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Abstract: [Objective] This study aims to analyze the fungal community structure and functional
groups under different moisture conditions in Bitahai Wetland, which is expected to serve as a reference
for wetland resource management and ecological restoration. [Methods] Perennially submerged swamp
wetland (SW), seasonally submerged swamp meadow (SM), and non-submerged meadow (M) in
Bitahai Wetland, Southwest China were investigated. Based on Illumina high-throughput sequencing
and FUNGuild, the soil fungal community structure and functional groups of the three types were
analyzed and compared, and the influence of key environmental factors on the fungal community was
probed. [Results] The alpha diversity of soil fungi showed no significant difference among SW, SM,
and M. Non-metric multidimensional scaling and similarity analysis suggested that beta diversity was
significantly different among the moisture gradients (R=0.501, P=0.001). Bitahai Wetland was
dominated by Ascomycota, Basidiomycota, Rozellomycota, and Mortierellomycota. The abundance of
Basidiomycota, Rozellomycota, and Mortierellomycota varied significantly across different moisture
gradients (P<0.05). Pyronemataceae, Mortierellaceae, Archaeorhizomycetaceae, and Clavariaceae
were the dominant soil fungal families (P<0.05). Correlation analysis indicated that soil pH, total
nitrogen, nitrate nitrogen, ammonium nitrogen, iron, potassium, and sucrose, and plant PCoAl were in
positive correlation with alpha diversity of soil fungi (P<0.05). Redundancy analysis and heat map
analysis showed that soil water content, ammonium nitrogen, urease, and plant Shannon index were the
main causes of beta diversity variation (P<0.05). Variance partitioning showed that the fungal
community was affected by both single environmental factors and the interaction among various
environmental factors, especially the interaction of soil factors and plant community. The trophic types
of soil fungi in the Bitahai Wetland were mainly saprotroph and saprotroph-symbiotroph. SW was

dominated by endophytic-phytopathogenic fungi, and SM and M by undefined saprophytes. As the
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moisture decreased, pathotroph-saprotroph-symbiotroph increased and functional groups showed higher

complexity. [Conclusion] Moisture influences the structure and functional groups of soil fungi in the

Bitahai Wetland, and its soil fungal diversity and composition are influenced by multiple environmental

factors. The influence of environmental factors on fungal diversity and fungal phyla is different.

Keywords: fungal community;
high-throughput sequencing
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Table 1  Soil environmental factors and plant community characteristics in different moisture gradients

« B A0 DR it

Parameters SW SM M

A-Alt/m 3 544 3 546 3558
S-dep/m 0.07-0.40 0.03-0.09 0

MEM1 —0.81£0.33b 0.65+0.30a 0.16+0.41a
MEM2 0.31+£0.35a —0.87+0.14b 0.56+0.47a
MEM3 0.08+0.33a —0.56+0.52a 0.48+0.31a
MEM4 —0.46+0.41a 0.13+0.44a 0.33+0.40a
MEMS5 —0.45+0.49a —0.47+0.30a 0.62+0.36a
SWC/% 91.91+1.53a 80.34+1.02b 54.98+6.62¢
pH 5.66+0.08a 5.31+£0.06a 6.00+0.47a
NO; -N/(mg/kg) 0.70+0.14a 1.04+0.21a 3.90+1.19a
NH,"-N/(mg/kg) 3.84+1.80a 2.87+1.14a 1.354+0.09a
TN/(mg/g) 16.79+3.72b 25.83+1.99a 21.42+2.89a
TP/(mg/g) 1.87+0.41a 1.99+0.16a 1.52+0.28a
TOC/(mg/g) 187.89+13.32b 275.95+26.31a 136.83+26.24b
Ca/(mg/g) 29.45+4.36b 44.14+4.69a 54.74+9.29a
Fe/(mg/g) 66.90+£18.98b 163.41+21.71a 147.69+14.43a
K/(mg/g) 8.50+0.98b 15.40+1.01a 15.66+3.24a
Mn/(mg/g) 0.69+0.15b 1.57+0.29b 3.10+£0.82a
S/(mg/g) 8.29+1.10b 11.20+0.94a 7.10£0.53b
Cat/(mL/g-20 min) 0.31+0.03b 0.41+0.01a 0.38+0.03a
Suc/(mg/g-d) 70.62+24.91a 91.01+30.01a 69.30+17.33a
Ure/(mg/g-d) 70.75+6.18a 29.64+7.52b 25.04+5.39b
P-richness 1.83+0.31b 7.50+0.92a 6.67+1.11a
P-Shannon 0.41+£0.17b 1.90+0.36a 1.714£0.29a
P-Chaol 1.83+0.30b 7.83+0.80a 6.89+1.22a
P-PCoAl 0.16+0.11a —0.11+0.14a —0.05+0.14a
P-PCoA2 0.12+0.13a —0.09+0.72a —0.04+0.10a

Rhododendron orthocladum,
Primula sikkimensis, S. filiformis,
Rumex acetosa

Sparganium simplex, Carex  C. muliensis, Sanguisorba
dielsiana, Poa crymophila filiformis, Triglochin maritimum,
Pedicularissi phonantha

Main species

The value is mean+standard error, and different lowercase letters in the same line indicate significant differences between
moisture gradients (P<0.05). A-Alt: average altitude; S-dep: submergence depth; MEM: distance-based Moran’s eigenvector
maps; SWC: soil moisture content; pH: potential of hydrogen; NO;-N: nitrate nitrogen; NH,'-N: ammonium nitrogen; TN:
total nitrogen; TP: total phosphorus; TOC: total organic carbon; Ca: calcium; Fe: ferrum; K: kalium; Mn: manganese; S:
sulphur; Cat: catalase; Suc: sucrase; Ure: urease; P-richness: plant richness; P-Shannon: plant Shannon index; P-Chaol: plant
Chaol index; P-PCoA1l: plant PCoAl; P-PCoA2: plant PCoA2; main species: main specie, similarly here in after.
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Table 2 Soil fungal diversity indices and abundances in different moisture gradients

Wetland type Sequence number Shannon index Simpson index ACE index Chaol index Coverage/%
SW 59 541+7 112a 3.69+0.28a 0.12+0.03a 568.44+137.53a  572.07£139.20a 99.90
SM 66 530+1 242a 3.72+0.32a 0.10+£0.03a 588.60+88.34a 588.92+88.22a 99.93
M 56 524+1 390b 4.08+0.31a 0.06+£0.01a 521.02+72.41a 517.58+71.96a 99.93
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Figure 2 Rarefaction curves and NMDS of fungal community structures in the different samples.
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Figure 3 The fungi community and differential analysis in different moisture gradients. A: phylum level; B:
family level; C: phylum level; D: family level. *: significant correlation P<0.05, **: P<0.01; ***: P<0.001.
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Bl (Mortierellaceae, 5.5%). K221 FH4.0%) .
W H B (Wallemiaceae, 3.0%) . % 1% 18 B
(Sporormiaceae, 2.9%) . i 4 KRB FH1.8%)
% W B (Trichosporonaceae , 1.7%)F1#f 1 16 Bl
(Ceratobasidiaceae, 1.4%),

AL, WL AT 2 i, 4
BRI KB EER LI B RS F AT
(P<0.001)., #{ #1551 1(P<0.001). &1 1(P<0.05)
25 IRRN 8 E K 30), TERVKF Lk
FF(P<0.001) . #% % F(P<0.001) . 4 W H
(P<0.01). MR FH(P<0.01)2% 53k 3] 5K

(K 3D).
24 EREBESNERFHXAESH
RIS RIS N X B o ZREMERYSY
M, T EEBER o 2RSS KR T
#J Person FHRREL, W& R ERGR 3),
Shannon §#(5 pH. # . # 2 ¥ EHH X
(P<0.05), 5 EWHEE . SA 2B
(P<0.05); Simpson FEC S MG . B4 . HY)
PCoAl & FAHK(P<0.05); #2545 ACE 3§
$0. Chaol F8%E I 1IEAHK(P<0.05); FHEAZS
[ 25H4 55 B o2 FEME TG B 8 A OGS 2R (P>0.05)

*3 IMBEARATFETIEEE o ZH14EEY Pearson X H7

Table 3  Pearson correlation analysis of environmental factors and soil fungal alpha diversity

Soil index Shannon index Simpson index ACE index Chaol index
pH 0.536* —-0.281 0.161 0.159
SWC —-0.343 0.363 —-0.086 -0.074
NO; -N 0.496* -0.319 0.001 —-0.003
NH,'-N 0.043 0.015 0.490* 0.492*
TN -0.513* 0.479%* 0.028 0.026
TP 0.088 —-0.064 -0.412 -0.414
TOC -0.377 0.325 —-0.061 —-0.056
Ca 0.275 -0.267 0.126 0.114
Fe 0.577* —-0.247 0.450 0.389
K 0.490* —-0.343 0.148 0.140
Mn 0.295 -0.271 -0.088 -0.093
S —-0.206 0.187 -0.162 —-0.164
Cat 0.289 —-0.282 0.216 0.215
Suc —-0.486* 0.482%* -0.163 -0.159
Ure -0.270 0.321 0.286 0.298
P-richness -0.233 0.007 -0.092 -0.101
P-Shannon -0.151 -0.076 -0.129 —-0.140
P-Chaol -0.209 -0.019 -0.080 —0.089
P-PCoAl -0.364 0.485%* 0.132 0.137
P-PCoA2 0.122 —-0.095 —-0.063 —-0.058
MEM1 0.177 -0.145 0.052 0.042
MEM?2 0.461 -0.269 -0.093 —-0.096
MEM3 -0.175 0.117 -0.008 —0.005
MEM4 -0.131 0.169 0.369 0.362
MEMS5 -0.118 —-0.057 -0.028 —-0.038

*: significant correlation (P<0.05); **: extremely significant correlation (P<0.01).
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Figure 4 RDA analysis and VPA analysis of the fungal community and environmental factors.
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