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Abstract: [Objective] This study aimed to examine the impacts of microbial diversity loss on paddy soil multifunctionality,
and elucidate the regulatory roles of abundant, moderate, and rare microbial taxa. [Method] Microbial diversity gradients
(DO, D1, D3, D6) were established via the dilution-to-extinction approach and functional genes involved in C, N, P, and S
cycling in topsoil (0-20 cm) and subsoil (40-60 cm) of a paddy field were quantified using high-throughput quantitative PCR.
Soil multifunctionality was assessed using both the averaging and multi-threshold methods. High-throughput sequencing was
employed to analyze the diversity, community structure, and co-occurrence network properties of the three microbial taxa and
their relationships with soil multifunctionality. [Result] Results showed that the responses of soil multifunctionality in
topsoil and subsoil to microbial diversity loss were different. Compared with the original soil (DO0), the averaging method
indicated that different dilution levels (D1, D3, D6) significantly reduced topsoil multifunctionality. The reduction rates were
75.8%-85.8%, 74.6%-80.0%, and 59.8%-64.8% under the rice-fallow (RF), rice-wheat (RW), and rice-milk vetch (RM)
cropping systems, respectively, with no significant differences among the dilution levels. In contrast, although subsoil
multifunctionality showed minor fluctuations (ranging from 0.05 to 0.28), no significant differences were observed between
different dilution levels and the original soil except for the D3 treatment under the RM cropping system. This pattern was
further verified by the multi-threshold method. Although the diversity of all three taxa significantly decreased with increasing
dilution, the community structure of rare taxa remained relatively stable. Co-occurrence network analysis revealed that
topological properties (degree, clustering coefficient) of all three taxa decreased significantly in topsoil under dilution. In
contrast, rare taxa in subsoil maintained stable network properties despite dilution. Correlation analysis further indicated that
topsoil multifunctionality was closely linked to the diversity, composition, and network topology of all three microbial taxa,
while subsoil multifunctionality was primarily associated with the degree and clustering coefficient of rare taxa, which
underscores the key role of rare taxa in sustaining subsoil multifunctionality in the face of microbial diversity loss.
[ Conclusion] Microbial diversity loss induces differential responses of soil multifunctionality in topsoil and subsoil, which
is closely related to the diversity, community structure, and co-occurrence networks of microbial subcommunities in different
soil layers.
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AR (FEFTA RE SR AR E XN T45F 0.01%), Sl =R ()74 (Shannon) 5%,
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ZIifett (P<0.05), HHKFE-RIN (RF). /KFE-/NE (RW) FIZKFE-E =96 (RM) il E T (1)
FEME AR VN 75.8%~85.8%. 74.6%~80.0%#1 59.8%~64.8% (P<0.05), {HA[FIFFALE (D1, D3.
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Fig. 1 Effect of dilution level and cropping system on soil multifunctionality in topsoil (a) and subsoil (b), and corresponding principal

coordinate analysis plots of functional gene composition in topsoil (c) and subsoil (d)
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in topsoil (a) and subsoil (b), and corresponding slopes (c, d)
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S5#ik b3 (D1, D3, D6) MIHHEHM AR (P<0.05, & 4a~[& 4d), 55— FAUbr R E X 5 A F)
FERBZ IR 2257 (P<0.05), MM BN —FBEVE AL &2 M (P>0.05); Mify WA v 24
JS I A SZ AR A B MR 1) P 1) S 3 R (P>0.05, [ de, ] 4).
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Fig. 3 Diversity of abundant, moderate, and rare taxa in topsoil (a, c, €) and subsoil (b, d, ) under different dilution levels and cropping

systems
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Fig. 6 Correlations between soil multifunctionality and microbial diversity, as well as co-occurrence network properties of abundant,
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