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Figure 1 The renewal of soil organic matter by multi-source organic solid waste compost
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Figure 3 Environmental behavior of dissolved organic matter in soil amended with composts from multiple organic solid waste sources
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Renewal effects of multi-source organic solid waste compost on
soil organic matter continuum
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Conventional agriculture relies heavily on nitrogen-based chemical fertilizer (CF) to facilitate agricultural productivity, which
contributes little to soil organic carbon and leads to ecosystem degradation. Compost, which is rich in active microorganisms and
microbial residues, contributes to enhanced environmental sustainability by improving soil nutrient availability, stimulating
microbial activity, promoting carbon sequestration, and reducing reliance on CF. Soil organic matter (SOM) plays a pivotal role in
sustaining agricultural productivity, regulating ecosystem functions, and mitigating climate change. Compost has been proven to
increase the content of SOM and modulate the microbial community. The ecological value of compost is primarily determined by
its biochemical properties, with the heterogeneity and complexity of organic constituents across various organic solid waste
(OSW) sources contributing to the distinct biochemical profiles of compost products. However, composts derived from different
OSW are often treated as generic products. The systematic mechanisms by which compost derived from multisource OSW
replenishes SOM remain insufficiently understood, limiting the development of precision composting technologies and targeted
soil management strategies. Therefore, developing a deeper understanding of how composts derived from various types of
biowaste contribute to the renewal of SOM and its ecological functions is essential for guiding scientific fertilization strategies
aimed at improving soil quality—which we refer to as a “soil demand-oriented, compost quality-based utilization strategy”.

The conceptual understanding of SOM has evolved through humification theory, the theory of selective preservation, and the
continuum model. The proposed microbial carbon pump theory has further improved our understanding of the dynamic changes in
SOM. Microorganisms regulate the balance between the priming effect and the burial effect of SOM through dual metabolic
pathways: extracellular modification and intracellular turnover. On the basis of the SOM continuum model, this study
systematically elucidated how multisource OSW composts alter SOM by reshaping molecular composition, microbial dynamics,
and functional site renewal. The first process involves molecular composition renewal, whereby compost modulates the levels of
labile compounds, such as lipids, and recalcitrant substances, such as phenolic compounds, in the soil, thereby reconstructing the
SOM continuum through molecular weight fractionation. The second process is microbial community regulation, where compost
enhances the complexity of fungal-bacterial interaction networks, activates aromatic carbon-degrading functional bacteria, and
alters microbial carbon pump efficiency and the molecular assembly mechanisms of SOM. The third process is functional
molecular site renewal, in which compost changes the abundance, chemical forms, and spatial configuration of redox and proton
complexation sites in SOM; thus, regulating m—m conjugation systems and electron cloud density, ultimately affecting soil
biogeochemical cycles. Future research should comprehensively assess the effects of multisource OSW compost on the molecular
composition, structure, function, and assembly mechanisms of SOM from an organic matter continuum perspective, as well as
their temperature responses. Molecular weight is an intrinsic characteristic of SOM and plays a significant role in influencing its
biogeochemical cycling. The integration of molecular fractionation dialysis with mass spectrometry analysis is crucial for
elucidating the effects of compost application on the molecular composition and functional properties of SOM across a broad
range of molecular weights. By integrating molecular dynamics simulations with molecular structure modeling, this approach
enables the analysis of functional characteristic changes induced by structural variations in SOM at the molecular level, thereby
providing a theoretical foundation and predictive tools for guiding the utilization of compost soil and forecasting improvements in
compost quality. In particular, quantifying the molecular dynamics and stability thresholds of the SOM continuum under long-
term, multisource OSW compost application with the microbial carbon pump as the core is necessary to provide a basis for
evaluating the carbon sequestration potential of different types of compost and matching soil demands.

organic solid waste, compost soil application, organic matter continuum, microbial carbon pump
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