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Methane (CH,) is the most important greenhouse gas after carbon dioxide (CO,) and is
responsible for approximately 17% of the anthropogenic global warming effect. Rice paddy is
a major source of atmospheric CH, and is responsible for approximately 11% of
anthropogenic CH, release. Also paddy soil has high rice productivity and sustainability for
growth of world population. Therefore, reducing CH, emission from submerged rice paddy is
a world demand to confront both problem of global warming and food insecurity. In Japanese
single crop systems, rice straw as a by-product after grain harvest commonly left on the field
directly. Left and incorporated rice straw would be partly decomposed aerobically in the
fallow season and remained part would become substrates of CH, production in next rice
growing season. Though a-quarter of total Japanese rice field areas is in the northeast
(Tohoku) region, with cool climate condition, there is a few studies on the effect of winter
temperature and moisture on the aerobic decomposition of rice straw, and on the CH4 emission
from next rice growing season. The purposes of this study were to understand how the aerobic
decomposition of rice straw during fallow season in Tohoku region can be affected the CH,
emission during following rice growth season, and to compute the mitigation effect of CH,
emission from the paddy field in Tohoku region by model evaluation.
Firstly, An incubation experiment was carried out with Andisol paddy soil, which was



sampled from the field in Morioka, Iwate, Japan. Experimental was designed as full factorial
combination of four temperature levels (£5°C, 5°C, 15°C and 25°C) and two moisture levels
(60% and 100% of water filled pore space), with both bulk soil and soil mixed with 2%
8"°C-labeled rice straw. Straw decomposition rate was calculated by three different parameters
of CO, emission, soil organic carbon (SOC) contents and its §'°C value. The results indicated
that both temperature and moisture affected the rate of rice straw decomposition during the
24-week aerobic incubation period. Rates of rice straw decomposition were not only increasing
with high temperature, but also with high moisture conditions. The rates of rice straw
decomposition were more accurately calculated by CO, production compared to that calculated
by the change in the SOC content, or in its "°C value. According to CO, measurement,
decomposition rate of rice straw carbon became smaller with decrease of incubation temperature
and was less than 14% even after 24week incubation in +5C° temperature condition (12 hour
intervals of 5 C° and -5 C° condition) which was designed to model the freezing- thawing
cycles occurred during fallow season in Tohoku region.

Secondly, A field experiment was performed to validate the effect of autumn tillage (straw
incorporation) depth on CH, emission from paddy field in next rice growth season, in an
Andisol paddy field in Morioka, Iwate, Japan during 2012 to 2014. CH,4 emission from paddy
field in rice growth period with two levels of tillage depth in autumn (conventional: 15cm,
shallow: 7cm) were measured periodically. Overall the four years with three rice growth seasons
experiment, CH, emission was not affected by tillage depth in autumn. Though the
decomposition rate of rice straw would be affected by both of temperature and moisture
condition in generally, cumulative CH, emission in early days of rice growth period was
correlated only with cumulative air temperature during the days after straw incorporation in
previous fallow season in this study. Numerical simulation of soil water content revealed that
the high permeability of experimental field have made the soil water content low soon after
drainage of flooding water. These results indicated that the CH, mitigation mechanism of
autumn shallow tillage was limited by soil water condition in fallow season, and thus the
mitigation effect of shallow autumn tillage would appear only in the field where water content
would become high in fallow season.

Thirdly, a model evaluation for CH, mitigation effect of shallow autumn tillage in paddy
fields was performed with a comprehensive process-based model, DNDC-Rice. DNDC-Rice
model can did a correct estimation of cumulative CH, emission in 6 experimental fields
around Japan. For evaluating the hypothesis which was obtained from the field experiment
carried out in Morioka, virtual condition of high soil water content in the field during the
fallow season was set to the model. However, DNDC-Rice model showed that cumulative CH,4
emission in following rice growth season is not affected by autumn tillage depth even with



high soil water content in fallow season. After the current model was revised to increase the
degree of inhabitation on organic matter decomposition by excess water, the revised model
showed that even not significant, but the trend is CH, emission decrease by autumn shallow
tillage only with high soil water content condition.

In conclusion, the results from this study showed that, to decrease CH,4 emission from
following rice growth season, it is very important to improve aerobic decomposition of rice
straw in early period of former fallow season with relatively higher temperature, especially in
cold region such as Tohoku region, Japan, where winter cool climate retard the decomposition
rate of organic matters. Further researches are needed to reveal the mechanism of CH,
mitigation options for application of adequate strategies in the different regions with different
climate, soil and farming management conditions.
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