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Fig. 2. Effect of NaCl in the M S medium and the
inoculation with strain Sal35 on the chlorophyl
content of Salicornia europaea
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Proteinase K, Tween 20, Nonidet P-40

DNA

PCR 16S rRNA nifH
16S rRNA 27f 5’-AGAGTTTGATCCTGGCTCAG-3” 1525r :
5’-AAGGAGGTGWTCCARCC-3’ nifH nifHf36
5’-GGTATCGGCAAGTCCACCAC-3’ nifHr416 : 5’-GGCATGGCGAAGCCGCCGCA-3’
5’- DDBJ
16S rRNA
5)
2003 10 10°C
2 10% 10
Murashige-Skoog (MS) 6 26°C
15,000 Ix 16 - 8 5
100 ml MS
MS NaCl 0 11 M
LB 3 1
108 cells/ml 30 ul
YEM 50 pl 16 x 180 mm
10 ml JNFb-Y 30°C 5
2.0 ml 30°C
ARA
K, Na, Ca, Mg Z-6100
L a b 645 nm, 663 nm, 750 nm
) 80%
9 NaCl
GC-MS 80%
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GC-MS-QP 200A

10 18 1
Table 1 12
78%
nifH 7
5% =0.86 M NaCl LB
Table 2 JNFb-Y
nifH 2 Sal35, Sal36
Table 1. Number of bacterial isolates from the roots of halophytes.
Source plant Number of Relationship*

Isolates nifH-positive ~ ARA-positive

Agrobacterium sp. (1), Allorhizobium sp. (1),

Aster tripolum 18 8 4 Chromohalobacter sp. (1), Halomonas sp. (6),
Pseudomonas sp. (2), Rhizobium sp. (1),
Phragmites australis 1 1 1 Pseudomonas sp. (1)

Chromohalobacter sp. (2), Halomonas sp. (3),
Pseudomonas sp. (2), Rhizobium sp. (3),

Salicornia europaea 10 10 7

*Figures in parentheses following each species indicate the number of the isolates from the species.

Table 2. Salt tolerance of the bacterial isolates from halophytes.

The isolates were grown in LB broth supplemented with NaCl for 2 days at 30C.
The isolates were classified into five groups based on the concentration of NaCl in LB
where the isolates were able to grow.

Salt tolerance type

| 1 1 v \%
Source plant

0% 0-3% 0-5% 0-10% 3-5%

Aster tripolum 0 0 4 0 14
Phragmites australis 0 0 1 0 0
Salicornia europaea 0 0 5 0 5
16S rRNA 5’- 600 bp
Sal35 Pseudomonas pseudoalcaligenes Table 3  Sal36
P. pseudoalcaligenes 41°C
P. pseudoalcaligenes P. pseudoalcaligenes
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MS NaCl 0.2 0.3M
04 M NacCl Fig. 1 3 Sal35
NaCl

NaCl 0.6M
Sal35
0.9 M NacCl
2 Fig. 2

Table 3. Physiological characteristics of
160 - the isolates, Sal35 and Sal36, and the

similarity of 16S rDNA products to a
140 closest relative.
120 g
..E (=2}
s T 8 9
£100 s} @ sz}
E E & 3
>
e 80 2
2 o
S :
2 60 . "
= PHB accumulation d - -
[
T 40 Fluorescent pigments - - -
Diffusible pigments
20 Arginine dihydrolase d - -
0 L L L L L | Oxidase reaction + + +
0 02 04 06 08 1 12 Growth at 41°C ot
NaCl (M) Starch hydrolysis - - -
. . . Reduction of NO3 to NO2 - -
Fig.1. Effect of NaCl in the M 'S medium on the growth of )
. . Tween 80 hydrolysis - - -
Salicornia europaea. o
The plants were grown for 42 days on the M S agar Denitrification d . .
supplemented with NaCl, and fresh weights of the upper Carbon sources used for growth:
part of the plants were measured. Values are means of four Glucose - - -
replicates. o: Plants not inoculated, e : inoculated with Sucrose - - .
strain Sal35. D-Xylose - ) )
Fructose + + +
D-Ribose - - -
Malonate - - -
Betaine + + +
Mannitol - - -
L-Malate + + +

[-Hydroxybutyrate + + +
Similarity to 16S rDNA of
Pseudomonas sp. R-9
Symbols: +, positive; -, negative; d, differs
among strains.

99% 99%
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Fig. 3. Effect of NaCl in the culture medium on the
concentration of Na, K, Ca, and Mg in Salicornia
europaea plants.
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Fig. 2. Effect of NaCl in the M S medium and the
inoculation with strain Sal35 on the chlorophyl
content of Salicornia europaea

Na* Na*
Fig. 3
Y 0.2 M NaCl
30 120 umol/g d.w.
Sal35 05 M NaCl LB
10° 66 nmol
Na* Na*
Pseudomonas pseudoalcaligenes Sal35 Na*
Sal35
16 No. 0415
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Isolation and Characterization of Rhizobacteria Involved in Enhancement of Salt Tolerance
of Halophytes

Takashi Ozawa® and Shuhei Fujii?
'Graduate School of Agriculture and Biological Sciences, Osaka Prefecture University
*Tezukayama College

Summary

A diverse population of microbes lives in a rhizosphere of plant where a various signal
substances are transferred between the organisms. Consequential results of the mutual interaction,
such as symbiosis and parasitism, significantly affect the plant growth. Halophytes growing in salt
marshes also offer good residence in the rhizosphere for microbes to proliferate, and may be
influenced by these microbes. We examined in this study the possibility of enhancing salt tolerance
of saltwort (Salicornia europaea) by nitrogen-fixing rhizobacteria.

Seven, 4, and 1 strains of nitrogen-fixing rhizobacteria were isolated from the roots of
saltwort, aster (Aster tripolum), and reed (Phragmites australis), respectively. These plants grew
wild in a previous salt field at Okayama Prefecture, Japan. The homogenate of the excised root was
inoculated to a soft agar medium containing 0.5 % malic acid, 0.002 % yeast extract, and 5 % NaCl.
From among the bacteria grown in the medium, aerobic nitrogen-fixing bacteria were isolated on
LB agar plates. The isolates were classified by physiological characteristics and 16S rRNA gene
sequences. One of the isolates from saltwort, Pseudomonas pseudoalcaligenes strain Sal35, was
inoculated to saltwort seedlings on a nutrient agar medium. The inoculation suppressed the
decrease of chlorophyll content of the plants grown on the medium supplemented with 0.9 M NaCl.
The inoculated plants had a larger amount of glycine betaine than un-inoculated plants. The results
in this study suggest that strain Sal35 isolated from the rhizosphere of saltwort may enhance the
salt tolerance of the plant by affecting the biosynthetic process of glycine betaine as a compatible

solute.
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