
主  論  文  の  要  旨

論文題目

氏   名

論  文  内  容  の 要  旨

P h o sp ho ru s  i s  c r uc i a l  fo r  p l an t  g row th ,  e s pec i a l ly  i n  r i c e ,  a  v i t a l  c ro p  in  

S ub -S ah a ran  A f r i c a .  H ow e ve r ,  pho s pho r us  d e f i c i e nc y  i n  s o i l  i s  a  s ig n i f i c a n t  

ch a l l en g e ,  l i m i t i ng  c ro p  y i e l d .  C o nv en t io na l  a pp l i c a t io n  o f  f e r t i l i z e r  t h r ou gh  

b r o a d c as t i ng  i s  o f t e n  in e f f e c t i ve  du e  t o  p ho sp ho ru s  f ix a t i on  i n  s o i l  a nd  th e  l im i t ed  

p u rc h a s in g  ca pa c i ty  o f  f a r me r s .  R e ce n t  s tu d ie s  s ug ge s t  ph os p ho ru s  l oc a l i z ed  

ap p l i ca t i o n ,  su ch  a s  P -d i pp in g ,  a s  a  c o s t - e f f e c t iv e  a l t e r na t iv e .  P - d i pp i ng  inv o lv e s  

d i p p i n g  r i c e  s e ed l i ng  ro o t s  i n  a  ph o sph o ru s -en r i ch ed  s lu r ry  be f o r e  t r a n s p la n t ing  

th e m in t o  th e  p ad dy  f i e l d .  T h i s  me t hod  h a s  sh ow n  p r o m is i ng  r e s u l t s  i n  in c re a s i ng  

y i e ld  w h i l e  r ed uc i ng  pho s pho r us  a pp l i c a t io n  r a t e s .  H ow ev e r ,  i t  a l s o  p r e s en t s  

cha l l en ge s  s uc h  a s  t h e  r i sk  o f  s a l t  s t r e s s  and  t r a n sp la n t in g  sh o ck  o f  s ee d l in gs ,  

p a r t i c u la r ly  w h en  ph os pho r us  c on ce n t r a t i on  i s  h ig h  an d  i n  h i gh - t em pe ra t u re  

en v i r o n me n t s .  D e sp i t e  t h e s e  c h a l l en ge s ,  P - d ipp i ng  o f f e r s  po t en t i a l  be ne f i t s ,  

i n c lu d in g  im p ro v ed  r e s i l i e nc e  to  s ub me r gen ce  s t r e s s  and  s h o r t en ed  g r ow th  

d u ra t i o n s .  H ow ev e r ,  l i m i t e d  k now le dg e  e x i s t s  r eg a rd in g  th e  ro l e  o f  r oo t s  i n  the  

e f f i c a cy  o f  t h i s  t e c hn i qu e .  We  h yp o th es i ze d  th a t  t he  v a r i ab i l i t y  o f  t h e  ro o t  vo l um e  

o f  s ee d l in gs  m ay  im p ac t  t he  a mo un t  o f  P - s lu r ry  a dh e red  to  r oo t s .  T h e re fo r e ,  o u r  

s tu d y  a i m s  to  de t e rm in e  th e  o p t im a l  s e ed l in g  a ge  f o r  m ax i m iz i ng  b i om a ss  an d  

y i e ld  e f f ec t s  f ro m  P - d ipp i ng .  A dd i t i on a l ly ,  fu r th e r  r e se a r c h  i s  n ee de d  to  

u n d e r s t an d  th e  s yn e r gy  e f f e c t  o f  t he  P - d i pp in g  a nd  ro o t  ph en o ty pe s  o f  sp ec i f i c  

g en o ty p e s  f o r  o p t im a l  ap p l i c a t io n .   

I n  o u r  f i r s t  ch ap t e r ,  w e  a s s um e  tha t  a  h ig he r  roo t  vo lu m e  o f  o ld e r  s e ed l i n g s  

ma y  l ea d  to  a n  in c r ea se  in  P - s l u r r y .  H ow ev e r ,  o l d  s eed l i ng s  w i th  low  v i go r  p os e  

r i sk s  o f  t r an sp l an t in g  sh oc k ,  e xa ce r ba t e d  by  f e r t i l i z e r  bu rn i ng  f r om  h i gh  P  
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co n ce n t r a t io n  o f  P - d i p p in g .  O n  t he  o t he r  han d ,  y oun g  s ee d l ing s  r eco ve r  f a s t e r  

p o te n t i a l l y  m i t ig a t in g  th e s e  r i sk s ,  b u t  h ave  r e l a t iv e ly  s ma l l  r oo t  vo l um e  f o r  

s ig n i f i c a n t  t r a n s f e r  o f  t he  ph os ph o ru s  s lu r r y  to  t he  m a in  f i e ld .  T he re fo r e ,  ou r  po t  

ex p e r im en t s  im p ly i ng  v a r i ou s  s e ed l in g  ag es  w e r e  co nd uc t ed  t o  i nve s t i ga t e  t he  

cha ng e  o f  P -a m oun t  a dhe r ed  t o  va r io u s  s e e d l i ng  ag e s .  O u r  r e s u l t s  i d en t i f i ed  t ha t  

t h e  a mo u n t  o f  s lu r ry  f r o m P -d ip p in g  i nc r ea se d  no t  l i ne a r l y  bu t  i n  a  s i gm o id a l  

p a t t e r n  ag a in s t  s ee d l i ng  ag e ,  p l a t ea u i ng  a r o und  6 .0  s e ed l i ng  a ge .  C o r r e s po nd in g ly ,  

t h e  e f f e c t  o f  P - d i pp i n g  o n  i n i t i a l  b i om a ss  g r ow t h  w a s  ma x im i ze d  a r ou nd  the  6 .0  

s e ed l i n g  ag e  a nd  t he n  w a s  r e duc ed  w he n  co mb in ed  w i t h  mu ch  o lde r  s ee d l ing s ,  

a t t r i b u t ab le  to  t he  p r o l on ge d  p e r iod  o f  t r a n s p lan t i ng  s ho ck .  S i m i l a r ly ,  on - f a r m 

t r i a l s  a mo ng  90  f a r me r s ’  f i e l d s  i n  t he  cen t r a l  h ig h lan d s  o f  M ada ga s ca r  w e re  

co n du c te d  t o  co mp a r e  co n t r o l  ( no  P  f e r t i l i z e r )  an d  P - d ip p in g  t r e a t men t .  A f t e r  

c a t e g o r i z ing  t he  s ee d l in g  a ge  i n to  th r ee  g ro up s  o f  y ou ng  (<  4 . 5  s ee d l ing  ag e ) ,  

i n t e rm ed i a t e  (4 . 5 – 6 .3  s e ed l in g  ag e ) ,  and  o l d  (>  6 . 3  s ee d l i ng  age ) ,  ou r  r e su l t s  

r e p o r t e d  the  h igh e s t  b i o ma s s  f ro m  P -d i pp i ng  a t  4 0  da ys  a f t e r  t r an sp l an t in g  w he n  

co mb in ed  w i t h  th e  i n t e r m ed ia t e  s e ed l i ng  a ge .  F u r t he r mo re ,  t he  y i e ld  ga i n  o f  P -

d i p p i n g  (y i e ld  d i f f e r e nc e  f ro m P -d i pp i n g  to  co n t r o l )  w a s  a l so  h ig he r  w i th  

in t e rm ed i a t e  s e ed l i n g  ag e  th an  th e  y ou ng  s ee d l in gs  g rou p .  I t  s ug ge s t s  t he  

b en e f i c i a l  e f f e c t  o f  u s in g  s ee d l ing s  a r ou nd  6  l e a ve s  w i th  P - d ipp i ng .  S p ec i f i c a l ly ,  

6 - l e a f  s ee d l in gs  h av e  a  h igh e r  r oo t  vo l u me  fo r  a dh e r i ng  to  P -e n r i che d  s l u r r y  t ha n  

y o u ng e r  s e ed l i ng s ,  w h i l e  a l s o  h av in g  a  low e r  r i s k  o f  t r an sp l an t in g  sho ck  th an  o ld e r  

s e ed l i n g s .   

I n  an o th e r  C h ap t e r ,  w e  c on duc t ed  a  r oo t  p i n - bo a r d  exp e r im en t  i nvo l v ing  a  

mu t an t  g e no ty pe  c a l l ed  ou r1 ,  and  i t s  w i l d  typ e  (WT ) .  T he  m u t an t  c a r r i e s  t h e  

o u r1 /o s b z i p1  g en e ,  r e s pon s i b l e  fo r  i nh i b i t i n g  the  t o t a l  l a t e r a l  roo t  d en s i t y  by  

r e p re s s i n g  th i n  S - ty pe  l a t e r a l  roo t s .  We  c om pa r ed  P -d i pp i ng  t r e a tm en t s  w i th  

u n i fo r m P  ap p l i c a t io n  (P  i nc o r po ra t i on ) .  O ur  f i nd in g s  r e ve a le d  th a t  P - d i pp i ng  

s t im u la t ed  g r ea t e r  ro o t  l eng t h ,  and  ro o t  l eng t h  de ns i t y  in  the  WT ,  w he r ea s  th i s  

e f f ec t  w a s  n o t  o b se rv ed  i n  th e  ou r1  m u ta n t .  A d d i t i on a l ly ,  w e  o b se rv ed  in c r ea s ed  

p r o l i f e r a t i on  o f  S - ty p e  l a t e r a l  ro o t  l en g th  i n  t he  WT  c om pa r ed  t o  t he  o u r 1  un de r  

P - d ip p i n g .  F u r th e rm o re ,  t he  ch ang e  in  S - ty pe  by  P - d ipp i ng  s ig n i f i c an t l y  co r r e l a t e s

w i th  th e  c ha ng e  i n  P  up ta ke  w h en  co mp a r i ng  o u r 1  to  WT .  T h i s  su gge s t s  t h a t  t he

p r o l i f e r a t i on  o f  S - ty pe  l a t e r a l  r oo t s  un d e r  P - d i pp i ng  p l ay s  a  c ru c ia l  ro l e  i n

en h an c in g  P  u p ta ke  in  the  WT  g en o ty pe .

In  c on c lu s io n ,  o u r  s tu dy  h ig h l igh t s  t h e  e f f i c a cy  o f  P -d ip p in g  fo r  add r e s s i ng  

p h o sp h o ru s  d e f i c i en c y  i n  r i c e  cu l t iv a t io n .  In t e rm ed i a t e  s e ed l i ng  a ge ,  a ro un d  6 . 0  

l e a f  ag e ,  o p t im i ze s  b i om as s  an d  y i e l d  e f f ec t s  w h i l e  m i t i ga t in g  t r a n s p lan t i ng  s ho ck .  

F u r th e r mo r e ,  t h e  p r o l i f e r a t io n  o f  S - ty pe  l a t e r a l  ro o t s  i n du c ed  b y  P -d ip p in g  



s ig n i f i c a n t ly  en ha nc e s  pho s pho r us  u p tak e  in  spe c i f i c  g eno t yp es .  T h e se  f i nd i ng s  

em p h as i ze  th e  i mp o r t anc e  o f  s e ed l i ng  a ge  and  roo t  c ha r ac t e r i s t i c s  i n  m ax i m iz i ng  

th e  b e n e f i t s  o f  P - d ip p in g  f o r  su s t a i na b le  r i c e  p ro du c t ion  in  p ho s pho ru s -d e f i c i en t  

so i l s .  F u r t he r  r e s ea r ch  on  ge ne t i c  m ech an i sm s  un de r ly i ng  r oo t  r e s po ns es  to  

lo ca l i z e d  ph o sph o ru s  a pp l i c a t io n  co u ld  o f f e r  i n s i gh t s  f o r  e nh an c ing  c rop  

r e s i l i e n c e  an d  p ro d uc t iv i t y  i n  su ch  e nv i ro n me n t s .  
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