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Abstract

Aims Human disturbance is one of the main obstacles to the forward succession of karst grassland, exploring the
response of grassland to disturbance in terms of soil microorganism can provide the basis for the restoration and
rational utilization of karst land. Our objective was to study the effects of different human disturbances on soil
microorganisms and the underlying mechanisms in a karst grassland ecosystem of northwestern Guangxi, China.
Methods Three patterns of disturbances (burning, mowing, and mowing plus root removal) and one control
treatment (enclosure) were conducted at the long-term monitoring plots in the Huanjiang Observation and Re-
search Station for Karst Ecosystems, Chinese Academy of Sciences. We analyzed the changes of soil microbial
diversity and community structure by high-throughput sequencing, and determined their relationships with envi-
ronmental factors (slope position, soil physicochemical properties).

Important findings 1) For a diversity, at both middle and lower slope positions, the burning treatment signifi-
cantly reduced the fungal Chaol index, while the mowing treatment significantly reduced the bacterial Shannon
index and Pedigree diversity index. However, the mowing plus root removal treatment significantly reduced the
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fungal Chaol index and the bacterial Shannon index, respectively, at middle and lower slope positions. 2) For mic-
robial community structure, burning, mowing and mowing plus root removal treatments significantly reduced the
relative abundance of Acidobacteria at both middle and lower slope positions, while the fire treatment signifi-
cantly reduced the relative abundance of Ascomycota from 74.49% to 34.72% at the lower slope position. 3) Red-
undancy analysis showed that soil microbial biomass carbon explained 29.8% and 26.8% of the changes of bac-
terial and fungal a diversity, respectively, and 31.7% of the changes of bacterial community structure. Root bio-
mass explained 13.9% and 10.3% of the changes of bacterial o diversity and fungal community structure, respec-
tively. In conclusion, the three studied human disturbances have significantly negative influence on soil microbial
a diversity as well as having a significant change in and changed community structure, and the degree of influence
varied among the pattern of disturbances and the type of microorganisms. Moreover, the effects were also regu-
lated by slope position. Long-term human disturbances mainly affected the diversity and structure of soil micro-
bial communities by changing soil microbial biomass carbon and root biomass. The decreases of a diversity and
Ascomycota will not be conducive to the maintenance of soil ecosystem stability, and the decrease of Acidobacteria
will not facilitate to soil organic matter degradation and iron cycling. Therefore, the long-term human disturbances
such as burning and mowing will induce the functional degradation of grassland ecosystem.

Key words karst; burning; mowing; root removal; microbial diversity; microbial community structure;
high-throughput sequencing
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BRI AR S IR I 95 X (e Ak Mg 55, 2020), HAEZSIE
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P, KT HEm s LIRS KR pHAR RAEY)
A e g OB T AR YR A o A R R 2 RE
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TR LEHL FAE R (R IE N AE, 2008; [A1HLE,
2019), 1158 F NN TFP0RE T - 38 41 1 A1 1 2
P e HREVR S M R 2l A i 5, IR BhAL]
4, MmARERE.
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%, B Kke XEL XBIBRAR3FAF AT
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R, KRN 389 mm, TR BN
Z:4-9H, 27 10-3°), 70%LL_EREKEFERZ;
FEAPEARIRN19.9 °C, Wi iR 38.7 C, AR R
52 °C, SETRHEYINI00-330K (X125, 2014). Hb
SR T A SR (s R N, HIERACA A =
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10-30 e INEI50-80 cm (RVEFALE, 2012; XIHE%E,
2014). 19854F Z B 7L IX L3S RGE P& ANE 1K
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FEE)o N T D W 5 AT R S,
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e, FROTRA R IRRE S, RT R S AL
120, e 4R B HAE SE4 ;RS (EAA
7 cm)FEHLREREAFE T 3R REEM, B
RE B — IR RFE N, B R R E U724,
T &SRB 2 KR S B4 (51 [R1 2545, 2020).
13 HmatE

TR A2 mmf, BRHEYIR ARG, 53
o —HBoFFllE T AR S e A E
BR(MBC) PG A P A (MBN) & & 75— R
7120 C, AT mi@sEN s, sfa—iln KT,
F T 5E +-4%8pH. A HLBR(SOC)FLEZE(TN) & & .

MR Z A 25 5 KB G 1 33, K E )
<2 mmZUARPkH, 65 CHET, FRE, THEEYA
RAEY) & .

R PGS T AR S RGUR IR AL

Tablel Characteristics of studied plots in a karst grassland ecosystem of northwestern Guangxi, China

AR/ | RR2LY S AEERTTVE LTSRN

Disturbance type Slope aspect Mean slope Treatment process Vegetation status

angle (°)

BE SE 33.0 TR IR AR AR, (F xR OEANE, A RERAS (T ABRKEZE, M

Enclosure Control plot with native vegetation W 2RI 2 BB AR NTER), B N KR
SRR AL NEBRACEE
The vegetation are dominated by shrubs and accompanied by
numberous herbs (due to many years after natural recovery, the
vegetation type has gradually changed from herbs to shrubs),
and the dominant species are Vitex negundo, Aralia chinensis,
Pyracantha fortuneana, Amorpha fruticosa, and Swida par-
viflora, etc.

KIR SE 33.7 BEEE— KB —Ik TR ARACON E, R AR I, ETERON ASE

Burning Burning in January of each year AR, B, EEMEE.
The middle slope position are dominated by herbs and the
lower slope position are dominated by herb-shrub plants. The
dominant species are Imperata cylindrical, Microstegium
vagans, Mallotus barbatus, and Amorpha fruticosa, etc.

pUE SE 34.5 AR — b AERE, e e, A% PIRGI DI ACR X, R A ARy, BB A

Mowing FRIEAIR 2 AT, BRI,

Cutting aboveground plants without root The middle slope position are dominated by herbs and the
removal in January of each year lower slope position are dominated by herb-shrub plants. The

dominant species are Imperata cylindrical, Microstegium
vagans, Amorpha fruticosa, etc.

A ERAR SE 335 BRE— A R AR, Wi, B UIRACHE, ZEMBONASE . S4EFT%.

Mowing plus root BRI The vegetation are dominated by herbs, and the dominant

removal Cutting aboveground plants and removing species are Imperata cylindrical, Microstegium vagans, etc.

roots in January of each year

51 H B XHE55(2014) F1 58 [F) 3% %5(2020). SE, 4.

Table data were referenced from Liu et al. (2014) and He ef al. (2020). SE, southeast.
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35S KR T AR EE(105 °C, 24 h)ill
E; T IEpHR H HEAR FEALVE (/K BT = B o 1:2.5)
TE (LS, 2017, ZEFH4E, 2019).

-3 SOCH 5K F BRI ( 22 B T ML) 52 (B2
{355, 2020),

+HETN S & K H 7o & 7 #r A (Isoprime  vario
ISOTOPE cube, Elementar, Frankfurt, Germany)Jll &

PIFFESE, 2020).

T IEMBCHIMBN & & % H &1 75 -K,SO, %%
FEVEI5E (Vance et al., 1987), )& FHTOC 7 #r X
(multi N/C 2100, Analytik Jena GmbH, Jena, Germany)
W SNBSS EGIE S &=, DOEREYEY
15 BBENFLH

TIEDNAMIHREL . PCRY™ 3 M HiSeqill F¥ 4 1
A6 508 R BUE R I A PR A F] (www.novogene.
com)5E . FEKZHDNAFIFEEUCR FICTABESDSZ
PCRY 51 #1045 16S V4IX 515F-806R, 18S V4[X
528F-706R, 18S V9 [X 1380F-1510R, ITSI [X
ITSIFITS2, ITS2[X ITS3-ITS4; PCR Jx N & % Ky
Phusion Master Mix (2x) 15 pL, Primer (2 pmol-mol ")
3 uL, gDNA (1 ng-uL™) 10 pL, H,O 2 pL; R NFEF
98 CHIAEMT min, 30MEH98 C, 10 s; 50 C,
305s;72 °C, 30 s). fJafd FHHiSeqll /5, W7 152 iR
46 FF 51 (Raw Data), FFEAT 8642, LUE, BEARUF
5l|(Clean Data), HR#EIT%AMIK N, 741347 5
FAFEEAE 53 K H.(OTU).

1.6 HIEFZITFAD M

WA ER. AEEEANX

M cny =AEc ke
R, M ABCEMED BB S B (ngke);
AEc N BRI 2 R AP A PR A & &
(mgkg ") ke NSRS, WEEYIAE YRR 55
H{#0.45%110.54 (Brookes et al., 1985; Vance et al., 1987).

fFFHRIE S 4.2 1) ‘vegan’ &, T OTURIZE{L
P ERE B a2 FEETEE: Chaol FR%L. &R 1A
. W RZREMEIRE. Chaol F5 B E A
P& B, HRBBRERMAE PSR, o
REFERR BRI e 2 A PE . R &
% 4t R 43 T (NMDS) 73 i AN [F] F4 75 KO i A= 4
BT 25 M RS2 FF K H 5= T Bray-CurtisfF B ¥ £

TCTT 22 AT R 36 AN ) A ERRUAS [ 3467 2 1) 2 75 474
BEZR. HITRD T (RDA)S MY % FEAEA
TR A5 5 IR ME R 2 (MR R . FHARIRER T
FEOP BT AT B/ i 35 22 S (LSD) A3t L3 W 22 b
PEAEAFT I R MR EAEREER. TED
HT{ESPSS 18.0H 2 Ht.o

2 IGLER

21 AREFHARM HIEB U R
FIELEF B ACTE, Kobe. NIE] L NI B3R T4
75 Aot IS KR pHAISOC & & 170 . 2 F i
(p> 0.05, F2). XIFILEF AL HIETNG & 5E
BN 21.96% (p < 0.05, #&2), HAFPLAEXT 1
BINS R TIEE . SR, it E P AE
JEAE FHAL, 3R A B E FEK T - EMBC
TEpP < 0.05, K2), HAKGEECEERRKAETT
AL 53 9 Bl 3 B PR AR T 73.56%H172.73%), {H2E
TR IEMBN S 0 35 5 o [FRER, 3FPFHE
KYIPEAR T HIBANR A &, KB T3 AL 40R
AR R ERRIK T 62.81% (p <0.05, F2).
22 ARIFHMARXI HIERE L RN
AR, FHLCEE AR, K XIERIR B BRAR
PEM A a2 AR S B R B4 (). Bk
RN KIGeAE s AL AR 347 43 591 44 B B8 Chaol
Fe B 2 PG T 3.91%H117.05% (p < 0.05, 1), X
FIE A LA AL 53 AE A0 B A A AR B 3 AR
16.53%K16.50% (p < 0.05, FE1), 43 54 5 i
REFMEIR B EZE R 7 13.88%M14.83% (p <
0.05, 1), HTEFIHALE R Chaol #5125 N %
T42.97%. RIRIBRIRAE AT R ARG HR &
FEAK T 7.73% (p < 0.05, B 1), 7€ A3 A7 4 E 5
Chaol 5 B2 Z F#K 174.57% (p < 0.05, E1).
2.3 ARETFHARI T IERE Y BE S S5 220
e B2 YE R T A2 05 22 AT 45 R,
MERR S TIOr REE R < 0.01, ERA),
BARRIA: KR XEIFRRIBRAR S 3 F b
[ I B VA S5 M 22 S R (p = 0.003-0.004, 3K3),
KIpe 5 AR BRAR 2 (8] TC .3 22 5 (p = 0.153, #K3).
H B S RACZ T KB E W (p < 0.01,
E2B), HEZBEEmp < 0.05, E2B), Ak
PL: AHEEE AR, kbe. NEIFIXRRR 53 F
AbER B B R TR S5 M 2 R (p = 0.002-0.003,
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Table2 Effects of different disturbances on soil properties in a karst grassland ecosystem of northwestern Guangxi, China (mean + SE)

- R shEfi7 Middle slope position RIAL Lower slope position
Soil property -
HE Khe WUE WSS HE Kie AE RFIBRAR
Enclosure Burning Mowing Mowing plus Enclosure Burning Mowing Mowing plus
root removal root removal
27K Moisture (%) 4049+ 1.71"  42.32+044" 4299+2.12" 38.08+1.28" 4841+1.78" 46.10+2.84" 4422+498" 46.57+2.54"
pH 7.81+£0.04"  7.88+0.07° 7.93+0.05" 7.98+0.05 7.69+0.10° 7.73+0.04" 7.90+0.08" 7.82+0.03"
AHBRE = 53.89+£326™ 62.31+£3.02" 62.67+4.06" 50.61=134" 6524+484" 47.11+583" 61.69+8.92" 58.70+431°
Soil organic carbon content (g-kg ")
RESE 3.78+0.19° 444031 461+0.17° 400013 588+059" 4.80+£049"  4.89+0.89" 5.09+0.35"
Total nitrogen content (g-kg ™)
%Lt Carbon-nitrogen ratio 1429+ 0.86° 14.07+035" 13.56+0.48" 12.68+059° 11.14+034° 9.77+034° 12.78+046" 11.54+0.34°
WA A 0.87+0.08  023+£002° 0244003 04420.11° 1.00£0.04" 027+0.04° 048+0.09" 042+0.14°
Microbial biomass carbon content
-l

(gkg™)
MR R AR 025+0.02"  0.19+0.02° 0.18+0.04" 022+£0.03" 025+0.04® 020+0.03" 034+0.02° 020+0.07"
Microbial biomass nitrogen content
(gkg™)
R A& 127.82+ 16.23" 102.61 £5.59° 85.37£22.03* 68.14£25.27" 132.79+39.01° 49.38 + 12.04° 126.51 + 11.93* 77.42 £+ 3.75"

Fine root biomass (g-m )

ARG FRERORAN AL HE 2 7] 22 57\ 3 (p < 0.05).

Different lowercase letters indicate significant differences among different treatments (p < 0.05).

L5 IA T HrIL T
1 Middle slope position ~ Lower slope position 10 Middle slope position  Lower slope position
.*q-'E; a b g 8F a
Q al a B
% _g 9r b % b a a a a
E “5 &E ° 6 - a a
Xy 6l 25 a
g s,
o " g
§Eg 3r wmE Ll
8 =
= 7
0 0
3000 - 2500
o a a a — a a
5 = a & g 2000 H™]
ﬁ £ 2000} ﬁx § b b
o = 2 1500 b 2 b
g x g3 ’ ¢ b
58 O .5 1000
bl £ 1000 i 2z
S &l & s00f
@)
0 1 1 1 1 1 0 1 1 1 1 1 1 1 1
.g -
g 200 :’5" 1000 a
<
=] G
g5 a g
g 150-2a 2 ab Ex 750
H S ]
# b % g 2
B a
&\;Q 100 |- Q@%‘ 500 . i a .
5 8 3 2 ?
WS S0F wmo 250
w8 =5
"a 0 1 1 1 1 1 1 1 g 0 1 1 1 1 1 1 1 1
L E B M MR E M MR A~ E B M MR E B M MR

Kb Treatment

B ASE T 3O PG AL Ry 5 2 R G R RUE Y 2 AR CP I EEARHER) . B, KEE B, HE; M, XIE;
MR, X EFRIR . AE/NG FRERRANFE AL 2 (0] 22 7 R E (p < 0.05).

Fig. 1 Effects of different disturbances on soil microbial diversity in a karst grassland ecosystem of northwestern Guangxi, China
(mean + SE). B, burning; E, enclosure; M, mowing; MR, mowing plus root removal. Different lowercase letters indicate significant
differences among different treatments (p < 0.05).
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031, 127 g
0.2 09 A
° | e
o1l 0.6 N
9 ° 03
E ol o, N
01 ® A 0 o o o 4
A T: p<0.01 03 T: p<0.01
—02| S:p=0.07 06k S: p <0.05
JVi /7 Stress = 0.20 JV 77 Stress =0.13
_0.3 1 1 1 1 1 _0~9 C 1 1 J
—0.2 —0.1 0 0.1 0.2 0.3 —0.8 0 0.8 1.6
NMDS1 NMDS1
O ¥/ Middle slope position ~ ® 3F Enclosure ~ ® k% Burning XI|#] Mowing NE| AR Mowing plus root removal
A T34z Lower slope position #5 Enclosure A k% Burning X% Mowing NE| AR Mowing plus root removal

&2
YR, S, B T, AbHE,

AT AL PG AL iy b 2R S R G LR E IR S K AR B 2 AR M. A, iR . B, HIA

Fig. 2 Non-metric multidimensional scale analysis for the effects of different disturbances on soil microbial community structures
in a karst grassland ecosystem of northwestern Guangxi, China. A, Bacterial community. B, Fungal community. S, slope position; T,

treatment.

#R3  ARTFITT 20 IR LA 2 7T T 2250 S5 AR
Table3 Results of Adonis analysis for the effects of different disturbances
on microbial community structures
FHIr

Disturbance

AE
Bacteria

HE
Fungi
F P F p

#H-kH% Enclosure-Burning 11.10  0.003 3.28 0.002
#E-X#| Enclosure-Mowing 11.10  0.004 2.00 0.002
B -RFIBRAR 582 0.004 3.19 0.003
Enclosure-Mowing plus root removal

KBE-A# Burning-Mowing 2.16 0.004 130 0.138
KFE-AEIERAR Burning-Mowing 146 0.153 161 0.061
AR BRAR 294 0.003 1.68 0.036
Mowing-Mowing plus root removal

AL R 1.90 0.070 2.17 0.003

Middle slope position-Lower slope position

F, Mgt p, B#EME. p<0.05K RS EE.
F, distribution statistics; p, significant value. p < 0.05 indicates statistical
significance.

3), KIFEEGRFILLERIRIBRIR Z AR E Z R p =
0.138, p = 0.061, %3).

Y T AT £ B DU T B ] (Proteobacteria) « U2k
I "J(Actinobacteria) F1 2 AT 54 | ] (Acidobacteria) iy 3=,
EATHI AR E B 5 55 08 30.60%—42.53% + 25.71%—
35.92%H19.82%17.53% (K3). KHE. RIEIFIRIE]
PRARADERAE . R AT R RS T RRAT B T 140 R
(AN = B2, AE T AL BATT o A BR AT B T T A B 1)
AT B A15.05% 02> 210.56% (p < 0.05) M
15.05%08/0%10.97% (p < 0.05), PLEM15.05%%
BE11.30% (p < 0.05), 16 F AL BIALEEE AT B 1]
B M 17.53%0870 2 11.63% (p < 0.05). M17.53%
WA E11.81% (p < 0.05), LA M17.53% /0> &

9.82% (p < 0.05)(&3).

FLTA E T8 DL 35 [ ] (Ascomycota). $HT
[J(Basidiomycota) 1% & B [ 1(Zygomycota) A 3,
BT A X A )R 34.72%-85.44%  2.16%—
31.52%M13.51%-31.23% (K13). tHLLE B 403, e
i AEOA ) B AR A A R T B AR R S
10.23%#K%2.16% (p < 0.05), £ I fr kbefii v
FETA T LR ARG B I 74.49%BR1K 2534.72% (p <
0.05)(&3).

24 AREFHARTLIEWEY S MR E L
M5 IEEL M RAIERER

TUADHTIEE R R, HHEMBCH & 5H KT
%, Chaol FBEANE R ZAEMEFR B E IEAH R R(A
4A. 4C), TIEMBCH & AefRRE A 2 FEEAR LT
29.80% (p = 0.012, K4), BEfRE W 2RI
26.80% (p = 0.008, F&4); +HIEPINRA Y2 (FRB)
WEHFRIBE. Chaol TR EUFIE REFFIEIREE IE
HRK R (KA. 40), RERREANTE 2 FE AR 101
13.9% (p = 0.038, F&4),

TIEMBCE = 5 L IEE B | ] (Nitrospirae) 7
% B '] (Tectomicrobia) « & AT & 1+ ¥ %5 W [
(Planctomycetes). %f ¥l 1% | ](Gemmatimonadetes)«
£ B 11 (Chloroflexi)s AUZ T2 IEA R R(E
4B), T e R A B R VR 4 AR I31.70% (p =
0.002, 4), TIEPARENEFRB)S THF].
ERFE TR | ](Glomeromycota) & 1EAH % 5% R (K4D), #E
fr R LB VR A5 M 54K 910.30% (p = 0.088, #4).
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Fig. 3 Effects of different disturbances on the relative abundance of microbial communities at phylum level in a karst grassland

ecosystem of northwestern Guangxi, China. B, burning; E, enclosure; M, mowing; MR, mowing plus root removal.
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Fig. 4 RDA analysis for the relationship between soil properties and microbial diversity and community in a karst grassland eco-
system of northwestern Guangxi, China. A, bacterial diversity. B, bacterial community structure. C, fungal diversity. D, fungal com-
munity structure. C:N, carbon-nitrogen ratio; FRB, Fine root biomass; M, moisture; MBC, microbial biomass carbon content; MBN,
microbial biomass nitrogen content; SOC, soil organic carbon content; 7N, total nitrogen content. Chaol, Chaol index; PD, Pedigree
diversity index; Shannon, Shannon index. Aci, Acidobacteria; Act, Actinobacteria; Asc, Ascomycota; Bac, Bacteroidetes; Bas,
Basidiomycota; Chl, Chloroflexi; Chy, Chytridiomycota; Fir, Firmicutes; Gem, Gemmatimonadetes; Glo, Glomeromycota; Nit, Ni-
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Table4 Explain rates for the contribution of soil properties on variations in microbial o diversity and community structure in Redundancy analysis (RDA)
+HEPER Soil property aZ B o diversity T 45K Community structure
4lli# Bacteria H14 Fungi 4i1E Bacteria . Fungi

E (%) P E (%) P E (%) P E (%) P
Z 7K Moisture (%) 1.90 0.408 0.40 0.832 4.50 0.202 7.00 0.17
pH 4.50 0.188 0.30 0.852 2.60 0.37 0.60 0.868
H WL i Soil organic carbon content (grkg ™) 0.20 0.82 510  0.188 2.50 0.402 0.10 0.972
M & Total nitrogen content (g'kg ™) 0.80 0.572 1.40 0.536 1.00 0.728 4.10 0.46
AL Carbon-nitrogen ratio 530  0.166 1090  0.072 050  0.854 1.00  0.784
A My & B Microbial biomass carbon content (gkg ™) 29.80 0.012 26.80  0.008 31.70 0.002 1.60 0.744
WA B R & B Microbial biomass nitrogen content (g-kg ) 0.20 0.792 630  0.176 3.10 0.322 6.10 0.23
YR A4 Fine root biomass (g'm ) 13.90 0.038 1.80 0.474 3.40 0.292 10.30 0.088

p<0.05KRGIHHEE. E R, p, BFEME.

p <0.05 indicates statistical significance. E, explanation rate; p, significant value.

3 Wig

31 AREFMARI LIEMEY L RN
SR L, KL RIED N E B AR S E R [R R R
BRI T WA R B R AR ) 2 AR, X R
PR e 7 e W N K e S [ K S D Bt
AEE D). b, KR E R T EH I Chaol 5
B, HRAEMAREoZ R, W EEEFE
P KB P 7 41 B A UK . T TR,
- 498 2 1R Eb B0 SE T Ay (Bollen, 1969; M T A3 A1 KR
B, 2013), 4 B0 FE L Ew 2 E 40 C
(Choromanska & DeLuca, 2002), H 40 [ & b
2Kt /5T H # (Barcenas-Moreno & Baath, 2009).
1, K1 T ) R A 5 5 O VR A PRV A R A
T2, 3T AT RE A I A R I R A ) B A 2 R
(Hart et al., 2005). D’Ascoli%(2005) (4T 75t K B,
KN HR B R K T A s . 4k, BT
T AR 22 AH LU AR 0 1) AR BORE T B R I (P A
KR53, 2013), HHh NREYR R 5 HH # AR
BRFR, K FEIEYR R AT AT RS2 0 H
W2 E BN R AR ER, KR TIE
ERR T TIRAIR AR (GR2), R T XA .
FHEG K e, X025 B AIK 1 28 B8 1 B AR R o
RSB HE TR ERET HEm
Chaol 1844, X FIBRARTE FF . YA 77 2 3 PR
T Y A AR FEEUR B # Chao 1 FE B0 (1), 15t BH X1 1]
RO ) B AR KT 41 B A1 B A o 2 A 1 AR A7 TR B R
Mo RSB B ) B 2 R A A B AR, R
1| B AR UG ] 3t _E AR M AR R A RE, P

BB 5 806 HLAE Y RN 98D 1T AT BE RS A
MIZREVE . ASHF TSR I, KR S B Ak B A
TEAFREEE Bk T AR A (3R2), HANRED
Bk e R B o 2 AR 13.9% (FR4).
TR R 55 3 A 0 1 2R K BT R S A 7 R T R
(Ohtonen & Vire, 1998), HEA/EAR RN (Grayston,
2000), RIS KEBE RIEE BRI EFRAR TP 5] &
R R AW IR SR AR T ) 2 FEPE R 4R
PARTHIT S R B, L3585 /K & MpH 2 LI A
W REPE ) BRI R R (Xu et al., 2004; 55 MM
&, 2014), TIEEKEXYERFMAE Y IEE AR AR
HIE, HIES/KEEEN HIEME RN L FEEIA
FIE R AN, 2014), B2 2 st /b 462 ]
TR (XU et al., 2004). pHTE R IR b
FEE, BT RSSO A A A R 38 3 1 A AR
PE B A 0 1) B T SR R e AR ) 1 2 R
(Hogberg & Read, 2006; #AMZE 2014). 4Rif0, 7
BATWRE TR, NN TIEE BEpm g K E
FipH (£2), X 5J6HT 1 — LA 7125 B (Vazquez et
al., 1993; Abril et al., 2005)H- A8 —5. A I RATR I,
NANFHIF B ZH D> HIEMBCH £(3R2), MBC#
2 IR /D 8 3 ) R 4 R P B B o 2 AR T AR A )
29.80%F126.8% (F4; F#4), XFEHIEMBCH &
R NN T AE o2 P EERN R,
IR R — T T R, BRI T A e
FfE M 5 MBC & & 0 A7 75 2 35 11 1E A 2% 9% & (Wang
et al., 2020).
32 FRETFHARI T IEMAE B E A B2
AHIF TR I, Ve S0 - S A R R R A
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AT R T IARAF 1o, T H R
FEUTERE] BB TARSE T EE3).
e ORI ORISR AR T 4 B R 3 B () B VR 4544 3
AR m(E2; %3). X FAEEE, HLEE
ARER, KJge NI FIHDANFIRAR3 A0 A P77 A 2
Z PEAR T R AT B T 40 B AR = B2 (B13) . AR TR
B, BRAT I TR EAES R AT Re 2 A5 TH K
FEREEAEM: B, BRATE TR AR A B
YRR Z BTN RS, N Telmatobacter bradusti
K I BENS BB 4T 2 3R (Pankratov et al., 2012; FIE
&, 2016); BT THRILRES 5 Rk & Y HIAR
WH(E 2L, 2016), fPankratovZ5(2008)HF 5t & Fi
1 0 T RE AL HERRAT 1A 1 A A4 58
=, BHETTHREEES Ra TS 5%, W
Geothrix fermentans Acidobacterium capsulatum#f
B E B 2 B A R IE SR RE 7 I R AT T 1T 4 A
(Coates et al., 1999; Lu et al., 2010; E 1%,
2016). [k, fEREHTRE RS Rged, AN
1 SRR AT T T2 T 1) kD B AN T 3 A LB )
R ANER DB IR

X TRV, MHECEF AR, XFIERR 2
BEEAIK 7 48 B T T EC B ARG 2 B, T Kb I 2 PG
TR AR R (K3). ARFRERE, 4H
TH I TREELES KRG RER i 2 bk
PEEEEAEH, OV 71T E# (Rl /2 Agaricomy-
cetes) e 7= A2 ML Ah K e i A B AL B 2 5 R 4F 4 R
F%fi# (Sergentani et al., 2016). Bastida%:(2016)HF 71 &
I AR HUBR(DOC) 2 2 B 101 B 1) 0 B AH X
FEERIG NG N, sk 7R B WA
TIRBRAE A E B AN, AR, TR
") LB R 1Y 5 S BT Bhige ), AE LSRR E 1 T
[ & 4% B E4E F (Challacombe et al., 2019), iX/MF
fEAE 5 KA K B R i ke AR S R U N E
B P, KRBT TERR  JE T 1 E b
4T BE I 558 Bk S AR S R a0 R BUR hag
M FEAR LA E

RAE LKy pHL AR & 855 g i
JB A A 9 72 B M S WA Vs A ) R R
(ZFEIREE, 2012), ERATFURIMANTI T AL
YIRS S LR EKE ., pH IRE S EHAEE
RE A (B4, £4), MBCH R AIIARA P&
) AR A o M) L 3B A e v 5 K AR A T 32 A
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7, NATHGEMBCS 298> AR 4N B TR
SERIARALI31.70%, T 4R AP 1 Dk e A R
B R S5 R ARAL110.30% (14, £4). Rk, £
TR TR A SR N A H0 T W B0 b - 3 A
TR T M AR PR, MBC 3 & AI4IAR A
NP RN B R R

4 g

KIge RIFELL R FIBRARXT LI R o2 1
AU, JF B SR A REE A R, R
SRR TR RN HH)
AT R, HZBAERE. Kbe. XE XFERAR
SECEZERERTE AL LW P St E R AN
Xt R D, RAA TR TR R IR A S R
GitasE TEM4ERr; JOFR NEL XIRIFRAR S BB
B [T RS 2 5 5 2 b, R AN T AT LR
PRI T RGN . EADF AR, THIBmE
YAy e & B AR ALY & 1D R NN TR
i) L S A ) 2 BEVE R T 5 R M LR 3R

B Al B AR AR R A SRR BT IRAR
FoX) 30 B4 2P A AR IR B Ak BT ey
B A3,
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