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Abstract: [Objective] This study aims to explore the spatiotemporal dynamic characteristics of soil bacterial
structure and diversity in plateau degraded wetlands, so as to provide key data support for understanding the

response process and mechanism of soil microbial communities to plateau wetland degradation. [Method]
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Illumina high-throughput sequencing technology was used to detect the dry and wet seasonal changes of soil
bacterial community composition and diversity during different wetland degradation stages (swamp wetlands,
swamp meadows, and meadows) in the Napahai Plateau. [Result] (1) A total of 10 phyla and 21 genus of soil
bacteria were detected, dominated by Proteobacteria and unclassified genera, with relative abundance of 35.92%
and 20.64%, respectively. (2) Compared with native swamp wetlands, the relative abundance of Proteobacteria
and Acidobacteria in swamp meadows increased by 14.06% and 47.72%, respectively, while that of Chloroflexi
significantly decreased by 38.54% (P<<0.05). The relative abundance of Acidobacteria, Actinobacteria,
Verrucomicrobia and Planctomycetes in meadows increased by 210.15%, 231.37%, 229.55% and 315.22%,
respectively. The relative abundance of above phyla was greater in the dry season than in the wet season. The
relative abundance of Firmicutes in swamp meadows significantly increased by 72.38% in the dry season and
decreased by 73.17% in the wet season (P<<0.05). The relative abundance of Bacteroidetes in meadows
significantly decreased by 55.50% in the dry season and increased by 223.54% in the wet season (P<<0.05).
(3) The Shannon index of swamp meadows and meadows significantly increased compared with native swamp
wetlands (P<< 0.05). The Shannon indices in swamp wetlands and marsh meadows were higher in the wet
season than in the dry season, while those in meadows showed an opposite pattern. (4) Mantel test indicated that
the composition of bacterial community structure in the dry season was regulated by soil pH and the
concentrations of nitrogen, phosphorus and potassium, while in wet season it was mainly regulated by soil water
content, organic matter, nitrogen, phosphorus and pH. The Pearson correlation analysis showed that the
controlling factors affecting bacterial diversity in the dry season were soil water content, organic matter,
nitrogen and pH, while those in the wet season were soil phosphorus and potassium and carbon nitrogen ratio.
[Conclusion] The degradation of plateau wetlands leads to a decrease in soil moisture and pH, which in turn
affects the nutrient status of soil carbon, nitrogen, phosphorus, and potassium, ultimately regulating the dry and
wet season changes in soil bacterial community composition and diversity. [Ch, 4 fig. 4 tab. 47 ref.]
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1.1 FiigE

20 10 ¥ i b (27°49'~27°55'N,  99°37'~99°43'E) Hb b T PG AU A KT 1L IX F A% LR B, ALK 3100
hm?, WA 3260 m!"™, 2 R LR G IR A R, B T I A B A R XA R
A 5.4 °C, BTN 132 C, R A PR H-38C; TRENHY, W G—10 H) B
M R IA 4959 mm; T2 (11 A 224E 4 7)) R EAL S 24EW 20%, £ FE SR R 2L F 17EH
T, VHEERHL (FARREK) B MR EEAL R ) (TR K) FELf CEBUK) iRk
1.2 HEEE&E

F20154F 1 H (FZ) M8 H (BZE), 784 Fh R LiE At 43 BIBEHLAR 1% 3 4 10 mx10 m F£H
(F 1), BN LA 5 AR (4 DN TAA L AFul), 2 0lRES SRR IFREG I 1A
ke, MR 18 M RS . BERSFESME 2 om BB Y, K5 I 0~20 em )2 H4E,
EBRARR . RIREIRA, JEHMUMEEGE B R AT A B4, W AR e A(E 45 X vk Sy ] 51
U9 (RPN AR K, FIRRBCRFERRRAED 4 M A L FEZY 100 g FHTIE B3 AR Bk 3, 4
1 kg Z£ HAAKA . BE4HLE 100 HA 10 i e e SIS, 29200 ¢ T-70 C FRHRE, H
T+ 1€ DNA $E ORI 40 1 v 18 =0y .

F1 HHEXER
Table 1 Basic information of the sampling sites
TS A ZPEN) ZHRE(E) BUKH S /em R
K23 Hippuris vulgaris . IR #EMyripophyllum spicatum . FE A IR T2€
Potamogeton pectinatus
SEMT Sanguisorba filiformis . % ¥.Deschampsia caespitosa, JGCiEE
Carex pleistoguna . Y5 558 Pedicularis longiflora var. tubiformis

TR HL(SW) 27°50'43.46"  99°39'07.86" 8.5~23.0

TBPEALFAI(SM)  27°50'43.46"  99°38'34.60"  —19.3~5.5

e

Fi i) (M) 27°49'56.13"  99°38'55.26" —154.0~—123.0 KIRBEEuphorbia jolkinii. 5§J8iAgrostis matsumurae

1.3 TEBAERNE

A B 2 B B0 vk, oy BRI AR SRR I TS s pH ORI RLAE OK L
S 1.0:2.5); A BRI B A LA #GE s 2 ZUR FIBRIR -2 IR I AL T G Ak 2R
1R - R TH A B L B PR A AN Al - SO G RE T SRR B O e s AL
%R H1 0.030 mol- L™ #{L%5£-0.025 mol- L™ h R 42 50 5 L (% s s ALHF R 1.000 mol- L™ HhPEREA R 44
BRI
14 TEAFESEENF

FH Soil DNA KIT 7| &2 165 DNA, #EL RS IR G U 15, BmRA LRSI 3 A
DNA, FuHRA ek B A TAYA PR w58 A i el /i e . RIS 4 341F[CCCTACA2CGAC
GCTCTTCCGATTG(barcode)CCTACGGGGGAG] 11 805SR[GACTGGAGTTCCTTGGCACCCGAGAATTCC
AGACTATATC] X 4 & V3~V4 X #4793, PGt fisr 2% . 2 1% 10xPCR 2 vl 5.0 uL, 10
mmol-L'dNTPs 0.5 uL, DNA #i#z 10 ng, FJi%. FUE5144% 0.5 uL, Plantium Taqg (5%16.67 mkat-L™") 0.5
ul; § &N 94 C WAEYE 3 min, 5 AMEIR (94 C AE 30s, 45 C iRk 20s, 65 C #EAH 30 s),
20 PMEFR (94 °C 2P 20s, 55 CiBk 20s, 72 C 4E4# 30s), 72 °C ZEff 5 min. 2 2 %5 . DNA BA K
20 ng, HABKMWIRR S 1 5—8; PIAMHR . 95 °C WA 30s, 5AMEH (95 °C ZE: 15, 55 C
B 15s, 72 °C #EMH1 30s), 72 °C #EAH 5 min, PCR Y LSRG, Balifb B A&y 1=y 1:1 2
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EIRE, FIH Miseq & 20074 2x300 bp Xl Jf (paired-end)!™,
1.5 HESH

ST B ] Excel 2007 2438 Bl 0T SPSS 26 HEATIE A0 F1 5 22 HEK 3 (P<<0.05). R
AR T 22534 (one-way ANOVA) LA A M AR I 22 (] 925 S W 5Pk, BUWHEAS ¢ K LA T 2 2 )
By 22 5 0. A Mothur 2R EEARRIME KT 97% B9 )% 55 Ky [6]—Fh ] #:4E 4025 858 (OTU), JFiT5E
Alpha ZFEHEFE . £ & B 550 (Richness) . &R FE %KL (Shannon), L HF5 %1 (ACE). #X[CH5%K (Chaol).
S R AE KL (Simpson)!Pl, DIBRAL IR F ORISR AR &, A AEE AR XS B YR s, R A Mantel 234 B
A PR X 20 R A 5 2 AR B 5
2 HREAT
21 ARRUMESEREMTIEMAEITEBKEEEEARNTESZTTH
210 BE@ARFREFZA R SEEN TR BN AT 2R IR ) A XT3 B > 1% (4
1 F A A ] Proteobacteria, FRFT 1 [] Acidobacteria, JEBEE ] Firmicutes. %725 [# ] Chloroflexi.
JIRZE TR ] Actinobacteria. fUAT A [] Bacteroidetes, PEfMF ] Verrucomicrobia, 778 # [ ] Planctomycetes Fl
KM T o Horb, ASTE ]2 99 001 = i Mo DL 34 BR 1], AN 32 B R 38 35.92%, ZF HL A ]
Gemmatimonadetes 4 TZ4EA ] (K 1),

50 45

Aa

A

(=]
T

AN = /%
o> 8288

W
T

10 -

Pro Aci Fir Chl Act Bac Ver Pla GemUncla Pro Aci Fir Chl Act Bac Ver Pla Uncla
R e BT 1]
R O VAR )
AR S FRE R R A — 1B B [ 2R 7T 2 7 3 (P<<0.05); ANA/NS FRER IR [ —ZE 1A RIR LR B E 7 1225 (P<<0.05).
Pro. AW 15 Aci. BRFF T ]; Fir EEER]; Chl SEZ B Act. R E 1 Bac. AT T; Ver. Eil A 1; Pla. FH I 1;
Gem. ZF LB ; Uncla. R42RE 1.

A1l RREBAHEIESEITTE A). BF B)ATFE
Figure 1 Composition of dry (A) and wet (B) season bacteria phylum in soil at different degradation stages

ANIRE AL B B AN B T TAR N B 2 L (P<<0.05). SVRVRGBHIA LSS, 7ET2%, TBEbEimm
AT FRAT T ) A BE R | AR = 3 8 0 (P<<0.05), 43334 H0 11.04% . 49.10% F1 72.31%, %%
BT TR 1 1A X 5 B2 43 820 40.89% 1 55.50%; i) (UBRATE] . R, BT, B
T 1 R0 PO T 11 RE O = B 4 W3 I 205.38% . 260.76% . 188.17% . 135.31% H1 182.18%, ZFIETH ] .
JEERE T [ ) FNAEAT B 1 AR X = B 20 S Uek 20 30.34% . 46.55% Fl 67.16%, {EIRZE, BB ERE].
R AT 1 TR AT T T AR X = B 2 38 0 17.98% . 45.84% i1 223.54%, JERERE | ) FI4R2S B [ 1A X 5 4y
HIE> 73.17% 1 35.39% (P<0.05); FAJRIFRATEATT. BT T, Pell il I RNF 8 i T TR XS =E B il 3
i 216.33% ., 194.30% . 294.56% 1 624.73%, JERERE | JREUAT BT TAH T 3= B2 20 5110820 88.63% il 52.65%

ANRHRAE B B - S AN B T A B TR A 7E 8 25 5% (P<<0.05). VHVPRBHLAYARTE R T] . BRFTEd
FIRER S IR B TR TR, WA T 23.15%. 23.89% 1 24.53%; JEEER ] R 2
RFTZE, BTEN370 M. BEAREEANZIEETT. BRI, JERERET TR & T = B 7 2
3D T 18.35% . 25.56% . 42.39% 1 54.50%; AT 1A 3 AR I 2 i E i (P<<0.05), T ZE
1) 7.46 15 i) B FRFT B T AT AR 20 T 21.17%; PRER w1 JARN E AR Z RN T 1.79 £i%.
212 E3EmMBBAKFREA R TERAKT L, SR B AEXT 3R >0.01% B 41 & A TR R (Gpd.
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Gp6. Gp7). HMITE & Pseudomonas. *F Y.ML 1R J& Gemmatimonas . % W20 Mi T8 J& Sphingomonas .
Povalibacter. Subdivision. Spartobacteria M1 K 77 KXW J& . BRI Z 4, R AT H J&E (Gpl. Gpl6).
Paenisporosarcina . ¥ F# & Bacillus AL H & Gaiella T X E R ; REJE Clostridium . JE %
@ J& Flavobacterium . ¥ FT I8 J& Lysobacter. Hi#T [ J& Pedobacter. %€ W J& Massilia Fl i % T &
Gemmata R ZEFFATRE o AR IPISTRE N A0 2 JE0e o LS TR AR 2B A 20.64% (] 2).

100 -

s | B By b B ] B um_x%)% B2 Povalibacter
ol e 3¢ B
i ST TR ) A FRAT I Gp7
JuN ?ﬁﬂiﬁ Paenisporosarcina
2 60} Je T g ZAF T Gpl6
S Rl 1 e
s 40F = oneda B M AT i1/ Gp4
i LA AT 1 )& Gpl S 4 4 e
55 0l Spartgb'qcterla A B )&
il :S’u[bdjxtsto [ W & Gpo
<, B2 B ki

M | SW SM M|

' TS '
piTSe AR

SW. VHFERHL; SM. JEFRE ;. M. Ff.
A2 RREEBAHEEEMD BT, BEHEEX
Figure 2 Composition of dry and wet season bacteria phylum in soil at different degradation stages

T Hi AR b 5 25 52 ) - AN B JE AR R (P<<0.05). SRR AR, AT, EE LA ER R
M JE . Paenisporosarcina JEAHXT 3 JE W (P<0.05), 4333 9.34, 455.50 1%, Povalibacter J&1H
X B E W 77.29% (P<0.05); i f] (TRAT I IR (GP16). BRFEEEE . Spartobacteria J&FHX} = & 4y
SISE TN 40935, 9.54 F130.86 17, Povalibacter J&MIA 732 W J&AIXT 4 2 535913 1> 80.06% F1 41.25%. 1
W2, WEEar e RiEE . EFFEE . MRS AR X B4 5 0 5.87. 228.50 Fi1 197.98 £, R
JE AR X = B R ) 76.28% (P<<0.05); Hifa) i H 28 B JE ARG 3 BE B 3N 116.75 £% (P<<0.05), AK4r2k
] R T S A X 2 20 9/ 33.499% i1 99.34%

NIRRT B 0 A T i P T8 2 1 AR M AF A 25 57 o VR0 RN T 5 Ak R ) 1 R 2 2 1 g AR X =
YR TERTIRZE, FERZESHIED 21.59% F126.61%. 115 ) o (B A 5 T AR = B AE VR 2
W 79.75% ;4 2= s B TR B AE G R AR RS AN T 95.78% .

22 ARBRUMESEE TIEAREESHENTRESHE

FE 2 AT 0L YR iR Ak 25 e IR AN B R VR 2 AEPE (P<<0.05). 7E T2, TR AR f) 1) F 5
BEFEEL . BARIEEC. TS EUA Chaol F8EEVH BRI HE B 15 N (P<<0.05), A LR f) 55 f) ] 22 A
W (P>0.05); FEMZ, VHIEFE LA MEA N FEE i N .
RESREC. BAHER . LWHEEON Chaol s8Nk~ 2 TRRUHE LIRSS REREY
M i N, HE bR e m TR degradation stages
(P<0.05), A[FEERILB B T IR B ZHEEEE. sy THE FRJE ol IR
RN L AEZES . EERH AR A ) R G S fi G
EERFFRR . WHRFS BN Chaol F5 80 i Zdc W T% 4056Be 6.16Ab 5668.94Bb 5368.14Bb 00135 Aa
T2, R RN TR R N W % 4201 Ac 620 Ac 6095.66 Ac 5789.86 Ac 0.0118 Aa
FTERTE, FERIEEHR, HEFDE (P<0.05),  #Ei#t T 5352Bb 6.68Aa 7046.88Ba 6631.88Ba 0.0061 Ab
23 AREEBUMBSEETERIMBRHTESE W BF 560742 7.14Aa 809530 Aa 812155 Aa 0.0049 Ab

Table 2 Diversity index of soil bacterial community at different

T T 5451 Aa 683 Aa 7059.57 Aa 6655.28 Aa 0.0041 Bc

FH % 3 AT . YR bR b I 3 A £ s PP i 1% 4915Bb 627Bb 6673.81 Bb 6398.10 Ab 0.0130 Aa
(P<0.05), JEiB bl +3ESKEULAEYR ., 4 P FPEARN TR, RRKS FRRRR R BRR
SRR R 0 BR800 (P<0.05). TR 19T FRERLR P<00); FRLNETEHCA-FTA

. e . AR BB AR 3 (P<0.05),
VAL B4 4 B0 77.77%. 41.16% . 46.53% Fil -
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33.91%, ifa) 5 5k /b 80.93% ., 64.81%. 87.31% Fil 50.79%; i Z= 1) 11 7 4k 55 ) 43 51 0k /0 32.30% .
25.01%. 51.34% 1 7.32%, Hfa) 5 5180 78.31% . 61.99% . 70.62% 1 39.18%, H & #imfk. 1
W, B MR A L AR R 22 . BORERH, AT, R AR 2. B
Wl . SR T 0 BN 46.88% . 9.39% . 15.34% F1 27.38%; i fu) + 4 T 0 B L R A LAY
BTN 14.06% F1176.80%, 481 . SRS S RO B & 508053 s/ 31.41% . 42.92% F1 40.97%. 1E1R
2, TR AL ) - A T S BRI L L 43 0D 14.35% F1 63.88% , i A R AU I 43 00 il
H4IN 66.15% F1 108.66%; Wif) 1-EARBE . HAWE . HSH BT S B AR AL 435080 30.09% . 33.57%
49.88% F137.97%, 45 it /3800 E N 51.48% (P<<0.05).

x3 AERUEMHELEEMMER

Table 3 Soil physical and chemical characteristics at different degradation stages

TS AY TE K% HHLF/(g kg ™) 2R /(g kg ™) SW/(g kg ") 4H/(g kg ™)
—— T 106.15+0.47 Ba 138.20£4.29 Aa 9.22+0.20 Ba 0.64£0.01 Ac 10.76+0.36 Ab
= 117.15+0.60 Aa 144.40+2.52 Aa 11.98+0.29 Aa 0.5740.01 Aa 9.13£0.20 Ab
S T 23.60+1.52 Bb 81.31+1.45 Bb 4.93+0.31 Ab 0.94+0.02 Aa 11.77+0.29 Aa
= 79.31£0.91 Ab 108.28+1.37 Ab 5.83+0.31 Ab 0.56£0.02 Ba 7.82+0.15 Be
- T 20.24+1.04 Bb 48.63+6.60 Bc 1.17+0.04 Be 0.73+0.01 Ab 7.38+0.18 Ac
ITEE 25.41£0.50 Ac 54.89+2.13 Ac 3.52+0.05 Ac 0.37+0.02 Bb 13.83+0.13 Aa

T T Tz AL pH A/ (mg- kg ™) AW (g kg ") M (mg- kg ™)
— 2 8.75+0.37 Bb 7.92+0.01 Aa 627.75+2.29 Aa 6.78+0.16 Ab 176.76+0.93 Bb
TS 14.59+0.55 Aa 7.87+0.02 Aa 494.61+7.02 Ba 7.15+0.20 Ab 297.36+9.03 Ab
—— T 9.81+0.47 Ab 6.97£0.04 Bb 414.85+1.37 Bb 7.82+0.14 Ba 225.16+1.29 Ba
TS 5.27+0.13 Bc 7.82+0.11 Aa 458.39+3.36 Ab 11.88£1.21 Aa 620.46+4.70 Aa
e T 24224330 Aa 5.9240.12 Ac 308.92+1.36 Ac 3.87+0.14 Be 104.35+1.44 Ac
i 9.05+0.35 Bb 5.65+0.08 Ab 300.84+3.44 Ac 4.75+0.05 Ac 149.04+8.64 Ac

Uil RSP EbRER . AR RS TR ] — BB BOR R Z2 15 22 5 B35 (P<<0.05); AR/NG F R [l —ZF A
IR LB B 22 5 i 3 (P<<0.05).

TR Z 5 AR 2 5 ) R A B G A AL (P<<0.05). AR HEEKE IR SR . A
L BRACRR B B R R T, RSN 10.36% . 29.93% . 40.03% 1 68.23%; AN A TE
78 5 0 21.219%(P<<0.05). TRPEALHf) 3 Sk B DA HIL . SRR A5l AR s o B4 4
TENR R LT 2200 BB N 236.06% . 33.17% . 10.50% . 51.92% 1 175.56%; A=W . 2805 & 2R A
TEIR 20 8 /0 40.43% . 33.56% F1 46.28%; {87 pH Thi, H3EAmmitt . & 38 & K& LA L
B AR . AR BRI 2 LT A RGN 25.54% . 12.87% . 200.85% il 22.74%; A=W T B4y
OB HE 23 )82 49.329% F1 62.63%
24 TEBUMRSHEEEARZEMNXER
241 FT&F FTEEEMAHNTS BIEAMERIE A Mantel /0725 R WE 3 i, 1TTKFE L, 84
A AP AR A% pH AN BT TR 2 R i (R (P<<0.01), UiRH 1-338 pH LUK E I
BB 3 ) AR TR T R g it N TR AR A B AN B R EVE 25 M ) R L . Hop, &R
i M pH S BRAF I 1] . BT M. FREEI . ZFRBEET R R E 7
(r=-0.93~0.70, P<<0.05), S5AEHEI]. W], WA T2 5% IEMAHX (=0.67~0.90, P<0.05), 4=
BRANHS BT S A S AR R T L JRRE TR ] S 2 TE ARG (=0.85~0.98, P<<0.01), SPRAITHIT. PEfL
HIT. RRERRBEAMKE (=-097~0.79, P<0.05).

JEAT- L, MR B, BRI K pH Y A IR T 2 A AS [ b B B R - S AT R
BEE AN EEAAH T, Hr, &%, #alE 8580 & pH STRFTHJE (Gpl. Gp4. Gpb6.
Gp7). BEMIE)E . ZFRMEE . SRR EE . TR . Spartobacteria. 1 ZFTE B 5 2 A
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Mantel’s P

= (0.001~0.010
= (0.010~0.050
= =(.050
Mantel’s
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Figure 3 Mantel test analysis of the relationship between soil physical and chemical factors and bacterial community structure in dry season
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Figure 4 Mantel test analysis of the relationship between soil physical and chemical factors and bacterial community structure in wet season

x4 TEFEBAEFEEERESHMENEXES T

Table 4 Correlation analysis between main soil physical and chemical factors and bacterial community diversity

. T B

FEERE FRIGE SRS Chaol4B3L AR R FRIGE WHREL ChaoldB#l ARG
BRI —0.99%%  —0.92%%  —0.99%%  —0.99%* 0.98%* - - - - -
AP —0.87+%  —0.89%*  —0.85%*  —(.85%* 0.93%* - - - - -
2R —0.91%%  —0.90%%  —0.89%%  —0.89%* 0.96%* —0.67* - - - -
B - - 0.71%* 0.70% - - - - - -
< - - - - - 0.72* 0.88%*  (.83%* 0.85%* —0.84%*
A - - - - —0.70% —0.96%* —-0.79%  —0.91%*  —0.90%* -
pH —0.86%*  —0.83%*  —(0.83%*  —(.83** 0.91%* - - - - -
HAE —0.96%*  —0.93*%%  —0.95%%  —0.94%* 0.99%* - - - - -
A - - - - - - 0.88%* 0.79* 0.81%* —0.90%*
G - - - - - 0.68* 0.91%* 0.82%* 0.84%* —0.91%*

VLH . *FRm AR (P<<0. 05); ** Rl ik HHIE(P<<0. 01); — R AHHIE(P>0.05),

(r=0.79~0.91, P<<0.05), SfRA LB EFAHIC (=-0.91~-0.79, P<<0.05), sEZMiE T HIEANH 2
M EEER . Hr, 2R S R B A AR AR R, TR A R SIE A
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