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ABSTRACT

Growth and n u t r i e n t  u p ta k e  by r i c e  (O ryza e a t l v e  L. c u l t l v a r

S a tu rn )  u n d er c o n t r o l l e d  o x ld a t lo n - r e d u c t lo n  and pH c o n d i t io n s  In  a

f lo o d e d  s o i l  w ere d e te rm in e d  by grow ing th e  r i c e  p l a n t s  u n d e r 

a e r o b ic  (o x id is e d )  and a n a e ro b ic  ( re d u c e d )  s o i l  su sp e n s io n s  w hich w ere 

m a in ta in e d  a t  d i f f e r e n t  c o n t r o l l e d  pH v a lu e s  in  th e  l a b o r a to r y .  The 

s o i l  used  In  th e  i n v e s t i g a t i o n s  was a  Mhoon s i l t y  c la y  loam (T yp lc  

F lu v a q u e n t;  f i n e - s i l t y ,  m ixed , n o n a c ld ,  th e r m ic ) .  Four I n v e s t ig a t io n s  

w ere co n d u c ted  u n d e r b o th  a e r o b ic  and a n a e ro b ic  c o n d i t io n s  to  d e te rm in e  

th e  e f f e c t s  o f  s o i l  c o n d i t io n s  and pH on th e  grow th  and u p ta k e  o f  F e ,

Mn, Zn, and P by th e  r i c e  p l a n t s .  The in f lu e n c e  o f  ammonium-N,

n l t r a t e - N ,  and u rea -N  on th e  re c o v e ry  o f  n i t r o g e n  by th e  r i c e  p l a n t s  

w ere i n v e s t i g a t e d .

V e g e ta t iv e  g row th  o f  th e  r i c e  p l a n t s  was g r e a t e r  u n d er a n a e ro b ic  

c o n d i t io n s  th a n  u n d er a e r o b ic  c o n d i t io n s .  Dry w e ig h ts  o f  th e  p l a n t s  

grown u n d er a e r o b ic  c o n d i t io n s  u n ifo rm ly  d e c re a s e d  a s  s o i l  pH was 

r a i s e d  from  5 .0  to  8 .0 .  P la n t s  grown u n d e r a e r o b ic  c o n d i t io n s  a t  a l l  

pH l e v e l s  w ere c h l o r o t l c .  The c h lo r o s i s  was a t t r i b u t e d  to  i r o n  d e ­

f i c i e n c y .  A d e c re a s e  was o b se rv e d  in  th e  d ry  w e ig h ts  o f  th e  r i c e  

p la n t s  grown u n d e r  a n a e ro b ic  c o n d i t io n s  a t  pH 5 .0  and 8 .0 .  P la n ts  

w hich  w ere grown u n d e r a n a e ro b ic  c o n d i t io n s  a t  pH 6 .0  and 7 .0  w ere

n o rm a l; how ever, p l a n t s  grown a t  pH 5 .0  w ere a b n o rm a l, and t h i s  was

a t t r i b u t e d  t o  th e  h ig h  l e v e l  o f  Fe in  th e  p la n t  t i s s u e .  P la n t  

a b n o rm a lity  was a l s o  o b se rv e d  a t  pH 8 .0 ,  and t h i s  may have been  due to

th e  h ig h  s o lu b le  s u l f i d e  c o n te n t  o f  th e  s o i l .
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The u p ta k a  o f  Fa and Mn by r l c a  p l a n t s  grown u n d er a e r o b ic  

c o n d i t io n s  a t  pH 5 .5  and 7 .5  was low and was n o t a f f e c t e d  by pH. The 

Fa u p ta k a  by th a  r i c e  p l a n t s  grown u n d e r  a n a e ro b ic  c o n d i t io n s  was h ig h  

a t  low a o l l  pH and low a t  h ig h  s o i l  pH. The Mn u p ta k e  was a p p a r e n t ly  

I n f lu e n c e d  b y  Fe u p ta k e ;  Mn u p ta k e  was low when Fe u p ta k e  was h ig h  and 

v ic e  v e r s a .

Tha Zn u p ta k e  by th a  r l c a  p la n t s  was h ig h e r  u n d e r  a e ro b ic  th an  

u n d e r  a n a e ro b ic  c o n d i t io n s .  U nder b o th  s o i l  c o n d i t io n s ,  Zn u p ta k e  by 

th a  r l c a  p l a n t s  d e c re a se d  w ith  each  s te p w is e  In c re a s e  o f  a  pH u n i t  

from  5 .0  to  8 .0 .  A s h a rp  d e c re a s e  In  Zn u p ta k e  by th e  r i c e  p la n t s  

o c c u r re d  when th e  p l a n t s  w ere grown u n d e r b o th  s o i l  c o n d i t io n s  a t  th e  

h ig h e r  pH v a lu e s .  No c o n s i s t e n t  e f f e c t  o f  a e ro b ic  and a n a e ro b ic  co n ­

d i t i o n s  on p l a n t  u p ta k e  o f  P was o b s e rv e d . The P u p ta k e  by  th e  r i c e  

p l a n t s  u n d e r  b o th  s o i l  c o n d i t io n s  c o n s i s t e n t l y  d e c re a s e d  a s  s o i l  pH 

was r a i s e d .

A ero b ic  and a n a e ro b ic  s o i l  c o n d i t io n s  d id  n o t c o n s i s t e n t l y  i n ­

f lu e n c e  r e c o v e r i e s  o f  added  l a b e l l e d  ammonlum-N, n l t r a t e - N ,  and u rea -N  

by th a  r i c e  p l a n t s .  T hree  u n i t s  I n c re a s e  i n  s o i l  pH from  4 .5  to  7 .5  

d e c re a s e d  re c o v e ry  o f  added l a b e l l e d  ammonlum-N by th e  p l a n t s  u n d er 

b o th  a o l l  c o n d i t io n s  and o f  added l a b e l l e d  n l t r a t e - N  u n d e r a e ro b ic  

c o n d i t io n s .

A ero b ic  c o n d i t io n s  w ere  I n d ic a te d  by a l a r g e  p o s i t i v e  redox  po­

t e n t i a l  v a lu e  o f  a p p ro x im a te ly  +640 mv a t  pH 5 .0 .  A n aero b ic  c o n d i­

t i o n s  w ere in d ic a te d  by a  l a r g e  n e g a t iv e  red o x  p o t e n t i a l  v a lu e  o f 

a p p ro x im a te ly  -2 6 0  mv a t  pH 8 .0 .  An In c re a s e  o r  d e c re a s e  o f  one pH 

u n i t  o v e r  th e  e x p e r im e n ta l  ran g e  f o r  b o th  s o l i  c o n d i t io n s  r e s u l t e d  in

x l i l



a d e c re a s e  o r  I n c re a s e  In  red o x  p o t e n t i a l  c lo s e  to  th e  t h e o r e t i c a l  

v a lu e  o f  60 mv. An in c r e a s e  In  pH u n ifo rm ly  I n c re a s e d  th e  e l e c t r i c a l  

c o n d u c t iv i ty  o f  th e  a e ro b ic  s o i l .  U nder a n a e ro b ic  c o n d i t io n s  th e  

e l e c t r i c a l  c o n d u c t iv i ty  In c re a s e d  a s  th e  pH v a lu e  was m a in ta in e d  a t  

low er o r  h ig h e r  th a n  th e  o r i g i n a l  6 .5  v a lu e  w hich was th e  pH v a lu e  

o f  th e  a n a e ro b ic  s o i l  b e fo re  pH a d ju s tm e n t .
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INTRODUCTION

O x id a tio n * re d u c tio n  c o n d i t io n s  and  pH o f  a f lo o d e d  a o l l  h av e  a  

pronounced  e f f e c t  on  s o l u b i l i t y  o f  p la n t  n u t r i e n t s  and h en ce  t h e i r  

a v a i l a b i l i t y  to  r i c e  (Oryza a a t l v a  L . ) .  The p h y s ic a l ,  b i o l o g i c a l ,  

and ch e m ic a l p r o p e r t i e s  o f  red u ced  s o i l s  a r e  m ark ed ly  d i f f e r e n t  from 

th o se  o f  o x id iz e d  s o i l s .  G e n e ra l ly ,  b e t t e r  n u t r i t i o n  and g r a in  y ie ld s  

o f  r i c e  h av e  b een  o b se rv e d  when r i c e  i s  grown u nder re d u ce d  s o i l  c o n d i­

t i o n s  th a n  when grown u n d er o x id iz e d  c o n d i t io n s .  P la n ts  grown u n d er 

o x id iz e d  c o n d i t io n s  o f te n  s u f f e r  from  a d e f ic ie n c y  o f  s e v e r a l  e s s e n t i a l  

n u t r i e n t s .  P la n ts  grown u n d er h ig h ly  red u ced  s o i l  c o n d i t i o n s ,  on th e  

o th e r  h an d , may s u f f e r  from  t o x i c i t y  o f  r e d u c t io n  p r o d u c ts .  Too h ig h  o r  

to o  low a s o i l  pH l ik e w is e  c a u se s  d e f ic ie n c y  o r  t o x i c i t y  o f  c e r t a i n  

e s s e n t i a l  e le m e n ts .

P re v io u s  w o rk ers  such  as  Tanaka and N avasero  (1 9 6 6 a , 1966b,

1966c) and S e n e w lra tn e  and M ikkelsen  (1961) h av e  s tu d ie d  s e v e r a l  a s p e c ts  

o f  r i c e  n u t r i t i o n  i n  c u l t u r e  s o lu t i o n s .  O th er w o rk ers  h av e  i n v e s t i ­

g a te d  th e  c h e m is try  o f  p la n t  n u t r i e n t s  In  f lo o d e d  s o i l s  ( Ibnnam perum a, 

1955, 1965) and t h e i r  t r a n s f o rm a t io n s  u nder c o n t r o l l e d  s o i l  o x id a t lo n -  

r e d u c t io n  c o n d i t io n s  ( P a t r i c k ,  1960, 1964) and a l s o  u n d e r c o n t r o l l e d  

s o i l  pH and o x ld a t lo n - r e d u c t io n  c o n d i t io n s  (Gotoh and P a t r i c k ,  1972, 

1 9 7 4 ). E f f e c ts  o f  f lo o d e d  and  n o n flo o d e d  s o i l  c o n d i t io n s  on th e  

grow th an d  u p ta k e  o f  n u t r i e n t s  by r i c e  h av e  a l s o  been r e p o r te d  

(S e n e w lra tn e  and M ik k e lse n , 1 9 6 1 ). R ice i s  g e n e r a l ly  grown u n d er 

a w ide v a r i a t i o n  o f  s o i l  o x ld a t lo n - r e d u c t io n  and pH c o n d i t io n s .  

A d d it io n a l  s tu d y  I s  needed to  o b ta in  in fo rm a tio n  on th e  grow th  and 

n u t r i e n t  u p ta k e  by r i c e  grown u nder v a r io u s  co m b in a tio n s  o f  s o i l
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o x ld a t lo n - r e d u c t io n  c o n d i t io n s  and  pH le v e ls  In  f lo o d e d  s o i l s .  One 

f a c t o r  w hich has  ham pered su ch  a s tu d y  la  th e  d i f f i c u l t y  o f  o b ta in in g  

u n ifo rm  s o i l  o x ld a t lo n - r e d u c t io n  c o n d i t io n s  due to  th e  h e te r o g e n e i ty  

o f  th e  s o i l  o x ld a t lo n - r e d u c t io n  p o t e n t i a l s  a lo n g  th e  s o i l  p r o f i l e  o r  

a lo n g  th e  o x id iz e d  and re d u ce d  la y e r s  o f  f lo o d e d  s o i l s .

A la b o r a to r y  te c h n iq u e  was d ev e lo p ed  f o r  g row ing th e  r i c e  p la n t s  

in  a  f lo o d e d  s o i l  su sp e n s io n  w hich a llo w e d  c lo s e  c o n t r o l  o f  s o i l  pH and 

u n ifo rm  s o i l  o x ld a t lo n - r e d u c t io n  c o n d i t io n s  (b o th  a e ro b ic  and a n a e ro b ic  

c o n d i t i o n s ) .  The p r e s e n t  i n v e s t i g a t i o n  u t i l i z e d  t h i s  te c h n iq u e  to  

c a r r y  o u t  e x p e r im e n ts  w ith  th e  fo llo w in g  o b j e c t i v e s :

1. To d e te rm in e  th e  e f f e c t  o f  a e ro b ic  and a n a e ro b ic  c o n d i t io n s  

and  pH on e a r ly  v e g e ta t iv e  g row th  and p h y s io lo g ic a l  d i s o r d e r s  o f  r i c e  

In  a f lo o d e d  s o i l .

2 . To d e te rm in e  th e  e f f e c t  o f  a e r o b ic  and a n a e ro b ic  c o n d i t io n s

and pH on u p ta k e  o f  n a t iv e  and added  l a b e l l e d  Fe and Mn by r i c e  In  a

f lo o d e d  s o i l .

3 . To d e te rm in e  th e  e f f e c t  o f  a e ro b ic  and a n a e ro b ic  c o n d i t io n s

and pH on u p ta k e  o f  n a t iv e  and added  l a b e l l e d  Zn and  P by r i c e  In  a

f lo o d e d  s o i l .

4 .  To d e te rm in e  th e  e f f e c t  o f  a e ro b ic  and a n a e ro b ic  c o n d i t io n s  

and pH on re c o v e ry  o f  added l a b e l l e d  ansnonlum-N and n l t r a t e - N  by r i c e  

in  a  f lo o d e d  s o i l .

3 . To d e te rm in e  th e  e f f e c t  o f  a e r o b ic  and a n a e ro b ic  c o n d i t io n s  

and pH on re c o v e ry  o f  added l a b e l l e d  amroonlun-N and u rea-N  by r i c e  in  

a f lo o d e d  s o i l .
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6 . To d e te rm in e  th e  e f f e c t  o f  a e r o b ic  and a n a e ro b ic  c o n d i t io n s  

and pH on th e  red o x  p o t e n t i a l ,  th e  amountB o f  a c id  and a l k a l i  added to  

m a in ta in  pH, th e  e l e c t r i c a l  c o n d u c t iv i ty ,  and th e  am ount o f  t o t a l  

s u l f i d e . s u l f u r  In  a f lo o d e d  s o i l .



REVIEW OF LITERATURE

A. E f f e c t  o f  F lo o d in g  on th e  Changes In  Some S o l i  P r o p e r t ie s

1. Changes In  E le c tro c h e m ic a l  P ro p e r t le a

The th r e e  m ost Im p o r ta n t e le c t r o c h e m ic a l  p r o p e r t i e s  o f  th e  s o i l  

t h a t  a r e  a f f e c t e d  by f lo o d in g  a r e  re d o x  p o t e n t i a l  (Eh o r  o x ld a t lo n -  

r e d u c t io n  p o t e n t i a l ) , pH, and e l e c t r i c a l  c o n d u c t iv i ty  ( P a t r i c k  and 

M ik k e lse n , 1 9 7 1 ).

a .  Redox p o t e n t i a l . The red o x  p o t e n t i a l  I s  th e  m ost co n ­

v e n ie n t  p h y s ic o c h e m ic a l m easurem ent t h a t  s e rv e s  to  d i s t i n g u i s h  an  

o x id iz e d  s o i l  from  a red u c ed  s o i l  (R o d rig o , 1963; P a t r i c k  and 

M ik k e lse n , 1971; and Ronnam peruna, 1 9 7 2 ). The re d o x  p o t e n t i a l  o f  

th e  s o i l  l a  d e te rm in e d  by th e  d e g re e  o f  o x id a t io n  o r  r e d u c t io n  o f  

re d o x  sy stem s I n  th e  s o i l .  O x id ized  o r  a e ro b ic  s o i l s  a r e  c h a r a c t e r ­

iz e d  by h ig h ly  p o s i t i v e  p o t e n t i a l s  (4800 to  4-300 mv) w h ile  m ost 

re d u ce d  o r  a n a e ro b ic  s o i l s , a f t e r  a  few weeks o f  su b m erg en ce , have 

la r g e  n e g a t iv e  p o t e n t i a l s  (4-200 to  -400 m v). Redman and P a t r ic k  

(1965) r e p o r te d  red o x  p o t e n t i a l  d e c re a se d  from  h ig h  v a lu e s  Im n e d la te ly  

a f t e r  f lo o d in g  t o  v e ry  low v a lu e s  a f t e r  30 d a y s .

P a t r i c k  and M ahapatra  (1968) s u g g e s te d  fo u r  g e n e r a l  ra n g e s  o f  

red o x  p o t e n t i a l  u s u a l ly  e n c o u n te re d  I n  o x id iz e d  and red u ced  s o i l s .

At pH 7 , o x id iz e d  s o i l s  a r e  c h a r a c te r iz e d  by a red o x  p o t e n t i a l  o f  

g r e a t e r  th a n  4400 mv, m o d e ra te ly  red u ced  s o i l s  from 4400 to  4100 mv, 

re d u c e d  s o i l s  from  4100 to  -100  mv, and h ig h ly  red u ced  s o i l s  from  -100  

to  -300  mv. Ponnamperuma (1972) r e p o r te d  t h a t  th e  c o u r s e ,  r a t e  and 

m ag n itu d e  o f  th e  d e c re a s e  In  re d o x  p o t e n t i a l  on subm ergence depend on

4
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Che n e tu r e  and am ount o f  o rg a n ic  m a t t e r ,  t h e  n a tu r e  and c o n te n t  o f  

e l e c t r o n  a c c e p t o r ! , te m p e ra tu re  and th e  p e r io d  o f  subm ergence o f  th e  

a o l l .

P a t r i c k  and  M ahapatra  (1968) I n d ic a te d  an  a p p ro x im a te  red o x  

p o t e n t i a l  a t  w hich o x id iz e d  forma o f  s e v e r a l  I n o rg a n ic  re d o x  sy stem s 

became u n s ta b l e .  A t pH 7 , a s  th e  re d o x  p o t e n t i a l  d e c re a s e s  below  a b o u t 

+320 mv, oxygen d is a p p e a re d .  N l t r a t e - n l t r o g e n  I s  u n s ta b le d  a t  a  p o te n ­

t i a l  o f  a b o u t +225 mv. M anganic-m anganese l a  red u c ed  a t  a b o u t +200 mv, 

f e r r i c  I ro n  a t  a b o u t +120 mv, and s u l f a t e  I s  red u c ed  to  s u l f i d e  a t  

a b o u t -150 mv. A cco rd in g  to  P e a r s a l l  (1 9 3 8 ), re d o x  p o t e n t i a l  v a lu e s  

low er th a n  +320 to  +350 mv a t  pH 5 c o n ta in e d  ammonium, f e r r o u s ,  and 

m anganous I o n s ,  w h ile  s o i l s  w ith  red o x  p o t e n t i a l s  above  t h i s  ran g e  

g e n e r a l l y  c o n ta in e d  n i t r a t e ,  f e r r i c  and  m anganic I o n s .  A ssis tin g  a 

re d o x  p o te n t ia l /p H  s lo p e  o f  -6 0  mv/pH u n i t ,  t h i s  c o r re sp o n d s  t o  a red o x  

p o t e n t i a l  ra n g e  o f  +200 to  +230 mv a t  pH 7 (£7 ) .  He c o n s id e r s  t h i s  

ra n g e  as  a b o rd e r  l i n e  b e tw een  red u c ed  and  o x id iz e d  s o i l  c o n d i t i o n s .

R e s u lts  o f  s e v e r a l  I n v e s t i g a t o r s  I n d ic a t e  t h a t  th e  c h a n lc a l  

ch an g es In  s o i l s  g e n e r a l l y  o c c u r  In  th e  fo llo w in g  seq u e n c e  a s  th e  

red o x  p o t e n t i a l  d e c r e a s e s :  d is a p p e a ra n c e  o f  o x y g en , r e d u c t io n  o f

n i t r a t e ,  r e d u c t io n  o f  m anganese to  d iv a l e n t  fo rm , r e d u c t io n  o f  I ro n  

to  d iv a l e n t  fo rm , and r e d u c t io n  o f  s u l f a t e  to  s u l f i d e  (Aomlne, 1962; 

Ponnamperiana, 1965; T ak a i and Kamura, 1966; T u rn er an d  P a t r i c k ,  1 9 6 8 ).

P o s tg a te  (1959) d e m o n s tra te d  t h a t  th e  red o x  p o t e n t i a l  c o u ld  be 

low ered  to  -200  mv by th e  a d d i t i o n  o f  a  s o lu t i o n  c o n ta in in g  15 ppm o f  

H^S. Redman and P a t r i c k  (1965) r e p o r te d  t h a t  I ro n  compounds In  th e  

s o i l  w ere a c t i v e  I n  r e t a r d i n g  th e  d e c l in e  o f  re d o x  p o t e n t i a l  a f t e r  

su bm ergence . On th e  o th e r  h a n d , th e y  r e p o r te d  th e  p o t e n t i a l  o f  a
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h ig h ly  red u ced  t o l l  was In c re a s e d  by th e  a d d i t i o n  o f  n i t r a t e .  The 

p o t e n t i a l  d id  n o t  f a l l  to  I t s  p re v io u s  v a lu e  u n t i l  a l l  o f  th e  n i t r a t e  

was re d u c e d .

b .  S o i l  r e a c t io n  (p H ). Redman and P a t r i c k  (1965) found  t h a t  

subm ergence ten d ed  to  s h i f t  th e  s o i l  pH to  v a lu e s  n e a r  th e  n e u t r a l  

p o i n t .  In  g e n e r a l ,  a c id  s o i l s  In c re a s e d  In  pH a f t e r  subm ergence and 

a l k a l i n e  s o i l s  d e c re a s e d  In  pH a f t e r  subm ergence. Ponnamperuma, 

M a r t in e z ,  and Loy (1966) r e p o r te d  t h a t  th e  in c r e a s e  I n  pH o f  a c id  s o i l s  

was l a r g e l y  due to  th e  r e d u c t io n  o f  I ro n  and r e l a t e d  t h i s  q u a n t i t a t i v e l y  

to  th e  p o t e n t i a l  o f  F e (0H)3~Fe++ sy s tem  and to  Fe^+ a c t i v i t y ,  w h ile  th e  

d e c re a s e  i n  pH o f  s o d lc  and c a lc a re o u s  s o i l s  was r e l a t e d  to  th e  p a r t i a l  

p r e s s u re  o f  c a rb o n  d io x id e  th ro u g h  th e  Na2C03~H20-C02 and C aC O j-^O -C t^  

e q u i l ib r iu m  r e s p e c t i v e l y .

Ponnamperiana (1965) found t h a t  f o r  each  0 .5  pH u n i t  change th e r e  

was a 1 0 -f o ld  d i f f e r e n c e  In  Fe c o n c e n t r a t io n  in  th e  a o l l  s o l u t i o n .  He 

f u r t h e r  s t a t e d  t h a t  r i c e  p la n t s  may became Fe d e f i c i e n t  a t  pH v a lu e s  

h ig h e r  th a n  7 .5  b e c a u se  o f  a  low c o n c e n t r a t io n  o f  Fe'*'*' Io n  i n  th e  s o i l  

s o l u t i o n ,  a s  w e l l  a s  th e  fo rm a tio n  o f  I n s o lu b le  F e(0H>3 I n  th e  r i c e  

r o o t s .

c .  E l e c t r i c a l  c o n d u c t iv i t y . Redman and P a t r i c k  (1965) 

r e p o r te d  t h a t  e l e c t r i c a l  c o n d u c t iv i ty  g e n e r a l ly  in c r e a s e d  upon subm erg­

in g  th e  s o i l .  D ecreases  In  e l e c t r i c a l  c o n d u c t iv i ty  a f t e r  subm ergence 

o c c u r re d  o n ly  f o r  s o i l s  I n i t i a l l y  h ig h  In  n i t r a t e  n i t r o g e n .  They 

I n d ic a te d  t h a t  o rg a n ic  m a t te r  s e rv e d  to  in c r e a s e  e l e c t r i c a l  c o n d u c t iv i ty .

M ortim er (1941) a t t r i b u t e d  th e  i n c r e a s e  in  co n d u c tan ce  to  th e  

r e l e a s e  o f  Fe^+ and Mn^+ from th e  i n s o lu b le  h y d ra te d  o x id e s  o f  Fe^+
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and Mn4 + , th e  a c c u m u la tio n  o f  NH^, and i n  c a lc a re o u a  s o i l ,  to  th e  

r e l e a a e  o f  Ca++ a s  a r e s u l t  o f  th e  s o l u b i l i z a t i o n  o f  CaC03 by CO2 .

IRRI (1967) r e p o r te d  t h a t  i n c r e a s e  i n  e l e c t r i c a l  c o n d u c t iv i ty  

beyond 4 tnmhos/cm makes th e  c o n d i t io n s  u n fa v o ra b le  f o r  th e  h e a l th y  

grow th o f  r i c e .

2 . Changes i n  C hem ical P r o p e r t ie s

D r a s t ic  changes i n  th e  ch e m ic a l p r o p e r t i e s  o f  a  s o i l  o c c u r  In  

f lo o d in g .  Among th e  ch em ica l changes t h a t  ta k e  p la c e  when a  s o i l  i s  

k e p t f lo o d e d  a r e :  a )  an  a c c u m u la tio n  o f  ammonia, b) an  In c re a s e  in

s o l u b i l i t y  o f  Mn, c )  an  in c r e a s e  In  s o l u b i l i t y  o f  F e , d ) an  I n c re a s e  

i n  s o l u b i l i t y  o f  P, e )  a  r e d u c t io n  o f  s u l f a t e ,  and f )  a d e c re a s e  In  

s o l u b i l i t y  o f  Zn,

a .  A ccu m u la tio n  o f  am m onia. The m in e r a l i z a t io n  o f  o rg a n ic  

n i t r o g e n  i n  subm erged s o i l s  s to p s  a t  th e  am nonia s ta g e  b e c a u se  o f  th e  

la c k  o f  oxygen to  c a r r y  on anmonlum o x id a t io n  to  n i t r i t e  and n i t r a t e .

For t h i s  re a so n  ammonia a c c u n u la te a  i n  a n a e ro b ic  s o i l s .

Tusneem and P a t r i c k  (1971) found t h a t  th e  i n i t i a l  r a p id  in c r e a s e  

and s u b se q u e n t d e c re a s e  i n  ansnonlun a c c u m u la tio n  u n d er w a te r lo g g e d  

c o n d i t io n s  as  com pared w ith  o p tlm u n  m o is tu re  c o n d i t i o n s , w ere a t t r i b u t e d  

to  th e  low n i t r o g e n  re q u ire m e n ts  o f  a n a e ro b ic  m e tab o lism  and to  s u b s e ­

q u e n t n i t r o g e n  lo s s  r e s p e c t i v e l y .

Redman and P a t r i c k  (1965) r e p o r te d  t h a t  f lo o d in g  th e  s o i l  r e s u l t e d  

In  l a r g e  in c r e a s e s  I n  ammonia c o n te n t .  A d d itio n  o f  0 .2 5  p e rc e n t  co rn  

le a v e s  f u r t h e r  In c re a s e d  th e  p ro d u c tio n  o f  ammonia. A ll  s o i l s  red u ced  

n i t r a t e  n i t r o g e n  u n d er subm erged c o n d i t i o n s .  Added o rg a n ic  m a t te r  

g e n e r a l ly  in c r e a s e d  th e  n i t r a t e  r e d u c t io n  r a t e .  P a t r i c k  and W yatt

(1964) found a c o n s id e ra b ly  h ig h e r  r a t a  o f  in o rg a n ic  n i t r o g e n  r e l e a a e
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in  w a te r lo g g e d  s o i l s  th a n  i n  w e l l - d r a in e d  s o i l s .  In  a  nisnber o f  s o i l s ,  

W aring and  Bremner (1964) o b se rv e d  a  m ore r a p id  r a t e  o f  n e t  m in e r a l i s a ­

t i o n  u n d er w a te r lo g g e d  th a n  under a e r o b ic  c o n d i t i o n s .

A cco rd in g  to  W aring and  Bremner (1964) and B roadbent and Reyes 

(1 9 7 1 ), In o rg a n ic  n i t r o g e n  i s  r e l e a s e d  i n  la r g e  q u a n t i t i e s  and f a s t e r  

i n  a n a e ro b ic  s o i l s  th a n  i n  a e ro b ic  s o i l s  b e c a u se  le s s  Im m o b iliz a tio n  

o f  n i t r o g e n  o c c u rs  In  a n a e ro b ic  m ed ia . P a t r i c k  and W yatt (1964) 

o b se rv e d  t h a t  n i t r o g e n  m in e r a l i z a t i o n  u n d er red u ced  c o n d i t io n s  was 

c o n s id e ra b ly  h ig h e r  th a n  t h a t  u nder o x id iz e d  c o n d i t io n s .  The h ig h e r  

r a t e  o f  m in e r a l i z a t i o n  i n  red u c ed  s o i l  was a t t r i b u t e d  to  th e  in c r e a s e  

in  pH o f  th e  s o i l s  b ro u g h t on  by subm erg en ce .

P a t r ic k  and Tusneem (1972) r e p o r te d  an  a p p r e c ia b le  lo s s  o f  

l a b e l l e d  n i t r o g e n  o c c u r re d  in  f lo o d e d  s o i l s  exposed  to  a tm o sp h e r ic  

oxygen . N itro g e n  added as  anrooniian was a p p a r e n t ly  n i t r i f i e d  in  th e  

a e r o b ic  s u r f a c e  la y e r  o f  s o i l  and th e n  d i f f u s e d  downward i n t o  th e  

u n d e r ly in g  a n a e ro b ic  zone when i t  was d e n i t r i f i e d  and l o s t  from th e  

system *

The m ain t r a n s f o rm a t io n s  o f  n i t r o g e n  In  subm erged s o i l s  a r e  

a c c u m u la tio n  o f  am nonia , d e n i t r i f i c a t i o n ,  and n i t r o g e n  f i x a t i o n .  These 

t r a n s f o rm a t io n s  hav e  an  Im p o r ta n t b e a r in g  on th e  n u t r i t i o n  o f  r i c e .  

T ra n s fo rm a tio n s  o f  n i t r o g e n  w ith  th e  em phasis on subm erged paddy s o l l a  

h av e  been  e x te n s iv e ly  rev iew ed  d u r in g  th e  p a s t  d ecad e  ( P a t r i c k  and 

M ah ap a tra , 1968; Fonnamperuma, 1972; Tusneem and P a t r i c k ,  19 7 1 ).

b . R ed u c tio n  o f  m anganese . M anganese la  an  e s s e n t i a l  e lem en t 

t h a t  un d erg o es a  m arked I n c re a s e  in  s o l u b i l i t y  upon f lo o d in g .  The 

r e l e a s e  o f  m anganese in to  th e  s o i l  s o lu t io n  p rec ed es  t h a t  o f  I ro n
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b e c a u se  m anganese I s  m ore r e a d i l y  red u ced  and re n d e re d  m ore s o lu b le  

th a n  I r o n .

M andal (1961) showed t h a t  m anganese e n te r e d  I n to  th e  e x ch an g eab le  

com plex and a l s o  ap p e a red  In  s o lu b le  form  much e a r l i e r  th a n  I ro n .  He 

p o in te d  o u t  t h a t  t r a n s f o rm a t io n s  o f  m anganese In  f lo o d e d  s o i l  I s  s im i l a r  

to  t h a t  o f  I ro n  b u t  th e  d e g re e  and i n t e n s i t y  o f  t r a n s f o x u a t io n  v a r i e s  

owing to  I t s  h ig h e r  re d o x  p o t e n t i a l  th a n  i r o n .  Redman and Ha t r i c k

(1965) r e p o r te d  a p p ro x im a te ly  s ix  tim es  as  much m anganese was e x t r a c te d  

from a n a e ro b ic  s o i l  a f t e r  30 days subm ergence as  u n d er a i r - d r y  c o n d i t io n s .

IVtrner and P a t r i c k  (1968) r e p o r te d  t h a t  e x ch an g e a b le  m anganese In  

C row ley s i l t  loam in c r e a s e d  from a b o u t 20 ppm t o  280 ppm a f t e r  7 days o f  

subm ergence. They a l s o  r e p o r te d  t h a t  th e  c o n v e rs io n  o f  e a s i l y  r e d u c ib le  

m anganese to  th e  ex ch an g e a b le  form in  an a n a e ro b ic  s o i l  was g r e a t e s t  

when th e  re d o x  p o t e n t i a l  d e c re a s e d  to  a b o u t +200 tmr. In  an  a e ro b ic  

s o l l t no e x c h a n g e a b le  m anganese was p r e s e n t  above a pH o f  6 . I n  an  

a n a e ro b ic  s o i l ,  e x c h a n g e a b le  m anganese was p r e s e n t  up to  pH 11. They 

f u r t h e r  found t h a t  m anganese began  to  be red u ced  a t  a  red o x  p o t e n t i a l  o f  

■*400 mv and was e s s e n t i a l l y  c o m p le te ly  re d u ce d  a t  a red o x  p o t e n t i a l  o f  

+200 mv. Singh (1969) r e p o r te d  t h a t  f lo o d in g  In c re a s e d  th e  a v a i l a b i l i t y  

o f  m anganese In  a c id  s o i l s  to  such  a h ig h  l e v e l  t h a t  i t  became to x ic  

and c a u se d  a b ro n z in g  d i s e a s e  to  th e  r i c e  p l a n t s .

M anganese t r a n s f o rm a t io n s  In  f lo o d e d  s o i l s  as  a f f e c t e d  by Eh-pH 

r e l a t i o n s h i p s  h av e  b een  exam ined by v a r io u s  w o rk ers  (Bohn, 1968, 1970; 

C o l l in s  and B uol, 1970a, 1970b; Fonnam peruna, Loy, and T la n c o , 1969;

T a k a l, 1961; T u rn er and P a t r i c k ,  1 9 6 8 ). M ost o f  th e s e  s tu d i e s  h av e  

been  t h e o r e t i c a l  In  n a tu r e ,  p ro b a b ly  as  a r e s u l t  o f  th e  d i f f i c u l t y  In  

c o n t r o l l i n g  b o th  Eh and pH i n  b i o l o g i c a l l y  dynam ic sy s tm n s . Gotoh and
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P a t r i c k  (1972) s tu d ie d  th e  d i s t r i b u t i o n  o f  d i f f e r e n t  f o n ts  o f  m anganese 

In  f lo o d e d  s o i l  o v e r  a  w ide ra n g e  o f  c l o s e ly  c o n t r o l l e d  Eh-pH c o n d it io n s  

end c o n c lu d e d  t h a t  th e  Eh and  pH o f  f lo o d e d  s o i l s  p ro v id e  g e n e r a l  

c o n t r o l  o f  m anganese t r a n s f o r m a t io n .  They r e p o r te d  t h a t  a t  pH 5 a lm o s t 

a l l  o f  th e  s o i l  m anganese was c o n v e r te d  from  r e d u c ib le  to  th e  w a te r -  

s o lu b le  p lu s  e x c h a n g e a b le  f r a c t i o n  even a t  red o x  p o t e n t i a l  as  h ig h  as 

+500 mv. I n  a h a rp  c o n t r a s t ,  a t  pH l e v e l s  betw een  6 and  8 , m ost o f  th e  

c o n v e r s io n  to o k  p la c e  a t  r e l a t i v e l y  low red o x  p o t e n t i a l s  o f  +200 to  

+300 mv.

c .  R ed u c tio n  o f  I r o n . The m ost Im p o r ta n t c h e m ic a l change 

t h a t  ta k e s  p la c e  when a s o l i  I s  f lo o d e d  I s  th e  r e d u c t io n  o f  I ro n  and 

th e  accom panying I n c r e a s e  I n  I t s  s o l u b i l i t y .

I t  I s  w e l l  e s t a b l i s h e d  t h a t  f lo o d e d  s o i l s  a r e  s u b je c t  to  a 

s u c c e s s io n  o f  I ro n  t r a n s f o r m a t io n s  from  th e  f e r r i c  to  f e r r o u s  s t a t e  

u n d e r  r e d u c in g  c o n d i t io n s  c a u se d  by a  w ide v a r i e t y  o f  f a c u l t a t i v e  

a n a e ro b ic  s o i l  b a c t e r i a  (S ta rk e y  and  H a lv o rso n , 1927; A l l i s o n  and 

S c a r s e th ,  1942; B ro m fle ld  and W ill ia m s , 1963; T akal and Kamura,

1966; O ttow and  G la th e ,  1 9 7 1 ).

Redman and  P a t r i c k  (1965) r e p o r te d  t h a t  l a r g e  q u a n t i t i e s  o f  I ro n  

w ere r e l e a s e d  In  th e  f e r r o u s  form  as  a r e s u l t  o f  subm ergence. A d d itio n  

o f  o rg a n ic  m a t te r  u s u a l ly  In c re a s e d  th e  r e l e a s e  o f  i r o n .  A n aero b ic  

s o i l s  and se d im e n ts  h av e  much m ore Fe I n  s o l u t i o n —a p p ro x im a te ly  50 to  

100 p a r t s  p e r  m i l l i o n  (ppm ), com pared to  le a s  th a n  1 ppm in  a e r o b ic  

s o i l s  (G otoh and P a t r i c k ,  1 9 7 4 ).

T u rn e r  and P a t r i c k  (1968) r e p o r te d  t h a t  e x ch a n g e ab le  f e r r o u s  i ro n  

In c re a s e d  from  a b o u t 5 ppm to  360 ppm In  a  S harkey  s i l t y  c l a y  a f t e r  7 

day s  o f  su b m erg en ce . A cco rd in g  to  Ponnatnperinna (1 9 6 5 ), th e  r e d u c t io n
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o f  i r o n  I n  a  w a te r lo g g e d  s o i l  l a  f a v o re d  by : 1) 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  l e v e l  o f  o x i d a t i o n ,  such  a s  n i t r a t e  and m anganese 

d i o x i d e ,  2 ) t h e  p r e s e n c e  o f  r e a d i l y  decom posable  o r g a n ic  m a t t e r ,  and

3) a good s u p p ly  o f  a c t i v e  i r o n .

F e r r i c  I r o n  compounds w hich p re d o m in a te  i n  w e l l  d r a in e d  s o i l s  

a r e  r e d u c e d  t o  a  m ore s o l u b l e  f e r r o u s  form when a s o i l  i s  w a te r lo g g e d  

( S ta r k e y  and  H a lv o rs o n ,  1927; A le x a n d e r ,  1961; T akai and  Kamura, 1966). 

A cco rd in g  t o  K am oshlta  and Xwasa (1 9 5 9 ) ,  and Ponnamperuma, T la n c o ,  and 

Loy (1 9 6 7 ) ,  t h e  m ost commonly o c c u r r i n g  I ro n  compounds I n  f lo o d e d  s o i l s  

may be F*2°3  ( h e m a t i t e ) , and su ch  f e r r i c  o x y h y d ro x ld e s  as  F e fO H ^ ’n ^ O  

(amorphous f e r r i c  oxyhydrox lde ),« t-F eO O H  ( g e o t h l t e ) , y  -FeOOH ( le p ld o r o -  

c l t e ) ,  and  Fe3 (0H )g , ( f e r r o s o f e r r i c  h y d r o x id e )  which a r e  l i k e l y  

In v o lv e d  I n  t h e  re d o x  e q u i l i b r i a .

P a t r i c k  (1964) r e p o r t e d  e x t r a c t a b l e  i r o n  In  f lo o d e d  s o i l  was 

l a r g e l y  p r e s e n t  i n  t h e  f e r r o u s  form a t  r e d o x  p o t e n t i a l s  below  +200 mv. 

F e r ro u s  I r o n  i n c r e a s e d  g r e a t l y  w i th  a d e c r e a s e  i n  re d o x  p o t e n t i a l  

below  4200 mv. Motomura (1969) r e p o r t e d  t h a t  t h e  r e d u c t i o n  o f  I r o n  

compounds depends  on  th e  f a c t o r s  such  a s  th e  c o n t e n t  o f  e a s i l y  decom­

p o s a b le  o r g a n i c  m a t t e r ,  amount o f  f r e e  i r o n  o x id e s ,  re d o x  p o t e n t i a l  and 

pH. T e m p era tu re  below  10°C slow ed  down t h e  p ro c e s s  o f  r e d u c t i o n ,  b u t  

t h e  same above I t  enhanced  t h e  p r o c e s s .  The p re s e n c e  o f  n i t r a t e - n i t r o g e n  

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

I t  h a s  been  r e p o r t e d  t h a t  a  d e c r e a s e  i n  red o x  p o t e n t i a l  I n c r e a s e s  

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

r o l e  i n  I r o n  t r a n s f o r m a t i o n  ( I g n a t l e f f ,  1941; B lo o m f ie ld ,  1949; B rad ley  

and  S i e l l n g ,  1 9 5 3 ) .  P a t r i c k  (1964) n o te d  a l a r g e  r e l e a s e  o f  f e r r o u s  

I ro n  when re d o x  p o t e n t i a l  f e l l  below  +200 mv. He a t t r i b u t e d  t h i s
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i n c r e a s e  In  f e r r o u s  I r o n  to  th e  r e d u c t i o n  o f  i n s o l u b l e  f e r r i c  compounds 

w hich w ere  u n s t a b l e  a t  t h i s  r e d u c in g  p o t e n t i a l .

C r i t i c a l  r e d o x  p o t e n t i a l  a t  w hich i r o n  i s  r e l e a s e d  i n  f lo o d e d  

s o i l s  h a s  been  r e p o r t e d .  P e a r s a l l  and  M ortim er (1 9 3 9 ) ,  T a k a i and  

Kamura (1 9 6 6 ) ,  and  Gotoh and Y am ashlta (1966) r e p o r t e d  v a lu e s  o f  +350 

mv, +200 mv and  +280 mv, r e s p e c t i v e l y .  P a t r i c k  (1964) found  t h a t  

s o l u b l e  i r o n  began  to  i n c r e a s e  when t h e  re d o x  p o t e n t i a l  d e c r e a s e d  to  

a b o u t  +150 mv and c o n t in u e d  to  i n c r e a s e  w i th  a  f u r t h e r  d e c r e a s e  i n  redox  

p o t e n t i a l .  Gotoh and P a t r i c k  (1974) s t u d i e d  th e  d i s t r i b u t i o n  o f  d i f f e r *  

e n t  forms o f  i r o n  i n  a  w a te r lo g g e d  s o i l  o v e r  a  w ide  ra n g e  o f  c l o s e l y  

c o n t r o l l e d  re d o x  p o t e n t i a l  and  pH c o n d i t i o n s .  They found t h a t  i n c r e a s e s  

i n  w a t e r - s o l u b l e  and e x c h a n g e a b le  i r o n  w ere  f a v o re d  by a  d e c r e a s e  i n  

b o th  red o x  p o t e n t i a l  and  pH. They r e p o r t e d  t h a t  th e  c r i t i c a l  re d o x  

p o t e n t i a l s  f o r  i r o n  r e d u c t i o n  and c o n s e q u e n t  d i s s o l u t i o n  was betw een 

+300 mv an d  +100 mv a t  pH 6 and 7 ,  and -100 mv a t  pH 8 , w h i le  a t  pH 5 

a p p r e c i a b l e  r e d u c t i o n  o c c u r r e d  a t  +300 mv. They f u r t h e r  r e p o r t e d  t h a t  

w a t e r - s o l u b l e  i r o n  a c c o u n te d  f o r  76% o f  t h e  w a t e r - s o l u b l e  p lu s  exch an g e­

a b l e  f r a c t i o n  u n d e r  th e  m ost a c i d  c o n d i t i o n s  i n  c o m b in a t io n  w i th  t h e  

m ost re d u c e d  c o n d i t i o n s  (pH 5 and Eh -250 mv). At pH 8 , t h e  c o r re s p o n d ­

in g  v a lu e  was o n ly  4% a t  a red o x  p o t e n t i a l  o f  -250 mv.

d .  Change i n  p h o sp h a te  s o l u b i l i t y . Most r e p o r t s  i n  th e  

l i t e r a t u r e  i n d i c a t e  t h a t  subm ergence b r in g s  a b o u t  an  i n c r e a s e  and 

s u b s e q u e n t  d e c r e a s e  i n  s o l u b i l i t y  o f  phosphorus  i n  th e  s o i l s .  The 

I n c r e a s e  In  s o l u b i l i t y  o f  p h o sp h a te  I n  s o i l  b ro u g h t  on by subm ergence 

h a s  u s u a l l y  b e e n  a t t r i b u t e d  t o ;  a )  d is p la c e m e n t  o f  p h o sp h a te  from 

I n s o l u b l e  f e r r i c  and aluminum p h o sp h a te s  by o r g a n ic  a n io n s  (B rad ley  

and  S t a l i n g ,  1 9 5 3 ) ,  b )  th e  r e d u c t i o n  o f  I n s o l u b l e  f e r r i c  p h o sp h a te
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t r a n s p l a n t i n g .  The d a l l y  a v e ra g e  Eh v a lu e s  u n d e r  a e r o b ic  c o n d i t i o n s  

were +608 and +480 mv; u n d er  a n a e r o b ic  c o n d i t i o n s ,  -106 and -243 mv 

f o r  th e  two pH l e v e l s ,  r e s p e c t i v e l y .  A s te p w is e  I n c r e a s e  in  one pH 

u n i t  r e s u l t e d  In  a  d e c r e a s e  o f  64 mv and 68 mv u n d er  a e r o b i c  and 

a n a e r o b ic  s o i l  c o n d i t i o n s  r e s p e c t i v e l y .  The m agnitude  o f  Eh v a lu e s  

o f  a e r o b ic  and a n a e r o b ic  s o i l s  found in  t h i s  s tu d y  w ere s i m i l a r  t o  th e  

one found i n  th e  p r e v io u s  s tu d y ,  where th e  same pH l e v e l s  were 

m a in ta in e d .

2. E f f e c t  o f  A e ro b ic  and A naerob ic  C o n d i t io n s .  pH L evel and 

N i t ro g e n  Source  on t h e  Amounts o f  Acid and A l k a l i  Added

The e f f e c t  o f  a e r o b ic  and a n a e ro b ic  c o n d i t i o n s ,  pH l e v e l ,  and 

n i t r o g e n  s o u rc e  on th e  amounts o f  a c id  and a l k a l i  added i s  shown in  

F ig u re s  26a and 26b.

I n  g e n e r a l ,  s o i l  o x i d a t i o n - r e d u c t l o n  c o n d i t i o n s ,  pH l e v e l s ,  and 

n i t r o g e n  s o u rc e s  had a marked e f f e c t  on th e  amounts o f  a c id  and a l k a l i  

added t o  m a in ta in  s o i l  pH v a lu e s  o f  3 .5  and 7 .5 .

Ammonium s u l f a t e - t r e a t e d  s o i l  r e q u i r e d  h i g h e r  amounts o f  NaOH b u t  

low er  amounts o f  HCl t o  m a in ta in  i t s  s o i l  pH l e v e l  th a n  d id  u r e a - t r e a t e d  

s o i l  r e g a r d l e s s  o f  s o i l  o x i d a t i o n - r e d u c t l o n  c o n d i t i o n s  and pH l e v e l s .

The d a t a  showed a p p ro x im a te ly  2 meq o f  NaOH p e r  100 g s o i l  h ig h e r  were 

r e q u i r e d  t o  m a in ta in  s o i l  pH l e v e l  a t  7 .5  f o r  ammonium s u l f a t e - t r e a t e d  

s o i l  th a n  f o r  u r e a - t r e a t e d  s o i l .  In  c o n t r a s t ,  u r e a - t r e a t e d  s o i l  

r e q u i r e d  a p p ro x im a te ly  2 meq o f  HCl p e r  100 g s o i l  h ig h e r  t o  m a in ta in  

s o i l  pH l e v e l  a t  5 .5  th a n  d id  ammonium s u l f a t e - t r e a t e d  s o i l .

An e x p la n a t io n  f o r  h i g h e r  r e q u i re m e n t  o f  NaOH and lo w er  r e q u i r e ­

ment o f  HCl f o r  ammonium s u l f a t e - t r e a t e d  s o i l  th a n  f o r  u r e a - t r e a t e d  

s o i l  was deduced from th e  d i f f e r e n c e  in  th e  chem ica l r e a c t i o n  o f  th e s e
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DeLaune and P a t r i c k  (1970) r e p o r t e d  u r e a  h y d r o l y s i s  t o  ammonia 

p ro c e e d e d  a t  a p p ro x im a te ly  th e  same r a t e  i n  1 /3  b a r  m o is tu r e  ( a e r o b i c )  

and in  w a te r lo g g e d  ( a n a e r o b i c )  s o i l  c o n d i t i o n s .

An e x p l a n a t i o n  f o r  t h e  g e n e r a l  d e c r e a s e  i n  th e  NH^-N c o n te n t  o f  

a e r o b i c  and a n a e r o b ic  s o i l s  ( F ig u r e s  27a and 27c) I s  deduced  from p l a n t  

u p ta k e  o f  n i t r o g e n .  However, a s h a rp  d e c r e a s e  in  NH4-N c o n t e n t s  o f  

a e r o b ic  s o i l  ( F ig u r e  27a) was due n o t  o n ly  t o  p l a n t  u p ta k e ,  b u t  a l s o  to  

n i t r i f i c a t i o n .  P a r t  o f  t h e  n i t r a t e  so  p rod u ced  was a l s o  ta k e n  up by 

t h e  p l a n t ,  th e  re m a in in g  n i t r a t e  a c c u m u la te d .  E le m e n ta l  N l o s s  u n d e r  

t h e  c o m p le te ly  a e r o b i c  and a n a e r o b ic  s o i l  sy s tem s  b e in g  employed in  

t h i s  s tu d y  was u n l i k e l y  (Tusneem and P a t r i c k ,  1 9 7 1 ) .

I t  sh o u ld  be n o te d  t h a t  th e  amount o f  t o t a l  i n o r g a n ic  (NH^-N + 

NO^-N) n i t r o g e n  re m a in in g  i n  t h e  s o i l  a t  t h e  end o f  a 1 5 -d ay  p e r io d  

u n d e r  a e r o b i c  c o n d i t i o n s  and t h e  amount o f  i n o r g a n ic  (NhJ -N )  n i t r o g e n  

r e m a in in g  i n  t h e  s o i l  a t  t h e  end o f  th e  same p e r io d  u n d er  a n a e r o b ic  

c o n d i t i o n s  d id  n o t  d i f f e r  a p p r e c i a b l y .  I t  i s  e x p e c te d  t h a t  a p p r o x i ­

m a te ly  t h e  same amount o f  i n o r g a n ic  n i t r o g e n  would have been  ta k e n  up 

by  th e  p l a n t  u n d e r  t h e s e  two o x i d a t i o n - r e d u c t l o n  c o n d i t i o n s ,  r e g a r d l e s s  

o f  n i t r o g e n  s o u rc e s  a p p l i e d  and pH l e v e l s .  I t  i s  f u r t h e r  e x p e c te d  t h a t  

l a r g e r  am ounts o f  p l a n t  n i t r o g e n  would have been  d e r iv e d  from added 

n i t r o g e n  s o u rc e s  th a n  from s o i l  n i t r o g e n ,  b e c a u se  o f  t h e  low l o s s  o f  

added n i t r o g e n  i n  th e  s o i l  sy s tem  u n d e r  s tu d y .

5. E f f e c t  o f  A ero b ic  and A n a e ro b ic  C o n d i t i o n s ,  pH L e v e l ,  and 

N i t ro g e n  Source  on Dry M a t te r  W eight o f  th e  R ice P l a n t s

The e f f e c t  o f  a e r o b ic  and a n a e r o b ic  c o n d i t i o n s ,  pH l e v e l ,  and 

n i t r o g e n  so u rc e  on sh o o t  w e ig h t ,  r o o t  w e ig h t ,  and s h o o t / r o o t  r a t i o  o f  

t h e  r i c e  p l a n t s  i s  shown in  F ig u re s  28a, 28b, and 28c. There  were
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F igure 28. E f f e c t  o f  a e r o b ic  and a n a e r o b ic  c o n d i t i o n s  and n i t r o g e n  
s o u rc e  on w e ig h ts  o f  sh o o ts  ( a )  and r o o t s  (b )  and 
s h o o t / r o o t  r a t i o  ( c )  o f  th e  r i c e  p l a n t s  a t  pH 5 .5  and
7 .5 .
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marked d i f f e r e n c e s  In  t h e  w eigh t o f  s h o o ts  o f  t h e  p l a n t s  w hich were 

grown u n d e r  aimnonium s u l f a t e - t r e a t e d  a e r o b ic  and a n a e r o b ic  s o i l s  a t  

pH 5 .5  a s  compared w i th  s l i g h t  o r  no d i f f e r e n c e s  o b se rv e d  among o th e r  

t r e a t m e n t s  i n  which e i t h e r  ammonium s u l f a t e  o r  u r e a  was a p p l i e d  a t  

pH 5 ,5  and pH 7 .5 .  A e ro b ic  s o i l  c o n d i t i o n s  produced  g r e a t e r  sh o o t  

w e ig h t  th a n  d id  a n a e ro b ic  s o i l  a t  pH 5 .5  where ammonium s u l f a t e  was 

a p p l i e d .  T h is  r e s u l t  a g re e s  w i th  t h a t  o b ta in e d  from p r e v io u s  e x p e r i ­

m ents I n  t h i s  s tu d y  i n  which th e  same s o u rc e  and amount o f  N was 

a p p l i e d .  An e x p la n a t io n  f o r  s m a l l e r  sh o o t  w e ig h t  o f  p l a n t s  grown u nder  

a n a e r o b ic  s o i l  a s  compared w i th  a e r o b ic  s o i l  a t  low pH i n  t h i s  e x p e r i ­

ment was deduced  from h ig h e r  e l e c t r i c a l  c o n d u c t i v i t y  v a lu e s  o f  s o i l  

u n d e r  a n a e r o b ic  c o n d i t i o n s .  However t h e  change i n  s o i l  e l e c t r i c a l  

c o n d u c t i v i t y  v a lu e s  o b ta in e d  from o th e r  e x p e r im e n ta l  c o n d i t i o n s  were 

n o t  c o n s i s t e n t  w i th  t h e  c o r re s p o n d in g  change i n  th e  shoo t w e ig h t .  The 

g r e a t e r  sh o o t  w e ig h t  o f  th e  p l a n t s  grown u n d er  a e r o b ic  s o l i  a s  com­

p a re d  w i th  a n a e r o b ic  s o i l  a t  an e a r l y  g row th  s ta g e  a g re e s  w i th  th e  

f in d in g  o f  S e n e w lra tn e  and M ik k e lsen  (1 9 6 1 ) .  Excep t f o r  t h e  h ig h  

sh o o t  w e ig h t  o f  p l a n t s  grown u n d e r  ammonium s u l f a t e - t r e a t e d  a e r o b ic  

s o i l  a t  pH 5 . 5 .  w hich was d i s c u s s e d  ab o v e , t h e r e  a p p e a re d  t o  be no 

d i f f e r e n c e s  among t h e  sh o o t  w e ig h ts  i n  t h e  p l a n t s  grown u n d e r  o th e r  

e x p e r im e n ta l  c o n d i t i o n s .

In  s p i t e  o f  t h e  d i f f e r e n c e s  In  th e  sh o o t  w e ig h t ,  no d i f f e r e n c e s  

i n  th e  r o o t  w e ig h t  was o b se rv ed  f o r  th e  ammonium s u l f a t e - t r e a t e d  a e r o b ic  

and a n a e r o b ic  s o i l s  a t  pH 5 .5 ,  a s  i s  shown in  F ig u re  28b. The r o o t  

w e ig h ts  o f  p l a n t s  grown under  a n a e r o b ic  s o i l ,  r e g a r d l e s s  o f  n i t r o g e n  

s o u rc e s  and pH l e v e l s ,  were a l l  e q u a l l y  h ig h .  The h ig h e r  r o o t  w eigh t 

o f  th e  p l a n t s  grown u n d er  a n a e r o b ic  s o i l  th a n  u n d er  a e r o b ic  s o i l  was
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due t o  b e t t e r  r o o t  p r o l i f e r a t i o n  u n d e r  r e d u c in g  s o i l  c o n d i t i o n s  as  

compared w i th  o x i d i s i n g  s o i l  c o n d i t i o n s .  B e t t e r  r o o t  p r o l i f e r a t i o n  

may be due t o  t h e  r o l e  o f  th e  r o o t  i n  overcom ing r e d u c in g  t o x i c  

c o n d i t i o n s .

F ig u re  28c shows th e  e f f e c t  o f  a e r o b ic  and a n a e ro b ic  s o i l  c o n d i ­

t i o n s ,  pH l e v e l s  and n i t r o g e n  s o u rc e s  on s h o o t / r o o t  r a t i o  o f  th e  r i c e  

p l a n t s .  N i t ro g e n  s o u rc e s  and pH l e v e l s  d id  n o t  seem t o  have any e f f e c t  

on th e  s h o o t / r o o t  r a t i o .  On th e  o t h e r  h an d ,  s o i l  o x i d a t l o n - r e d u c t l o n  

c o n d i t i o n s  had a marked e f f e c t  on t h e  s h o o t / r o o t  r a t i o .  A e ro b ic  s o i l  

p roduced  g r e a t e r  s h o o t / r o o t  r a t i o  th a n  d id  th e  c o u n t e r p a r t  a n a e ro b ic  

s o i l .  As p o in te d  o u t  above , t h i s  was a p p a r e n t l y  due t o  g e n e r a l l y  low er 

r o o t  w e ig h t o f  th e  p l a n t s  which were grown u n d er  a e r o b ic  s o i l  a s  com­

p a re d  t o  a n a e r o b ic  s o i l .  There  a p p e a re d  t o  have been  no a p p r e c i a b l e  

d i f f e r e n c e s  i n  th e  s h o o t / r o o t  r a t i o  among th e  a e r o b ic  s o i l  and among 

th e  a n a e ro b ic  s o i l  c o n d i t i o n s .

6 . E f f e c t  o f  A erob ic  and A n ae ro b ic  C o n d i t io n s  and pH Level 

on R e c o v e r ie s  o f  A p p lie d  L a b e l le d  Ammonium-N and Urea-N 

by th e  R ice  P l a n t s  

The e f f e c t  o f  a e r o b ic  and a n a e ro b ic  c o n d i t i o n s  and pH l e v e l  

on p e r c e n t  r e c o v e ry  o f  a p p l i e d  l a b e l l e d  ammonium—N and u rea -N  by th e  

p l a n t  t i s s u e  and in  s o i l  o r g a n ic  and s o i l  I n o rg a n ic  n i t r o g e n  f r a c t i o n s  

i s  shown in  F ig u re s  29a and 29b.

In  g e n e r a l ,  r e c o v e ry  o f  added l a b e l l e d  atnnonium and u r e a  n i t r o g e n  

in  t h e  p l a n t  was r e l a t i v e l y  low, ra n g in g  from a p p ro x im a te ly  21.5  t o  

41.1%. R ecovery  o f  added l a b e l l e d  n i t r o g e n  in  p r e v io u s  e x p e r im e n ts  in  

w hich  th e  same s o u rc e  o f  e n r ic h e d  ammonium s u l f a t e  was a p p l i e d  

ra n g e d  as  h ig h  a s  60 t o  80%.
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Figure 29, E f fe c t  of aerob ic  (a )  and anaerob ic  (b) c o n d i t io n s  on r e c o v e r ie s  of added l a b e l le d  
ammonium and u rea  n i t ro g e n  by s o i l  o rgan ic  and in o rg a n ic  n i t ro g e n  f r a c t i o n s  and by 
th e  r i c e  p la n t  a t  pH 5 .5  and 7 .5 ,


