e  s i g n i ­

f i c a n t .

I r o n

C o n c e n t r a t i o n  o f  F e  i n  t h e  s u p e r n a t a n t  l i q u i d s  

w a s  g r e a t e r  i n  A m o  t h a n  i n  A k u s e  s e r i e s  t r e a t m e n t s  

t h o u g h  n o t  s u p p o r t e d  s a t i s t  i c a 11 y . I n  A k u s e  s e r i e s  

t r e a t m e n t  t h e r e  w a s  g e n e r a l l y  a n  i n c r e a s e  i n  F e  

c o n c e n t r a t i o n  w i t h  i n c r e a s e  i n  P a p p l i e d  a n d  s u p ­

p o r t e d  s t a t i s t i c a l l y .

B o t h  F e  a n d  M n  e n t e r e d  t h e  e x c h a n g e  c o m p l e x  

w i t h i n  a w e e k .  T h e  c o n c e n t r a t i o n  o f  w a t e r  s o l u b l e  

M n  w a s  h o w e v e r  f o u n d  t o  b e  l e s s  t h a n  t h a t  o f  F e  i n  

a l l  t r e a t m e n t s .

W e t  S o i l  

P h o s  p h o r u s

T r e n d s  i n  t h e  c o n c e n t r a t i o n  o f  e x t r a c t a b l e  P w e r e  

m u c h  t h e  s a m e  f o r  t h e  t w o  s o i l  s e r i e s  t r e a t m e n t s .

P h o s p h o r u s  i n  t h e  w e t  A k u s e  s e r i e s  w a s  g e n e ­

r a l l y  g r e a t e r  i n  c o n c e n t r a t i o n  t h a n  t h a t  f r o m  w e t  

A m o  s e r i e s .  B e c a u s e  t h e  r e s u l t s  d i d  n o t  s h o w  a 

c l e a r  p a t t e r n  t h i s  m a y  b e  a r e a s o n  w h y  r e s u l t s  o f
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i n f o r m a t i o n  o n  t h e  c h a n g e s  i n  c o n c e n t r a t i o n  o f  P i n  

s o i l  e x t r a c t a n t s  w i t h  t i m e  i s  s c a r c e .

M a n g a n e s e

G r a p h s  d r a w n  o f  e x t r a c t a b l e  M n  a g a i n s t  t i m e  

f o r  b o t h  s o i l  s e r i e s  h a d  g e n e r a l l y  t h e  s a m e  t r e n d s ,  

a n  i n c r e a s e  i n  t h e  f i r s t  w e e k ,  d e c r e a s e  i n  t h e  

s e c o n d  o r  t h i r d  u p  t o  t h e  f i f t h  a n d  a n o t h e r  i n c r e a s e  

t h e r e a f t e r .  I n c r e a s e  o r  d e c r e a s e  w a s  m u c h  s t e e p e r  

i n  A k u s e  t h a n  A m o  s e r i e s  t r e a t m e n t s  P q t r e a t m e n t  

h a d  a m o n g s t  t h e  h i g h e s t  v a l u e s  o f  M n  c o n c e n t r a ­

t i o n  e x t r a  c t  e d  .

I r o n

T h e  g e n e r a l  p a t t e r n  o f  e x t r a c t a b l e  F e  i n  t h e  t r e a t ­

m e n t s  w a s  t h e  s a m e  f o r  b o t h  s o i l  s e r i e s  a n d  m o s t  o f  

t h e  t r e a t m e n t s  h a d  s t i l l  n o t  r e a c h e d  m a x i m u m  c o n ­

c e n t r a t i o n  o f  e x t r a c t a b l e  F e  b y  t h e  e i g h t h  w e e k .  

V a l u e s  o f  F e  c o n c e n t r a t i o n  w e r e  h i g h e r  i n  A k u s e  t h a n  

i n  A m o  s e r i e s  i n  m o s t  o f  t h e  t r e a t m e n t s ,  t h o u g h  t h e  

o r i g i n a l  A m o  s e r i e s  c o n t a i n e d  m o r e  i r o n .

T h e  P l a n t s  

p h o s p h o r u s

P e r c e n t a g e  o f  P i n  t h e  p l a n t s  g e n e r a l l y  i n c r e a s e d
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w i t h  i n c r e a s e  i n  P a p p l i c a t i o n  f r o m  l o w  t o  h i g h  .

P i n  p l a n t  t i s s u e  o f  A m o  s e r i e s  t r e a t m e n t s  w a s  

g r e a t e r  t h a n  t h a t  i n  A k u s e  s e r i e s  t r e a t m e n t s .  A l l  

v a l u e s  d e c r e a s e d  w i t h  w e e k s  o f  s u b m e r g e n c e .  

M a n g a n e s e

T h e r e  w a s  i n c r e a s e  i n  M n  i n  p l a n t  m a t e r i a l  w i t h  

i n c r e a s e  i n  a p p l i e d  P i n  A k u s e  b u t  n o t  i n  A m o  s e r i e s  

t r e a t m e n t s .  T h e r e  w a s  a s t e e p  d e c l i n e  i n  t h e  s e c o n d  

w e e k  a n d  g r a d u a l  d e c r e a s e  t i l l  t h e  e i g h t h  w e e k .  

P l a n t s  f r o m  A m o  s e r i e s  t r e a t m e n t s  h a d  m o r e  M n  

t h r o u g h o u t  t h a n  t h o s e  f r o m  A k u s e  s e r i e s  t r e a t m e n t s .  

I r o n

I r o n  i n  t h e  p l a n t  m a t e r i a l  d i d  n o t  a p p e a r  t o  h a v e  

b e e n  a f f e c t e d  b y  t h e  a p p l i c a t i o n  o f  P .  N e v e r t h e ­

l e s s  a f t e r  a s t e e p  d e c l i n e  i n  t h e  f i f t h  w e e k  g e n e ­

r a l l y  i n  a l l  t r e a t m e n t s ,  t h e  c o n c e n t r a t i o n  r o s e  a g a i n  

t o  t h e  e i g h t h  w e e k .  T h e r e  a p p e a r s  t o  b e  s o m e  r e ­

l a t i o n s h i p  b e t w e e n  t h e  e i g h t h  w e e k  ( F i g .  1 5 a  a n d  b)  

a n d  t h e  s i x t h  w e e k  ( F i g . 3 a  a n d  b ) .  T h e  r e s u l t s  f o r  

F e  i n  p l a n t  t i s s u e  a r e  m a r k e d l y  d i f f e r e n t  f r o m  t h o s e  

o f  M n  a n d  P i n  p l a n t  t i s s u e .  O n c e  a g a i n  t h e  f i g u r e s
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f o r  A m o  s e r i e s  t r e a t m e n t s  a r e  g r e a t e r  t h a n  t h o s e  

f o r  A k u s e  s e r i e s  t r e a t m e n t s .

P h o s p h o r u s ,  m a n g a n e s e  a n d  i r o n  i n  t h e  p l a n t  

m a t e r i a l  w e r e  a b o u t  a t h o u s a n d  t i m e s  o r  m o r e  t h a n  

t h e  c o r r e s p o n d i n g  a m o u n t s  i n  t h e  s u p e r n a t a n t  

l i q u i d s  e s p e c i a l l y  i n  t h e  f i r s t  t w o  o r  t h r e e  w e e k s  

o f  p a d d y  g r o w t h .  P q  t r e a t m e n t  d i d  n o t  s e r i o u s l y  

a f f e c t  t h e  a m o u n t  o f  n u t r i e n t s  i n  t h e  p l a n t s  f r o m  

A m o  s e r i e s ,  b u t  i n  t h e  p l a n t s  f r o m  A k u s e  s e r i e s  

Pg t r e a t m e n t  h a d  t h e  l o w e s t  c o n c e n t r a t i o n  o f  n u t r i e n t s .  

T h e  p l a n t s  g r o w n  i n  A k u s e  s e r i e s  w e r e  s t u n t e d  c o m ­

p a r e d  t o  a l l  t h o s e  g r o w n  i n  A m o  s e r i e s  ( p l a t e  3 

p a g e  1 6 5 ) .  H e n c e  A k u s e  s e r i e s  n e e d s  f e r t i l i z e r  

t r e a t m e n t  f a r  m o r e  t h a n  A m o  s e r i e s  d o e s  f o r  t h e  

t w o  s o i l  s e r i e s  t o  p r o d u c e  c o m p a r a t i v e  d r y  m a t t e r  

y i e l d  .
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PHOSPHORUS IN SUPERNATANT ppm.
DURING STAGES OF PADDY GROWTH IN POT EXPERIMENTS

(AMD .series

Level of 
P

Week 1 2 3 5 6 8

Po^L 1.514 1.887 0.00 0.966 3.951 0.820
2 4.523 1.071 0.00 0.828 2.599 0.820
3 4.623 0.804 0.00 0.828 1.806 NS

Mean 3.59 1.254 0.00 0.87 2.79 0.82

P NR, o 1 3.051 1.071 0.279 1.380 0.769 1.366
2 2.274 1.071 0.00 2.797 1.026 1.366
3 2.667 0.804 0.00 1.104 0.769 1.644

Mean 2.664 0.98 0.09 1.76 0.85 1.46

P1 R1 4.235 7.061 0.977 1.242 14.895 3.057
2 3.441 0.268 0.558 0.828 0.513 1.366
3 1.892 1.473 0.00 1.380 8.823 NS

Mean 3.19 2.93 0.51 1.15 8.08 2.21

P f t 1.514 0.804 0.838 2.082 0.641 1.640
2 2.667 0.670 0.00 1.806 1.410 1.640
3 2.477 0.536 1.208 1.806 2.062 1.504

Mean 2.22 0.67 0.68 1.90 1.37 1.50

P2R1 5.024 0.670 0.00 0.690 3.671 0.957
2 3.234 0.268 0.00 1.104 1.538 0.820
3 5.419 1.071 0.279 1.104 3.671 KS

Mean 4.56 0.67 0.09 0.97 2.96 0.89

P2NP1 5.830 0.268 0.00 1.380 0.513 0.547
2 2.667 1.071 2.830 1.944 8.229 1..790
3 5.024 0.268 0.558 1.518 1.282 1.094

Mean 4.51 0.54 1.23 1.61 3.34 1.14

NS - No Sample; R - Ri c e . NR _ No Rice
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Level of 
P

Week 1 2 3 4 5 6

P3 R1 5.024 0.536 0.00 0.276 2.600 0.820

2 5.024 1.071 0.00 1.104 6.760 1.094

3 4.232 0.804 4.594 0.552 6.469 NS

Mean 4.76 0.80 1.53 0.64 5.28 0.96

P3NRi 5.832 1.340 0.00 1.380 5.058 3.629

2 5.024 1.071 0.977 1.104 1.575 1.366

3 9.987 2.435 1.675 1.656 3.671 1.640

Mean 6.95 1.62 0.884 1.38 3.43 2.21

P - Phosphorus Level? NS - No Sample; R - Rice- 
NR - No rice.
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PHOSPHORUS IN SUPERNATANT IN PPM DURING 
STAGES OF PADDY GRO W T H  IN POT EXPERIMENTS

AKUSE series

Treatment Week 1 2 3 5 6 8

P R, o 1 2.754 2.154 0.146 0.00 0.621 1.146

2 1.172 1.339 0.00 0.00 0.621 1.003
3 3.144 1.862 0.00 0.00 0.310 NS

Mean 2.36 1.34 0.05 0.00 0.52 1.075

P NR,o ■ 1 1.563 1.862 0.293 0.00 0.310 1.146
2 1.563 0.803 0.585 0.00 0.931 0.859
3 3.552 0.803 2.354 0.00 0.124 1.432

Mean 2.23 1.16 0.78 0.00 0.46 0.76

* 1 * 1 1.172 7.080 1.170 1.590 7.827 1.289
2 1.954 0.842 0.00 0.00 0.621 0.859
3 1.563 0.281 0.293 0.00 0.931 NS

Mean 1.56 2.73 0.49 0.53 3.13 1.074

Px NRi 2.345 1.123 0.878 0.00 0.931 0.716
2 1.759 1.403 1.463 0.00 0.931 0.716
3 3.144 2.258 2.061 0.00 5.105 1.146

Mean 2.42 1.59 1.48 0.0 2.32 0.86

P2 R1 1.563 0.842 1.463 0.00 0.310 0.859
2 1.563 0.982 0.00 0.00 2.821 1.289
3 0.782 0.561 0.00 0.00 0.310 NS

Mean 1.30 0.80 0.49 0.0 1.15 1.074

P2NRi 2.345 0.842 0.878 0.867 0.931 0.573
2 1.563 1.544 0.731 0.00 0.931 0.573
3 2.345 9.989 2.965 0.145 7.122 1.432

Mean 2.08 4.13 1.52 0.34 3.00 0.86

NS - No Sample; R - Rice; NR - No Rice.
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AKUSE series

Treatment Week 1 2 3 5 6 8

* 3 * 1 4.422 0.842 0.293 0.00 0.310 1.719

2 3.144 0.842 0.00 0.00 0.310 1.146

3 6.856 1.123 0.00 0.00 0.621 NS

Mean 4.81 0.94 0.10 0.00 0.41 1.43

P NRl 5.187 1.977 0.438 0.00 1.551 2.018

2 6.856 3.725 0.438 0.00 4.118 1.146

3 2.754 1.403 1.463 0.00 1.861 2.305

Mean 4.93 2.37 0.78 0.00 2.51 1.823

R -  Rios NR -  No R ice MS -  No Sample
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MA NG AN ES E IN SUPERNATANT (ppm) DURING
STAGES OF PADDY G R O W T H  IN POT EXPERI- . - . -

AMO series

Treatment Week 1 2 3 5 6 8

Po *l 0.191 0.00 0.236 0.124 0.155 0.00

R2 0.287 0.058 0.177 0.099 0.103 0.00

R3 0.634 0.173 0.00 0.298 0.103 NS
tfean 0.37 0.08 0.14 0.17 0.12 0.00

P NR. o 1 0.239 0.00 0.416 0.635 0.026 0.000
2 0.239 0.259 0.855 0.325 1.046 0.000

3 0.143 0.00 0.537 0.224 0.129 0.158
Mean 0.21 0.09 0.60 0.39 0.48 0.05

P1 R1 0.385 0.00 0.236 0.224 0.129 O.CO
2 0.634 0.231 0.118 0.224 0.206 0.00
3 0.215 0.00 0.118 0.149 0.155 NS

Mean 0.41 0.08 0.16 0.20 0.16 0.00

PjNRl 0.287 0.00 0.354 0.248 0.129 0.00
2 0.191 0.346 0.236 0.556 0.363 0.315
3 0.191 0.231 0.598 0.174 0.103 0.00

Mean 0.223 0.19 0.40 0.33 0.20 0 .11

P2 ^ 0.191 0.346 0.00 0.174 0.206 0.00
2 0.337 0.289 0.295 0.248 0.026 0.00
3 0.191 0.289 0.118 0.124 0.155 NS

Mean 0.24 0.31 0.14 0.18 0.13 0.00

P2®1 0.215 0.465 Q.236 0.504 0.103 0.0
2 0.287 0.827 0.177 0.325 0.155 0.0
3 0.287 0.465 0.354 0.325 0.103 0.0

Mean 0.263 0.59 0.26 0.38 0.12 0.00
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Treatment Week 1 2 3 5 6 8

P3 Rl 0.143 0.346 0.236 0.099 0.077 0.0

2 0.385 0.407 0.236 0.099 0.052 0.0

3 0.143 0.231 0.00 0.199 0.103 NS

Mean 0.22 0.33 0.16 0.13 0.08 0.00

p3nrl 0.143 0.231 0.059 0.248 0.206 0.00

2 0.143 0.407 0.475 0.400 0.052 0.423

3 0.337 0.231 0.236 0.452 0.310 0.00

Mean 0.21 0.29 0.27 0.37 0.19 0.14

R Rice, NR - No Rice, NS = No Sample
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MANGANESE IN SUPERNATANT (ppm) DURING STAGES 
OF PADDY G R O W T H  IN POT EXPERIMENTS

AKUSE series

Treatment Week 1 2 3 5 6 8

0.099 0.121 0.179 0.104 0.548 0.0551
2 0.148 0.242 0.00 0.026 0.135 0 .0 0
3 0.148 0.121 0 .0 0 0 .00 0.108 NS

Mean 0.13 0.16 0.06 0.04 0.26 0.03

Pom i 0.049 0.181 0 .00 0.052 0.297 0 .00
2 0.148 0.242 0 .0 0 0.026 0 .00 0.193
3 0.419 0.242 0 .0 0 0.130 0.243 0.028

Mean 0.21 0.22 0 .0 0 0.07 0.18 0.07

PlRl 0.247 0.181 0 .0 0 0.026 0.135 0 .00
2 0.148 0.061 0 .00 0 .00 0.081 0.028
3 0.247 0.061 0 .0 0 0.078 0.027 NS

Mean 0.21 0.10 0 .0 0 0.03 0.08 0.01

P-jOTt, 0.148 0 .0 0 0 .00 0.078 0.162 0.028
2 0.222 0 .00 0 .0 0 0 .0 0 0.026 0.00
3 0.247 0 .00 0 .0 0 0 .00 0.130 0.027

Mean 0.21 0 .00 0 .00 0.08 0.061 0.02

P2 P1 0.500 0 .00 0 .00 0.078 0.135 0 .0 0
2 0.348 0.613 0 .0 0 0.182 0.00 0 .0 0
3 0.298 0 .00 0 .0 0 0.026 0 .0 0 NS

Mean 0.38 0.20 0 .00 0.10 0.045 0 .00

P2NR1 0.630 0.121 0 .0 0 0.156 0 .0 0 0 .0 0
2 0.323 0 .00 0 .0 0 0.182 0 .0 0 0 .00
3 0.372 0 .00 0 .0 0 0.156 0 .00 0 .0 0

Mean 0.44 0.04 0 .0 0 0.16 0.0 0 .0 0
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Treatment Week 1 2 3 5 6 8
i

P3 0.449 0.00 0.00 0.00 0.00 0.00

2 0.049 0.00 0.00 0.00 0.00 0.00

3 0.197 0.00 0.00 0.00 0.00 NS

Mean 0.23 0.00 0.00 0.00 0.00 0.00

P3 NRi 0.222 0.00 0.00 0.130 0.00 0.00

2 0.372 0.00 0.00 0.00 0.00 0.00

3 0.222 0.00 0.00 0.00 0.00 0.028

Mean 0.27 0.00 0.00 0.04 0.00 0.01

R -  Rice NR -  No Rice NS -  No Sample.
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IRON IN SUPERNATANT (ppm)_______
DURING STA^S OF PADDY GROWTH IN POT EXPERIMENTS

At® s e r ie s

APPENDIX 3a

Treatment Week 1 2 3 5 6 8

* o h 0.880 0.985 8.666 0.769 0.390 0.115

2 2.702 0.892 0.257 0.369 0.180 0.155

3 6.841 0.546 0.361 0.348 0.037 NS

Mean 3.47 0.81 3.09 0.50 0.20 0.14

P NR,O 1 3.442 0.985 0.759 1.448 0.804 0.214
2 0.676 0.892 0.807 4.172 0.839 0.155
3 0.611 0.464 1.207 0.417 0.269 0.815

Mean 1.58 0.78 0.92 2.01 0.64 0.39

P1 P1 0.392 0.405 0.361 0.140 0.161 0.048
2 0.88 7.806 0.807 0.308 0.220 0.048

3 0.527 0.474 0.237 1.471 0.229 NS
Mean 0.60 2.90 0.47 0.64 0.20 0.05

piNRl 0.527 6.013 1.103 0.612 0.302 0.096
2 0.485 0.385 4.715 1.130 0.279 0.317
3 0.569 0.385 2.286 1.426 0.758 0.255

Mean 0.53 2.26 2.70 1.06 0.45 0.22

P2 P1 0.383 8.706 3.360 1.421 0.065 0.077
2 0.699 4.283 0.577 0.515 0.474 0.077
3 0.699 0.848 3.009 0.526 0.132 NS

Mean 0.59 4.61 2.32 0.82 0.22 0.08

p2NRi 0.323 0.464 0.467 2.148 0.580 0.155
2 0.383 1.600 1.260 1.031 1.392 0.265
3 0.383 0.938 0.678 0.667 0.229 0.203

Mean 0.36 1.00 0.80 1.28 0.73 0.21
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APPENDIX 3a (contd.)

Treatment Week 1 2 3 5 6 8

P3*l 0.167 0.661 0.446 2.955 0.113 0.115

2 0.505 0.505 0.381 2.285 0.279 0.115

3 0.505 0.825 6.035 2.033 0.210 NS

Mean 0.39 0.66 2.29 2.42 0.20 0.12

p 3nri 0.423 0.505 0.667 1.339 2.195 0.453

2 0.443 0.567 3.738 1.118 0.591 0.275

3 0.474 0.567 6.189 2.285 0.329 0.145

Mean 0.45 0.55 3.53 1.58 1.04 0.29

R -  Rice NR -  No Rice NS -  No Sample.
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.IRON IN SUPERNATANT (ppm)
DURING STAGES OF PADDY GROWTH IN POT EXPERP'ENTS

AKUSE series

« 199 «

APPENDIX 3b

Treatment Week 1 2 3 5 6 8

P R, o 1 0.554 0.424 0.206 0.517 0.087 0.080
2 0.232 1.183 0.184 0.506 0.098 1.611
3 0.609 0.445 0.143 0.365 • 0.158 NS

Mean 0.47 0.68 0.18 0.46 0 .11 0.85

P NR, o 1 0.373 7.294 0.400 0.966 0.240 0.080
2 0.778 0.529 0.206 0.517 0.138 0.091
3 0.609 0.749 0.164 0.419 0.087 0.070

Mean 0.59 2.86 0.26 0.63 0.16 0.08

P1 R1 0.353 0.282 0.081 1.914 0.056 0.176
2 6.788 0.529 0.101 0.484 0.138 0.080
3 0.511 0.322 0.060 0.928 0.118 NS

Mean 2.48 0.38 0.08 1 .1 1 0.10 0.13

P NR 1 1 0.384 0.935 0.174 0.322 0.189 0.142
2 1.105 0.795 0.226 0.284 0.189 0.162
3 0.251 0.795 0.605 1.080 0.029 0.00003

Mean 0.58 0.84 0.34 0.56 0.14 0.10

P2 R1 1.067 1.234 0.226 0.250 0.087 0.204
2 4.845 0.572 0.226 0.830 0.010 1.611
3 0,981 0.659 0.269 1.106 0.039 NS

Mean 2.30 0.82 0.24 0.73 0.05 0.91

P2NP1 1.055 0.572 0.226 0.250 0.179 0.100
2 0.587 1.033 0.305 0.284 0.109 0.051
3 0.653 0.594 0.796 0.408 0.059 0.601

Kean 0.77 0.73 0.44 0.31 0.12 0.25
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APPENDIX 3b (contd.)

Treatment Week 1 2 3 5 6 8

P3 R1 0.687 0.983 0.821 0.365 0.138 0.194

2 0.698 0.445 0.060 0.281 0.029 0.00

3 0.981 0.795 0.020 0.506 0.019 NS

Mean 0.79 0.74 0.30 0.38 0.06 0.10

W l
0.825 0.322 0.14-3 0.239 0.029 0.020

2 0.790 0.529 0.651 0.397 0.049 0.040

3 1.620 11.862 0.226 0.375 0.138 0.214

Mean 1.08 4.24 0.34

-

0.34 0.07 0.09

R -  R ice NR -  No R ice NS -  No Sample.
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TRANSFORMED VALUES OF PHOSPHORUS IN SUPERNATANT

APPENDIX 4a

AMD 1 2 3 5 6 8

Po 1.15 -0. 90 0.09 0.79 -3.10 0.64

-1.98 -0.09 0.09 0.93 -1.75 0.64

-1.98 0.45 0.09 0.93 -0.96 NS

Msan -0.94 -0.18 0.09 0.88 -1.94 0.64

P1 -2.02 -6.39 -0.30 0.66 -13.53 -1.47

-1.22 0.40 0.12 1.07 0.86 0.22

0.33 -0.80 0.68 0.52 -7.45 NS

Mean -0.97 -2.26 0.17 0.75 -6.70 -0.63

P2 -0.51 -0.13 1.23 0.92 -0.33 0.18

1.28 0.27 1.23 0.51 1.80 C.32

-0.91 -0.53 0.95 0.51 -0.33 NS

Mean -0.05 -0.13 1.14 0.65 0.38 0.25

P3 1.91 1.08 0.88 1.10 0.83 1.39

1.91 0.55 0.88 0.28 -3.33 1.12

2.72 0.82 -3.71 0.83 -3.04 NS

Msan 2.18 0.82 -0.65 0.74 -1.85 1.26

Weeks

NS -  No sample.
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APPENDIX 4a (contd.) 

rfPfî P'PY~iRMRn VALUES OF PHOSPHOPUS TO SUPEPNATANT

AKUSE 1 2 3 5 6 8

P -0»52 -0.99 0.63 0.00 -0.16 -0.39
o

1.06 -0.18 0.78 0.00 -0.16 -0.24

-0.91 -0.70 0.78 0.00 0.15 NS

Mean -0.12 -0.62 0.73 0.00 -0.06 -0.32

P1 1.25 -5.49 0.31 -1.59 -5.51 -0.43

0.47 0.75 1.48 0.00 1.70 0.00

.0.86 1.31 1.19 0.00 1.39 NS

Mean 0.86 -1.140 0.99 -0.53 -0.81 -0.22

0.52 3.29 0.06 0.34 2.69 0.00
2

0.52 3.15 1.52 0.34. 0.18 -0.43

1.30 3.57 1.52 0.34 2.69 NS

Mean 0.78 3.34 1.03 0.34 1.85 -0.22

P3 0.51 1.53 0.49 0.00 2.20 0.10

1.79 1.53 0.78 0.00 2.20 0.68

-1.93 1.25 0.78 0.00 1.89 NS

Mean 0.12 1.44 0.68 0.00 2.10 0.39

Weeks

NS -* No sample.
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TRANSFORMED VALUES OF' MANGANESE IN SUPERNATANT

APPENDIX 4b

AMD 1 2 3 5 6 8

PO 0.02 0.09 0.36 0.27 0.33 0.05

-0.08 0.03 0.42 0.29 0.38 0.05

-0.42 -0.08 0.60 0.09 0.38 NS

Pfean -0.16 0.01 0.46 0.22 0.36 0.05

P1 -0.16 0.19 0.16 0 .11 0.07 0 .11

i -0.41 -0.04 0.28 0 .11 -0.01 0 .11

0.01 0.19 0.28 0.18 0.05 NS

ttean -0.19 0 .11 0.24 0.13 0.04 0 .11

P2 0.07 0.24 0.26 0.21 -0.09 0.00

-0.07 0.30 -0.04 0.13 0.09 0.00

0.07 0.30 0.14 0.26 • -0.04 NS

MBan 0.02 0.28 0.12 0.20 -0.01 0.00

P3 0.07 0.06 0.03 0.27 0 .11 0.14

-0.18 0.12 0.03 0.27 0.14 0.14

0.07 0.06 0.27 0.17 0.09 NS

IVfean -0.01 0.08 0 .11 0.24 0 .11 0.14

NS -  No sample.
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TRANSPO'RMED VALUES OF MANGMS1ESE IN SUPERNATANT

APPENDIX 4b (contd.)

AKUSE 1 2 3 5 6 8

Po 0 .11 0.10 -0.18 -0.03 -0.37 0.02

0.06 -0.02 0.00 0.04 0.05 0.07

0.06 0.10 0.00 0.07 0.07 NS

Msan 0.08 0.06 -0.60 0.03 -0.08 0.05

P1 -0.04 -0.18 0.00 0.05 -0.07 0.02

0.06 -0.06 0.00 0.08 -0.02 -0.01

-0.04 -0.06 0.00 0.00 0.04 NS

Mean 0.010 -0.10 0.00 0.04 -0.02 0.01

P2 -0.06 0.04 0.00 0.08 -0.14 0.0

0.09 -0.57 0.00 -0.02 0.00 0.0

0.14 0.04 0.00 0.13 0.00 NS

Mean 0.06 -0.16 0.00 0.06 -0.05 0.00

P3 -0.18 0.00 0.00 0.04 0.00 0.01

0.22 0.00 0.00 0.04 0.00 0.01

0.07 0.00 0.00 0.04 0.00 NS

Mean 0.04 0.00 0.00 0.04 0.00 0.01

NS - No sample
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APPENDIX 4C 

TRANSFORMED VALUES OF IRON IN SUPERNATANT

AMD 1 2 3 5 6 8

PO 0.70 -0.21 -7.75 1.24 0.25 0.28

-1.12 -0 .11 0.66 1.64 0.46 0.24

-5.26 0.23 0.56 1.66 0.60 NS

Mean -1.89 -0.03 -2.18 1.51 0.44 0.26

P1 0.14 1.86 2.34 0.92 0.29 0.17

-0.35 -5.55 1.89 0.75 0.23 0.17

0.00 1.79 2.46 -0.41 0.22 NS

Mean -0.07 -0.63 2.23 0.42 0.25 0.17

P2 -0.02 -7.71 -2.56 -0.14 0.67 0.13

-0.34 -3.28 0.22 0.77 0.26 0.13

-0.34 0.15 -2.21 0.75 0.60 NS

Mean -0.23 -3.61 -1.52 0.46 0.51 0.13

P3 0.28 -0 .11 3.08 -1.38 0.93 0.18

-0.06 0.05 3.15 -0.71 0.76 0.18

-0.06 -0.28 2.51 -0.45 0.83 NS

Mean 0.05 -0 .11 2.91 -0.85

________ J
0.84 0.18

Weeks after 
transplanting

NS -  No samplfe.
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APPENDIX 4C (con td .)

AKUSE 1 2 3 5 6 8

Po 0.04 2.44 0.05 0 .11 0.07 0.00

0.36 1.68 0.08 0.12 0.06 -1.53

-0.02 2.42 0.12 0.27 0.00 NS

Means 0.13 2.18 0.08 0.17 0.04 -0.77

P1 0.23 0.56 0.26 -1.35 0.08 -0.08

-6.01 0.31 0.24 0.08 0.00 0.02

0.07 0.52 0.28 -0.37 0.02 NS

Mean -1.90 0.46 0.26 -0.55 0.03 -0.03

P2 -0.30 -0.50 0.21 0.06 0.03 0.05

-4.08 0.16 0.21 -0.52 0 .11 -1.36

-0.21 0.07 0.17 -0.80 0.08 NS

Mean -1.53 -0.09 0.20 -0.42 0.07 -0.65

P3 0.39 3.26 -0.48 -0.03 -0.07 -0.10

0.38 3.80 0.28 0.06 0.04 0.09

0.10 3.45 0.32 -0.17 0.05 NS

IVtean 0.29 3.50 0.40 -0.03 0.01 -0.01

NS -  No sample
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AMO series

APPENDIX 5a

jyffiNGANESE IN WET SOIL PPM (OVEN DRY BASIS)
DURING STAGES OF PADDY GRCWTH IN POT EXPERIMENTS

Weeks after transplanting

1 2 3 5 6 8

* 0 * 1 11.53 218.9 168.3 92.71 199.661 199.57
2 165.4 207.3 183.2 188.4 153.905 212.01
3 173.0 214.7 192.9 187.3 156.546 NS

Mean 116.6 213.6 181.5 156.1 170.04 205.79

PoNRi 160.8 220.8 86.4 192.2 203.36 186.58
2 284.9 172.8 185.7 128.74 96.21 170.54
3 288.5 202.3 154.9 84.5 209.16 191.79

Mean 244.7 198.6 142.3 136.5 169.6 182.97

P1 R1 259.8 201.2 160.4 139.0 181.94 117.79
2 242.7 222.1 138.7 149.54 170.00 161.34
3 311.2 142.2 135.4 147.4 156.88 NS

Mean 271.2 188.5 144.8 145.3 169.6 139.57

PlNRl 264.6 189.0 173.9 124.3 179.86 171.74
2 187.0 241.8 245.3 128.1 100.27 174.03

3 288.3 224.2 , 230.3 103.0 98.67 166.47

Mean 246.6 218.3 216.5 118.5 126.3 170.75

P2 P1 276.4 235.7 153.0 157.8 33.19 181.60

2 273.2 228.8 197.9 68.5 164.68 3.81

3 298.0 216.1 215.9 183.5 150.38 NS

Mean 282.5 226.9 188.9 136.6 116.1 92.71

p2nr1 242.2 224.7 58.9 176.2 37.56 37.28
2 195.3 256.8 157.6 150.4 195.92 77.94
3 132.1 246.0 194.1 187.3 129.11 172.02

Mean 189.9 242.5 136.9 171.3 120.86 95.75
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MANGRNESE IN WET SOIL PPM (OVEN DRY BASIS)
DURING STAGES OF PADDY GRCMTH IN POT E)0?ERIMENTS

AMO series

~  208 ~

Weeks after transplanting

1 2 3 5 6 8

P3 Ri 285.6 204.5 147.1 171.1 116.93 173.13

2 281.4 216.5 171.4 34.9 145.04 168.63

3 235.0 220.6 12.22 53.0 18.28 NS

Mean 267.3 213.9 110.2 86.3 93.42 170.88

P̂ NR-̂ 235.6 200.6 192.1 174.0 169.05 158.49

2 252.9 232.8 181.9 56.7 21.88 36.04

3 292.6 224.8 181.6 103.7 140.30 27.18

Mean 260.4 219.4 185.3 111.5 110.41 73.9
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APPENDIX 5b

MflNfiANESE IN WET SOIL ESI PPM (OVEN DRY BASIS)
nnRTNGSTAGES OF PADDY GROWTH IN POT EXPERIMENTS

AKUSE series

Weeks after transplanting

1 2 3 5 6 8

Po \ 313.9 190.93 2.41 0.00 13.59 42.26

2 291.3 5.22 3.28 0.00 8.61 99.51

3 270.5 162.9 1.93 0.00 48.99 NS

Kean 291 .9 119.7 2.54 0.00 23.73 70.89

P NR, o 1 119.2 5.24 1.93 0.00 169.32 163.26

2 357.6 9.55 2.90 0.00 38.38 2.0

3 323.0 16.76 4.83 0.00 38.44 1.0

Mean 266.6 10.52 3.22 0.00 82.05 55.42

P1 P1 189.3 10.64 1.87 0.00 5.69 0.5

2 116.0 3.15 4.82 0.00 10.61 236.67

3 373.9 12.23 3.85 0.00 5.68 NS

Mean 226.4 8.67 3.51 0.00 7.33 118.59

P1NP1 199.3 37.46 0.97 0.00 53.93 249.79

2' 168.5 6.29 0.49 3.94 18.59 133.17

3 124.7 13.38 2.41 2.96 6.26 423.35

Mean 164.2 19.04 1.29 2.3 26.26 268.77

P2 P1 86.0 20.65 2.89 0.00 11.19 7.06

2 115.0 9.51 2.89 0.00 3.80 27.11

3 113.1 5.74 2.88 0.00 19.25 NS

Mean 104.7 11.97 2.89 0.00 11.41 17.09

p2 nr-l 139.7 5.78 3.38 0.00 25.64 252.83
2 263.7 4.19 0.96 4.40 19.28 312.16
3 172.7 4.18 1.93 1.99 7.18 212.30

Mean 192.0 4.72 2.09 2.13 17.37 259.10
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APPENDIX 5b (o o n td .)

MANGANESE IN WET SOIL IN PPM (OVEN DRY BASIS)
DURING STAGES OF PADDY GROWTH IN POT EXPERIMENTS

AKUSE series

Weeks after transplanting

1 2 3 5 6 8

* 3 * 1
207.5 5.78 2.41 0.99 6.59 0.0

2 179.6 6.24 5.26 0.00 5.70 142.82

3 132.0 6.30 2.90 0.99 31.56 NS

Mean 173.0 6 .11 3.52 0.66 14.62 71.41

P3 *®L 197.7 2.63 3.96 1.43 138.45 189.55

2 115.6 8.45 2.41 2.97 6.50 0.498

3 297.5 13.97 12.84 1.98 31.59 151.52

Mean 203.6 8.35 6.40 2.13 58.85 113.86
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APPENDIX 6a

IRON IN WET SOIL IN PPM (OVEN DRY BASIS) DURING
STAGES OF PADDY GROWTH IN POT EXPERIMENT

Weeks after transplanting
1 2 3 5 6 8

Po Rl 9.63 5.07 0.00 0.00 1.394 19.017

2 10.80 0.26 0.00 0.42 0.025 16.623

3 12.87 1.93 3.34 10.04 1.218 NS

Msan 11.10 2.42 1 .1 1 3.49 0.88 17.82

P NR. o 1 1.78 5.66 2.65 0.42 17.422 0.246

2 11.82 0.91 0.00 0.42 0.703 15.958

2 4.65 7.29 0.00 9.28 14.961 18.350

Mean 6.08 4.62 0.88 3.37 11.03 11.52

P1 ®1 0.91 5.06 0.00 0.00 1.040 16.188

2 1.22 0.93 0.82 0.00 3.440 17.031

3 1 .2 1 3.41 0.00 0.00 0.283 NS

Mean 1 .1 1 3.13 0.27 0.00 1.59 16.61

P]NR1 3.19 5.55 0.39 1.63 14.052 2.07

2 2.30 10.75 1.08 10.00 19.838 24.520

3 19.44 5.18 9.69 11.26 13.614 17.485

Mean 8.31 7.16 3.72 7.63 15.83 14.69

P2 Rl, 1.49 4.35 3.21 1.45 11.994 2.248

2 16.53 0.16 0.30 11.05 0.545 16.399

3 1.49 4.84 4.07 0.24 5.919 NS

Mean 6.50 3.12 2.53 4.25 5.99 9.32

p2NRi 3.17 0.71 0.00 10.68 1.459 15.591
2 3.50 14.28 0.00 9.87 6.835 20.124
3 9.63 0.82 0.94 8.31 4.511 5.362

Mean 5.43 5.27 0.31 9.62 4.27 13.68
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AMO se r ie s

IRON IN WET SOIL IN PPM (OVEN DRY BASIS) DURING
STAGES OF PADDY GROWTH IN POT EXPERIMENT

Weeks after transplanting

1 2 3 5 6 8

P3 *1 3.19 6.94 0.00 0.00 0.703 1.719

2 9.62 0.38 0.29 10.05 11.179 1.400

3 1.2 1 0.17 0.00 1.62 13.186 NS

Mean 4.67 2.50 0.10 3.89 8.36 1.56

P3NR1 1.45 6.20 0.00 6.45 16.113 19.011
O  J- 

2 0.91 10.53 2.57 0.00 0.701 165.363

3 2.36 0.48 0.38 9.09 16.316 17.439

Mean 1.57 5.74 0.98 5.18 11.04 67.27
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APPENDIX 6b

Weeks after transplanting
1 2 3 5 6 8

P R.O 1 8 .9 4 1 0 .3 0 2 .0 0 8 .7 6 1 1 .7 6 2 0 .6 1

2 9 .3 4 0 .6 2 3 .2 9 12 .9 4 1 8 .7 0 1 6 .4 5 6

3 1 .5 9 0 .1 7 0 .0 0 0 .0 0 0 .5 7 8 NS

Mean 6 .6 2 3 .7 0 1 .7 6 7 .2 3 1 0 .3 5 1 8 .2 6

P NR. o  1 4 .2 8 5 .2 1 0 .0 0 0 .0 0 1 8 .469 1 6 .5 0 6
2 0 .7 0 1 .1 0 1 .8 2 1 .1 8 1 .2 9 7 1 8 .2 2 1

3 9 .2 6 4 .9 6 1 .7 2 o .e o 1 7 .4 4 1 2 .3 7 9
Mean 4 .7 5 3 .7 6 1 .1 8 0 .3 9 1 2 .4 0 1 2 .3 7

P l R l 8 .9 6 5 .9 6 0 .0 0 0 .0 0 1 6 .0 4 7 2 .5 4 5
2 1 .2 9 1 .5 5 2 .6 9 1 1 .3 6 1 9 .4 3 7 1 8 .4 1 0
3 1 .3 0 3 .9 5 0 .0 0 0 .0 0 2 1 .7 3 2 NS

Msan 3 .8 5 3 .8 2 0 .9 0 3 .7 9 1 9 .0 7 1 0 .4 8

PlNRi 1 .3 0 1 .9 2 0 .0 0 2 .6 4 1 9 .0 5 8 1 8 .2 1 0
2 4 .9 7 4 .0 8 0 .5 0 1 1 .4 3 1 .0 8 1 4 8 .3 7 3

3 7 .3 0 8 .9 1 2 .0 0 0 .4 5 1 8 .3 4 6 5 .1 0 5

tfean 4 .5 2 4 .9 7 0 .8 3 4 .8 4 1 2 .8 3 2 3 .9 0

P2 h 1 .6 1 0 .8 6 1 .8 2 1 1 .2 0 1 7 .7 8 9 1 6 .2 1 2

2 6 .7 2 5 .9 6 0 .4 7 1 1 .2 3 1 .2 9 5 1 6 .2 7 9
3 1 .6 0 2 .3 7 2 .2 0 0 .6 4 1 9 .8 7 9 NS

Kean 3 .3 1 3 .0 6 1 .5 0 7 .6 9 12 .9 9 1 6 .2 5

P2NR1 2 0 .2 1 0 .2 9 0 .4 0 1 .1 9 2 .1 8 3 2 7 .0 7 3
2 7 .6 6 3 .7 0 0 .6 8 0 .0 0 1 6 .5 3 1 1 7 .4 7 1
3 7 .0 5 4 .8 1 0 .0 0 1 1 .4 2 1 8 .7 9 0 1 5 .8 2 1

Kean 11 .64 2 .9 3 0 .3 6 4 .2 0 1 2 .5 0 2 0 .1 2
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APPENDIX 6b (contd.)

IKM IN WCT SOIL IN PPM (OVEN DRY BASIS) DURING 
STAGES OF PADDY GRCMTH IN POT EXPERIMENT

AKUSE series

Weeks after transplanting

1 2 3 5 6 8

P3^L 1.31 4.70 1.60 11.25 20.570 15.943

2 1.30 4.53 2.49 0.00 19.463 15.964

3 3.96 5.21 0.95 0.27 18.075 NS

Mean 2.19 4.68 1.68 3.84 19.37 15.95

P3NRi 8.91 1.33 2.40 0.81 6.238 19.552

2 9.90 4.08 0.18 0.00 19.491 16.888

3 1.32 7.04 0.00 12.52 4.742 3.631

Mean 6.71 4.15 0,86 4.44 10.16 13.36
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APPENDIX 7a

TRANSFORMED VALUES OF MANGANESE: IN WET SOIL

AMO 1 2 3 5 6 8

PO 233.17 -20.3 -26.00 43.8 -30.06 -16.60

79.30 -8.70 -40.90 -51.90 15.69 -29.04

71.70 -16.10 -50.60 -50.80 13.05 NS

Mean 128.06 -15.03 -39.16 -19.63 -0.44 -22.82

P1 -13.20 17.10 56.10 -20.50 -55.64 52.91

3.90 -3.8 77.80 -31.04 -43.70 9.36

-64.6 76.10 81.10 -28.90 -30.58 NS

Mean -24.63 29.80 71.67 -26.81 -43.31 31.14

P2 -86.5 6.80 -16.10 13.50 87.67 -85.85

-83.3 13.70 -61.00 102.8 -44.00 91.94

-108.1 26.40 -79.00 -12.2 -29.70 NS

Mean -92.63 15.63 -52.03 34.70 4.66 2.03

P3 1.80 14.9 38.10 -59.60 -6.52 -99.23

-21.0 2.90 13.80 76.60 -34.63 -94.73

25.40 -1.20 172.98 58.50 92.13 NS

2.07 5.53 74.96 25.17 16.99 -96.98

Weeks after 
transplantir

NS -  No sam ple.

University of Ghana                              http://ugspace.ug.edu.gh



-  216 ~

APPENDIX 7a 

TRANSFORMED VALUES OF MRNGftNESE. IN WET SOIL

AKUSE 1 2 3 5 6 8

PO -47.3 -180.4 0.81 0 68.46 13.16 .

-24.7 5.30 -0.06 0 73.44 -44.09

-3.90 -152.38 1.29 0 33.06 NS

Mean -25.2 -109.16 0.68 0.0 58.32 -15.47

P -25.1 8.40 -0.58 2.3 20.57 268.2
1

48.2 15.89 -3.53 2.3 15.65 32.03

-209.7 6.81 -2.56 2.3 20.58 NS

Mean -62.2 10.37 -2.22 2.3 18.93 150.12

P2 106.0 -15.93 -0.8 2.13 6.18 252.04

77.0 - 4.79 -0.8 2.13 13.57 231.99

78.9 -1.02 -0.79 2.13 -1.88 NS

Mean 87.3 -7.25 -0.8 2.13 5.96 242.02

P3 -3.9 2.57 3.99 1.14 52.26 113.81

24.00 2 .11 1.14 2.13 53.15 -29.01

71.60 2.05 3.50 1.14 27.29 NS

Mean 30.37 2.24 2.83 1.47 44.23 42.4

Weeks after 
transplanting
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TRANSFORMED VALUES OF IRON IN WET SOIL PER POT

APPENDIX 7b

Weeks after

AMD 1 2 3 5 6 8

PO -3.55 -0.45 0.88 3.37 9.64 -7.50

-4.72 4.36 0.88 2.95 11.0 -5.10

-6.79 2.69 -2.46 -6.67 9.81 NS

Mean -5.02 2.20 -0.23 —0.12 10.15 -6.3

P1 7.40 2.10 3.72 7.63 14.79 -1.50

7.09 6.23 2.90 7.63 12.39 -2.34

7.10 3.75 3.72 7.63 15.55 NS

Msan 7.20 4.03 3.45 7.63 14.24 -1.92

P2 3.94 0.92 -2.9 • 8.17 -7.72 11.44

11.10 5.11 0.01 -1.43 3.72 -2.71

3.94 0.43 -3.76 9.38 -1.65 NS

Mean 1.07 2.15 -2.22 5.37 -1.88 4.37

P3 -1.62 -1.20 0.98 5.18 10.34 65.55

-8.05 5.36 0.69 -4.87 -0.14 65.87

0.36 5.57 0.98 3.56 -2.15 NS

Mean -3.10 3.24 0.88 1.29 2.68 65.71

NS - No sample
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TRANSFORMED VALUES OF IRON IN WET SOIL PER POT

APPENDIX 7b (o o n td .)

AKUSE 1 2 3 5 6 8

Po -4.19 -6.54 -0.82 -8.37 0.63 -7.69

-4.59 3.14 -2 .11 -12.55 -6.30 -4.09

3.16 3.59 1.18 0.39 11.82 NS

Mean 1.87 -0.06 -0.58 -7.04 2.05 -5.89

P1 -4.44 -0.99 0.83 4.84 -3.22 21.35

3.23 3.42 -2.13 -6.52 -6.61 5.49

3.22 1.02 0.83 4.84 -8.90 NS

Mean 0.67 1.15 -0.16 1.05 -6.24 13.42

P2 10.03 2.07 -1.46 -7.0 -5.29 3.91

4.92 -3.03 -0 .11 -7.03 11.20 3.84

10.04 0.56 -1.84 3.56 -7.38 NS

Mean 8.33 -0.13 -1.14 -3.49 -0.49 3.88

P3 5.40 -0.55 -0.74 -6.81 -10.41 -2.58

5.41 -0.38 -1.63 4.44 -9.30 -2.60

2.75 -1.06 -0.09 4.17 -7.92 NS

Mean 4.52 -0.66 -0.82 0.60 -9.21 -2.59

Weeks after 
transplanting

NS - No Sample.
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PHOSPH O RU S IN % OF PLANT MATERIAL DURING 
STAGES OF PADDY GRCWIH IN POT EXPERIMENTS

AMD series

Weeks after transplanting
1 2 3 5 6 8

* 0 * 1 0.425 0.278 0.30 0.258 0.183 0.181

2 0.339 0.218 0.26 0.262 0.200 0.195

3 0.510 0.284 0.33 0.267 0.174 NS

P1 R1 0.439 0.357 0.31 0.248 0.201 0.188

2 0.497 0.335 0.30 0.262 0.156 0.194

3 0.526 0.294 0.31 0.251 0.349 NS

P2 \ 0.531 0.282 0.27 0.273 0.184 0.180

2 0.482 0.295 0.34 0.271 0.188 0.271

3 0.512 0.302 0.35 0.266 0.160 NS

P3 R1 0.622 0.340 0.35 0.291 0.221 0.205

2 0.567 0.327 0.32 0.263 0.223 0.282

3 0.637 0.325 0.36 0.303 0.199 NS
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APPENDIX 8b

PHOSPHORUS IN % OF PLANT MATERIAL DURING 
STAGES OF PADDY GROWTH IN POT EXPERIMENTS

AKUSE series

Weeks after transplanting
1 2 3 5 6 8

^ * 1 0.579 0.365 0.09 0.167 0.084 0.081

2 0.401 0.116 0.13 0.147 0.079 0.084

3 0.579 0.237 0.10 0.404 0.077 NS

P1 R1 0.621 0.220 0.23 0.194 0.146 0.137

2 0.611 0.212 0.19 0.299 0.179 0.133

3 0.888 0.191 0.22 0.215 0.130 NS

R^ 0.521 0.152 0,28 0.047 0.120 0.152

2 1.080 0.213 0.20 0.042 0.154 0.150

3 0.947 0.419 0.27 0.039 0.134 NS

P3 ^ 0.595 0.272 0.26 0.134 0.149 0.173

2 0.618 0.336 0.28 0.112 0.161 0.150

3 0.515 0.258 0.31 0.157 0.148 NS
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APPENDIX 9a

MANGANESE IN PLANT MATERIAL DURING 
STAGES OF PADDY G R O W T H  IN POT EXPERI- 

jyiEl£ilL t'ppm IQ~Z oVendfV -basis-}

P$i\q series

Weeks after transplanting
1 2 3 5 6 8

Po *L 29.55 10.65 9.07 9.99 12.0 9.94

2 31.28 10.67 10.38 9.65 11.77 10.85
3 36.08 8.97 10.97 8.66 13.75 NS

PlRl 33.98 11.52 11.05 8.60 13.57 12.36
2 28.83 9.25 10.74 10.94 13.75 12.10
3 30.59 10.62 11.16 12.54 10.88 NS

P2 h 28.80 11.33 11.61 13.41 13.75 10.14
2 38.87 10.86 13.65 10.78 10.88 8.17
3 37.58 11.41 6.23 12.54 9.67 NS

p3 ri 35.33 11.82 10.26 12.82 12.94 11.39
2 25.59 10.97 11.55 12.72 12.00 8.66
3 36.04 11.56 8.05 11.10 12.00 NS

University of Ghana                              http://ugspace.ug.edu.gh



« 222 «

APPENDIX 9b

MANGANESE IN PLANT MATERIAL DURING 
STAGES OF PADDY G R O W T H  IN POT EXPERI- 

MENTS (ppm ip-j ovendry b asisT

AKUSE series

Weeks after transplanting

1 2 3 5 6 8

23.76 10.90 7.19 4.31 3.54 4.35
2 25.99 10.05 7.36 4.98 5.03 4.27

3 27.31 8.99 6.87 5.90 5 .20 NS

P1 Pi 33.87 9.62 7.40 5.30 6.28 6.36

2 30.32 12.24 6.83 6.93 6.99 5.03

3 18.98 8.44 8.45 6.22 5.85 NS

P2 Pi 24.86 10.22 7.76 3.83 6.36 5.20

2 65.71 11.95 6.81 8.88 5.58 5.85

3 35.42 12.77 8.20 6.05 6.07 NS

P3 ^ 17.81 11.29 2.92 6.68 5.92 6.42
2 24.15 15.59 7.22 5.53 6.87 7.67

3 29.52 8.52 7.18 7.85 6.82 NS
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IRON IN PLANT MATERIAL D U R ING STAGES O F 
PADDY G R O W T H  (ppm ovendry basis)

AMD series

APPENDIX 10a

Weeks after transplanting

1 2 3 5 6 8

P o ^ 60.94 66.23 69.60 2.069 18.0 27.18

2 152.91 115.05 30.52 3.31 8.33 48.21

3 130.27 55.91 103,45 7.97 14.86 NS

P1 R1 143.57 50.72 33.58 11.44 13.11 53.07

97.23 29.69 16.36 10.57 6.27 273.29

118.38 78.92 112.19 2.90 7.63 NS

P2 P1 101.28 199.07 46.72 7.52 17.55 24.05

2 187.34 52.24 17.52 0.41 25.40 139.00

3 109.37 93.28 91.02 1.24 1.43 NS

P s ^ 142.19 79.12 188.38 3.31 5.38 94.93

2 45.06 75.25 128.84 13.20 4.93 63.92

3 112.07 78.32 29.11 4.97

.

13.97 NS

NS = No Sample
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APPENDIX 10b

IRON IN PLANT MATERIAL DURING STAGES OF 
.P^PPY G R O W T H  (ppm ovendry basis)

AKUSE series

TAleeks after transplanting

1 2 3 5 6 8
P R, o  1 1 6 7 .2 8 2 2 7 .0 0 8 6 .3 4 0 .0 0 2 .3 7 1 7 .3 5

2 9 6 .8 9 8 7 .7 5 © .00 0 .0 0 2 6 .0 3 1 0 .2 4

3 7 9 .4 9 6 0 .1 6 0 .0 0 1 5 .5 1 7 .8 8 NS

P1 R1 4 4 .5 3 9 1 .9 8 1 3 0 .5 5 4 .4 6 3 9 .0 2 2 7 8 .9 2

2 5 7 .5 8 172 .46 1 0 .6 0 .1 ,3 4 7 .9 5 4 8 .2 1

3 4 4 .5 3 8 3 .9 8 1 7 .9 3 3 .7 6 2 2 .3 1 NS

P2 R1 4 4 .5 3 5 0 .6 8 4 .3 9 1 4 7 .1 9 1 .0 8 7 2 .1 6

2 6 2 .0 1 6 5 .2 8 1 2 .9 7 1 .0 6 1 0 .0 5 1 0 .4 4

3 9 4 .2 3 9 2 .1 2 1 2 .3 0 3 .4 1 2 0 .8 1 NS

P3 R1 1 6 9 .4 6 6 8 .4 8 4 .8 9 0 .5 3 6 4 .1 1 7 2 .1 6

2 8 1 .7 2 1 9 2 .6 7 2 9 .9 4 4 .5 5 2 .0 5 4 5 .1 1

3 9 0 .0 9 3 5 .9 1 1 5 .9 5 2 .5 7 5 .3 8 NS

NS - No Sample
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APPENDIX 1 1 a

DRY MATTER YIELD OF RICE PLANTS FOR DIFFERENT 
LEVELS OF PHOSPHORUS ADDED TO 1 KG. OF SOIL 

DURING PADDY GROWTH IN POT EXPERIMENTS (Oven dry
b a s is  In g)

AMO S erie s

T reatm ent W eek 1 2 3 5 6 8

p 0 Rl 0 .1 4 0. 47 2 . 07 5 . 17 7 . 24 10 .31

0 .1 1 0 .4 4 1 .9 8 5 .4 8 7 . 20 9 . 76
0 .1 3 0 . 70 1 .7 6 4 . 92 7. 32 NS

M ean 0 .13 0. 54 1 .9 4 5 . 19 7. 25 10 .03

P1 R1 0 .11 0 .5 0 2. 01 5 . 86 7 . 37 12. 24
0 .11 0 . 66 1 .8 7 5 . 24 8 . 05 12. 5
0 .1 4 0 . 49 2 . 10 5 . 2 0 1 .4 4 * NS

M ean 0. 12 0 .5 5 1 .9 9 5. 43 5 . 62 12. 37

P 2 R1 0 .1 1
0 .1 0

0. 46
0 .5 1

2 . 02
1 .51

5 . 28
5 . 32

7. 76
7. 32

1 2 .68
5 .4 6 *

0. 12 0 .51 1. 67 5 . 20 7. 21 NS

M ean 0 .11 0. 49 1. 73 5 . 27 7. 43 6. 05

P3 R1 0 .0 8 0 . 46 1. 73 4 . 92 6. 65 1 1 .3 3
0 .1 0 0 .51 1. 83 5 . 34 6. 69 5 .8 8 *
0 . 1 0 0. 46 1. 54 4 . 84 8 . 05 NS

IVfean 0 . 09 0 .4 8 1 . 70 5 . 02 7. 12 8 . 6 6

P -  L evel of P h o sp h o ru s . NS -  No sam ple  
* -  P o ts in  w hich  one or tw o se e d lin g  d ie d .
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-  226 -

DRY MATTER YIELD OF RICE PLANT FOR DIFFERENT 
LEVELS OF PHOSPHORUS ADDED TO 1 KG. OF SOIL IN 

POT EXPERIMENTS DURING PADDY GROWTH (Oven dry b a s is  q . )

APPENDIX 11b

AKUSE S eries

Treatm ent W eek 1 2 3 5 6 8

P0R1 0. 07 0 .1 5 0 .5 6 1 . 36 1. 65 2 . 75

2 0,08 0 .1 9 0. 31 0. 09 1 . 57 2 . 90
3 0. 09 0. 23 0. 44 0. 78 1 .5 1 NS

M ean 0. 08 0 .1 9 0. 43 1 . 07 1. 58 2. 83

P1 R1 0. 06 0. 29 0 . 84 1. 78 3 . 3 0 4 . 54
2 0. 07 0 . 17 1. 28 1. 52 0. 74* 4 . 29
3 • 0 . 06 0. 32 0. 83 1. 64 3 .54 NS

M ean 0. 06 0. 26 0. 98 1. 65 2. 53 4 . 42

P2R1 0 .0 5 0. 25 0 .4 9 2. 11 4 . 23 4 . 7 0
2 0. 03 0 .1 6 0. 83 1. 92 2 . 86 1 . 72*
3 0. 03 0 .15 0. 72 1. 51 2. 43 NS

M ean 0. 04 0 .19 0. 68 1. 85 3 . 17 3. 21

P3R1 0 .0 8 0. 20 0. 90
•k

1. 89 2. 52 5 .1 1
2 0. 03 0. 16 0. 90 3 . 70 4. 51

■k
1 . 80

3 0. 06 0. 30 0. 56 , _ ̂  k
1. 96 3 . 68 NS

M ean 0. 06 0. 22 0. 79 2. 52 3 . 57 3 . 45

NS -  No sam ple; P -  le v e l of p h o sp h o ru s .
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APPENDIX 12a 

pH OF WET SOIL IN CaCL, (AMO series)

« 227 ~

Weeks a f t e r  t ra n s p la n tin g

Level o f 
P 1 2 3 5 6 8

Po * l 5.3 5.5 5.6 5.6 5.5 5 .7
2 5.2 5.3 5.7 5 .7 5 .5 5.7

5.2 5.5 5 .7 5.6 5.5 5 .7

PoNP,i 5.2 5.6 5.6 5 .8 5 .7 5.7
2 5.3 5.6 5.7 5.7 5 .7 5.8
3 5 .3 5.5 5.6 5.7 5 .8 5 .6

*1*1 5.2 5.5 5.6 5 .7 5.7 5 .8
2 5.2 5.5 5.6 5.7 5 .7 5.7
3 5.2 5.7 5.6 5 .7 5.8 NS

P1® 1 5.2 5.8 5 .8 5 .7 5.9 5.8
2 5 .0 5.8 5.9 5.7 6 .0 5.8
3 5.2 5.7 5.9 5.7 5.9 5 .8

P2 \ 5.4 5.7 5 .8 5.5 5 .8 5 .8
2 5.6 5.7 5 .8 5.5 5.8 5.7
3 5.5 5.7 5.8 5.6 5 .7 NS

P2® 1 5.3 5.8 5 .8 5 .7 5 .8 5 .8

P2 5.2 5.9 5 .8 5 .7 5.8 5 .8

*3 5 .0 5.9 5.8 5 .8 5.9 5.8

to 5 .3 5 .8 6 .0 5.5 5 .8 5 .8
2 5.2 5.8 5.9 5.5 5.7 5 .8
3 5.2 5.8 5.9 5.4 5.7 NS

P3NPa 5.3 5 .8 6 .0 5.6 5 .7 5 .8
2 5.2 5 .8 5.9 5.6 5.8 5.8
3 5.6 5 .8 5.9 5.6 5 .8 5 .8

NS -  No sample, R -  R ice. NR -  No Rice 
P -  Level o f  Phosphorus.
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APPENDIX 12b 

pH OF WET SOIL IN CaCU (AKUSE aene_s)

« 228 -

Weeks a f t e r  t ra n s p la n tin g
Level o f  

P 1 2 3 5 6 8

Po \ 6 .6 6.6 7 .1 6.4 6.4 6 .6

2 6.6 6.6 7 .0 6.5 6.6 6 .7

3 6.7 6.7 7.2 6.6 6.7 NS

PoNRi 6.6 6.7 7 .0 6.6 6 .8 7 .0

2 6 .7 6.8 7 .1 6.7 6.9 7 .0

3 6 .7 6.9 7 .0 6.7 6.9 7 .0

P1 R1 6.7 6.7 7 .1 6.7 6 .4 6.6

2 6 .7 6.7 7.2 6.7 6.6 6 .7

3 6.7 6.7 7.2 6.7 6.7 NS

p i NRl 6.9 6.8 7.2 6.7 6.7 6.7

2 6.8 6.8 7.2 6.7 6 .7 6.8

3 7 .0 6.8 7.3 6.5 6 .8 7 .0

P2 R1 6 .8 6.7 7.2 6.6 6.6 6.6
£■ J-

2 6 .8 6.8 7.2 6.6 6.6 6.8

3 6 .8 6.8 7.3 6.6 6.6 MS

p2NRi 6 .8 6.8 7.2 6.5 6.7 6.9

2 6.9 6.8 7.2 6.6 6.6 7 .0

3 6.9 6.9 7.2 6 .8 6 .7 7 .1

P3 Ri 6 .9 6 .8 7 .1 6.7 6 .8 6 .6

2 6 .8 6.8 7 .1 6.7 6.6 6.7

3 6.8 6 .8 7 .1 6 .8 6.6 NS

P^NR^ 6.8 6 .8 7 .1 6 .8 6.7 6.9

2 6 .8 6 .8 7 .0 6 .8 6.7 7 .0

3 6.8. 6.9 7 .1 6 .8 6 .7 7 .0

P -  le v e l  o f  phosphorus. NS -  No Sample. R -  RLce 

MR -  No RLce.
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APPENDIX 13a

p H  O F  SU PER NA TA N T D U R IN G  S T A G E S  O F  PADDY I N  P O T  
E X P E R IM E N T S  (AMO s e r ie s )

Treatment Week 1 2 3 5 6 8

Po **1 7.9 7.3 7.2 6 .8 6.7 6 .8

2 7.8 7.3 7 .0 7 .0 6.8 6.9

3 8.1 7.3 6.9 6.8

00 NS

P NR, o 1 7.6 7.6 8 .1 8.2 7.5 6 .8

2 7.6 7.6 8 .1 8.2 7.6 6.9

3 7.9 7.8 8.1 8.2 7.7 7 .0

P1 R1 8.3 7.3 7 .0 7 .0 6 .8 7.2

2 7.9 7.2 7 .0 7.1 6.8 7 .0

3 8 .0 7.3 6.9 6.8 6.7 NS

P1 ® 1 7.6 7.6 8 .0 8.2 7.3 6 .8

2 7.9 7.6 8 .1 8.2 7.4 6.9

3 8 .0 7.7 8 .1 8.3 7.5 7 .0

P2 P1 8.1 7.1 6 .8 6.8 6 .7 7 .0
2 8.1 7.2 6 .9 6.9 6 .0 7 .0

3 7 .8 7.2 6.7 6 .8 6.7 NS

P2 ^ 1 7.4 7.6 8 .0 8.2 7.5 6 .8
2 8.2 7.6 8 .0 8.3 7.5 7 .0
3 8 .0 7.7 8.2 8 .3 7.5 7 .0

P3 *1 7.7 7.7 6.8 7.4 6 .8 6.9
2 8 .0 7.2 6.7 7.7 6.9 7 .0
3 8 .0 7.2 7 .0 7.6 6.9 NS

P3 NRL 7.5 7.7 8.1 8 .6 7.4 6 .8
2 7.6 7.7 8 .1 8.3 7.4 7 .0
3 7.9 7.9 8.1 8.2 7.4 7.2

P - level of phosphorus R - Rice NR - No rice 
NS - No Sample
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APPENDIX 13b

p H  O F  SU PE R N A T A N T D U R IN G  S T A G E S  O F  PADDY GRCMTH
“ I N  P O T  E X P E R IM E N T S  (A K U SE se r ie s )

T r e a t m e n t W e e k  1 2 3 5 6 8

Po * L 7.3 8.2 8.3 8.2 7.5 6.8

2 8.0 8.2 8.3 8.3 7.4 6.9

3 7.8 8.2 8.3 8.3 7.5 NS

PQ m 1 8.0 8.3 8.4 8.4 7.7 7.0

8.1 8.3 8.4 8.3 7.7 7.1

7.6 8.3 8.3 8.3 7.8 7.2

h * i
7.4 8.2 8.8 8.2 7.9 6.9

2 7.8 8.2 8.1 8.2 7.8 7.0

3 7.7 8.2 8.2 8.2 7.8 NS

8.0 8.1 8.7 8.3 7.9 7.2

2 7.8 8.0 8.3 8.5 8.0 7.3

3 7.7 8.1 8.4 8.4 7.9 7.4

P2 *1 7.6 8.1 8.3 8.0 7.5 7.0

2 7.4 8.1 8.3 8.0 7.4 6.9

3 7.7 8.0 8.2 8.1 7.5 NS

P 2 NRj_ 7.7 8.0 8.4 8.2 7.8 7.2

2 7.1 8.0 8.3 8.3 7.8 7.1

3 7.8 8.0 8.3 8.4 7.8 7.3

p 3 R i 6.8 8.1 8.2 8.1 7.1 7.1

2 8.1 8.1 8.1 8.2 7.1 6.9

3 7.7 8.1 8.2 8.3 7.2 NS

P 3 N R ^ 7.4 8.0 8.2 8.5 7.7 7.1

2 7.5 8.2 8.2 8.2 7.7 7.2
3 7.8 8.0 8.4 8.4 7.7 7.4

P  -  l e v e l  o f  p h o s p h o r u s ; R-Pice.: NR - No Rice
MQ -  Ma  C  ----- -- 
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