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Abstract: [Objective] The conversion of upland to paddy fields and increased fertilizer application
have significantly altered soil properties. However, the dynamic evolutionary characteristics and
response mechanisms of microbial communities during habitat evolution different years after
conversion remain unclear. [Methods] Soil samples were collected from the paddy fields converted
from upland fields for different years (0, 3, 8, 15, 20, and 30). Soil physicochemical analysis, real-
time quantitative PCR, and high-throughput sequencing were employed to investigate the dynamic
changes in soil chemical and biological properties, microbial community composition and
asynchrony characteristics, and the interrelationships among these indicators during the habitat
evolution following conversion. [Results] As the years after conversion increased, soil organic
carbon, total nitrogen, total phosphorus, ammonium nitrogen, and microbial biomass carbon
content gradually increased (by 3 to 4 folds), while pH (decreased by up to 0.80) and nitrate
content gradually decreased. However, soil potassium content, microbial abundance, and microbial
diversity showed no consistent trends. Microbial community analysis revealed that as the years
after conversion increased, stress-tolerant genera (Balneola, Flavobacterium, Myxococcus, and
Nitrospira) presented enhanced asynchrony and divergence. This optimized interspecies
interactions and functional division, thereby improving ecosystem stability. Conversely, increased
convergence in genera such as Liberibacter and Variovorax weakened soil functions such as plant
growth promotion and pathogen suppression. Correlation analysis indicated that soil pH, organic
carbon, and total nitrogen acted as key environmental drivers. Through synergistic and antagonistic
interactions, they governed microbial community succession and exerted decisive influences on
changes in community asynchrony. [Conclusion] As the years after upland-to-paddy conversion
increased, the microbial community asynchrony became enhanced, which improved system
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stability and reduced carbon losses while compromising soil capacities of plant growth promotion
and disease suppression. In the future, strategies such as water management, organic amendment
regulation, precision fertilization, and application of synthetic microbial consortia could be
employed to directionally enhance microbial divergence and improve ecosystem functional stability.
Keywords: upland soil; paddy soil; different years; asynchrony; divergence; convergence
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Figure 1

Changes in the chemical properties (A—J) of soils with different years after the conversion of upland to

paddy fields. The error lines represent the standard deviation »n=3. Different letters indicate significant

differences (P<0.05).
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Figure 2 Changes in soil microbial biomass (A—-B), abundance (C—E), and alpha diversity (F—H) at different
years after the conversion of upland to paddy fields. MBC: Microbial biomass carbon; MBN: Microbial biomass

nitrogen.
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Figure 3

Changes in microbial community composition at phylum (A) and genus (B) levels in soils with

different years after the conversion of upland to paddy fields.
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Figure 4 Relationship between soils with different years after the conversion from upland to paddy fields and

microbial asynchrony.
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Figure 5 Relationship between microbial asynchrony and soil properties.
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Figure 6 Relationship between microbial asynchrony and biological properties.
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