DNA extraction and metagenomic sequencing
DNA extraction from rhizosphere and bulk soil samples was carried out using the MagPure Soil DNA KF Kit (Magen, China) according to the manufacturer instructions. DNA content and purity were assessed by TBS-380 (Turner BioSystems, USA) and NanoDrop2000 (Thermo Fisher Scientific, USA), and integrity was verified by 1% agarose gel electrophoresis. The extracted DNA was then fragmented with Covaris S220 (Covaris, USA), and fragments of approximately 400 bp were selected. A paired-end library was constructed using the TruSeq Nano DNA LT Sample Preparation Kit (Illumina, USA).
Sequencing was conducted on an Illumina NovaSeq 6000 platform to generate 150 bp paired-end reads. The metagenomic sequencing and bioinformatic analyses were conducted by OE Biotech Co., Ltd. (Shanghai, China).
Sequence data in FASTQ format were initially trimmed and filtered for quality control using Trimmomatic (v0.36) (Bolger et al., 2014), including the removal of adapters, trimming low-quality bases, and filtering out reads with N bases. Host contamination was removed by mapping reads against the host genome using Bowtie2 (v2.2.9), and any aligned reads were discarded to obtain clean reads.
Metagenome assembly was conducted using MEGAHIT (v1.2.9), and scaffolds were split into contigs at gap locations. Contigs greater than or equal to 500 bp were retained. ORF (open reading frame) prediction of the assembled contigs was carried out using Prodigal (v2.6.3), and ORFs were translated into amino acid sequences.
The predicted genes were clustered to form a non-redundant gene set using MMSeqs2 (v13.4511), with a clustering threshold of 95% identity and 90% coverage (Noguchi et al., 2006). The longest sequence in each cluster was selected as the representative sequence. Clean reads of each sample were mapped to the non-redundant gene set using Salmon (v1.8.0) to obtain gene abundance data.
Gene representative sequences were annotated against various databases, including NR, eggNOG, KEGG, and CAZy using DIAMOND (v2.1.3), with a BLAST e-value cut-off of 1 × 10-5 (Buchfink et al., 2015). The taxonomic annotation was performed using the NR database, and species abundance was calculated by aggregating gene abundance at different taxonomic levels (e.g., Domain, Phylum, Class, Order, Family, Genus, and Species).
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Figure S1. Abundances of P cycling genes apart from gcd and phoD in (a) rhizosphere and (b) bulk soil under different fertilization treatments, which include the inorganic P solubilizing genes identified included gcd and ppa, while the organic P mineralization genes included phoA, phoD, phnw, phnJ, phnl, phnG, phnP, phoN, and phno.
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Figure S2 Network structure and keystone taxa of phosphorus-solubilizing microbial communities under long-term cow manure application: (a-c) gcd-harboring and (d-f) phoD-harboring communities. Panels represent treatments: (a, d) CK, (b, e) M, and (c, f) M+CF. Green lines indicate positive connections, and red lines indicate negative connections.
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