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Alternative wetting and drying irrigation transforms soil organic matter
quality and microbial processes in rice paddies
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Abstract

Regenerative agriculture focuses on enhancing soil health and promoting long-term carbon
stabilization. This study investigates the impact of irrigation regimes on the molecular composition
of soil organic carbon (SOC) and their effects on microbial community structure and functional
potential in paddy soils. Using '3C solid-state NMR spectroscopy, we observed that alternative
wetting and drying (AWD) increased the relative abundance of aromatic carbon but decreased the
alkyl C/O-alkyl C ratio, indicating intensified microbial transformation and the formation of more
stabilized, humified carbon structures. In contrast, conventional irrigation (Cl) was associated with
higher proportions of alkyl and O-alkyl carbon, reflecting the accumulation of relatively labile
plant-derived compounds. Although total SOC content remained stable between treatments, AWD
significantly enhanced microbial biomass carbon and soluble carbon fractions, suggesting greater
microbial activity and turnover. 16S rRNA gene sequencing and gPCR analyses revealed distinct
community structures under AWD, with subsequent PICRUSt2-based functional predictions to
further elucidate microbial metabolic potential. These findings highlight that AWD irrigation
promotes carbon humification and enhances microbial-driven biogeochemical processes,
providing novel insights into irrigation-induced regulation of soil carbon quality in agroecosystems.
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