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Long-term intensive cultivation in paddy soils strongly impacts soil pedogenesis and leads to accumulation of
organic matter and the stratification of nutrients and oxygen in the soil profile. However, knowledge about the dy-
namics of soil microbial communities during continuous rice cultivation at long time scales including progressive
and retrogressive stages is limited. In particular, the driving forces of community assembly also still remain poorly
resolved. Therefore, we characterised the temporal and spatial changes in soil bacterial, fungal communities and
functions using high-throughput sequencing and quantitative-PCR-based chip (targeting 64 microbial functional
genes for C, N, P, S and methane metabolism) along a 2000-year chronosequence of soils under paddy and ad-
jacent non-paddy management in the Yangtze delta of China, a coastal region where paddy soils originated. Soil
depth profiles were sampled from the paddy fields (6, 50, 100, 300, 700, 1000, and 2000 years of paddy use), the
adjacent arable chronosequence (50, 100, 300 and 700 years of dryland use) and a tidal wetland (estuarine sedi-
ment, representing the parent material for paddy and arable soil reclamation). Results showed that across multiple
time-scales ranging from decades to millennia, significant shifts in soil bacterial and fungal communities with soil
depths occur, indicating paddy soil development and a microbial succession since reclamation from tidal wetlands.
The initial stages of paddy and dryland soil development exhibited a higher phylogenetic ß-diversity than the soils
at later successional states. Patterns of α-diversity for microbial groups differed along soil chronosequence and
with depth. Microbial α-diversities in topsoil was greatest in soils of intermediate age, while the α-diversities
in subsoil was greatest in 1000-year cultivation. Moreover, allogenic succession of microbial communities was
mostly driven by shifts in the soil physicochemical properties, especially pH and nutrient availability including or-
ganic matter and phosphorus during paddy soil development. Further network analysis showed that soil microbial
communities were more interconnected at late successional stages than at initial stages, coinciding with a higher
dymanics in turnover and environmental variability. Our study implies that, long-term rice cultivation substantially
alters topsoil and subsoil microbial functional structure, leading to functional homogenization. Additionally, soil
functions related to the acceleration of nutrient cycling, necessary for high crop yields, are promoted by long-term
rice cultivation.


