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It has  long been recognized t h a t  f looded rice s o i l s  
maintain a d e g v e  o f  n i t r o g e n  f e r t i l i t y .  Long-term 
f e r t i l i t y  t r ia ls  have i n d i c a t e d  t h a t  t h e r e  i s  a 
major i npu t  o f  n i t r o g e n  (35-50 kg N/crop) i n t o  
flooded rice s o i l s .  
u ted t o  n i t r o g e n  f i x a t i o n  by: 

Much of t h i s  i npu t  i s  a t t r i b -  

e h e t e r o t r o p h i c  microorganisms a s soc ia t ed  
with r ice r o o t s ,  

e a z o l l a ,  

BGA, and 

pho tosyn the t i c  b a c t e r i a .  

Nitrogen f i x a t i o n  has been a major research area 
s i n c e  t h e  establ ishment  of s o i l  microbiology re- 
sea rch  a t  I R R I  i n  1963. Equal importance has  been 
given t o  t h e  s tudy of t h e  d i f f e r e n t  groups of n i -  
t rogen  f i x e r s .  This paper summarizes r e sea rch  con- 
ducted on t h e  pho tosyn the t i c  f r ee - l iv ing  n i t r o g e n  
f i x e r s .  

Ea r ly  I R R I  s t u d i e s  of b i o l o g i c a l  ni t rogen-f ixing 
a c t i v i t y  (NFA) used 15N i so tope .  I n  1968 t h e  in- 
expensive and s e n s i t i v e  ace ty l ene  r educ t ion  assay 
(ARA) method t o  d e t e c t  n i t r o g e n  f i x a t i o n  was  i n -  
troduced, s t imu la t ing  r e sea rch  a c t i v i t i e s  bn NFA. 
As  a r e s u l t  of d i scuss ions  during t h e  1978 Nitro- 
gen and Rice Symposium a t  I R R I ,  r e sea rch  p r io r i ty .  
was given t o  NF'A by a z o l l a ,  BGA, and h e t e r o t i o p h i c  
microorganisms i n  t h e  rice r o o t  zone. I R R I  was 
asked t o  compile a l l  r e l e v a n t  information on t h e  
BGA t h a t  relates t o  rice. 

The information was compiled i n  1979 and Blue- 
g r e e n  a l g a e  and rice was publ ished i n  1980. 

S ince  1979, t h e  r e l a t i v e  importance given t o  IRRI 
resea rch  on BGA and phototrophic  NFA has in- 
creased. Trials f o r  eva lua t ing  phototrophic  NFA 
have continued and research on r e l a t i o n s  between 
BGA and t h e  rice p lan t  and on f a c t o r s  l i m i t i n g  BGA 
h a s  s t a r t e d .  

BLUE-GREEN ALGAE AND RICE 

Based on t h e  l i t e r a t u r e  review presented by Blue- 
green a l g a e  and rice (Roger and Kulasooriya 1980) 
t h e  folLowing general ,  s t a t emen t s  can be made. 

l 

e The wetland rice environment i s  f avorab le  
f o r  t h e  growth of blue-green a l g a e  (BGA). 
The r e l a t i v e  ' occurrence of BGA, however, 
v a r i e s  g r e a t l y  and they are not always pre- 

I s e n t  i n  r ice  s o i l s .  Reasons €or t h e i r  thete- 
rogenous and sometimes l imi t ed  d i s t r i b u t i o n  

I 

are . s t i l l  not  w e l l  known. No sys t ema t i c  
a n a l y s i s  has c o r r e l a t e d  ' t h e i r  presence o r  
absence with environmental  f a c t o r s .  

e '  

e Ecological  s t u d i e s  of  BGA i n  submerged s o i l s  
are l i m i t e d  by problems i n  methodology, p r i -  
mar i ly  i n  e s t ima t ing  a l g a l  biomasses quan- 
t i t a t i v e l y .  Fragmentary q u a n t i t a t i v e  mea- 
surements i n d i c a t e  t h a t  N2-fixing BGA popu- 
l a t i o n  d e n s i t i e s  va ry  from a few t o  10719 
d r y  s o i l ;  
grams t o  24 t ( f r e s h  weight) /ha.  I n  a 
f avorab le  environment a NZ-fixing a l g a l  
bloom may c o n t r i b u t e  30-60 kg N/ha t o  t h e  
ecosystkm. 

I 

biomasses va ry  from a few k i l o -  

Among t h e  phys ica l  f a c t o r s  a f f e c t i n g  t h e  
seasonal  f l u c t u a t i o n s  o f  t h e  phytoplankton, 
l i g h t  i s  t h e  most important .  It a f f e c t s  
t h e  a l g a l  biomass q u a l i t a t i v e l y  and quan- 
t i t a t i v e l y .  BGA may be  regarded as a low- 
l i g h t  s p e c i e s ;  i n  areas of  high i n c i d e n t  
l i g h t  i n t e n s i t i e s ,  BGA develop on ly  when 
p ro tec t ed  by a s u f f i c i e n t l y  dense r i c e  
canopy. I n  areas of  moderate i n c i d e n t  
l i g h t  i n t e n s i t i e s ,  during r a i n y  o r  cloudy 
weather,  l i g h t  de f i c i ency  under a dense 
r ice canopy may l i m i t  BGA growth. To a 
lesser e x t e n t  temperature and water regime 
may a l s o  i n f l u e n c e  BGA growth i n  t h e  w e t -  
l and  f i e l d .  

Among t h e  b i o t i c  f a c t o r s  capable  of l i m -  
i t i n g  BGA growth i n  rice f i e l d s ,  only graz- 
ing by i n v e r t e b r a t e s  has  been documented. 
Evidence e x i s t s  t h a t  pathogenici ty  and an- 
tagonisms may a f f e c t  BGA i n  t h e  f i e l d  but  ' 
those have not  ye t  been demonstrated. 

e Among s o i l  p r o p e r t i e s ,  pH is  t h e  most im-  
p o r t a n t  f a c t o r  determining t h e  a t g a l  f l o r a  
composition. BGA p r e f e r  environments t h a t  
are n e u t r a l  t o  a l k a l i n e .  A p o s i t i v e  cor- 
r e l a t i o n  between pH and occurrence of  
BGA is common. Next t o  pH, a v a i l a b l e  phos- 
phorus content  of t h e  s o i l  is  t h e  most de- 
c i s i v e  f a c t o r  favoring BGA growth. L i t t l e  

o t h e r  s o i l  p r o p e r t i e s  on BGA. 
I 1 information i s  a v a i l a b l e  on t h e  e f f e c t  of  

e Agronomic p r a c t i c e s  f o r  growing rice i n f l u -  
ence BGA growth. 
- Land p repa ra t ion  and management have only 

I 

i q c i d e n t a l  e f f e c t  s. 

- P e s t i c i d e s  -- depending on t h e i r  n a t u r e ,  
t h e i r  concen t r a t ion ,  and t h e  a l g a l  
s t r a i n s  -- can have i n h i b i t o r y ,  selec- 
t i v e ,  o r  s t imu la to ry  e f f e c t s .  BGA are 
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gene ra l ly  more r e s i s t a n t  t o  p e s t i c i d e s  
than  o the r  a l g a e  and t o l e r a t e  p e s t i c i d e  
l e v e l s  recommended f o r  f i e l d  app l i ca t ion .  
I n s e c t i c i d e s  a r e  gene ra l ly  less t o x i c  t o  

BGA than o ther  p e s t i c i d e s  and have t h e  
secondary b e n e f i c i a l  ef f e e t  of suppres- 
s ing  t h e  population of a lgae  grazers .  

- Among chemical f e r t i l i z a t i o n  p r a c t i c e s ,  
phosphorus a p p l i c a t i o n  and l iming  of 
a c i d i c  s o i l s  have a b e n e f i c i a l  e f f e c t  on 
BGA growth. 

G f e r t i l i z e r s  is n o t  w e l l  known. BGA growth 
w a s  i n h i b i t e d  by minera l  n i t rogen  i n  f l a s k  
c u l t u r e s  b u t  t h a t  may no t  occur t o  t h e  
same ex ten t  i n  t h e  f i e l d .  The e f f e c t  of 
n i t rogen  f e r t i l i z e r s  on BGA i n  t h e  f i e l d  
has rece ived  l i t t l e  a t t e n t i o n .  This i s  ~ 

s u r p r i s i n g  i n  view of t h e  observa t ion  t h a t  
BGA inocu la t ion  produced an i n c r e a s e  i n  
g r a i n  y i e l d  even a t  high levels of f e r -  
t i l i z e r  N. From experiments conducted 
without a l g a l  i nocu la t ion ,  a depress ive  
e f f e c t  of n i t rogen  f e r t i l i z e r  on a l g a l  NFA 
has  been e s t ab l i shed .  Other n u t r i e n t s  (Mo, 
Fe, Mg, K, e t c . )  are requi red  f o r  optimal 
growth of BGA, bu t  t h e i r  eco log ica l  implica- 
t i o n s  as l iming  f a c t o r s ,  o r  as f a c t o r s  a f f e c t -  
i ng  t h e  composition of t h e  a l g a l  community i n  
wetland rice f i e l d s ,  have n o t  been documented. 

The e f f e c t  o f  nitrogenous 

- Organic manure, depending on t h e  na tu re  
and mode of a p p l i c a t i o n ,  may favor o r  de- 
p r e s s  BGA growth. P l an t  r e s idue  incorpo- 
r a t i o n ,  which produces by-products of an- 

- a e r o b i c  decomposition t o x i c  t o  a lgae ,  
seems less b e n e f i c i a l  t o  BGA than  s u r f a c e  
app l i ca t ion .  

e I n  phys io logica l  s t u d i e s  on BGA i n  wetland 
r i c e  f i e l d s ,  much emphasis has been placed 
on t h e  NFA, whereas t h e  study of i n  s i t u  
p roduc t iv i ty  and photosynthe t ic  a c t i v i t y  
has  been neglected.  A conceivable r o l e  of 
CO2 dep le t ion  a s  a l i m i t i n g  f a c t o r  f o r  a 
ARA when l a r g e  biomasses occur,  and t h e  in-  
f luence  of t h e  concurrent pH inc rease  on 
n i t r o g e n  l o s s e s  by v o l a t i l i z a t i o n ,  need t o  
be documented. 

e Algal NFA has most f r equen t ly  been s tud ied  
by ARA measurement. .This method i s  l i a b l e  
t o  g ive  m i s i n t e r p r e t a t i o n  of quantLta t ive  
results, but  i t  i s  convenient and r e l i a b l e  
f o r  q u a l i t a t i v e  s t u d i e s  when the  measure- 
ments are b r i e f ,  t h e  problems 'of gas d i f -  
fu s ion  and greenhouse e f f e c t s  a r e  minimize 
minimized, and s t a t i s t i c a l l y  v a l i d  s a -  
p l ing  methods are adopted. 

Estimates of t h e  amounts of n i t rogen  f i x e d  
by BGA vary  from a few t o  seve ra l  kilograms 
pe r  crop. The average va lue  of t h e  repor ted  
e s t ima tes  (30  kgicrop)  seems t o  c o n s t i t u t e  
a s a t i s f a c t o r y  r e fe rence  va lue  when envi- 
ronmental f a c t o r s  favor  BGA growth. The re: 
l a t i v e  con t r ibu t ion  of BGA a s  a percentage 
of t h e  t o t a l  n i t rogen  f ixed  i n  the  r i c e  

f i e l d  v a r i e s  wi th in  l a r g e  limits and seems 
t o  be more a f f ec t ed  by n i t rogen  f e r t i l i z e r s  
than he te ro t roph ic  n i t rogen  f i x a t i o n .  BGA 
epiphytism makes a l imi t ed  con t r ibu t ion  t o  
t h e  n i t rogen  input  i n  shallow-water r i c e ,  
bu t  t h i s  c o n t r i b u t i o n  has agronomic s i g n i f -  
i cance  i n  deepwater rice. 

e BGA have benef i ted  r i c e  p l a n t s  by t h e  pro- 
duc t ion  of growth-promoting substances. The 
a d d i t i v e  e f f e c t  Ôf a l g a l i z a t i o n  i n  t h e  pre- 
sence  of a high l e v e l  of n i t rogen  f e r t i l i -  
zer was i n t e r p r e t e d  a s  an  index of t h i s  
growth-promoting e f f e c t ,  bu t  such a n  intser- 
p r e t a t i o n  has not  been demonstrated i n  t h e  
f i e l d  and should be t r e a t e d  with caution. 
Bene f i c i a l  e f f e c t s , o f  BGA on r i c e ,  such as 
inc reas ing  phosphorus a v a i l a b i l i t y ,  de- 
c reas ing  s u l f i d e  i n j u r y ,  and preventing the  
g rowthpf  weeds, have a l s o  been repor ted .  

e Because BGA a r e  recognized a s  one of t h e  
most important n i t rogen-f ix ing  agents  i n  
flooded r i c e  s o i l s ,  many t r i a l s  have stud- 
i e d  t h e  inc rease  i n  r i c e  y i e l d  by a l g a l  in- 
ocu la t ion  ( a l g a l i z a t i o n ) .  

- Most of t he  experiments were on a b lack  
box b a s i s  and examined only t h e  g r a i n  
y i e l d  e f f e c t  of an  agronomic p r a c t i c e  
( a l g a l i z a t i o n ) ;  t h e  in t e rmed ia t e  e f f e c t s  
were not  s tud ied .  L i t t l e  in format ion  i s  
a v a i l a b l e  on t h e  q u a l i t a t i v e  and quanti-  
t a t i v e  evolu t ion  of t h e  n i t rogen-f ix ing  
a l g a l  f l o r a ,  t h e  evo lu t ion  of t h e  photo- 
s y n t h e t i c  NFA, and t h e  n i t rogen  balance 
i n  inocula ted  paddy s o i l s .  Pot experi-  
ments may be s u i t a b l e  f o r  q u a l i t a t i v e  
s t u d i e s ,  bu t  they overes t imate  t h e  ef-  
f e c t s  of a l g a l  i nocu la t ion .  On t h e  o the r  
hand, mast of t h e  f i e l d  experiments have 
been conducted over one growing season 
only and may have underestimated t h e  ef-  
f e c t s  of a l g a l i z a t i o n .  The advantages of 
a slow n i t rogen  r e l e a s e  might not be ap- 
parent i n  the  f i r s t  crop a f t e r  a l g a l  ino- 
cu la  t ion .  

.. '- 

- 

- Alga l i za t ion  has been repor ted  t o  have a 
b e n e f i c i a l  e f f e c t  on g r a i n  y i e ld  i n  seve- 
r a l  count r ies .  There a r e  a l s o  r e p o r t s ,  
however, t h a t  i n d i c a t e  f a i l u r e  of a l g a l i -  
z a t i o n  i n  widely d i f f e r e n t  agroclimates.  

L i t t l e  i s  known about t he  l i m i t i n g  fac-  
t o r s  f o r  a l g a l i z a t i o n .  Among t h e  s o i l  
p rope r t i e s ,  a low pH and low a v a i l a b l e  
phosphorus conten t  are t h e  only ones we l l  
documented. Knowledge of t he  r e l a t i o n  be- 
tween s o i l  p rope r t i e s  and the  e s t a b l i s h -  
ment of t he  a l g a l  inoculum i s  c e r t a i n l y  a 
major gap. Among de t r imen ta l  b i o t i c  fac- 
t o r s ,  only grazing by zooplankton has 
been s tudied .  Low temperature,  heavy 
r a i n s ,  and cloudy weather have a l s o  been 
repor ted  t o  l i m i t  t h e  es tab l i shment  of 

t he '  a l g a l  inoculum. 
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- A l g a l i z a t i o n ,  when e f f e c t i v e ,  has  been 
repor ted  t o  i n c r e a s e  t h e  s i z e  of t h e  rice 
p l a n t ,  i t s  n i t r o g e n  conten t ,  and t h e  num- 
ber  of t i l l e rs ,  p a n i c l e s ,  s p i k e l e t s ,  and 
f i l l e d  s p i k e l e t s  per  panicle .  The b e t t e r  
g r a i n  y i e l d  has '  been used t o  assess t h e  
e f f e c t  of - a l g a l  inocula t ion .  From the re- 
p o r t s  on f i e l d  experiments ,  mainly i n  In- 
d i a ,  i t  appears t h a t  a l g a l  inocula t ion ,  
where e f f e c t i v e ,  causes  about  14% rela- 
t i v e  i n c r e a s e  i n  y i e l d ,  corresponding t o  
about  450 kg g t a i n l h a  per crop. 

- A higher  i n c r e a s e  i n  g r a i n  y i e l d  was ob- 
served  when a l g a l i z a t i o n  was done i n  com- 
b i n a t i o n  wi th  l i m e  and phosphorus, and 
sometimes wi th  molybdenum a p p l i c a t i o n .  It 
appears ,  however, t h a t  there i s  no s ig-  
n i f i c a n t  d i f f e r e n c e  i n  y i e l d  i n c r e a s e ,  
s t r i c t l y  due t o  a l g a l i z a t i o n  i n  t h e  pre- 
sence  o r  absence of non-nitrogen f e r t i l i -  
z e r s  and t h a t  the i n c r e a s e  i n  y i e l d  h e  
t o  non-nitrogen f e r t i l i z e r s  i s  g e n e r a l l y  
h igher  than  t h a t  due t o  a l g a l i z a t i o n .  

- Resul t s  concerning t h e  e f f e c t s  of a l g a l i -  
z a t i o n  i n  t h e  presence of n i t r o g e n  f e r t i -  
l i z e r s  are c o n t r o v e r s i a l .  Severa l  r e p o r t s ,  
i n d i c a t e  f a i l u r e  of a l g a l i z a t i o n  i n  t h e  
presence of n i t r o g e n  f e r t i l i z e r .  A la rge-  
scale experiment i n  I n d i a ,  however, ind i -  
cates a b e n e f i c i a l  e f f e c t  of a l g a l i z a t i o n  
even a t  high l e v e l s  of ni t rogen.  

- There i s  evidence t h a t  a l g a l i z a t i o n  pro- 
duces both a cumulative and r e s i d u a l  e f -  
f e c t  a t t r i b u t e d  t o  a bui ldup o f ,  t h e  s o i l  
n i t r o g e n ,  organic  matter, and t h e  a l g a l  
f l o r a .  However, l i t t l e  i s  known about  t h e  
e f f e c t s  of a l g a l i z a t i o n  on s o i l  ,proper- 
t i es  and s o i l  microf lora .  

Another knowledge gap concerns t h e  compa- 
r i s o n  between a l g a l i z a t i o n  and management 
p r a c t i c e s  t h a t  enhance t h e  growth and ac- 
t i v i t y  of indigenous n a t u r a l  populat ions 
of  ni t rogen-f ixing BGA. I n  some, cases, 
management can make a l g a l i z a t i o n  unneces- 
s a r y  but  i t  is necessary where e f f i c i e n t  
strains are absent  i n  khe s o i l .  The 
search f o r  h ighly  e f f i c i e n t  s t r a i n s  i s  
still a t  a t h e o r e t i g a l  l e v e l  and t h e  re- 
canrnended inoculum remains a soi l -based 
mixture  of s t r a i n s .  

- I n  I n d i a  a l g a l i z a t i o n  in rice f i e l d s  has  
proceeded a l i t t l e  beyond t h e  'stage of 
fundamental research. A method of produ- 
c ing  a l g a l  inoculum, e a s i l y  adoptable  by 
farmers ,  has been developed and recommen- 
da t ions  f o r  f i e l d  i n o c u l a t i o n  have been 
developed; Inoculum product ion and alga- 
l i z a t i o n  technology i n d i c a t e d  a cost-  
b e n e f i t  r a t i o  of 1 t o  10  and a n  addi t ion-  
a l  income of about  300 Indian  rypeeslha 
p e r  crop i n  1979. To our knowledge, such 
t r i a l s  are s t i l l  confined t o  India .  

I 

A s  a genera l  conclusion,  a b e n e f i c i a l  r o l e  .of BGA 
i n  wetland rice f i e l d s  appears pos i t ive .  The abun- 
dance of a sometimes r e p e t i t i v e  l i t e r a t u r e  on t h i s  
s u b j e c t  c l e a r l y  i n d i c a t e s  t h a t  researchers have 
f e l t  the importance and t h e  p o t e n t i a l i t i e s  of BGA 
i n  ric,e c u l t i v a t i o n .  Unfortunately t h e  ecology of 
BGA i n  rice f i e l d s  ,and t h e i r  modes ,of a c t i o n  on 
t h e  p l a n t  are s k i l l  poorly understood. This  l i m i t s  
t h e  use  of BGA as a b i o f e r t i l i z e r .  

PHOTOTROPHIC NITROGEN FIXATION , 

RESEARCH AT I R R I  (1963-81) 

I R R I  work with BGA s i n c e  1964 has  ranged from eco- 
l o g i c a l  s t u d i e s  t o  f i e l d  tests of c u l t u r a l  p r a c t i -  
ces. A summary of papers on a lgae ,  blue-green al- 
gae,  and photosynthetic. n i t rogen  f i x a t i o n  pub-' 
l i s h e d  by I R R I  au thors  i s  presented i n  Appendix 1. , 
I 

/ 

Ecological  and. phys io logica l  s t u d i e s  on a l g a e  

S t u d i e s  on the ,changes  in s o i l  a l g a e  and BGA a f t e r  
f looding  of t h e  s o i l  were done i n  1963 and 1964. 
Populat ions were assessed  by recording growth af- 
ter  incubat ion  i n  a l i q u i d  medium and applying t h e  
most probable number es t imat ion .  S tudies  wi th  a , 
s o i l  w i t h  pH 6.6 (Table 1) i n d i c a t e d  t h a t  Chloro- 
phyceae, mainly u n i c e l l u l a r  , were dominant. Among . 
t h e  BGA, Q s c i l l a t o r i a c e a e  were g e n e r a l l y  more 
abundant than Nostocaceae. The populat ion of e- ' 
tocaceae reached i t s  peak 48 days a f t e r  f looding  
but  w a s  only of t h e  order  of 1,7OO/g of s o i l .  Sim- 
i l a r  r e s u l t s  were obta ined  with a n  a c i d i c  s o i l  (pH 
4.7,). From t h e s e  d a t a  i t  was concluded t h a t  a ma- 
j o r  r o l e  of BGA i n  n i t r o g e n  f i x a t i o n  i n  t h e  s o i l s  
s t u d i e d  w a s  doubtful .  However, because no measure- 
ment of t h e  NFA w a s  done and t h e  methodology used 
f o r  enumeration was demonstrated t o  underest imate  
a l g a l  populat ions.(Reynaud and Roger 1977), t h i s  
conclus ion  may b e  erroneous, p a r t i c u l a r l y  i n  t h e  
case of t h e  s o i l  w i t h  a pH of 6.6. 

Table  1. 
c l a y  s g i l i p H  6:6; OM 2.0%; t o t a l  N 0 . 1 4 % ) .  (From 
IRRI L1965-1. 

No. of days Chloro- Oscillate- ] Nos toca- 

Alga l  popula t ions  developing i n  f looded 

submerged ghvceae riaceae cese 
O 500 200 200 

13 1900 1900 200 

48 1700 1700 1700 

$9 1300 O O 

go , ,  1200 200 1 O 0  
I 

Occurrence and, abundance of t o t a l  a l g a e  and BGA f n  
flooded Maahas c l a y  a t  d i f f e r e n t  s t a g e s  of rice 
growth were s tudied  i n  t h e  greenhouse i n  J968 
(Fig.  1). High numbers of a l g a e  and BGA i n  the 2- 
t o  7-cm s o i l  l a y e r  i n d i c a t e d  a high concent ra t ion  
of spores  i n  t h e  s o i l .  Algal  popula t ion  w a s  gener- 
a l l y  h ighes t  a t  mximum t i l l e r i n g .  Appl ica t ion  of 
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Log (na)/g soil 

I Algae I Blue-green algae 
No plant 

0-2cm 

' I  2 3 4  I 2 3 4  I 2 3 4  I 2  3 4  1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4  
Growth stage of the rice plant 

Fig.  1. Alga l  populat ion during t h e  rice-growing per iod 
(L = l i g h t ,  D = dark; depth o f  s o i l  0-2 cm and 2-7 cm; 
s t a g e s  of r i c e :  1 = t r a n s p l a n t i n g ,  2 =maximum t i l l e r i n g ,  
3 = p a n i c l e  i n i t i a t i o n ,  4 = matur i ty  (IRRI 1968). 

ammonium s u l f a t e  had a depres s ive  e f f e c t  on n i t r o -  
gen-f i x i n g  BGA. Of 308 ni t rogen-f ixing i s o l a t e s ,  
267 belonged t o  t h e  Nostoc s p e c i e s ,  38 t o  Anabae- 
na,  1 t o  Stigonema, 1 t o  Tolypothr ix ,  and 1 t o  
Scytonema. G loeo t r i ch ia  and Aphanothece, which a r e  
cmmon a t  p re sen t  on I R R I  farm, were not recorded. 

Measurements of s p e c i f i c  ARA among 1 2  s t r a i n s  gave 
va lues  ranging from 0.5 t o  5.4 nmol C2Hq/min 
p e r  mg p r o t e i n  wi th  an  average va lue  around 2 
(IRRI [1968]). These va lues  a r e  i n  agreement with 
t h o s e  r epor t ed  i n  t h e  l i t e r a t u r e  ( s e e  Reynaud and 
Roger 1979). 

A l abora to ry  s tudy of t h e  e f f e c t s  of l i g h t  i n t en -  
s i t y  on BGA showed t h a t  r e g a r d l e s s  of t h e  age of 
t h e  c u l t u r e ,  t h e  maximum NFA was  obtained a t  10 
klux. A t  5 klux NFA was about 80% of t h e  maximum. 
A c t i v i t y  of a field-grown Gloeo t r i ch ia  was s a t u r a -  
t e d  a t  about 10 klux. A t  5 k lux ,  87% of t h e  maxi- 
mum NFA w a s  obtained,  suggest ing t h a t  NFA under 5 
klux i s  s i m i l a r  t o  t h a t  under l i g h t - s a t u r a t e d  con- 
d i t i o n s  (IRRI 1976). 

- 

'The p o s s i b i l i t y  of a de t r imen ta l  e f f e c t  of a l g a e  
on direct-seeded r i c e  was reported i n  1964 (IRRI 
[196'5]). Algae may form a s o i l  s u r f a c e  mat, which 
germinating r i c e  seedl ings  have d i f f i c u l t y  pene- 
t r a t i n g .  Seedl ings t h a t  do p e n e t r a t e  t h e  mat are 
o f t e n  uprooted when t h e  m a t  breaks f r e e  from t h e  
s o i l  and f l o a t s  t o  t h e  s u r f a c e  of t h e  water. 

Among t h e  a l g a e  t h a t  are de t r imen ta l  t o  r i c e ,  BGA 
can  be considered i n c i d e n t a l .  The most harmful ge- 
nera  are t h e  f i lamentous or  r e t i c u l a t e d  c o l o n i a l  
types,  most f r equen t ly  Chlorophyceae (Roger and 
Kulasooriya 1980). Copper s u l f a t e  i s  t h e  most com- 
monly used a l g i c i d e .  A search f o r  more e f f e c t i v e  

chemicals t h a t  are l e s s  phytotoxic  t o  rice p lan t  
was undertaken i n  1969. Of t h e  commercially a v a i l -  
a b l e  a l g i c i d e s  and h e r b i c i d e s ,  monoquat and di-  
chlone,  t e s t e d  a t  t h e  rate of 0.5 and 2.5 kg 
a . i . /ha ,  were e f f e c t i v e  a t  both rates (IRRI 1970). 
Dichlone 50 WP was found e f f i c i e n t  (IRRI 1971) and 
much l e s s  harmful t o  r i c e  p lan t  t han  copper su l -  
f a t e .  

Fu r the r  experiments (IRRI 1972) i n d i c a t e d  t h a t  
fung ic ides  l i k e  benomyl and maneb can a l s o  e f f ec -  
t i v e l y  c o n t r o l  a lgae.  The b e s t  c o n t r o l  r e s u l t e d  
from Dichlone 50, WP a t  6 kglha.  

Evaluat ion of phototrophic  NFA i n  paddy f i e l d s  

The f i r s t  I R R I  t r i a l  t o  estimate phototrophic  NFA 
was i n  1968. S o i l  from pot experiments w a s  incu- 
bated i n  test tubes under 'an atmosphere enriched 
with I5N.  The da ta  (Table 2) show t h a t  photo- 
t r o p h i c  NFA was dominant i n  t h i s  s o i l  and t h a t  t h e  
a d d i t i o n  of n i t rogen  f e r t i l i z e r  remarkably de- 
pressed t h e  amount of n i t r o g e n  f ixed .  S o i l s  with- 
out n i t rogen  f e r t i l i z e r  had a n  e s t ima ted  NFA cor- 
responding t o  30 kg N/ha per month when exposed t o  
l i g h t  (IRRI [1968]). It has been r e p o r t e d ,  how- 
ever ,  t h a t  small-scale experiments favor  t h e  
growth of BGA and may l a r g e l y  overest imate  photo- 
t r o p h i c  NFA (Roger and Kulasooriya 1980). 

The ace ty l ene  r educ t ion  assay. (ARA) w a s  used t o  
estimate NFA i n  t h e  floodwater during t h e  1970 w e t  
season. ARA was gene ra l ly  higher  i n  nonplanted 
f i e l d s  than  i n  planted f i e l d s  (Fig.  2).  This was 
probably due t o  t h e  shading e f f e c t  of rice p l a n t  
when i n c i d e n t  l i g h t  i n t e n s i t i e s  were low because 
of t h e  cloudy weather of t h e  w e t  season. This hy- 
pothes is  was supported by measurement of ARA of 
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t h e  f loodwater  during t h e  1971 dry season which 
showed a higher  a c t i v i t y  than  during t h e  w e t  sea- 
son (Fig.  3) and no s i g n i f i c a n t  d i f f e r e n c e  between 
t h e  p l an ted  and nonplanted f i e l d s  (IRRI 1972). 

Diurnal  v a r i a t i o n s  of phototrophic  NFA were s tud-  
i e d  i n  1973. A bell-shaped curve w a s  observed i n  a 
s o i l  i nocu la t ed  with Aulosira  f e r t i l i s s i m a  3 weeks 
b e f o r e  measurement (Fig.  4a).  Measurement of t h e  
a c t i v i t y  of laboratory-grown & f e r t i l i s s i m a  and 
Anabaena d p i r o i d e s  placed i n  t h e  f i e l d  showed a 
d i s s i m e t r i c a l  curve with a maximal a c t i v i t y  i n  t h e  
morning and a n e g l i g i b l e  a c t i v i t y  i n  t h e  a f t e rnoon  
(Fig.  4b). Such curves a r e  c h a r a c t e r i s t i c  of a l g a l  
c u l t u r e s  not  adapted t o  high l i g h t  i n t e n s i t i e s  and 
placed under d i r e c t  s u n l i g h t  (Roger and Kulasoo- 
r i y a  1980). 

Ethylene formed (nmol/ml per hour) 
2.0 I I 

Weeks after transplanting 
Fig.  2. Nitrogen-fixing a c t i v i t y ,  
measured by C2H2-C2H4 assay,  i n  
f loodwater  of p l an ted  IR20 and non- 
p l an ted  f i e l d s ,  1970 w e t  season 
(IRRI 1971). 

ARA assays  were made i n  1974 i n  r i c e  f i e l d s  a t  two 
sites i n  Albay province,  Phi l ipp ines .  The s i t e s  
r ep resen ted  2 d i s t i n c t  s o i l  types -- Puro c lay  
loam (PH:. 5.2, O.M: 3.08%, t o t a l  N: 0.19%, ava i l -  
a b l e  P: 11.5 ppm, no n i t r o g e n  f e r t i l i z e r  appl ied)  
and Santo Domingo loamy sand (pH: 6.7, 0.M: 2.6%, 
t o t a l  N: 0.14%, a v a i l a b l e  P: 11.7 ppm, n i t r o g e n  
f e r t i l i z e r  appl ied) .  A peak of n i t rogenase  act ivi-  
t ies  equ iva len t  t o  4 8  g N2/ha per hour f o r  t h e  
Puro s o i l s  and 6.4 g N2/ha per hour f o r  t h e  San- 
t o  Domingo s o i l s  were obtained a t  44 and 41 days.  
a f t e r  t r a n s p l a n t i n g ,  r e spec t ive ly .  The rea f t e r  t h e  
a c t i v i t y  decreased u n t i l  harvest .  The absence of 
NFA i n  samples covered with black c l o t h  suggested 
t h a t  BGA were t h e  p r i n c i p a l  agent  of n i t r o g e n  f i x -  
a t i o n  i n  t h e s e  s o i l s .  The lower rate of NFA i n  t h e  
less a c i d i c  s o i l  (Santo Domingo) w a s  probably due 
t o  an i n h i b i t o r y  e f f e c t  of n i t rogen  f e r t i l i z e r s .  
The est imated amount of n i t rogen  f i x a t i o n  by BGA 
ranged from 18.5. t o  33.3 kg N/ha per crop season 
f o r  Puro s o i l s  and from 2 . 3  t o  5.7 kg N/ha per 
cropping season f o r  Santo Domingo s o i l s  (IRRI 
1975). 

2 

I 

C 

&ne formed (nmol/ml per hour) 

7 

Weeks after transplanting 
Fig. 3. Nitrogen-fixing a c t i v i t y ,  
measured by C2H2-C2H4 assay,  i n  
floodwater of p l an ted  IR20 and non- 
p l an ted  f i e l d s ,  1971 d ry - season  
(IRRI 1972). 

Aulosira hrhhwm 

40 

Time 

Fig .  4. Diurnal  changes of ace ty l ene  r educ t ion  i n  
a f i e l d ;  a,  ace ty l ene  r educ t ion  i n  an Au los i r a  
f e r t i l i s s i m a - t r e a t e d  p l o t  p l an ted  t o  IR20 ( a c t i v i -  
t y  detelfmined 3 weeks a f t e r  i n o c u l a t i o n ) ;  b,  a,cety- 
l e n e  r educ t ion  by laboratory-grown N2-fixing a l g a e  
placed i n  t h e  f i e l d  (IRRI 1974) . 

I n  s i t u  ARA measurement i n  long-term f e r t i l i t y  
t r ials of IRRI  (IRRI 1976) showed t h a t  photosyn- 
t h e t i c  NFA was important  i n  n o n f e r t i l i z e d  p l o t s ,  
p a r t i c u l a r l y  during t h e  later s t a g e s  of rice 
growth where va lues  corresponding t o  O. 1-0.2 .kg N 
f i xed /ha  p e r  day were recorded. Cont inuat ion of ' 

t h e  measurements during t h e  dry season ( I R R I  1977) 
i n d i c a t e d  t h a t  phototrophic  NFA w a s  h ighe r  i n  t h e  
d ry  season than  i n  t h e  wet season (Fig.  5). A t  t h e  
end o f  t h e  d r y  season, when a l g a l  biomass w a s  high,  
t o t a l  i n  s i t u  NFA w a s  5,700 nmol C2Nq/m2 p e r  day. 
This  a c t i v i t y  decreased t o  660 nmol C2Hq/m2 per  
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day when floodwater and BGA were removed and re- 
placed by deionized water. This i n d i c a t e d  t h a t  pho- 
todependent NFA i n  floodwater w a s  t h e  major compo- 
nent:  I n  bo th  seasons,  t h e  removal of  a l g a e  g r e a t l y  
reduced NFA (Fig.  6 ) .  By e x t r a p o l a t i n g  measurements, 
d a i l y  a l g a l  ARA w a s  es t imated t o  b e  200 mmol C2H4/ 
m2 i n  t h e  w e t  season (163 days) and 300 mmol C2H4/ 
m2 during t h e  d ry  season (168 days) .  
a s s o c i a t e d  w i t h  t h e  rice p l a n t  was 90 mmol C2H4/m2 
i n  t h e  w e t  season (IR26) and 50 mmol C2H4/m2 i n  t h e  
d ry  season (IR36) (IRRI 1978). The r e l a t i v e  con- 
t r i b u t i o n  of BGA, pho tosyn the t i c  b a c t e r i a ,  and he- 
t e r o t r o p h i c  b a c t e r i a  w a s  a s ses sed  using p ropan i l ,  a 
h e r b i c i d e  t h a t  ac t s  as  a po ten t  i n h i b i t o r  of BGA. 
Unfortunately,  p ropan i l  very s i g n i f i c a n t l y  enhanced 
t h e  populat ion of N2-fixing pu rp le  s u l f u r  b a c t e r i a .  
Both photosynthet ic  b a c t e r i a  and BGA had a substan- 
t i a l l y  h ighe r  a c t i v i t y  than  rhizosphere mic ro f lo ra .  
The r e s u l t s  a l s o  suggested t h a t  t h e  p o t e n t i a l  con- 
t r i b u t i o n  of photosynthet ic  b a c t e r i a  may even ap- 
proach t h a t  of  active BGA (IRRI 1979). 

A n i t r o g e n  ba lance  technique was a l s o  used t o  eval-  
u a t e  phototrophic  n i t r o g e n  f i x a t i o n .  
gen con ten t  o f  t h e  s o i l  w a s  measuied a f t e r  two 
crops i n  a po t  experiment (IRRI 119681). 
amount of n i t r o g e n  w a s  measured i n  t h e  s o i l s  kep t  
i n  t h e  l i g h t  t han  i n  t h o s e  kep t  i n  t h e  dark.  

Nitrogen balance s t u d i e s  conducted i n  1977 suggest-  
ed an i n p u t  of 37 t o  50 kg N/ha pe r  crop i n t o  flood- 
ed paddies .  
suggested t h a t  most of  t h e  n e t  n i t r o g e n  f i x a t i o n  
w a s  due t o  t h e  phototrophic  microorganisms and t h a t  
t h e  rice p l a n t  s t imu la t ed  NFA (IRRI 1978). 

An at tempt  w a s  made t o  a s c e r t a i n  i f  t h e r e  i s  a n  ac- 
cumulation of n i t r o g e n  i n  t h e  s u r f a c e  (0-3 mm) l a y e r  
of  f looded s o i l  during a rice crop. 
t i o n  de tec t ed  would presumably r ep resen t  n i t r o g e n  
der ived from phototrophic  n i t r o g e n  f i x a t i o n  a t  s o i l  
su r f ace .  
b i l i t y  o f . t h i s  p r i n c i p l e .  Covering p o t s  w i th  b l ack  
c l o t h  e l imina ted  t h e  s u r f a c e  accumulation of  ni t rogen.  

Daily ARA 

To ta l  n i t r o -  

A l a r g e r  

From greenhouse experiments it w a s  

Any accumula- 

Greenhouse experiments proved t h e  f e a s i -  

I n  t h e  f i e l d ,  frames (1 m x 1 m) were i n s t a l l e d  and 
3 t r ea tmen t s  -- without  b l ack  c l o t h  cover and insec-  
t i c i d e ,  without  black c l o t h  b u t  w i th  i n s e c t i c i d e ,  and 
wi th  i n s e c t i c i d e  and b l ack  c l o t h  -- w e r e  compared. 
Weeding w a s  manual w i th  t h e  least d i s tu rbance  of  t h e  
s u r f a c e  s o i l .  The p l o t s  t h a t  received i n s e c t i c i d e  
and were exposed t o  l i g h t  had a s t a t i s t i c a l l y  s i g n i f -  
i c a n t  i n c r e a s e  o f  t o t a l  n i t rogen  content  of  t h e  sur- 
f a c e . 3  mm of  s o i l ,  amounting t o  7 kg N/ha. Th i s  ac- 
cumulation r e p r e s e n t s  t h e  r e s i d u e  of newly f i x e d  
n i t rogen ,  which had n o t  undergone downward movement, 
p l a n t  uptake,  o r  l o s s  (IRRI 1981). 

100 c 
50 

O - 
TR HD W 

1976 dry seoson B75 wet seam 

Algol wt (gkhamberl 

E$ M fertilizer P $$ 

NW NW NW 1 (( 

Cp, (pmol/chamberdailyl 
I- I 

1 0  I I I I I I I I I I 
J J  A S O N D J F M A M  

Fig. 5. Nitrogen-fixing (NF) a c t i v i t y  and 
a l g a l  mass i n  long-term f e r t i l i z e r  experi-  
ments a t  I R R I ,  1975-76. NW = no w a t e r ,  ND = 
no determinat ion,  TR = t r ansp lan t ing ,  HD = 
heading, HV = harves t  (IRRI 1977). 

Table 2. Nitrogen f i x a t i o n  i n  va r ious  s o i l  t r ea tmen t s  (IRRI Lï96gÏ)) .  

Incubated i n  l i g h t  Incubated i n  da rk  
Aton % excess Estimated amount of Atom % excess Estimated amount of a/ Pretreatment- 

b/- f i x e d  n i t r o g e n  15&l f i x e d  n i t r o g e n  
(kg/ha p e r  month) (kg/ha pe r  month) 

.395 32. O .O38 3.2 C I  P a ,  no plant-;, 
- ( I I  PKD, no plant-- 

PKL I R 8  
PKD I R 8  
PKL P e t a  
PKD P e t a  
NPKL No p l a n t  
NPKD, No p l a n t  
NPKZ, , I R 8  
NPKD I R 8  
NPKL P e t a  
NPKD P e t a  

.493 

.459 

.514 

.517 

.410 

.O43 

.o20 

.O75 

.O70 

.151 

.O89 

32.8 
32.6 
36.0 
38.1 
27.2 

5.7 
2.0 
6.4 
5.1 

13.3 
5.6 

.o20 

.O26 

.O06 

.O47 

.O27 

.O48 . O00 
.O17 
.O24 
.O31 . O00 

1.2 
1.9 
0.5 
3.4 
1.8 
4.6 
0.0 
1.5 
1.8 
2.5 
0.0 

alTreatment of 'Maahas c l ay  s o i l  i n  greenhouse po t s  from which s o i l  samples were obtained 2 months a f t e r  
t r a n s p l a n t i n g  IR8 and Pe ta .  
house. CIL = l i g h t  (good, growth of indigenous a l g a e ) .  "7D = dark (no a l g a l  growth observed),. 

b/Determined a f t e r  i n c u b a t i  of  s o i l  i n  g l a s s  tubes f o r  1 month i n  t h e  green- 
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Fig.  6 .  Acetylene r educ t ion  rate i n  r i c e  p l o t s  
a t  IRRI, w i t h  and without  a l g a e .  TR = t r ans -  
p l an t ing ,  HD = heading, HV = harves t ing ,  RT = 
ra toon,  PL = plowing (IRRI 1978). 

. .  

Blue-green a l g a e  and t h e  rice p l a n t  

Compared with t h e  bac te r i a -p l an t  a s s o c i a t i o n ,  t h e  
BGA-plant a s s o c i a t i o n  has been less s tudied.  Ob- 

' s e r v a t i o n s  o? a l g a l  co lon ie s  on submerged po r t ions  
of t h e  rice shoot l e d  us  t o  s tudy t h e  poss ib l e  as- 
s o c i a t i o n  between BGA and rice. A second t o p i c  has  
been t h e  a v a i l a b i l i t y  t o  t h e  r ice p lan t  of n i t r o -  
gen f i x e d  by BGA. ,:. 

Epiphyt ic  BGA and ep iphy t i c  phototrophic  NFA on 
wetland r ice ,  a q u a t i c  weeds, and deepwater rice. 
Observations i n  1976 on deepwater r ice r o o t s  i nd i -  
ca t ed  a s i g n i f i c a n t  NFA CARÄ) on a q u a t i c  r o o t s .  
S p e c i f i c  ARA ranged from 37 t o  260 nmol C2H+/h 
p e r  g f r e s h  weight and inc reased  wi th  t h e  d&ameter 
(age) of t h e  roo t s .  A p r e f e r e n t i a l  c o l o n i z z t i o n  
around t h e  axi ls  of t h e  emerging lateral  r o o t  by 
Nostoc sp .  w a s  observed (IRRI 1977). 

Detai led s t u d i e s  on epiphytism were i n i t i a t e d  i n  
1979. Visual and microscopic obse rva t ions ,  a l g a l  
and b a c t e r i a l  counts ,  and ARA a s says  were made on 
shallow-water r ice ,  submerged weeds, and deepwater 
r ice t o  study ep iphy t i c  growth of BGA. 

Nature of a l g a l  epiphytism. Comparing t h e  t h r e e  
d i f f e r e n t  hos t s .  i t  was found t h a t  eDiDhYtiSm and _ . -  
t h e  a s soc ia t ed  ARA on wetland r ice a t  s eed l ing ,  
t i l l e r i n g ,  and heading s t a g e s ,  and on t h e  sub- 
merged weed Chara was predominantly due t o  Gloeo- 
t r i c h i a  colonies  t h a t  were v i s i b l e  t o  t h e  naked 
eye. On t h e  o the r  hand, t h e  e p i p h y t i c  a l g a e  on 
wetland r ice  a t  matur i ty ,  on t h e  submerged weed 
Najas, and on deepwater rice could be observed 
only under t h e  microscope and t h e  dominant a l g a e  
were Nostoc, Ca lo th r ix ,  and Anabaena. On deepwater 
r i ce  p l a n t s ,  Anabaena and Ca lo th r ix  were found on 
t h e  a q u a t i c  r o o t s  and l e a f  $heaths; Nostoc colo- 
n i e s  were f r equen t ly  present  a t  t h e  p o i n t s  of la- 
teral  branches of roots .  

A unique f ind ing  i n  t h e s e  s t u d i e s  was t h a t  BGA al-  
so e x i s t  i n s i d e  t h e  c a v i t i e s  of senescent  l e a f  
sheaths .  Algal growth i n s i d e  t h e  c a v i t i e s  of dead 
o r  senescent  l e a f  sheaths  was a l s o  found i n  a 
Thailand deepwater rice area, not  only on deepwa- 
ter rice but a l s o  on submerged g ras ses .  This "en- 
dophytism", however, i n  a d d i t i o n  t o  being not  con- 
f i n e d  t o  r ice,  was no t  present  i n  l i v i n g ,  hea l thy  
t i s  sue s. 

A f r equen t  obse rva t ion  was t h a t  o l d e r  p a r t s  of '  t h e  
hos t s  supported more numerous ep iphy t i c  BGA. Older 
p a r t s  appear t o  have more rough surface.  Also =- 
- r a  supported more ep iphy t i c  a lgae  than  Najas, pro- 
bably because ,o f  t h e  rough c o r t i c a t e d  s u r f a c e  of 
Chara leaves.  Even o ld ,  rough nylon s t r i n g s ,  but 
no t  new, smooth ones, supported ep iphy t i c  a l g a l  
growth. 

From t h e s e  f a c t s ,  i t  w a s  concluded t h a t  both epi-  
phytism and "endophytism" are poss ib ly  r e l a t e d  t o  
a b i o t i c  e f f e c t s ,  of which a mechanical e f f e c t  i n  
r e l a t i o n  t o  t h e  roughness of t h e  hos t  s u r f a c e  ap- 
pears  t o  be of major importance. 

Epiphyt ic  ni t rogen-f ixing a c t i v i t y .  Rates of l i g h t  
ARA on wetland r ice  g radua l ly  diminish from seed- 
l i n g  t o  ma tu r i ty ,  mainly due t o  t h e  concomitant 
decrease of G loeo t r i ch ia  epiphytism and t h e  reduc- 
t i o n  of a v a i l a b l e  l i g h t  (Table 3 ) .  In deepwater 
r ice,  a l s o ,  t h e r e  w a s  a decrease i n  s p e c i f i c  ARA 
(nmol/g f r e s h  weight of h o s t )  i n  t h e  l i g h t  from 
heading t o  maturi ty ,  but  t h i s  w a s  compensated by 
a n  i n c r e a s e  i n  t h e  hos t  biomass, s o ,  t h a t  a con- 
s t a n t  , a c t i v i t y  per p l an t  w a s  observed a t  bo th  
t h e s e  s tages .  



10 IRPS No. 78, June 1982 

Table  3. Epiphyt ic  ARA on r ice and weeds (Kulasooriya e t  a l  1980). 

Dominant nmol/g f r e s h  weight per  hour pmol/mZ p e r  hour  
Sample n i t rogen-f ix ing  Light  Dark ( t o t a l )  

Rice 
Rice 
Rice 
Rice 

a t  s e e d l i n g  s t a g e  
a t  t i l l e r i n g  s t a g e  
a t  heading s t a g e  
a t  matuFity 

Gloeo t r ich ia  
Nostoc 
Calo t h r i x  

Nostoc 
Cala t h r  i x  

Deepwater r ice a t  m a t u r i t y  

Deepwater r ice a t  he,ading 

b/  614.0 n.d.- 
37.5 10.1 

1.9 O .  67 
1.1 1.1 

15.9 4.9 

9.7 1 .,o 

5i .n- 
15.0 

1.2 
2.5 

125 

125 

Chara 

Najas 
Mo no Cho r i a  
Cyperus 

I Gloeot r ich ia  
Nostoc 
Calo thr ix  

Nostoc 
Calo th r ix  

J 

36.6 3 .3  8 .g ’  

26.7 1.8 
1.8 1 . 3  
4 .4  2.5 

S’For a weed biomass of  2 t / h a .  b/n.d. = no d a t a .  

Table  4. The I 5 N  - I 4 N  r a t i o  i n  deepwater and shallow-water r ice (IRRL 1981). 

T o t a l  N 1” 15N/14N r a t i o  
B (mg/po t> (mglpot) (x x 100) 

Water Light  
depth exposure S i t e  

A B 

Bangkhen Shallow + 
Huntra Semideep + 
Bangkok 

I R R I  

Deep + 
Shallow + 
Shal loy  - 
Deep + 
Deep - 

718 

979 

952 

502 
5 04 
737 
5 30 

111 

86 

97 

194 
230 
20 1 
1.14 

u, 
15 

9 

10 

39 
46 
27.2 
21.5 

The r e s u l t s  i n d i c a t e d  t h a t  t h e  c o n t r i b u t i o n  by ep i -  
p h y t i c  N2-fixing microorganisms on wetland rice 
f i e l d s  i s  low b u t  t h e  e p i p h y t i c  BGA p l a y  an impor- 
t a n t  r o l e  i n  inoculum conserva t ion ,  from which t h e  
regenera t ion  of p e r i o d i c  a l g a l  blooms can t a k e  
p lace .  Epiphyt ic  n i t r o g e n  f i x a t i o n  on deepwater 
r ice,  on. t h e  o t h e r  hand, makes a s u b s t a n t i a l  con- 
t r i b u t i o n  t o  th i s  ecosystem (10-20 kg N/ha), main- 
l y  due t o  t h e  g r e a t e r  biomass a v a i l a b l e  f o r  colo- 
n i z a t i o n  by e p i p h y t i c  a l g a e .  

Role of e p i p h y t i c  BGA i n  t h e  n i t r o g e n  n u t r i t i o n  of 
deepwater r ice .  To e v a l u a t e  t h e  importance of  epi-  
p h y t i c  n i t r o g e n  f i x a t i o n  i n  deepwater r ice,  and t h e  
a v a i l a b i l i t y  o f  f i x e d  n i t r o g e n  f o r  t h e  p l a n t ,  I5N 
experiments w e r e  conducted a t  IRRI and i n  Thailand. 

I n  one t r ia l  (IRRI 1981) I5N d i l u t i o n  technique w a s  
used i n  t h e  f i e l d .  Pots  conta in ing  s o i l  w i t h  15N 
ammonium sal t  were placed i n  shal low water ( 5  cm) 
and deep water. Some p o t s  i n  shal low w a t e r  were 
covered wi th  b lack  c l o t h  t o  prevent  a l g a l  growth on 

t h e  s o i l  s u r f a c e .  I n , d e e p  water, t h e  submerged por- 
t i o n  of some p l a n t s  w a s  covered wi th  b lack  c l o t h  t o  
prevent  epiph t i c  a l g a l  growth on t h e  r ice p l a n t .  
T o t a l  N and uptake t o  t h e  aboveground p o r t i o n s  
are shown i n  Table 4 .  The 15N/I4N r a t i o  w a s  always 
lower i n  shal low water, i n d i c a t i n g  t h a t  i n  deep 
water more n i t r o g e n  from a source  o t h e r  than  s o i l  
w a s  absorbed by t h e  p l a n t  than  i n  shal low water. 
I f  t h e  n i t r o g e n  i n  t h e  p l a n t  comes p a r t l y  from b i o l -  

, o g i c a l  n i t r o g e n  f i x a t i o n  by e p i p h y t i c  EGA, t h e  deep- 
water rice, of  which t h e  submerged p o r t i o n  w a s  cov- 
e r e d  wi th  b lack  c l o t h ,  must have a lower l 5 N / I 4 N  
r a t i o .  The r a t i o  of measurements on t h e  whole 
p l a n t s  w a s  not  i n  agreement w i t h  t h a t  p r e d i c t i o n .  
No s i g n i f i c a n t  d i f f e r e n c e  w a s  observed, perhaps be- 
cause  of an abnormal growth of t h e  deepwater r i c e  
p l a n t  when covered wi th  b lack  c l o t h .  But t h e  compa- 
r i s o n  of 15N/I4N r a t i o  of v a r i o u s  p a r t s  of deep- 
water r i c e  w a s  i n d i c a t i v e .  The leas t  enrichment of 
I 5 N  i n  t h e  deepwater r ice  which had submerged por- 
t i o n s  exposed’ to  l i g h t  w a s  found i n  t h e  a q u a t i c  
r o o t s  and submerged l e a f  s h e a t h s .  These p o r t i o n s  



were h e a v i l y  colonized by ep iphyt ic  BGA. The I 5 N  
d i l u t i o n  d a t a  of  these p o r t i o n s  are, t h e r e f o r e ,  con- 
s i s ten t  w i t h  t h e  observa t ion  of e p i p h y t i c  growth of 
BGA i n  deepwater r ice t h a t  w a s  r e p o r t e d  previ~us1 .y .  

The t r a n s f e r  of 15N f i x e d  by ep iphyt ic  BGA t o  o t h e r  
t i s s u e s  w a s  examined by d i r e c t  feeding  of 15N t o  
deepwater r ice (IRRI 1982). For 9 days exposure a t  
the heading s t a g e ,  a deepwater r ice  p l a n t  f i x e d  
almost 8 mg", of which about  40% w a s  t r a n s l o c a t e d  
t o  aerial  p a r t s  ( l e a v e s  and g r a i n s )  u n t i l  matur i ty .  
High enrichment i n  15N w a s  found i n  t h e  a q u a t i c  
r o o t s  and l e a f  s h e a t h s  under w a t e r  which are h ighly  
a c t i v e  si tes f o r  e p i p h y t i c  photo t rophic  NFA. 

\ 

A v a i l a b i l i t y  of  a l g a l  n i t r o g e n  t o  t h e  r i c e  p l a n t .  
N u t r i e n t s  f i x e d  by BGA are re leased  e i ther  through 
exudat ion o r  through m i c r o b i a l  decomposition a f t e r  
t h e  cells  d i e .  The y i e l d s  of one crop of I R 8  and 
one crop of P e t a  i n  p o t s  wi thout  n i t r o g e n  were s i m i -  
l a r  when t h e  s o i l  s u r f a c e  w a s  exposed t o  l i g h t  o r  
k e p t  i n  t h e  dark d e s p i t e  t h e  l a r g e  p o t e n t i a l  s f  t h e  
s o i l  t o  f i x  n i t r o g e n  i n  t h e  l i g h t  (IRRI 119681). 
This  may i n d i c a t e  t h a t  a l g a l  n u t r i e n t s  become a v a i l -  
a b l e  t o  t h e  p l a n t  mainly a f t e r  t h e  dea th  of t h e  
a l g a l  biomass and i t s  i n c o r p o r a t i o n  i n t o  the s o i l .  
In  a pre l iminary  experiment (IRRI 1980) a Gloeotr i -  
c h i a  bloom w a s  grown i n  a s m a l l  pond where 1 5 ~  
n i t r a t e  w a s  added. 
d r y  matter, 1.2% N i n  d r y  matter,  and 8.89 atom % 
excess I5N. The f r e s h  a l g a l  mater ia l  w a s  incorpora- 
t e d  i n  a l-m2 p l o t  i n  which IR26 w a s  grown i n  f looded 
s o i l .  Recovery of I5N i n  t h e  g r a i n ,  s t r a w ,  and r o o t  
of t h e  f i r s t  c rop  w a s  14.7% of 15N a p p l i e d  as a l g a l  
mass. I n  t h e  second crop ,  t h e  recovery w a s  on ly  
2.26%. Although 15N remaining i n  s o i l  w a s  no t  ana- 
lyzed ,  t h i s  pre l iminary  experiment suggested a low 
a v a i l a b i l i t y  of  a l g a l  n i t r o g e n  t o  a r ice  crop.  Be- 
cause t h e  a l g a l m a s s  used i n  t h i s  experiment had an 
unusual ly  low n i t r o g e n  conten t  and h igh  carboa- 
n i t r o g e n  r a t i o ,  t h e  r e s u l t s  had a l i m i t a t i o n .  

A device  f o r  producing 15N-labeled a l g a e  under con- 
t r o l l e d  condi t ion  w a s ,  t h e r e f o r e ,  cons t ruc ted .  An 
axenic  Nostoc s t r a in  w a s  grown i n  2 0 - l i t e r  carboys 
under a r t i f i c i a l  l i g h t .  
w i t h  Na2C03 t o  main ta in  a s l i g h t l y  a l k a l i n e  pH by 

Alga l  material  ob ta ined  had 8.95% 

The medium w a s  buf fered  
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bubbling a i r  enr iched  wi th  0.5% COZ.  
p o s i t i o n s  of t h e  a l g a l  material w a s  1.13% P,  0.90% K, 
0.74% Ca, 0.72% Mg, 38.9% C ,  7.3% N, 5 .3  C / N ,  and 
23.0 atom % excess 15N (IRRI 1981).  
from t h i s  material by r ice  was s t u d i e d  i n  pot  and 
f i e l d  experiments. 

Chemical com- 

Uptake of I 5 N  

A v a i l a b i l i t y  of  n i t r o g e n  from d r i e d  BGA incorporated 
i n  t h e  s o i l  w a s  between 23 and 28% f o r  t h e  f i r s t  
crop and between 27 and 36% f o r  2 c rops  (Table  5 ) .  
Surface a p p l i c a t i o n  of  t h e  a l g a l  material  reduced 
t h e  a v a i l a b i l i t y  t o  14-23% f o r  t h e  f i r s t  crop and 
21-27% f o r  2 c rops .  A v a i l a b i l i t y  of n i t r o g e n  from 
f r e s h  a l g a l  material w a s  similar t o  t h a t  o f  d r i e d  
material  when surface-appl ied (14%) b u t  much higher  
(38%) when incorpora ted .  

The 15N ba lance  i n  p l a n t s  and s o i l  a f t e r  two 
crops (pot  ex  eriment, d r ied  a l g a e )  showed t h a t  

twice t h a t  from BGÀ r e g a r d l e s s  of t h e  mode of ap- 
p l i c a t i o n .  

A v a i l a b i l i t y  of a l g a l  n i t r o g e n  t o  the c u r r e n t  and 
fol lowing crop was almost equal  t o  the a v a i l a b i l i -  
t y  of ammonium s u l f a t e  t o  t h e  f i r s t  crop. 

Due t o  i t s  organic  na ture ,  BGA material i s  less 
s u s c e p t i b l e  t o  n i t r o g e n  l o s s e s  than  i n o r g a n i c  f e r -  
t i l i z e r s .  However, i t s  low C-N r a t i o  (5-6) g i v e s  
i t  a b e t t e r  n i t r o g e n  a v a i l a b i l i t y  than  those  of a n  
organic  f e r t i l i z e r  l i k e  farmyard manure. 

l o s s e s  from 15 N ammonium s u l f a t e  were more than 

C u l t u r a l  p r a c t i c e s  t o  i n c r e a s e  photo t rophic  NFA 

Phosphorus a p p l i c a t i o n .  Phosphorus i s  perhaps one 
of t h e ,  most e f f e c t i v e  f a c t o r s  known t o  promote 
n i t rogen  f i x a t i o n  by BGA but r e s e a r c h  r e s u l t s  a t  
I R R I  are cont rovers ia l .  

Laboratory experiments (IRRI 1976) i n d i c a t e d  t h a t  
a p p l i c a t i o n  of ph'osphorus (50 kg P205/ha) en- 
hanced N F A  during t h e  i n i t i a l  s t a g e s  of a r ice 
crop. Response t o  phosphorus v a r i e d  with t h e  s o i l  
type  (Fig. 7).  I n  t h e  most responsive s o i l s  t h e  
i n c r e a s e  i n  n i t rogen  f i x a t i o n  was es t imated .  t o  be 
0.7-1.2 g N/g P2O5 appl ied.  

Table  5. Recovery of  15N (%) a f t e r  two crops  of rice i n  s o i l  and p l a n t s  (IRRI 1982). 

BGA incorpora ted  BGA surface-appl ied 
1st crop 2d crop S o i l  Unaccounted 1st crop 2d crop  S o i l  Unaccounted 

Fresh a l g a e  pot  38 5 53 4 13 8 73 6 
experiment 

Dried a l g a e  pot  28 8.5 58 55 14 7 57 22 
experiment 

a/  Dried a l g a e  f i e l d  23.5 3.5 3 3 4  40 23 4 32 4 1- 
experiment 

a/BGA were incorpora ted  i n  t h e  O- t o  15-cm l a y e r  of t h e  s o i l .  
downward movement of t h e  a l g a l  material  occurred which l e d  t o  an overes t imat ion  of  the loss .  

Because of  c l imat ic  d i s t u r b a n c e s  (typhoon), a 
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CzH4 formed (nmol/40 g soil per hour) 
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Fig.  7. E f f e c t  of  phosphorus on t h e  acetylene-  
reducing a c t i v i t y  of fou r  P h i l i p p i n e  wetland 
r ice s o i l s  (IRRI 1976). 

Greenhpuse experiments i n  1978 a s ses sed  t h e  i n f l u -  
enc,e of l i m e  and phosphate on phototrophic  NFA. 
Lu i s i ana  c l a y  (pH:4.8, OM: 2.2%, t o t a l  N,: 0.160%) 
and Maahas c l a y  (pH: 7.0, OM: 1.4%, t o t a l  N: 0.100%) 
w e r e  t r e a t e d  w i t h  combinations of 2 l e v e l s  of  phos- 
pha te  and lime and then  kep t  submerged wi th  and 
without  l i g h t .  
duced a s i g n i f i c a n t  i n c r e a s e  i n  n i t r o g e n  ( S o i l  
Chemistry Department). 

E f f e c t  of  n i t r o g e n  f e r t i l i z e r  management on photo- 
t r o p h i c  n i t r o g e n  f i x a t i o n  and a l g a l  f l o r a .  Nitrogen 
f e r t i l i z e r s  have a dep res s ive  e f f e c t  on NFA. This 
w a s  observed .with ammonium s u l f a t e ,  which reduced 
bo th  t h e  number of N2-fixing BGA p r e s e n t  i n  t h e  
s o i l  (Fig.  1) and t h e i r  NFA (Table 2 ) .  I n  tests of  
t h e  e f f e c t  of  va r ious  f e r t i l i z e r s  on NFA, inh ib i -  
t i o n  w a s  observed on bo th  phototrophic  and hetero-  
t r o p h i c  NFA (Table 6 ) .  I n h i b i t i o n  w a s  almost com- 
p l e t e  a t  160 ppm N.  Algae growth was l u x u r i a n t  i n  
po t s  t h a t  r ece ived  ammonium n i t r o g e n  b u t  n i t rogen  
f i x e d  w a s  n o t  apprec i ab le .  
a n  i n h i b i t o r y  e f f e c t  on n i t rogen ,  t h a t  a s t imula-  
t i o n  of t h e  growth o f  nonfixing a l g a e  by mineral  
n i t r o g e n  can l i m i t  N2-fixing BGA growth-by compe- 
t i t i o n  and a n t a g o n i s t i c  e f f e c t s  (IRRI 119651).  From 
ARA measurements i n  I R R I  r e sea rch  p l o t s  about 1 
month a f t e r  submergence, NFA w a s  es t imated t o  b e  
36.7 g N/ha pe r  hour i n  a n o n f e r t i l i z e d  p l o t  and 
25.7 g N/ha pe r  hour i n  a p l o t  t h a t  received 90 kg 
N/ha (IRRI 1975). 

The e f f e c t  of d i f f e r e n t  methods of n i t rogen  f e r t i -  
l i z e r  a p p l i c a t i o n  on t h e  algal.  f l o r a  and phototro- 

Nei ther  l i m e  no r  phosphorus pro- 

Th i s  i n d i c a t e d ,  bes ides  

ph ic  NFA i n  a wetland rice s o i l  w a s  s tud ied  i n  pot  
and f i e l d  experiments. Resul ts ,  p a r t i a l l y  summa- 
r i z e d  i n  Tables 7 and 8, i n d i c a t e d  t h a t  s u r f a c e  
broadcast  a p p l i c a t i o n  of n i t rogen  f e r t i l i z e r ,  
which i s  widely p rac t i ced  by farmers ,  not  only in-  
h i b i t s  NFA bu t  a l s o  encourages t h e  growth of green 
algae.  These d e l e t e r i o u s  a l g a e  immobilize t h e  n i -  
t rogep  f e r t i l i z e r  , making i t  temporar i ly  unavaila- 
b l e  t o  t h e  plant .  A profuse growth of green a l g a e  
a l s o  inc reases  t h e  pH of t h e  f loodwater ,  which in- 
creases f e r t i l i z e r -  loss by ammonia v o l a t i l i z a t i o n .  
Deep placement of u rea  supergranules ,  i n  c o n t r a s t ,  
decreased t h e  l o s s e s  of n i t r o g e n  by v o l a t i l i z a t i o n  
and did not  d i s t u r b  t h e  n a t u r a l  a l g a l  N2-fixing 
system. 

Table 6.  
b i o l o g i c a l  n i t r o g e n  (IRRI L1968/). 

E f f e c t  of  ammonium a n d  u r e a  f e r t i l i z e r s  on 

Level  of Atom % excess "N 

c a t i o n  i n  l i g h t  i n  da rk  

No f e r t i l i z e r  O O .  150 0.100 

Anunonium s u l f a t e  80 0.042 O. 036 

F e r t i l i z e r  N appl i -  Incubat ion Incubat ion 

(ppm) 

160 o. O09 o. O00 

Ammonium 80 O.  005 0.015 

160 o .  O00 o. O00 

Urea 80 0.024 0.043 

160 o .  O00 o. O00 

c h l o r i d e  

E f f e c t  of s u r f a c e  a p p l i c a t i o n  of straw on 
phototrophic  NFA. A prel iminary f i e l d  experiment 
during t h e  1980 d ry  season i n d i c a t e d  t h a t  s u r f a c e  
a p p l i c a t i o n  of straw ( 3  t / h a )  induced earlier 
growth of N2-fixing BGA and a s i g n i f i c a n t l y  
h ighe r  ARA a t  t h e  beginning of t h e  growth cyc le  of 
rice. Averaged ARA along t h e  cyc le  was 180 mmol 
C2H4/m2 p e r  hour i n  t h e  p l o t s  where straw 
w a s  app l i ed  and 57 mmol C2H4/m2 per hour i n  
t h e  con t ro l .  A second experiment i n  60  c m  x 6 0  c m  
p l o t s  w i th  t r ansp lan ted  r i c e  had 3 t r ea tmen t s  -- 
no s t r a w ,  surface-applied s t r a w ,  and incorporated 
straw. Figure 8 shows t h e  change of  photodepen- 
dent  ae rob ic  ARA and t h e  number of BGA propagules 
per c m 2  of s o i l .  I n  t h e  c o n t r o l  and p l o t s  with 
straw incorp6rated,  phototrophic  ARA showed spo- 
r a d i c a l l y  high va lues ,  but i n  t h e  surface-applied- 
straw p l o t ,  h igher  phototrophic  ARA was mairítained 
from 34 days t o  64 days a f t e r  t h e  app l i ca t ion .  
Respiratory a c t i v i t y  of f loodwater ,  es t imated by 
d i s so lved  02 content  and pH a t  n i g h t ,  was  high- 
e s t  i n  t h e  surface-applied-straw p l o t s  throughout 
t h e  experimental  period. Differences among p l o t s  
became smaller, however, beyond 34 days  after^ 
straw app l i ca t ion .  Photosynthet ic  a c t i v i t y  of 
floodwater (approximated by t h e  d i f f e r e n c e  between 
t h e  d i s so lved  oxygen content  a t  night t ime and t h a t  
a t  daytime) i n  t h e  surface-applied-straw p l o t  sur- 
passed t h a t  of t h e  o t h e r  p l o t s  34 days a f t e r  t h e  
app l i ca t ion .  During t h i s  per iod,  a l g a l  n i t r o g e n  
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f i x a t i o n  w a s  a l s o  s t imulated.  Thus, i t  w a s  shown 
t h a t  s u r f a c e  a p p l i c a t i o n  of straw s t imula ted  t h e  
growth of a l g a e ,  p a r t i c u l a r l y  BGA, and phototro- 
p h i c  NFA. 

I n s e c t i c i d e  a p p l i c a t i o n  i n  r e l a t i o n  t o  popula- 
t i o n s  of a l g a e  grazers .  Phenomena such as poor 
growth of BGA d e s p i t e  favorable  s o i l  and climate 
condi t ions ,  f a i l u r e  of a l g a l  i n o c u l a t i o n ,  and 
r a p i d  d e s t r u c t i o n  of a l g a l  blooms may be due t o  
c rus taceans  t h a t  graze on algae.  

A r o l e  of grazers  i n  t h e  paddy was f i r s t  suggested 
i n  1964 when f i e l d  observa t ions  i n d i c a t e d  t h a t  
gamma BHC (Lindane) had a pronounced e f f e c t  on t h e  
a l g a l  popula t ion  (IRRI 119651). Greenhouse experi-  
ments showed t h a t  s o i l  t r e a t e d  wi th  BHC e x h i b i t e d  
a dense a l g a l  growth and clear water af ter  10 days 
of  incubat ion  whereas nont rea ted  s o i l  showed 
scanty  a l g a l  growth and a t u r b i d  floodwater. This 
w a s  r e l a t e d  t o  the development, i n  t h e  unt rea ted  
p l o t ,  of l a r g e  populat ions of microcrustaceans 
t h a t  graze  on a l g a e  and probably caused t h e  tur-  
b i d i t y  of t h e  floodwater by t h e i r  mechanical ac- 
t i o n  on the, soi l -water  i n t e r f a c e  ( I R R I  119651). 
Fur ther  experiments (IRRI [1966]) confirmed t h a t  

a p p l i c a t i o n  of t h e  i n s e c t i c i d e  a t  usual  f i e l d  
rates (5 kglha)  r e s u l t e d  i n  a marked i n c r e a s e  i n  
a l g a l  populat ions.  Higher doses (50 kg/ha)  were 
not  inh ' ib i tory  t o  a l g a e  al though a l g a l  number was 
g e n e r a l l y  less  than  i n  s o i l s  t r e a t e d  a t  the recm- 
mended rate. 

Among a l g a e ,  BGA gave the g r e a t e s t  response t o  ap- 
p l i c a t i o n  of  yBHC. This  selective enhancement w a s  
confirmed by measurements of NFA (I5N) i n  Maahas 
c l a y  and Luis iana c l a y  where an a p p l i c a t i o n  of 
yBHC (6 kg/ha) increased  NFA by 91 and 62%, respec-  
t i v e l y .  A t h i r d  s o i l  (Calabanga c l a y )  d i d  not  
respond favorably  t o  yBHC a p p l i c a t i o n .  

Algal  growth w a s  used as a n  index f o r  t h e  p e r s i s t -  
ence of t h e  i n s e c t i c i d e  i n  s o i l s .  The beginning of 
t h e  d e c l i n e  i n  a l g a l  populat ions i n  t r e a t e d  so i l s  
s t a r t e d  about  6-7 weeks a f t e r  i n s e c t i c i d e  appl ica-  
t i o n  and coincided w i t h  the r e c o l o n i z a t i o n  of t h e  
f loodwater  by t h e  c rus taceans .  The t i m e  e laps ing  
between t h e  second a p p l i c a t i o n  of BHC and t h e  re- 
c o l o n i z a t i o n ' b y  t h e  c rys taceans  w a s  s h o r t e r  than  
t h a t  noted a f t e r  t h e  f i r s t  a p p l i c a t i o n .  Recoloni- 
z a t i o n  a f t e r  a t h i r d  a p p l i c a t i o n  w a s  even more 
r a p i d .  This  w a s  i n t e r p r e t e d  as t h e  progress ive  

Acetylene reduction 
(nmol C2&/3.8 cm'per hour) Dissolved oxygen h"min DDm 

0- 
4 142434445464748494 4 I4 2434445464748494 4 I42434445464748494 

Days after straw application 

Fig .  8. Nitrogen f i x a t i o n  rate, BGA counts ,  and photosynthe t ic  rate 
as a f f e c t e d  by s t r a w  a p p l i c a t i o n  (IRRI 1982). 

Table  7. 
days a f t e r  treatment (Roger e t  a l  1980). 

E f f e c t s  of  f e r t i l i z e r  placement on t h e  a l g a l  f l o r a  and n i t r o g e n  f i x a t i o n  i n  a f i e l d  experiment 28 

Urea Urea 
(broadcast)  Treatment Cont ro l  supergranule  

(deep placement) 

ARA 70 48 O 

vmol C2H4/m2 p e r  hour 100 
( X  of t h e  c o n t r o l )  

Chlorophyl l  a (vg/cm2) 12.4 

5 Number o f  n i t rogen-f ix ing  2.0 x 10 
blue-green algae/cm2 

Number of green algaelcm 4 < 10 - 2  

69 

12.3 

5 1.7 x 10 

5 5.0 x 10 

O 

21 

7.0 x 10 4 

7 1.0 x 10 
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es tab l i shment  of popula t ions  of microorganisms 
a c t i v e  i n  t h e  degrada t ion  of BHC. 
of t h e  p e r s i s t e n c e  of t h e  i n s e c t i c i d e  i n  s t e r i l i z e d  
and n o n s t e r i l i z e d  s o i l s  was i n  agreement wi th  t h i s  
i n t e r p r e t a t i o n  (IRRI 1966). The p o s s i b l e  develop- 
ment of a s t r a i n  r e s i s t a n t  t o  t h e  i n s e c t i c i d e  was 
no t  evocated. 

The comparison 

Diazinon had',a similar bu t  less marked e f f e c t  as 
yBHC on t h e  a l g a l  f l o r a  (LRRI 1967). 

Feeding r a t e s  of Cypris on BGA were de t e rmined ' in  
r e l a t i o n  t o  the  an imal ' s  body s i z e .  Rates va r i ed  
w i t h  t h e  BGA spec ie s  and a p r e f e r e n t i a l  grazing 
w a s  evidenced. Feeding rates increased  with the  
s i z e  of t h e  animal. Younger c u l t u r e s  (Anabaena) 
were..mor,e r e a d i l y  inges ted  than o ld  ones. Lindane 
a t  0.01 ppm s t imula ted  feeding but  0.1 ppm was 
i n h i b i t i n g  (IRRI 1980). 

F i e ld  observa t ions  showed t h a t  two important 
groups of preda tors  -- Gastropoda and Ostracoda -- 
had t h e  p o t e n t i a l  t o  prevent o r  limit a l g a l  growth 
and n i t rogen  f e a t i o n  (IRRI 1981). 

The biomass of s n a i l s  (mainly Lymnaea sp.) a t  I R R I  
ranges from a few kg t o  1.5 t f r e s h  weightlha. A 
greenhouse pot experiment (Table 9) demonstrated 
t h e  immense reduct ion  i n  ARA as a r e s u l t  of es tab-  
l i s h e d  a l g a l  biomass being grazed by an  average 
f i e l d  biomass o f  s n a i l s .  Af te r  2 days, ARA de- 
c reased  t o  25% of t h e  con t ro l .  

I n  a f i e l d  experiment, t h e  popula t ion  of s n a i l s  
(Lymnaea v i r i d i s  and 2. r i q u e t t i )  was s l i g h t l y  de- 
pressed by i n s e c t i c i d e  (carbofuran)  but  not com- 
p l e t e l y  eliminated. 

F i e ld  d e n s i t i e s  of os t racods  ( subc la s s  Crustacea) 
i n  I R R I ' s  small f i e l d  p l o t s  where experiments on 
s u r f a c e  accumulation of n i t rogen  were conducted 
w e r e  c o n s i s t e n t l y  high, ranging between a few. hun- 
dred t o  10,000/m2. The d e n s i t i e s  of os t racods  i n  
250-ml water samples were 115, , 4 ,  6 ,  and 253 i n  

Table 8. 
i n  a po t  experiment on photo t rophic  n i t rogen  
f i x a t i o n  (ARA 15 days a f t e r  t r ansp lan t ing ,  i n  
pmol/m2 per  hour) (IRRI 1980). 

E f f e c t  of f e r t i l i z e r  n i t rogen  management 

Luis iana  Maahas Tiaong 
s o i l  s o i l  s o i l  

(PH 5) (PH 7) (PH 8) 

' Control 3.5 5 .1  43.1 

Urea supergranule  2 .7  88.751 33.1 

Urea broadcas t  1.4 0.5 5.5 

deep-placed 

?'Value l a r g e l y  h igher  than t h a t  of t h e  c o n t r o l  be- 
cause of a profuse  growth of Cylíndrospermum i n  
h a l f  of th'e po t s  -- Pot experiment a r t i f a c t ,  
t h i s  c l e a r l y  demonstrates t h a t . d e e p  placement does 
n o t  . i nh ib i t  BGA growth and n i t rogen-f ix ing  a c t i v i t y .  

bu t  

i n s e c t i c i d e ,  i n s e c t i c i d e  p lus  black c l o t h ,  no in- 
s e c t i c i d e ,  and i n s e c t i c i d e  p lus  s t raw t rea tments ,  
r e spec t ive ly  . I n s e c t i c i d e  a p p l i c a t i o n  encour aged 
the  population of ostracods.  It i s  probable t h a t  
repea ted  a p p l i c a t i o n  of i n s e c t i c i d e  (mainly car- 
bofuran) e s t a b l i s h e s  a t o l e r a n t  microfauna. A l t e r -  
n a t e l y ,  t h e  e l imina t ion  of t h e  secondary consumers 
by the  i n s e c t i c i d e  may encourage the  biomass of 
t h e  primary consumers (os t racods) .  

A pot experiment (Table 10) demonstrated t h e  det- 
r imenta l  e f f e c t  of spontaneously developing os t r a -  
cod populations on ARA i n  submerged s o i l s  (IRRI 
1981). 

Table 9. 
of s n a i l s  on a l g a l  n i t rogen  f i x a t i o n  (IRRI 1981). 

Pot  experiment t o  demonstrate t h e  e f f e c t  

ARA (nmol C?H&/pot) 
Treatment Before 48 hours 10 days 

t ions  ) m e n t  treatment treatment 
(6 r ep l i ca -  treat a f t e r  a f t e r  

No s n a i l s  129.0 254.5 106.5 

S n a i l s  added 137.5 59.0 11 
(750 kglha) 

Table 10. Pot experiment w i th  nonplanted s o i l  t o  I 

determine t h e  e f f e c t  of os t racods  on  algal ARA l 

(IRRI 1981). 
4 ,  

Ostracods (no. ) 1 
umol C2H4/m2 per  hour  m2 

14 days , 28 days 14 days 28 days 

submer- submer- submer- submer- 
s i o n  s i o n  s ion  s i o n  

S o i l  pH a f t e r  a f t e r  a f t e r  a f t e r  

Luis iana  4.0 . 1.8 3.7 None None 

Maahas 6.7 22.7 5 .1  + 10 , O00 

Tiaong 7.9 19.7 0.3 + 8,500 

Both s n a i l s  and os t racods  are extremely r e s i s t a n t  
t o  conventional pes t i c ides .  I n  t h e  absence of 
t h e i r  n a t u r a l  p reda tors ,  they are capable of ex- 
p l o i t i n g  t h e  a v a i l a b l e  niches,  which t y p i c a l l y  re- 
s u l t s  i n  h igh  biomass of few spec ies .  

Trials t o  c o n t r o l  g raze r  popula t ions  wi th  selec- 
tive p e s t i c i d e s  were undertaken i n  1981. I n  1-m2 
paddy subp lo t s  surrounded by a metal frame, v a r i -  
ous p e s t i c i d e s  -- carbofuran  (3  kg a . i . / ha ) ,  c lo-  
n i t r a l i d  (1 kg a . i . / ha ) ,  e thy lan  .(2.2 kg a . i . / ha ) ,  
and crushed seed of neem tree (Azadirachta i n d i c a ) ,  
100 kg/ha, were app l i ed  10, 24, 44, and 60 days 
a f t e r  puddling and f looding .  Ethylan was  com- 
bined wi th  c l o n i t r a l i d .  The popula t ion  of o s t r a -  
cods and molluscs,  ch lorophyl l  conten ts ,  and pho- 
todependent ARA were monitored throughout r i c e  
c u l t i v a t i o n .  C l o n i t r a l i d  success fu l ly  c o n t r o l l e d  
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Fig .  9. Ostracod popula t ion  and ch lorophyl l  conten t  as a f f e c t e d  by p e s t i c i d e s  
(IRRI 1982). 

popula t ions  of molluscs and e thy lan  con t ro l l ed  
os t racods .  Crushed neem seed a l s o  success fu l ly  
con t ro l l ed  os t racods .  Depression of mollusc I 

popula t ion  d i d  ‘not r e s u l t  i n  t h e  enhancement of  
a l g a l  biomass and photodependent ARA because t h e  
molluscs w e r e  rep laced  by os t racods .  When popu- 
l a t i o n s  of o s t r acods  w e r e  success fu l ly  reduced by 
e thy lan  + c l o n i t r a l i d  and neem seed t rea tments ,  
a l g a l  biomass and i t s  n i t rogen  f i x a t i o n  were suc- 
c e s s f u l l y  enhanced from about 30 t o  60 days a f t e r  
puddling and f looding  (F ig .  9 ) .  

The o i l  e x t r a c t i o n  r e s idue  of neem seeds (neem 
cake) i s  known t o  have i n s e c t i c i d a l  and in sec t -  
r e p e l l a n t  p rope r t i e s .  Its e f f e c t s  on photo t rophic  
NFA were t e s t e d  i n  greenhouse and f i e l d  experi-  
ments. The add i t ion  of neem cake a t  t h e  r a t e  of 
6-12 g/m2 maintained t h e  popula t ion  of BGA and 
t h e  photodependent NFA (ARA) much longer than i n  
t h e  cont ro l .  The f i e l d  experiment was severe ly  
d is turbed  by a typhoon and wide v a r i a t i o n  between 
r e p l i c a t i o n s  was observed. However, 9 weeks a f t e r  
t r a n s p l a n t i n g ,  l a r g e r  a l g a l  biomass was recorded 
i n  the  t r e a t e d  p l o t  t han  i n  t h e  nont rea ted  p l o t s  
(IRRI 1982). 

Alga l iza t ion .  A f i r s t  t r i a l  on a l g a l i z a t i o n  was 
conducted i n  1965 i n  t h e  labora tory .  Three s o i l s ,  
inocula ted  wi th  Nostoc c u l t u r e ,  were incubated un- 
der  an  a t m o s p h e r e O 2 ,  N 2 ,  He)  enriched with 
15N2. After 28 days of incubat ion ,  i nc reases  
i n  n i t rogen  f i x a t i o n ,  through a l g a l  i nocu la t ion ,  
of 56 and 28% were obtained f o r  Luis iana  and Maa- 
has s o i l ,  r e spec t ive ly .  No s i g n i f i c a n t  change i n  

I 

n i t rogen  f i x a t i o n  was found when Calabanga c lay  
s o i l  w a s  i nocu la t ed  with t h e  alga.  

An inc rease  i n  NFA, eva lua ted  by. ARA, w a s  a l s o  ob- 
se rved  i n  a nonplanted Maahas c lay  s o i l  a f t e r  ino- 
c u l a t i o n  with a Nostoc s t r a i n .  This e f f e c t  was 
measurable f o r  more than  10  weeks a f t e r  inocula- 
t i o n  (IRRI 1974). 

The e f f e c t  of a l g a l i z a t i o n  on rice y i e l d  ( g r a i n  
and s t raw)  was t e s t e d  i n  Maahas c lay  by spreading 
a Nostoc s t r a i n  on t h e  floodwater and apply ing  
l ime ( 1  t / h a )  and molybdenum. (0.28 kg/ha) t o  pro- 
v ide  a more s u i t a b l e  environment on t h e  BGA. No 
s i g n i f i c a n t  i n c r e a s e  i n  y i e l d  was observed, per- 
haps due t o  t h e  s t r a i n  chosen (IRRI 1966). 

S i m i l a r  r e s u l t s  were observed i n  1968’ from a pot 
experiment i n  which t h e  s o i l  was inocula ted  with 
Nostoc muscorum and Tolypothrix tenuis .  Algae 
growing i n  t h e  l i g h t  s t imula ted  rice t i l l e r i n g  and 
inc rease  pan ic l e  numbers, but t h e  t o t a l  n i t rogen  
uptake of t h e  p l an t  and t h e  y i e l d  d id  not s i g n i f i -  
cantly.  d i f f e r  between t h e  s o i l  i nocu la t ed  with 
algae and t h e  con t ro l .  

Balance experiments conducted i n  po t s  i n  t h e  
greenhouse ind ica t ed  a s t imu la t ion  of n i t rogen  
f i x a t i o n  when BGA were inocula ted  and phosphorus 
and i r o n  were simultaneously added (IRRI 1978). 
However, no s i g n i f i c a n t  . d i f f e r e n c e  w a s  obtained 
when a (P ,  Fe, a lgae )  t rea tment  and a (P ,  ,Fe)  
t rea tment  were compared (IRRI 1979). Apparently 
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t h e  a d d i t i o n  of phosphorus and i r o n  inc reased  
molecular  n i t rogen  f i x a t i o n  by s t i m u l a t i n g  t h e  
indigenous populat ions and i n o c u l a t i o n  with BGA 
d i d  no t  s i g n i f i c a n t l y  improve NFA. 

LIMITING FACTORS FOR THE RESEARCH ON BLUE-GREEN 
ALGAE. AND PHOTOTROPHIC NITROGEN FIXATION 

S t u d i e s  on BGA i n  submerged s o i l s  are l i m i t e d  by 
problems i n  methodology, p r imar i ly  i n  e s t ima t ing  
a l g a l  biomass q u a l i t a t i v e l y  and q u a n t i t a t i v e l y .  I n  
a d d i t i o n ,  problems i n  sampling techniques i n  rela- 
t i o n  t o  s p a t i a l  d i s t r i b u t i o n  of BGA and t h e i r  NFA 
i n c r e a s e  t h e  inaccuracy of q u a n t i t a t i v e  measure- 
ments. The s i g n i f i c a n c e  of measurement conducted 
i n  a n  experimental  farm a l s o  needs some c r i t i ca l  
examinat ion. 

Our purpose i s  not t o  d e s c r i b e  Gxtensively t h e  
d i f f e r e n t  techniques used but t o  point  out  t h e i r  
l i m i t a t i o n s .  For more information on methods f o r  
eva lua t ing  a l g a l  abundance and a l g a l  NFA, see t h e  
r e c e n t  reviews such as those  by Fogg e t  a l  (1973), 
Roger and Kulasooriya (19801, and Stewart  (1980). 
Problems i n  sampling s t r a t e g y  have been considered 
by Roger e t  a l  (1977) and Roger and Reynaud 
(1978). 

Techniques f o r  eva lua t ing  a l g a l  abundance i n  s o i l s  

Three techniques f o r  eva lua t ing  a l g a l  abundance i n  
s o i l s  are gene ra l ly  c i t e d :  p l a t i n g  of s o i l  suspen- 
s i o n ,  d i r e c t  count ,  and pigment a n a l y s i s .  

Pigment a n a l y s i s  gives  no i n d i c a t i o n  of s p e c i e s  
and,  because of contaminations by humic ac id  and 
ch lo rophy l l  degradat ion products ,  can be used only 
t o  compare rouglily t h e  e f f e c t s  of d i f f e r e n t  treat- 
ments on the  t o t a l  f l o r a  i n  t h e  same s o i l .  

Direct examination and counting by l i g h t  microsco- 
py, although time-consuming and boring , i s  theore- 
t i c a l l y  t h e  most' s a t i s f a c t o r y  method. Moreover be- 
cause  a homogenized s o i l  suspension i s  used, a l g a l  
f i l amen t s  are more o r  less broken i n  p i eces  and 
t h e  determinat ion of spec ie s  may be impossible i n  
some cases. 

A d i l u t i o n  and p l a t i n g  technique permits t h e  si-  
mu1 t aneou s e m "  ra t ion  , i d  e n t i f  ica t i o n  , and even 
i s o l a t i o n  of t h e  d i f f e r e n t  a l g a e  of t h e  sample. 
Accuracy of t h e  p l a t ing  method can be improved by 
using s e l e c t i v e  media f o r  euca ryo t i c ,  p roca ryo t i c ,  
and N2-f i x ing  algae.  The r e s u l t s  of enumerations 
can be expressed i n  terms of biomass by determin- 
ing  t h e  mean volume of each count u n i t  (cel l ,  f i l -  
ament, o r  colony, according t o  s p e c i e s )  by d i r e c t -  
l y  examining t h e  f i r s t  d i l u t i o n  and mult iplying 
t h e  r e s u l t s  by t h e  corresponding volume u n i t .  

The main disadvantage of the  p l a t i n g  method i s  
t h a t  i t  does not  ensure t h a t  a l l  spec ie s  p re sen t  
i n  t'he s o i l  develop on t h e  p l a t e s  and even i f  t hey  
grow t h e i r  r e l a t i v e  frequency may chapge. It a l s o  
ddes no t  d i s t i n g u i s h  between, a c t i v e  and i n a c t i v e  
forms. Despi te  i t s  disadvantages t h e  p l a t i n g  me- 
thod i s  t h e  most widely used. It provides a n  index 

of t h e  importance of a l g a l  populat ions,  which can 
be use fu l  as an ad junc t  t o  t h e  measurement of ARA. 

With t h e  p l a t i n g  method, however, enume5ation o f  
t h e  a l g a l  f l o r a  of  1 s o i l  sample r e q u i r e s  t h e  pre- 
p a r a t i o n  of 45 P e t r i  d i shes ,  3 media, and 6 s o i l  
d i l u t i o n s .  Af t e r  p l a t i n g ,  t h e  P e t r i  d i s h e s  are 
incubated under a r t i f i c i a l  l i g h t  f o r  3 weeks. Of 
t h e  45 P e t r i  d i shes ,  about  18 w i l l  b e  used f o r  enu- 
merat ion under a s t e reoscop ic  microscope. Enumera- 
t i o n  and c h a r a c t e r i z a t i o n  o f  t h e  co lon ie s  from 1 
d i s h  t a k e  between 1 and 5 minutes .  It is, there-  
fo re , '  e a s i l y  understandable  tha t ' such  a method can 
b e  usad f o r  enumerating simultaneously a l g a e  from 
a r e s t r i c t e d  number of s o i l  samples on ly  and t h a t  
r e p l i c a t i o n s  are r a r e l y  done. 

Techniques f o r  eva lua t ing  ni t rogen-f ixing a c t i v i t y  

Nitrogen a n a l y s i s  by t h e  Kjeldahl  technique i s  
used i n  n i t r o g e n  balance s tud ie s .  The use of t h i s  
method . t o  d i s t i n g u i s h  between phototrophic  NFA by 
p a r a l l e l  l i g h t  and dark t reatment  i s  s u i t a b l e  only 
f o r  long-term t r ia ls  f o r  g ross  measurement. Bal- 
ance s t u d i e s  wi th  planted po t s  corresponding t o  10 
d i f f e r e n t  t reatments  needed 2,650 analyses  (IRRI 
1979); t h a t  i n d i c a t e s  how t ed ious  t h i s  method be- 
comes f o r  ob ta in ing  a c c u r a t e  r e s u l t s .  

Acetylene r educ t ion  a c t i v i t y  i s  now widely used 
f o r  measuring phototrophic  NFA. It i s  t h e  most 
u s e f u l  technique f o r  r o u t i n e  s t u d i e s  on t h e  n i t r o -  
genase a c t i v i t y .  measurement of a l g a l  ARA i s  reli- 
a b l e  when t h e  incubat ion i s  b r i e f ,  t h e  problem of 
gas  d i f f u s i o n  and greenhouse e f f e c t s  are mini- 
Yized, and s t a t i s t i c a l l y  v a l i d  sampling methods 
are adopted; however, t h e  method i s  gene ra l ly  con- 
s ide red  s u i t a b l e  only f o r  q u a l i t a t i v e  estimates. 

Sampling problems i n  r e l a t i o n  t o  t h e  
d i s t r i b u t i o n a l  ecology of BGA 

The v a l i d i t y  and accuracy of a l g a l  enumerations 
and ARA measurements i n  s i t u  depend p r i n c i p a l l y  on 
t h e  d e n s i t y  of sampling. The dens i ty  of sampling 
f o r  a given degree of accuracy v a r i e s  w i th  t h e  I 

d i s t r i b u t i o n  l a w  of va r i ab le s .  BGA , populat ions 
have a n  uneven d i s t r i b u t i o n  t h a t  approximates a 
log-normal p a t t e r n ,  t h e r e f o r e ,  a high dens i ty  of 
sampling i s  needed. 

As a sample, t h e  mean va lue  of Anabaena biomass 
based on 40 samples of 10 co re  each, taken i n  a 
2,50,0-m2 paddy had, a confidence i n t e r v a l  of +32% 
and -27% of the  mean. Evaluat ion of t h e  a l g a l  pop- 
u l a t i o n  i n  t h a t  f i e l d ,  made on 3 s e l e c t i v e  media, 
r equ i r ed  1,800 P e t r i  dishes .  

A similar problem occurs with ARA measurement. As 
a sample, Table 11 shows va lues  of r e p l i c a t e  meas- 
urement done i n  1-m2 p l o t s  along a growth cycle  
of rice. Resul ts  va r i ed  g r e a t l y .  The s m a l l  s i z e  Of 
t h e  p l o t  t oge the r  w i th  t h e  i r r e g u l a r  d i s t r i b u t i o n  
of a l g a e  and t h e  f a c t  t h a t  t h e  p l o t s  were protect-  
ed  ,from i n o c u l a t i o n  by t h e  water o r  t h e  s o i l  of 
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Table 11. Acetylene reduct ion  assay  (umol C2H4/m2 pe r  hour) during a rice crop (App e t  a l  1982).- al  

Av d l  26 DT 41 DT- 61 ET 84 DT 98 DT- C I  Treatment 

Insec t ic ide-  b1 Black c l o t h  

- - 46 a O a  9 a  O a  7 1  a 
(5, 5 ,  128) ( O ,  O ,  0) (17, 7, 7) (O, O, O) (24, 104, 86) 25 

+ 

+ 

- 32 a O a  115 b 27 b 113 ab 
(80, 8 ,  8) ( O ,  O ,  O) (60, 157, 128) (1 ,  80, 3) (4,  320, 13) 57 

(O, o, O) (O, o, 0) (O, 3.9 0 )  (2,  o, 2) (5, 4,  3) 1 
+ O b  O a  1 c  1 ab 4 b  

in paren thes i s  are r e p l i c a t e  va lues .  Average va lues  i n  a column followed by a common le t te r  are n o t  
s i g n i f i c a n t l y  d i f f e r e n t  by DMRT. 
every 2 weeks. C/Assays w e r e  done 1 day a heavy r a i n  (80 nun). &/Assays were done a f t e r  h a r v e s t .  

DT = days a f t e r  t r ansp lan t ing .  b/Carbofuran a t  3 kg a . i . / h a  w a s  app l i ed  

Mkef 
t h e  surrounding f i e l d  by a continuous frame may 
have prevented simultaneous growth of N2-f ix ing  
BGA i n  t h e  d i f f e r e n t  r e p l i c a t i o n s  of a treatment.  

I n  a d d i t i o n  t o  an  uneven d i s t r i b u t i o n ,  BGA e x h i b i t  
r ap id  v a r i a t i o n s  i n  t h e i r  growth and t h e i r  a c t i v i -  
ty. Therefore,  f requent  measurements are needed. 
For t h i s  reason  most of t h e  experiments are con- 
ducted near  t h e  l abora to ry ,  which limits experi-  
ments conducted t o  an  experimental  farm. 

S ign i f i cance  of measurements 
conducted on a n  experimental  farm 

I n  BGA and rice (Roger and Kulasooriya 1980) i t  
was  pointed out t h a t  pot experiments are ha rd ly  
r e p r e s e n t a t i v e  of f i e l d  p l o t s  and overes t imate  t h e  
e f f e c t  of BGA on rice. The b e t t e r  growth of BGA i n  
a pot  t han  i n  t h e  f i e l d  i s  probably due t o  less 
d is turbance  than i n  the  f i e l d ,  b e t t e r  c o n t r o l  of 
t h e  experimental  condi t ions ,  and b e t t e r  care than  
i n  t h e  f i e l d .  A similar d i f f e r e n c e  may e x i s t  be- 
tween t h e  f i e l d s  of a s o p h i s t i c a t e d  experimental  
farm l i k e  I R R I ' s  and those  of t h e  average rice 
farmer. W e  do not  have, a t  p re sen t ,  q u a n t i t a t i v e  
da t a  t o  compare BGA populations and 'photo t rophic  
NFA on the I R R I  farm and i n  t h e  surrounding fanner  
f i e l d s .  However, t h e r e  i s  evidence t h a t  year a f t e r  
year  t h e  I R R I  farm ecosystem develops some peculi-  
ar c h a r a c t e r i s t i c s .  I n  1968 a record  of t h e  BGA 
occurr ing  a t  d i f f e r e n t  s t a g e s  of t h e  rice p l a n t  i n  
Maahas s o i l  d id  not  show t h e  presence of Gloeot r i -  
- c h i a  and Aphanothece, which a r e  now f r equen t ly  
dominant on t h e  I R R I  farm and a l s o  develop i n  pot 
experiments. The dominance of t h e s e  s t r a i n s  i s  
probably an  i n d i r e c t  r e s u l t  of t he  cons tan t  u se  of 
i n s e c t i c i d e  a t  I R R I ,  which has caused t h e  estab- 
l ishment of a desequ i l ib ra t ed  zooplankton popula- 
t i o n  dominated by a Cyprinotus sp.  s t r a i n  resis- 
t a n t  t o  carbofuran. This s t r a i n  feeds  on BGA and 
e x h i b i t s  a p r e f e r e n t i a l  grazing. Among BGA, 
s t r a i n s  forming mucilaginous massive co lon ie s  l i k e  
Gloeo t r i ch ia  and Aphanothece a r e  not inges ted  pro- 
bably because of t h e  morphology of t h e  colony. 

Thus, i t  appears t h a t  s t u d i e s  on t h e  ecology of 
BGA and photo t rophic  NFA a r e  l i m i t e d  by method- ' 

o l o g i c a l  problems. Available methods are e i t h e r  
i naccura t e  and ted ious  (enumeration) o r  q u a l i t a -  
t i v e  and open t o  c r i t i c i s m  (ARA). The number of 
r e p l i c a t i o n s  and t h e  dens i ty  of sampling reques ted  
f o r  a s a t i s f a c t o r y  accuracy are f r equen t ly  not 
compatible with t h e  p r a c t i c a l  r e a l i z a t i o n  of t h e  . 
measurements. Although I R R I  farm provides excel-  
l e n t  f a c i l i t i e s  f o r  experiments, i t s  ecosystem may 
d i f f e r  s i g n i f i c a n t l y  from t h a t  i n  farmers '  f i e l d s  
i n  t h e  same area. 

OPPORTUNITIES FOR RESEARCH ON PHOTOTROPHIC 
NITROGEN FIXATION I N  RICE FIELDS 

Af ter  an  ex tens ive  study of t h e  l i t e r a t u r e  on BGA ' 
and r i c e  i n  1979 (Roger and Kulasooriya 1980) i t  
was concluded t h a t  i nc reas ing  t h e  e f f i c i e n c y  of 
indigenous o r  inocula ted  n i t rogen-f ix ing  BGA by 
c u l t u r a l  p r a c t i c e s  is  an  e f f i c i e n t  way t o  provide 
a n  a l t e r n a t i v e  source of n i t rogen  f o r  rice c u l t i -  
v a t  ion. 

From t h e  repor ted  f i e l d  measurements, BGA can f i x  
as much as 80 kg N/ha p e r  crop -- t h e  average of 
38 tests w a s  27  kg N/ha p e r  crop. Taking i n t o  ac- 
count t h e  a l g a l  biomasses recorded i n  t h e  f i e l d s  
and t h e  ARA va lues  measured i n  the  l abora to ry ,  i t  
appears t h a t  BGA c e r t a i n l y  have a h igher  poten- 
t i a l i t y  than t h a t  measured i n  t h e  f i e l d  and t h a t  
l i m i t i n g  f a c t o r s  a r e  involved. 

From the  compilation of t h e  l i t e r a t u r e  t h r e e  major 
gaps i n  our knowledge were pointed out :  

O 

a 

O 

Recent 
gaps : 

ecology of BGA on r i c e  paddies ,  

mode of a c t i o n  of BGA on rice, and 

l i m i t i n g  f a c t o r s  f o r  development of e i t h e r  
indigenous o r  inocula ted  BGA. 

s t u d i e s  a t  I R R I  have f i l l e d  s o m e  of t hese  
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The a v a i l a b i l i t y  o f  a l g a l  n i t rogen  t o  t h e  
rice p l a n t  has  been quan t i f i ed ,  depending 
on t h e  na tu re  of t h e  a l g a l  material, and 
t h e  mode of  a p p l i c a t i o n  va lues  ranging from 
16 t o  36% f o r  2 c rops  has  been obtained.  

An extens ive  s tudy  has  shown t h a t  ep iphy t i c  
BGA make a low n i t rogen  con t r ibu t ion  t o  
shal low wetland rice. The con t r ibu t ion  be- 
comes of va lue  wi th  deepwater rice and t h e  
t r a n s f e r  of  f i xed  n i t rogen  from t h e  a l g a e  

, t o  t h e  r ice p l a n t  has  been demonstrated. 

/ , 
' S e v e r a l  c u l t u r a l  p r a c t i c e s  favor ing  photo- 

/ t roph ic  NFA have been i d e n t i f i e d .  These 
are deep placemenk of n i t rogen  f e r t i l i z e r s ,  
su r f ace  a p p l i c a t i o n  of straw, and su r face  
a p p l i c a t i o n  of  neem cake. 

Popula t ions  of  g raze r s  have been i d e n t i f i e d  
as an  important  l i m i t i n g  f a c t o r  f o r  BGA 
growth. 

Agronomical use of BGA i s ,  however, s t i l l  severe ly  
l i m i t e d  by a l a c k  of knowledge on t h e  ecology of  
indigenous and inocula ted  BGA i n  t h e  paddy f i e l d s .  ' 

1 Some re sea rch  p r i o r i t i e s  are, t h e r e f o r e ,  recommended: 

1. There should b e  a compilat ion and a review 
of  t h e  l i t e r a t u r e  on BGA i n  f reshwater  eco- 
systems t o  complete t h e  informat ion  ob- 
t a ined  from t h e  compilat ion of  l i t e r a t u r e  
on BGA and rice. 

2. Ecologica l  s t u d i e s  on BGA i n  long-term 
f i e l d  experiments are needed t o  measure 
a l g a l  biomasses and photo t rophic  ARA i n  
r e l a t i o p  t o  t h e  main environmental para- 
meters. Such experiments have t o  b e  as 
coopera t ive  research ,  i n  f i e l d s  where 
ba lance  s t u d i e s  and f e r t i l i z e r  management 
s t u d i e s  are conducted (INSFFER). Spec ia l  
a t t e n t i y n  has  t o  b e  given to :  

a t h e  r o l e  of photosynthe t ic  N2-fixing 
processes  i n  r ep len i sh ing  a v a i l a b l e  
s o i l  n i t rogen  i n  wetland r ice s o i l  
( inc luding  photosynthe t ic  b a c t e r i a ) ;  

t h e  l i m i t i n g  f a c t o r s  f o r  growth of  BGA 
and express ion  of t h e  NFA; and 

t h e  c u l t u r a l  p r a c t i c e s  favor ing  growth 
. a o f  N2-fixing BGA. In t eg ra t ed  n i t rogen  

management p r a c t i c e s  by inocu la t ion  of 
a l g a e  and t h e . u s e  of s t r a w  amendment, 
toge ther  w i th  deep placement of n i t r o -  
gen f e r t i l i z e r ,  can be  t e s t e d .  Sources 
of s t imu lan t s  f o r  a1,gal growth, such 
as neem cake o r ,  poss ib ly ,  rock  phos- 
pha te ,  have t o  be  i d e n t i f i e d  and t e s t e d .  

I 

A network f o r  t h e  c o l l e c t i o n  of a l a r g e  number of 
s o i l  samples, t o  relate t h e  presence o r  absence of 
N2-fixing s t r a i n s  t o  physicochemical p r o p e r t i e s  of 
s o i l  and climatic condi t ions ,  should b e  e s t ab l i shed .  
That should a l s o  provide An opdor tuni ty  t o  cons t i -  
t u t e  a s t r a i n  c o l l e c t i o n 7  

'> 
\ I 
\ 

Long-term f i e l d  inocu la t ion  experiments conducted 
on eco log ica l  bases  are needed t o :  

quan t i fy  t h e  n i t rogen  f ixed  by inocula ted  
a lgae ,  

determine t h e  r e l a t i v e  importance of 
I growth-promoting substances i n  inc reas ing  

g r a i n  y i e l d  compared t o  f ixed  n i t rogen ,  and 

s tudy t h e  in f luence  of BGA on s o i l  proper- 
t ies and t h e  e f f e c t  of changes i n  s o i l  pro- 
p e r t i e s  on rice. growth. 

Experiments on t h e  use  of BGA w i l l  be i n i t i a t e d  
wi th in  t h e  INSFFER network. Likewise emphasis w i l l  
b e  placed on i den t i fy ing  land c h a r a c t e r i s t i c s  
where BGA w i l l  provide the  h ighes t  bene f i t .  
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