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Investigations on the characteristics of root-associative nitrogen
fixing bacteria

Hyeong-Ok Kim, Zarg-Kual U, and Daria Hwang

Summary

The distribution and characteristics of nitrogen fixing bacteria associated with the

rice plant roots were investigated, taking the roots and soil samples from five paddy

and six upland fields on Cheju-do.

In the first year, the population density of root associative microorganisms exist-

ing in the rice roots and soil was determined using MPN method and correlated with

chemical properties of the soils.
In the second year, the N- fixing bacteria (HP, SU, TU) having high acetylene
reduction capacity were selected and their physiological characteristics were examined,

comparing with A. brasilence and A. lipoferum. Association of the selected bacteria

with the rice roots was confirmed in vitro under the asceptic condition.

1.

The population density of microorganisms existing in the paddy rice roots
was similar to that of the upland rice roots. The upland soils showed higher
MPN on potato agar and Dobereiner media than the paddy soils. On Azotobac-
ter media, however, the paddy soils higher MPN than the upland soils.
Regardless of sampling sites, and the used media, much more microorganisms
( general heterotrophic and N-fixing) were observed in the roots than in
the soils.

In the paddy rice fields, all the sampling sites gave very similar MPN in
both the roots and the soils. In the uplands, however, microorganism den-
sities were varied with the sampling sites; Taeheung, Songdang, and Siheung
showed higher MPN in the roots and in the soils, than the other sampling
sites.
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4. There were highly significant differences in MPN depending on the media.

Potato agar media showed the highest MPN, which decreased in the order of

Dob. +multivitamin media, Dobereiner media, and Azotobacter media.

5. Statistically significant correlation was found between the population density of

microorganisms in the soils ( upland and paddy field) and the soil chemical pro-

perties such as organic matter, total N, total P, and pH.

6. The physiological characteristics of nitrogen fixing bacteria (HP, SU, TU) sel-

ected were similar to those of A. brasilence.
7. All of the selected bacteria ( HP, SU, TU) made good association with the

paddy and upland rice roots, showing better association in the upland than in

the paddy rice.

8. The bacteria isolated from the paddy fields made higher acetylene reduction

when associated with the paddy rice than with the upland rice while the bacteria

from the upland had more acetylene reduction on the upland rice roots than on

the paddy rice roots.
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Table 1. Description of soil sampling sites .

Sample No. of Soil

Location sampling . Soil color Vegetation

No. . series

sites
1 Jangjeon(nv*) 4 Donggwi Dark brown Upland rice
2 Sangga(v*) 4 Ora Zi;;isiaﬁ;own Upland rice
3 Siheung(v) 4 Cheju \g/:ergiscliaali)l;own Upland rice
4 Ara(v) 4 Cheju \gll?gisc}lxall')l;own Upland rice
5 Taeheung(v) 4 Namwon Black Upland rice
6 Songdang(v) 4 Pyeongdae Black Upland rice
7 QOedo(nv) 4 Donghong Dark brown Paddy rice
8 Jongdal (nv) 4 Nakcheon Greyish brown Paddy rice
9 Gangjeong(nv) 4 Ueolpyeong  Grey Paddy rice
10 Gosan(nv) 4 Gujwa Very dark Paddy rice
greyish brown

11 Hallim(nv) 4 Gueom E:égyyfil(l;w Paddy rice

* nv: non-volcanic ash soil, v: volcanic ash soil

o

p .4 LY Pid ; ’
Halr 1‘!1\ ~~\ y a"‘-~:‘.--{ Song

1-6:upland rice fields
7-1l:paddy rice fields

Figure 1. Location of sampling sites in Cheju-do.
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Table 2. Composition of the potato agar media for non-selective growth.

Nutrients Concentrations
Potato 200 g/¢
Malate 2.5¢/¢
KOH 2.0 g/¢
Dextrose 2.5¢g/¢
Biotin 0.1 mg/é
Niacinamide 0,04 mg/é
Agar 1.5¢g/¢

Table 3. Composition of the nitrogen-free malate media( Dobereiner media)

Nutrients Concentrations
Malate 5.0g/¢€
KOH 4.5¢g/€
MgSO4 - 7H,0 0.2g/¢
NaCl 0.1g/¢
CaCly 0,02 g/¢
NayMoO, - 2H,0 0.002 g/¢
MnSQ4-H20 0.09 g/¢
Fe-EDTA(1.64 % w/v, aqueous) 4,0 ml/y
Eiotin 0.1 mg/g
K,HPO, 0.5mg/g
Agar 1.5 ¢g/¢

KOHE @4 =9 stock solution 20m¢,
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Table 4. Composition of the multivitamin soln. for vitamin enriched Dobereiner

media ( Dob + multivitamin media)

Vitamins Concentrations
Panthothenate 40 mg/é
Myo-inositol 200 mg/¥
Niacinamide 40 mg/é
p-aminobenzoic acid 20 mg/d
Pyridoxin hydrochloride 40 mg/yg
Riboflavin 20 mg/¢
Thiamine dichloride 4 mg/y

Table 5. Composition of Azotobacter media for diazotrophic Bacillus and Azotabacter

Nutrients Concentrations
Sucrose 10 g/¢
Glucose 10 g/¢
MgSO04 - 7TH0 0.5 g/¢
NaCl 0.0l g/¢
FeSO4-7H,0 0.015 g/¢
NaMoy- 2H,O 1.0 g/'#4
CaCOg3 1.0 g/¢
p-aminobenzoic acid 0,01 g/¢
Biotin 0,005 g/¢
KH32 POy 0.13 g/¢
K,HPOy 0,17 g/¢
Agar 0.5 g/¢
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Table 6. Specifications of N-fixing bacteria isolated from the rhizospheres

of Cheju paddy and upland rices
Name Remarks
HP N- fixing bacteria isolated from Halrim paddy rice
field under Dobereiner media
TU N- fixing bacteria isolated from Taeheung upland
rice field under Dobereiner media
SO

N- fixing bacteria isolated from Songdang upland rice

field under Dobereiner media containing vitamines
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Table 7. Composition of Hoagland solution

Compounds Concentrations
KCI 0,149 g/¢
CaCly- 2H0 0.294 g/¢
KH;, PO, 0,054 g/ ¢
MgSOy, - TH,0 0.197 g/¢
H3BO3 1,546 mg/g
MnSO4 -HyO 0,338 mg/¢
ZnSO4 - 7TH,0 0,575 mg/¢
CuSOy - 5H,0 0.125 mg/g
H3MoO, 0.081 mg/yg
Fe-EDTA 6.922 mg/¢
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Table 8. Composition of VK media

Compounds Concentrations
Malate 5.0 g/¢
KOH 4.5 g/¢
MgS0, - 7TH,0 0.2 g/t
NaCl 0.1 g/¢
CaCljy- 2H20 0,02 g/¢
Na;MoO, - 2H,0 0,002 g/¢
MgSO4-H20 0,09¢2/¢
Fe-EDTA(1,64 W/V, aqeous ) 4.0mg/ e
Biotin 0.1mg/¢
KH; PO, 0.5mg/é
Agar 1.5g/¢
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Table 11. Comparison of average MPN of the upland and paddy rice
fields in various media

(microorganism no. per dry wt. g of root and soil)

Upland Paddy

Potato agar Root 2.1 x 1010 1.1 x 1010
media Soil** 9 6 x 109 1.3 x 108
Dobereiner Root 2.3 x 108 3.0 x 108
media Soil* 9.5 x 105 4.8 x 104
Dob + multivitamin Root 2.6 x 1010 3,9 x 1010
media Soil 1.1 x 108 7.9 x 107
Azotobacter Root 1.5 x 106 1.8 x 10°
media Soil 1.3 x 104 3.0 x 104

*

Significance at 5 %

**  Significance at 1 %

Table 12. Comparison of average MPN of roots and soils in various media

(microorganism no, per dry wt. g of root and soil)

Potato agar Dobereiner Dob + multi- Azotobacter
media media vitamin media media
root soil root soil root soil root soil

Upland 2.1x 101 96 x1092.3x 106 95x10° 26x 1019 1,1x108 1,5x 106 1.3x 10

a a a a b** a b** a

Paddy 1,1x1010 13x10830x10548x 104 3,9x 1007 9x 105 18 x 106 3,0 x 104

b** a b** a b** a b** a

**  Significance at 1 %
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Table 15. Correlation between the chemical properties of the sampled soils
and MPN of microorganisms existed in the soils on the different media

(Correlation coefficients)

Potato agar Dobereiner Dob_+ multi-  Azotobacter
media media vitamin media media
pH -0.40 0.18 0.17 0.33
Water content -0.10 0,05 0.29 0.18
Organic matter 0.80** -0.03 0.48 -0.69*
Total N 0,89** 0.03 0.59 -0.56
Total P 0.65* 0.12 0.34 -0.44
Available P -0,28 0,03 -0.43 -0.12
Exchangeable
bases
Ca -0.80* 0.20 -0,33 0.39
Mg -0,84** 0.16 -0.13 0.43
K -0.66* 0.15 -0.20 0.56
Na -0,04 0.70 0.10 -4,7x 1073

* %

* Significance at 5 % Significance at 1 %

Table 16. Correlation between the chemical properties of the sampled soils and
MPN of microorganisms existed in the roots on the different media

(Correlation coefficients)

Potato agar Dobereiner Dob .+ multi- Azotobacter
media media vitamin media media

pH 0.08 0.43 0.34 0.46
Water content 0,43 0.02 0.61* -0.10
Organic matter 0.53 -0.44 0.35 -0 TT**
Total N 0.48 -0.41 0.35 -0,77%*
Total P 0.39 -4,5x 1073 0.13 -0,37
Available P -0,13 0,27 -0.35 -0.35
Exchangeable
bases

Ca -0.13 0.53 -0.09 0.55

Mg -0.08 0.46 0.12 0.63*

K -0.26 0.38 -0.27 0.49

Na -0.14 0,34 -0.17 -0.09

* **k

Significance at 5 % Significance at 1 %
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Table 17. Comparison of physiological characteristics of the N-fixing bacteria
from Cheju rice fields and two reference Azospirillum

Culture conditions A brasilence® A, lipoferum* HP SU TU
Temperature(36-38 C ) + + + + +
Congo red staining + + + + +
Carbon sources; Glucose + + + + +

Fumarate + + + + +

Malate + + + + +

Biotin demand - + - - -
Growth at pH 9.5 - - + + +
3 % NaCl + - + + +

* Tarrand, Krieg and Dobereiner (1978) ,
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2.8 =
2.1 -
1.4
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0 T Y T T n |
0 3.5 7.0 10.5 14.0 17.

Incubation time(hr)

Figure 2. The number of bacteria absorbed according to incubation time.

Table 18. The number of bacteria associated on the rice plant root when
inoculated with P-32 labelled bacteria (No./mg DM)

Rice plants HP SU TU
Paddy rice 1,98 x 106 1.20 x 106 1.85 x 106
Upland rice 2 .10 x 108 1,75 x 106 1.98 x 106
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Tabie 19. Acetylene reduction assay for the selected bacteria associated

with the rice plants grown at the different nitrogen conditions.

N supplied Selected Paddy rice plant Upland rice plant
(ppm) bacteria (ethylene peak) (ethylene peak)
HP + +
0 SU + +
TU + +
HP ++ t
7 SU + +
TU + ++
HP - +
14 SU + +
TU t +
t: trace — i not detectable

+: moderate

++3

highly
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