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Figure 1 Realative contributions of plant-mediated and non-plant-
mediated pathways to the overall methane emission in rice paddy field.
Scatter points of distinct colors correspond to different data sources!'*
281 The dashed line denotes the mean contribution rate of each transport
pathway to total CH, emissions, while the solid line represents the
median value. For interval data regarding the contributions of plant-
mediated and non-—plant-mediated pathways to CH4 emissions, this
study consistently adopted the midpoint of the range for calculation and
analysis
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Figure 2 Variations in cumulative CH4 emissions among rice genotypes across the entire growth stage. A: Comprehensive comparison of cumulative
CH, emissions through the entire growth period among different rice genotypes across multiple studies. Different colors denote data sourced from
different refs. [52,54-60]; the numbers indicate the extreme values of CH, emissions reported in each study (the maximum corresponds to the rice
variety with the highest emissions, and the minimum corresponds to the variety with the lowest emissions); B: variation in cumulative CH4 emissions

through the entire growth period for the same variety in different studies or in the same study but under different conditions. Different colors represent

data from different literatures
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Figure 3 Methods to investigate rice plant-mediated CH, transport
flux. A: Spatial compartment collection method. This approach
primarily compares three configurations: covering both the plant and
water surface, covering only the water surface, and covering only the
aboveground plant parts with base parts sealed. Combined with isotope
tracing, it is used to determine the CH, transport flux originating from
plant tissues; B: two-chamber partitioning method. This method
involves independently sealing different plant organs (e.g., stems,
leaves) and, in conjunction with isotope tracing, quantifies the CHy
transport flux from specific plant parts
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Rice plant-mediated methane emissions in paddy fields: a review
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PENG ShaoBing & XIONG DongLiang"
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Methane (CHy) is the second-most significant contributor to global warming after carbon dioxide, and paddy fields represent one of its
major agricultural emission sources. CHy is emitted from paddy fields through two primary pathways: non-plant-mediated processes,
including diffusion across the water-soil interface and ebullition, and plant-mediated transport. It is widely recognized that the plant-
mediated pathway is the principal pathway for CH, emissions from rice paddies. Previous studies have demonstrated substantial
variation in the efficiency of plant-mediated CH, transport among rice genotypes, with emission fluxes differing by several fold,
highlighting the potential for genetic improvement through breeding. Therefore, understanding the physiological and ecological
mechanisms underlying plant-mediated CH, transport is crucial for mitigating CH, emissions from rice paddies. This review first
outlines the general processes and relative contributions of plant-mediated and non-plant-mediated pathways in CH, emissions from
paddy fields. It then reviews the key processes of plant-mediated CH, emission, including CH, diffusion from the rhizosphere into
root aerenchyma, its long-distance transport from roots to aboveground tissues, and its final release into the atmosphere through
stomata or micropores in stems and leaves. Building upon this, the major factors influencing the different transport processes are
further discussed, encompassing anatomical traits (e.g., acrenchyma structures in roots and stems), morphological characteristics (e.g.,
root system architecture), and environmental variables (e.g., soil properties, temperature, and wind speed). In addition, this review
summarizes and evaluates the existing methodologies for measuring CH, emission fluxes via plant-mediated pathways, highlighting
their respective advantages and limitations. Finally, the review proposes that future research should focus on elucidating multi-scale
mechanisms of plant-mediated pathways and developing low-emission rice cultivars to enable targeted and sustainable mitigation of
CH, emissions from rice paddies.

paddy rice, methane, plant-mediated, aerenchyma tissues, transport efficiency

doi: 10.1360/SSV-2025-0253

1137


https://doi.org/10.1016/j.scitotenv.2024.170980
https://doi.org/10.1038/nature14673
https://doi.org/10.1016/j.molp.2025.01.008
https://doi.org/10.1360/SSV-2025-0253

	水稻植株介导的稻田甲烷排放及其调控机制研究�进展
	1非植株介导途径
	1.1水-土界面扩散
	1.2气泡释放

	2植株介导途径
	2.1CH4从土壤进入根系的过程
	2.1.1根-土界面的CH4扩散
	2.1.2根系构型对CH4吸收的影响
	2.1.3环境因素对CH4进入根系的影响

	2.2植物体内CH4长距离传输通道与调控
	2.2.1通气组织是CH4长距离传输的主要通道
	2.2.2CH4长距离传输的影响因子

	2.3CH4通过水稻植株向大气的释放部位与瞬时通量调控
	2.4水稻植株介导CH4传输的测定方法

	3未来展望

	Rice plant-mediated methane emissions in paddy fields: a review

