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Microbial community structure in the rhizosphere of Xanthium
sibiricum in the water-level-fluctuation zone of the Three Gorges
Reservoir
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Abstract: [Objective] To understand the microbial community structure and its relationship with
soil quality in the rhizosphere of the dominant plant Xanthium sibiricum in the water-level-
fluctuation zone (WLFZ) of the Three Gorges Reservoir.[Methods] We collected the rhizosphere
soil samples of X. sibiricum exposed to different flooding stress conditions in a typical WLFZ in
Yunyang County, the heart of the Three Gorges Reservoir area. High-throughput sequencing was
carried out to analyze the microbial diversity and community structure, and the redundancy
analysis was then conducted. [Results] Proteobacteria was the dominant bacterial phylum in the
rhizosphere bacteria of X. sibiricum under strong flooding stress (XaRLL) and weak flooding stress
(XaRHL), while Ascomycota and Basidiomycota were the dominant fungal phyla in the two types
of soil, respectively. Regardless of bacteria or fungi, the linear discriminant analysis effect size
(LEfSe) showed that XaRLL always had more key biomarkers than XaRHL. Functional prediction
revealed that PWY-3781 associated with aerobic respiration was a dominant metabolic pathway
enriched by microorganisms from both XaRLL and XaRHL. Overall, the bacteria and fungi in the
rhizosphere of X. sibiricum had strong responses to changes in soil physicochemical properties and
enzyme activity. [Conclusion] The results provide a theoretical basis for understanding the
relationship between plants and their rhizosphere microorganisms in the WLFZ, as well as their
adaptability to strong flooding stress.

Keywords: Three Gorges Reservoir; water-level-fluctuation zone; Xanthium sibiricum; rhizosphere
microorganism
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*1 THRFRDEEMR

Table 1 Physical and chemical properties of rhizosphere soil of Xanthium sibiricum

Sample pH Soil Total N Alkaline
organic (9/kg) hydrolyzable
matter ** N (g/kg) *x
(9/kg) **

**

Available P Ammonium Nitrate N Available K Conductivity
(mg/kg)

N (mg/kg)

**

(us/cm)

**

(mg/kg)  (mg/kg)

XaRHL 8.82+0.01 22.24+0.25 1.03+0.02 41.53+1.20
XaRLL 8.75+0.03 15.43+0.48 1.38+0.03 64.99+2.40

10.34+0.15 4.60+0.39
22.31+0.54 6.84+0.52

4.66+0.10 233.80+2.86 127.73+0.55
18.95+0.32 246.78+3.02 88.53+0.31

*: P<0.05; **: P<0.01.

*2 TERPRLIREEE

Table 2  Enzyme activity of rhizosphere soil of Xanthium sibiricum

Sample Urease ((ng/g)/24 h)  Catalase Alkaline phosphatase Dehydrogenase Sucrase
> ((umol/g)/h) ((mg/g)/24 h) ((uL/g)/6 h) ((mg/g)/24 h)
** ** * **
XaRHL 185.65+12.32 2288.08+£12.89 0.84+0.03 0.006 2+0.000 1 8.68+0.49
XaRLL 1641.12+66.64 2 661.86+28.92 1.65+0.03 0.007 5+0.000 3 13.77+0.18

*: P<0.05; **: P<0.01.
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Figure 1 Bacteria composition at the phylum (A), order (B) and genus (C) levels in the rhizospheric soils of
Xanthium sibiricum. The relative abundance values of various microorganisms in XaRLL are the average of
XaRLL-1, XaRLL-2, and XaRLL-3; The relative abundance values of various microorganisms in XaRHL are the

average of XaRHL-1, XaRHL-2, and XaRHL-3.
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Figure 2 Fungi composition at the phylum (A), order (B) and genus (C) levels in the rhizospheric soils of
Xanthium sibiricum. The relative abundance values of various microorganisms in XaRLL are the average of
XaRLL-1, XaRLL-2, and XaRLL-3; The relative abundance values of various microorganisms in XaRHL are the
average of XaRHL-1, XaRHL-2, and XaRHL-3.
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DX 38k, 2 BR RV 0 22 B M RN 38 B R A A T K o
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Table 3  Alpha diversity of rhizosphere microbial communities from Xanthium sibiricum

Sample Microbe Chaol Faith_pd Observed_features Shannon Simpson

XaRHL Bacteria 2998.87+186.76 161.84+10.59 2977.33+£185.71 10.15+0.21 0.996 0+0.00
Fungi 579.00£197.61 87.37+21.86 579.00£197.61 4.58+1.06 0.850 0+0.08

XaRLL Bacteria 3014.49+£315.97 172.50+19.66 2991.33+£313.29 10.46+0.08 0.998 0+0.00
Fungi 763.67+76.88 109.66+9.31 763.67+76.88 6.25+0.96 0.923 0+0.08
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Figure 3 LEfSe analyses of bacterial (A) and fungal (B) communities in the rhizospheric soils of Xanthium
sibiricum (LDA score>4.0).
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Figure 4 Shared and unique bacteria (A) and fungal
(B) OTUs numbers in the rhizospheric soils of
Xanthium sibiricum.
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Figure 5 Analyses of metabolic pathways for bacterial (A) and fungal (B) communities in the rhizospheric soils
of Xanthium sibiricum. The relative abundance values of various metabolic pathways in XaRLL are the average
of XaRLL-1, XaRLL-2, and XaRLL-3; The relative abundance values of various metabolic pathways in XaRHL

are the average of XaRHL-1, XaRHL-2, and XaRHL-3.
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Xanthium sibiricum. AVL_P, EC, AVL_K, AVL_N, SOC, Total N, TAN, and NO3-N refer to available
phosphorus, conductivity, available potassium, alkaline hydrolyzable nitrogen, soil organic carbon, total nitrogen,
ammonium nitrogen, and nitrate nitrogen, respectively; C_act, U_act, AP_act, D_act, S_act refer to catalase
activity, urease activity, alkaline phosphatase activity, dehydrogenase activity, and sucrase activity, respectively.
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