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Development of sediment microbial fuel cells to reduce CHs and CO, emissions from straw-
PLRIFHXDEE  amended paddy soil
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Straw returning into paddy soil enhances soil organic matter which usually promotes the emission of greenhouse gases
(GHGs) to the atmosphere. The application of sediment microbial fuel cells (SMFCs) to paddy soil activates power-
generating microorganisms and enhances organic matter biodegradation. This thesis explored the development of
SMFCs to reduce GHG emissions, particularly methane (CH4) and carbon dioxide (CO.), from paddy soil amended with
rice straw while generating electricity. The study is organized into six chapters.

In Chapter 1, the thesis highlighted the importance of reducing GHG emissions from paddy fields and introducing
SMEFCs as a potential solution. Chapter 2 reviewed related literature that addresses the topic and research questions
surrounding GHG emissions, specifically CH4 and CO», from paddy soil. It discussed the potential effects of returning
rice straw to the soil and various mitigation measures, including applying biochar, anaerobic methane oxidation (AOM),
and SMFCs. In Chapter 3, the thesis investigated the effects of SMFCs on CH4 and CO; emissions in straw-amended
paddy soil. Results showed that SMFCs maintained higher anodic potential values and significantly reduced cumulative
CH4 emissions when combined with straw amendment, while CO; emissions remained unaffected. Microbial
community analysis revealed a dominance of Firmicutes, Clostridiales, and Acidobacteriales on the anode of straw-
added SMFCs, contrasting with the prevalence of Methanomicrobiales in treatments without SMFCs. In Chapter 4, we
aimed to explore the effects of combining rice straw-derived biochar with SMFC as an integrated approach to reduce
CH4 emissions from straw-amended paddy soil. The results demonstrated that SMFC operation alone reduced
cumulative CH4 emissions by 38.5%, while the combination of biochar and SMFC further decreased emissions by up to
60% compared to the control. Microbial diversity analysis revealed that biochar addition enriched methane-oxidizing
bacteria, while SMFC operation suppressed hydrogenotrophic methanogens, particularly Methanoregula. The study
concludes that coupling biochar and SMFC technologies can effectively mitigate methane emissions from straw-treated
paddy soil, with biochar made from leftover rice straw showing an interactive effect on SMFC operation. Chapter 5
presented another integrated study focusing on Mn-dependent AOM alongside SMFC. We examined the combined
effects of SMFCs and manganese (Mn) oxide addition on CH4 and CO; emissions in straw-amended paddy soil. Results
showed that Mn addition in SMFC treatments led to more stable long-term current generation. Notably, CH4 emissions
were significantly reduced in SMFC treatments with Mn addition, demonstrating a synergistic effect between SMFC
operation and Mn-dependent anaerobic methane oxidation. CO; emissions increased with Mn addition but were lower
in SMFC conditions. Chapter 6 concluded that SMFCs showed significant promise in mitigating CHs emissions from
straw-amended paddy soils while potentially generating electricity and without substantially affecting CO, emissions.
We suggested future studies focus on conducting long-term field studies to assess the sustainability of these integrated

approaches in real- fields.
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