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The purpose of this study is to investigate the soil compositions, methane production, the number of
methanogens, and the community structure of methanogens in rice paddy soils and dry field farming
soils in the summer and autumn seasons. As a result of the analysis of soil compositions, any regular
tendency to increase or decrease has not been found in most soil samples due to the change of
seasons. It has also been found that more methanogens exist in the rice paddy soil that utilize organic
farming practices and emptiness farming practices than in the dry field farming soil. The fewer
numbers of methanogens utilizing the acetate have been found than those of the methanogens utilizing
the hydrogen or the formate. In an experiment of methane production, the methanes increased for two
weeks when the acetate was added, but they continued to increase for seven weeks more when the
formate and the hydrogen were added. In the phylogenetic analysis using the mcrA gene, the
methanogens had diverse clusters in the rice paddy soil, whereas the methanogens were concentrated
only in a few clusters in the dry field farming soil.
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Table 1. Chemical composition of rice paddy and dry field farming soils

Field station Sampling Moisture (%) N (%) TPi (mg/kg) TC (%)
Organic farming August 26.21 0.135 57 1.63
November 26.77 0.133 543 1.57
Average 26.49 0.134 55.65 1.60
Emptiness farming August 28.88 0.122 49 1.87
November 21.55 0.135 49 1.52
Average 25.22 0.129 49 1.70
Traditional farming August 21.96 0.112 38.3 1.16
November 20.87 0.126 51.7 3.07
Average 21.42 0.119 45 2.12
Greenhouse farming August 16.42 0.115 118.5 1.36
November 13.31 0.089 91.8 1.10
Average 14.87 0.102 105.15 1.23
Dry field farming August 16.15 0.112 113.2 1.20
November 13.33 0.115 110.5 1.07
Average 14.74 0.114 111.85 1.14

TN, total nitrogen; TC, total carbon; TPi, total inorganic phosphorous
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Table 2. MPN enumerations of methanogens

Enumeration® (MPN/g)
Sampling Acetate-utilizing Formate-utilizing H,-CO; utilizing Average
metanogens metanogens metanogens
Organic August 3.049%107+0.026 3.049%107+0.179 2.398x10°+1.476 3032107
farming November 1.099x107+0.086 3.610x107+0.030 7.357%107+0.060 ‘
Rice Emptiness August 1.539%10°+0.114 7.357x107£0.060 6.024x10°+0.050 1.179% 10°
paddy farming November 2.372%107+0.152 2.599x10°+0.159 3.477x10°+0.182 :
Traditional August 1.099x 10°+0.086 4.273%10°+0.211 4.273%10°+0.211 2 213x107
farming November 4.242%107+0.210 1.138x10°£0.089 7.357%107+0.060 i
Greenhouse August 1.484x10°+0.110 3.049x107+0.026 1.950%107£0.135 2159% 107
farming November 1.484%10+0.110 1.914%107+0.133 4.408x107+0.219 :
Dry field August 1.950%10°+0.135 3.049%107+0.026 2.147x10°+1.396 L634%107
farming November 4.408%107+0.219 1.950x107£0.135 2.147x10°+1.396 ‘
Average 1.726x10’ 2.478%10’ 8.235%10’

All values are expressed in units of MPN per gram (wet weight) of soil.
Each value represents the average of three independent experiments.
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Fig. 1. Methanogenesis from 20 mM acetate (A), 20 mM formate
(B), and hydrogen (C) in August soil sample, respectively. Symbols
(), organic farming; (o), emptiness farming; (£\), traditional
farming; (X), Greenhouse; (*), dry-field farming soil. Analyses were
conducted in triplicate.
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