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論  文  内  容  の 要  旨  

T he  Ph i l i pp i ne s  i s  t he  w o r ld ’ s  8 th  l a rg es t  r i c e  p ro du ce r ,  w i th  a r e a  h a rv es t ed  

t o  r i c e  a t  ab ou t  82 5 , 0 00  he c ta r e s ,  an d  vo l u me  o f  p ro du c t ion  o f  1 7 .9 3  M i l l io n  

Me t r i c  T o ns .  T h e  av e ra ge  c ou n t r y ’ s  a ve r ag e  r i c e  y i e l d  i s  4 . 1  t  h a - 1  (FA O ,  2 01 9 ) .  

R i ce  Se l f - su f f i c i en cy  i s  l ow  and  w a s  ev en  o bs e r ve d  de c l in ed  to  7 9 .8 % i n  20 19  

f ro m 86 .2 % i n  201 8  ( PSA  2 02 0 ) .  L ow  a ve r age  y i e ld  a nd  r i c e  s e l f - s u f f i c i e nc y  ca n  

be  du e  t o  t he  v a r i a t io ns  o f  r i c e  g r a in  y i e l d  ac ro s s  g r ow in g  a r ea s  r e su l t i ng  to  

low e r  a v e r ag e  y ie l d .  

Ph i l ip p ine  r i c e  g row i ng  a re a s  h a s  va ry i ng  c l i m a t i c  a nd  e dap h ic  

cha r ac t e r i s t i c s ,  r e su l t in g  t o  d i f f e r e nc es  in  r i c e  p ro du c t i v i ty  a c ro s s  ag ro c l i ma t i c  

do ma in s .  G ra i n  y i e l d  o f  r i c e  ( O ry za  s a t i v a  L . )  v a ry  w i th  ge no t yp es  a nd  g row i ng  

env i r on me n t  an d  t h e i r  i n t e r ac t i on s  (G x E ) ,  w h i ch  c an  b e  fu r t he r  mo d i f i ed  b y  t he  

i mp os ed  c u l tu ra l  ma n age m en t  (G xE x M ) .  A na ly s i s  o f  th e se  in t e r ac t io n s  cou l d  be  

a  b a s i s  i n  id en t i fy i ng  gen o ty pe s  w i t h  h igh  s t a b i l i t y  a c ro s s  env i r o nm en t s ,  mo s t  

ada p ta b le  e nv i ro nm en t ,  and  mo s t  su i t ab l e  f a r m  m an ag em en t .  T he se  in t e r ac t i on s  

can  a l s o  be  u se d  i n  i d en t i fy i ng  ge no t yp es  a nd  m an age m en t  to  a l l ev ia t e  ab i o t i c  

s t r e s s  su ch  a  s a l in i t y  s t r e s s .  

In  C h ap t e r  2 ,  t he  G xE  in te r ac t i on s  w e r e  an a ly ze d  t o  de t e rm i ne  th e  

con t r i bu t io n  o f  s e a so n ,  l oc a t io n  an d  gen o t ype  a nd  th e i r  i n t e r a c t io n s  to  g r a in  

y i e ld  u nd e r  v a ry i ng  g row in g  en v i ron m en t s ,  t o  i de n t i fy  the  d e te r m in an t s  o f  g r a in  

y i e ld  v a r i a t io n s  i n  r i c e  g en o ty pe s  ac r o s s  e n v i r on me n t s  a nd  to  a s s e s s  t he  

in f l ue nc e  o f  so la r  r a d ia t i on  a nd  t e mp e ra t u r e  v a r i a t i on s  a s  fu nc t i on  o f  s e a son  a nd  

lo ca t i on  o n  t he  g row t h  a nd  d ev e lo pm en t  o f  low la nd  r i ce  g en o ty p es  u nd e r  

i r r iga t ed  c on d i t ion  in  m a jo r  r i c e  g r ow i ng  a re a s  in  th e  Ph i l i pp in e s .  G r a in  y i e ld  

va r i a t i on s  i n  PSB  R c1 8 ,  N S IC  R c22 2  ( i nb re d )  a nd  N S IC  R c2 02H  (h yb r id )  w e re  
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de te r m in ed  a c ro s s  g r o w in g  en v i r on me n t s  a s  a  f un c t io n  o f  c r opp i n g  se a s on s  an d  

lo ca t i on s  i n  r i c e  p ro d uc in g  a re a s  in  th e  Ph i l ip p in es .  C on t r i bu t io n  o f  lo ca t i on  t o  

va r i a t i on  in  g ra i n  y i e ld  w a s  61 .0 %,  w h i l e  1 2 .7 % f o r  s e a son ,  an d  6 .1 % f o r  

gen o ty pe  a nd  th i s  mu s t  be  d ue  lo ca t io n  b y  se a s on  b y  ge no ty pe  in t e r ac t i on s .  D ry  

se a s on  c r opp i ng  in  N uev a  E c i j a  p r od uc ed  t he  h ig he s t  m ea n  g r a in  y i e l d .  O n  th e  

o t he r  h and ,  w e t  s ea so n  c r op p ing  in  D a va o  de l  Su r  p ro du ced  th e  l e a s t  me an  g r a in  

y i e ld .  T he  g en o ty pe s  d i f f e r ed  in  th e i r  r e sp on se  to  va r y in g  g r ow i ng  en v i ron m en t s .  

N SIC  R c 202H  w a s  t he  h ig he s t  y i e l de r  a mo n g  g en o ty pe s  du r in g  d r y  se a s on  in  

N uev a  E c i j a .  N SIC  R c22 2  w as  th e  m os t  s t a b l e ,  h av i ng  r e l a t i ve l y  h ig h  an d  

con s t an t  g ra i n  y i e ld  a c r o s s  e nv i ro nm en t s .  H ig h  g r a in  y i e ld  w a s  a s so c ia t ed  w i th  

abo ve g rou nd  b i om a ss  pa r t i c u la r ly  in  N S IC  R c20 2H  (R 2 = 0 .8 61 5 ) .  H a rv es t  i n de x  

o f  N S IC  R c2 22  h a d  l e s s  v a r i a t i on s  ac r o s s  g row in g  en v i ron m en t s ,  he nc e ,  o ne  

r e a son  fo r  i t s  r e l a t i ve  s t ab i l i t y .  A m ong  y i e l d  c o mpo ne n t s ,  s p ik e l e t s  p e r  p an i c l e  

and  p e rc en t  f i l l ed  sp i ke le t s  w e re  h i gh l y  co r r e l a t e d  w i th  g r a in  y i e l d  ( r= 0 .8 5  an d  

r= 0 .8 2  r e s pe c t iv e ly ) .  G ra i n  y i e ld  w a s  h ig h l y  in f l uen c ed  by  so la r  r a d ia t i on  an d  

t e m pe ra t u re .  G row i ng  de g re e  da ys  (G D D )  a ccu m u la t ed  by  g en o ty pe s  a r e  

gen e ra l l y  low e r  du r in g  w e t  s e a s on  th an  d ry  s ea so n .  W h i l e  g eno t y pe s  w i th  

d i f f e r en t  g row t h  du ra t io n s  ma y  r equ i r e  d i f f e r en t  G D D s ,  t he  h ig h e r  th e  G D D  

ac cu mu l a ted  b y  a  pa r t i c u la r  g en o t yp e ,  r e ga r d l e s s  o f  g row t h  du ra t i on  r e s u l t e d  i n  

h i gh e r  g r a in  y i e ld ,  an d  v a r i a t i on s  i n  ac cu m ul a te d  G D D  i s  a f f e c t e d  d i r ec t l y  by  

t e m pe ra t u re  a nd  in d i r ec t ly  b y  so l a r  r ad i a t i on ,  c on t r ib u te d  t o  t he  va r i a t io ns  in  

g r a in  y i e ld  a c r o s s  g ro w in g  en v i r on me n t s .  

 I n  C h ap t e r  3 ,  a t t a i na b le  and  a c tu a l  y i e l d s ,  and  y i e ld - l i m i t ing  co ns t r a i n t s  

in  i r r iga t ed  g r ow i ng  a re a s  th a t  c au se s  va r i a t io n s  r i c e  g ra i n  y i e ld  w e r e  an a ly zed .  

T h i s  w a s  do ne  to  b e  a b l e  t o  b r idg e  t he  y i e l d  g ap s  b e tw ee n  a t t a i n ab le  a nd  

f a r me r ’ s  f i e ld .  T he  a t t a i na b le  a nd  a c tu a l  y i e l d s  ob ta i ne d  f ro m  th e  ac tu a l  

f a r me r ’ s  f i e ld  w e re  o bs e r ve d  t o  be  low er  c om pa re d  t o  t he  a t t a in ab le  y i e ld  a c ro s s  

a l l  l o ca t i on s  an d  s ea s o n s .  T h i s  ca n  ex p la i n  th e  y i e l d  ga p  t o ,  w h ic h  i s  t he  g ap  

be tw e en  th e  a t t a i nab l e  and  a c tu a l  y i e l d s .  T he  y ie l d  ga p  du r in g  w e t  s e a s on  r a ng ed  

f ro m 11 .1 %  t o  22 .2 %,  w h i l e  th e  y i e l d  gap  d u r i ng  d ry  se a s on  r an g ed  f r om  1 9 . 6% 

to  2 2 . 0% .  T he  a c tu a l  y i e ld  g ap  d u r i ng  w e t  s e a s on  r a nge d  f ro m  0 . 5  t  ha - 1  u p  t o  

1 .2  t  ha - 1 ,  w h i l e  d u r i n g  d r y  se a son  r a ng ed  f ro m  0 . 9  t  h a - 1  t o  1 . 3  t  ha - 1 .  A c ro s s  

s i t e s  an d  s ea so ns ,  t he  a mo un t  o f  n i t rog en  ( N )  ap p l i ed  w a s  th e  m os t  im po r t an t  

f a c to r  in  de t e rm i n in g  th e  y i e l d .  D i f f e re n t  c u l t u ra l  p ra c t i c e s  su ch  a s  w a te r  

ma na ge me n t  p ra c t i ce ,  s ee d in g  r a t e ,  w e ed s  a nd  d i se a s e s  w e r e  a l s o  im po r ta n t  

f a c to r s  a f f ec t i ng  y i e l d  w h i ch  w e re  in c lu de d  in  d i f f e r en t  m od e l s  sp ec i f i c  to  e ac h  

env i r on me n t .  

In  C h ap t e r  4 ,  ab ov e -g ro und  b i o ma s s  o f  fou r  r i c e  g en o typ e s  un de r  s a l in i t y  



s t r e s s  in  v a ry in g  N  l e ve l  ap p l i c a t io n  w a s  a na ly ze d  t o  be  a b le  to  know  th e  e f f ec t  

o f  s a l in i t y  on  th e  b io ma s s  an d  y ie ld  o f  th e  r i c e  ge no t ype s ;  e f f e c t  on  N  

app l i ca t i on  on  th e  s a l t - s t r e s s ed  r i c e  g en o ty pe s ;  an d  th e  r e spo n se  o f  t he  

gen o ty pe s  w i t h  d i f f e r en t  t o l e r a n ce  to  s a l in i ty  to  a pp l i ca t i on  o f  N  un de r  s a l t -

s t r e s s ed  c on d i t ion s .   

A bov e  g r ou nd  b io m as s  o f  th e  r i c e  g en o typ e s  s ig n i f i c an t ly  v a r i e d  a mo ng  

t r e a t men t s  s a l in i t y  t r ea t me n t s ,  N  t r e a tm en t s ,  a nd  g eno t yp e s .  I t  c an  be  o b se rv ed  

th a t  t he  b i om a ss  r e du c t i on  d ue  to  s a l t  s t r e s s  i s  a l mo s t  t he  s a me  a mo ng  the  N  

t r e a t men t s .  I t  w a s  ob s e r ve d  t ha t  N  app l i ca t i on  i nc r ea se d  t he  b i om as s  bo t h  un de r  

con t r o l  and  sa l t - s t r e s se d  co nd i t io ns .  A m on g  th e  ge no t yp es ,  FL 4 78  w as  o b se rv ed  

to  h av e  h ig he r  b io ma s s  un de r  h ig h  sa l i n i ty  s t r e s s  w h en  a pp l i ed  w i th  h i gh e r  N .  

D PPH  sc av eng i ng  a c t i v i t y ,  a  me as u re  o f  no n - en zy ma t i c  an t i ox i ca n t  a c t iv i t y ,  w a s  

s ig n i f i ca n t ly  a f f e c t e d  by  sa l i n i t y  s t r e s s  t r e a t m en t s  an d  N  a pp l i c a t i on .  T he  D P PH  

sc av en g i ng  a c t iv i t y  w as  in c r ea s e d  w i th  i nc r ea s in g  sa l i n i ty  a nd  w i th  d ec r ea s in g  N  

app l i ca t i on .  A sc o rba t e  p e ro x id as e  w as  n o t  s ig n i f i ca n t ly  a f f e c t e d  by  th e  s a l in i ty  

t r e a t men t s ,  N  a pp l i c a t io n ,  a nd  g en o typ e  u s ed ,  w h i l e  ca t a l a s e  ac t iv i t y  w as  o n ly  

s ig n i f i ca n t ly  a f f e c t e d  by  N  ap p l i c a t ion .  Sa l t - to l e r an t  g en o ty pe  s u ch  a s  FL 4 78  

pe r fo r med  b e t t e r  u nde r  s a l t - s t r e s se d  co nd i t i on s  bu t  s t i l l  n ee d ed  t o  b e  s upp l i ed  

w i th  N  t o  p r od uc e  h ig he r  b i o ma s s  an d  ex p r e s s  s a l t  t o l e r a n t .  T h i s  m ea ns  th a t  

u s i ng  s a l t - t o l e r an t  g e no ty pe s  un de r  s a l t - s t r e s se d  en v i ron m en t  a l s o  r e qu i r e s  

p r op e r  ma na ge me n t  s uch  a s  N  app l i ca t i on  t o  h av e  h ig he r  y i e l d .  

T h i s  s t ud y  f ocu s ed  on  the  G xE xM  a pp ro ac h  to  g iv e  r ec om m end a t io n s  to  

na r row  t he  y i e ld  g ap s .  F o r  be tw e en  p o te n t i a l  and  a t t a in ab l e  on es ,  I  co u ld  

r e co m me nd  lo ca t io n - s pec i f i c  va r i e t a l  r ec om me nd a t ion s  b as ed  o n  su pe r io r i ty  and  

s t a b i l i t y .  F o r  be tw e en  a t t a i na b le  a nd  p o te n t i a l  y i e ld s ,  I  co u ld  id e n t i f y  t he  m os t  

i mp or t an t  man ag e me n t  p r a c t i c e s  in  th e  f a r me r ’ s  f i e l d  a s  r e co m me nd a t ion s .  

F i na l l y ,  c on ce rn i ng  t he  y i e l d  ga p  be tw e en  th e  ac t ua l  f a r me r ’ s  y i e l d  un de r  no n -

s t r e s s ed  c on d i t ion s  a nd  s a l t - s t r e s se d  co nd i t io n s ,  r ec o mm en da t i o ns  w e re  g i ve n  by  

ana l yz i ng  th e  e f f ec t  o f  n i t rog en  a pp l i ca t i on  on  th e  b io ma s s  o f  d i f f e r en t  r i c e  

gen o ty pe s  un de r  s a l t - s t r e s s ed  e nv i ro n me n t .  T h es e  f i nd in g s  w i l l  b e  u s e fu l  

i n f o r m a t ion  in  n a r r ow in g  y ie l d  ga ps  in  r i c e  p ro du c t i on  in  th e  Ph i l ip p in es .  

 




