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Response of soil bacterial communities and ecological networks to grazing

enclosure and re-grazing in Zoige Alpine wetland
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Abstract; The Zoige alpine wetland is facing a serious degradation problem, and soil bacteria play an important role in the
ecological restoration process. Investigating the effects of grazing exclusion, re-grazing and continuous grazing on soil
bacterial community in the Zoige alpine wetland can be helpful in revealing the patterns of soil microbial community changes
of alpine wetland during natural restoration processes. In this study, sample plots that had been enclosed against grazing for

3 years (3-year non-grazing, NG3), 5 years (5-year non-grazing, NG5), 1 year after reopening ( re-grazing, RG) , and

ESTE : FRE LRI H (2017YFC0504802)
Wr#s B #7:2023-12-22; W 4 H AR B 3 :2024-09-09
# W IRAER Corresponding author. E-mail ; linyinghua@ 263.com

http ://www.ecologica.cn



11230 xR 44 %

continuous grazing disturbance ( grazing, G) as the control were selected within the Zoige Wetland National Nature Reserve.
The effects of grazing exclusion and re-grazing on soil bacterial community composition, diversity and ecological network
characteristics were analyzed. The results showed that grazing exclusion and re-grazing significantly altered the a diversity of
whole taxa (WT) , abundant taxa (AT) and rare taxa( RT), and NG3 had the highest soil bacterial diversity, but there
was no significant difference in the o diversity between G, NG5, and RG (P >0.05). Actinobacteriota (27.06%) ,
Proteobacteria (18.74% ), Acidobacteriota (17.62% ), Chloroflexi (10.18% ) and Firmicutes(5.02% ) were identified as
the dominant phyla within the soil bacterial community, and the abundance of the dominant bacteria changed significantly
during the process of grazing exclusion and re-grazing except Proteobacteria ( P<0.05). Grazing exclusion significantly
altered the composition of soil bacterial communities but NG5 and RG only showed significant differences in AT ( P<0.05) ,
indicating that the composition of AT was more sensitive to re-grazing. Co-occurrence network analysis results showed that
non-grazing increased the complexity, and modularity index, suggesting that non-grazing improved the stability of soil
bacterial community. Grazing exclusion increased the proportion of edges connected to RT, and RT was the main component
group of key nodes in the co-occurrence network, indicating that exclusion has led to a predominance of interaction patterns
centered around RT in the soil bacterial community. Mental tests showed that soil organic matter, total nitrogen and moisture
content were significantly correlated with the composition of WT, AT and RT (P<0.05). The research showed that grazing
exclusion was beneficial to the stability of soil bacterial community by increasing the diversity of soil bacteria and changing
the relationship between species. The sensitivity of the structure of abundant bacterial taxa to exclusion and grazing can be
used as a biological indicator of grazing. Grazing exclusion and re-grazing may influence soil bacterial community structure

through changes in physical and chemical properties of soil.
Key Words: alpine swamp meadow; grazing exclusion; environmental factors; soil bacterial community
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AELONN G AT AR L, AN AR VR A2 PR BT 35t AR 1 e B ATG, OB AL S AR TS R B DA O,
SEAH P (A B2 AR S R G P A T REAE P DA DE T | A = J3E ek ey 14 - B A0 T 35 1 g O A {1
S BN AR = FE B AR AR AT SR 038 M 55 0 B2 24 A A =F B i R A, HL 3
240 AT IE0) R ELAE Y sl e A XS BRI 30 19 ) o7 77 0 38 19 2 S o TR, R - SR A TR 2 A
HHEL S BN PR AL RN, A5 B T 2k — 2 R L AR R 7 AR i

BB A MO AR 3 R JE IO AR R B 2 — 1 [ AR MRS e 5 & 0 sh 5 T4,
PRSI R R R b AR ZS R G A AR L OC AR T X S A M R 7 A R (E
ARSI PR 010 5 0 DR i 5/ FRUBE 23 ) S5 R A A4 S ) L P RO 7 8 2 D R )
RUBE - SN 1 5 R AR AR A S B AR A DX R 2 OB Yt L S A WU P AL 2
e S5 IRD G 2R B HOW AR AR A R, 190 28 3 A 2 48 7R i ] OG 2R s R A AP A i T ™ BRR
O 2% 1 B2 2 F 0 Rl S O 451 s R 2 45 SR T M RIS Bl , ELX S R R i R R M SRR E MR R
A IIREVEAE T AR SRR 2R B IS 7R 55 U ] 55 22 Fof DN RS2, TS S5O SRS E W eI S i A7 A
BRI ZE S DRIHORIFE [ — X dal S 00 T A 7 260 5 3O D0 2% o 961 o 5 ARV B2 T AP i i, e 32— 20

http ; //www.ecologica.cn



24 4 WREE A I e I e SRR BRI v R A 2 19 0% X L A K A TR i 11231

7 B AR O 3R VR 254 B R e M A R

ATIGE VAR IR 5 M R [ AR X 2016 4110 i A= 2520085 A Mz (s ) 100 5 7 19 el 5 AR MO 5 X
(2017—2021 4F) AR5 X3k, DA S 25 4 DX AN L A2 4 S R DX 388 %o BRAE b, FITF 16S vRINAL 56 A 1Y) vy 3 1
PIETF-DFEAR WG EIBEE 0 3 47 IR S R S 1 AR5 AP RETE LA 2 RE e 5 A S N 4%
FRAE  ARRST - 34N B R 3 0 2 RE S A S5 A 25 N 8 R E o A 0 550 2 B il 17, SRy 0 — 2B R
TNAT IR 6 e E T 9 A0 TR RV T L A A 103 I SR R AR R

1 #REFE

1.1 RIS A SARE

WFFE DRI 47 7R 56 MR b [ R 2 1 AR P47 X, M PR 102°29'—102°59E,33°25'—34°00' N, J /& J5i 9%
TEAFIENE S AEIRE 0.7°C |, AERE /K 493.6—836.7mm, EEAE T T 5—8 H | 4 e 4EREK I 50% L) L,
AEZR R LY 1260—1290mm , & i B Fe i S, SF 274 3500—3600m , AB 2 T Sy {1 8 AR #5CFI IF. 5 1L
A ALY, DA W V) AE s BR B ( Blysmus sinocompressus ) | 2548 BEEE ¥ ( Carex atrofusca) | VU i & & ( Kobresia
tibetica ) .17 JiL 7% % ( Kobresia pygmaea ) . BRJFR ( Argentina anserina) 55 0 £, 4 HEE A Jy J1 3 £ Fl & 5
@i[zz] 3
1.2 BF5ETE
1.2.1  FEHEREFIRE SR AR

WF5E LA B AR A DX bt S IS DX, R4 341 30 AR SIS A B AR — 30 DA 5 X 43301l € 100mx
100m FEHL Ty, ZEREH NI A B8 5 A 10mx10m IFEJT

2019 4F 2021 4E 12022 4 7 H HA], 78 10mx 10m £ 5 N, IEXT AR E 5 1 20emx20em FEJT, & #Li%
PEAERE T R RS R SR SR OIS B 5 R FX B ER SCRRE Jr  A A b R R A
FI BSOS 85 8 T 105 CHUR AT 5 ,65°C LT 2 fE & FRr T H & FJHEEHN Sem
HIAGE I L AL BEALR AR A7 N TS EI T 0—20em BY T 5E4E i 3—5 4l SIERAE A bl LR AR R V&)
AFIFREEISG , — BTN 4°COREERR N 7 1] 5250 % 8 - 80°C ORAF , FH T T S A i v Z2 P55 O
— A3 LSS A A R P T K LR AR A e B AR KT R R T A L
i AREES pH(E 1),

F1 HRXIHEARER

Table 1 Basic information of sample plots

WE AR & RS B 3 AR AR5 4R PRSI
Environment variables Grazing 3-year Non-Grazing 5-year Non-Grazing Re-Grazing
433 pH Soil pH 6.19+0.19b 6.79+0.16a 6.10+0.17b 6.28+0.23h
+ AP Organic matter (OM)/ ( g/kg) 150.51+123.38ab 61.44+7.45h 90.97+19.47a 59.49+15.87b
14 Total nitrogen(TN)/ (g/kg) 9.21+£6.50a 3.99+0.20a 4.10+0.90a 4.47+0.88a
+ 1A Carbon/Nitrogen( C/N) 8.36+1.66bc 8.91+0.73b 12.89:0.60a 7.6120.62¢
+ 385 7K & Moisture content( MC) /% 41.05+24.17ab 50.40+2.29a 33.65+5.08b 27.71+4.50b
H Y& Above- d biomass( AB) /g
o 1A= Above-ground biomass (AB) /g 22.42+7.39b 77.12£20.63a 12.22+4.81b 12.98+5.11h
(20cmx*20cm)
A% HZAE Importance value( ) 1V 0.34+0.08b 0.72+0.11a 0.28+0.08b 0.32+0.14b
JiFEEL (Blysmus sp.) . PEBRE(Elymus sp.) . #5EL(Carex sp.) . PO ( Elymus sp.) .
FEA B IR Dominant species (DS) L ( Kobresia sp.) . BB (Poa sp.) . W (Elymus sp.) . A5 (Blysmus sp.) .
ZEZ(Potentilla sp.) WA (Ajania sp.) & (Artemisia sp.) [t ( Trigonotis sp.)

Bl LIS B E AR R ZE R | AT AR NS 5 REROR 2253+ .35 (P<0.05)

1.2.2 14 DNA $250 PCR §"# 5%
FREX 0.5¢ Brfif -39 {1 4 3% DNA 357 & #E B3 5 DNA (Fast DNA Spin kit Bio 101, Carlsbad,CA,
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USA) . NanoDrop 2000 UV-vis 436G EE 3+ ( Thermo Scientific , Wilmington , USA ) Il & f & 4l AL 5 i) DNA He B
1% 1) Byt B 0 B s B K AS: 0 DNA Ji &, FH 514 338F (5'-ACTCCTACGGGAGGCAGCAG- 3") Al 806R (5'-
GGACTACHVGGGTWTCTAAT-3") # HE 41 B 16S rRNA JEH Y V3—V4 X, PCR WA Z 20l :5xTrans Start
FastPfu 28 Wi 4L, 1F [ 215 519146 0.8 L, 2.5mmol/L dNTPs 2L, DNA B4 0.4pL, B DNA 10ng,
ddH,0 #ME % 20uL, PCR M 5514 . 9184 95°C 7281 3min, 95°C 28 10s 55°C 1B k 30s . 72°C FEAH 305,27 ME
R,72C HE i 10min, [F—FEAR M PCR = WIR 5 )5, 2% B 5 M 58 68 1514 PCR 7= ¥ ; AxyPrep DNA Gel
Extraction Kit( Axygen Biosciences, Union City, CA, USA) #fift PCR =%, Quantus™ Fluorometer ( Promega,
USA) # 5 #, NEXTflexTM Rapid DNA-Seq Kit( Bioo B2 A ) 8% , Miseq PE 300 15 ( 3 [ [lumina 2
w))MF, DLl i e A R A BRA R SE AL

JRIG Y538 i Trimmomatic X | Flash X445 Hf42, 3R FH Uparse 3 {44 B8 97 % 1) AHARLEE B (% 7
S HEFT OTU SASHAN 3l id Silva 16S rRNA B2 (v138) #EATHI A /3284 1 RE B AE BE IE - 0.70,

RIS DX AN R RE AT 5 5 91 (R 38—k, AR TR S8 0F X BB RE AR OTUs # f5e/MREAS S - A T AR A7 971 41l
Ve AT IR ST
1.3 BdEabr

Z: M8 Liang 25 (515 B2 3R S A 28 = 0.1 9% A TR RE & b AR X 28 = 0.01% 31 LIS A3 FE 5 AR
X FEFE =0.1%53 55 R =5 ERE (AT) FAAF 35 J50F (CAT) 5 238 5l AR 3282 <0.019% F1 4 R v
FHXF 32 B <0.19% I H AR A6 S AT 2 5 <0.01% B R 730 B 240 47 25 E (ART) RS04 288 (CRT) s fE 4
PR 1 0.01% < ARXS 328 <0. 1% 880 732 4 F= BESEHE (MT) 5 & 534 SRR =5 BE <0.019% #8434 il AR XS
FE=0.1% 8800 50 AR A A5 258 (CRAT) o o IR ZF 5 280 (AAT) R/ F 5 25 8F (CAT) XA
IR EIHEAT) IR JBE CART) R 54 288 (CRT) #8040 WA 2R (RT)

TIEANFE RS o 2R R Chaol FE& EFE%L Shannon ZAEVEFEEUH Pielou 5] JE 8 50FAE . R A HE
BSHIEEYS Venn K HTIHST XA 3B AN #E 5 W A 40 i 68 FIE A OTU, 338 i Kruskal-Wallis & 146
55 ey - JE A P = B R R 25 e

T Bray-Curtis #2555 B4 1) 3= AL 55381 ( principal co-ordinates analysis, PCoA ) 4387 1 38 21 1 1 75 2H 1 1
253 B 2 K 7 229001 ( permutational MANOVA , PERMANOVA ) 5 #0443 T ( Analysis of similarities,
ANOSIM ) iz 55 [l 3 AR5 PR B2 T30 HBORT - S0 200 1 A 7 4 B 2% S 19 8 354 ; Bray -Curtis AH 55310 18 B0 TAl 161 35 4%
OGRS O X IR B RV B AR s Mantel A5 HRIRSE IR FAERE S 38405 OTU = B MR 0 A G
i 16 5 = S AN A R A 2 A S A S B IR R

g T VA IS DX ] 48 TR 7 22 ) B0 R Sk | 0 i | O B[] — A 3 LR AR R T 055 T 3 FEAR Y
OTUs, 3-3& T Spearman #H ¢ R Fka s HL BRI 25 | H 24 Spearman FHKE R ELIR1>0.8,P<0.01 A, WA N H A58
MR s FNERAE I A0 O 45 5 0 31 P35 8 5 7 35 A RS SRAE 050 T 1 8% 1) PN 5 T e AT VA
RIS A O PR T BRI T R M P 1 S A AR Y R v (7)) DA B A ] 5 5
(P,) VA, Hidr Z, <2.5, P, <0.62 AAMNETI AN, Z,>2.5, P, <0.62 R pul i, Z, <2.5, P, >0.62 Wik
W, Z,<2.5, P, >0.62 & X MO,

PL_E A g 4k SPSS 20.0 R(4.1.2) 1 vegan” ,“Hmisc” | “ ggClusterNet” 5& /i, 3 i Gephi B A4 /0 4%
Al

2 HREHSH

2.1 HIEANEREE 2R
Bl o | 2ok B B AR MORR 52 O ST o ZREPERE RO KR T W80 (P<0.05) , Horp e 20 A
EFEEE (WT) H, Chaol F & BEFE 4L Shannon ZHEMEFE BRI Pielou ¥4 #5503 L NG3 ¢ K, G 9 Chaol
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$EHRG (1) Shannon $5405 Piclou 751 FEAEHUR/N; F FTISHE(AT) 11,6 1Y Chaol S5 4% 47754k, Shannon 8
#r Pielou $8XCR/INVE LS —FL, Y98 NG3>NG5>G>RG; Fi 25 8E (RT) H, Chaol =F & 15 %1 . Shannon £
FEPEFE RO Pielou 15 FEEFR BN IR IN NG3>RG>NGS>G (Kl 1),

Kruskal-Wallis #&FIEES 87w, SXTIR G AHEL 4 NG3 H 3BT o Z2 M kA4 B 3% A2 4k (P<0.05) ,BR AT
Y Chaol $844F, NG3 1) Shannon Z kP F5 50 Pielou 3747 B 48 BU(H 5 =5 ( P<0.05) ,{H NG5 5 RG [H]
Shannon 8422 F AN B3 (P>0.05) (K 1),

EEBRHE WT FEEH AT i H R RT
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1 FREEGIFAEEN o SHMEREY
Fig.1 The « diversity index of soil bacterial communities in study area
R AR AR, IR R SR (AR I W 43826 Whole taxa; AT: 42 5 J$HF Abundant taxa; RT: Fifi ZE4f Rare taxa; G RFEUHIL
Grazing; NG3 : 254 3 4F 3-year non-grazing; NG5 ; 54 5 4F 5-year non-grazing; RG : 1% & W4 Re-grazing; R [Rl/ING FHE R 25 5 .35 (P<0.05)

2.2 TIRARERE ALK

BT B, Sk A% T HAT 97% R —1E 1Y 5334 4~ OTU, TIEREA N ¥ 2L4K453 46 407 1T,149 44,337 H,510
Bl,841 J&@ , 3L 1797 Fr, Hoop X BEY R T 1% W) F B AR T2 i T] ( Actinobacteriota ) | Z8 & 1 ]
( Proteobacteria) .FRFT ] ( Acidobacteriota) \£¢%5 B[] ( Chloroflexi ) A1 2E B MU | ] ( Gemmatimonadota ) , F& Lt 4l
S3IN 27.06% | 18.74%  17.62% . 10.18% 2. 63% ; AH Xt £ B ¥R T 1% 19 £ 2 AL )& /& unclassified
Vicinamibacterales .unclassified _Gaiellales . unclassified _Rokubacteriales , RB41  unclassified _Xanthobacteraceae #l
unclassified_Gemmatimonadaceae , H: 6451530518 5.11% 5.04% 4.32% 3.91% 3.37% 2.32% (K 2) .

Kruskal-Wallis FAGE P7s , BRASE R [ TA1, MR T FRAT IR 1] S 25 T R0 27 B v 1] B 2 A7 1 W
FMZES(P<0.05) ,Hr G I NG3 JRZ i 1 B & IR T NG5 (P<0.05) ,G Al NG3 FAT i 142 5 i 35 v
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M Actinobacteriota I Verrucomicrobiota W unclassified Vicinamibacterales @ unclassified Xanthobacteraceae
M Proteobacteria M Gemmatimonadota W unclassified__Gaiellales M Bacillus
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Fig.2 Community composition of soil bacteria at phyla and genus level
5 1—5 [ —Ab B A BE W 4 5 5 Actinobacteriota; i 28 T ] ; Proteobacteria: % £ 1 ] ; Acidobacteriota: R #T % ]; Chloroflexi: 825 B 1] ;
Firmicutes ; JEBE [ ] ; Verrucomicrobiota JEI B [ ] ; Gemmatimonadota ; 2 ¥ I B | ] ; Bacteroidota ; AT 1] ; Myxococcota ; 5 ER 1 [] ; unclassified
Rokubacteriales : % J# B F 5 52 J& ; unclassified_Xanthobacteraceae : # (34T iRF T A4 & ; Bacillus : 2EHUFT 1R

NG5 I RG( P<0.05) ,RG G251 1 H I /N T G NG3 I NG5 ( P<0.05) ;NG3 2 T EEH R KT G,
NG5 #1 RG (P <0.05), B unclassified _ Vicinamibacterales , unclassified _ Rokubacteriales #b, G 1 NG3
unclassified_Gaiellales F 1 i /NF NG5 .RG(P<0.05) ,RG Y RB41 FE KT G 5 NG3(P<0.05) ,NG3
A9 unclassified_Xanthobacteraceae =& B i /NF G 5 RG (P<0.05) , unclassified_Gemmatimonadaceae = & 7F
NG3 B KF G Fl NG5(P<0.05) , 3% B F= % A RN TR A5 55 P X 1 s 2 405 IR AR e e %y i o7 AR ]

PCoA 43Hr 7 BRI 35k - S 440 PR 7 S5 A A7 A6 B IR 19 25 55 (P<0.05) , {HAX NG5 il RG [H] 22 3l — 5
£ (E 3), BRI XL NG5 I RG - HEAN B B 7% 41 AH L, ANOSIM #l PERMANOVA 3 #r 87w, 5 G #
L, A SV & R B9 WT AT 5 RT PBEVE 4% A= B S 0028 (P<0.05) {2 NG5 5 RG Z 8] WT 5
RT ARV A A R 2246 (P>0.05) , JF H AT ZER M5 A9 R H KT RT, R AT BHFR 4549 L RT
B R XK B R N (R 2) o

Venn 255 R, HHEANE WT AT F1 RT f3EAH OTU B8 43518 1927 (36.12%) (146 (17.07%) 1330
(23.17%) , Hh + 34018 WT 5 RT B9 OTU #JLL NG3 £, ik J& G,RG #um /P, H NG5 .RG [yl
OTU 27Kk A RT, 5t/ [l B A4 S5 oA s £ 2k A RT(#13)
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Fig.3 Different composition of soil bacterial communities

PCoA: F 44543 HT Principal co-ordinates analysis ; 778 B Hr AR £k v 6 850, IR s S (AR T . AR [RING FREFR R 24 57 i 3 (P<0.05)

AbFE Treatment

£2 TARZHAAEEFHBEZLE
Table 2 Comparison of bacterial communities in different grazing treatments
K rik FILIRE G vs. NG3 G vs. NG5 G vs. RG NG3 vs. NG5 NG3 vs. RG NG5 vs. RG
Test method Abundance taxa
B Z oI R AR R 0.331 0.263 0.318 0.415 0.514 0.158
PERMANOVA P 0.009 0.005 0.008 0.003 0.008 0.118
FE R R 0.343 0.299 0.404 0.513 0.641 0.241
P 0.009 0.006 0.008 0.009 0.012 0.007
T et R 0.278 0.198 0.216 0.290 0.323 0.111
P 0.015 0.027 0.016 0.012 0.009 0.426
EARL A 36 R R 0.596 0.376 0.548 0.932 0.992 0.120
ANOSIM p 0.008 0.012 0.008 0.010 0.009 0.192
F LR R 0.552 0.432 0.608 0.964 1.000 0.328
P 0.005 0.017 0.006 0.008 0.005 0.011
ey R 0.592 0.392 0.484 0.880 0.916 0.024
P 0.005 0.020 0.011 0.010 0.009 0.386

PERMANOVA . B0 )7 2 K 5 Permutational multivariate analysis of variance; ANOSIM ; AL 14 43 H7 Analysis of similarities ; G ; 43 £ i 45
Grazing; NG3 . 2844 3 4F 3-year Non-grazing; NG5 : 2544 5 4F 5-year Non-grazing; RG : Ik &4 Re-grazing
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T Bray-Curtis A5 BE M85 HT BN, AN BEYE 19 WT AT A1 RT AH 5 RECE B G
Bk, HIRE NG5, WT Fl AT M52 R %L RG 8%, 11 RT AH5F 250 NG3 &A%, G MR EIES D E 5 T NG3,
NG5 5 RG(P<0.05) ,{H RG 5 NG3 FlJ& NG5 Z MW A % 25 5 (P>0.05) , /s BB S 2 s , +
HEANTAREIE T HORE SRS, RN T AN R B 2R (IE 3)

2.3 HIEANTARETE SRR

Bl s (F 4 3 3) B4R 5 B KN NG3>RG>NGS>G, Sty NG3 B ) 26 AH X e &
%%, G LI 4 AE 0] fe (A7 5., F A AR AN T P 4% 1) 52 4= B AEL R A AR O (R B S | LA 2 B B A i T e, (L)
AT FRESEHCBO IR, FRBII 28 19 1 BEAE B LY 0 2 (R 19 56 8, AR AR5 Hh L I 286 2 L AR 5630 ok 3, 76 R
[l b B AP R B LR 2N RG>G>NGS>NG3, BB A BORE S S e W 48 B TP i 1y RS e vk, 7
PR L NG3 (IR HAL R BUR =, G i, RG 5 NGS5 Z [k 165 BUm #0510 G (-2 B K T
Al b FR P34 AR K B (ST H R R BRI s NG3 S Y AR K B e K, S SR 28 R B AI% 5 17 RG 1Y
IR R B, TSR K R, BoR NG3 WML T-HERE 1 i Fese t 5 45 by iS22 (a1 B R 1y
i, 28 AP S OCBCIRAS T PRI 7 B (Y a5 22 ) 42 O Ry X8 T O 206 o R R U, X4 T Dy 2 2= (LT A
Z AN, FEBM LS RT W S 4 B 73.47%—89.63% , H LA NG3 W L il i, G
FE AR s 5 AT 5 B2 A A 5 2% S5 19 13.59%—21.82% , i G i 5 AT 35 S8R e Bl i i, 7
NG3 1 HBIERAR , 2R W] RT S22 IR 24 (9 2240 0 40, A5O3 17 5 RT &30 M L@, 8 75 AT 4%
B

XA ) 2 B 2R B S A N E AT H e, R CRAT 5 SR INE PR &b T3 sk JF B s T
RT, 1 AT A E0h O IR 2 8 2 & T RT(P<0.05) (B 4) , FRBILHLM 2% AT F1 CRAT £ 45 1 i 15 15
Z N e v ELA S S L AT T AR P A A 3 3 P R SBT3 a5 R A LY
5T B SRR A AR R R B O SR I 461 A B Al 103 .56 F1 6, TE G LB 4 rp
A T ASDCHETT AL TS 6 MBIH LG SR 1 ASEERE T B FE NG3 AL 45 rh AL A7 38 AN GRS A, 46 9
ANBLHR I SR 29 ASIEEE T 05 7E NGS (LB M 45 i AT 49 AN SCHEY & A4 15 Bl A 31 AN
TR 3 AN O 5 7E NGS RYFEBLZE LA 71 ASSCHEN 5 45 26 AMRER L 5 42 AN S A 3
AL RO 1 RO PR 45 (RS v i o SRR A %) B 8] B iRy T A AP 32 24 A 9 T, 3 B st
FERLHR Y075 R 28 I B I AS S RE A 1 AN [RIASSHR (] A 58 3, R B 2R R 43, A DG B AP AT,
MT CRAT H1 RT 54 PR 700000 14 1,49 (101, 3% B 4= 498 200 587 119 JL 0 I 45 o i) AH BV B OC R AR T RT
M HAERE

R3 TEERELIAMBRINEYE

Table 3 Soil bacterial community co-occurrence networks stopological attributes

AR FREETAL B3 AR BRI 5 4F PRI TR
Topological characteristics Grazing 3-year Non-grazing 5-year Non-grazing Re-grazing
ST 45 Total nodes 1316 2112 1566 1540

3 Total edges 24986 36227 26593 26411
IEAH S LU Positive edges percentage/ % 59.57 54.13 54.46 60.22
FAHSEI LB Negative edges percentage/% — 40.43 45.87 45.54 39.78
T Average degree 37.97 34.31 33.96 34.30

T AR K Average path length 6.55 6.86 6.64 6.64
F-H R4 B Average clustering coefficient 0.63 0.63 0.64 0.65

R AL 45 %0 Modularity 0.67 0.77 0.73 0.73

2.4 20 RN R AR 1 A BT K 1
Mantel #3567~ , HIEANE#EV% 5 pH .OM TN MC 1 AB ¥J77AE B FE MM (- 5) . Hd ,WT 5 oM,
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FeBIHH G MMBAE NG3
® AT 11.09% o ® AT 6.91%
® MT 0.30% e ® MT 0.19%
® CRAT 31.08% ® CRAT 20.83%
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Fig.4 Soil bacterial community co-occurrence networks in study area

AT £ 5 2KBE Abundant taxa; MT; FPAEFEEEISHE Moderate taxa; CRAT: £5/4-%5 A Fl1 4 & 257 Conditionally rara and abundant taxa; RT. #4257
Rare taxa; 19 s K/AMCFAZ T s M0, ISR 2R IEA G B 2T (2R (A SCH 3654 IE AR SC B0, 355 P9 o S DG B0, R TR
FRERERET SR N LR AR FMA 0T AR R TR R v R, K S R R AR AN R INE R FRR 22 5 i 3 (P<0.05)
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TN MC A 550 1Y B FAH M (P<0.05) , HAHSE R B0 510 0.61.,0.62 .0.62; AT 5 OM TN MC A 458 iy i 2
AFNE(P<0.05) , HAH KRB 91 0.43 .0.44 0.57;;RT 5 OM TN \MC A 550 1) 3 5 A0 561k (P<0.05) |, FHE
FE53 M 0.59.0.60.,0.59, pH 5 WT AT F1 RT B4R 3055 00 0 5 A0 56ME, AB 5 AT WAL 5 5855
(4 5 AR OCE (P<0.05, | R1<0.4) 2 W] 383 AL PE T2 52 ) T S 4 DA R V% 45 1 BE A B R 2R 3R i
A SRR AN —E IR R

O m
Mantel’s P %. > <z
oo . @RE - Bl
=0.05 ° - D oM I 1.0
WT @ &
oo™ 0.5 b:
<
0
o|O|en =
Mantel’s |R| y’ 05 123
AT ) ]| Mmc s
—_— <04 -1.0
= =04 (] l:‘ AB
RT @ ° IV

E 5 AEFELEBHKSRERTFIEXE
Fig.5 The correlation between different abundance taxa and environmental factors
ZE SRR Mantel K556 H0 351 ; 2R 5803 Mantel G50 R A9 246 %HE ; B G BR B4R 2 Spearman A1 R 4%, » /R &M B 3% (P<0.05)
OM: +HEE LT Organic matter; TN ; +-3E42%( Total nitrogen; C/N: T 3ERA Lt Carbon/Nitrogen; MC: +3# 5 7K & Moisture content; AB 4 [ /=
Y& Above-ground biomass; TV : #i % B Z{H Importance value
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