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Effects of different microplastics on greenhouse gas emissions from paddy soil
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Carbon dioxide (CO,) and nitrous oxide (N,O) are two important greenhouse gases (GHG), and their increased
emissions are contributing to global warming. The extensive use of plastic products such as plastic mulch and plastic-
coated fertilizers causes microplastics (MPs) to accumulate in the soil. These accumulated MPs under aerobic conditions
increase oxygen exchange between soil and air by increasing soil porosity and altering soil aggregation stability, which
improves microbial respiration and nitrification to produce CO,, and N>O (Zhang et al., 2023; Inubushi et al., 2022). In
addition, changes in the surface structure and functional group characteristics of aged MPs may complicate the
decomposition process, thereby altering their environmental impacts. However, the effects of aged MPs on GHG
emissions from MPs-contaminated paddy soil under aerobic conditions remain uncertain. In addition, biodegradable
MPs release organic matter during degradation, which may serve as an additional carbon source for soil microorganisms
and promote denitrification under anaerobic conditions. Studies discussing the effects of MPs additions on N,O
emissions from paddy soil under anaerobic conditions are not sufficiently determined.

Therefore, this thesis aimed at:

1) determining the effect of aged PE and PLA on GHG emissions and DOC in paddy soil under aerobic conditions
(Chapter 3), and

2) investigating the effects of PE and PLA on N,O emissions and DOC in paddy soil under anaerobic conditions
(Chapter 4).

Chapter 1 introduced the emission mechanisms of greenhouse gases (CO; and N,O) in agricultural soil. Chapter 2
described the GHG emissions pathways from soil and their control factors. The current status and limitations of studies
related to the effects of MPs on soil properties and soil GHG emissions are presented. Chapter 3 showed that the
addition of aged PE and PLA could significantly promoted the release of CO, and N,O from paddy field soil by changing
DOC contents and quality under aerobic conditions. Chapter 4 showed that under anaerobic conditions, the effects of
PE and PLA on N,O produced by denitrification were different. PE may have promoted N,O release from paddy soil by
inhibiting denitrification, whereas PLA promoted complete denitrification and inhibited N,O release by providing
additional carbon. Chapter 5 summarizes the novel findings of the present study. The key factors and their interactions
in the effects of MPs amended soil on CO; and N>O emissions were briefly explained. Finally, according to the findings
of our study, new directions for future research were suggested.

This thesis demonstrated that aged MPs increased CO, and N,O emissions from paddy soil under aerobic conditions,

whereas PE promoted N,O emissions, while PLA inhibited N,O release under anaerobic conditions.
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