

Rock powders increase soil multifunctionality by reshaping microbial co-occurrence networks
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Soil multifunctionality integrates multiple biogeochemical processes and reflects the capacity of soils to sustain ecosystem functions. Microbial network analysis has emerged as a powerful approach to assess how community complexity underpins multifunctionality. However, the effects of rock powders on soil multifunctionality and multi-kingdom microbial networks remain poorly explored. Here, we investigated the influence of phonolite, diabase, and granite applied at low rates (1.5 Mg ha-1) on microbial interactions in a Haplic Ferralsol cultivated with Urochloa brizantha cv. Marandu. Soil multifunctionality was assessed using biological activities (extracellular enzymes and glomalin-related soil protein), soil acidity, nutrient availability, and carbon stocks, integrated through the x-min/(max-min) normalization approach. Network analysis based on SparCC revealed that rock powder amendments increased intra-kingdom fungal associations, rising from 5.22% in the control to 11.76% under granite, indicating strengthened fungal connectivity. At the inter-kingdom level, the control exhibited fewer bacteria-fungi associations, whereas rock powders enhanced multi-kingdom interactions, particularly under granite (~36% bacteria-fungi correlations). These shifts were accompanied by greater network complexity, with higher numbers of nodes and edges compared to the control (425 nodes and 5972 edges), especially under diabase (470 and 7382) and phonolite (490 and 10841), while granite showed higher modularity (0.581) compared to the control (0.567). In parallel, soil multifunctionality increased from 0.44 in the control to 0.52-0.55 in rock-amended soils. Together, these results suggest that rock powders enhance soil multifunctionality by promoting more complex and interconnected microbial networks.
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