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The soil microbial community structure under retrogressive
succession of an alpine wetland in the arid area
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Abstract: [Objective] To explore the effects of retrogressive succession of the alpine wetland
of Bayanbulak Swan Lake in Xinjiang on soil properties and microbial community structure by
relying on the typical transect of retrogressive succession (swamp-swamped meadow-meadow).
[Methods] The soil microbial community structure was analyzed by high-throughput
sequencing. [Results] The retrogressive succession of the alpine wetland changed the species
composition of soil microorganisms at the operational taxonomic unit (OTU) level. The ACE,
Chaol, Simpson, and Shannon diversity indexes of soil microorganisms in the meadow area
were lower than those in the swamp area and the swamped meadow area (P<0.05). With the
occurrence of succession, the relative abundance of Proteobacteria, Acidobacteria,
Bacteroidetes, and Ascomycota decreased, while that of Actinobacteria, Gemmatimonadetes,
Basidiomycota, and Mortierellomycota increased. Principal coordinates analysis showed that
soil microbial communities presented different degrees of dispersion at each stage of
retrogressive succession. The species dispersion in the meadow area was larger than that in the
swamped meadow and swamp areas where a certain degree of aggregation appeared. Further,
the redundancy analysis indicated that soil organic carbon, soil water content, soil bulk density,
microbial biomass nitrogen, and microbial biomass carbon were the key factors affecting the
dominant microbial phyla and genera. [Conclusion] The retrogressive succession of the alpine
wetland decreased the soil microbial community diversity and led to the transition from
eutrophic to oligotrophic community.

Keywords: alpine wetland in arid area; retrogressive succession; soil microorganisms; community
structure
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Table 1  Study area conditions
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Research area Hydrological situation Vegetation situation  Species Aboveground Coverage (%)
number biomass (g/m)

Swamp High surface water level Carex rhynchophysa 6 86.00+7.05 36.00

Swamped meadow  Surface seasonal ponding Carex melanantha 15 116.00+11.34 67.00

Meadow No ponding on the surface  Carex microglochin 8 41.00+4.08 30.00
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Schematic diagram of hydrology, vegetation and soil structure in the study area.
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Table 2 Physical and chemical properties of soil in different succession stages of wetland

Index Swamp Swamped meadow Meadow

pH 6.92+0.04¢ 7.68+0.30b 8.5+0.12a
SWC (%) 95.74+1.68a 65.81£1.15b 41.38+1.96¢
BD (g/cm) 0.74+0.02b 0.67+£0.01c 1.17+0.07a
SOC (g/kg) 93.1242.17b 128.58+0.56a 53.68+1.05¢
TN (g/kg) 7.52+0.24b 10.05+1.06a 5.23+0.47¢

TP (g/kg) 0.98+0.04b 1.34+0.18a 1.54+0.18a
MBC (mg/kg) 162.24+3.99¢ 549.56+15.23a 246.99+20.93b
MBN (mg/kg) 14.2240.66b 9.04+0.39¢ 23.16£0.72a

Different lowercase letters indicate significant differences in mean values among different successions (P<0.05); pH: pH value;
SWC: Water content; BD: Bulk density; SOC: Organic carbon; TN: Total nitrogen; TP: Total phosphorus; MBC: Microbial

carbon; MBN: Microbial nitrogen.

AR E ) -] ), - AR XS 5 7K & (soil water content,
SWC) £ B o W W & Jr 4 & 3 R AR
(P<0.05), 1] 1-3% pH F1 5% (total phosphorus, TP)
TR BEE G, HAEEA XN E
439124 pH 8.5 1 TP 1.54 g/kg, W& & THEFX
AR AL LR M X, 38 BCA HLk (soil organic
carbon, SOC) ., & %A (total nitrogen, TN) ., /=4
fif (microbial carbon, MBC) % & ) 3 Bl ok Se Tt
FE > S, R XA R e,
UOETRER, AN B X (P<0.05). TI3E%
# (bulk density, BD) . f# 4 # & (microbial
nitrogen, MBN) 75 i R 3 Ry Se sl /b 5 3G hnda
oA XA R S TR PR AR LR A X
(P<0.05).
22 AREITEEIEMEDEESHN
221 TEMEY OTUs HERMEVEES
ek

o ZHAEEUR LT 73 548 E BT (operational
taxonomic unit, OTU) Z| W i A= W V% F+ = i
MBS R 2R ER G 484, H Chaol N
ACE 8 BUTRAGEMUEY M F R, BUE K
BHE V% 3 FE#E s Shannon Fil Simpson 84X
FHRAG B A DRV 0 Z2 64, B501E B K 0 B

Wk ZFEE R . ek 3 WTLLEH, 4@
OTUs., ACE #5%0F0 Chaol $5%0iTii #5741 3
PR ST 5 Ja B AR R B TR R AL A X ) OTUs
i . ACE 45%k. Chaol #8501 & TR XM
A X (P<0.05). H.EH OTUs. ACE f8%K.
Chaol f8ERIAZHFEIEE, HEXM
OTUs %5 . ACE 45%k. Chaol 8% & T8

F3 TEWMEVZHFEESSHR

Table 3  Analysis of soil microbial diversity index

Index Research area Bacteria Fungi
Total OTUs Swamp 1107.08b 500.61a
Swamped meadow 1 267.61a 477.64b
Meadow 946.41c 327.60c
ACE index Swamp 1193.13b 531.35a
Swamped meadow 1307.98a 497.16b
Meadow 994.63c 352.62¢c
Chaol index  Swamp 999.17b 537.04a
Swamped meadow 1 336.05a 496.30b
Meadow 833.61c 360.81c
Simpson index Swamp 0.79b 0.90a
Swamped meadow 0.99a 0.95a
Meadow 0.34c 0.86b
Shannon- Swamp 5.78a 5.23b
Wiener index  Swamped meadow 5.81a 5.81a
Meadow 5.36b 4.3c

Different lowercase letters indicate significant differences in
mean values among different successions (P£<0.05).
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Il Unknown

I Others
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Bl Acidobacteria
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Il Unknown
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Figure 2 Column chart of species distribution at the level of phylum. A: Bacteria. B: Fungi. sp: Swamp area;

sm: Swamped meadow area; mm: Meadow area.
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Figure 3 The relative abundance of class (A), order (B), family (C) and genus (D) in bacterial communities.
sp: Swamp area; sm: Swamped meadow area; mm: Meadow area.
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Figure 4 The relative abundance of class (A), order (B), family (C) and genus (D) in fungi communities. sp:
Swamp area; sm: Swamped meadow area; mm: Meadow area.
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Figure 5 PCoA analysis figure. A: Bacteria. B: Fungi. sp: Swamp area; sm: Swamped meadow area; mm:

Meadow area.

F4 TEBUAMRNTIEMAEFESHENZNE

Table 4 Effects of soil physical and chemical properties on diversity of soil bacterial community

Index pH SWC BD SOC TP TN MBC MBN
ACE —0.60* 0.55* —0.93%* 0.95%* -0.44 0.92%* 0.60* —0.93%*
Chaol -0.57* 0.52%* —0.92%%* 0.94%* —-0.40 0.92%* 0.62%* —0.95%%*
Simpson —0.80%*  0.73** —0.70%* 0.49 —0.78%* 0.41 —0.05 -0.57*
Shannon —0.75%*  0.69%* —0.89%* 0.80%* —0.66%* 0.73%* 0.32 —0.84%*
*: P<0.05; **: P<0.01.

F5 TEBAMRNIIBEEEFESHENEZN

Table 5 Effects of soil physical and chemical properties on diversity of soil fungi community

Index pH SWC BD SOC TP TN MBC MBN
ACE —0.82%%* 0.83%* —0.83%* 0.68%* —0.69%* 0.63 0.10 —0.75%%*
Chaol —0.81%* 0.827%%* —0.80%* 0.66%* —0.67%* 0.61 0.08 —0.73%%*
Simpson -0.18 0.15 —0.41 0.48 -0.06 0.47 0.41 -0.49
Shannon -0.34 0.33 -0.56* 0.58%* -0.21 0.57 0.38 —0.60%*

*: P<0.05; **: P<0.01.
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Figure 6 Result from RDA to explore the relationship between the bacterial diversity and soil properties. A:
Community structure at the phylum level of bacteria. B: Community structure at the genus level of bacteria.
C: Community structure at the phylum level of fungi. D: Community structure at the genus level of fungi.
SOC represents organic carbon; TN represents total nitrogen; MBC represents microbial carbon; MBN
represents microbial nitrogen; BD represents bulk density; SWC represents soil water content; PH represents
pH value; TP represents total phosphorus. Red arrows indicate soil physical and chemical factors, big red
dots indicate community species with high microbial abundance, and small red dots indicate community
species with low microbial abundance.
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