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Production and diffusion of methane in trees: spatial
distribution of CH4 sources inside the trunks

1. Research team
Leader: EPRON, Daniel (Kyoto University, Graduate School of Agriculture)
Collaborators: TAKAHASHI, Kenshi (Kyoto University, RISH)
MOCHIDOME, Takumi (Kyoto University, Graduate School of

Agriculture)
ASAKAWA, Susumu (Nagoya University, Graduate School of
Bioagricultural)

2. Related missions
Mission 1: Environmental Diagnosis and Regulation of Circulatory Function

Mission 5: Quality of the Future Humanosphere

3. Abstract

The trunks of trees species can harbor methanogenic archaea, produce CHy
internally and emit it to the atmosphere but little is known about CH4 transport in tree
trunk. Physical modeling of CHy4 transport in tree trunk had not yet been attempted
and for this, it was necessary to locate the sources of CHs within the trunk. Our
objective was therefore to characterize the vertical profile of tree CH4 production
within the trunk and use it to simulate the vertical pattern of CHs4 emission from the
trunk surface. Using a cherry picker, we measured the vertical profile of tree trunk
CH4 emissions up to 12 meters, discovering that the upper part of the trunk emitted
CHy4. To determine whether this emission originated from local CH4 production or
axial transport from the lower trunk, we quantified the vertical profile of CH,
production within the trunk by wood core incubation under anoxic conditions. In two
of the three target species, the vertical profiles of production and emission were
similar. We also measured the vertical profile of heartwood CHs concentration,
employing it as input for a mathematical model simulating CH4 transport, including
diffusion and advection, which outputs the vertical profile of emission at steady state.

4. Background and purpose of the research

CHy4 is the second most significant anthropogenic greenhouse gas, and its
atmospheric concentration has rapidly increased in recent years. Upland forest soils
represent the largest biological sink for atmospheric CHs4, offering a crucial ecosystem
service. Mountain forests cover nearly two-thirds of Japan land area, but we still know
little about the role of trees in their CH4 budget. However, trees emit CHg4, and it is
essential to clarify their role to establish a comprehensive methane balance for forest
ecosystems. In the Ashiu experimental forest, the trunks of various tree species host
methanogenic archaea, internally produce CH4, and release it into the atmosphere.
CH4 production within a tree varies, and axial transport, including diffusion and
advection, leads to a complex vertical pattern of stem CH4 emissions. This study aims
to determine whether local CH4 production or axial transport is the primary source of
trunk CH4 emissions in the upper part of the trunk. We characterized the vertical
profile of CH4 emission from the trunk and compared it to the vertical profile of CHy
production within the trunk by measuring the potential of methane production, internal
CHy4 concentration and methanogenic archaeal communities in the wood at different
heights all along the trunk using a cherry picker to access the top of the trees.
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5. Results and discussion

Trunk CH4 flux was consistently positive, emitting, up to 12 meters, with peak
emissions occurring at 6 to 7 meters above ground in two trees (Figure 1). The
vertical patterns of CH4 emission and internal CH4 production were similar in two
species and the vertical pattern of CH4 emission was successfully simulated with a
physical model of CH4 transport. Varying parameters related to axial transport in the
simulations did not change dramatically the vertical emission pattern. Therefore, we
concluded that the distribution of CH4 production plays a more critical role than axial
CH4 transport in determining this vertical emission pattern. Additionally, we
suggested that the CH4 production hot spots inside trunks are related to either wood
rot or species-dependent limitations in O» supply related to wood wetness. The
characterization of the methanogenic archaeal communities in the wood cores which
were incubated is on going and expected to be finished in March.
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Figure 1: Vertical profiles of trunk CH4 emission on two trees from three species

6. Future directions

We concluded that the vertical profile of CHs production is a key factor in
determining the vertical emission profile, which might be generalized to trees in
upland forests. For scaling emissions to the stand level, understanding the distribution
of CH4 production is therefore essential. One approach can be establishing a robust
relationship between CH4 production and both wood rot development and wood water
content as proxies for the CHs4 production potential of trees, across multiple tree

locations and species.
7. References

8. Notes

Results will be presented at the Annual meeting of Agricultural Meteorology of
Japan in Tohoku (March 2024) and at the Japan Geoscience Union Annual Meeting in

Chiba (May 2024)
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Potential of brown rot fungi treatment for the creation of
new wooden material
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Elucidation of Fundamental Characteristics through Precise

1.

3.

Measurement of Ultra Fine Bubbles
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Study of Medium-Scale Traveling lonospheric Disturbance
and [ts Effects on GNSS Positioning Using Dense GNSS
Receiver Networks in Japan
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Development of water treatment system using plasma and
fine bubble
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V—h(2uRN—= Ay MOREEERER L7, S5I2, 22 73— KA NS OHE
EEEHT LD, NTUVAR—F—O—FiTHD OmpF Z VRV —LITFHAL,
OmpF A SNz 78—k A v (X 1, sample 3)D#EiE E TEM B L OV LV ELIK
Lo CHEFEB L7=, OmpF Z4fA L7z 2> /3 — h A > N OMHRERT X, pH EZED
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EO RS ICEALT 50 E BT 5 2 & T 38— b A Y MEDS KBS E) %
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4) Zhang, S., Nakata, E., Lin, P., Morii, T. An Artificial Liposome Compartment with Size
Exclusion Molecular Transport. Chem. Eur. J. €202302093, 2023.
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[ 23383 ] Zhang S, Nakata E, Lin P, Morii T. Artificial Liposome Compartment with DNA
Origami Scaffold for Size Exclusion Molecular Transport, The 50 th International Symposium

on Nucleic Acids Chemistry, Miyazaki, Japan, November 1-3, 2023.
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