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Sum m a r y .  The Genet ic  Eva lua t ion  and Ut i l i za t ion  (GEU) p r o g r a m  of the In terna t ional  R i c e  R e s e a r c h  Ins t i tu te  (IRRI) 
i s  an i n t e r d i s c i p l i n a r y  p r o g r a m  for  the i m p r o v e m e n t  of r i c e  c r o p s .  Sc ien t i s t s  t r a i ned  in d i v e r s e  d i sc ip l ines  such 
as  plant b r eed ing ,  plant pathology,  en tomology ,  ag ronomy ,  c e r e a l  c h e m i s t r y ,  plant phys io logy,  and soi l  che -  
m i s t r y  work toge ther  and con t r ibu te  the i r  s p e c i a l i z e d  sk i l l s  to this  joint  endeavor .  The p r o g r a m  has f ive  i n t e r -  
r e l a t e d  componen t s :  (1) g e r m  p l a sm co l l ec t ion  and c o n s e r v a t i o n ,  (21 r e s e a r c h  in d i s c ip l i na ry  a r e a s ,  (3) de -  
v e l o p m e n t  of i m p r o v e d  g e r m  p l a s m ,  (4) d i s t r i bu t ion ,  eva lua t ion  and exchange  of g e r m  p lasm in t e rna t iona l ly ,  
(5) t r a in ing  of young s c i e n t i s t s .  

Over  for ty  thousand r i c e  v a r i e t i e s  f r o m  d i f fe ren t  coun t r i e s  a r e  being main ta ined  in the IRRI g e r m  p l a sm bank. 
These v a r i e t i e s  have been s c r e e n e d  for  g ra in  qual i ty ,  r e s i s t a n c e  to v a r i o u s  d i s e a s e s  and i n s e c t s ,  and t o l e r a n c e  
to v a r i o u s  env i ronmen ta l  s t r e s s e s  such as drought ,  high and low t e m p e r a t u r e s  and p rob l em  s o i l s .  Donor  p a r e n t s  
for  r e s i s t a n c e s  to each  of the p rob l em a r e a s  have been ident i f ied .  These pa ren t s  were  u t i l i zed  for developing i m -  
proved  g e r m  p l a s m .  V a r i e t i e s  with r e s i s t a n c e  to as  many as  f ive  d i s e a s e s  and five insec t  s p e c i e s  have been de -  
ve loped .  These mul t ip le  r e s i s t a n t  v a r i e t i e s  a r e  grown on mi l l i ons  of h e c t a r e s  of r i c e  land.  Seeds  of improved  
b reed ing  m a t e r i a l s  a r e  exchanged in te rna t iona l ly  and 194 s c i e n t i s t s  f r o m  d i f fe ren t  c o u n t r i e s  have been t r a ined  
in r i c e  i m p r o v e m e n t  work.  
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Rice is the world's most important food crop. It is 

the principal food of more than half of the world's 

population. The world's rice production totals 330 

million tons from an area of 130 million hectares. 

About 92 7~ of all the rice is grown and consumed in 

Asia. Yields of rice are disappointingly lower in the 

less developed tropical regions where most of the rice 

i s  grown as  c o m p a r e d  with y ie lds  f rom t e m p e r a t e  

a r e a s .  In t rop ica l  As i a ,  for e x a m p l e ,  the a v e r a g e  

y ie ld  i s  1.5 to 2 .0  t / h a  as  c o m p a r e d  with a v e r a g e  

y ie lds  of 5 t / h a  ach ieved  in such t e m p e r a t e - z o n e  coun-  

t r i e s  as  USA, Japan ,  K o r e a ,  A u s t r a l i a ,  Spain,  I ta ly ,  

and o t h e r s .  

In the t r o p i c s ,  the wide r ange  of a g r o c l i m a t i c  con-  

di t ions  under  which r i c e  is  grown,  the broad  a r r a y  of 

na tu ra l  e n e m i e s  of the r i c e  plant ,  and the a d v e r s e  

growing  condi t ions  combine  to r e d u c e  the yield of r i c e .  

�9 Rice  i s  grown a c r o s s  a grad ien t  of water  r e g i m e s  

ranging  f r o m  upland hi l l  s lopes  to a m a x i m u m  water  

depth of about 6 m e t e r s  in r i v e r  de l t a s ,  i . e . ,  Thailand,  

Bang ladesh ,  India,  and o the r s  (F ig .  1 ) .  

�9 Rice is produced on a wide array of soils and un- 

der a wide range of solar energy regimes. 

�9 Numerous diseases and pests severely reduce 

rice yields in the tropics. 

�9 Suboptimum temperatures -- low temperatures 

during cooler months or high elevations and high tem- 

peratures in the drier climates -- reduce rice yields. 

Additionally, grain characteristics which affect 

nutritive value, milling recovery, appearance, and 

eating quality of rice influence rice yields. 

To meet the needs of a rapidly expanding world po- 

pulation, particularly in Asia where the majority of 

the rice-consuming populations are located and who 

are among the low income groups, rice yields must 

be increased. In Asia, where almost all of the avail- 

able agricultural land is already under cultivation, 

yields per unit area of arable land will need to be in- 

creased. Thus, rice varieties tailored for specific con- 

ditions, locations, and cropping systems are needed. 

These new rices must have a higher yield potential than 

the cultivars traditionally grown in these adverse and 

varied situations. 
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F i g .  1. The wor ld ' s  r i c e  land c l a s s i f i ed  by water  r e g i m e s  and predominan t  r i c e  types 

In the Genet ic  Eva lua t ion  and Ut i l iza t ion  (GEU) p r o -  

g r a m ,  i n t e r d i s c i p l i n a r y  t e a m s  of plant b r e e d e r s  and 

p r o b l e m - a r e a  s c i e n t i s t s ,  such as  pa tho log is t s ,  en to -  

m o l o g i s t s ,  a g r o n o m i s t s ,  and soi l  c h e m i s t s ,  work to-  

ge the r  to deve lop  r i c e s  that a r e  gene t i ca l ly  adapted to 

each  of the m a j o r  types  of growing condi t ions  in which 

r i c e  is  p roduced .  An in tegra l  pa r t  of the GEU p r o g r a m  

a r e  the l inkages  with nat ional  r i c e  i m p r o v e m e n t  p r o -  

g r a m s  in r i c e - p r o d u c i n g  na t ions ,  p a r t i c u l a r l y  in As ia .  

The f ive i n t e r r e l a t e d  components  of the GEU p r o g r a m  

a r e  : 

�9 G e r m  p l a sm co l l ec t ion  and conse rva t i on  

�9 R e s e a r c h  in d i s c ip l i na ry  a r e a s  

�9 Deve lopmen t  of improved  g e r m  p l a sm 

�9 D i s t r i bu t ion ,  eva lua t ion ,  and exchange  of g e r m  

p lasm 

�9 Training of young s c i e n t i s t s  

The fol lowing p re sen t a t i on  s u m m a r i z e s  the h igh-  

l ights  of each  of these  five components  of the GEU p r o -  

g r a m .  

G e r m  P l a s m  Col lec t ion  and Conse rva t ion  

Co l l ec t ion ,  c o n s e r v a t i o n ,  and ca ta loguing of g e r m  

p lasm is  the backbone of any c r o p - i m p r o v e m e n t  p r o -  

g r a m .  Since 1962, when the g e r m  p lasm co l l ec t i on  

work was in i t ia ted ,  cu l t iva ted  and p r i m i t i v e  v a r i e t i e s  

and wild s p e c i e s  have been co l l ec t ed  f rom d i f fe ren t  

pa r t s  of the wor ld .  The co l l ec t i ons  a r e  mul t ip l ied  at 

IRRI and va r i ous  dup l ica tes  a r e  r e m o v e d .  An IRRI a c -  

c e s s i o n  number  i s  a s s igned  to each co l l ec t ion .  Seed 

s a m p l e s  (250 g r a m s )  of each a c c e s s i o n  a r e  s to r ed  in 

the g e r m  p l a sm bank (GPB) fo r  l o n g - t e r m  s t o r a g e .  

The seeds  of many improved  b reed ing  l ines  developed 

at IRRI and e l s e w h e r e  a r e  a l so  mainta ined in the IRRI 

GPB.  Over  40,000 a c c e s s i o n s  a r e  p r e sen t ly  ma in -  

tained in the I n s t i t u t e ' s  GPB.  

R e c o r d s  of t r a i t s  such as  t i l l e r  n u m b e r ,  plant  

he ight ,  and growth dura t ion ,  and of morpho log ica l  

f e a t u r e s ,  i . e . ,  p igmenta t ion  and pubescence ,  a r e  c o l -  

l ec ted  in the f ie ld .  These a c c e s s i o n s  a r e  a l so  s c r e e n -  

ed for  g ra in  qual i ty c h a r a c t e r i s t i c s ,  for  r e s i s t a n c e  to 

va r ious  d i s e a s e s  and insec t  pe s t s ,  and for  t o l e r a n c e  

to unfavorab le  growing condi t ions  such as  drought ,  low 

t e m p e r a t u r e ,  and a d v e r s e  s o i l s .  R e c o r d s  have been 

comple ted  on 37 d i f fe ren t  t r a i t s  for  i7 ,820  a c c e s s i o n s  

(Chang,  1976).  A ca ta logue  s u m m a r i z i n g  the v a r i o u s  

t r a i t s  and p lace  of o r ig in  of the r i c e s  in the IRRI GPB 

was publ ished in 1970. 
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Seeds of the r i c e  a c c e s s i o n s  a r e  mainta ined under  

cold s t o r a g e  and e v e r y  6 months the v iab i l i ty  of seed  

s a m p l e s  of 3 con t ro l  v a r i e t i e s  i s  checked .  The newly 

c o n s t r u c t e d  R ice  Genet ic  R e s o u r c e s  Labora to ry  (de -  

d ica ted  12 D e c e m b e r  1977) expanded the s to rage  f ac i -  

l i t i e s  to include (1) l o n g - t e r m ,  (2) m e d i u m - t e r m ,  

and (3) s h o r t - t e r m  s t o r a g e  a r e a s .  E a c h  a r e a  can a c -  

c o m m o d a t e  100,000 a c c e s s i o n s .  

In the l o n g - t e r m  s t o r a g e  f a c i l i t i e s ,  the seed  s a m -  

p les  a r e  s to r ed  in vacuum sea led  cans  at - 1 0 ~  Seeds 

s to r ed  in this a r e a  should r e m a i n  v iab le  for about 100 

y e a r s .  In the m e d i u m - t e r m  s t o r a g e  where  a 4~ t e m -  

p e r a t u r e  is  ma in ta ined ,  the seed  s a m p l e s  should r e -  

main v iab le  for  about 25 y e a r s .  Seeds  s to red  in the 

s h o r t - t e r m  s t o r a g e  a r e a  (20 ~ C) should r e m a i n  v iable  

up to 5 y e a r s .  As an added p recau t ion ,  a 15 -g ram du-  

p l ica te  s ample  of each  comple t e ly  r e c o r d e d  a c c e s s i o n  

is  sent  to the U . S .  Nat ional  Seed Labora to ry  at F o r t  

Co l l in s ,  Colorado ;  it now s t o r e s  18,780 a c c e s s i o n s  

f r o m  IRRI.  

Sys temat i c  canvas s ing  of indigenous g e r m  p lasm in 

south and southeas t  As ia  and A f r i c a  is  planned to e x -  

p lo re  the g e r m  p l a s m - r i c h  a r e a s .  A 5 - y e a r  plan for  

g e r m  p lasm co l l ec t i on  has been developed based on 

o r ig ina l  s u r v e y s  of g e r m  p l a sm (Chang,  1976). IRRI 

cont inues  to c o l l a b o r a t e  with the nat ional  c e n t e r s  in the 

f ield co l l ec t ion  of mos t  th rea tened  v a r i e t a l  types  and 

s p e c i e s .  Contac ts  have been e s t ab l i shed  with o the r  in-  

t e rna t iona l  ins t i tu tes  and o rgan i za t i ons ,  such as IITA 

( In te rna t iona l  Ins t i tu te  of Tropica l  A g r i c u l t u r e ) ,  WARDA 

(West  Af r i can  Rice  Deve lopmen t  A s s o c i a t i o n ) ,  and 

IRAT (Inst i tu t  de R e c h e r c h e s  Agronomiques  Trop i -  

c a l e s ) ,  for  co l l ec t ing  indigenous r i c e  g e r m  p lasm in 

A f r i c a .  

R e s e a r c h  in D i s c i p l i n a r y  A r e a s  

R e s e a r c h  in d i s c ip l i na ry  a r e a s  is  e s sen t i a l  for  a s u c -  

ce s s fu l  c rop  i m p r o v e m e n t  p r o g r a m ,  and at IRRI,  r e -  

s e a r c h  e f fo r t s  inc lude:  

�9 Deve lopment  of s c r e e n i n g  techniques  

�9 Identifying the donor  pa ren t s  for  va r i ous  t r a i t s  

�9 Study of the v a r i a t i o n  in d i s e a s e  and insec t  pes t s  

�9 Inves t iga t ion  into the bas ic  m e c h a n i s m s  g o v e r -  

ning the r e s i s t a n c e  of the r i c e  plant  to d i s e a s e s  

and in sec t s  o r  t o l e r a n c e  to env i ronmen ta l  s t r e s -  

s e s ,  such as drought  and high or  low t e m p e r a -  

t u r e s  

�9 Study of the i nhe r i t ance  of r e s i s t a n c e  

Ef f i c i en t  s c r e e n i n g  techniques  a r e  e s s e n t i a l  for  

evaluat ing  the g e r m  p lasm to identify the donor  p a r -  

ents  and for  eva lua t ing  the s eg rega t i ng  popula t ions .  A 

s c r e e n i n g  technique which a l lows the rap id  s c r e e n i n g  

of a l a rge  vo lume  of m a t e r i a l s ,  i n c r e a s e s  the e f f ic iency  

of the b reed ing  p r o g r a m .  IRRI s c i e n t i s t s  have d e v e l -  

oped ef f ic ien t  s c r e e n i n g  techniques  to cope with a p a r -  

t i cu la r  p r o b l e m .  

The inc idence  of g r a s s y  stunt v i r u s  around 1967 

brought  about the dec i s ion  to develop r i c e  v a r i e t i e s  

r e s i s t a n t  to this v i r u s .  IRRI plant pa tho log is t s  

quickly developed a g r eenhouse  inocula t ion method for  

eva lua t ing  r i c e  g e r m  p lasm for r e s i s t a n c e  to g r a s s y  

s tunt .  Although o v e r  7,000 e n t r i e s  f rom the IRRI GPB 

were  s c r e e n e d ,  no r e s i s t a n t  v a r i e t y  was found. The 

g e r m  p lasm of the wild r e l a t i v e s  of r i c e  were  then 

s c r e e n e d  and one a c c e s s i o n  of 0. n i v a r a  was found to 

be r e s i s t a n t  (Ling et  a l . ,  1970).  Using this  wild s p e -  

c i e s  as s o u r c e  of r e s i s t a n c e ,  g r a s s y  stunt r e s i s t a n t  

v a r i e t i e s  such as 'IR28', 'IR29', 'IR30', 'IR32',  and 'IR34' 

were  quickly developed (Khush et a l . ,  1977) and made 

ava i l ab le  to the f a r m e r s .  

R e s e a r c h  has continued to i m p r o v e  the ex i s t ing  

t echn iques .  F o r  example ,  the p i n - p r i c k  method of 

inoculat ing r i c e  plants  for  s c r e e n i n g  aga ins t  b a c t e r i a l  

bl ight  was developed in 1965 (Ou et  a l . ,  1971). How- 

e v e r ,  it is  a l abor ious  method.  Kauffman et a l .  (1973) 

developed a m o r e  ef f ic ien t  method - the c l ipping t ech -  

nique.  

Once the s c r e e n i n g  technique is  deve loped ,  a l a r g e  

number  of v a r i e t i e s  f r o m  the Ins t i tu te  GPB a r e  sc reen-  

ed. IRRI s c i e n t i s t s  have eva lua ted  l a r g e  n u m b e r s  of 

g e r m  p lasm e n t r i e s  for  the t r a i t s  per ta in ing  to the i r  

p rob lem a r e a s .  Thus, a l a r g e  number  of r i c e  v a r i e -  

t i e s  have been s c r e e n e d  for  r e s i s t a n c e  to b las t  (Ou, 

1965), b a c t e r i a l  bl ight  (Ou et a l . ,  1971), tungro 

(Ling, 1969),  g r a s s y  stunt (Ling et  a l . ,  1970), s t e m -  

b o r e r  (Pathak et a l .  , 1971), g r e e n  leafhopper  (Cheng 

and Pa thak ,  1972), brown planthopper  (Pa thak ,  1972), 

p ro te in  content  ( Ju l i ano  et  a l . ,  1968), Cold t o l e r a n c e  

( V e r g a r a  et a l . ,  1976),  drought  t o l e r ance  (Chang et 

a l . ,  1974, De Datta and O ' T o o l e ,  1977),  and t o l e r a n c e  

to in ju r ious  so i l s  ( Ikehashi  and P o n n a m p e r u m a ,  1978). 

When s o u r c e s  Of r e s i s t a n c e  and t o l e r a n c e  a r e  iden t i -  
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f ied ,  they a r e  included in the hybr id iza t ion  block and 

a re  used in the c r o s s i n g  p r o g r a m .  

Bas ic  in fo rmat ion  on the v i r u l e n c e  pa t t e rns  of d i s -  

e a s e s  and i n sec t s  helps  in the se l ec t ion  of the b r e e d -  

ing s t r a t e g i e s  to be used .  If the pathogen is  v a r i a b l e  

and r a c e s  or  b iotypes  ex i s t ,  b reed ing  for  hor izonta l  

r e s i s t a n c e  is  adv i sab le .  Numerous  r a c e s  of b la s t ,  

for  e x a m p l e ,  have been ident i f ied (Bandong and Ou, 

1966).  S i m i l a r l y ,  at l e a s t  four  b io types  of brown 

planthopper  a r e  known (Pa thak  and Khush,  1978).  

B ecause  of this  va r i ab i l i t y ,  s e v e r a l  b reed ing  s t r a t e -  

g ies  a r e  used to deve lop  g e r m  p lasm that i s  r e s i s t a n t  

to b las t  ( Ikehashi  and Khush,  1978) and to brown p lan t -  

hopper  (Khush,  1978).  

Some r e s o u r c e s  a r e  a l loca ted  to the study of the 

m e c h a n i s m s  of r e s i s t a n c e  to d i s e a s e s  and i n sec t s  and 

t o l e r a n c e  to env i ronmen ta l  s t r e s s e s .  Recen t  s tud ies  

on the m e c h a n i s m  of r e s i s t a n c e  to brown planthopper  

show that r e s i s t a n c e  is  p r i m a r i l y  due to an t ib ios i s  

(Saxena and Sogawa,  1978). S i m i l a r l y ,  s tud ies  on the 

m e c h a n i s m  of high t e m p e r a t u r e  t o l e r a n c e  show that 

pol l inat ion of t o l e ran t  v a r i e t i e s  i s  not a f fec ted ,  w h e r e -  

as in suscep t ib le  r i c e  v a r i e t i e s ,  both pol len  shedding 

and pol len g e r m i n a t i o n  a r e  abno rma l  (Satake and Yos-  

hida,  1978).  

In format ion  on the inher i t ance  of c h a r a c t e r i s t i c s  

of economic  i m p o r t a n c e  helps  to dec ide  upon the 

b reed ing  methodology to be adopted,  the populat ion 

s i ze  of the s eg rega t i ng  m a t e r i a l s  to be g rown,  and 

the b reed ing  s t r a t egy  to be used .  At IRRI,  i n v e s t i -  

gat ions  of the inhe r i t ance  of r e s i s t a n c e  to brown plant -  

hopper ,  g r e e n  l ea fhopper ,  b a c t e r i a l  b l ight ,  and g r a s s y  

stunt have shown that ma jo r  genes  govern  r e s i s t a n c e  

to the d i s e a s e s  and insec t  pe s t s .  F o u r  genes  have 

been ident i f ied for  r e s i s t a n c e  to brown planthopper  

(Athwal et a l . ,  1971; Athwal and Pa thak ,  1972; M a r -  

t inez  and Khush,  1974; Lakshminarayana  and Khush,  

1977). S i m i l a r l y ,  f ive genes  for  r e s i s t a n c e  to g r e e n  

leafhopper  have been loca ted  (Athwal et  a l . ,  1971; 

Siwi and Khush,  1977). F i v e  genes  for  r e s i t a n c e  to 

the Phi l ippine  i so l a t e s  of b a c t e r i a l  bl ight  a r e  known 

( P e t p i s i t  et  a l . ,  19775 Olufowote et  a l . ,  1977). Only 

one gene for  r e s i s t a n c e  to g r a s s y  stunt has  been iden-  

t i f ied (Khush and Ling, 1974). These genes  a r e  used 

s y s t e m a t i c a l l y  in the IRRI GEU p r o g r a m .  

Deve lopmen t  of Supe r io r  G e r m  P l a s m  

Major  r e s o u r c e s  a r e  a l loca ted  to deve lop  g e r m  p l a sm 

with improved  c h a r a c t e r i s t i c s .  I m p r o v e m e n t  is  sought 

in the fol lowing p rob lem a r e a s :  

�9 Agronomic  c h a r a c t e r i s t i c s  

�9 Gra in  quali ty 

�9 D i s e a s e  r e s i s t a n c e  

�9 Insec t  r e s i s t a n c e  

�9 P r o t e i n  content  

�9 Drought  t o l e r a n c e  

�9 A d v e r s e  soi l  t o l e r a n c e  

�9 Deep water  and flood t o l e r a n c e  

�9 T e m p e r a t u r e  t o l e r a n c e  

Cons ide r ab l e  p r o g r e s s  has been made in s o m e  

p rob lem a r e a s ,  whe reas  advance  has been s low in 

the o t h e r s .  Sal ient  f e a t u r e s  of the r e s e a r c h  e f fo r t s  

in the va r i ous  p rob lem a r e a s  a r e  s u m m a r i z e d  in the 

fol lowing.  

Agronomic  C h a r a c t e r i s t i c s  

I m p r o v e m e n t  of the y ie ld  potent ia l  - a mos t  impor tan t  

a g r o n o m i c  t ra i t  - has  r e c e i v e d  m a j o r  a t tent ion in the 

IRRI GEU p r o g r a m .  The yield potent ia l  of a r i c e  v a r -  

ie ty depends upon a se t  of plant c h a r a c t e r i s t i c s  c o l -  

l e c t i ve ly  known as plant type .  The ideal  plant type v a r -  

i e s  acco rd ing  to the condi t ions  under  which r i c e  is  

grown.  

The c h a r a c t e r i s t i c s  and h i s to ry  of the ' IR8 ' plant  

type a r e  well known. ' I R 8 '  r i c e  is  shor t  in s t a tu re  

(about 100 c m ) ,  has  s tu rdy  s t e m s ,  high t i l l e r ing  ab i l -  

i ty ,  lodging r e s i s t a n c e ,  and is  highly r e s p o n s i v e  

to f e r t i l i z e r .  I ts  dark  g r e e n  e r e c t  l e a v e s  use  a v a i l -  

able  so l a r  ene rgy  e f f i c ien t ly .  It i s  widely adopted in 

a r e a s  where  t he r e  is  a r e l a t i v e l y  high l eve l  of m a n -  

agemen t  combined  with good water  con t ro l .  

The deve lopment  of ' I R 8 '  was a m a j o r  b r e a k -  

through.  By doubling the known yie ld  potent ia l  of in -  

d ica  r i c e s ,  ' IRS '  showed that high y ie lds  could a l so  

be ach ieved  in the t rop ic s  and sub t rop ics  with this  

type of g e r m  p l a s m .  The s u c c e s s  of ' IR8 '  was con-  

vincing ev idence  for the m e r i t s  of this  new plant type.  

Most  nat ional  and in te rna t iona l  r i c e  i m p r o v e m e n t  

p r o g r a m s  began developing  v a r i e t i e s  with a plant type 

s i m i l a r  to that of ' I R 8 ' .  Thus, ' I R 8 '  s t imula ted  plant  
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b r e e d i n g  a c t i v i t i e s  in  n a t i o n a l  r i c e  i m p r o v e m e n t  p r o -  

g r a m s  and  e s t a b l i s h e d  n e w  g o a l s .  

The p l a n t  t y p e  of  ' IR5  ' ,  w h i c h  i s  s o m e w h a t  t a l l e r  

t h a n  ' I R 8 '  a n d  c o m p e t i t i v e  w i th  w e e d s ,  i s  p o p u l a r  

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

t he  s o i l  f e r t i l i t y  i s  l o w .  I R R I ' s  p r e v i o u s  e f f o r t s  in  

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

t y p e s  s i m i l a r  to  ' I R S '  a n d  I R 5 ' .  T h e s e  two  p l a n t t y p e s  

a r e  s u i t e d  to  a b o u t  50 7~ of t he  w o r l d ' s  r i c e  l a n d .  P r e -  

s e n t l y ,  IRRI i s  d e v e l o p i n g  p l a n t  t y p e s  s u i t e d  to u p l a n d  

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

f ed  c o n d i t i o n s  c o m b i n e d  w i th  p o o r  w a t e r  c o n t r o l .  

E a r l y  m a t u r i n g  v a r i e t i e s  ( 1 0 0 - 1 1 0  d a y s  f r o m  s e e d  

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

a v a i l a b l e .  T h e s e  r i c e s  a r e  s u i t a b l e  f o r  m u l t i p l e  c r o p -  

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

r i c e  a n n u a l l y  o r  one  o r  two  c r o p s  of  r i c e  in  r o t a t i o n  

w i th  o t h e r  c r o p s .  V a r i e t i e s  of m e d i u m  d u r a t i o n  (130  

d a y s )  a r e  p r e f e r r e d  f o r  r a i n f e d  a r e a s .  M o s t  of the  

t a l l  t r a d i t i o n a l  v a r i e t i e s  of  t r o p i c a l  A s i a  r e q u i r e  150 

to 170 d a y s  to  m a t u r e .  The f i r s t  v a r i e t i e s  d e v e l o p e d  

a t  IRRI a n d  m a n y  i m p r o v e d  v a r i e t i e s  r e l e a s e d  by  n a -  

t i o n a l  p r o g r a m s  w e r e  a b o u t  1 m o n t h  e a r l i e r  (125  to 

135 d a y s ) .  

The g r o w t h  d u r a t i o n  w as  r e d u c e d  f u r t h e r  in  s u c h  

e a r l y  m a t u r i n g  v a r i e t i e s  a s  ' I R 2 8 '  a n d  ' I R 3 0 '  r e -  

l e a s e d  by  I R R I ;  ' I R 3 6  ' r e l e a s e d  by  t h e  G o v e r n m e n t  

of t h e  P h i l i p p i n e s ;  ' T N 7 3 - 2  ' r e l e a s e d  in  V i e t n a m ;  

' B R 7 '  r e l e a s e d  in  B a n g l a d e s h ;  a n d  ' R a t n a ' ,  ' P a l -  

m a n  5 7 9 ' ,  and  ' P u s a  2 - 2 1 '  r e l e a s e d  in I n d i a .  T h e s e  

v a r i e t i e s  m a t u r e  in  105 to 110 d a y s  a n d  h a v e  g a i n e d  

wide  a c c e p t a n c e  b y  f a r m e r s  in  A s i a .  E f f o r t s  a r e  n o w  

u n d e r  way a t  t h e  I n s t i t u t e  to d e v e l o p  h i g h  y i e l d i n g  

g e r m  p l a s m  wi th  a m a t u r i t y  r a n g e  of  90 to 95 d a y s .  

M a n y  b r e e d i n g  l i n e s  w h i c h  m a t u r e  in  90 d a y s  a n d  

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

G r a i n  d o r m a n c y  and  t h r e s h a b i l i t y  a r e  two o t h e r  

a g r o n o m i c  c h a r a c t e r i s t i c s  r e q u i r i n g  a t t e n t i o n  in  t he  

G E U  p r o g r a m .  G r a i n  d o r m a n c y  i s  i m p o r t a n t  in  a r e a s  

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

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

and  g r a i n  q u a l i t y .  V a r i e t i e s  wi th  g r a i n  t h a t  s h a t t e r  

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

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

m e r s  h e s i t a t e  to  g r o w  r i c e  v a r i e t i e s  w h i c h  a r e  d i f f i -  

c u l t  to t h r e s h .  

G r a i n  Q u a l i t y  

G r a i n  q u a l i t y  d e t e r m i n e s ,  to a l a r g e  d e g r e e ,  t h e  m a r -  

ke t  p r i c e  of a r i c e  v a r i e t y .  L o c a l  p r e f e r e n c e s  f o r  g r a i n  

s h a p e ,  g r a i n  s i z e ,  and  f o r  e a t i n g  q u a l i t y  f r e q u e n t l y  

d e t e r m i n e  t he  a d o p t i o n  of  n e w  i m p r o v e d  v a r i e t i e s .  

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

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

t h e  p a d d y .  

R i c e  v a r i e t i e s  d i f f e r  in  t he  p h y s i c a l  p r o p e r t i e s  

of  t he  g r a i n  ( s i z e ,  s h a p e  and  t r a n s l u c e n c y )  and  the  

p h y s i c o c h e m i c a l  p r o p e r t i e s  of the  s t a r c h .  S t a r c h ,  a 

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

r i c e .  The a m o u n t  of  i t s  l i n e a r  f r a c t i o n  ( a m y l o s e ) ,  of 

i t s  b r a n c h e d  f r a c t i o n  ( a m y l o p e c t i n ) ,  and  i t s  ge l  c o n -  

s i s t e n c y ,  d e t e r m i n e  in  l a r g e  p a r t ,  t h e  e a t i n g  q u a l i t y  

of r i c e .  

The m a j o r i t y  of  t h e  r i c e  v a r i e t i e s  g r o w n  in  t r o -  

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

and  f lu f fy .  H o w e v e r ,  t he  p r e f e r r e d  r i c e  v a r i e t i e s  h a v e  

a n  i n t e r m e d i a t e  l e v e l  of  a m y l o s e  (20 to  25 7~); t h e y  

c o o k  m o i s t  and  r e m a i n  s o f t  w h e n  c o o l .  V a r i e t i e s  wi th  

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

u n i v e r s a l  a c c e p t a n c e  in  a r e a s  w h e r e  i n d i c a  r i c e s  a r e  

e a t e n .  Al l  t he  j a p o n i c a  v a r i e t i e s  h a v e  a low a m y l o s e  

c o n t e n t  and  t h e  c o n s u m e r  in  t e m p e r a t e  a r e a s ,  w h e r e  

j a p o n i c a  r i c e s  a r e  g r o w n ,  p r e f e r  l ow  a m y l o s e  v a r i e -  

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

Al l  I R R I - n a m e d  v a r i e t i e s ,  e x c e p t  ' I R 2 4 '  a n d  ' I R 2 9  ', 

h a v e  a h i g h  a m y l o s e  c o n t e n t .  ' I R 2 4  ' h a s  a l ow  a m y l o s e  

c o n t e n t  and  ' I R 2 9 '  i s  a g l u t i n o u s  r i c e  ( w a x y  e n d o -  

s p e r m ) .  G l u t i n o u s  r i c e  c o o k s  s o f t  and  s t i c k y  a n d  i s  

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

p a s t r i e s .  

E f f o r t s  a t  IRRI a r e  u n d e r  way to d e v e l o p  v a r i e t i e s  

wi th  a n  i n t e r m e d i a t e  a m y l o s e  c o n t e n t .  M a n y  b r e e d i n g  

l i n e s  wi th  a n  i n t e r m e d i a t e  a m y l o s e  c o n t e n t  a r e  a v a i l -  

a b l e  and  a r e  b e i n g  e v a l u a t e d  f o r  y i e l d  p o t e n t i a l  and  

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

D i s e a s e  R e s i s t a n c e  

In  t he  wet  and  h u m i d  t r o p i c s ,  t h e  r i c e  p l a n t  i s  s u b j e c t  

to  a t t a c k  b y  s u c h  d i s e a s e s  a s  b l a s t ,  s h e a t h  b l i g h t ,  b a c -  

t e r i a l  b l i g h t ,  t u n g r o  v i r u s ,  a n d  g r a s s y  s t u n t  v i r u s .  

V a r i e t a l  r e s i s t a n c e  i s  the  o n l y  p r a c t i c a l  way to  c o n -  

t r o l  d i s e a s e s  of  r i c e  in  t he  t r o p i c s .  
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F i g .  2 .  C h a n g e s  in  p r o p o r t i o n  of  e n t r i e s  in  I R R I ' s  a n -  
n u a l  r e p l i c a t e d  y i e l d  t r i a l s  wi th  m u l t i p l e  r e s i s t a n c e  to 
i m p o r t a n t  d i s e a s e s  a n d  i n s e c t s  in  t h e  P h i l i p p i n e s  
( b l a s t ,  b a c t e r i a l  b l i g h t ,  t u n g r o ,  g r a s s y  s t u n t ,  b r o w n  
p l a n t h o p p e r ,  and  g r e e n  l e a f h o p p e r ) .  E a c h  y e a r  ' s t r i a l  
c o n s i s t e d  of a t  l e a s t  185 e n t r i e s  

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

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

s i o n s  of  t he  I n s t i t u t e ' s  G P B .  N u m e r o u s  r i c e s  w i th  r e -  

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

h a v e  b e e n  i d e n t i f i e d .  H o w e v e r ,  o n l y  one  s o u r c e  of 

r e s i s t a n c e  to g r a s s y  s t u n t  i s  k n o w n  (L ing  e t  a l . ,  1970) .  

G e r m  p l a s m  wi th  a h i g h  l e v e l  of  r e s i s t a n c e  to s h e a t h  

b l i g h t  i s  s t i l l  b e i n g  s o u g h t .  V a r i e t i e s  w i th  on ly  a m o -  

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

t a l l  t r a d i t i o n a l  v a r i e t i e s .  

A s  a f i r s t  s t e p ,  t h e  s o u r c e s  of r e s i s t a n c e  w e r e  

t r a n s f e r r e d  to a n  i m p r o v e d  p l a n t  t ype  b a c k g r o u n d  

( K h u s h ,  1 9 7 7 ) .  T h i s  " c o n v e r s i o n "  w a s  a c h i e v e d  b y  

c r o s s i n g  t he  t a l l  d o n o r  p a r e n t s  wi th  a n  i m p r o v e d  p l a n t  

t ype  p a r e n t  a n d  s e l e c t i n g  i m p r o v e d  p l a n t  t ype  s e g r e -  

g a t e s  wi th  r e s i s t a n c e  to d i s e a s e  in  q u e s t i o n .  The s e -  

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

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

t r a i t s .  W h e r e  a v a i l a b l e ,  s e v e r a l  d o n o r  p a r e n t s  w e r e  

u s e d  a s  s o u r c e s  of r e s i s t a n c e  f o r  e a c h  d i s e a s e .  In  t h e  

c a s e  of p r i m i t i v e  p a r e n t s  wi th  a n  e x t r e m e l y  p o o r  p l a n t  

t y p e  s u c h  a s  0r,yza nivara, one  o r  two b a c k c r o s s e s  

w e r e  m a d e  u s i n g  t he  i m p r o v e d  p l a n t  t ype  l i n e s  a s  r e -  

c u r r e n t  p a r e n t s .  

The i m p r o v e d  p l a n t  t y p e  l i n e s  w i th  r e s i s t a n c e  to 

d i f f e r e n t  d i s e a s e s  w e r e  i n t e r c r o s s e d  to o b t a i n  l i n e s  

with multiple resistance. Resistance to as many as 

five diseases was combined. Some of these multiple 

resistant lines were named varieties by IRRI and na- 

tional programs. Thus, 'IR26 ', 'IR28 ', 'IR29 ', 'IR30 ', 

'IR32' , and 'IR34' named by IRRI and 'IR36 ', 'IR40' , 

and 'IR42 ' named by the government of the Philippines 

are resistant or moderately resistant to blast, bac- 

terial blight, tungro, grassy stunt, and sheath blight. 

The disease-resistance segment of the GEU program 

seeks to identify diverse genes for resistance, trans- 

fer them to a desirable agronomic background, and 

share these materials with scientists in the national 

programs in Asia and other rice-producing areas of 

the world. 

I n s e c t  Resistance 

Varietal resistance appears to be the most logical and 

practical way to control insect pests of rice in the tro- 

pics. Since the beginning of the IRRI program for de- 

veloping rices resistant to the major insect pests of 

rice, considerable progress has been made to incor- 

porate resistance to major insects into the IRRI im- 

proved germ plasm. IRRI varieties 'IR26 ', 'IR28', 

'IR29' , 'IR30' , 'IR32' , and 'IR34' are resistant to 

three of the most important insect pests of rice, 

namely, brown planthopper, stem borer, and green 

leafhopper. 'IR32' , 'IR36' , 'IR38' , 'IR40' , and 

'IR42 ' are resistant to gall midge in India and 'IR40 ' 

is resistant to whorl maggot. Improved plant type 

lines with resistance to the whitebacked planthopper 

are now available; 'N22 ' is the donor for this resis- 

tance. Thus, breeding lines resistant or moderately 

resistant to five major insect pests of rice are now 

available. 

The GEU program emphasizes the development of 

germ plasm with multiple resistance to major dis- 

eases and insects. About 87 % of the entries in the 1969 

wet season replicated yield trials were either suscep- 

tible to all six major diseases and insects (blast, bac- 

terial blight, tungro virus, grassy stunt, brown plant- 

hopper, and the green leafhopper) or resistant to only 

one (Fig.2). Only 2% of the entries were resistant to 

three diseases and insects. The proportion of entries 

with multiple resistance gradually increased with re- 

search effort and time. In the replicated trials con- 
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T a b l e  1. D i s e a s e  a n d  i n s e c t  r e s i s t a n c e  r e a c t i o n s  of  v a r i e t i e s  n a m e d  b y  IRRI a n d  
IRRI  l i n e s  n a m e d  v a r i e t i e s  b y  t h e  P h i l i p p i n e  G o v e r n m e n t  

D i s e a s e  a n d  I n s e c t  R e a c t i o n *  

G r e e n  B r o w n  
B a c t e r i a l  G r a s s y  L e a f -  P l a n t -  S t e m -  G a l l  

B l a s t  B l i g h t  S tun t  T u n g r o  h o p p e r  h o p p e r  b o r e r  M i d g e  

IR5 MR S S S R S MS S 
IR8 S S S S R S S S 
IR20 MR R S MR R S MR S 
IR22 S R S S S S S S 
IR24 S S S S R S S S 
IR26 MR R MS MR R R MR S 
IR28 R R R R R R MR S 
IR29 R R R R R R MR S 
IR30 MS R R MR R R MR S 
IR32 MR R R MR R R MR R 
IR34 R R R R R R MR S 
IR36"* R R R R R R MR R 
IR38 ~* R R R R R R MR R 

* S - S u s c e p t i b l e ;  MS - M o d e r a t e l y  s u s c e p t i b l e ;  MR - M o d e r a t e l y  r e s i s t a n t  
R - R e s i s t a n t .  R e a c t i o n s  b a s e d  on  t e s t s  c o n d u c t e d  in  t he  P h i l i p p i n e s  f o r  a l l  

d i s e a s e s  and  i n s e c t s  e x c e p t  g a l l  m i d g e .  S c r e e n i n g  f o r  g a l l  m i d g e  w a s  d o n e  
in  I n d i a  

** - N a m e d  b y  t h e  P h i l i p p i n e  G o v e r n m e n t  

d u c t e d  in  1975 ,  90 ~ of  t he  e n t r i e s  w e r e  e i t h e r  r e s i s -  

t a n t  to  f i v e  d i s e a s e s  and  i n s e c t s  o r  to  a l l  s i x .  

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

a t  IRRI i s  w i d e l y  u s e d  in  p l a n t  b r e e d i n g  p r o g r a m s  b y  

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

by  f a r m e r s  in  t r o p i c a l  A s i a .  A b o u t  10 m i l l i o n  h e c -  

t a r e s  of  r i c e  l a n d  i s  n o w  p l a n t e d  to m u l t i p l e  r e s i s t a n t  

v a r i e t i e s .  The v a r i e t i e s  m o s t  w i d e l y  p l a n t e d  a r e  ' I R 2 6  ',  

' I R 2 8 ' ,  ' I R 3 0 ' ,  ' I R 3 2 ' ,  ' I R 3 4 ' ,  ' I R 3 6 ' ,  a n d  ' I R 3 8 '  

The  r a t i n g s  of  d i s e a s e  a n d  i n s e c t  r e s i s t a n c e  of t h e s e  

r i c e  v a r i e t i e s  a s  c o m p a r e d  w i th  e a r l i e r  I R R I - n a m e d  

v a r i e t i e s  a r e  s u m m a r i z e d  in T a b l e  1. 

P r o t e i n  C o n t e n t  

R i c e  p r o t e i n  i s  o n e  of  t he  m o s t  n u t r i t i o u s  of  a l l  c e r e a l  

p r o t e i n s .  I t  h a s  4 ~ l y s i n e  a s  c o m p a r e d  wi th  2 g f o r  

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

r i c e  i s  l o w e r  (7 to  8 g) t h a n  t h a t  of  m o s t  o t h e r  c e r e a l s  

( w h e a t  c o n t a i n s  14 ~ and  m o r e  p r o t e i n ) .  S o m e  g e r m  

p l a s m  e n t r i e s  w e r e  found  to c o n t a i n  12 to 14 g p r o t e i n  

a s  c o m p a r e d  wi th  8 g f o r  t he  m o r e  c o m m o n l y  g r o w n  

r i c e s .  S i n c e  1966 ,  w h e n  t he  p l a n t  h y b r i d i z a t i o n  p r o -  

g r a m  u s i n g  t h e s e  h i g h  p r o t e i n  p a r e n t s  b e g a n ,  n u m e r -  

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

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

and  a h i g h  p r o t e i n  c o n t e n t  h a v e  no t  b e e n  o b t a i n e d  f r o m  

these crosses. 

All IRRI advanced breeding lines from the other 

segments of the GEU program have been screened for 

the combination of high yield potential and high protein 

content. Two breeding lines, IR480-5-9 and IR2153- 

338-3, have consistently shown I. 5 ~ higher protein 

content than 'IR8' and 'IR26' at comparable yield 

levels. However, they are not resistant to all the ma- 

jor diseases and insect pests. These two lines have 

been used extensively in the hybridization program to 

develop rices with a high protein content. 

Drought 

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

n e a r l y  a l l  r i c e  g r o w i n g  a r e a s  w h i c h  do  no t  h a v e  d e p e n d -  

a b l e  i r r i g a t i o n .  M a j o r  d i f f e r e n c e s  f o r  d r o u g h t  t o l e r -  

a n c e  h a v e  b e e n  n o t e d  a m o n g  r i c e  v a r i e t i e s .  F o r  e x -  

a m p l e ,  v a r i e t i e s  ' S a l u m p i k i t '  and  ' P i n u r s i g i  ' f r o m  

t h e  P h i l i p p i n e s ,  ' A R C  1 0 3 7 2 '  f r o m  I n d i a ,  'D J 2 9 ' ,  

' D V l l 0  ' ,  ' D Z 4 1  ' a n d  ' D N J 6 0  ' f r o m  B a n g l a d e s h  and  

' L u a  N g u '  f r o m  V i e t n a m  a r e  h i g h l y  t o l e r a n t  to  d r o u g h t .  

M o s t  of I R R I ' s  i m p r o v e d  p l a n t  t y p e  a d v a n c e d  b r e e d i n g  
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l i n e s  a r e  s c r e e n e d  r e g u l a r l y  f o r  d r o u g h t  t o l e r a n c e ,  

S e v e r a l  h a v e  b e e n  found  to h a v e  a good  l e v e l  of d r o u g h t  

t o l e r a n c e .  ' I R 3 6  ' h a s  t h e  b e s t  l e v e l  of  t o l e r a n c e  to 

d r o u g h t  a m o n g  t he  n a m e d  v a r i e t i e s .  

B r e e d i n g  m a t e r i a l s  d e v e l o p e d  f o r  u p l a n d  a n d  l o w -  

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

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

wi th  i n t e r m e d i a t e  s t a t u r e ,  e a r l y  s e e d l i n g  v i g o r ,  and  

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

E v e n  d e e p  w a t e r  r i c e s  g r o w  u n d e r  c o n d i t i o n s  of  m o i s -  

t u r e  s t r e s s  d u r i n g  t he  s e e d l i n g  s t a g e  f o r  a b o u t  4 to  6 

w e e k s  a f t e r  t h e y  a r e  b r o a d c a s t  s o w n .  T h u s ,  t h e  g e r m  

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

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

a n t  l i n e s ,  I R 4 4 2 7 - 2 8 - 3 - 2  a n d  I R 4 4 2 7 - 1 0 4 - 3 - 3 - 1 ,  h a v e  

e x c e l l e n t  g r a i n  q u a l i t y  and  a h i g h  y i e l d  p o t e n t i a l .  

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

w h e n  g r o w n  on  s t r o n g l y  a c i d  s o i l s .  V a r i e t i e s  a n d  l i n e s  

e x h i b i t e d  d i s t i n c t  d i f f e r e n c e s  in  t o l e r a n c e  to t he  l e v e l  

of  a v a i l a b l e  i r o n  in  t h e  s o i l .  ' I R 2 0  ' ,  ' I R 2 9  ' ,  ' I R 3 2  ', 

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

IRRI h a v e  e x h i b i t e d  good  t o l e r a n c e  to i r o n  t o x i c i t y  in  

t he  s o i l .  

M a n y  of  t h e  i m p r o v e d  m a t e r i a l s  d e v e l o p e d  a t  IRRI 

a r e  t o l e r a n t  to z i n c  and  p h o s p h o r u s  d e f i c i e n c i e s  in  t he  

s o i l .  ' I R 2 0 ' ,  ' I R 3 4 ' ,  and  ' I R 3 8 '  a r e  t o l e r a n t  of z i n c  

deficiency, while 'IR28' , 'IR29 ', 'IR30 ', and 'IR34 ' 

tolerate phosporus deficiency. 

A d v e r s e  Soi l  T o l e r a n c e  

M i l l i o n s  of h e c t a r e s  of  l and  w h i c h  a r e  o t h e r w i s e  s u i t -  

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

s o i l  t o x i c i t i e s  c a u s e d  by  s a l t ,  a l k a l i ,  a c i d ,  a n d  o r -  

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

d e f i c i e n c i e s  of  z i n c ,  p h o s p h o r u s ,  and  i r o n  a n d  e x c e s -  

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

y i e l d s .  Soi l  c h e m i s t s  w o r k i n g  in  t he  G E U  p r o g r a m  

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

g r o w i n g  on  s u c h  a d v e r s e  s o i l s .  C u l t i v a r s  a r e  s c r e e n e d  

f r o m  t h e  IRRI  G P B  a n d  a d v a n c e d  b r e e d i n g  l i n e s  and  

v a r i e t i e s  f r o m  IRRI a n d  f r o m  n a t i o n a l  r i c e  i m p r o v e -  

m e n t  p r o g r a m s .  To t h e  p r e s e n t ,  1 7 , 4 5 3  e n t r i e s  h a v e  

b e e n  s c r e e n e d  ( I R R I ,  1 9 7 7 ) ,  a n d  s o u r c e s  of  r e s i s t a n c e  

to v a r i o u s  t o x i c i t i e s  h a v e  b e e n  i d e n t i f i e d .  

V a r i e t i e s  ' P o k k a l i ' ,  ' G e t u '  and  ' N o n a  B o k r a '  f r o m  

I n d i a  a r e  t h e  b e s t  s o u r c e s  of r e s i s t a n c e  to s a l i n i t y .  

I m p r o v e d  p l a n t  t ype  b r e e d i n g  l i n e s  s u c h  a s  I R 2 1 5 3 - 2 6 -  

3 - 5 - 2 ,  I R 4 6 3 0 - 2 2 - 2  and  I R 4 7 6 3 - 1 4 1 - 2  h a v e  a good  l e v -  

el  of  t o l e r a n c e  a n d  a r e  r e s i s t a n t  to  m a j o r  d i s e a s e s  and  

i n s e c t s .  IRRI v a r i e t i e s  ' I R 3 0  ' ,  ' I R 3 2  ' ,  a n d  ' I R 3 6  ' 

a r e  f a i r l y  t o l e r a n t  to  s a l i n i t y .  

L a r g e  a r e a s  of  i r r i g a t e d  l a n d  in  t he  d r i e r  r e g i o n s  

of  I n d i a ,  P a k i s t a n ,  a n d  E g y p t  i n c l u d e  a l k a l i n e  s o i l s .  

R i c e  v a r i e t i e s  d i f f e r  in  t h e i r  l e v e l  o f  t o l e r a n c e  to a l -  

k a l i n i t y .  A l k a l i - t o l e r a n t  v a r i e t i e s  h a v e  b e e n  c r o s s e d  

wi th  h i g h  y i e l d i n g  g e n o t y p e s .  I m p r o v e d  p l a n t  t y p e  b r e e d -  

ing  l i n e s  w i th  good  g r a i n  q u a l i t y ,  h i g h  y i e l d  p o t e n t i a l ,  

a n d  a l k a l i  t o l e r a n c e  h a v e  b e e n  i d e n t i f i e d  a n d  a r e  e v a l -  

u a t e d  u n d e r  a l k a l i n e  c o n d i t i o n s .  The b e s t  a l k a l i  t o l e r -  

D e e p  W a t e r  a n d  F l o o d  T o l e r a n c e  

A b o u t  10 ~ of t he  w o r l d ' s  r i c e  a r e a  i s  p l a n t e d  w i th  

f l o a t i n g  r i c e  v a r i e t i e s  w h i c h  h a v e  t h e  a b i l i t y  to  e l o n -  

g a t e  w i th  a r i s i n g  w a t e r  l e v e l .  On a n o t h e r  20 7~ of  t he  

w o r l d ' s  r i c e  a r e a s ,  t he  w a t e r  i s  too  d e e p  to g r o w  s u c -  

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

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

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

V a r i e t i e s  g r o w n  in  d e e p  w a t e r  a r e a s  a r e  s e n s i t i v e  

to p h o t o p e r i o d .  They  f l o w e r  a n d  m a t u r e  a f t e r  t he  r a i n y  

season is over and the excess water has receded. The 

GEU program, in cooperation with scientists in Thai- 

land, seeks to develop improved germ plasm for deep 

water areas, and uses floating varieties from Vietnam, 

Thailand, Bangladesh, and India in the hybridization 

program. Early generation lines from these crosses 

are evaluated in cooperation with scientists in national 

programs in Thailand, Bangladesh, and other rice 

growing countries in Asia. 

Selections of the 'BKN 6986 ' cross made in Thai- 

land are the best prototypes in which the semidwarflng 

gene is combined with an elongation ability. These se- 

lections yield as well as other improved varieties when 

grown under shallow water conditions and yield more 

than traditional deep water varieties when grown under 

deep water situations. Additionally, some lines of this 

' B K N  6 9 8 6 '  c r o s s ,  s u c h  a s  B K 6 9 8 6 - 4 7 ,  B K 6 9 8 6 - 5 8 ,  

and  B K 6 9 8 6 - 1 0 8 ,  h a v e  a h i g h  s u b m e r g e n c e  t o l e r a n c e .  
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T e m p e r a t u r e  T o l e r a n c e  

Low t e m p e r a t u r e  t o l e r a n c e  i s  i m p o r t a n t  in  r i c e  g r o w n  

a t  h i g h  e l e v a t i o n s  a n d  a t  n o r t h e r n  l a t i t u d e s .  O f f - s e a -  

s o n  r i c e s ,  s u c h  a s  b o r o  r i c e s  of I n d i a  and  B a n g l a d e s h ,  

a r e  e x p o s e d  to  l ow  t e m p e r a t u r e s .  The  s t a g e  of g r o w t h  

a t  w h i c h  r i c e s  a r e  s u b j e c t e d  to  l ow  t e m p e r a t u r e s  d e -  

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

e x p o s e d  to l ow  t e m p e r a t u r e s  a t  t he  e a r l y  v e g e t a t i v e  

s t a g e .  

In  t h e  n o r t h e r n  l a t i t u d e s ,  r i c e s  a r e  e x p o s e d  to l ow  

t e m p e r a t u r e s  a t  b o t h  t h e  v e g e t a t i v e  and  t h e  r e p r o d u c -  

t i v e  s t a g e s .  At  h i g h  e l e v a t i o n s ,  t e m p e r a t u r e s  a r e  s u b -  

o p t i m a l  t h r o u g h o u t  t he  g r o w t h  c y c l e .  G e r m  p l a s m  t o l -  

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

i o u s  s i t u a t i o n s .  M a t e r i a l s  d e r i v e d  f r o m  c r o s s e s  b e t -  

w e e n  l ow  t e m p e r a t u r e  t o l e r a n t  v a r i e t i e s  a n d  i m p r o v e d  

p l a n t  t y p e  p a r e n t s  a r e  e v a l u a t e d  c o o p e r a t i v e l y  in  v a r -  

i o u s  areas affected by low temperatures. 

In some areas high temperatures affect the seed 

set and can cause sterility. The response of varieties 

to high temperatures varies markedly. N22 from India 

exhibited a good level of tolerance. Advanced genera- 

tion breeding lines from the GEU program are screen- 

ed for tolerance to high temperatures. 

D i s t r i b u t i o n ,  E v a l u a t i o n ,  a n d  E x c h a n g e  of  G e r m  P l a s m  

The s e e d s  of  d o n o r  v a r i e t i e s ,  i m p r o v e d  b r e e d i n g  l i n e s  

and  n a m e d  v a r i e t i e s  a r e  s u p p l i e d  to r i c e  s c i e n t i s t s  a l l  

o v e r  the  w o r l d  on  the  b a s i s  of r e q u e s t s  o r i g i n a t i n g  f r o m  

s c i e n t i s t s  w o r k i n g  in  the  n a t i o n a l  p r o g r a m s .  To d a t e ,  

5 0 , 0 0 0  s e e d  p a c k a g e s  of r i c e  a c c e s s i o n s  f r o m  the  IRRI 

G P B  h a v e  b e e n  s e n t  to  r e s e a r c h e r s  in  m o r e  t h a n  100 

c o u n t r i e s .  S i m i l a r l y ,  o v e r  9 8 , 0 0 0  s e e d  p a c k e t s  of  IRRI 

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

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

s e g r e g a t i n g  l i n e s ,  a d v a n c e d  g e n e r a t i o n  f i xed  l i n e s ,  and  

n a m e d  v a r i e t i e s .  

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

c o n d i t i o n s  a n d  s o m e  b e c o m e  n a m e d  v a r i e t i e s ;  to  d a t e ,  

49 IRRI l i n e s  h a v e  b e e n  n a m e d  a s  v a r i e t i e s  by  n a t i o n a l  

p r o g r a m s  ( T a b l e  2 ) .  M a n y  a r e  u s e d  a s  d o n o r  p a r e n t s  

in  t h e  l o c a l  h y b r i d i z a t i o n  p r o g r a m s .  T h u s ,  IRRI  v a r -  

i e t i e s  a n d  b r e e d i n g  l i n e s  a r e  t he  p a r e n t s  of  m a n y  v a r -  

i e t i e s  n a m e d  by  t he  n a t i o n a l  p r o g r a m s .  

S i n c e  1975 ,  g e r m  p l a s m  h a s  b e e n  e x c h a n g e d  a n d  

e v a l u a t e d  t h r o u g h  t h e  i n t e r n a t i o n a l  s e g m e n t  of t h e  G E U  

p r o g r a m  - t h e  I n t e r n a t i o n a l  R i c e  T e s t i n g  P r o g r a m  

( I R T P ) .  P r o m i s i n g  b r e e d i n g  l i n e s ,  n a m e d  v a r i e t i e s ,  

and  d o n o r  p a r e n t s  f r o m  IRRI  a n d  t h e  n a t i o n a l  p r o -  

g r a m s  a r e  g r o w n  in  n u r s e r i e s  to t e s t  f o r  y i e l d  p o t e n -  

t i a l  o r  to  e v a l u a t e  t h e  r i c e  p l a n t s '  t o l e r a n c e  a n d  r e -  

s i s t a n c e  to d i s e a s e s ,  i n s e c t  p e s t s ,  o r  e n v i r o n m e n t a l  

s t r e s s e s .  On t he  b a s i s  of  t h e s e  t e s t s ,  p a r e n t s  a r e  

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

to d i s e a s e s ,  i n s e c t s ,  a n d  e n v i r o n m e n t a l  s t r e s s e s  o r  

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

In  1977 ,  545 s e t s  of  15 i n t e r n a t i o n a l  n u r s e r i e s  

l i s t e d  b e l o w ,  w e r e  d i s t r i b u t e d  to  40 c o u n t r i e s .  

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

d u r a t i o n .  

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

d u r a t i o n .  

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

d u r a t i o n .  

4 .  I n t e r n a t i o n a l  r i c e  o b s e r v a t i o n  n u r s e r y .  

5 .  I n t e r n a t i o n a l  u p l a n d  r i c e  y i e l d  n u r s e r y .  

6 .  I n t e r n a t i o n a l  u p l a n d  r i c e  o b s e r v a t i o n  n u r s e r y .  

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

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

9 .  I n t e r n a t i o n a l  r i c e  s t e m b o r e r  n u r s e r y .  

10.  I n t e r n a t i o n a l  r i c e  b l a s t  n u r s e r y .  

11.  I n t e r n a t i o n a l  r i c e  s h e a t h  b l i g h t  n u r s e r y .  

12.  I n t e r n a t i o n a l  r i c e  t u n g r o  n u r s e r y .  

13.  I n t e r n a t i o n a l  r i c e  c o l d  t o l e r a n c e  n u r s e r y .  

14.  I n t e r n a t i o n a l  r i c e  s a l i n i t y  t o l e r a n c e  n u r s e r y .  

d e e p  w a t e r  o b s e r v a t i o n  15.  I n t e r n a t i o n a l  r i c e  

n u r s e r y .  

These nurseries serve as an excellent means by 

which germ plasm can be exhanged among different 

national and international programs. The IRTP prov- 

ides a mechanism through which breeding materials 

are made available from one national program to 

another through these nurseries. The flow of mater- 

ials from the IRRI GPB to the various breeding nur- 

series, international nurseries, and return to the 

GPB is summarized in Fig. 3. 

Seeds of IRRI breeding lines are also given to 

IRRI trainees, visiting plant breeders, and other 

scientists to take to their respective countries at the 

conclusion of their visit to the Institute. 
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Table 2. IRRI l ines  named v a r i e t i e s  in o ther  c oun t r i e s  

Name IRRI Line C r o s s  Count ry  where Year  
named  Named 

Sinaloa A68 IR160-27-4 Nahn~ Mon S-4/TN1 Mexico 1968 
Pankaj  IR5-114-3 Pe ta /Tangka i  Rotan India  1969 
Bahagia IR5-278 Pe ta /Tangka i  Rotan Malays ia  1969 
Mehran 69 IR6-156-2 Siam 29 /Dee -geo -woo-gen  P a k i s t a n  1969 
RD 2 IR253-4 Gam Pai  152/TN1 Thailand 1969 
CS 2 IR160-25-1 Nahng Mon S-4/TN1 Ivory  Coas t  1970 
CS 3 IR253-16-1 Gam Pal  152/TN1 Ivory  Coas t  1970 
CS 1 IR262-7-1 Peta~/TN1 Ivory  Coas t  1970 
Cica 4 IR930-31 IRS/IR12-178 Colombia  1970 
IR262 IR262-43-8  Pe ta  3/TN 1 Sri  Lanka 1971 
IR532 IR532-1-18 IR262-24-3/TKM 6 Sri  Lanka 1971 
Chandina IR532-1-176 IR262-24-3/TKM 6 Bangladesh 1971 
Nilo 11 IR579-48-1 IRS/Tadukan E1 Salvador 1971 
P a l m a n  579 IR579-48-1 IRS/Tadukan India 1971 
Tongil IR667-98 IRS/(  Yukar a/TN 1 ) Korea  1971 
Naylamp IR930-2-6 IR8/IR12-178 P e r u  1971 
Mala IR272-4-1 (CP 231-SLO 17)2/Sigadis  Bangladesh 1972 
Huallaga IR442-2-50 Pe ta2 /TN1/Leb  Mue Nahng P e r u  1972 
Aj ra l  IR480-5-9 Nahng Mon S-42/TN1 F i j i  1972 
Chancay IR930-31-10 IRS/IR12-178 P e r u  1972 
P a r  wanipur 1 IR400-29-9-73  Peta~/TN 1 Nepal 1973 
Masr i a  IR789-59-3-1  IR8/Muey Nahng 62M Malays ia  1973 
Var ie ty  "R '~ IR1052 BG 79/IR8 Guyana 1973 
Var ie ty  "S" IR1055 BG 7 9 / / P e t a 4 / T N l  Guyana 1973 
TN 73-1 IR1529-680-3-2  Sigadis~/TN 1/ / IR24 Vie tnam 1973 
TN 73-2 IR1561-228-3-3  I R8/Tadukan/ /TKM62/TN 1 Vie tnam 1973 
ROK-6 IR5-198-1-1  Pe ta /Tangka i  Rotan S i e r r a  Leone 1974 
SM 1 IR5-250 Pe ta /Tangka i  Rotan Malays ia  1974 
N .G .  6637 IR532E-208 IR262-24/TKM 6 Papua New Guinea 1974 

IR665-4-5-5  I R 8 / / P e t a S / B e l l e  Pa tna  Braz i l  1974 
GPL 1 IR747B2-6-3 TKM 62/TN1 Solomon I s l ands  1974 
P i e d r a s  Negras  IR837-20-3-6  IR262-43 /N.S .  Pall Tawng Mexico 1974 
A74 
Bomoa A74 IR837-46-2 IR262-43 /N .S .  Pah  Tawng Mexico 1974 
Abbasi  72 IR841-36-2 IR262-43/Khao Dawk Mall P a k i s t a n  1974 

IR841-63-5 IR262-43/Khao Dawk Mall B raz i l  1974 
CR 1113 IR822-81-2 I R82 / P a nkha r i  203 Costa Rica 1974 
GPL 2 IR1614-138-3-1  IR22//Mudgo/IR8 Solomon I s l ands  1974 
Pani  Dhan 1 IR442-2-24 Pe t a2 /TN1/ /Leb  Mue Nahng B iha r ,  India 1975 
Pani  Dhan 2 IR442-2-58 ,, B iha r ,  India 1975 
IR50 IR442-2-50 ,, West Bengal, India 1975 
IR58 IR442-2-58 ,, West Bengal, India 1975 
Sakha 1 IR579-48-I-2 IR8/Tadukan Egypt 1975 
Sakha 2 IR1561-228-3 IR8/Tadukan//TKM62/TN 1 Egypt 1975 
BILO IR1539-156 IR24//Mudgo/IR8 Fiji 1976 
BR 7 IR2053-87-3-1  IR1416-131-5 / IR22/C4-63  Bangladesh  1976 
FARO 22 I R 6 2 7 - 1 - 3 1 - 4 - 3 - 7  IR8/Wagwag Nige r i a  1976 
IR36 IR2071-625-1-252 IR1561-228/IR1737//CR94-13 Phi l ipp ines  1976 
IR38 IR2070-423-2-5-6  IR202/0.  nivara//CR94-13 Phi l ipp ines  1976 
PR 106 IR665-79-2-4  I R 8 / / P e t a  5 / B e l l e  Pa tna  India 1976 
IR40 IR2070-414-3-9  IR20~/O. nivara//CR94-13 Phi l ipp ines  1977 
IR42 IR2071-586-5-6  IR1561-228/ IR1737/ /CR94-13  Ph i l ipp ines  1977 

Tra in ing  of Youn~ Sc ien t i s t s  

The t r a in ing  p r o g r a m  for f ami l i a r i z i ng  r i ce  b r e e d e r s  

with the la tes t  methodologies  and techniques  of c rop  

improvemen t  was in i t ia ted in 1962. Since then,  119 

individuals  f rom 26 coun t r i e s  have undergone  t r a in ing  

in the P lan t  Breed ing  D e pa r t me n t .  The per iods  of t r a i -  

ning have va r i ed  f rom a few months to 3 y e a r s .  A l a rge  

p ropor t ion  of t r a i n e e s  par t i c ipa te  in the nondegree  p r o -  

g r a m s ;  28 rece ived  a Mas te r  of Sc iences  degree  at the 

adjacent  Un ive r s i t y  of the Ph i l ipp ines  at Los Banos 

with the thes i s  r e s e a r c h  conducted at IRRI. Six s tudied 
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F i g . 3 .  F l o w  of  m a t e r i a l s  in  t he  IRRI G E U  p r o g r a m  and  to n a t i o n a l  p r o g r a m s  t h r o u g h  i n t e r n a t i o n a l  n u r s e r i e s  
and  b a c k  to IRRI  G e r m p l a s m  B a n k  

f o r  t h e  P h .  D .  d e g r e e  u n d e r  c o l l a b o r a t i v e  a r r a n g e -  

m e n t s  w i th  v a r i o u s  u n i v e r s i t i e s .  

S i n c e  1975 ,  w h e n  a G E U  t r a i n i n g  p r o g r a m  was  i n i -  

t i a t e d  f o r  o n e  c r o p  s e a s o n  ( F e b r u a r y  to J u n e ) ,  t h r e e  

g r o u p s  of  16,  27 ,  and  32 t r a i n e e s  p a r t i c i p a t e d  in  t h e  

p r o g r a m .  B e g i n n i n g  in  1978 ,  two G E U  t r a i n i n g  c o u r s e s  

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

s k i l l s  a n d  t he  p h i l o s o p h y  of  a n  i n t e r d i s i p l i n a r y  a p -  

p r o a c h  to v a r i e t a l  d e v e l o p m e n t  t h r o u g h  o n - t h e - j o b  

t r a i n i n g  and  f o r m a l  l e c t u r e s  by  G E U  s c i e n t i s t s .  

The  P h i l o s o p h y  of  GEU 

The  G E U  p r o g r a m  u s e s  the  i n t e r d i s c i p l i n a r y  t e a m  a p -  

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

t r a i n e d  in  d i v e r s e  d i s c i p l i n e s  w o r k  t o g e t h e r  a n d  c o n -  

t r i b u t e  t h e i r  s p e c i a l i z e d  s k i l l s  to  t h i s  j o i n t  e f f o r t .  T h u s ,  

p r o b l e m  a r e a s  s c i e n t i s t s  ( P A ) ,  s u c h  a s  p l a n t  p a t h o l o -  

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

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

p l a s m  e n t r i e s  to  i d e n t i f y  t he  d o n o r  p a r e n t s  a n d  w o r k  

c l o s e l y  w i th  p l a n t  b r e e d e r s  ( P B )  in e v a l u a t i n g  t h e  

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

s p e c i a l i z a t i o n .  

The p l a n t  b r e e d e r s  p r o v i d e  l e a d e r s h i p  in  d e v e l o p i n g  

b r e e d i n g  s t r a t e g i e s ,  i n  t he  h y b r i d i z a t i o n  p r o g r a m ,  in  

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

ing  l i n e s ,  and  in  m a n a g i n g  t he  s e e d  m a t e r i a l s .  I n t e g r a -  

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

s u c h  c o o p e r a t i v e  e n d e a v o r s  i s  i l l u s t r a t e d  in  F i g .  4 .  

E i g h t e e n  s c i e n t i s t s  f r o m  n i n e  d e p a r t m e n t s  and  e i g h t  

d i s c i p l i n e s  a r e  w o r k i n g  t o g e t h e r  in  t he  GEU p r o g r a m .  

F i v e  p l a n t  b r e e d e r s - g e n e t i c i s t s ,  one  p l a n t  p a t h o l o g i s t ,  

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

p h y s i o l o g i s t  w o r k  fu l l  t i m e  in  t h e  p r o g r a m .  T h r e e  p l a n t  

p a t h o l o g i s t s ,  two e n t o m o l o g i s t s ,  o n e  a g r o n o m i s t ,  one  

p l a n t  p h y s i o l o g i s t ,  o n e  s o i l  s c i e n t i s t ,  and  one  s t a t i s -  

t i c i a n  w o r k  p a r t  t i m e  in  t h e  G E U  p r o g r a m .  

N i n e  d i f f e r e n t  t e a m s  of  PA s c i e n t i s t s  and  p l a n t  

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

d i s c u s s e d  p r e v i o u s l y .  

E a c h  t e a m  h a s  a t  l e a s t  o n e  p l a n t  b r e e d e r  a n d  one  o r  

m o r e  PA s c i e n t i s t s .  E a c h  p l a n t  b r e e d e r  w o r k s  w i th  

m o r e  t h a n  one  t e a m .  E a c h  p r o b l e m  a r e a  t e a m  i s  r e s -  

p o n s i b l e  f o r  p r o v i d i n g  l e a d e r s h i p  f o r  w o r k  in  i t s  p a r -  

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

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

e n i e s ,  and  s e l e c t s  t he  l i n e s  to b e  i n c l u d e d  in  t h e  v a r -  

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

s u c h  a s  g e n e t i c s  of  r e s i s t a n c e  and  g e n e t i c  v a r i a t i o n  in  
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F i g . 4 .  P l a n t  B r e e d e r s  ( P B )  and  p r o b l e m  a r e a  s c i e n t i s t s  ( P A )  a r e  w o r k i n g  t o g e t h e r  a s  i n t e r d i s c i p l i n a r y  t e a m s  
to d e v e l o p  d e s e a s e  ~and i n s e c t  r e s i s t a n t  v a r i e t i e s  t h a t  a r e  g e n e t i c a l l y  a d a p t e d  to  w i t h s t a n d  a r a n g e  of  a d v e r s e  
f a c t o r s  

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

s c i e n t i s t s  and  p l a n t  b r e e d e r s .  

O p e r a t i o n a l  P r o c e d u r e s  

B r e e d i n g  m a t e r i a l s  g e n e r a t e d  b y  d i f f e r e n t  t e a m s  a r e  

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

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

b e  g r o w n  u n d e r  t h e  s u p e r v i s i o n  of  P A  s c i e n t i s t s .  

One  p l a n t  b r e e d e r / g e n e t i c i s t  i s  in  c h a r g e  of  t h e  

g e r m  p l a s m  b a n k  and  u p l a n d  n u r s e r i e s .  A n o t h e r  p l a n t  

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

b l o c k s ,  c r o s s i n g  o p e r a t i o n s ,  F 1 n u r s e r i e s  a n d  r e -  

p l i c a t e d  y i e l d  t r i a l s .  A t h i r d  p l a n t  b r e e d e r  h a n d -  

l e s  the  F 2 p o p u l a t i o n s  a n d  o b s e r v a t i o n a l  y i e l d  t r i a l s .  

The f o u r t h  p l a n t  b r e e d e r  i s  in  c h a r g e  of  p e d i g r e e  n u r -  

s e r i e s ,  s e e d  i n c r e a s e ,  and  s e e d  p u r i f i c a t i o n  o p e r a -  

t i o n s .  

V a r i o u s  t e a m s  w o r k  on  t he  s a m e  m a t e r i a l s ,  a n d  

e n t r i e s  r e c o m m e n d e d  by  d i f f e r e n t  t e a m s  a r e  g r o w n  in  

one  h y b r i d i z a t i o n  b l o c k .  Al l  c r o s s e s  r e c o m m e n d e d  by  

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

one  n u r s e r y .  S i m i l a r l y ,  a l l  F 2 p o p u l a t i o n s  a r e  g r o w n  

t o g e t h e r .  M a t e r i a l s  in  t h e  F 2 p o p u l a t i o n s ,  p e d i g r e e  

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

PA s c i e n t i s t s .  A l l  d a t a  on  G E U  m a t e r i a l s  a r e  r e c o r d e d  

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

r o o m  a n d  a r e  a v a i l a b l e  to  a l l  c o n c e r n e d  s c i e n t i s t s .  A 

c o m p u t e r i z e d  d a t a  m a n a g e m e n t  s y s t e m  was  i n i t i a t e d  

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

One  p l a n t  p a t h o l o g i s t  and  one  p l a n t  b r e e d e r  h a n d l e  

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

m o n i t o r i n g ,  a n a l y z i n g  of  d a t a ,  an d  r e p o r t i n g  on  i n t e r -  

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

a p p r o p r i a t e  e n t r i e s  f o r  e a c h  n u r s e r y  f r o m  the  IRRI  

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

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

n a t i o n a l  n u r s e r y .  D a t a  r e c e i v e d  f r o m  v a r i o u s  i n t e r -  

n a t i o n a l  l o c a t i o n s  a r e  a n a l y z e d  a n d  m a d e  a v a i l a b l e  to  

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

IRRI P o l i c y  o n  N a m i n  G V a r i e t i e s  

IRRI  h a s  f o r m a l l y  n a m e d  an d  r e l e a s e d  11 v a r i e t i e s ,  

s t a r t i n g  w i th  ' I R 8 '  in  1966 a n d  e n d i n g  wi th  ' I R 3 4 '  i n  

1975 .  F o r t y - n i n e  o t h e r  IRRI  l i n e s  w e r e  r e l e a s e d  a s  

v a r i e t i e s  by  n a t i o n a l  p r o g r a m s .  In 1975 ,  t h e  I n s t i t u t e  

a n n o u n c e d  t h a t  i t  would  no  l o n g e r  o f f i c i a l l y  n a m e  a n d  

r e l e a s e  r i c e  v a r i e t i e s .  R a t h e r ,  t h e  I n s t i t u t e  c o n c e n -  

t r a t e s  i t s  e f f o r t s  on  p r o v i d i n g  g e n e t i c  m a t e r i a l ,  i n -  

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

s c i e n t i s t s  a l l  o v e r  t h e  w o r l d .  The  I n s t i t u t e  e n c o u r a g e s  

n a t i o n a l  p r o g r a m s  to  r e l e a s e  IRRI  s e l e c t i o n s  a s  v a r -  

i e t i e s  u n d e r  a n y  n a m e .  

The  m o d i f i c a t i o n  of  I R R I ' s  v a r i e t a l  r e l e a s e  p o l i c y  

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

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

t i o n  t h r o u g h  t h e  G E U  p r o g r a m  an d  t h e  I R T P .  T h u s ,  

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

t h e  IRRI b r e e d i n g  l i n e s  a r e  e v a l u a t e d  by  t h e  n a t i o n a l  

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

W h e n  IRRI m a t e r i a l s  a r e  found  s u i t a b l e ,  n a t i o n a l  p r o -  

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

t h e  h y b r i d i z a t o n  p r o g r a m .  
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In the Ph i l i pp ine s ,  I R R I ' s  e l i t e  b reed ing  l ines  a r e  

provided  to the Phi l ipp ine  Seed Board  for  eva lua t ion  

and poss ib l e  r e l e a s e .  This Board  has  the r e s p o n s i -  

b i l i ty  of eva lua t ing  the b reed ing  l ines  in c o o p e r a t i v e  

yield p e r f o r m a n c e  t r i a l s .  On the ba s i s  of r e s u l t s  of 

these  t r i a l s ,  dur ing  1976 and 1977, the Phi l ipp ine  

Seed Board  r e c o m m e n d e d  four IRRI l ines  under  the 

names of 'IR36', 'IR38', 'IR40', and 'IR42'. The 

Board elected to continue to use the IR designation for 

IRRI selections released in the Philippines. 

Conclus ion  

The u l t ima te  goal of the IRRI GEU p r o g r a m  is  to de -  

ve lop  s u p e r i o r  g e r m  p l a sm of r i c e  with i n c r e a s e d  

yie ld  po ten t ia l ,  good g ra in  qual i ty ,  r e s i s t a n c e  to e c o -  

nomica l ly  impor t an t  d i s e a s e s  and insec t  p e s t s ,  and 

sui ted fo r  unique growing condi t ions .  V a r i e t i e s  fo r  

spec i f i c  loca t ions  must  have t o l e r a n c e  to c e r t a i n  

s t r e s s e s ,  such as  high o r  low t e m p e r a t u r e s ,  a d v e r s e  

s o i l s ,  d rought ,  and e x c e s s  wa te r .  

A s t rong  i n t e r d i s c i p l i n a r y  t eam approach  is  u n d e r -  

taken at the Ins t i tu te  to deve lop  i m p r o v e d  r i c e  v a r i e -  

t i e s  through a dynamic  plant b reed ing  p r o g r a m  coupled 

with s t rong  r e s e a r c h  e f fo r t s  in p rob l em a r e a s .  

Nat ional  GEU p r o g r a m s  a r e  s t r eng thened  through 

t ra in ing  of young s c i e n t i s t s  in the i n t e r d i s c i p l i n a r y  ap-  

p roach .  Strong l inkages  ex i s t  be tween IRRI and na-  

t ional  p r o g r a m s  to f ac i l i t a t e  the t r a n s f e r  and exchange 

of i deas ,  t echn iques ,  m a t e r i a l s ,  and p e r s o n n e l .  This 

in te rna t iona l  ne twork  of coope ra t ing  s c i e n t i s t s ,  t r a i n -  

ed in d i f fe ren t  d i s c ip l i ne s ,  a r e  working towards  a mu-  

tual goal on an equal  ba s i s  for  exploi t ing the vas t  r e -  

s e r v o i r  of gene t ic  v a r i a b i l i t y  of r i c e  in the deve lop -  

ment  of i m p r o v e d  r i c e  v a r i e t i e s .  
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