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One of the emission sources of methane in the atmosphere causing the world warming comes

from paddy fields which are the habitats of methane producing bacteria. Rhizospheric soil samples

and rice roots cv. Supanburi 90 and Homsupanburi grown at the  Rice Research Center, Pathumthani

Province were analyzed for the presence of methane producing bacteria. The samples were incubated

in basal broth medium in serum vials under anaerobic condition at 37°C for 40 days. Methane

concentration in the head space vials was determined by gas chromatography. The results showed

that the methane was released from the producing bacteria from the rhizospheric soil of the paddy

field of the rice root samples cv. Homsupanburi and Supanburi 90 could produce methane at the

maximum concentration of 21.55 and 24.67 micromole/g dry weight /day at 24 and 22 days of

incubation, respectively. The microorganisms from the rice root cv. Supanburi 90 and Homsupanburi

could produce methane at maximum rate of 19.92 and 23.23 micromole/g dry weight/day at 28 days

of incubation, respectively. From the experiments of determination on the type of methane producing

bacteria by Fluorescent In Situ Hybridization (FISH) technique, it was found that the microbacteria

from rice root was characterized to be Methanosarcina sp. while the microbacteria from the soil was

characterized to be Methanosatae sp. The number of the methanogenic bacteria from the soil and rice

root of the rice was determined by most probable number (MPN) method. The results showed that

methane production rate depended on the number of the methanogenic bacteria.
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Methane is produced by the activity of methanogens. Although the mechanism of methanogenesis

in paddy soils has been studied [7, 12], analysis of methanogenic flora in paddy field in Thailand has

never been reported. The aim of this study was to characterise the population of methanogen

associated with rice root and rhizospheric soil of paddy rice cv. Supanburi 90 and Homsupanburi by

most probable number (MPN) and Fluorescent In Situ Hybridization technique and study methane

and carbon dioxide production pattern from the methanogenic bacteria by cultivation of the

microoganisms in culture medium to probably be used to predict the methane release rate by

estimating the number of acetate-utilizing methanogens in the paddy soils.

2. Materials and Methods

2.1 Soil and rice root
The soil samples were collected from rice fields of the Rice Research Institute in

Prathum Thani province. Soil samples were collected from a flooded rice paddy. All samples were

utilized immediately (i.e. within 24 h) after transportation to the laboratory.

Soil from paddy field before growing rice, rice root and rhizospheric soil of rice cv.

Supanburi 90 and Homsupanburi 70 days of age were from the Rice Research Center, Prathum Thani

Province, kindly provided by the Head of the Rice Research Center. The fields were given applications

of 100-50-100 kg ha-1 N-P-K for rice.

2.2 Media for isolation and culture of methanogens
Enrichment cultures were grown in defined basal medium prepared as described in Table

1 [13]. The pH of the medium was adjusted to 7.3 with 2.0 N HCl. Acetic acid 0.1% was added to the

medium as a carbon source or growth-stimulating reagent.

2.3 Gas analysis
1 g of Soil or rice root (wet weight) was added with 7.5  ml of basal medium in serum vial

as described by Zhang and Noike [14]. Each sample was done four replicates. The vials were sealed

with rubber cap and dawn out the air inside to be anaerobic and incubated at 37 °C. The headspace

content of the vials were sampled with 1.0 ml gas-tight syringes (Hamilton, USA), and were analy

sed for methane and carbon dioxide production at different time intervals using gas chromatography

(Shimadzu Model GC 9A) using Parapak-N column by using Thermal Conductivity Detector (TCD) as

detector. The temperature of the column, injector and TCD was 70, 120, 120 °C, respectively, with

current Bridge 100 mA  using helium as carrier gas with flow rate of 50 ml/min. Calibrated standards

(2.0 ppm, 3.0 ppm and 11.0 ppm for CH4; 360  ppm, 1,250 ppm and 4,000 ppm for CO2)( Barascientific

Company) were used for CH4 concentration determination.
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Fig. 1  Methane production of enrichment cultivation from paddy soil before growing rice cv.
Homsupanburi (MBS.H), rhizospheric soil (MAS.H) and rice root (MRoot.H)

Methane production of methanogen from paddy soil, rhizospheric soil and rice root cv.

Supanburi 90 was shown in Fig. 2. It was shown that the methanogen from paddy soil before growing

rice (MBS.S90) produced maximum rate of methane on the 34th day of incubation at 21.78

micromole/g dry weight /day after that the volume of gas decreased to 14.73 micromole/g dry weight/

day on the 40th day of incubation. The methanogen from rice root (MRoot.S90) produced maximum

rate of methane on the 26th - 30th day of incubation at 23.23 micromole/g dry weight /day and then

the rate of methane production decreased to 18.68 micromole/g dry weight /day on the 40th day after

incubation. The methanogen from rhizospheric soil (MAS.S90) produced methane more than paddy

soil before growing rice and rice root. The maximum rate of methane produced on the 22th day of

incubation at 24.67 micromole/g dry weight /day till on the 28th day, the methane decreased to 15.66

micromole/g dry weight /day on 40th day of incubation.

0

5

10

15

20

25

0 5 10 15 20 25 30 35 40 45
Time (days)

C
ar

bo
n 

di
ox

id
e 

pr
od

uc
tio

n
(m

ic
ro

m
ol

e/
g 

dr
y 

w
ei

gh
t)

 

MBS.H MAS.H MRoot.H
 



«“√ “√«‘®—¬·≈–æ—≤π“ ¡®∏. ªï∑’Ë 29 ©∫—∫∑’Ë 3 °√°Æ“§¡-°—π¬“¬π 2549290

Carbon dioxide production of methanogen from paddy soil, rhizospheric soil and rice root cv.

Homsupanburi was shown in Fig. 3. It was shown that the methanogen from paddy soil before

growing rice (CBS.H) and rice root (CRoot.H) produced maximum rate of carbon dioxide  on the 18th

and 16th day of incubation for 13.30 and 13.72 micromole/g dry weight /day, respectively, after that the

volume of gas decreased to 0.77 and 5.36 micromole/g dry weight /day at the 40th day of incubation,

respectively. The methanogen from rhizospheric soil (CAS.H) produced more carbon dioxide than

paddy soil before growing rice and rice root. The maximum rate of carbon dioxide  produced on the
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Fig. 2  Methane production of microorganisms from paddy soil before growing rice cv.
Supanburi 90 (MBS.S90), rhizospheric soil (MAS.S90) and rice root (MRoot.S90)
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Fig. 3  Carbon dioxide production of enrichment cultivation from paddy soil before growing rice cv.
Homsupanburi (CBS.H), rhizospheric soil (CAS.H) and rice root (CRoot.H)
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20th day of incubation at 19.12 micromole/g dry weight /day till on the 32th day, the carbon dioxide

decreased to 3.85 micromole/g dry weight /day on the 40th day of incubation.

Carbon dioxide production of methanogen from paddy soil,  rhizospheric soil and rice root cv.

Supanburi 90 was shown in Fig. 4. It was shown that the methanogen from paddy soil before growing

rice (CBS.S90) and rice root (CRoot.S90) produced maximum rate of carbon dioxide  on the 18th and

16th day of incubation for 13.57 and 19.43 micromole/g dry weight/day, respectively, after that the

volume of gas decreased to 0.59 and 4.02 micromole/g dry weight/day at the 40th day of incubation,

respectively. The methanogen from rhizospheric soil (CAS.S90) produced more carbon dioxide than

paddy soil before growing rice and rice root. The maximum rate of carbon dioxide produced on the

12th day of incubation at 20.36 micromole/g dry weight/day till on the 30th day, the carbon dioxide

decreased  to 0.41 micromole/g dry weight/day on the 40th day of incubation.

The results indicated that the paddy soil, rhizospheric soil and rice root cv. Supanburi 90

produce both methane and carbon dioxide more than the other cultivar Homsupanburi. The results

from the fraction of CO2 and CH4 showed that CH4 was produced from CO2 reduction exclusively (Fig.

5, 6). In the initial time of incubation (0-6 day) the fraction of CO2 and CH4 was increased. Then, the

fraction of CO2 and CH4 decreased, presumably since acetoclastic methanogens became activated

by the increasing acetic acid concentrations and CO2 was reduced to CH4 until CO2 was depleted.

(Fig. 3, 4). The fraction of CO2 and CH4 had decreased when acetic acid became depleted. Integration

of the fractions over the incubation time until acetic acid was depleted (40 day).
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Fig. 4  Carbon dioxide production of microorganisms from paddy soil before growing rice cv.
Supanburi 90 (CBS.S90), rhizospheric soil (CAS.S90) and rice root (CRoot.S90)
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Fig. 6 Time course of the fractions of CH4 and CO2 in anoxicially incubated
paddy soil before growing rice cv. Supanburi 90 (CMBS.S90),
rhizospheric soil (CMAS.S90) and rice root (CMRoot.S90)

Fig. 5 Time course of the fractions of CH4 and CO2 in anoxicially incubated
paddy soil before growing rice cv. Homsupanburi (CMBS.H),
rhizospheric soil (CMAS.H) and rice root (CMRoot.H)
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3.2 Fluorescent In Situ Hybridization technique (FISH)
From the results as shown in Fig. 7, microorganisms enriched by 0.1% acetic acid specific

for probe ARC 915 were different morphology. It was found that enriched acetoclastic methanogens

from soils before growing rice, rhizospheric soils and rice root were divided into 2 groups, bacilli in

single and chain morphology, and multicellular clusters or cell packet morphology. For soil samples

before growing rice, cells hybridized with ARC915 were long chain rod morphology and aligned within

a sheathed filament, similar to Methanosaeta sp. (Fig. 7). For soil samples around the rice root, cells

hybridized with ARC915 were long chain rod morphology, similar to Methanosaeta sp. and cells

forming tetrads, similar to Methanosarcina species (Fig. 7). The use of ARC915 and

Methanosarcinaceae-specific MSMX860 probes in hybridization showed that Methanosarcina-like cells

were the predominant group presented on the rice root.

Fig. 7  Methanogen staining by Fluorescent In Situ Hybridization technique;
methanogen from paddy soil before growing rice cv. Homsupanburi (a), Supanburi 90 (b),
methanogen from rhizospheric soil of rice cv. Homsupanburi (c), Supanburi 90 (d),
methanogen from rice root cv. Homsupanburi (e) and Supanburi 90 (f).
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