
CHAPTER I I I

RESULTS

3.1 The comparative study of u l t r a s tr u c t u r e  of n on - inocuIated and 

inoculated r i c e  roots  and leaves by stereomicroscope .

The deformation of morphology of n on - i nocuIated and 

inoculated roots  and leaves were observed, (Figure 3 . 1 ,  3 . 2 ) ,

under stereomicroscope on day 0,  7,  14 and 21 a f t e r  inoculat ion

with K. o xy toca  R15. On day 0 the  leaves  and roots  of non- 

inocuIated and inoculated r i c e  were s im i la r .  The root t i p  was 

s t r a i g h t ,  having a cap, with root hair  located about 0 .05  mm from 

the  root t i p .  The leaves  were l ik e  many others  monocot leaves ,  

about 2X15 mm at t h i s  developmental s tag e .  On day 7, cur l ing  

s tru cture  of the inoculated r i c e  roo ts  was observed,  on day 14 and 

21,  the  inoculated r i c e  roots  appeared to  have more branching,  

denser and longer than the  n on - i nocuIated r i c e  roo ts .  เท add it ion ,  

numerous mucous was a s s o c ia te d  with root hair and o c c a s io n a l l y  red 

root hair formation เท observed a s s o c i a t i v e  r i c e  r o o t s ,  which 

could not be found เท n on - i nocuIated r i c e  r o o t s .  เท the  leaves  

however no d i f f e r e n c e  between n on - i nocuIated and inoculated r i c e  

leaves could be observed during the  period of th e  observation.



Figure 3.1 The morphology of root of inoculated (+) and 

n o n - inocuIated ( - )  r i c e ,  14.3 X.

1, 2 and 3 ะ The numbering system at root s e c t io n s



อsV

SfN v^ \ 
. à \

A๗'**''̂ '^’' 
- ■1

Mgพ
^ "N 1

E Z i

0 Asp (B



29

c) day 14

1 2 3

1 2 3



F ig u re  3 .2 The morpho logy o f  l ea f  o f  In o cu la ted  (+) and

non-

1 .

inoculated r i c e ,  14.3 X.

2 and 3 ะ The numbering system at leaf sec t ions
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c) day 14 

1 2 3

d) day 21
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3 .2  The compara t ive  s tu d y  o f  น I t r a s t r u c t u r e  o f  n o n - i n o cu Ia ted  and 

i n o c u la t e d  r i c e  r o o t s  and leaves b 7 scanning e l e c t r o n  m ic roscope  

(SEM)

The u l tras tru cture  study of roots and leaves of inoculated  

and non-i nocuIated r i c e  plant  were performed 0-21 days a f te r  

inoculat ion by scanning e lec tro n  microscope(SEM) and the r e s u l t s  

were s imilar  to  the previous r e s u l t s  with stereomicroscope.  The 

s i g n i f i c a n t  d i f feren ce  was observed only between the roots  of 

inoculated and non-i nocuIated r i c e ,  beginning from day 7 a f te r  

inoculat ion .  Figure 3 .3  shows many bacteria associated  with r i c e  

roots  and some of them penetrated into the in trace l lu lar  space of 

the epidermal c e l l s  on the  surface  of the roots .  On day 14 and 21, 

the roots  t i p s  excretory  mucous on the surface of inoculated r i c e  

roots  were much more than เท non- i nocuIated roots.  The a s s o c i a t i v e  

bacter ia  a lso  contain mucous coating them. เท addit ion  the  

inoculated r ic e  roots conta in  more branching and longer root hair.

The r e s u l t s  shown in f i g u r e  3 .3  and 3 .4 .



F i g u r e  3 . 3  The u l t r a s tr u c t u r e  of roots  of  Inoculated (+) and 

non-inoculated  ( - )  r i c e .
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F igure  3 .4  The u l t r a s t r u c t u r e  of leaves  of i n o c u l a t e d  (+) and

- in o c u la te d  ( - )  r i c e .
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b) day 7
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c) day 14



4 0

d) day 21
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The d i s t r i b u t i o n  of c y t o s o l i c  GS เท non-InocuIated and 

inoculated r i c e  root and leaf were s tudied  by immunogoId-proteiท A 

l a b e l l in g  technique ,  every 7 days in te r v a l ,  from day 0 to  day 21 

a f te r  inoculat ion .  The d i s t r i b u t i o n  of gold p a r t i c l e  was observed  

under transmiss ion  e lec tro n  microscope(TEM) from the  epidermis to  

vascular  t i s s u e .  Having a concentration  in t h i s  s i t e  because 

recent s t u d ie s  by Yamaya e t  a l . ,  1992 and Kamachi e t  a l . ,  1992 

show that  GS in r i c e  leaf d i s t r ib u t e d  in t h i s  s i t e .  The 

s i g n i f i c a n t  increasing  of a number of gold p a r t i c l e  was observed 

only in the vascular  t i s s u e  of inoculated  r i c e ' s  lea f on day 7-21 

a f t e r  inoculat ion .  The r e s u l t s  shown in t a b l e  3 .1 .  and f i g u r e  3 .7 ,  

3 .8 .  No gold p a r t i c l e  was observed in control  s e c t i o n ,  incubated 

with TBST, s u b s t l t io n  the anti  maize GS ( Figure 3 .6  ).

3 .3  D i s t r i b u t i o n  o f  GS เก le a f  and r o o t  o f  r i c e  w i t h  and w i t h o u t

R15 i n o c u l a t i o n .



F igure  3 . 5  C r o s s - s e c t i o n  o f  r o o t  and l e a f  o f  r i c e .

observed area vascu Iar t  issue



Figure 3 .6  The c o n t r o l  s e c t i o n  of Im m u o n o g o Id -p ro te in  A 

S ta n  i ng
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source of day a f te r The number of go I d part i c Ie/cm2
GS i nocuI at i on X 102

I eaf root

RD7 2 1 + 6 46 + 6

RD7+R15 0 2 1 + 6 48 + 9

RD7 24 + 9 45 + 9

RD7+R15 7 73 + 15 45 + 6

RD7 24 + 9 34 + 6

RD7+R15 14 55 + 12 3 1 + 9

RD7 28 + 6 34 + 6

RD7+R15 21 55 + 12 3 1 + 9

Table 3.1 The number of gold  p a r t i c I e s / c m 2, observed by TEM.

Values presented are mean + standard d ev ia t ion  of 

50 f i e l d s  repeated count at  28,000  X.



Figure 3 .7  The d i s t r i b u t i o n  of GS enzyme เท r i c e  root  

l e a f ,  study by immunogold-proteiท A la b e l l in g  technique  

( - )  : non-InocuIated r i c e

and

(+) ะ inoculated r i c e



day 0 (+) r o o t

46

d a y  0  ( - )  r o o t
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day 7 (+) r o o t

day 7 ( - )  root
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day 14 (-) root
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day 21 (+) ro o t

day 21 ( - )  root



Figure 3 .8  The d i s t r i b u t i o n  of GS enzyme เท r i c e  l e a f ,  study 

by immunogoId-protein A la b e l l in g  technique.

( - )  ะ non-InocuIated r ic e  

(+) ะ inoculated r i c e
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day 0 ( - )  le a f
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day 7 (+) leaf
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day 14 ( + ) leaf

day 14 ( - )  le a f
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day 21 (+) leaf
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3 .4  The 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 g  a c t i v i t y  and 

c e l l  numbers o f  K. o x y to c a  R15

The n i tr o g e n - f i x in g  a c t i v i t y  was measured by a ce ty le ne  

reduction assay(ARA) on day 0 ,  2,  4,  6,  8 and 10 a f t e r

inoculat ion ,  using 4 s e t s  of 10 r e p l i c a t i o n s  13 ml tube with 6 ml

s o lu t io n  (5 ml Weaver medium + 1 ml of 0.85% NaCI or suspension of 

b a c t e r ia ) .  Each s e t  contained

(a) 0.85% NaCI

(b) n o n - inocuIated r i c e  p lan ts  (3 r i c e  p l a n t s . t u b e - 1 )

(c) a s s o c i a t i v e  condi t ion  between rice-R15 ( r i ce

seed I ings with K. o xy toca  R15 108 ce l  I .ml- 1 .

(d) f r e e - l i v i n g  K. o xy toca  R15 (108 ce I I . t u b e - 1).

เท f r e e - l i v i n g  K. o xy toca  R15 (d ) ,  the n i t r o g e n - f ix in g

a c t i v i t y  on day 0 to  day 10 was s l i g h t l y  increased from 7 nmole.

t u b e - 1, day-1 to  15 nmole, t u b e - 1 , d ay-1 on day 10. That s im i lar  

to  (ช) the control  non- i nocuIated r i c e  that  e th ylene  was increased  

from 6 nmole, t u b e - 1, d a y -1 to  18 nmole, t u b e - 1 , d ay-1 . เท 

a s s o c i a t i v e  K. o xy toca  R15 and r i c e  ( c ) ,  the a c t i v i t y  increased  

from 7 nmol on day 0 to  380 nmol on day 10 (about 50 f o ld )  as 

shown in and f i g u r e  3 .9 .

By s e r ia l  d i l u t i o n  and counting number of b ac ter ia l  c o lo n ie s

in f r e e - l i v i n g  and a s s o c i a t i v e  condi t ion  s e t  (a) and ( c ) ,  Figure
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3 .1 0  shown that  in f r e e - l i v i n g  condi t ion  the number of the  

b acter ia  remained rather constant (4.8X10® CFU.ml-1) from day 0 to  

day 10, whereas,  in a s s o c i a t i v e  con d i t ion ,  the number of the  

bacter ia  were s i g n i f i c a n t l y  increased,  about 60 fo ld  on day 10 to  

33.3X107 CFU.ml-1.



Figure 3.9 The nitrogen-fixing activity in various

condit  ions.

ะ control  0 .85  NaCI

à i n on - inocuIated r i c e  p lan t s  (3 r i c e  p l a n t . t u b e ' 1 )

I  : a s s o c i a t i v e  condi t ion  between r i c e  and R15, 10® 

cel  I .m I - 1

o ะ f r e e - l i v i n g  Klebsie l la  oxytoca R15 

Values presented are mean + standard d ev ia t ion  of 9 repeated

exper iments.
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Figure 3 .10  The number of bacter ia  (CFU X 10e . m l '1 ) 

a s s o c i a t i v e  condit ion  

* f r e e - l i v i n g  condition

Values presented are mean + standard deviation  of 9

repeated experiments.
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3 .5  E ffec t  of K o xy toca  R15 inoculat ion  on root and leaf GS 

s p e c i f i c  a c t i v i t y  and to ta l  pro te ins

The e f f e c t  of K. o xy toca  R15 Inoculation on roots  and 

leaves GS s p e c i f i c  a c t i v i t y ,  determined according to  Farnden and 

Robertson (1980),  and t o t a l  p ro te in s ,  determined according to  

Bradford (1976),  were s tudied .  GS determination was performed 

Interval  from day 0 unt i l  day 21 a f t e r  in ocu lat ion ,  when the  r ic e  

plant  were 28 days o ld .  The Inoculat ion  of r i c e  s eed l ing  with K. 

oxy to ca  R15 resu l ted  เท an increase of the GS s p e c i f i c  a c t i v i t y  of 

r ic e  leaves ,  about 30%, s in c e  day 7 a f t e r  inoculat ion  but not in 

the roots  and not for  the  to t a l  p ro te ins  of both r i c e  roots  and 

l eaves .  เท a s s o c i a t i v e  con d i t ion ,  GS s p e c i f i c  a c t i v i t y  of r i c e  

leaves was sharply increased between day 0 to  day 7 (0.11 to  0 .24  

/Jmol. m g .p rote iท-1. min-1) and day 7 to  day 14 (0 .24  to  0 .29 / jm ol .  

m g .p ro te in -1 .m in-1). The a c t i v i t y  on day 21 s l i g h t l y  decreased  

comparing with day 14 (0 .29  to  0 . 2 6 / im o l .m g .p r o te iท-1. min-1 ). 

The increasing  pattern of to ta l  p ro te ins  of r i c e  roots  and leaves  

were s im i lar  to  the  increasing  pattern  of GS s p e c i f i c  a c t i v i t y  but 

th ere  was no s i g n i f i c a n t  d i f f e r e n c e  between the  amount of to ta l  

p ro te in s  in non-InocuIated and a s s o c i a t i v e  r i c e  p lan ts  (Table 3 .2  

and f i g u r e  3 .11 .

เท a d d i t io n ,  the  study of GS a c t i v i t y  by a c t i v i t y  s t a in in g  on
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n at ive  gel e l e c tr o p h o r e s i s  shows s im i lar  r e s u l t s  to the  

q u a n t i t a t i v e  determination of GS s p e c i f i c  a c t i v i t y ,  at a l l  time 

in te r v a l s  a f t e r  R15 inoculat ion ,  the band of GS a c t i v i t y  of 

a s s o c i a t i v e  r i c e  leaf were more intense  than those  of non- 

inoculated  bands except on day 0 a f t e r  inoculat ion .  เท con tra s t ,  

the GS a c t i v i t y  s ta ined  bands of inoculated  and n o n - inocuIated 

r ic e  roots  show the same i n t e n s i t y  ( lane 5 ,6  and 7 ,8  of f i g u r e  

3.12  ).
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Source of 
GS

Day Specific activity* 6S Ratio Total cytosolic 
protein(ig)

Protein
Ratio

Leaves
(L)

Roots(R) l R L R L R

RD7

0

0.108+
0.024

0.093+
0.022 - -

8.13+
1.13

6.40+
1.04 - -

R07+R15 0.109+
0.013

0.092+
0.024 - -

8.21+1.27 5.35+
0.95 - -

RD7

7

0.189+
0.019

0.205+
0.031

1.00 1.00 12.00+
0.98

7.70+
1.03

1.00 1.00

RD7+R15 0.242+
0.014

0.201+
0.026

1.28* 0.98 12.77+
1.00

7.89+
1.02

1.06 1.02

R 0 7

14

0.218+
0.037

0.189+
0.032

1.00 1.00 12.80+
2.64

7.39+
1.13

1.00 1.00

R07+R15 0.291+
0.049

0.188+
0.026

1.33* 0.99 13.61+
2.44

7.33+
0.79

1.00 1.10

RD7
21

0.198+
0.030

0.203+
0.035

1.00 1.00 12.79+
3.57

6.91+0.16 1.00 1.00

RD7+R15 0.264+
0.022

0.193+
0.035

1.33* 0.95 13.49+
3.62

7.10+
1.26

1.05 1.03

Tab le 3 .2  The average va lve s  o f GS s p e c if ic  a c t i v i t y  ve rsus t o ta l  
p ro te in .

Values presented a re  mean + standard d e v ia tio n  o f 14 
repeated experim ents.
RD7 ะ n o n - inocuIa ted  r ic e  
RD7+R15 ะ inoc u la ted  r ic e

* ร (umol y-G lu tam yl hydroxam ate). (mg p r o te in ) - 1 .m in ’ 1
*  : By t - t e s t  a t 95% c o n fid e n t, s ig n i f ic a n t ly  increase



F ig u re  3.11 The average va lu e  o f GS s p e c if ic  a c t i v i t y  

comparing to  c y to s o lic  p ro te in  c o n te n t.

* * (  g lu tam yl hydroxamate. mg p r o te in - 1.m in -1) 

a , b ร GS spec i f  i c ac t IV i t y

c,d  J t o t a l  c y to s o lic  p ro te in  (mg/100 p la n ts )  

a ะ Inocu la ted  r ic e  e x tra c t 

e ะ no n -In ocu la te d  r ic e  e x tra c t

Values presented are  mean + standard d e v ia tio n  o f 14 repeated

exper iments.
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dayO day14
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8HP] 1

1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
I * l l p i l

day7 d a y  21

Figure 3 .1 2  The GS a c t i v i t y  s t a in in g  of n on - inocuIated and 

inoculated r i c e  root and leaf ex t ra c t .

Lane 1 ,2  : inoculated  r i c e  leaf  

Lane 3 ,4  ร non- i nocuIated r i c e  leaf  

lane 5 ,6  ะ inoculated  r i c e  root  

lane 7 ,8  : non-InocuIated r i c e  root  

Day 0,  6 /jg o f r i c e  crude e x t r a c t .

Day 7 -21 ,  7 yug of r i c e  crude e x t r a c t .
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3 .6  Molecular form of root and lea f GS character ized  by Western 

blot a n a ly s i s

Comparative study of the molecular forms of roots  and 

leaves GS prote in  of the n on - inocuIated and inoculated r i c e  plants  

by Western b lo t  a n a ly s i s  by anti maize's  GS, on day 0, 7, 14 and

21 a f t e r  inoculat ion showed that  subunit  molecular weight of GS

enzyme in root and leaf were ,48 kDa (Figure 3 .1 3 ) .  The band 

in te n s i ty  of GS prote in  in inoculated r i c e  leaf were more intense  

than in n on - i nocuIated condi t ion  but there  were more or l e s s  

comparable to  the n on - i nocuIated and inoculated  r i c e  root ,  at the  

same interval  ( the anti  maize 's  GS was not c r o s s - r e a c t  with 

bacter ia l  GS). These f in d in g  supported the  r e s u l t s  obtained from 

the  q u a n t i t a t i v e  determination of GS s p e c i f i c  a c t i v i t y  that  

inoculat ion  of r i c e  se e d l in g  with K. o xy toca  R15, induced only  

the leaf GS a c t i v i t y  but not in the root ,  as evident by the 48 kDa

band of a s s o c i a t i v e  r i c e  leaf were more intense  than the 48 kDa

bands of the non-i nocuIated l e a f ,  where s im i la r  bands in te n s i ty  

were observed in non- i nocuIated and a s s o c i a t i v e  r i c e  root.



Figure 3 .1 3  Western b lo t  a n a ly s i s  of root and leaf of 4 

n o n - inocuIated and inoculated r i c e  e x t ra c t .

Lane 1 ,2  ะ inoculated r i c e  leaf  

Lane 3 ,4  ะ n on - i nocuIated r i c e  leaf  

lane 5 ,6  ะ inoculated r i c e  root

lane 7,8 non-inoculated rice root
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