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Planting patterns affect the soil physicochemical properties and
microbial community structures and functions of Polygonatum
cyrtonema Hua

ZHOU Duanxu'’, LIU Haiyan', WANG Peiying
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Abstract: [Objective] To investigate the effects of planting patterns on the soil physicochemical
properties and microbial community structures of Polygonatum cyrtonema Hua. [Methods] With
the soil of wild P. cyrtonema as the control, the soil samples from P. cyrtonema grown under
monocropping and rotation patterns were collected as the research subjects. The structural and
functional characteristics of soil microbial communities under wild, monocropping, and rotation
patterns were analyzed by Illumina MiSeq PE300 high-throughput sequencing. [Results]
Compared with the control, monocropping and rotation significantly increased the biomass of
P. cyrtonema and the polysaccharide content in the rhizomes. Compared with monocropping,
rotation increased soil ammonium nitrogen (AN) by 37.96% and enhanced the activities of sucrase
(SC), acid phosphatase (ACP), and urease (UE) by 63.15%, 58.72%, and 73.03%, respectively, and
it exhibited neutral soil pH. The control and monocropping resulted in higher Shannon and
Chaol indices for both bacterial and fungal communities in the soil (P<0.05). Planting patterns
significantly affected the structures of bacterial and fungal communities in the soil. Different
planting patterns showed variations in the relative abundance of the dominant bacterial phyla
Pseudomonadota, Actinomycetota, Acidobacteriota, and Chloroflexota as well as the dominant
fungal phyla Ascomycota and Mortierellomycota (P<0.05). The relative abundance of
Pseudomonadota, Actinobacteria, Ascomycota, and Mortierellomycota was the highest under
rotation. Additionally, rotation increased the relative abundance of beneficial fungal genera,
including Saitozyma, Podila, Mortierella, and Trichoderma. Correlation and redundancy analyses
revealed that microbial community changes were correlated with soil pH as well as AN, UE, ACP,
and SC activities (P<0.05). Functional prediction indicated that nitrogen fixation and ureolysis
were the dominant bacterial functions under rotational cropping. FUNGuild analysis demonstrated
that functions associated with ectomycorrhizal fungi and litter saprotrophs were significantly
enriched in the rotation soil. [Conclusion] Monocropping and rotation change the structures and
functions of bacterial and fungal communities in the soil of P. cyrtonema. Rotation enhances the
activities of UE, ACP, and SC and increases the abundance of beneficial fungi in the soil and
improves the polysaccharide content and biomass of P. cyrtonema, thus being conducive to
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seedling cultivation.

Keywords: Polygonatum cyrtonema Hua; soil microbial community; soil physicochemical
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Figure 1

Biomass of Polygonatum cyrtonema Hua seedlings under different planting patterns. A: Schematic

diagram of the monocropping and rotation cropping model; B: Rotation cropping of P. cyrtonema in Suichang

Baima Mountain Chinese fir (Cunninghamia lanceolata) forests; C: Fresh weight of rhizomes in wild cropping

(W), monocropping (M) and rotation cropping (R); D: Stem height of P. cyrtonema in W, M and R models; E:

Polysaccharide content of rthizomes in W, M and R.
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Figure 2  Effects of wild cropping, monocropping and rotation cropping on soil physicochemical properties and
enzyme activities of rhizospheric soil. A: Total phosphorus (TP); B: Available phosphorus (AP); C: Total nitrogen
content (TN); D: Ammonium nitrogen content (AN); E: Soil organic matter (OM); F: Soil organic carbon (SOC);
G: Soil pH; H: Sucrase activity (SC); I: Acid phosphatase activity (ACP); J: Urease activity (UE); K: Peroxidase

activity (POD).
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Figure 4 Bacterial and fungal community composition for monocropping and rotation planting patterns. A:

Bacterial phylum community composition; B: Fungal phylum community composition in the rhizosphere soil of

P. cyrtonema; C: Relative abundance at the genus level of bacteria; D: Relative abundance at the genus level of

fungi.
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RDAI (46.32%)
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Correlation analysis between microbiota and physicochemical properties. A: Correlations between

RDAI (27.75%)

relative abundance of soil bacteria; B: Correlations between relative abundance of soil fungi; C: Redundancy
analysis (RDA) examining the relationship between soil bacterial relative abundance at genus level with soil

properties; D: RDA examining the relationship between soil fungi relative abundance at genus level with soil

properties.
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Figure 6 Functional composition of rhizosphere bacterial and fungal communities under W, M and R. A: The
relative abundance of bacterial FAPROTAX functional groups; B: The relative abundance of fungal functional

groups.
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