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1 )  INTRODUCTION 

I n  many a r e a s  of r i ce  growing coun t r i e s ,  commercial n i t rogen  

f e r t i l i z e r s  i s  no t  used t o  a l a r g e  ex ten t  because e i t h e r  i t  i s  not  

avai3.abI.e o r  farmers  cannot a f f o r d  f o r  i t .  Furthermore,  N f e r t i l i z e r s  may 

become more expensive i n  t h e  f u t u r e .  Thus, a l t e r n a t i v e  o r  a d d i t i o n a l  cheap 

sources  of n i t r o g e n  a r e  u r g e n t l y  requi red ,  e s p e c i a l l y  f o r  improved h igh  

y i e l d i n g  vc? r i e t i e s  t h a t  have been developed. B i o l o g i c a l  n i t rogen  f i x a t i o n  

(BNP) i s  one of t h e  major a l t e r n a t i v e  sources  of n i t r o g e n  f o r  r i c e .  

BNP has  been t h e  major r e sea rch  t o p i c  of t h e  S o i l  Microbiology 

Depzrtment a t  1 R R I .  

I n t e r n a t i o n a l  Rice Research Conferences which would focus  on coopera t ive  

r e sea rch ,  t o  make a survey o f  t h e  coopera t ive  a s p e c t s  of t h e  r e sea rch  

programmes on BNF a t  IRRP. The a i m  o f  t h i s  paper  i s ,  a f t e r  p re sen t ing  very 

s h o r t l y  the  d i f f e r e n t  N - f i x i n g  systems, t o  summarize coope ra t ive  BNF 

programs a t  I R R I  i n  o rde r  CO analyze what has  been t h e i r  impact on t h e  

progress  of knowledge Oi l  ENF i n  r i c e  f i e l d s  and what a r 2  the  p o s s i b i l i t i e s  

f o r  f u t u r e  coopera t ions .  

We have taken  t h e  oppor tuni ty  s f  the 1985 

2 

Some emphasis has  been placed on a survey f o r  t h e  es tab l j shment  of a 

network on blue-green a l g a e  (BGA). Analysis  of t h i s  survey  shows some of 

t h e  problems encountered i n  developing coopera t ive  r e sea rch .  

2) BIOLOGICAL I?,-FIXATION I N  R I C E  FIELDS AWD I T S  STUDY AT I R R I  - 
Some f r e e - l i v i n g  and symbioti.c b a c t e r i a  and BGA 'tiave t h e  a b i l i t y  t o  

convert  n i t rogen  from t h e  a i r  t o  ammonia. In  f r e e - l i v i n g  microorganisms, 

ammonia i s  convehted t o  p r o t e i n s  which then decompose i n  t h e  s o i l  whi le  i n  

symbiot ic  systems ammonia i s  made d i r e c t l y  a v a i l a b l e  t o  t h e  p l a n t .  This  

microbi.al  a c t i v i t y ,  c a l l e d  b i o l o g i c a l  n i t rogen  f i x a t i o n ,  is  a c r u c i a l  s t e p  
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i n  t h e  g l o b a l  n i t r o g e n  c y c l e  i n  t h a t  i t  r e t u r n s  t o  t h e  biosphere,  i n  a 

combined form, n i t r o g e n  t h a t  has  been l o s t  i n  t h e  atmosphere main1.y through 

d e n i t r i f i c a t i o n .  

I n  modern farming systems t h e  importance of BNF i s  o f t e n  overshadowed 

by f e r t i l i z e r  N .  

p r o d u c t i v i t y  of a l l  bu t  most advanced a g r i c u l t u r a l  areas of t h e  e a r t h .  

i s  v i t a l  t o  s u b s i s t e n c e  farming , which does n o t  u se  f e r t i l i z e r  N ,  and 

compri-ses a l a r g e  p a r t  of r i c e  c u l t i v a t i o n  i n  Asia. RNF i s  e s p e c i a l l y  

a c t i v e  i n  submerged s o i l s .  Long term f e r t i l i t y  experiments have shown 

t h a t  as much as 40-50 kg N can be f ixed  p e r  r i c e  crop and p e r  h e c t a r e  by 

N - f i x i n g  b a c t e r i a  and BGA i n  f j e l d s  r e c e i v i n g  no chemical f e r t i l i z e r ,  

However, BNF i s  the  major f a c t o r  determining t h e  

It 

2 

which exp la ins  why wetland r i c e  can. be grown on t h e  same land yea r  a f t e r  

year  without N f e r t i l i z e r  and produce l o w  bu t  cons t an t  y i e l d .  

Resu l t s  of r e c e n t  r e sea rch  on RNF have helped understanding t h e  r o l e  

and have shown t h a t  leguminous of N2-fixing microorganisms i n  r i c e  s o i l s  

green manure c rops ,  Azolla i n  symbios i .~  w i t h  RGA, f r e e - j i v i n g  BGA and 

he te ro t roph i  c N - f i x i n g  b a c t e r i a  a s s o c i a t e d  wi.th l i v i n g  ric.e p l a n t  and 

dead p l a n t  r e s i d u e s  a r e  major N - - f ixing a g e n t s  a c t i v e  i n  wetland r i c e  

f i e l d s .  

t he  above mentioned order .  

2 

2 

P o t e n t i a l i t y  of N,-fixation of t h e  d i f f e r e n t  agen t s  dec reases  i n  
L 

W f i x a t i o n  i n  flooded s o i l  systems was reviewed by Ruresh -- e t  a l .  

Processes  and ecology of BNF i n  r i c e  s o i l s  were reviewed by 

2 

(1980). 

Watanabe (1978) and Watanabe and Brotonegoro (1981). An ex tens ive  survey 

of q u a n t i t a t i v e  d a t a  was presented i n  Lowendorf's revi.ew (1982). New 

knowledge of FNF i n  flooded r i c e  f i e l d s  w a s  summarized by Watanabe and 

Roger (1985). Technologies f o r  u t i l i z i n g  ENF i n  wetland r i c e  c u l . t i v a t i o n  

were summarized by Roger and Watanabe (1985). 

was presented by Ladha -- e t  a l .  (1.985). 

A s h o r t  i n t r o d u c t o r y  review 
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The u l t i m a t e  o b j e c t i v e  of. t h e  BNF.program a t  I R R 1  i s  t o  enable  

s a t i s f a c t o r y  y i e l d s  of r i c e  t o  be obtained w i t h  t h e  ïeas t  p o s s i b l e  use  of 

chemical N f e r t i l i z e r .  To achieve,  t h i s  s h o r t  term o b j e c t i v e s  of t h e  

program a r e :  

- t o  ident i . fy  N - . f ixing organisms i n  r i c e  s o i l s  and t o  determine t h e  2 

q u a n t i t y  of n i t r o g e n  f ixed  by t h e s e  organisms, and t h e  f a c t o r s  t h a t  

i n f luence  thei.r  a c t i v i t y ;  

- t o  develop methods and cu l tura l .  p r a c t i c e s  t o  enhance BNF i n  r i c e  

f i e l d s  ; 

- t o  e s t a b l i s h  a coope ra t ive  r e sea rch  network on BNF i n  r i c e  f i e l d s ;  

- t o  t r a i n  s c i e n t i s t s  who w i l l  s t r e n g t h e n  t h e  n a t i o n a l  c a p a b i l i t i e s  

f o r  conducting r e sea rch  on BNF. 

The EhTF program i n  S o i l  Microbiology Department comprises t h r e e  major 

components: 1) h e t e r o t r o p h i c  N - f i x a t i o n ,  2) f r e e - l i v i n g  BGA, and 3) 

Azol.la (symbiotic BGA). Research on u t i l i . z a t i o n  of N - f i x i n g  legume 

green-manures i s  conducted i n  the. Mul t ip l e  Cropping Department a t  IRRI. 

2 

2 

The t h r e e  components a r e  reviewed t h e r e a f t e r ,  p l a c i n g  emphasis on 1) 

t h e  c u r r e n t  s t a t u s  of t h e  knowledge of t h e  N2-Fi.xing system, 2) p rog res s  

made i n  t h e  knowledge through cooperat ive programs and 3) t h e  p o s s i b l e  

f i e l d s  f o r  f u t u r e  coope ra t ions .  

3) IIETEROTROPHIC N2-FIXATION 

31) Current s t a t u s  of t h e  knowledge 

He te ro t roph ic  N - f i x i n g  b a c t e r i a  comprised of ae robes  , f a c u l t a t i v e  2 

anaerobes and anaerobes.  Anaerobic cond i t ions  which developes i n  flooded 

s o i l s  g e n e r a l l y  f avor  N - - f ixing organisms because n i t r o g e n a s e ,  t h e  enzyme 

of BPJF, i s  i r r e v e r s i b l y  i n a c t i v a t e d  by oxygen. 

he t e ro t rophs  i s  h ighe r  i n  wetland r i c e  f i e l d s  t han  i n  dryland.  

2 

Therefore  N2-fixation by 
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Heterotrophic  BNF depends on t h e  supply of o rgan ic  matter and 

t h e r e f o r e  develops i n  s i t e s  were such a supply occurs:  t h e  r ice  

rhizosphere,  t h e  b a s a l  p o r t i o n  of r i c e  shoo t s  under water , and t h e  organic  

d e b r i s  i n  t h e  s o i l .  The agronomic s igni . f icance of h e t e r o t r o p h i c  BNF has  

been proved by n i t r o g e n  balance s t u d i e s ,  acetylene-reducing a c t i v i t y  

measurements, and 15N s t u d i e s .  Rased on actual .  an.d p o t e n t i a l  estimates of 

N -fixati .on,  i t  may b e  s a i d  t h a t  t h e  N p o t e n t i a l  of a s s o c i a t i v e  BNF 

(lcgN/ha p e r  crop) i s  t h e  l e a s t  among N - f i x i n g  a g e n t s  discussed i n  t h i s  

pa.per. However, t h i s  low p o t e n t i a l  may be balanced by a wider 

app l i c a b  ili ty a 

2 

2 

There are t h r e e  possi .ble  methods f o r  i n c r e a s i n g  h e t e r o t r o p h i c  BNFr 1) 

b a c t e r i - a l  i n o c u l a t i o n ,  2) selec. t ion of v a r i e t i e s  h igh  i n  s t i m u l a t i n g  

N - f i x a t i o n ,  and 3) i n c o r p o r a t i o n  of o rgan ic  matter. 2 

The o v e r a l l  iaipressi.on from experiments t o  enhance BNF by b a c t e r i a l  

i n o c u l a t i o n  i s  no t  one of a g r e a t  success .  I n o c u l a t i o n  sometimes increased 

r i c e  y i e l d  but t h e r e  w a s  no evidence t h a t  t h i s  w a s  due t o  B’NF. 

15 Nitrogen balance experiment , ace ty l ene  r e d u c t i o n  a n d  N s t u d i e s  

conducted a t  I R R I  have shown r i c e  va r i e t a l  d i f f e r e n c e s  i n  t h e i r  c a p a b i l i t y  

t o  s t i m u l a t e  N - f i x a t i o n .  S e l e c t i o n  of var i .e t i .es  h igh  .in s t i m u l a t i n g  

N - f i x a t i o n  i s  a promising f i e l d  of r e sea rch .  

methodologies f o r  r a p i d  sc reen ing  o f  l a r g e  numbers of rixe v a r i e t i e s .  

2 

We are developing 2 

The only agronomic p r a c t i c e  known t o  enhance h e t e r o t r o p h i c  BNF which 

is  c u r r e n t l y  u t i l i z e d ,  i s  o rgan ic  m a t t e r  i n c o r p o r a t i o n ,  e s p e c i a l l y  s t raw.  

From d a t a  c o l l e c t e d  by Roger and Watamabe (1985) t h e  average e f f i c i e n c y  of 

h e t e r o t r o p h i c  RNF i s  about  2.4 mg N f ixed  p e r  gram of s u b s t r a t e  added. 

S tud ie s  a t  I R R I  i n d i c a t e d  t h a t  s t i m u l a t i o n  of N f i x a t i o n  by s t r aw 

inco rpora t ion  i n  f looded s o i l  w a s  more pronounced i n  p l an ted  s o i l  than i n  

2 
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€allow s o i l .  

f i x a t i o n  and number of pho tosyn the t i c ,  h e t e r o t r o p h i c  a e r o b i c  and anaerobic  

b a c t e r i a .  Such enhancement w a s  observed between 10 and 40 days a f t e r  straw 

a p p l i c a t i o n .  

v a r i e t i e s  due t o  straw incorpora t ion .  

Su r face  a p p l i c a t i o n  and i n c o r p o r a t i o n  of straw enhanced N, 
L. 

T o t a l  d r y  ma t t e r  w a s  a l s o  s i g n i f i c a n t l y  inc reased  i n  a few 

32)  Achieved and ongoing cooperat ive p r o j e c t s  

321) Cooperative wi th  Corne l l  Un ive r s i ty  and Boyce Thompson 

I n s t i t u t  e 

Since 1976,  t h e  United Nations Development Program has supported t h e  

study of BNF a t  IRRI and p a r t i c u l a r l y  t h a t  of h e t e r o t r o p h i c  N - f i x a t i o n  

a s s o c i a t e d  wi th  wet land r i c e .  

Cornell. Un ive r s i ty  and Boyce Thompson I n s t i t u t e .  I 5 N  s t u d i e s  by Boyce 

Thompson I n s t i t u t e  confirmed t h e  e a r l y  work a t  I R R I  demonstrating t h a t  

2 

The program s ta r ted  wi th  t h e  cooperat ion of 

s ign i f i . can t  amount of N i s  f ixed  i n  irice rh i zosphe re .  Resti1ts provided 

d i r e c t  evidence of h e t e r o t r o p h i c  9NF a s s o c i a t e d  w i t h  r i c e  r o o t s  and t h e  

flooded s0i.l and demonstrated t h a t  p a r t  of t h e  newly f ixed  N i s  a v a i l a b l e  

t o  t h e  p l a n t  (Eskew e t  a l ,  1981). 

A s c i e n t i s t  from Boyce Thompson I n s t i t u t e  w a s  s t a t i o n e d  a t  I R R I  t o  

study n i t r o g e n  ba lances  based on Kje ldah l  d a t a  over  s e v e r a l  crops of r i c e  

grown i n  cont inuously flooded s o i l  i n  p o t s .  

had a p o s i t i v e  balance which w a s  found t o  b e  t h e  r e s u l t  of phototrophic  and 

Flooded s o i l  p l an ted  t o  r i c e  

h e t e r o t r o p h i c  N - f i x i n g  agen t s .  

upon t h e  presence of r ice  p l a n t s .  

i.n t h e  c a p a c i t y  t o  s t i m u l a t e  n i t r o g e n  g a i n s  (App e t  al., 1980). 

He te ro t roph ic  N -fixati .on depended 2 2 

R e s u l t s  showed r i c e  v a r i e t a l  d i f f e r e n c e s  

Cooperative program wi th  Corne l l  Un ive r s i ty  and Boyce Thompson 

I n s t i t u t e  terminated i n  May 1985 wi th  t h e  end of t h e  f i r s t  UNDP p r o j e c t .  
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322) Cooperation w i t h  Thailand I ! 

Measurement of acetylene-reducing a i t  i v i t y  i n  wetland r i c e  f i e l d s  were 

made i n  cooperat ion w i t h  t h e  Department 6f A g r i c u l t u r e  i n  Thailand 

(Watanabe and Cho l i tku l ,  1979).  Acetylene r e d u c t i o n  a c t i v i t i e s  

measurements i n  ac id  s u l f a t e  s o i l s  showed a p o s i t i v e  e f f e c t  of phosphorus 

a p p l i c a t i o n  i n  N - f i x a t i o n  a s s o c i a t e d  wich r ice  and on f r e e - l i v i n g  

N - f i x i n g  BGA (Watanabe and Cho l i tku l ,  1982). 

2 

2 

323) Cooperation wi th  t h e  United Natj.ons Un ive r s i ty .  

I n  May 1984 a workshop on N2-fixation i n  t h e  rh i zosphe re  of r i c e  

sponsored by t h e  United Nat ions Un ive r s i ty  (UNU) was hos t ed  by I R R I .  

i s  support ing r e sea rch  and t r a i n i n g  i n  t h e  f i e l d  of BNF a s s o c i a t e d  wi th  

r i c e .  Recommendations f o r  f u t u r e  r e sea rch ,  i nc lud ing  t h e  establ ishment  of 

a network, were formulated.  1RR.I agreed t o  r e c e i v e  some t r a i n e e s  from t h e  

UNU p r o j e c t .  1RP.I s c i e n t i . s t s  a.re s e rv ing  as a d v i s o r s  f o r  coope ra t ive  

r e sea rch  sponsored by UNlJ. 

UNU 

324) Cooperation w i t h  J a p a . ~  

We have i n i t i a t e d  a coope ra t ive  p r o j e c t  w i t h  D r .  Yoneyama, Nat ional  

I n s t i t u t e  of Agrobiological  R.esources, t o  s tudy r i c e  v a r i e t a l  d i f f e r e n c e s  

i n  t h e  capac i ty  t o  s t i m u l a t e  M - f i x a t i o n ,  usi.ng 15N n a t u r a l  abundance 

technique. The n.atura1 I5P? d i l u t i o n  method p rov ides  an -integrated 

estimate of t h e  amount of f i x e d  N accumulated by t h e  p l a n t  over a growing 

season. Prel iminary r e s u l t s  show a good c o r r e l a t i o n  between 15N da t a  an.d 

t h e  N -fixirig t r a i t .  

33) P o s s i b l e  f i e l d s  f o r  f u t u r e  coope ra t ive  p r o j e c t s  

2 

2 

A s  suggested during t h e  UNU workshop on h e t e r o t r o p h i c  BNF on r i c e ,  we 

w i l l  develop coope ra t ive  r e l a t i o n s h i p s  wi th  some of t h e  r e s e a r c h e r s  
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supported by t h e  UNU programme. 

s t r a i n s  for.common u s e  t o  s c i e n t i s t s  worltiqg i n  t h i s  f i e l d .  

obtained b a c t e r i a  s t r a i n s  from d i f f e r e n t  p a r t s  of t h e  world and maintain i t  

i n  our  c u l t u r e  col- lect ion.  

I R R 1  p rov ides  r ice seeds  and b a c t e r i a  

We a l s o  

S t r a i n s  of b a c t e r i a  tagged w i t h  g e n e t i c  and biochemical. markers are 

necessary f o r  inoculat ion.  experiments , a n d  fu . r ther  s t u d i e s  of a s soc i . a t ive  

RIW. Exchange of such s t r a i n s  could be v e r y  u s e f u l .  

C l a s s i f i c a t i o n  of b z c t e r i a  r e q u i r e s  s o p h i s t i c a t e d  techniques 

e s p e c i a l l y  chemota~xonomical c l a s s i f i c a t i o n  which inc ludes  a n a l y s i s  Gf 

DNA-GC, f a t t y  aci.ds and quinone by h igh  p r e s s u r e  l i q u i d  chromatography. 

Chemotaxonomical c l a s s i f i c a t i o n  of 11 - f i x i n g  b a c t e r i a  i s o l a t e d  from t h e  

r i c e  rh i zosphe re  could be developed i n  coope ra t ion  y i t h  Japanese 

s c i e n t i s t  s. 

2 

4 )  FREE-LIVING BLUE-GREEN ALCAE 

41) Current knowledge 

A-gr0nomi.c i n t e r e s t  i n  RGA s t a r t e d  i n  e a r l y  1930s when the  h igh  

spontaneous f e r t i l i t y  of  submerged r i c e  soi1.s was a t t r i b u t e d  t o  RGA by D e .  

Sin.ce then,  many t r ia l s  of a l g a l  i n o c u l a t i o n  have been conducted i n  some 

r i c e  growing c o u n t r i e s  and i n o c u l a t i o n  of r i c e  f i e l d s  w i t h  BGA has  been 

recommended i n  a few of them. 

technology developed on " t r i a í  and e r r o r "  b a s i s .  

f a i l u r e .  F a c t o r s  involved i n  y i e l d  i n c r e a s e  r epor t ed  a f t e r  a l g a l  

i n o c u l a t i o n ,  f a c t o r s  l ead ing  t o  t h e  e s t ab l i shmen t  of a bloom and t h e  

general. ecology of.RGA i n  r i c e  f i e l d s  a r e  s t i l l  poorly understood. Reports  

on t h e  e x t e n t  of a r e a  under a l g a l  inocul .a t ion a r e  c o n t r o v e r s i a l ,  b u t  even 

consi-dering t h e  most o p t i m i s t i c  e v a l u a t i o n s ,  use of a l g a l  i n o c u l a t i o n  seems 

t o  b e  res t r ic ted  t o  very l i m i t e d  hec ta rage  i n  a few Jndian s t a t e s  (Tamil 

However a l g a l  inoculat ion.  is  a "blind" 

There a r e  many r e p o r t s  of 



11 

Nadu and Uttar  Pradesh) ,  Egypt and Burma (Roger and Watanabe, 1985).  

T i l l  r e c e n t l y ,  almost a l l  s t u d i e s  of  agronomical u s e  of  BGA have 

p laced  emphasis on algal. i n o c u l a t i o n .  

N - f ix ing  BGA are widely d i s t r i b u t e d  i n  r i ce  f i e l d s .  

i n  many r ice  s o i l s ,  a g r i c u l t u r a l  p r a c t i c e s  f avor ing  t h e  growth of 

indigenous s t r a i n s  may be  s u f f i c i e n t  t o  make u s e  of t h e  p o t e n t i a l i t y  of 

BGA. 

phosphorus a p p l i c a t i o n ,  l iming ,  N f e r t i l i z e r  deep-placement, s t r a w  

a p p l i c a t i o n ,  and g r a z e r  c o n t r o l  (Roger and Kulasooriya,  1.980). 

Recent e c o l o g i c a l  s t u d i e s  show t h a t  

Th i s  i n d i c a t e s  t h a t  2 

P r a c t i c e s  known t o  f avor  growth and N - f i x a t i o n  by BGA are  2 

When cons ider ing  u t i . l i z a t i o n  of BGA as a b i o f e r t i l . i z e r ,  fo l lowing  

p o i n t s  have t o  be taken. i n t o  account :  

- P o t e n t i a l i t y  of BGA as an  a d d i t i o n a l  source  of N f o r  r i ce  i s  

e s t a b l i s h e d .  

o r  Azol la  (around 30 kg N/crop) but  t h e i r  u se  i s  promising because l i t t l e  

a d d i t i o n a l  l a b o r  i s  r equ i r ed .  

Free- l iv ing  BGA have less po ten t i a l .  as N sou rce  than  legumes 

- The technology i s  still .  at a. r e sea rch  leve l  î.n most of t h e  r i c e  

growing c o u n t r i e s ;  and i t  seems a p p r o p r i a t e  t o  cons ide r  t h a t  a l g a l  

i n o c u l a t i o n  i s  more a t  an  exper imenta l  l e v e l  of l a r g e  f i e l d  t e s t i n g  than  a t  

a popu la r i za t ion  s t a g e .  

u t i l i z a t i o n  of BGA i n o c u l a t i o n  i s  t h e  1-ack of rei-iable technology. Quali.ty 

of t h e  inoculum and i t s  e s t ab l i shmen t  i n  t h e  f i e l d  are t h e  two s tumbling 

b locks .  

Cur ren t ly  t h e  major 1imTti.ng f a c t o r  f o r  

- BGA inocu la t ion  i s  n o t  t h e  only  p o s s i b l e  technoJ.ogy and equa l  

importance should be g iven  t o  a g r i c u l t u r a l  p r a c t i c e s  t h a t  f avor  indigenous 

(and a l s o  inocu la t ed )  s t r a i n s .  

- Development of r e l i a b l e  t echno log ie s  f o r  BGA u t i l i z a t i o n  i s  

dependent on: 1) b a s i c  r e sea rch  f o r  a b e t t e r  unders tanding  of  f a c t o r s  
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governing t h e  establ ishment  of BGA blooms; 2)  f i e l d  obse rva t ions  and 

experiments under a l a r g e  v a r i e t y  of environments w i th  t h e  understanding of 

t h e  environment, and 3 )  t h e  e f f e c t s  of BGA on r i c e  bes ides  N2-f ixat ion.  

- I n  most of t h e  r i c e  c o u n t r i e s  i t  would be premature t o  t r y  t o  

popu la r i ze  any BGA technology. 

42) ACHIEVED AND ON-GOING COOPERATIVE PROJECTS 

Since 1980 r e s e a r c h  on EGA a t  I R R I  i s  conducted through a coope ra t ive  

p r o j e c t  between I R R I  and ORSTOM ( I n s t i t u t  F ranca i s  d e  Recherche 

S c i e n t i f i q u e  pour l e  Developpement en Cooperation).  

on t h e  s tudy  of i n v e r t e b r a t e  fauna. and i t s  e f f e c t  on a lgae  w a s  a1.60 

conducted w i t h  Boyce Thompson I n s t i t u t e .  

A coope ra t ive  program 

421) Cooperation with ORSTOM (Prance) 

Major achievemeets clre summarized t h e r e a f t e r .  

An e x t e n s i v e  review of t h e  l i t e r a t u r e  on BGA i n  r ice  f i e l d s ,  o f  which 

more than  2000 cop ies  have been d i s t r i b u t e d ,  showed t h a t  t h e r e  was adequate  

evidence t o  e s t a b l i s h  t h a t  BGA can be u t i l i z e d  a s  an a l t e r n a t i v e  o r  

supplementary source of Pa f o r  r i c e  (Roger and Kulasooriya,  1980). 

Ecology of EGA i n  r i c e  f i e l d s .  A set  of s tandûrdized methods f o r  

f j e l d  s t u d i e s  of BGA has  been developed. It comprises of methods f o r  

sampling, e v a l u a t i n g  EGA popu la t ions ,  and e s t i m a t i n g  N - f i x i n g  a c t i v i t y  

(acetylene-reducing a c t i v i t y ) .  

BGA i n  s o i l s  showed t h e  presence of N - f i x i n g  s t r a i n  i n  a l l  t h e  r i c e  

2 

A l a r g e  s c a l e  survey of t h e  occurrence of 

2 

s o i l s  tes ted i n  t h e  P h i l i p p i n e s  and i n d i c a t e d  t h a t  N - f i x i n g  s t r a i n s  are 

p resen t  i n  r ice  f i e l d s  a t  a l a r g e r  e x t e n t  than i t  was prev ious ly  thought .  

An ex tens ive  s tudy of BGA which grows a t t a c h e d  t o  t h e  r i c e  p l a n t  

(Kulasooriya -- e t  a l . ,  1980) showed t h a t  e p i p h y t i c  BGA made a s i g n i f i c a n t  

2 

i 
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c o n t r i b u t i o n  t o  t h e  n i t r o g e n  n u t r i t i o n  of deepwater r i ce  (Watanabe -- e t  a l . ,  

1982).  

app l i ca t ion ,  has  shown t h a t  s u r f a c e  a p p l i c a t i o n  of mine ra l  N i n h i b i t  

N,-fixing BGA, whereas deep placement does n o t  d i s t u r b  t h e  na tura l .  a l g a l  

N - f i x i n g  system t h a t  p rov ides  a source  of  n i t r o g e n  and dec rease  t h e  

losses of N by vo l . a t i . l i za t ion  (Roger _-  e t  a l .  , 1.981). 

Study of the e f f e c t  of  chemical N f e r t i . l i z e r s  and the i r  mode of 

L 

2 

Composition of BGA, p r o d u c t i v i t y ,  a v a i l a b i l i t y  of EGA n i t r o g e n  t o  r i c e  

p l a n t :  RibLiographic,  l a b o r a t o r y ,  greenh.ouse and f i e l d  s t u d i e s  have been 

conducted t o  assess t h e  o v e r a l l  composition of BGA. F i e l d  samples have a 

lower N conten t  and a h i g h e r  a s h  content: than  l a b o r a t o r y  samples. 

Es t imates  of N contained i n  BGA blooms i n  submerged s o i l s  ranged from 10 t o  

30 kg N/ha. Using 

BGA m a t e r i a l  and. t h e  mode of a p p l i c a t i o n  15 t o  36% of a lgal .  N i s  a v a i l a b l e  

t o  t h e  two crop fol lowing appl ica t i .on  ( T i r o l  -- e t  a l . ,  1482). 

15 N i t  bras found t h a t  depending on t h e  n a t u r e  of t h e  

I n o c u l a t j o n  experiments.  D i f f e r e n t  methods f o r  medium t o  l a r g e  scale 

inoculum product ion  have been t e s t e d  aiid a method f o r  product ion  of high  

counts ,  m u l t i s t r a i n ,  ba lanced ,  s o i l  based inocu la  h a s  been developed. 

F i e l d  inocu la t ion  experiments  conducted f o r  t h r e e  consecut ive  y e a r s  

and  a l a r g e  s c a l e  greenhouse experiment have pe rmi t t ed  t o  a s s e s s  some of 

t h e  f a c t o r s  involved í.n t h e  esta .bl ishment  of RGA blooms of indigenous and 

inocu la t ed  s t r a i n s .  

422) Cooperation w i t h  Corne l l  Un ive r s i ty  and Boyce Thompson I n s t i t u t e  

Nitrogen. ba lance  experiment i n  t h e  f i e l d s  have provided informat ion  on 

t h e  con t r ibu t ion  of pho to t roph ic  n i t r o g e n  f i x a t i o n  (App I- e t  a l . ,  1984). 

An important  c o n t r i b u t i o n  h a s  been t h e  s tudy  of  t h e  r o l e  of 

i n v e r t e b r a t e  popula t ions  i n  wet land r ice  f i e l d s .  I n v e r t e b r a t e s  t h a t  feed 

on a lgae  (n i c roc rus t aceans ,  sna i . l s ,  chironomid l a r v a e  ..) are  a major 
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l i m i t i n g  f a c t o r  f o r  BGA growth and photodependent PIT - f i x a t i o n .  

A b o t a n i c a l  p e s t i c i d e  from Azadirachta i n d i c a  (neem t r e e )  was found u s e f u l  

i n  r e g u l a t i n g  popu la t ions  of g r a z e r s  which l i m i t  BGA growth (Grant -- e t  a l . ,  

2 

1983).  

incidence of g r a z e r s  of EGA i n  a l l  t he  s t u d i e d  areas. 

A s u r v e y ' o f  wetland r i c e  f i e l d s  i n  t h e  P h i l i p p i n e s  showed a h i g h  

4 3 )  P o s s i b l e  f i e l d s  f o r  f u t u r e  coope ra t ive  p r o j e c t s  

RGA has  a t t r a c t e d  t h e  i n t e r e s t  of many r e s e a r c h e r s ,  e s p e c i a l l y  i n  r i c e  

growing c o u n t r i e s .  I n  1983 w e  knew of more than 120 i n d i v i d u a l s  working o r  

u s ing  t o  work wi th  BGA i n  Bangladesh, BurmaS China, Egypt, I n d i a ,  Malaysia ,  

P h i l i p p i n e s  S i r  Lanka and Thailand o 

A major component of t h e  mandate o f  I n t e r n a t i o n a l  Agricul tural .  

Research. Cen te r s  i s  t o  support  n a t i o n a l  r e s e a r c h  o rgan iza t ion  and 

a g r i c u l t u r a l  development a c t i v i t h e s .  Therefore  r e sea rch  a c t i v i t i e s  t h a t  

b e n e f i t  from an  i n t e r n a t i o n a l  approach, i n c l u d i n g  running and s u s t a i n i n g  

r e sea rch  networks,  a r e  p a r t  of IRRI's madate. Because s o  mai;)' s c i e n t i s t s  

and  r e sea rch  c e n t e r s  a r e  i n t e r e s t e d  i n  BGA, i t  w a s  decided t o  s tudy through 

a survey t h e  p o s s i b i l i t y  of e s t a b l i s h i n g  a network of BGA r e s e a r c h e r s  t h a t  

w i l l  f a c i l i t a t e  sha r ing  information,  knowldge, methodologies, and s t r a i n s ,  

and encourage coope ra t ive  r e sea rch .  Also monitoring t o u r s  i n  Egypt and 

I n d i a  by I R R T  s c i e n t i s t s  of t h e  BGA group were organized i n  o r d e r  t o  

exchange informati.or, w i th  t h e i r  c o u n t e r p a r t s  and t o  s tudy p o s s i b l e  

c o l ~ l a b o r a t i o n s  . 

431) Survey f o r  s tudying the  p o s s i b l i t y  of e s t a b l i s h i n g  a BGA network.. 

C o l l e c t i o n  of information and g e n e r a l  r e s u l t s .  PL l i s t  of s c i e n t i s t s  

working on BGA was compiled from books and gapers  publ ished between 1978 

,.' I 

and 1983. A l e t t e r  exp la in ing  our  goa l  and a ques t ionna i r e  (Annex 1) were 
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send t o  each of them. A t  I R R I  major i n t e r e s t  i s  on agronomic u s e  bu t  i t  w a s  

decided n o t  t o  restrict  t h e  survey t o  agronomical a s p e c t s  and t o  inc lude  

a l l  a s p e c t s  of BGA r e sea rch .  Analysis  of 177 q u e s t i o n n a i r e s  t h a t  we 

r ece ived  b e f o r e  December 1984 i s  summarized t h e r e a f t e r .  (Since w e  have 

r ece ived  more answers and c o l l e c t e d  o t h e r  names. Our f i l e  comprises almost 

4fiO names i n  June 1985). Geographical d i s t r i b u t i o n  of t h e  s c i e n t i s t s  

c u r r e n t l y  recorded i n  our f i l e  i s  p resen ted  i n  Table 1. 

I n t e r e s t s  i n  BGA. Answers show balanced i n t e r e s t  i n  e c o l o g i c a l ,  

p h y s i o l o g i c a l  and biochemical,  and app l i ed  s t u d i e s .  I n  e c o l o g i c a l  s t u d i e s  

emphasis i s  on f r e shwa te r  and s o i l s .  

s t u d i e s  emphasis i s  o n  ENF. 

i n o c u l a t i o n ,  Azolla, and p o l l u t i o n .  

I n  p h y s i o l o g i c a l  and biochemical 

I n  app l i ed  r e sea rch  emphasis i s  on a l g a l  

Repr in t s  po l i cy .  A l a r g e  m a j o r i t y  p r e f e r s  t o  provide o t h e r  members of 

t h e  network wi th  t h e i r  r e p r i n t s  on r eques t  (132). 

i n  a permanent exchange through a ma i l ing  l i s t .  A pe r sona l  r e p r i n t  

exchange involvi.ng a 1i.mited number of col-leagues was p r e f e r r e d  by some who 

s a i d  t h a t  providing r e p r i n t s  upon r eques t  tends t o  become a 

"one-way-street" system compared wi th  exchange through a l i m i t e d  ma i l ing  

l i s t  a 

Only 31 were i n t e r e s t e d  

Cu l tu re  c o l l e c t i o n s .  Ninety e i g h t  s c i e n t i s t s  have a c u l t u r e  

c o l l e c t i o n  and 49 have axenic  s t r a i n s .  C o l l e c t i o n s  range from 1 t o  400 

s t r a i n s .  Regarding p o l i c i e s  f o r  providing s t r a i n s  t o  members of t h e  

network, about 40% of s c i e n t i s t s  having a c u l t u r e  c o l l e c t i o n  a r e  ready t o  

d o  i t  f o r  f r e e ,  about 35% would p r e f e r  t o  do i t  on an exchange b a s i s .  A 

few ask  f o r  reimbursement of ma i l ing  expenses. About 10% would l i k e  t o  do 

i t :  I) w i t h  charge,  o r  2 )  e i t h e r  w i th  charge o r  as an exchange. 
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It w a s  pointe; out t h a t  t h e  q u e s t i o n s  of commercial and s c i e n t i f i c  

va lue  of u n i a l g a l  and pure c u l t u r e  s t r a i n s ,  and accordingly of p a t e n t s  and 

o t h e r  p r o t e c t i o n s  of t h i s  v a l u e ,  have n o t  been resolved t o  d a t e .  It w a s  

s a i d  one should view an  a l g a l  c u l t u r e  n o t  on ly  a s  a p o t e n t i a l  experimental  

m a t e r i a l  and f u t u r e  source of i n fo rma t ion  bu t  a l s o  as a s t o r a g e  of a l l  

information a l r e a d y  c o l l e c t e d  i n  t h e  p rocess  of ob ta in ing ,  i s o l a t i n g  and 

c u l t i v a t i n g  t h e  organisms. Therefore  cons ide r ing  t h e  investment of time, 

e f f o r t ,  and know-how requ i r ed  t o  o b t a i n  a pure c u l t u r e ,  and p a r t i c u l a r l y  

one wi th  c e r t a i n  taxonomic i d e n t i t y  and e c o l o g i c a l  r e l evance ,  q u e s t i o n s  

re la ted t o  p o l i c i e s  f o r  s t r a i n s  p r o t e c t f o n ,  exchange o r  d i s t r i b u t i o n  should 

no t  be taken l i g h t l y .  

Information exchange. Fourty pe rcen t  of our  co l l eagues  were i n  f avor  

of pub l i sh ing  a newsl-etter when enough mater ia l .  has been c o l l e c t e d  f o r  

fi l . l , i .ng an i s s u e .  However one of our co l l eagues  pointed ou t  t h a t  i.f t h e r e  

i s  no r e g u l a r  p u b l i c a t i o n  d a t e  no i s s u e  w i l l  come ou t .  The second s c o r e  

was f o r  a b i annua l  p u b l i c a t i o n  ( 3 4 % ) .  A m a j o r i t y  w a s  i n  f a v o r  of a c o s t  

lower than  5 US $ a yea r  (40%) followed by those  who want i t  f r e e  (36%).  

It was s a i d  t h a t  t h e  i d e a  of a n e w s l e t t e r  i s  e x c e l l e n t  provided i t  i s  

r e s t r i c t e d  t o  BGA and rice.  The a u t h o r  of t h i s  s ta tement  commented: “A 

n e w s l e t t e r  w i t h  i l l - d e f i n e d  aims, t end ing  t o  cover a l l  BGA t o p i c s  b u t  w i th  

emphasis on r i c e  would s tand t h e  r i s k  of doing n e i t h e r  j ob  p rope r ly .  There 

shou1.d be more than enough m a t e r i a l  on BGA and r i c e  and t he  n e w s l e t t e r  

might encourage r e a l  dialogue and coope ra t ion . “  

A c t i v i t i e s  of t h e  newtwork. S t a n d a r d i z a t i o n  of methods was quoted i n  

72% of t h e  ques t ionna i r e s .  There were comments about a need f o r  

s t a n d a r d i z i n g  methods f o r  1) i d e n t i f y i n g  and c l a s s i f y i n g  BGA, 2 )  des ign ing  

i n o c u l a t i o n  experiments,  and 3) t e s t i n g  inocu la .  (One col league po in ted  
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out  t h a t  there are a few bogus commercial p roducts  claimed t o  be  ''miracle 

inocula"  con ta in ing  N 

cu l tu red  on N f r e e  BGA medium). S i x t y  two percent  of t h e  people  interested 

i n  ecology of BGA quoted e c o l o g i c a l  survey  as a p o s s i b l e  a c t i v i t y  of t h e  

network. 

a g r i c u l t u r a l  p r a c t i c e s  were quoted i.n 60% of t h e  q u e s t i o m a i r e .  There were 

many comments emphasizing t h e  importance of coopera t ive  p r o j e c t s  f o r  

r e sea rch  on a g r i c u l t u r a l  u t i l i . z a t i o n  of  BGA. Workshop and seminars  

o rgan iza t ion  w a s  quoted i n  76% of t h e  q u e s t i o n n a i r e s  and f i v e  comments were 

about o rgan iz ing  conference and worlr.shop on BGA a t  I R R I  u Organizing 

t r a i n i n g  cour ses  w a s  quoted i n  58% of t h e  ques t ionna i r e .  

f i x i n g  BGA which d i d  n o t  produce any growth when 2 

Labora tory  o r  f i e l d  experiments  designed t c  tes t  m e t h o d ~ l o g i e s  o r  

Among o t h e r  act i .vi t ies ,  t h e  s e t  up of a c e n t e r  t h a t  con ta ins  a l l  BGA 

c u l t u r e s  now c a r r i e d  i n  t h e  v a r i o u s  c o l l e c t i o n s  i s  a major concern.  There 

w a s  a sugges t ion  regard ing  t h e  e s t a b l i s h n e n t  of a computerized r e p o s i t o r y  

of publ i shed  informat ion  dea l ing  w i t h  BGA and one about t h e  e s t ab l i shmen t  

o f  a journa. l  devoted t o  EKA. 

332) Cooperation wi th  Egypt 

The Depsrtment of A g r i c u l t u r a l  Microbjology of t h e  S o i l s  and Water 

Research I n s t i t u t e  h a s  conducted e x t e n s i v e  t r ia l s  showing a p o s i t i v e  

e f f e c t  of a l g a l  inoculat i .on.  The Min i s t ry  of Agricul. ture i s  c u r r e n t l y  

developing a l o c a l l y  f inanced p r o j e c t  c a l l e d  "Product ion of 

b i o f e r t i l i z e r s " .  One of t h e  o b j e c t i v e s  of t h e  p r o j e c t  i 5  t o  produce y e a r l y  

t h e  a l g a l  m a t e r i a l  r equ i r ed  f o r  i n o c u l a t i n g  about 1 .3  x 10 acres. 6 

P o s s i b l e  coopera t ion  between Egypt and I R R T  was d i scussed  du r ing  a 

vislt of P.A. Roger t o  t h e  Department of Agricul. tura1 Microbiology i n  Giza ,  
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i n  August. 

Egyptian s c i e n t i s t  who w i l l  s tudy problems regarding t h e  q u a l i t y  con t ro l  of 

a l g a l  i nocu lan t s .  

Cooperation could b e  i n i t i a t e d  by a s t a y  a t  IRRI of  one 

4 3 3 )  Cooperation w i t h  I n d i a  

I n  March 1985, t h r e e  IRRI s c i e n t i s t s  went to I n d i a  i n  o r d e r  to :  1) 

meet Ind ian  s c i e n t i s t s  involved i n  BGA r e sea rch  and d i s c u s s  p o s s i b l e  

cooperat ion wi th  them, 2) v i s i . t  s i t e s  i n  Uttar  Pradesh, Karnataka and T a m i l  

Nadu where inocu la t ion  experiments are conducted, and 3 )  make a survey n f  

BGA and g r a z e r s  of EGA i n  t h e  v i s i t ed  a r e a s .  

e s t a b l i s h e d  from a survey made through a ques t ionna i r e  s e n t  t o  t h e  40 

I n d i a n  s c i e n t i s t s  working on BGA who answered t h e  q u e s t i o n n a i r e  r e l a t e d  t o  

t h e  e s t ab l i shmen t  o f  a BGA network and who i n d i c a t e d  t h a t  a l g a l i z a t i o n  i s  

one of t h e i r  r e sea rch  i n t e r e s t .  We had a feed back of 1 7  q u e s t i o n n a i r e s .  

We v i s i t e d  11 l a b o r a t o r i e s  i n  u n i v e r s i t i e s  o r  r e sea rch  c e n t e r s s  hzd 15 

f i e l d  t o u r s  during which w e  v i s i t e d  10 s i t e s  i n  farmers f i e l d s  and 6 s i tes  

i n  experimental  s t a t i o n s  and had di.scussions wi th  50 s c i e n t i s t s  among which 

10 a r e  c u r r e n t l y  i.nvolved i n  e c o l o g i c a l  o r  app l i ed  f i e l d  s t u d i e s  o11 BGA i n  

r i c e  f i e l d s .  

The i t i n e r a r y  of t h e  t o u r  was 

There was  a g e n e r a l  agreement f o r  i n i t i a t i n g  coope ra t ive  work i n  t h e  

f i e l d  o f  methodologies and more s p e c i f i c a l l y  i n  s tandardi .z ing f i e l d  methods 

used by t h e  RGA s c i e n t i s t s  working i n  r i c e  f i e l d s .  

5) AZOLLA 

51) Current s t a t u s  of t h e  knowledge 

Azolla i s  a symbiosis between an  aq,uatic f e r n  of t h e  Azol la  genus and 

a N2-fixing BGA, Anabaena a z o l l a e .  Because o f  i t s  r ap id  growth and high 
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N c o n t e n t ,  Azol la  h a s  been used as a g reen  manure i n  r ice  c u l t u r e  f o r  

c e n t u r i e s  i n  n o r t h e r n  Vietnam and sou the rn  China (Lumpkin and P l u c k n e t t ,  

1982; CJatanabe, 1982). I n  1979-1980, Azol la  w a s  used on 1.3 m i l l i o n s  

h e c t a r e s  i n  China and 500,000 h e c t a r e s  i n  North Vietnam. I n  t h e  

P h i l i p p i n e s ,  i t  w a s  r e c e n t l y  adopted by farmers  on about 26,000 h e c t a r e s .  

I n  o t h e r  c o u n t r i e s ,  Azolla u s e  i s  i n c i d e n t a l  and l i m i t e d .  

Azol la  grows w e l l  w i th  r i c e  i n  f looded cond i t ions .  It i s  easier t o  

in.corporate than  o t h e r  o rgan ic  manures and has  a N p o t e n t i a l  s imilar  t o  

t h a t  of legumes green manures. When grown d u a l  cropped wi th  r ice ,  Azol la  

can accumulate from 25 t o  170 kg N/ha i n  60 days (Kikuchi e t  a l ,  1.984), 

which may exceed t h e  N requirement of r i c e .  A s  shown by t h e  low hec ta rage  

were l izo l la  i s  c u r r e n t l y  being u t i l i z e d ,  t h e r e  are 1.j.mi.ting f a c t o r s  t o  i t s  

adoption. Because Azolla cannot w i ths t and  d e s i c c a t i o n ,  a f i r s t  requirement 

f o r  i t s  use  i s  water a v a i l a b i l i t y  and c o n t r o l .  Add i t iona l ly ,  because 

Azolla grows from v e g e t a t i v e  m u l t i p l i c a t i o n ,  inoculum must  be maintained i n  

n u r s e r i e s  a l l  yea r  and  m u l t i p l i e d  f o r  d i s t r i b u t i o n  be fo re  f i e l d  

c u l t i v a t i o n .  High temperature  r e t a r d  Azol la  growth. The major d e t r i m e n t a l  

e f f e c t  i n  r e l a t i o n  of high temperature and humidity i s  t h e  r e s u l t i n g  h igh  

incidence of i r isect  and fungus p e s t s .  Among n u t r i e n t s ,  P i s  most 

important .  Optimal a v a i l a b l e  P c o n c e n t r a t i o n s  f o r  Azol . la  growth are  q u i t e  

r a r e  i n  r i c e  s o i l s  and P a p p l i c a t i o n  i s  u s u a l l y  needed. Economics are 

important.  Kikuchi -- e t  a l . ,  (1984) calcul-ated t h a t  l a b o r  c o s t  of Axolla use 

becomes c r i c i c a l  where a g r i c u l t u r a l  wage rates approach $ 2 / d o l l a r .  I n s e c t  

c o n t r o l  w a s  a l s o  an  important economic l i m i t a t i o n .  I f  more than  200 g 

carbofuran a i / h a  i s  needed t o  c o n t r o l  i n s e c t s ,  b e n e f i t s  are e l imina ted .  

Problems a r i s i n g  from inoculum conse rva t ions ,  m u l t i p l i c a t i o n ,  and 

t r a n s p o r t  could be solved t o  a l a r g e  extend i f  Azolla could be propagated 
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from spores .  

s e l e c t i n g  co ld  o r  h e a t  r e s i s t a n t  s t r a i n s  w i t h  low P requi rements  and by 

us ing  P f e r t i l i z e r .  

are needed t o  improve agronomic c h a r a c t e r s  of Azol la .  Cheap ways of 

c o n t r o l l i n g  p e s t s  by b i o l o g i c a l  control.  o r  p l a n t  o r i g i n  p e s t i c i d e  should be  

e x p l o i t e d .  Labor c o s t s  n o t  app ly  i n  many r ice  growing c o u n t r i e s .  

g reen  manures, Azol la  i s  s t i l l  less  u t i l i z e d  than  legunies b u t ,  con t r a ry  t o  

legume use,  AzoZla use  i s  repor t ed  t o  be inc reas ing ,  and many c o u n t r i e s  are  

e v a l u a t i n g  i t  f o r  popu la r i za t ion .  

Temperature l i m i t a t i o n s  and P requi.rements can be  reduced by 

Basic s t u d i e s  f o r  making c r o s s  among Azo l l a  s p e c i e s  

Among 

52) Achieved and otigcing coope ra t ive  p r o j e c t s  

521) INSPPER t r ia ls  on Azol la  

INSFPEK i n i t i a t e d  a coopera t ive  program t o  examine t h e  e f fec t  of 

Azol la  i nco rpora t ion  on r ice  y i e l d  i n  1979. T r i a l s  i n  1979 and 1980 had 

9 common t r ea tmen t s  a t  33 s i t e s  i n  7 coun t r i e s .  R e s u l t s  showed t h a t  one 

crop of Azol la  incorpora ted  b e f o r e  o r  a f t e r  t r a n s p l a n t i n g  r i c e  caused an 

i n c r e a s e  i n  g r a i n  y i e l d  equ iva len t  t o  t h a t  ob ta ined  wi th  30 kg N/ha urea  o r  

ammonium s u l f a t e .  I n  1981 and 1982 t r i a l s ,  8 common t r ea tmen t s  were t e s t e d  

i n  32 s i t e s  i n  8 c o u n t r i e s .  

kg/m Azolla f r e s h  weight i nco rpora t ed  be fo re  t r a n s p l a n t i n g  gave t h e  same 

y i e l d  a s  t h a t  obtained by 60 kg N/ha urea .  

Azol la ,  one befo re  and t h e  o t h e r  a f t e r  t r a n s p l a n t i n g  gave a y i e l d  s l i g h t l y  

lower than  t h a t  ob ta ined  w i t h  60 kg N/ha u rea .  A t h i r d  s e t  of t r i a l s  w i t h  

8 common t r ea tmen t s  began i n  1983. Because i t  was d i f f i c u l t  t o  i nco rpora t e  

2 .O kg/m2 Azolla  f r e s h  weight wi thout  b r ing ing  i n  Azol la  produced o u t s i d e  

t h e  test. p l o t s ,  on1.y 1.5 kg/m 

N/ha u rea .  Azol la  biomass w a s  recorded i n  58% of t h e  t r i a l s .  Rice y i e l d  

R e s u l t s  showed t h a t  30 kg N/ha u r e a  + 2.0 

2 

Inco rpora t ing  two crops  of 

2 Azol la  w a s  incorpora ted  a long  w i t h  30 kg 
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i n c r e a s e  p e r  u n i t  f r e s h  weight Azol la  

f e r t i l i z e r  a t  each s i t e .  The average 

w a s  p r o p o r t i o n a l  t o  t h e  e f f e c t  of N 

f r e s h  weight of one Azolla crop w a s  

2 l . 5  kg/m 

Plans f o r  1985 were discussed by c o l l a b o r a t i n g  s c i e n t i s t s  who j o i n e d  t h e  

Azol.la. workshop i n  Fuzhou i n  A p r i l  1985. Because t h e  s o i l  d i s tu rbance  

r e s u l t i n g  from Azolla i nco rpora t ion  may a f f e c t  r i c e  y i e l d ,  a t r ea tmen t  

s i m u l a t i n g  ín.c.orporation p rocess  was included.  Otherwise choosen 

t r ea tmen t s  were s i m i l a r  t o  those i n  1.983-1984 t r i a l s .  

be fo re  t r a n s p l a n t i n g  and 1.1 kg/mL a f t e r  t r a n s p l a n t i n g .  

The number of cooperators  on Azol la  t r i a l s  has  decreased t o  some 

e x t e n t  in. 1985. This  may r e f l e c t  t h e  l o s s  of enthusiasm on Azol la  i n  

c e r t a i n  c o u n t r i e s .  Nevertheless ,  i n t e r e s t  i n c r e a s e s  i n  o t h e r  c o u n t r i e s  

l i k e  t h e  P h i l i p p i n e s  and Ind ia .  

522) Azo1.l.a germplasm 

One hundred t h i r t y  two s t r a i n s  i n  s i x  s p e c i e s  from --- c o u n t r i e s  a r e  

maintainecl a t  I R R I .  P a r t  cf the  c o l l e c t i o n  was obtained through D r .  T. 

Lumpkin, Washington S t a t e  Un ive r s i ty  and D r a  Rains from C a l i f o r n i a  

Un ive r s i ty .  W e  a r e  now c o l l e c t i n g  s t r a i n s  from L a t i n  America which a r e  

s u i t a b l e  f o r  growth under t r o p i c a l  c o n d i t i o n s .  For s e v e r a l  y e a r s  I R R I  

ac t ed  a s  an  informal  germplasm c e n t e r  f o r  Azolla conservat ion and 

d i s t r i b u t i o n .  I n  1983-84 more than  250 samples ranging from a few gram t o  

1 / 2  k i l o  have been given t o  l a b o r a t o r i e s  o r  i n d i v i d u a l s  from 15 c o u n t r i e s .  

- A. f i l i c u l o i d e s  and - A. c a r o l i n i a n a  from IRRI'S c o l l e c t i o n s  a r e  now 

s u c c e s s f u l l y  u t i l i z e d  i n  Vietnam and China. 

Fuzhou (China) i n  A p r i l  1985, i t  was agreed t h a t  I R R I  should 1) a c t  as t h e  

Azolla germplasm world c e n t e r ,  2) c o l l e c t  A z o l l a  s t r a i n s  but  a l s o  

herbariums, and 3) disseminate  in fo rma t ion  on Azol1.a through a n e w s l e t t e r .  

I n  t h e  -- Azolla workshop he ld  i n  
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523) Cooperation w i t h  the P h i l i p p i n e s .  

I n  1980, IRRT. s t a r t e d  Azol la  on-farm t r i a l s  i n  coope ra t ion  w i t h  t h e  

P h i l i p p i n e  Council  f o r  A g r i c u l t u r e  and Resources Research (PCARRD) and t h e  

M i n i s t r y  of Agr i cu l tu re .  It was through t h e s e  t r i a l s  that  Azol la  w a s  

in t roduced  t o  South Cotabato (Mindanao), where i t  h a s  subsequent ly  t h r i v e d .  

Pol1owi.ng r ecogn i t ion  of  i t s  s u c c e s s f u l  adap ta t ion  i n  South Cotabato,  t h e  

M i n i s t r y  of Agr i cu l tu re  took t h e  lead i n  eva lua t ing  i t s  a d a p t a t i o n  

throughout  t h e  P h i l i p p i n e s  us ing  a t es t  developed a t  I R R I .  Since then ,  

IRRT. h a s  been coopera t ing  wi th  t h e  Min i s t ry  of Agr i cu l tu re  of  t h e  

P h i l i p p i n e s  i n  i t s  e f f o r t s  o f  dess imina t ing  Azol la  technology launched as 

Uni f ied  Azol la  Act ion Program. Aspect of dess imina t ion  of Azol la  

technology w i l l  be  d iscussed  í n  ano the r  s e c t i o n  of  t h i s  meeting. 

We have a l s o  i n i t i a t e d  coope ra t ion  wi th  UPLB s c i e n t i s t s  ir? t h e  f i e l d  

of s exua l  reproduct ion  of -- Azolla  from sporocarps.  

t h a t  sporocarp are formed abundant ly  i n  coo le r  Mountain Province  o The 

Mountain Province S t a t e  Un lve r s i ty  provides  good f a c i l i t i e s  f o r  

IJPTJ3 s c i e n t t s t s  found 

cooperati .ves s t u d i e s  of Azol la  s p o r u l a t i o n ,  i d e n t i f i c a t i o n  of t h e  s p e c i e s  

through spores ,  s exua l  recombinat ion,  and mass c u l t u r e  from sporocarps .  

52.4) Cooperation w i t h  Portsmouth Polytechnique.  

The c l a s s i f i c a t i o n  of Azol la  i s  s t i l l  open t o  c r i t i c i - sm.  New c r i t e r i a  

and and a b e t t e r  knowledge of s p o r e  formation are  needed f o r  developing a 

b e t t e r  taxonomic t rea tment .  D x .  Fowler of Portsmouth Poly technique  g a t h e r s  

herbari.um and sporocarps  specimens from I R R I  c o l l e c t i o n  t o  t r y  t o  i d e n t i f y  

t h e  spec ie s .  O r i g i n a l  i d e n t i f i c a t i o n  of most of t h e  s p e c i e s  w a s  confirm 

(A. p i n n a t a ,  - A. f i l i c u l o i d e s ) .  

mexicana was confirmed bu t  r e s u l t s  i n d i c a t e d  t h a t  t h e  v a l i d i t y  of - A. 

c a r o l i n i a n a  i s  ques t ionab le .  W e  are now provid ing  Prof .  Fowler w i t h  

The v a l i d i t y  of -- A. microphyl la  and - A. 

f e r t 5 l e  herbariums f o r  f u r t h e r  s t u d i e s .  
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53) Possible fields for future cooperative projects 

The first international workshop on Azolla use, cosponsored by the 

Fujian Academy of Agricultural Sciences (FAAS) and IRRI, was organized in 

April 1985 in Fuzhou, coinciding with the inauguration of the FAAS PiTational 

Azolla Research Center. Thirty-two participants from 10 countries and 44 

Chinese scientists discussed: 1) the use of Azolla as biofertilizer and 

feed, 2) methods for determining N -fixed by Azolla, 3) Azolla 

classification, and 4) possible ways of Azolla research in international 

cooperat i on. 

2 

IRRI was obviously regarded as ari important chznnel through which 

Cooperative research, distribution of strain and information should be 

done. The possibility to send scientists and trainees to the National 

Azolla Research Center of Fuzhou provides another opportunity for 

cooperative work with China, 

6) CONCLUSION 

IRRI'S policy regarding cooperative research is defined in the 'Plan 

for IRRI's Third Oecade (1982). It reads: "Cooperation with researchers in 

rice-growing countries is critical to IRRJ's success because technology 

that is taflored to local conditions can most efficiently be developed in 

the environment for which it is intended" and "The research and training 

strategies for IKRI's third decade will call for ... relevant extension of 
cooperative and network programs with national research systems in rice 

growing countries. Basic research will also be strengthened through 

cooperation with appropriate scientists...". In 1984, IRRI explicitly 

recognized the importance of cooperation by adding program area 11Q0, 

cooperative research. 
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IRR1 r e sea rch  and d i s semina t ion  programs u t i l i z e  seven major pathways 

of cooperat ion:  g l o b a l  r e s e a r c h  s e r v i c e s ,  networks,  country programs, 

coope ra t ive  r e s e a r c h ,  coope ra t ion  wi th  advanced i n s t i t u t i o n s ,  t r a i n i n g  and 

technology t r a n s f e r ,  and knowledge sha r ing .  A l l  of them have been used by 

the r e sea rch  program on BNF (Table 2 ) .  R e l a t i v e l y  s l i g h t l y  more importance 

h a s  been given t o  cooperat ion w i t h  advanced i n s t i t u t i o n s .  Th i s  r e f l e c t  t h e  

f a c t  t h a t  among t h r e e  r e s e a r c h  t o p i c s  on ENF only Azolla i s  a v a i l a b l e  f o r  

p o p u l a r i z a t i o n ,  whereas h e t e r o t r o p h i c  b a c t e r i a  and f r e e - l i v i n g  BGA a r e  a t  a 

s t a g e  where more b a s i c  r e s e a r c h  i s  needed. 

Cooperation o n  b a s i c  r e s e a r c h  on BNF has  been ve ry  s u c c e s s f u l .  More 

than  one f o u r t h  of t h e  s c i e n t i f i c  papers  publ ished by t h e  S o i l  Microbiology 

Department during t h e  p a s t  f i v e  y e a r s  were t h e  r e s u l t  of coope ra t ive  work 

(Table 3) 

A major success  i n  t h e  f i e l d  of app l i ed  r e sea rch  has  been spreading 

-- Azolla knowledge i n  many c o u n t r i e s  where -- Azol la  i s  now be ing  adopted o r  

t e s t e d  f o r  adoption. Five r e p o r t s  summarizing t h e  r e s u l t s  of cooperat ive 

TNSFFER t r i a l s  have been publ ished and d i s t r i b u t e d  t o  coope ra to r s  and t o  

i n d i v i d u a l s  o r  organi.zations t h a t  requested f o r  them. Azol la  program 

u t i l i z e s  almost a l l  pathways of cooperat ion.  

When looking a t  t h e  p o s s i b l e  f i e l d s  f o r  f u t u r e  coope ra t ion ,  i t  i s  

obvious t h a t  t h e  n a t u r e  of t h e  p o s s i b l e  cooperat ion pathways depends on t h e  

s t a t e  of t h e  curren.t knowledge. 

I n  t h e  case  of h e t e r o t r o p h i c - N  - f i x a t i o n  more b a s i c  r e s e a r c h  i s  
2 

needed be fo re  f i e l d  t echno log ie s  can b e  develop. We have only a 

fragmentary knowledge of t h e  compiex a s s o c i a t i o n  between t h e  r i c e  r o o t  and 

h e t e r o t r o p h i c  b a c t e r i a .  We do no t  know what degree of s p e c i f i c i t y  e x i s t s  
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between plant and bacterial genotypes. 

cooperation in research on heterotrophic B N F  are: 1) isolation, collection 

and identification. of N -fixing bacteria associated with rice from a wide 

range of environments, and 2) development of genetically and biochemically 

marked strains of bacteria. Therefore most of the cooperation on 

heterotrop1ii.c BNF will be with advanced institutions. 

The two major fields for future 

2 

In the program on BGA, increasing cooperative research is definitely 

needed. We are not yet at a stage where the mai.n purpose is to test 

technologies but it is clear that observations and studies under a wide 

range of agroecological conditions are needed to understand the ecology of 

N -fixing R G h  and the factors that permits the establishment of a bloom. 

During the survey conducted in 1984-1985 we sent questionnaires to 384 

scientists from 59 countries, who have been studying BGA or may have 

interest in EGA studies. The high return rate (ab0u.t 75%) showed that 

there is a general consensus for establishing n network and a newsletter. 

We need, however, to examine carefully the scope of the network that could 

be established by I R R I ,  its relationship to national programs, implications 

to rice research, and the linkage with other on-going networks, especially 

INSFFER. There is a huge gap between basic knowledge of test tube growing 

BGA and BGA inoculation technology, especially in the field of ecology. 

Therefore, priority should be given to standardization o f  methods for field 

studies with BGA, ecological surveys, and field experiments under a range 

of agroecological conditions. Such studies would obviously benefi.t from a 

collaborative approach. In addition, collaborative work would certainly 

strengthen national programs. We believe that the future of BNF in rice 

cultivation lies in integrated management. Therefore, some linkage with 

INSFFER network t70uld be necessary. 

2 
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A s  po in ted  above Azolla program i s  c u r r e n t l y  t h e  only one wi th  a 

technology a v a i l a b l e  f o r  p o p u l a r i z a t i o n .  

of cooperat ion.  

technology, cooperat ion wi th  r i c e  growing c o u n t r i e s  wi.11 be s t r eng thened .  

Sone a t t e n t i o n  should be given t o  t h e  economics. 

been taken wi th  advanced o r g a n i z a t i o n s  t o  develop cooperat ion i n  t h e  f i e l d  

of taxonomy, g e n e t i c s ,  and germplasm c o l l e c t i o n .  

It u t i l i z e s  almost a l l  pathways 

To so lve  probelms r e l a t e d  t o  t h e  a p p l i c a t i o n  of Azol la  

Contacts  have a l r e a d y  
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Table 1. Geographical d i s t r i b u t i o n  of sc ien t i s t s  working on BGA inc luded  i n  
ou r  f i l e .  

A u s t r i a  3 I t a l y  6 

A u s t r a l i a  5 

Belgium 1 

Bangladesh 10 

B r a z i l  8 

Bu lga r i a  1 

Eurma 4 

Canoda 4 

Chirla 11 

China (Tai-wan) 3 

Czechoslovakia 2 

Egypt 7 

Finland 1 

France 13 

Germany 25 

Greece 5 

Eungary 4 

I n d i a  103 

Ja-pan 12 

Icuwai t 1 

Malaysia 13 

Nepal 3 

Nether lands 2 

Norway 1 

P a k i s t a n  3 

P h i l i p p i n e s  10 

Poland 1 

Senegal 3 

Saudi Arabia 2 

Singapore 1 

Spain 1 

S r i  Lanka 2 

Sweden 7 

Switzer land 4 

Thailand 1 

Indones ia  2 

I r a q  1 

Iran 1 

I s rae l  7 

U.K. 18 

U.S.A. 57 

U.S.S.R. 6 

Vietnam 7 

T o t a l  384 
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Table 2. Pathways of cooperat ion between IRRI and o t h e r  s c i e n t i s t s  and 
i n s t i t u t i o n s  i n  t h e  f i e l d  of BNF. ' 

Pathway Ex amp l e s  

Research services Azolla germplasm 
BGA c o l l e c t i o n  

Networks INSFFER (Azolla component) 

Cooperati.ve country programs Cooperation wi th  t h e  P h i l i p p i n e s  on Azol la  

Cooperative r e s e a r c h  Cooperation wi th  Thailand f o r  f i e l d  s t u d i e s  
of RNF 

Cooperation w i t h  advanced Cornel l  Un ive r s i ty  and Boyce Thompson 
i n s  t i t u t  i on  s I n s t i t u t e  (Balance experiments,  s tudy of 

zooplankton) 
ORSTOM, France (BGA) 
Nat iona 1 T.ns t i t u t  e o f  &rob i o l o g i c a l  

IJPLB (Azol la)  
Resources? Japan (Heterotrophs) 

Training and technology 
t r a n s f e r  

T ra in ing  on A z o l l a  (INSFFER) 
Lectures  on BNF and FGA a t  I R R I  
Lec tu res  a.t UPLB (EGA) 

Knowledge s h a r i n g  Nitrogen and Rice Symposium 
Advisory Committee 
Moni. t o r  i n g  t o u r s  
Wo rlt sho p s 
Wr i t t en  information exchange 
Bibliography on Azolla 
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Table 3. Published pape r s  of the S o i l  Microbiology 
i t s  c r e a t i o n  (1965). 

Department s ince 

Year Publ ished pape r s  
No. 

Papers  r e s u l t i n g  from 
c o l l a b o r a t i v e  works 

1965 - 1969 16 o 

1970 - 1974 
1975 - 1979 

27 

59 

c9 

2 

1980 - 1984 97 25 


