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Abstract: Extracellular polymeric substances (EPS), as a key component of soil organic carbon (SOC) sequestration,

have long been overlooked. Although the prevalent theories emphasize microbial cell residues as the dominant
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contributor to SOC formation, emerging evidence indicates that EPS is widely present in soils and is produced at
rates comparable to or even higher than cellular biomass, representing a major pathway of microbially derived carbon
input into soils. This review systematically synthesizes current knowledge, with a focus on the distinctive role of
EPS in soil carbon stabilization. We summarized four key mechanisms through which EPS promote soil organic
carbon stability: the formation of mineral-associated organic matter, participation in geopolymerization reactions,
driving the formation of soil aggregates, and regulating pore structure. This reveals the pathway for achieving carbon
sequestration through both direct and indirect effects. Following our findings, we outline future research priorities,
emphasizing the need to develop reliable extraction and quantification methods, incorporate EPS dynamics into SOC
models, and elucidate the environmental and microbial factors regulating EPS production and degradation.
Addressing these gaps will significantly advance our understanding of microbial roles in the global carbon cycle and
inform strategies for enhancing soil carbon sequestration.

Key words: Extracellular polymeric substances (EPS); Soil organic carbon stabilization; Mineral-associated organic
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@ Direct mechanisms; @) Indirect mechanisms; () Plant-derived organic matter; (@) Microbial assimilation; () Mineral crystal
layers; @ Adsorption; @ Lipids; Proteins; @ Polysaccharides; Maillard reaction; @ Geopolymers; @ EPS bridging;
@ Spatial shaping; @ Small pores; @ Large pores; @ Microorganisms; @ Soil particles

i AORANERIR BRI, O RAHEROR RS RIS . FERE MRS () R YRR
IR MEE AT (b) MENMER ST . WEEAERE: (o) EPS Wah 35315
WG (d) B L LBR A L HGEEYE . B ks D IEA YR MY R4 )5 7 il EPS 1T
#£. Note: Red dashed boxes indicate direct mechanisms, whereas blue dashed boxes indicate indirect

mechanisms. Direct mechanisms include: (a) adsorption onto mineral surfaces and formation of mineral-associated



organic matter, and (b) serving as precursors for geopolymerization. Indirect mechanisms include: (c) EPS-driven
soil aggregation, and (d) modification of soil pore structure and connectivity. Arrows indicate the transformation of
plant-derived organic matter through microbial assimilation into EPS-associated SOC stabilization processes.
Bl 1 MsbREY (EPS) MM SIEH NG (SOC) g 4 AN JEnlil. (LEERER
Fig. 1 Four key mechanisms of soil organic carbon (SOC) stabilization mediated by extracellular polymeric
substances (EPS)
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ecosystem schematic illustrates the ecological implications of EPS-mediated SOC stabilization, including
improved carbon-cycle prediction, soil carbon sequestration and stabilization, sustainable soil management, and
responses to climate change and ecological security.
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Fig. 2 Conceptual framework for future research on soil EPS-driven SOC stabilization
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