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METHANOGENIC DEGRADATION AND MICROBIAL METABOLISM OF TRACE GASES

The objectives of the Conrad lab in the past years have
been to learn which groups of soil microorganisms are
responsible for particular biogeochemical processes and to
understand the reason why. For this purpose we investi-
gated biogeochemical processes involved in the exchange
of climatically relevant trace gases (CH,, H,) between soil
and atmosphere. A particular focus was on processes in
flooded rice fields, which we have used during the last thirty
years as a model system for studying biogeochemistry and
ecology of soil microbes.

After my retirement in 2017 | continued publishing together
with former co-workers and outside colleagues. These
publications concerned experimental work that had been
done in the previous years but had not been completely
evaluated and written up. This process is still on-going.
The complete list of publications for 2018 to 2020 is found
below. Most of the work was on the structure and function
of methanogenic microbial communities in soil and sedi-
ments. The most important findings concerned the effects
of abiotic variables (e.g., organic matter, inorganic oxidants,
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Figure 1| Carbon flow during methanogenic degradation of organic matter at three different temperature ranges.
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temperature, desiccation) on the pathways of CH, produc-
tion, i.e. the importance of hydrogenotrophic, aceticlastic,
and methylotrophic methanogenesis (Conrad, 2020a, b). In
the following | will give three examples:

(1) In flooded rice fields, methanogenesis is the most
important terminal process of organic matter degradation.
However, sulfate reduction may also play an important role,
especially at the beginning of flooding, after the application
of S-containing fertilizers (e.g., ammonium sulfate) and af-
ter addition of gypsum for mitigation of CH, production. We
found that the family Syntrophobacteraceae is the most
important group of sulfate reducers utilizing the two major
fermentation products of organic matter, i.e. propionate
(see last report) and acetate (Liu et al., 2018).

(2) The organic matter in rice fields mainly consists of poly-
saccharides, which are almost completely (>90%) degraded
during the first year of flooding. Complete methanogenic
degradation of polysaccharides theoretically results in CH,
production by >2/3 aceticlastic and <1/3 hydrogenotrophic
methanogenesis. However, as the degradation of organic
matter (e.g., rice straw and soil organic matter) is progress-
ing, hydrogenotrophic methanogenesis was found to
become increasingly more important (Ji et al., 2018a, b).
This observation is consistent with earlier reports that aged
organic matter (e.g. in lake sediments or deep peat layers)
is predominantly degraded via hydrogenotrophic rather
than aceticlastic methanogenesis (compare last report).

(3) The pathway of methanogenesis was found to be af-
fected by temperature. Whereas low temperatures (<20°C)
stimulate acetate production from chemolithotrophic
homoacetogenesis and thus favour aceticlastic methano-
genesis as terminal process (Fu et al., 2018, 2019), elevated
temperatures (>40°C) often inhibit aceticlastic methanogen-
esis, which is then replaced by syntrophic acetate oxidation
coupled to hydrogenotrophic methanogenesis (Liu et al.,
2018, 2019; Deng et al., 2019). The C flow from organic mat-
ter to CH, and CO, at three different temperature ranges is
shown in Fig. 1.
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