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Some o f  t h e  b i o l o g i c a l  concepts and f i n d i n g s  
r e l e v a n t  t o  t h e  s t u d y  of t h e  f looded r ice  
f i e l d  as  an  e c o s y s t e m  a re  rev iewed.  The 
f l o o d e d  r ice  f i e l d  is a n  a r t i f i c i a l  e c o s y s t e m  
c h a r a c t e r i z e d  by e x t r e m e  i n s t a b i l i t y  r e s u l t -  
i n g  from f r e q u e n t  d e s t r u c t i o n  o f  t h e  e n v i r o n -  
ment by f a r m i n g  p r a c t i c e s .  T h i s  i n h i b i t s  t h e  
s u c c e s s i v e  deve lopment  toward marsh and  h á s  
made monocropping of r ice  p o s s i b l e  f o r  
c e n t u r i e s .  However, t h e  i n s t a b i l i t y  o f  t h e  
e c o s y s t e m  d u r i n g  t h e  c r o p  h a s  d i s c o u r a g e d  
q u a n t i t a t i v e  a p p r o a c h e s  by l i m n o l o g i s t s  and 
e c o l o g i s t s .  T h e r e f o r e  t o p i c s  d e a l t  w i t h  h e r e  
a r e  n o t  s u p p o r t e d  by a l a r g e  volume of data. 
S t u d i e s  c o n d u c t e d  i n  freshwater e c o s y s t e m s  
( l a k e s ,  p o n d s )  may h e l p  u s  u n d e r s t a n d  f l o o d e d  
r ice  f i e l d s ,  b u t  e x t r a p o l a t i o n  is n o t  pos- 
s i b l e .  The f l o o d w a t e r  h a s  b e e n  n e g l e c t e d  i n  
most agronomic , c h e m i c a l ,  and s o i l  s t u d i e s .  
Its e f f e c t  o n  f e r t i l i t y  and  o t h e r  p r o p e r t i e s  
of f l o o d e d  r ice  s o i l s  i s  s t r e s s e d .  Major 
b i o l o g i c a l  a c t i v i t i e s  i n  f l o o d w a t e r  and s o i l ,  
r e c y c l i n g  o f  n u t r i e n t s  , and i n t e r a c t i o n s  
be tween f l o o d w a t e r  and so i l  a re  rev iewed.  

I n  1 9 4 2 ,  S h i o i r i  ( 2 5 1 ,  i n  h i s  l e c t u r e  o n  t h e  s o i l  
c h e m i s t r y  of paddy s o i l s ,  ment ioned  t h a t  "Material 
t r a n s f o r m a t i o n  i n  paddy r i c e  f i e l d s  d u r i n g  f l o o d i n g  
resembles t h a t  i n  lake and  swampy l a n d . "  When 
d e s c r i b i n g  N losses by d e n i t r i f i c a t i o n ,  h e  d i s c u s s e d  
mechanisms c h a r a c t e r i z i n g  w e t l a n d  r ice  f i e l d s .  T h e s e  
mechanisms c a n  be summarized as follows: 1) d i f f e r e n -  
t i a t i o n  i n t o  o x i d i z e d  and r e d u c e d  l a y e r s  a f t e r  f l o o d i n g  
of t h e  o x i d i z e d  l a y e r ,  2 )  d e s t r u c t i o n  of t h i s  d i f f e r e n -  
t i a t i o n  d u r i n g  t h e  nonr ice-growing  p e r i o d  because o f  
d r y i n g  and p l o w i n g ,  3 )  p r o v i s i o n  o f  C and N t o  s o i l  
s u r f a c e  by a u t o t r o p h i c  p l a n t s  d u r i n g ,  f l o o d i n g  and 
c h e m i c a l  t r a n s f o r m a t i o n  by t h e s e  p l a n t s ,  and 4 )  o x i d a -  
t i o n  of N H 3  i n  t h e  o x i d i z e d  l a y e r  and s u b s e q u e n t  
r educ t ion  t o  g a s e o u s  N ,  l e a d i n g  t o  N losses  by 
d e n i t r i f i c a t i o n .  
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S i n c e  t h e n ,  t h e  f o u r t h  p o i n t  h a s  r e c e i v e d  more 
a t t e n t i o n  from researchers , w h e r e a s  t h e  t h i r d  o n e  , 
which w e  want t o  emphas ize  i n  t h i s  p a p e r ,  h a s  b e e n  
r e l a t i v e l y  n e g l e c t e d  w i t h  t h e  e x c e p t i o n  o f  N - f i x a t i o n  
by b l u e - g r e e n  a l g a e .  A l a r g e  volume of i n f o r m a t i o n  o n  
f looded r ice  s o i l s  h a s  b e e n  p u b l i s h e d  and rev iewed ( 1 9 ,  
2 4 ,  31,  3 4 ) .  Reviews h a v e  g e n e r a l l y  d e a l t  w i t h  t h e  
c h e m i s t r y ,  b i o c h e m i s t r y ,  and m i c r o b i o l o g y  of  t h e  
f l o o d e d  a n a e r o b i c  s o i l ,  n o t  w i t h  t h e  c h e m i s t r y  and t h e  
e c o l o g y  of  t h e  f l o o d w a t e r .  

Some emphas is  was g i v e n  t o  f l o o d w a t e r  m i c r o b i o l o g y  
i n  Watanabe and F u r u s a k a ' s  r e v i e w  ( 3 1 ) .  Howéver, 
c o n s i d e r a t i o n  of f l o o d w a t e r  and u n d e r l y i n g  s o i l  a s  a n  
e c o l o g i c a l  e n t i t y  h a s  n o t  been  s u f f i c i e n t .  O n  t h e  o t h e r  
h a n d ,  l i m n o l o g i s t s  and e c o l o g i s t s  have  s t u d i e d  a q u a t i c  
and w e t l a n d  e c o s y s t e m s  e x t e n s i v e l y .  T h e i r  r e s u l t s  
assist  t h e  u n d e r s t a n d i n g  of t h e  e c o l o g y  of f l o o d e d  r ice  
f i e l d s ,  b u t  t h e  s t u d i e s  s h o u l d  be e x t r a p o l a t e d  t o  r ice  
f i e l d s ,  w i t h  t h e  r e s e a r c h e r s  k e e p i n g  i n  mind t h a t  t h e  
r ice  f i e l d  e c o s y s t e m  d i f f e r s  from a l a k e  o n  two major 
p o i n t s :  1) t h e  h i g h  f r e q u e n c y  of m e c h a n i c a l  d i s t u r -  
b a n c e s  and 2 )  t h e  g e n e r a l  o x i d i z e d  c o n d i t i o n  of t h e  
s h a l l o w  f l o o d w a t e r ,  which d o e s  n o t  d e v e l o p  a r e d u c e d  
h y p o l i m n i o n  a s  i n  a lake.  

T h i s  p a p e r  p r e s e n t s  some of o u r  v iews  o n  t h e  
flooded r i ce  f i e l d  as  a n  e c o s y s t e m  where e n e r g y  f l o w ,  
i n p u t ,  o u t p u t ,  r e c y c l i n g  of ma te r i a l s ,  t h e  i n t e r -  
r e l a t i o n s h i p  of t r o p h i s m ,  s t r u c t u r e  o f  t h e  c o m m u n i t i e s ,  
and t h e i r  h a b i t a t s  have  t o  b e  i n v e s t i g a t e d .  I n  f looded 
r i c e  f i e l d s ,  t h e  d e p t h  o f  t h e  f loodwater  v a r i e s  from a 
few c e n t i m e t r e s  t o  more t h a n  1 metre. T h i s  r e v i e w  dea l s  
p r i m a r i l y  w i t h  i r r i g a t e d  f i e l d s  where t h e  f l o o d w a t e r  
l e v e l  is m a i n t a i n e d  u p  t o  a b o u t  10 c m .  

GENERAL CHARACTERISTICS OF THE ECOSYSTEM 

I n s t a b i l i t y  and s t a b i l i t y  
A f l o o d e d  r i ce  f i e l d  i s  a n  a r t i f i c i a l  e c o s y s t e m  t h a t  
is v e r y  f r e q u e n t l y  d i s t u r b e d  by f a r m i n g  prac t ices  -- 
weeding , t i l l a g e  , i r r i g a t i o n ,  f e r t i l i z a t i o n ,  c r o p p i n g  
p l a n t  p r o t e c t i o n  m e a s u r e s ,  e t c .  -- and n a t u r a l  pheno- 
mena l i k e  r a i n f a l l ,  which r e s u l t  i n  e x t r e m e  i n s t a b i l i t y  
and f l u c t u a t i o n s  o n  a s h o r t  t i m e  scale  (crop c y c l e )  b u t  
i n  s t a h i l l t y  o n  a l o n g  t i m e  scale .  D e s p i t e  t h e  e u t r o p h -  
i c  n a t u r e  of t h e  r ice f i e l d ,  f r e q u e n t  d e s t r u c t i o n  o f  
t h e  e n v i r o n m e n t a l  c o n d i t i o n s  by human a c t i v i t i e s  
i n h i b i t s  i t s  s u c c e s s i o n a l  deve lopment  toward a marsh. 
Thus ,  monocropping of  r i ce  h a s  b e e n  p o s s i b l e  f o r  
c e n t u r i e s .  However , t h e  e x t r e m e  i n s t a b i l i t y  o f  t h e  
e c o s y s t e m  d u r i n g  t h e  c r o p  c y c l e  h a s  e x c l u d e d  s c i e n t i f i c  
and q u a n t i t a t i v e  a p p r o a c h e s  by p u r e  l i m n o l o g i s t s .  
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S t r u c t u r e  o f  t h e  s y s t e m  
The f l o o d e d  s o i l - r i c e  e c o s y s t e m  c o n s i s t s  o f  t h e  
f o l l o w i n g  f i v e  major subsys t ems :  

1. f l o o d w a t e r ,  

3 .  r educed  ( o r  a n o x i c )  puddled  l a y e r ,  
4. s u b s o i l  ( o x i d i z e d  i n  w e l l - d r a i n e d  c o n d i t i o n ,  

5. t h e  r i ce  p l a n t  and i ts  p h y l l o s p h e r e  ( d i p p e d  i n  

Al though t h e s e  s u b s y s t e m s  c a n  b e  d i f f e r e n t i a t e d  
m a c r o s c o p i c a l l y ,  t h e y  a re  more o r  less c o n t i n u o u s ,  I n  
p a r t i c u l a r ,  t h e  f l o o d w a t e r  and surface s o i l  can b e  
t r e a t e d  as  a c o n t i n u o u s  sys t em.  For example ,  some a l g a e  
become b e n t h i c  a t  n i g h t  and f l o a t i n g  d u r i n g  d a y t i m e ,  
and some e p i p e l i c  o r g a n i s m s  l i k e  c h i r o n o m i d s  m i g r a t e  
be tween t h e  two. 

When d i s c u s s i n g  e n e r g y  f low and material. exchange  I 
t h e  i n t e r a c t i o n  among t h e  s u b s y s t e m s  is a key issue 
t h a t  w i l l  b e  s t r e s s e d  i n  t h i s  paper. 

I n  e a c h  subsys t em t h e r e  are  l o w e r  l e v e l  subsys t ems  
i n  which t h e  b i o t i c  communi t ies  d e v e l o p  more o r  less  
s e p a r a t e l y .  F o r  example ,  f l o o d w a t e r  b e n t h i c  a s s o c i a t i o n  
c a n  be d i v i d e d  i n t o  1) e p i b i o s e ,  which grows o n  t h e  
l i g h t  exposed  su r face ;  2 )  m e s o b i o s e ,  which grows on  the 
shaded  banks  o r  w i t h i n  r ice s t u b b l e s ;  and 3 )  h y p o b i o s e ,  
Ghich  grows u n d e r  t h e  e p i b i o s e .  I n  a n a e r o b i c  s o i l ,  some 
pseudomonads l i v e  i n  t h e  i n t e r s t i t i a l  water ( so i l  
s o l u t i o n )  , most  c e l l u l o s e - d e c o m p o s i n g  f l o r a  o n  p l a n t  
d e b r i s  , and some s u l f a t e - r e d u c i n g  b a c t e r i a  s e l e c t i v e l y  
w i t h i n  soil a g g r e g a t e s  ( 3 1 ) .  

T r a n s f o r m a t i o n  o f  n u t r i e n t  s a l t s  i n  f l o o d e d  r ice  
s o i l s  h a s  b e e n  a major t o p i c  of e d a p h o l o g i c a l  s t u d i e s  8 

o f  t h e s e  so i l s .  A t t e n t i o n  h a s  been  p a i d  l a r g e l y  t o  t h e  
t r a n s f o m a t i o n s  i n  soil ( i n  a nar row s e n s e ) .  R e c e n t l y ,  
t r a n s f o r m a t i o n s  o f  N have  been  s t u d i e d  i n  f l o o d w a t e r  
c o n s i d e r e d  as t h e  s i t e  of loss  o f  t h e  s u r f a c e - a p p l i e d  N 
f e r t i l i z e r  ( 3 ) .  B u t  t r a n s f o r m a t i o n  and r e c y c l i n g  of N 
w i t h i n  s o i l  o r  f l o o d w a t e r  and  be tween  t h e  t w o  have  been 
r e l a t i v e l y  n e g l e c t e d .  I n f o r m a t i o n  on P ,  S I  and o t h e r  
elements i s  more l i m i t e d .  

s 2 .  s u r f a c e  o x i d i z e d  ( o r  o x i c )  l a y e r ,  

r educed  when water t a b l e  is h i g h ) ,  and 

water) and r h i z o s p h e r e .  

FLOODWATER AND SOIL-WATER INTERFACE 

Irk i r r i g a t e d  r ice  f i e l d s ,  t h e  f l o o d w a t e r  is a n  oxic- 
p h o t i c  env i ronmen t .  The t r a n s i t i o n  be tween  >he  f l o o d -  
water and t h e  a n o x i c - a p h o t i c  r educed  soil 1s made by 
t h e  o x i d i z e d  soil-water l a y e r .  The f l o o d w a t e r  and t h e  
o x i d i z e d  l a y e r  c o n s t i t u t e  a c o n t i n u o u s  e c o s y s t e m  i n  
which f o u r  ma jo r  mechanisms r e l a t e d  t o  s o i l  f e r t i l i t y  
t ake .  place: 
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1. b i o l o g i c a l  N-f i x a t i o n ,  
2. N losses by v o l a t i l i z a t i o n  of  N H 3 ,  i n  r e l a  

t i o n  t o  t h e  p h o t o s y n t h e t i c  a c t i v i t y  of t h  
biomass! and by t h e  n i t r i f i c a t i o n - d e n i t r i f i  
c a t i o n  process , 

3 .  t r a p p i n g  and r e c y c l i n g  by t h e  p h o t o s y n t h e t i  
b iomass  of  C and m i n e r a l  s a l t s  r e l e a s e d  f r o  
t h e  s o i l  and f e r t i l i z e r s ,  and 

4, t r a n s p o r t  of n u t r i e n t s  from t h e  s o i l  t o  t h  
water by t h e  p h y t o p l a n k t o n  and t h e  primar 
consumers .  

The i n t e n s i t y  o f  t h e s e  r eac t ions  is d i r e c t 1  
r e l a t e d  t o  t h e  p r o p e r t i e s  of t h e  f l o o d w a t e r  and t h  
a c t i v i t y  of  t h e  b iomass .  

C h e m i s t r y  of t h e  f l o o d w a t e r  
The c h e m i c a l  s t a t u s  of s t a n d i n g  water depend 
p r i m a r i l y  on  t h a t  of t h e  i r r i g a t i o n  water and the s o i l  
However, i t s  c o m p o s i t i o n  va r i e s  much d u r i n g  t h e  cro 
c y c l e  and w i t h i n  a f i e l d  p l o t  i n  r e l a t i o n  t o  

1. f e r t i l i z e r  a p p l i c a t i o n ;  
2, m e c h a n i c a l  d i s t u r b a n c e s  of t h e  s o i l ,  c a u s i n  

d i s p e r s i o n  of s o i l  p a r t i c l e s  i n  t h e  water; 
n a t u r e  and biomass o f  t h e  aqua t i c  communi t ies ;  

4 .  d i l u t i o n  by r a i n f a l l  and i r r i g a t i o n  water; 
5 ,  a d s o r p t i o n  t o  s u r f a c e  s o i l s ;  and 
6 .  r i ce  growth .  
D i u r n a l  v a r i a t i o n s  o c c u r  m a i n l y  i n  r e l a t i o n  t 

t h e  a c t i v i t y  of  t h e  p h o t o s y n t h e t i c  b iomass  and ma 
c a u s e  Zarge v a r i a t i o n s  i n  d s i s s o l v e d  O2 and CO2 an, 
in pH, A s  t h e  c r o p  g r o w s ,  d i u r n a l  v a r i a t i o n s  becom 
less h a r k e d  due  t o  s h a d i n g  by t h e  canopy.  

S t a n d i n g  biomass and p r o d u c t i v i t y  of t h e  floodwater 
The major components O E  t h e  t o t a l  biomass i n  th 
s t a n d i n g  water are:  b a c t e r i a ,  p h y t o p l a n k t o n ,  a q u a t i  
m a c r o p h y t e s  ( m a i n l y  submerged and f l o a t i n g  weeds)  
z o o p l a n k t o n ,  and aquatic i n v e r t e b r a t e s .  

The o n l y  a v a i l a b l e  q u a n t i t a t i v e  e v a l u a t i o n  o€ t h  
b a c t e r i a l  b iomass  i n  t h e  f l o o d w a t e r  o€ a r ice  f i e l d  ( 2  
Seems t o  i n d i c a t e  a low c o n t r i b u t i o n  of bac te r ia  ( 0 . 0 1  
m g / l i t r e ) ,  However, b a c t e r i a l  blooms were o b s e r v e d  b 
t h e  a u t h o r s  i n  a Nistosol i n  t h e  P h i l i p p i n e s .  

T o t a l  a l g a l  b iomass  e v a l u a t i o n s  r a n g e  from a f e  
k i l o g r a m s  per h e c t a r e  t o  2 3  t f r e s h  w e i g h t  (FW) or  t 
500 kg d r y  w e i g h t  (IN) ( 2 1 ) .  The N-f ix ing  a l g a  
biomass e v a l u a t i o n s  have t h e  Same r a n g e  ( 2 0 ) .  However 
t h e  s i g n i f i c a n c e  of  t h e s e  e v a l u a t i o n s  is  O E  litt1 
v a l u e  w i t h o u t  t h e  !record of  e i t h e r  water or  a s  
C o n t e n t ,  or  b o t h ,  which v a r y  w i t h i n  v e r y  l a r g e  l i m i t  
( 9 ) .  R e c e n t  e v a l u a t i o n s  o n  a r t i 2 i c i a l l y  p r o d u c e  
b l u e - g r e e n  a l g a e  blooms i n d i c a t e d  s t a n d i n g  biomass o 
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N-f ix ing  b l u e - g r e e n  a l g a e  c u l m i n a t i n g  a t  150-250 kg 
EFd/ha on a n  a s h - f r e e  b a s i s ,  c o r r e s p o n d i n g  t o  10-20 kg 
N/ha ( 9 ) .  R e p o r t e d  d a t a  on  N - f i x a t i o n  r e l a t e d  t o  
b l u e - g r e e n  a l g a e  v a r i e d  from a few to  8 0  kg/ha and 
a v e r a g e d  27 kg/ha  per c r o p  ( 2 0 ) .  

The p o t e n t i a l  p r o d u c t i v i t y  of a q u a t i c  weeds seems 
h i g h e r  t h a n  t h a t  of a l g a e .  Repor t ed  s t a n d i n g  c r o p s  
a v e r a g e  500 kg IlbJ/ha b u t  some v e r y  h i g h  v a l u e s  a round  
10-25 t DW/ha have been  r e p o r t e d  ( 2 1 ) .  

The z o o p l a n k t o n  p o p u l a t i o n  c a n  r e a c h  d e n s i t i e s  of 
10-20,000/m2, c o r r e s p o n d i n g  t o  b i o m a s s e s  of up to  a 
.few kg DW/ha ( 5 ,  13). S i m i l a r l y ,  i n v e r t e b r a t e  PQpula- 
t i o n s  l i v i n g  a t  t h e  soil-water i n t e t f a c e ,  s u e h  as 
chyronbmid'  l a r v a e  and t u b i f i c i d s ,  may r e a c h  d e n s i t i e s  
of  2OI000/m2, c o r r e s p o n d i n g  t o  a b iomass  of a few kg 
DW/ha (6, 4). S n a i l s  may d e v e l o p  b iomasses  as l a r g e  as 
1 , 0 0 0  kg FW/ha ( 2 0 ) .  

Some d a t a  on t h e  p r o d u c t i v i t y  of t h e  f l o o d w a t e r  
a r e  a v a i l a b l e .  III t h e  P h i l i p p i n e s ,  S a i t o  and Watanabe 
( 2 2 )  r e p o r t e d  a n e t  p r i m a r  p r o d u c t i o n  of t h e  f l o o d  
cominunity of 50-60 g C/mf i n  9 0  d a y s .  I n  J a p a n ,  
Yamagishi e t  a l  ( 3 3 )  r e p o r t e d  a g r o s s  p r o d u c t i o n  of 7 1  
g C/m2 i n  1 4 4  d a y s .  The r e l a t ion  among p r o d u c t i v i t y ,  
b iomass  , and p h o t o s y n t h e t i c  a c t i v e  v a r i a t i o n  i n  t h e  
Eloodwater  d u r i n g  a c r o p  c y c l e  i n  J a p a n  is  shown i n  
F i g u r e  1. Both v a l u e s  were of t h e  same o r d e r  as t h o s e  
e n c o u n t e r e d  i n  e u t r o p h i c  l akes .  

PAR 
Biomass chi. O Productivity (cal/c&per 
(mg/m2e-o) (mg Ch2Petday @-a) doy-) 

1 

1. Changes in photosynthetic active radiation (PAR),  biomass, and pro. 
ductivity of floodhater in a rice crop cycle (adapted from [33] ), 
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F l o r a l  and f a u n a l  c h a n g e s  d u r i n g  t h e  crop cycle 
The a v a i l a b l e  i n f o r m a t i o n  on  t h e  q u a n t i t a t i v e  and 
q u a l i t a t i v e  v a r i a t i o n s  of t h e  a l g a l  f l o ra  h a s  been  
summarized by Roger and K u l a s o o r i y a  ( 2 0 ) .  T o t a l  a l g a l  
b iomass  c a n  r e a c h  a peak  any t ime  d u r i n g  t h e  crop c y c l e .  
Its occurrence is r e l a t e d  m a i n l y  t o  f e r t i l i z e r  
a p p l i c a t i o n  and c l imat ic  c o n d i t i o n s ,  e s p e c i a l l y  l i g h t  
a v a i l a b i l i t y ,  aS a f f e c t e d  by t h e  s e a s o n  and t h e  r ice  
canopy ,  A l g a l  s u c c e s s i o n s  a re  gove rned  by a l a r g e  s e t  
o f  f a c t o r s ,  i n c l u d i n g  c l imat ic ,  t r o p h i c ,  b i o t i c ,  and 
s o i l  f ac to r s ,  a s  well a s  ag ronomic  p r a c t i c e s .  F a c t o r s  
t h a t  Lead t o  t h e  deve lopmen t  of a N- f ix ing  a l g a l ,  bloom 
are  st i l l  p o o r l y  u n d e r s t o o d  and may i n c l u d e  N d e p l e t i o n  
of t h e  f l o o d w a t e r  , P a v a i l a b i l i t y ,  low CO2 c o n c e n t r a -  
t i o n  d u e  t o  a l k a l i n e  r e a c t i o n ,  l o w  g r a z e r  p o p u l a t i o n s  
or  p r e s e n c e  of a l g a l  p o p u l a t i o n s  r e s i s t a n t  t o  g r a z i n g  , 
and o p t i m a l  t e m p e r a t u r e  and l i g h t  i h t e n s i t i e s .  

L i t t l e  is known a b o u t  f a u n a l  changes  d u r i n g  t h e  
crop c y c l e .  I n  a s t u d y  o f  p l a n k t o n  s u c c e s s i o n s ’  i n  a 
r ice  f i e l d  i n  J a p a n ,  Kurasawa ( 1 3 )  o b s e r v e d  a peak  o f  
p h y t o p l a n k t o n  1 week a f t e r  t r a n s p l a n t i n g  , f o l l o w e d  2 
weeks l a t e r  by a peak  of z o o p l a n k t o n .  D e c l i n e  of t h e  
z o o p l a n k t o n  s t a r t e d  6 weeks l a t e r ,  b e f o r e  t h a t  of t h e  
p h y t o p l a n k t o n  , i n d i c a t i n g  t h a t  some a l g a e  were 
r e s i s t a n t  t o  g r a z i n g .  P o p u l a t i o n  changes  of aquat ic  
i n v e r t e b r a t e s  were s t u d i e d  by L i m  ( 1 5 )  i n  p e s t i c i d e  
( c a r b o f  u r a n ,  c a r b a r y l  , e n d o s u l f a n ) -  t reated and 
- n o n t r e a t e d  f i e l d s  i n  M a l a y s i a .  Nematodes, h e m i p t e r a n s ,  
and  d i p t e r a n s  domina ted  i n  n o n t r e a t e d  plots whereas  
o s t r a c o d s ,  d i p t e r a n s ,  and c o n c h o s t r a c a n s  domina ted  i n  
t r e a t e d  p lo ts .  Temporal changes  , community s t ructures  , 
and p o p u l a t i o n s  were a f f e c t e d  n o t  o n l y  by p e s t i c i d e s  
b u t  by c u l t u r a l  pract ices ,  f e r t i l i z a t i o n ,  and t h e  
deve lopmen t  of aquat ic  macrophy tes .  The o v e r a l l  
i n v e r t e b r a t e  p o p u l a t i o n  was h i g h e r  i n  p e s t i c i d e -  t r e a t e d  
p lo t s ,  m a i n l y  b e c a u s e  of t h e  r a p i d  r e c o v e r y  o f  
o s t r a c o d s .  But  t h e  e f f e c t s  of p e s t i c i d e s  may d i f f e r  
w i t h  t h e i r  s e l e c t i v i t y .  

R e c y c l i n g  o f  n u t r i e n t s  
Carbon and n i t r o g e n .  The p h o t o s y n t h e t i c  b iomass  
assimilates CO2 ( a n d  CH4 a f t e r  it is o x i d i z e d  t o  
C 0 2 )  e v o l v e d  from t h e  s o i l  and  r e t u r n s  i t  as a l g a l  
c e l l s  and aqua t i c  weeds,  t h e r e f o r e  p r e v e n t i n g  o r g a n i c  
matter losses i n  t h e  form of CO2 ( 7 ) .  A s i m i l a r  ro l e  
i n  p r e v e n t i n g ,  to  a c e r t a i n  e x t e n t ,  losses of NH3 
d i s s o l v e d  i n  t h e  f l o o d w a t e r  is also p o s s i b l e .  I n  
l y s i m e t e r  or  pot e x p e r i m e n t s ,  S h i o i r i  and M i t S u i  ( 2 6 )  
and  Vlek  And Craswell ( 2 8 )  r e c o v e r e d  10-30% of N added  
as urea or (NH4)2SO4 i n  t h e  a l g a l  b iomass .  

Most of t h e  s o l u b l e  p h o s p h a t e  a p p l i e d  
t o  f l o o d e d  s o i l s  i s  f i x e d  on  t h e  s o l i d  p h a s e  o f  t h e  
s o i l .  Very l i t t l e  r e m a i n s  i n  t h e  f l o o d w a t e r .  T r a n s f e r  

-- Phosphorus .  
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o f  P from s o i l  t o  s t a n d i n g  water i n v o l v e s  t h r e e  major 
mechanisms 2 1) m e c h a n i c a l  d i s t u r b a n c e s  of t h e  s o i l  , 2 )  
d i f f u s i o n  from t h e  s o i l ,  and  3 )  a c t i v i t y  o f  t h e  p lank-  
t o n  and t h e  f a u n a .  

When t h e  so i l  is d i s t u r b e d ,  t h e  s o l i d  p h a s e  and  
s o i l  s o l u t i o n  are mixed w i t h  s t a n d i n g  water, and P 
t r a n s f e t s  from s o i l  4, T h i s  happens  b e c a u s e  o f  l a n d  
preparation, c u l t u r a l  p r a c t i c e s  ' (weeding  , p e s t i c i d e  and 
f e r t i l i z e r  a p p l i c a t i o n s ,  e t c . ) ,  and heavy r a i n s .  Shor t -  
term a l g a l  blooms were o b s e r v e d  f o l l o w i n g  d i s  t u r b a n c e  
of s e d i m e n t s  i n  e g p e r i m e n t a l  ponds (1). I n  t h e  IRR1 
fa rm we have  o c c a s i o n a l l y  o b s e r v e d  t h e  developme,nt o f  
blooms afte?.? a m e c h a n i c a l  d i s t u r b a n c e  o f  t h e  s o i l .  

A second  p o s s i b l e  mechanism is d i f f u s i o n  from t h e  
s o i l  t o  t h e  water. Knowledge o f  t h a t  mechanism stems 
from s t u d i e s  conduc ted  i n  l a k e s  and e s t u a r i n e  e n v i r o n -  
ments .  O r t h o p h o s p h a t e  may be a d s o r b e d  o n t o  o r  d i s o r b e d  
from s e d i m e n t s ,  depend ing  on t h e  r e l a t i v e  amount of P 
i n  s o l u t i o n ,  o r  s o r b e d  o n t o  t h e  s o l i d  p h a s e .  The r a t e  
o f  removal  o f  i n t e r s t i t i a l  P from t h e  s e d i m e n t  s u r f a c e  
l a y e r s  i s  d e t e r m i n e d  by 

o t h e  d e g r e e  t o  which t h e  s e d i m e n t  ac t s  as  a t r a p  
o r  a b u f f e r ,  w i t h  t h e  c o n c e n t r a t i o n  of P i n  t h e  
s e d i m e n t  f l u c t u a t i n g  i n  r e s p o n s e  t o  changes  i n  P 
c o n c e n t r a t i o n  i n  t h e  water; 

e t h e  p o r o s i t y  of t h e  mud; and 
0 t h e  c i r c u l a t i o n  of water o v e r  the mud surface 

The ro le  of t h e  o x i d i z e d  zone  i n  c o n t r o l l i n g  regene-  
r a t i o n  o f  P h a s  n o t  been  f u l l y  e l u c i d a t e d .  Mortimer 
( 1 7 1 ,  who e v a l u a t e d  exchange  of n u t r i e n t s  be tween t h e  
s e d i m e n t  and t h e  water, conc luded  t h a t  as l o n g  as t h e  
O2 c o n c e n t r a t i o n  a t  t h e  s e d i m e n t  s u r f a c e  is g r e a t e r  
t h a n  2 v g / l i . t r e ,  s e d i m e n t  release of n u t r i e n t s  is n i l .  
I t  h a s  a lso been  s u g g e s t e d  t h a t  t h e  o x i d i z e d  l a y e r  ac t s  
as  a b a r r i e r  t o  t h e  exchange  o f  P b e c a u s e  o f  t h e  
p r e s e n c e  of Fe3+. However, i n  r ice  f i e l d s ,  t h i s  l a y e r  
is f r e q u e n t l y  t h i n  , u n c o n s o l i d a t e d  , w i t h  a h i g h  water 
c o n t e n t ,  

A t h i r d  mechanism by which P may t r a v e l  from soil 
t o  f l o o d w a t e r  is t h e  a c t i v e  t r a n s p o r t  by l i v i n g  
o r g a n i s m s  s u c h  as  1) bo t tom- feed ing  o r g a n i s m s  l i k e  
o s t r a c o d s ,  2 )  t u b i E i c i d s  t h a t  move back  and f o r t h  from 
t h e  s o i l  t o  t h e  f l o o d w a t e r ,  and 3 )  p h y t o p l a n k t o n .  The 
v e r t i c a l  movement of p h y t o p l a n k t o n ,  i n  r e l a t i o n  t o  
n y c t h e m e r a l  c y c l e s ,  permits a l g a e ,  when b e n t h i c ,  t o  
a b s o r b  n u t r i e n t s  f rom t h e  s o i l  some of which  a re  
r e l e a s e d  when t h e y  f l o a t  d u r i n g  d a y t i m e .  Phosphorus  
from t h e  s e d i m e n t s  is r e a d i l y  a v a i l a b l e  t o  a l g a e  
growing  i n  i n t i m a t e  c o n t a c t  because o f  1) t h e  e x i s t e n c e  
of a l a r g e  pool of  h i g h l y  m o b i l e  p h o s p h a t e  bound to  t h e  
s o l i d  p h a s e  OE s e d i m e n t s  and i n  e q u i l i b r i u m  w i t h  a 
lower c o n c e n t r a t i o n  of P i n  s o l u t i o n ,  and 2 )  t h e  

( 3 2 )  



236 WETLAND SOILS: CHARACTERIZATION, CLASSIFICATION, AND UTILIZATION 

p r o d u c t i o n  of  phospha te -  s o l u b i l  i z i n g  s u b s  t a n c e s  by 
a l g a e .  Wada ( M i t s u b i s h i  L i f e  S c i e n c e  I n s t i t u t e ,  p e r s .  
c o m m . )  p o i n t e d  o u t  t h a t  P u p t a k e  by t h e  a q u a t i c  
community i n  p o l l u t e d  padd f i e l d s  is p r o p o r t i o n a l  t o  P 
c o n c e n t r a t i o n  a t  1-2 x 10-5 m o l / l i t r e  (30-60  DDb). 

- c  . 
Release o f  n u t r i e n t s  by t h e  b iomass .  -_.-- The mecha- 

' n i s m s  and e x t e n t  of re lease of n u t r i e n t s  accumula t ed  i n  
a l g a e  and aquat ic  weeds have  been  r ev iewed  by Roger and 
Watanabe ( 2 1 )  and can  be summarized as f o l l o w s :  

o L i v i n g  aqua t i c  p l a n t s  c o n t i n u o u s l y  e x c r e t e  
a p p r e c i a b l e  amounts o f  d i s s o l v e d  o r g a n i c  matter, 
i n c l u d i n g  s o l u b l e  n u t r i e n t s .  T h i s  e x c r e t i o n  is 
p a r t i c u l a r l y  pronounced  i n  s e n e s c e n t  p l a n t s  a n d ,  
undoub ted ly  , t he  l a r g e s t  p r o p o r t i o n  of n u t r i e n t s  
t i e d  up  i n  p l a n t  t i s s u e s  is r e l e a s e d  a f t e r  
d e a t h .  

e Algae and aqua t i c  weeds show g r e a t  v a r i a t i o n s  i n  
t h e i r  d e c o m p o s i t i o n  r a t e  ( a n d  i n  t h e  c o n v e r s i o n  
o f  p l a n t  N t o  m i n e r a l  N by s o i l  m i c r o o r g a n i s m s ) .  

Q The e x t e n t  of t h e  d e c o m p o s i t i o n  and t h e  conse- 
q u e n t  r e g e n e r a t i o n  o f  N and  P i n t o  t h e  water i n  
a s o l u b l e  form are s imi la r  i n  a e r a t e d  and non- 
a e r a t e d  c o n d i t i o n s .  

Q The r e l a t i v e  r e g e n e r a t i o n  r a t e  o f  P from a l g a e  
and submerged m a c r o p h y t e s  i s  h i g h e r  t h a n  t h a t  o f  
N. 

e When p h o t o s y n t h e t i c  b iomass  decomposes i n  t h e  
f l o o d w a t e r ,  t h e  n u t r i e n t  r e g e n e r a t i o n ,  t o g e t h e r  
w i t h  o t h e r  parameters, c a n  markedly  a f f e c t  t h e  

:dynamic  seasonal s u c c e s s i o n  of t h e  phy top lank-  
0 tonr  b u t  a v a i l a b i l i t y  of t h e  n u t r i e n t s  t o  t h e  

r ice  p l a n t  is poor. 

REDUCED SOIL 

The r e d u c e d - s o i l  s u b s y s t e m  h a s  most f r e q u e n t l y  b e e n  
s t u d i e d  as a n  i s o l a t e d  o n e ,  and t h e  p r e s e n c e  o f  
o v e r l y i n g  f l o o d w a t e r  and t h e  m a t e r i a l  exchange  w i t h  
f l o o d w a t e r  have  been n e g l e c t e d .  Here, t h e  in te rac t ions  
be tween t h e  two s u b s y s t e m s  are  emphas ized .  

Organic matter i n p u t  
ln sp i t e  of t h e  impor t ance  of o r g a n i c  matter s u p p l y  i n  
s u p p o r t i n g  and m a i n t a i n i n g  m i c r o b i a l  g rowth ,  t h e  
q u a n t i t a t i v e  d a t a  o n  f l o o d e d  r i ce  s o i l s  a re  s t i l l  v e r y  
presumptive. P o s s i b l e  s o u r c e s  o f  o r g a n i c  matter are . 
roóts and s t u b b l e  r e m a i n i n g  a f t e r  h a r v e s t ,  material  
r e l e a s e d  f rom r o o t s  d u r i n g  r i ce  g r o w t h ,  weeds (macro- 
p h y t o p l a n k t o n ) ,  and a l g a e  ( m i c r o p h y t o p l a n k t a n ) .  

No q u a n t i t a t i v e  d a t a  a b o u t  o r g a n i c  and i r i o r g a n i c  C 
r e l e a s e d  from w e t l a n d  r ice  roots a re  a v a i l a b l e ,  Sauer- 
beck and Jahnen  ( 2 3 )  r e p o r t e d  measurements of C release 
from roots of w h e a t  grown i n  a 1 4 C  a t m o s p h e r e  f rom 
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s e e d l i n g  s t a g e  t o  m a t u r i t y .  They presumed t h a t  a b o u t  
20% Of t h e  CO2 produced  by t h e  roots  came from root 
t e s p i r a t i o n  and t h e  r e m a i n d e r  from d e c o m p o s i t i o n .  
Carbon decomposed d u r i n g  roo t  g r o w t h  p l u s  f r a c t i o n s  of 
toot-14C r e m a i n i n g  a f t e r  t h e  roots '  s e p a r a t i o n  from 
t h e  s o i l  were d e s i g n a t e d  as " r h i z o d e p o s i t i o n . "  The 
r e s e a r c h e r s  s t a t e d  t h a t  t h i s  r h i z o d e p o s i t i o n  amounted 
t o  3-4 t imes more t h a n  t h a t  €ound as root r e s i d u e  a t  
h a r v e s t  time. By a d d i n g  t h i s  " r h i z o d e p o s i t i o n "  t o  t h e  
t a b l e  p r e s e n t e d  by S a i t o  and Watanabe ( 2 2 ) ,  t h e  t o t a l  
amount ÒE o r g a n i c  c i n p u t  i n t o  a r i c e  s o i l  was 
e s t i m a t e d  a t  1.7-2.2 t C/ha i n  9 0  d a y s  ( T a b l e  1 ) .  

K i m u r a  e t  a l  (11) a p p r o a c h e d  t h e  dynami& 'of 
o r g a n i c  matter s u p p l y  from a n o t h e r  d i r e c t i o n .  O r g a n i c  
h a t t e r  is  l a r g e l y  s u p p l i e d  a s  l a r g e  o r g a n i c  d e b r i s .  As 
it decomposes i t s  s i z e  d e c r e a s e s  ( 3 0 1 ,  and 30% of t o t a l  
o r g a n i c  matter ex is t s  as  o r g a n i c  d e b r i s  l a r g e r  t h a n , 3 7  
um. K i m u r a  e t  a l  (11) s t u d i e d  s e a s o n a l  c h a n g e s  i n  t h e  
amount of o r g a n i c  d e b r i s  l a r g e r  t h a n  1 mm i n  a*Jap&nese  

h e y  o b s e r v e d  a f i r s t  peak  j u s t  b e f o r e  trans, 
f o l l o w e d  by a g r a d u a l  d e c r e a s e  d u r i n g  r ice  

g r o w t h ,  and a n o t h e r  i n c r e a s e  j u s t  a f t e r  h a r v e s t .  The 
f i r s t  peak  c o r r e s p o n d e d  t o  t h e  i n c o r p o r a t i o n  OE weeds 
grown d u r i n g  t h e  w i n t e r  f a l l o w  p e r i o d ,  and t h e  s e c o n d  
t o  t h e  i n c o r p o r a t i o n  of s t u b b l e  and root .  The i n c r e a s e  
i n  coarse o r g a n i c  d e b r i s  was close t o  t h e  amounts of 
w i n t e r  Weed b iomass  ( 0 . 6  t / h a  i n  u n f e r t i l i z e d  p l o t s  and 
3 . 3  t / h a  i n  p l o t s  w i t h  o r g a n i c  manure)  and s t u b b l e  and 
r o o t s  (1 t / h a  i n  u n E e r t i l i z e d  plots and 2 t / h a  i n  p l o t s  
w i t h  o r g a n i c  m a n u r e ) .  S i m i l a r  s u r v e y s  were made i n  t h e  
P h i l i p p i n e s  ( M .  Kimura,  p e r s .  c o m m ) .  T h e r e  was no c lear  
peak  COKresponding t o  t h e  i n c o r p o r a t i o n  of o r g a n i c  
matter.  The amount of o r y a n i c  d e b r i s  ( 1 - 2  mm) d i d  n o t  
d i f f e r  between t r o p i c a l  and &empera te  areas ( 1 - 2  t / h a )  . 
T h i s  f a c t  may s u g g e s t  a c o n t i n u o u s  s u p p l y  of o r g a n i c  
mat ter  d u r i n g  t h e  r i c e - g r o w i n g  c y c l e  o r  a v e r y  r a p i d  
f r a g m e n t a t i o n  of o r g a n i c  mat te r  i n  t h e  t r o p i c s .  

Table 1. Estimation of organic carbon input into rice soil (after 22). 
~ 

Organic C input (t/ha per 90 days) 

Fertilized Unfertilized 
- 
Floodwater community 0.6 0.6 
Rice straw and grain 3.9 2.3 
Root 0.2 0.1 5 
Input to soil 

Root 0.2 0.1 5 
Floodwater O .6 0.6 
Stu bblea 0.65 0.38 
Rhizo-dep.b 0.8 0.6 

Total 2.25 1.73 

aOne-sixth of rice grain and straw.bFour times root mass, 
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Microbiomass and i ts  s o u r c e  w i t h  special 
r e f e r e n c e  to  n i t r o g e n  t r a n s f o r m a t i o n  
R e c e n t l y ,  t h e  d e t e r m i n a t i o n  of  m i c r o b i a l  biomass and 
s o i l  n u t r i e n t  a c c u m u l a t i o n  i n  and t r a n s f e r  t h r o u g h  
microbiomass  have  become p o p u l a r  t o p i c s  ' i n  s o i l  
m i c r o b i o l o g y  ( 1 0 ,  1 8 ) .  However, t h e  a p p l i c a t i o n  of 
t h e s e  s t u d i e s  t o  f l o o d e d  r i c e  f i e l d s  i s  s t i l l  l i m i t e d .  
P r o b a b l y  a d e n o s i n e  t r i p h o s p h a t e  (ATP)  measurements  used  
i n  s e d i m e n t  m i c r o b i o l o g y  would be  a p p l  i c a b l e .  Kanazawa 
and T a k a i ,  d u r i n g  t h e  Symposium on  B i o l o g i c a l  P r o c e s s  
o f  S o i l  F e r t i l i t y  ( U n i v e r s i t y  of Reading ,  J u l y  1983), 
r e p o r t e d  a n  i n c r e a s e  i n  t h e  ATP c o n t e n t  of s o i l  . d u r i n g  
f l o o d i n y  . J e n k i n s o n ' s  c h l o r o f o r m  f u m i g a t i o n  method h a s  
a n  a d v a n t a g e  Eor s t u d y i n g  t h e  t u r n o v e r  of n u t r i e n t s  
t h r o u g h  microbiomass .  I n u b u s h i  and Watanabe ( u n p u b l . )  
a p p l i e d  t h i s  method i n  w a t e r - s a t u r a t e d  s o i l  and found 
9 0 %  k i l l i n g  of b a c t e r i a  a E t e r  a 12-h e x p o s u r e  t o  
chloroEorm. Longer e x p o s u r e  seemed t o  m o b i l i z e  t h e  
" s t a b l e  s o i l  N" f r a c t i o n .  The t e c h n i q u e  was a p p l i e d  t o  
s t u d y  of t h e  dynamics of a v a i l a b l e  N ( N  i n  t h e  micro- 
biomass p l u s  N r e l e a s e d  from unfumicjated s o i l )  i n  
P h i l i p p i n e  s o i l s  ( 8 ;  I n u b u s h i  and Watanabe,  u n p u b l . ) ,  
w i t h  t h e  f o l l o w i n g  major results:  

e A t  t h e  s u r f a c e  0 -  t o  l - c m  l a y e r ,  a v a i l a b l e  N 
i n c r e a s e d  d u r i n g  r ice  growth .  However, i t  d i d  
n o t  i n c r e a s e  i n  s o i l  c o v e r e d  w i t h  b l a c k  c l o t h ,  
i n d i c a t i n g  t h a t  t h e  i n c r e a s e  was d u e  t o  t h e  
photo-dependent  community.  The s o i l  c o n t e n t  i n  
c h l o r o p h y l l - l i k e  s u b s t a n c e s  (A665) and a v a i l a b l e  
N were p o s i t i v e l y  c o r r e l a t e d .  Wada e t  a l  ( 2 9 )  
r e p o r t e d  a s i m i l a r  close c o r r e l a t i o n  of 
c h l o r o p h y l l - l i k e  s u b s t a n c e s  w i t h  t h e  N-supplying 
c a p a c i t y  OE s o i l s ~ . ~  T h i s  means t h a t  t h e  s u p p l y  
of o r g a n i c  mat ter  by m a c r o p h y t e s  and m i c r o p h y t e s  
is i m p o r t a n t  i n  f l o o d e d  r i ce  so i l s .  I n  u p l a n d ,  
g r a s s l a n d  , and Eorest s o i l s ,  f u n g i  and bac te r ia  
a re  c o n s i d e r e d  t h e  major components  o f  t h e  
m i c r o b i a l  biomass. B u t  i n  f l o o d e d  s o i l s ,  a l g a e  
s h o u l d  n o t  b e  o v e r l o o k e d  as a component of 
microbial b iomass .  

o The t o t a l  amount of a v a i l a b l e  N p e r  u n i t  area 
d i d  n o t  d i f f e r  be tween f a l l o w  and p l a n t e d  p l o t s  
i n  s p i t e  o€ N u p t a k e  by r i ce .  

Q The 15N-labe led  f e r t i l i z e r  w a s  r a p i d l y  i n c o r -  
p o r a t e d .  i n t o  t h e  a v a i l a b l e  N pool. T h i s  newly 
immobi l ized  N decomposes f a s t e r  t h a n  t h e  pre- 
v i o u s l y  e x i s t i n g  a v a i l a b l e  N. 

o A € t e r  t h e  N H q +  a p p l i e d  a t  t r a n s p l a n t i n g  was 
d e p l e t e d  by r ice  p l a n t  u p t a k e  ( 4 0  DAT), 15N 
abundance i n  t h e  PJ a b s o r b e d  by t h e  p l a n t s  was 
c lose t o  t h a t  i n  t h e  a v a i l a b l e  N,  b u t  h i g h e r  
t h a n  t h a t  i n  t h e  e x c h a n g e a b l e  NHqC-N. The N 
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a b s o r b e d  by r i ce  f rom 4 0  DAT t o  h a r v e s t  was 1.5- 
3 . 3  t i m e s  more t h a n  t h e  a v a i l a b l e  N c o n t e n t  o f  
t h e  s o i l .  

T h i s  f i n d i n g  s u g g e s t s  t h a t  t h e  t u r n o v e r  o f  a v a i l -  
a b l e  N ( p r o b a b l y  m i c r o b i a l  b i o m a s s )  is  f a s t e r  i n  
t r o p i c a l  paddy s o i l s  t h a n  i n  t e m p e r a t e  o n e s ,  as shown 
i n  d a t a  from t h e  Rothamsted Exper imen t  S t a t i o n  ( 1 0 ) .  I f  
a l l  t h e  N t r a n s f e r r e d  t o  r i c e  p a s s e d  t h r o u g h  t h e  
a v a i l a b l e  N pol, 1 5 N  s h o u l d  have  been  r a p i d l y  
d i l u t e d ,  b u t  l 5 N  abundance  i n  t h e  a v a i l a b l e  N 
d e c l i n e d  s l i g h t l y  i n  s p i t e  o f  a g r e a t  t u r n o v e r  ra te .  
T h i s  s u g g e s t s  t h a t  t h e  1 5 N  o r i g i n a t e d  from f e r t i ' l i z e r  
m u s t  b e  r e c y c l e d  t o  b u i l d  u p  t h e  a v a i l a b l e  N pol. 

INTERACTION BETWEEN FLOOLWATER 
AND REDUCED SOIL: ACTION OF TUBIFICIDS 

The impor t ance  of u n d e r l y i n g  r e d u c e d  s o i l  i n  p r o v i d i n g  
n u t r i e n t s  t o  a f l o o d w a t e r  community was d i s c u s s e d  
above .  Many f a c t o r s  l i k e  weed ing ,  heavy r a i n ,  s t e p p i n g  
i n  t h e  f i e l d s ,  and a c t i o n s  of t h e  f a u n a  b r e a k  t h e  
b a l a n c e  be tween f l o o d w a t e r  and s o i l .  Among them, 
t u b i E i c i d s  are  p a i d  s p e c i a l  a t t e n t i o n  b e c a u s e  t h e y  a re  
a b l e  t o  move back  and f o r t h  be tween t h e  r e d u c e d  s o i l  
l a y e r  and t h e  f l o o d w a t e r .  T u b i f i c i d s  a re  b e n t h i c  o l i g o -  
c h a e t e s .  T h e i r  role  was r ev iewed  by F ry  ( 4 )  f o r  aqua t ic  
s e d i m e n t s  and by K u r i h a r a  (14) f o r  f l o o d e d  r i ce  so i l s .  
The p o p u l a t i o n  i n  I R R 1  f i e l d s  was a b o u t  104/m2 (6). 

T u b i f i c i d  a c t i v i t i e s  a re  bur rowing  t o  s e a r c h  €or 
f e e d ,  which r e s u l t s  i n  a e r a t i o n  and m i x i n g ;  and d e f e c a -  
t i o n  and s e c r e t i o n ,  which  r e s u l t s  i n  t h e  a c c u m u l a t i o n  
of f i n e  p a r t i c l e s  on  t h e  s o i l  s u r f a c e  and o f  N H 4 .  

K i k u c h i  and K u r i h a r a  (12) r e c o g n i z e d  t u b i f i c i d s  as  
weed s u p p r e s s o r s  as t h e y  b u r y  weed s e e d s  and d i s t u r b  
e a r l y  ge r m i  n a t i o n  a 

Marine and l ake  e c o l o g i s t s  r e c o g n i z e  t u b i f i c i d s  a s  
a e r a t i n g  a g e n t s ,  c a u s i n g  a d e e p e r  o x i c  l a y e r  and 
s t i m u l a t i n g  d e n i t r i f i c a t i o n  (4, 1 6 ) .  I n  paddy f i e l d s ,  
t h e  a c t i v i t i e s  of t u b i f i c i d s  however,  r e s u l t  i n  t h e  
o p p o s i t e  e f f e c t ,  l e a d i n g  t o  a d e c r e a s e  o f  Eh, s t i m u l a -  
t i o n  of NH3 f o r m a t i o n ,  and Fe r e d u c t i o n .  The a p p a r e n t  
d i f f e r e n c e  may be e x p l a i n e d  by t h e  i r r i g a t i o n  e f f e c t  
d i s c u s s e d  by T a k a i  e t  a l  ( 2 7 ) .  I n  o r g a n i c  m a t t e r - r i c h  
s o i l s  l i k e  f l o o d e d  r i c e  s o i l s  , a e r a t i o n  and mix ing  
s t i m u l a t e  o r g a n i c  matter d e c o m p o s i t i o n .  Because o f  
s t i m u l a t e d  o r g a n i c  matter d e c o m p o s i t i o n ,  d e f e c a t i o n ,  
and d e s t r u c t i o n  of t h e  o x i d i z e d  l a y e r  , o r g a n i c  ma t t e r ,  
NH4'-NI Fe2+,  and ~ 0 4 - ~  are  released i n t o  t h e  
f l o o d w a t e r .  The i n c r e a s e  of t h e s e  mater ia ls  l e a d s  t o  
t h e  p r o p a g a t i o n  o f  b a c t e r i a  and aqua t i c  f l o r a  and 
f a u n a ,  r e s u l t i n g  i n  p o s i t i v e  f e e d b a c k  t h a t  i n c r e a s e s  or 
m a i n t a i n s  t h e  t u b i f i c i d  p o p u l a t i o n .  
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G r a n t  and S e e g e r s  ( u n p u b l .  ) o b t a i n e d  d a t a  showi.nc 
t h a t  t h e  p r e s e n c e  of t u b i f i c i d s  i n c r e a s e d  s o i l "  u p t a k e  
by r ice  p l a n t s  and s t i m u l a t e d  losses of  N f rom b u r i e d  
a l g a e  ce l l s .  These r e s u l t s  c a n  be e x p l a i n e d  by t h e  
known roles of t h e  t u b i f i c i d s .  

CONCLUS I ON 

A r i ce  f i e l d  i s  n o t  a n a t u r a l  e c o s y s t e m ,  b u t  i s  
m a n i p u l a t e d  i n t e n t i o n a l l y  t o  improve s o i l  f e r t i l i t y .  
T h i s  paper h a s  p r e s e n t e d  some of t h e  b i o l o g i c a l  
c o n c e p t s  and f i n d i n g s  r e l e v a n t  t o  t h e  s t u d y  of t h e  
f l o o d e d  r i c e  f i e l d  as a n  e c o s y s t e m .  It  attempts t o  
i l l u s t r a t e  how i n t e r a c t i o n s  be tween o v e r l y i n g  
f l o o d w a t e r  and u n d e r l y i n g  s o i l  take p l a c e  and how t h e s e  
are i m p o r t a n t  i n  t h e  dynamics  of t h e  s o i l  f e r t i l i t y  of 
t h e  w e t l a n d  r i c e  f i e l d .  The i n t e r a c t i o n  be tween r i ce  
p l a n t s  and s o i l  i n h a b i t a n t s  i n  t h e  r ice  r h i z o s p h e r e  is 
e q u a l l y  i m p o r t a n t ,  b u t  b e c a u s e  of l i m i t e d  space, t h i s  
aspect  is  n o t  p r e s e n t e d  h e r e .  T o p i c s  d i s c u s s e d  i n  t h i s  
paper are n o t  s u p p o r t e d  by a l a r g e  volume of d a t a .  
P r o b a b l y ,  a s e a r c h  f o r  r e l e v a n t  da t a  i n  reports from 
r i c e - g r o w i n g  c o u n t r i e s  w i l l  p r o v e  € r u i t f u l .  B u t  t h e  
e c o l o g y  o f  t h e  r i ce  f i e l d  a s  p r e s e n t e d  h e r e  seems t o  
have  r e c e i v e d  l i t t l e  a t t e n t i o n  and may o E f e r  many 
p o s s i b i l i t i e s  fo r  f u r t h e r  i n v e s t i g a t i o n .  
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