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CHAPTER IV 

DISCUSSION

4.1 E f fec t  of Klebsie l la  inoculat ion  on u l t r a - s t r u c t u r e  of  the  

root and leaf

Inoculation of r i c e  s eed l ing  with K. oxytoca R15 were 

shown to  produce root hair c u r l in g ,  branching and root hair  

p r o l i f e r a t i o n  which were s im i lar  t o  previous report (Boonjawat et 
a l . ,  1991 ).  เท a d d i t io n ,  a s s o c ia t i o n  between Azospir i l lum

brasi lense  and wheat se e d l in g  ( Patriquin et a l . ,  1983 ) resu l ted  

เท the  same phenomenon. The previous s t u d ie s  lead me to  propose  

th at  the  morphological  changing was an important s tep  in an 

a s s o c ia t i o n  of Azospir i l lum  or Klebsie l la  in ocu lat ion ,  as more

n u tr ien ts  can be absorbed, and increasing root mass should a l s o

s t a b i l i z e  the p lant .  As reviewed by Limpananont, (1987),  that

Azospir i l lum  inoculat ion  enhanced wheat growth during e ar ly  s tag es  

through e f f e c t s  other than nitrogen f i x a t i o n ,  such as by root  

e lo n ga t ion ,  increases เท r o o t ' s  surface  area,  and d en s i ty  of  root 

h a ir s ,  which lead t o  more mineral uptake into root segments of Zea

maizes and Sorghum. เท con c lus ion ,  Klebsie l la  inoculat ion  induce
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m o rpho lo g i ca l  change, and t h e  mechanism was u n c l e a r .

4 .2  E f f e c t  o f  a s s o c i a t i o n  on n i t r o g e n  f i X  I n q - a c t i V  I t v  anc number 

o f  K. o x y t o c a  R15

Study of an a s s o c ia t i o n  e f f e c t  on n i t r o g e n - f ix in g  

a c t i v i t y ,  showed that  inoculat ion  of K. o x y t o c a  R15 on R07 r ice  

plants  induced the n itrogenase  a c t i v i t y  of the K. o x y to c a  R15 

about 20 fo ld  compared with n on - inocuIated on day 8 a f ter  

inoculat ion .  The previous reports in the same con d i t ion ,  Boonjawat 

e t  a l . ,  1991, showed that  the  n i t r o g e n - f i x in g  a c t i v i t y  increased  

400-500 fo ld  on day 7 a f t e r  inoculat ion .  Pi taksuteepong, 1992, 

showed that the n i t r o g e n - f i x in g  a c t i v i t y  of K. o x y to c a  R15 

increased about 2000 f o ld  on day 8 a f t e r  inoculat ion .  All the  

previous s t u d ie s  supported that  the r i c e -  KI e b s i e11 a a s so c ia t ion  

induced n i t r o g e n - f i x in g  a c t i v i t y  but the degree of the  increasing  

n i tr o g e n - f i x in g  a c t i v i t y  was q u i te  d i f f e r e n t .  The d i f f e r e n c e  may 

be from the d i f f e r e n t  of stock of b acter ia  and r i c e  s e e d l in g s  and 

environmental e f f e c t  e . g .  temperature and l ig h t .

เท the other system, as reviewed by Chong-Biao and Hui-Xian,  

1990, that  เท the a s s o c i a t i v e  b a c ter ia ,  A l c a l i g e n e s  f a e c a l i s - r ice  

a s s o c i a t i o n ,  the bacter ia  showed higher n i trogenase  a c t i v i t y  than

the non- i nocuIated. Malik e t  a l . ,1991,  s tud ied  the  a s s o c i a t i v e
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n i t r o g e n - f i x i n g  b ac ter ia ,  E n te ro b a c to r , c  i to b a c te r ,  and 

A z o s p ir i l lu m  in the rhizophere of 10 sp ec ie s  o f  Gram inaa  g row ing  

in s a l i n e  sodic  s o i l s  showed that  9 sp ec ie s  o f  these  Graminae  

could grow qu i te  well in s a l i n e  sod ic  s o i l s ,  a very low nitrogen  

and p r a c t i c a l l y  non f e r t i l e ,  because the rhizophere f ix ed  N2 

e f f e c t i v e l y  in t h i s  c on d i t io n ,  100-500 nmol/g dry weight of 

r o o ts /h .  The previous s t u d ie s  indicated that  b ac ter ia  can f i x  ผ2 

more e f f e c t i v e l y  in a s s o c i a t i v e  con di t ion .  The mechanism was not 

c I e a r .

This study has shown that  the roots  of r i c e  excreted  more 

mucigel in the  present of b ac ter ia  providing s u i t a b l e  niche for  

attachment of b ac ter ia ,  and some of the bacter ia  penetrated to  the  

epidermal surface  of roots  เท a s s o c i a t i v e  condi t ion .  The r e su l t  

lead me to  propose that  t h i s  mucigel may protec t  the n itrogenase  

enzyme from the 0 2 (the  n itrogenase  enzyme i r r e v e r s ib ly  switched  

o f f  by <ว2 . Veeger et  a l . ,  1980), then the n i t r o g e n - f i x in g  a c t i v i t y  

increased in a s s o c i a t i v e  con di t ion .

The study of e f f e c t  of a s s o c ia t i o n  on the  number of bacter ia  

showed that  in n on - inocuIated condi t ion  the number of bac ter ia  was 

s l i g h t l y  decreased or increased to  day 10 a f t e r  inoculat ion  but 

the number of bac ter ia  s i g n i f i c a n t l y  increased in a s s o c i a t i v e

con di t ion .  Under plant-microbe  in te r a c t io n ,  the excre t ion  of r i c e
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roots  should enhance bacter ia l  growth. An increase in n itrogen-  

f i x i n g  a c t i v i t y  and an increase of number of bac ter ia  were in the  

same order 50 and 60 fo ld  r e s p e c t i v e l y ,  ind icat ing  good 

c o r r e la t io n  between number of rh izopheric  bac ter ia  and N2-  

f  i xat i on.

4 .3  E ffec t  of  K .o x v to c a  R15 inoculat ion  on GS s p e c i f i c  a c t i v i t y  

and t o t a l  p ro te ins  of r i c e  leaves and roots

Inoculation of r i c e  s e e d l in g  with K. o xy toca  R15 

r e su l te d  in an increase in leaf GS s p e c i f i c  a c t i v i t y  but not that  

in root .  The GS s p e c i f i c  a c t i v i t y  that  determined by tr a n s fer a se  

hydroxamate assay was 30% higher than n on - inocuIated l e a f .  These 

r e s u l t s  were supported by the a c t i v i t y  s t a in  of GS prote in  on 

n at ive  gel  e l e c t r o p h o r e s i s  and Western b lo t  a n a ly s i s  by antibody  

to  c y t o s o l i c  GS of maize 's  leaf a f t e r  an SDS-PAGE.

A few s t u d ie s  about GS in a s s o c i a t i v e  condi t ion  was reported.  

As reviewed by Chong-Biao and Hui -XIan, 1990, th at  the  bacter ia  

a sso c ia te d  with roots  and submerged portion  of shoot can f i x  N2 

and supply at  las t  part i t  to  r i c e  p lant .  Saengduan, 1991, found 

that  in K le b s ie l l a - r ice a s s o c i a t i o n  , th e  GS a c t i v i t y  of  inoculated  

r i c e  roots  s l i g h t l y  decreased.

There were var ious  s t u d ie s  on GS enzyme in symbiotic
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c o n d i t i o n s .  Orr and Ha se lk o rn ,  1982, r e p o r t e d  t h a t  in Anabaena-  

N o s to c  symbiosis ,  t he  GS a n t i g e n  o f  Anabaena was abou t 5% o f  the  

l e ve l  in n o n - i n o cu Ia ted  c o n d i t i o n .  Meek e t  a l . ,  1985, s t u d i e d  in 

A n t h o c e r o s - N o s t o c  symbiosiร reported that N o s to c  a s s im i Iated about 

10% of the f ix e d -N 2 and the re s t  was exported and as s im i la te d  by 

GS/GOGAT pathways in A n t h o c e r o s  t i s s u e .  As reviewed by L i n b l a d  e t  

a l . ,  1987, in Cycas r e v o I u t a - N o s t o c  symbiosis ,  in symbiotic  

condi t ion  the f ix ed -N 2 is  rap id ly  transported from the  cyanobiont  

to  the  Cycas.

เท leguminous p la n t - R h izo b iu m  symbiosis  as reviewed by 

Cullimore, 1983, in P h a s e o lu s  root nodule i t  was reported that  the  

amount of GS a c t i v i t y  in bac ter ia  represents  only 2% of the to ta l  

GS a c t i v i t y  of the nodule,  then the  f ix ed -N 2 from the  Rhizobium  

a ss im i la ted  by GS enzyme in the  plant  f r a c t io n .  Gebhard e t  a l . ,  

1986, studied  in the same system, reported that the end product of  

b acter ia l  N2 f i x a t i o n  was ammonia which exported from the  

bacteroid  and a s s im i la te d  in cytoplasm of the host plant  through 

the a c t i v i t y  of GS. The previous reports indicated  that in 

symbiotic condi t ion  the GS a c t i v i t y  of b acter ia  was in h ib i ted ,  and 

the f ix e d -N 2 was exported t o  plant  and was a s s im i la te d  in the  

plant f r a c t i o n .  เท t h i s  research on K l e b s  i e l l a - r ice a s s o c i a t i o n ,

the GS a c t i v i t y  of the  K l e b s i e l l a  was not inh ib i ted  in the
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a s s o c i a t i v e  con d i t ion ,  on contrary the GS a c t i v i t y  in r ic e  root 

s l i g h t l y  decreased and only the GS a c t i v i t y  in r i c e  leaf that  

s p e c i f i c a l l y  increased about 30% in response to  a s s o c i a t i v e  ผ2- 

f i x a t i o n .  Based on d i f f e r e n t  patterns  of GS s p e c i f i c  a c t i v i t y  and 

GS prote ins  เท KIebsieI I a - r i ce a s s o c ia t i o n ,  increasing  GS 

s p e c i f i c i t y  in bac ter ia  indicated  th at  ammonium should ass im i la ted  

เท bacter ia l  c e l l s  r e s u l t i n g  เท glutamine,  glutamate and other  

amino a c id s ,  which could be excreted  in to  the surrounding.  If the  

hypothesis  were true the  amino ac id s  เท the growth medium should 

be increased.
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Cone I us i on

เท a s s o c i a t i v e  condi t ion  K. oxy toca  R15 can f i x  N2 more 

e f f e c t i v e l y .  The a s s o c ia t i o n  induces morphological changes in the 

inoculated r i c e  root such as ,  root cu r l in g ,  root hair  

p r o l i f e r a t i o n  and branching,  but no morphological change in the  

r i c e  l ea f .  เท t h i s  experimental  condition  the GS a c t i v i t y  of r i c e  

leaf increased 30% on day 7-21 a f t e r  inoculat ion .  The r e s u l t s  

ind ica te  th at  the  c y t o s o l i c  GS in the  r i c e  lea f i n d ir e c t l y  

a ss im i la te d  part of the  f ixed-Na prev ious ly  a s s im i la te d  by 

GS/GOGAT pathway เท K. o xy toca  R 15 that  were excreted  and 

adsorbed by the  r i c e  roo t ,  then transferred  to  the r i c e  leaf and 

enter the  amino ac id s  pool in the plant  by the  t r a n s f er a se

a c t i v i t y  of c y t o s o l i c  leaf GS.
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