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Pesticide residue in paddy soils and their effect on soil bacterial communities and nutrient cycling genes
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Abstract

Repeated pesticide application is a fundamental agricultural practice, yet its long-term structural and functional
consequences on soil microbial communities remain inadequately explored. We systematically evaluated the
effects of habitat properties (HP) (the composite physicochemical and ecological status of the soil), temporal stress
(TS) (repeated applications), and chemical stressor properties (CSP) (pesticide type and concentration) on
pesticide dissipation kinetics. To understand the underlying structural failure modes, we employed accurate 16S
absolute quantification sequencing, predicted functional gene analysis (KO profiles), and co-occurrence networks.
Our results revealed that TS drives a structural bifurcation of soil microbial communities. In organic carbon (OC)-
rich soil, TS triggered structural amplification, marked by the selective enrichment of stress-tolerant generalists
and putative functional redundancy. Yet, this apparent robustness incurred a predicted cost to the N-cycling
genetic potential. Conversely, OC-limited soil underwent widespread structural disintegration and network
fragmentation, characterized by a collapse in network connectivity and widespread suppression of predicted
nutrient cycling gene pool. Dissipation in this fragile system relied on a few endemics, highly specialized taxa,
demonstrating decoupled specialization. In conclusion, the long-term ecological fate of soil is determined by the
structural integrity of the microbial network, not by transient kinetic function. Sustainable management must shift
focus to enhancing foundational HP factors (soil OC and moisture) to prevent structural collapse and mitigate the
unforeseen secondary liabilities induced by repeated pesticide application.

Keywords :Pesticides, bacteria, nitrogen cycle decomposition, soil organic matter



