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Responses of soil fungal communities to different degrees of degradation in Bayinbuluk alpine wetland , China
Maidinuer- ABULAIZI', CHEN Mo®, YANG Zailei'?, YU Guangling', HU Yang', JIA Hongtao"*"

(1. College of Resources and Environment, Xinjiang Agricultural University, Urumqi 830052, China; 2. College of Grassland Science,

202248 H

Xinjiang Agricultural University, Urumqi 830052, China; 3. Key Laboratory of Soil and Plant Ecological Process in Xinjiang, Urumgi
830052, China)

Abstract: Exploring the response of soil fungal community to degradation in Bayinbuluk alpine wetland is of great significance to the study
of wetland degradation mechanisms. In this research, the non—degraded (ND), slightly degraded (SD), and severely degraded (HD) regions
of Bayinbuluk alpine wetland were used as the research objects. The diversity and structural differences of soil fungal communities in
differently degraded alpine wetlands were analyzed by high—throughput sequencing technology, and the environmental factors affecting
fungal communities were further analyzed in combination with physicochemical indexes. The results showed that there was no significant
difference in Simpson and Shannon diversity indexes between the ND and HD areas (P>0.05). However, the Simpson index in the SD area
were significantly higher than that in the ND and HD areas, while the Shannon index were significantly lower than in the ND and HD areas
(P<0.05). ACE and Chaol richness indexes of fungal communities decreased with increasing degradation. At phylum level, the relative
abundance of Ascomycota was the highest, whereas Sordariomycetes showed the highest relative abundance in three regions at the class
level. The relative abundance of the orders Hypocreales, Pleosporales, and Mortierellales increased with the degree of degradation. At the
genus level, Clavaria and Magnaporthe were the dominant fungal communities. LEfSe analysis found 11 potential biomarkers that could be
used as indicators of degradation. Redundancy analysis and Monte Carlo test showed that the changes in fungal community structure at the
phylum level were not significantly affected by environmental factors (P<0.05); At the genus level, changes in fungal community structure
are only significantly affected by total organic carbon (P<0.05). The degradation of alpine wetland significantly changed soil pH, soil
moisture content, total organic carbon, bulk density, and other physicochemical indexes, affecting the diversity and structure of fungal
communities.

Keywords: alpine wetland; degradation; fungal; community diversity; community composition
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1 #R5EFE

1.1 AREXER

ABEFE T 2019 4F 8 J AE R 0 & S8 5 AR
B A v R K G F AR IR PP IX (83°407 ~84°40 K,
42°35'~43°00' N) WiEA 7. PRI IX ALY R 770 km®,
TR 2 300~3 042 m; R A AR Z-4.6 °C;
P YK A ZE K i 43 00N 273 mm A 1 250 mm,
1.2 REIZIT AR R E

FELR T DX B S AH X - 2%, FL3E ) R S H
SRR A — B M B, A T 21 2520 1 A i A
Xt FE Ml DR AR B 43 S A (S AR A ) R
fiE AL HEHh EAR RN 55 B | BERAE MR AR ) R
FE XK 4320 3 A AS TR AR JEE AR Ak DX, R AR Ak IX
(VA3 ND X)) 8 B AR A DX (VA Ak o ) - 39
SD X)) Fl e AR AL IX (V0 i 1458 , HD X)) . £5iRfKIX
EAGEWEL,

F20194F 8 A 7END X ,SD X Al HD [X 4351l 15 H
3ANKE TS (50 mx50 m, [B8]#i>100 m) , &:E )5 N FRRE
WL E 3N /DE (1 mX D m, FE A EE>10 m) . A
LSBT WYY 5 B R R AR )
o RBRHL REY), B KB 0 R TERE DT N R
S (TERE DT X AR e 4 15 o0 A B 8 4 55
B R FE LR B >0.5 m) R4 )2 £ 58 (0~10 em) FF
i, 22 B SRR i P oRT DL A AR ORI AR AR i Y
I3y A SRR Hod 3 0 T SRR AR R
SE 1y T 3 i e oA
1.3 B ERANE

+ 35 245 MLk (Total organic carbon, TOC) >R &
% T B — VAR AL TR A1 I A 0 5 5 38 42 (Total nitro-
gen, TN) il HOCE 43 H1{X (Vario EL 111, Elementar, Ger-
many ) Il %E ; £ 32 (Total phosphorus, TP) >R F 456
P bl A 5 135 4B (Total potassium, TK) il FH k.
Y6 4 (M420, Sherwood , British )l 58 ; T35 & /K&
(Soil moisture, SM) Fll 2% # (Bulk density, BD) > FH ¥&
JI100 5 5 43 pH >R pH 1 (FE28-Standard , Swit-

brdllE7 gkttt 5 41 %558 8 H
zerland ) M & -

1.4 DNAREUR N FF

{8 Ffl Power Soil DNA Isolation Kit 5% 77 DNA $2£H
157 & (PowerMag™ Soil DNA isolation Kit, MO BIO )it
TP 1) 5 DNA B2, R 51 % 1TS1(5 7 -
CTGTCATTAGGGAGAGAGA-3" ) Fl ITS2 (5’ = GCT-
GCGTTCTTCATCGATGA-3" ) 45438 Bt 2% 1y 5 fil 45 T
T S HEATH 3G o A A AE L 5T A 3 582 7] Hlumina
HiSeq 2500 -5 58 J8i 721
1.5 =9

I FLASH 1.2.11 30k I 6 B s ik 4 7 P4, fifi
A Trimmomatic 0.33 BT 8 , 15 2 5 o i a9 %%
3 1 F UCHIME 8.1 #4153 2 e 245 08 . i
Unite 8.0 4328225008 22 X OTU MEA 740 22413 8% 5
RDP 43 25 8% 2.2 X3 R BEEAT 028, /N E S Ny
80%. f& Bl Mothur 1.30 43 #7134 25 4 Bf 9% £ R pE,
i 3 LEfSe Jy 1 3R A3 72 09 5 Wnhr i Fl, 1g LDA B{E
A 4.0%4,
1.6 Gito

FHR 4.0.2 %5 Bl 2847 70 i il &1, ] agricolae
1.3.3 ANOVA K5 55 25 5 I 25 1% ; H ggalluvial 202
T EEEFERERE . Hvegan 2.5.6 17 RDA T ; 5
Fi R BB PG I8 o - SR AR M R G S (permu=
999)>,

2 HRE5HMH

2.1 AEREIR LT+ 5 TE 4k 1 B A T L 451

f 2l WL, -3 pH AT BD 7£ ND X1 SD X H A
LR E 25 (P>0.05) , H 8 # KT HD X (P<
0.05) . SM 1 TOC Fifi il £ in Jill 2 B0 Ay (. 35 P A1 4
(P<0.05) , Hifi K AH 2 H B 7E ND X (SM: 124.19%,
TOC:90.58 g-kg™'). TN & H#7END X (8.74 g-kg™ ) Fl
SD X (10.22 g-kg™ ) TG % 25 5+ (P>0.05) , {H {2 25 55
FHD X (2.25 g-kg ") (P<0.05) . AfAk -, +3ETP A
TK 75 5 BB fb 75 5 38 fin 2 F A 4 #4 . ND AT SD X
TIHETP SRR E 25 (P>0.05) (HE &5 T HD X

Rl ARRERER

Table 1 General information of study area

IBAEX W 5 i Ho A (T ) ate &3 TR /(R hm™) AR IERE
Degradation area Coverage/% Height/cm Aboveground biomass/(g+m™) Soil type Grazing intensity/(head+hm™)  Dominant plant group
AIBLX ND 85 48.6 107.33+23.92 WL 0.65 [EE AN Ed
FRIERALIX SD 70 8.2 55.73x3.23 AR A 1 2.09 EF
HEEREX HD 15 4.7 10.20+0.83 [ 4.15 i

1% WHART]
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Table 2 Physicochemical properties of wetland soil

F5 4% Index HRIBEIX ND B EERIEIX SD HZIR{LIX HD
pH 7.54+0.09b 7.72+0.01b 8.37+0.08a
BD/(g-cm?) 0.40+0.02b 0.56+0.03b 1.4120.10a
SM/% 124.19+1.70a 80.57+1.19h 17.25+2.91c
TOC/(g-kg™) 90.58+0.12a 81.25+0.59h 17.82+2.03¢
TN/(g-kg™") 8.74+0.07a 10.22+1.71a 2.25+0.70b
TP/(g-kg™) 0.61+0.01a 0.68+0.02a 0.35+0.02b
TK/(g-kg™") 5.29+0.24a 3.48+0.49h 3.00+1.33b

TE AR NG TR R AR EIR A [8] 22 57 235 (P<0.05) . T,

Note: Different lowercase letters indicate significant differences among degradation levels (P<0.05). The same below.

(P<0.05) . ND [X 1-3 TK % it i % &% T SD I HD X
(P<0.05).
2.2 BT T EE R AR SRR

N2 3 7R , ACE 5 HUFI Chaol FEEU7E 3 MR KX
rh R I BB AL AR BN T R A 34, ACE 8 8UHE
ND FISD X [ JC it 2% 22 5+ (P>0.05) {34 .3 % T HD
X (P<0.05). Chaol $5XUAEA R R BB AL X 22 [A] G 2.
& 225 (P>0.05), SD X Simpson ¥ 50 i 3 7 T ND
X FTHD [X.(P<0.05) . Shannon $§ %(7E ND Xl HD [X.
Z TG B 2 25 5 (P>0.05) , {H 34 &g 2 = T SD X (P<
0.05),
23 AEEERLIEM T IEARE S T
2.3.1 FLERFELEN 15328 - B AR

TEI 3 20K A2 12 LR 2R (& 1a) o
AN [R) A B R AL 1 b 1= 15835 DL 72 7 1] (Ascomycota)
HF BT, HAFFR 53500 ND X 24.99% .SD X
39.18% .HD [X 62.99%. B4k, 155 ] (Basidiomy-
cota) WEEE]] (Mortierellomycota) PR E ] (Rozel-
lomycota) f%) A1 XT3 B 44 >1.00% ., Bl %5 1% 38 £k
JE, TR TR 1 RO T AR AT = B 5 S T )
PO BRI ] AP R ] (Chytridiomycota) (BR
FEB ] (Glomeromycota ) A AH X =F B 52 21 56 34 0 J ik
Uiy <R
2.3.2 EREEMTELN B J8 52K R

Y4 (Agaricomycetes) N £ F WA (El 1b) . HKF I,
IR B H (Hypocreales ) | Pleosporales B H 8% i 5 H
(Mortierellales ) . fif ffi I8 H (Xylariales) . JR5¢ & H (Sor-
dariales ) A AE = B BEAR A DRI T3 (18] 1e) o @K
- F (K 1d) , Magnaporthe AT 3= B Bl 1e IR Ak i)
AR TEA FER AL X 13y ND X 11.32%
SD [X.0.01% ,HD [X 0.03%. 14t , Microdochium , Vish-
niacozyma ,Mycosphaerella 55 7 F' & J& £ ND 1 SD [X. H
AP R 2 AN A 0.50% , BART HD X
2.3.3 A [ R AR Ak e FE 3 M B O IR A 9 (] Y
LEfSe 73 ¥t

LEfSe 734 ] 451 H AN [R] 72 132 18 1k e T30 FC Ry
HiEhESEENYM., K28R, 7 1g LDA=4.0
F, 11 FLGE AR X A e B 22 5% . o ND
DX AT B 5 22 S 0 Rh . SD XA AE— T A=
Wb, 4 TE 49 (Agaricomycetes) , J& T 1 1 1
I"Jo HD X H¥4 5 H (Capnodiales) ATRFEE (Nectria-
ceae) %5 10 28 FLIA A F & 2255 T ND IXHISD X (P<
0.05),
24 BUBSEREMAFRHESHESHNER FHIE
KM

X A [7) A 2 R 0 b R 5 P 1 0 22 R i it
AT AR AL 43 B, & PR FR 555 [R5~ X L I/ Simpson , Shan-
non Z AR B B 52 (£ 4) . ACER%¥(5S TP

WK |, 3858 7 40 (Sordariomycetes ) Fl HH F B Jo i 2 A et (P>0.05) , fH 5 TK &2 25 1E A1 ¢ (P<

R3 SREMIRBRUR TEAERAHESHYE

Table 3 Diversity of soil fungi community in different degraded areas of alpine wetland

JB AKX Degradation area OTUs ACE 5% ACE index Chaol #5841 Chaol index Simpson#§%{ Simpson index Shannon 541 Shannon index
ARIBIEIX ND 376.33+8.37a 611.71+56.16a 488.77+37.33a 0.08+0.04h 3.85+0.13a
B HERMEIX SD 347.00£16.26ab  540.00£36.94a 447.08+10.69a 0.12+0.09a 3.40£0.50b
HZIRILIX HD 328.50+9.39h 381.63+8.66h 357.79+10.04a 0.03+0.01h 4.29+0.13a
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Figure 1 Relative abundance of soil fungal communities under different degradation degrees on alpine wetland
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Figure 2 The LEfSe analysis of fungal communities at different degradation degrees in Bayinbuluk alpine wetland
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Table 4 Effects of environmental factors on soil fungal communities diversity

51 H Ttem pH SM BD TOC TN TP TK
ACE -0.85% 0.88%* -0.81% 0.847% 0.80%* 0.55 0.71%
Chaol -0.60 0.65 -0.66 0.70% 0.69* 0.30 0.46

Simpson -0.47 0.31 -0.49 0.52 0.47 0.39 0.03

Shannon 0.49 -0.31 0.51 -0.55 -0.48 -0.37 0.02

¥ P<0.05, %% P<0.01, F[A].
Note: * indicates P<0.05,and ** indicates P<0.01. The same below.

0.05), 5 pH .BD ¥ L2 1 it 2 171 AH OC (P<0.01) , 5 SM.,
TOC I TN ¥ 2 4 2 2 1E A 5C (P<0.01) . Chaol 454K
5 TOC TN £ i % IEAHIE (P<0.05) .
25 RUSEEMERHEEMNTUSHRERFE
HIHE K S H

S dE 7R A PRAL IR X LA R A5 R AR R ) 5
Wi, 7E T 102K B SRR AL R 0 4 A e 34 L
FTHEATICAY A (] 3a) FISE 4 R P IR (R 5) . 45
R, L5 pH M BD 59ifud T RIEM K, I
TN.TOC.SM TP Fl TK 5 g EL 1/ ] 5 A0 X =F B2 A2 b
SEIEASE (HZ A B2 (P>0.05)

FEJE 3 257K b, % PRI R FORR G 3 BE I 10
) ELER & H#E1T T RDA 20 B (18 3b) FISEF5 R 2 K 00
(%£6). R BN, Calavaria )& 5 TP TN, TOC Fl
SM 2 1EH 2K , Magnaporthe B J& 5 TP TN , TOC ,SM #l

(a)I'] Phylum PHY BD Mortierellomycota
Ascomycota
0""""""""" B S
¢ Basidiomycota
| |
s *
§ TK TP
B TNEW Toc
= STI
g | !
= -1
-2F !
Rozellomycotal !
-2 -1 0 1 2
RDA1(61.91%)

B ND @ SD

TK S EAISC, 1 BD Hl pH ¥ 5 HAth 8 Fh 14 J& £ 1F
XK. FFFRPRIEARRY], TOC R FLR
JB 73 2K AR AR A ) T RS [R5

3 g
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Figure 3 RDA analysis of soil fungal communities with environmental factors at phylum and genus levels
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R5 NOEKFLERFETUS TERBERFH
EX SR o
Table 5 Monte Carlo test of fungal communities at phylum level

and soil environmental factors

I H Item  RDA1  RDA2 r Pr(>r) W3 Significance

pH 0.03 1.00 052 0.09 TR
SM -0.02 -1.00 048  0.13 ENTES
BD 0.14 099 046 0.14 NTE
TOC 007 -1.00 049 0.2 NTES
TN -0.05 -1.00 043  0.19 NTES
TP 078 -0.63 046  0.15 NTES
TK -0.42  -091 0.18 0.53 NTES

F6 BHEkELERBEETUE T ERERFH
EXLEE R oL
Table 6 Monte Carlo test of fungal communities at genus level

and soil environmental factors

iH Item RDA1  RDA2 P Pr(>r) 3Pk Significance

pH 069 -073 051 0.09 ENTES
SM -0.72 069 052 0.07 NGRS
BD 0.66 -0.76  0.53 0.06 TR
TOC -0.84 055 058 0.04 #
TN -0.77 063  0.48 0.15 NTE
TP -092 040 052 0.13 TR
TK -0.10 099  0.23 0.41 TR
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