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Abstract

Keywords: fumarole, hot-spring water, bacterial community structure, next generation sequencing, wet and
dry seasons

Yangmingshan National Park has Taiwan's unique volcanic ecosystem. There are still many fumaroles
inside the park that are formed by the post-volcanic action and therefore creating a special
micro-environment. Carbon (C) and sulfur (S) cycles are common biogeochemical cycles of all volcano
ecosystem and microorganisms mainly play a vital important role in regulating the biogeochemical cycling
of volcano ecosystem. The surveys on the geology and flora in Yangmingshan National Park have been well
investigated, but the soil microorganisms that play an important role in the elemental cycling of volcano
ecosystem are still far from known. Four study sites with representative fumaroles were selected along the
elevation, including in Tahuangtsui (25° 08" N, 121° 31' E, elevation 200-250m), Sishuiping (25° 11' N,
121° 36' E, elevation 300-350m), Dayoukeng (25° 10" N, 121° 34' E, elevation 600m), and Xiaoyoukeng
(25° 10'N, 121° 32' E, elevation 800m). Soil and hot spring water were randomly sampled from the
fumaroles which still have post-volcanic action. Next-generation sequencing technique was applied to
disentangle the bacterial community structure. In addition, we also analyzed the physicochemical properties
of fumarole soil and hot spring water, and isolation of bacteria. The sampling time was in April and
September this year, exactly with the lowest (dry season) and highest peak (wet season) of rainfall in
Yangmingshan National Park. The soil texture of four fumaroles was categorized as sandy loam, loamy sand
or sand. Only the content of soil nitrate nitrogen in season 1 and the soil organic matter content in season 2
of Sishuiping were significantly higher than other regions, and other samples had no significant difference.
In addition, there was a significant change in pH, total nitrogen and organic matter between the two seasons
in the same site. Chemical properties of hot-spring water form Tahuangtsui in season 1 had much higher
total nitrogen than the other samples and ammonium ion content in season 2 of the same site are below the
detection value. The pH value and sulfate ion content of the hot spring water were significantly different
between the dry season and the wet season. In a total of 86 to 1784 OTUs were obtained in season 1
bacterial community structure of all fumaroles soil and hot spring water; in a total of 892 to 2086 OTUs
were obtained in season 2 soil and water. The bacterial community structure of fumaroles soil and hot-spring
water from four different study sites were significantly different on the same season or between two seasons.
The species abundance and diversity index of all samples of season 2 were higher than the samples of
season 1. The relative abundance of many bacteria has a significant decline in the dry and wet season. The
variation of soil bacterial community structure in the fumarole between the two seasons was significantly
affected by the environmental organic matter, rainfall and soil pH (P <0.05) and the bacterial community
structure variation of hot spring water between the two seasons was significantly affected by NH;" (P
<0.05).

Yangmingshan National Park has Taiwan's unique volcanic ecosystem. There are many fumaroles formed
by the post-volcanic action and generate a lot of SO,*. Thus it becomes a specific microenvironment with
extremely acids and high temperature. Therefore, it harbors many thermophilic and acidophilic
microorganisms, including bacteria and archaea. Microorganisms mainly mediate vital important elemental
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cycling in the ecosystem, so it is important to understand the microbial community structure prior to
discover the biogeochemistry. We have successfully analyzed bacterial community structure and several
environmental factors of fumaroles soil and hot-spring water in this project, but the archaeal community
structure is still unknown.

For short-term strategies:

The extreme environment of the fumarole is the favorite growth condition of archaea. If we could further
disentangle the archaea community structure, it will make the information of the microbial community more
complete in Yangmingshan National Park.

For long-term strategies:

In the future, metagenomes are suggested as the next research strategy to make the information of
biogeochemistry more complete.
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Yangminshan National Park
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BAAtie hi RSP AR LRI R ERRE A L EREAREF BFE LT §BDH
et LT S o B R 2107247 27(42) 28 R - K SR EQ T 8P (e %)
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2R P p 5 P~ % Quick-DNATM Fecal/Soil Microbe Miniprep (Zymoresearch, USA) » # 2
i Pe Kit p protocol £ 4c 1413 2+ Fr4e ™ Be % ¥ 3 s et 4 r 6mML 1 PBS Y 2R E
FREESNPTE ;g;ﬁi;;tﬁ&a RF 10448 > 4°C 3w 1000 g3 A48 Bt iR 2 AT E 0 47C B
12000 g 10 4~ 48 - 2 f i F% > % 200 Ll 2 PBS Reixpellet» 2 fs o2 v a0 28 xS
DNA B~ ;8 A -Repicsd $ 2B I & PR Quick-DNATM Fecal/Soil Microbe Miniprep (Zymoresearch,
USA) Kit p protocol &z o X B~ = ey a4 * NanoDrop ND-1000 4 &3k & 3+ (Thermo Fisher
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72°C 45 sec; #1614 72°C £ ® 10 min & & 4°C /4 #r = PCR #3 & J& - PCR eh 2 4 %35 1%2
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lOg lOg +lo =14
Kw IH+I IOH ]
pPH= -log [H']

pOH= - log [OH]
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S, 4R 4R pH B o e E N BCE — R BpeT o

(2 )8 A -k pH &R %

Ak 5 0.45 M R B R (S > PR B4R pH R R -

(2)4 2§ Birlz



RE

IRFARFIAFLEAFLEBAME  ARARMBER D E5AIGER > BITHER
EoATARELHEA RERN2EAAKA (NHgT-N)» £ 4 NH4HSO4 &
(NHg)2804 > 3 ¥ RAF Z A 8 & RINO3-N)E R s A R 2 A H &M T2
w7 3t <NH4"-N 7T/ NaOH 4% 2 # % NH3 i i& # - & 4] H,BO, 1o yi s # 2 NH3»
B A AR R 8RB £ Z 0 oA Tachiro's indicator 45 %| » L& AMir e - HIZEEE
RZAMEHTHEALAE -

# ok
100 mLELIK % A#SR » o A > A8 K E > 100 mLBedr » EhE -
B 1. AT B NaxSOs(or K2SO4) » CuS04.5H20
2. IREEE(L £ 1.84)
3. 40% NaOH
4. 2% H3BO3
5.0.INH2S0s # %% » AEBFRHL B2 R ERE
6. Tachiro's indicator #£H20.166g methyl blue & 0.25g methyl red A 95% T &% 7% #%
1% MFEZ200mL °

F ik
B R 2
FER 1 g 32 £ M A 100 mLELK % A2AR P > Ao A 1g NaxSO4&0.1g CuSO4 » R Au 8
mL
RAREE  HABEN A LBy BANBESRRERF AL FR—M4E
5 RRARTR o £ 3E o 4 Ao iR BREE Fu i ARAR BB & KR o
2. 74
a sy A ABER L > FM B A REA AN AE FNH » B AF25~
30 mL240% NaOHE| A7 #diE » AEBERIKRZE -
b.B20 mL=.2% H3BO3; % # 100 mLEE#R * Ao 1 ~2;% Tachiro's#s 7= B B 7 B & &
g'% °
C.4& Bk KA R GONH: » BP 2% HsBOsERBRI » R B AhF e > Tk
BREGAIR 0 A E o B R8I ABEAR 69K E B 60mLA Ik -
3 E
# NHz P Foih 693k &ML R > B B0 INHSO4RFEE 2RI Aok » BP9 4o
TELRE -

£33
FEAK
N% = (HARAHEE — TaH£AHBE) ML x N GAZRAZGELEE) x 14



THRAEE x 100%
WAEEM
1. Na2SO4(or K2SO4)$2 & 7 1bi8 B
2.Se ~HgorCu 1A # ' 2 RAL/ER
3. Bih X ERIAR R 2 B B
a.0.IN - Na2COs#% £ /& ¢ B # -
FE5.303g NaxCOs5 A2 7 K BL A, |+ 0 BPAF0. INAR & -
b. 0.IN - H2SO44% # ik ey i .
IR bR BREE3mL > #FEA 15 > BP Aca0.1N - H2SO4 ©
4B X E AR RRZAZE
PL 0. IN - Na2CO34Z #£7% 42 % ca0.1N-H2S04 : 5% WA 0.1N-H2S04 » B =
Bi—% > ABRERIR 25mLZ0.IN - Na2COs JAAFR Y * huK75mL > 2 &
2100mL > 7 Ao F 45 (methyl orange) 1 ~2i# » BAH2SO4 i# &2 » sbigiEE D

NN
>

EH R BRA—2EEREFLETZ 0 Bp 25mL NaxCOs R %8k 2 » £

1 EARAER] o
SERHHE
(7% £ NaxCOs3 A7 A HaSO48mLEL — %2 & 7 £ A7 A HaSO4 #9mLEL) x X
=0.1 x 25
x = H2SO4 8438 & (N)

10



(7)

Es

£

R 2

RE: A A KoCraO7 & HaSOs 284 A #ih Bt » KA M 47 49 KaCr207 24

Fe(NH)2(SO8)2 8 » R EASH A Mot a8 « s ik A 0BG Sh 30 21 » A6 0 B 45
BLAP R MBI A A At A 4 0 Bt R RALE § RAL e A o - A RE w91
RS e 8% A Mg 3t 2 -

A

1. KoCrO7:8#%& (1.0N): 542 49.04 g X # 4% KoCraO7(2A 105°C it 3z 2hr)#r K P o
WEZ LA -

2. Fe(NH4)x(SO0s)2 (0.2 N) : 7 78.44 g 23X 3 4 Fe(NH4)2(SO4)2.6H20 #4 20 ml 3
RERE) 300 ml Kb o A EMERE LA - RAEHY > RENTFHEEAN -

3. 455~ & : Ortho-phenanthroline ferrous sulfate (0.025 M)+ & # ¥ & ob> % % Ferroin;
HEAMER -

4. REEE T RN 96% 0 tbEH 1.84 ¢

Fik:

. FRE S gy 2mm L% o 4k 2 8% 35 mesh &4 o

2. FRIR i E4K 0.50 g(H R AA M ERD 0 B4 20 g)E N 500 mL A sk
N e

3. A 10 ml Eo5EEAPIR 0 E R K ERBURIRE SRR o w20 ml R
Bl o
B EA AP o A 105°C ok 10 5048 -
Aotk oA 150 mL K & 85% HisPO4 10 mL © & oA 5-6 j# 45 5% #l (Ferroin)
f WHEHEAE B E DA T SRR 2 A B B A A & R TR AR R
BERERE L RER AN LR REEI ReeRRBE&ERD
e, o

HE:

C% =N x (V1-V2) x 12/4000 x 100/ + 4% & (g)

N &S AR 2 R E > VI=ZE G AR 5L B 4RE R & 0 V2=4 A Pr A BBk 35 4805
WE(mL) > 12/4000 A CZEXREE -

A %=C%x 1.724 (1.724 & MB35 H W P 4 F 58%ehak i H4F)

11



()2 a2 mZF 447

IEmZEABR3IMg IS T £ o £ 12 CHNS = 2% & 47 iR (CHNS-Elemental Analyzer,
EA, elementar vario EL) 4 47 - 2 3 @ % 2 £5 109 2 3£ 150ml 48355 » 4 » 50 mL 2
2MKCl 3 » B304 T B 2 1/ pF > £ * Whatman 42 5Lg A4 # g > Tic Rk >
Jai T 3 AC A E * o P 10mL 2 iRiR T i g oo b~ 029 2 MgO » # T
OE PR F AN R Rt R 7 10 mL 2% 2 27F Tachiro’s 4y 7 A gt o
oAy o @ EATA T 30 mL ¢ ok o dF2 0.005N HoSO4if %0 BlZAFRY 2§ 2
NH,"-N % 2 (1 mL 0.005N H,SOs= 70 g NH,*-N) » =3~ 1 mL # 3% 12 COD % # it -k &
% #7 ik (Photolab S12, WTW) &~ #74 ~ ¢ ehm 5% 22 NO3 N 3 & °

2 aE¥F (oppm)=(A-B) x 0.07 f x 100/+ 3 # &£ (9) x 1000/ % (ML) x k

A=f 52 FRpiF 28 (ML)

Lo o 2

:_—7: v AE l? KLI ﬁ/ﬁ-/ﬁ’ K& (mL)
f:%%zgﬁwﬁj&ni ~ g 7 /% }i
k=g k%

() BAKEZF ~ 2§ 2 0447
Bk 538 0.45m B 1S ik 45445 0 11 COD % 7 ik T4 3  (Photolab
SlZ;WTW)/”\‘)ﬁt{ AP HIDE E 71’5.7}}3’;? & ;}«“E. NH4+\ NO;s; %2 NO; - ’L’fi?ﬁﬁ’;’}ﬂ g 'E"FJ% USEPA

method 375.4 4 37

NREIER: £ 3R 3 5f

oA AV HEE AR R XA w R % E (82 % 6 R2Aagar (Merck) 2 B A ok 5 gk A e &
BEHA B 7 v gellen (Phytagel-Sigma) # 2 g I MgCl, - 6H,0 B~ & i 5% ¢k » 4 ¥ 3% & chemotrophic
J (Stott et al., 2008) o #-32 % w2 ¥ B4 #4047~ 5-10% VIV CO, > — A %

microbes it £ %

- BFFEARAT OME0CAEPRE GBI B EOREL T AAET -

12
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-

A F A FLEIE

L3R /IR R K A BR F R

vy A4
/I 7%

3
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T
et
(&
:
bl
TR
BR%
R
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FELIEpl iR 3% |47 |52 | 6% |78 | 8" 97 |10 |11 |12
2 LR AR — —
1 B lw Aok

Bt idogs —_ —_—

Pt Py pa 5 B

amplicon libraries —

2 EBHE TR

ER $.5 . 0F JeX PR T
BACRT B

B 7\ 2 #icdg 2 47

AR

1.

2.

ﬁﬂzkﬁﬁﬁ%rk&jﬁmﬁﬁ

BOERFF A

g

p =2

LB

14

v

__;3';_7‘\]]\

)

F




P24 FLREAH

Fo@ FF IR AR
- HELAE

B FHEN A0 2T 28 P R 0w BEBEER 20 Bof LM AT 4B A K o B
BARAT (Do B FHEET 00 T8 p nd o FREAET L ARG BT E - SR
S LR R R PR AR R RN SRR s

1 A

e g H I X A Y AR
1 330640 2794663
2 330585 2794539
< P 3 330584 2794632
4 330584 2794693
5 330639 2794786
1 327385 2801044
2 327274 2800982
| F 3 327078 2801042
4 327300 2801228
5 328313 2800188
1 334247 2795023
2 334191 2795115
T ST 3 334331 2795116
4 334275 2795085
5 334387 2795116
1 324558 2801459
2 323584 2800654
i 3 324001 2801117
4 324477 2800935
5 324614 2801398

15



107/04/27 2 Ao fa § "2 8

[EaNEs

107/04/27 8 5 kB

107/

04/27 fc 38 % Kk &

107/04/27 B A -KiBmER
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Bi
=2

107/9/7 r

£

fF A ER

107/9/77 #

E .
2R

Kok R

107/9/7 4 & 8 A k-2 1% SO~
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S F I EER

MBFFE I IEER BRI R 4 B54cdk 20 5 - T B arEFIVERR 404N 67.8
993 B2 B (% 2);% - TR A4 5233 99 B2 o - HREBER T F AL 0 Bl AE oD
AT Mo bldr b X SR F IR A P NFREF ﬁi}j]ﬁlﬁﬁ-*ﬂ-ﬁ” FIE T A b
A BN AR TR RRMeA T F BRI R S 0 B - T M- 2
PR ATA DG R FREFFEDSFEAT AR > FAREFS T T A o

fon

Bl 4 Rf SRR B RIR R

% 2 3 FHRETF ekt 30 & (C)
o F A <5 b F REe A
sl s2 sl s2 sl s2 sl s2

1 98.6 98.3 98.3 95.1 90.3 95 87.8 83.6
2 99.3 98.3 97.9 98.2 96.9 57.2 90.4 98.0
3 94.3 52.3 98.3 92.9 95.8 78.3 82.8 93.0
4 96.6 81.5 98.4 94.0 95.7 93.8 74.2 89.4
5 93.8 99.0 67.8 87.7 92.4 78 95.4 82.0

sl : seasonl ; s2 : season 2

S g gk

BEERFL TR FIMFIRAZLERF A rFHRIEALGFR
AR et 3 7K F(Y)drdk Sod W EE BRAZKE S - T Fp2
13 REAFag kEF 4R -

H\
f

18



SR EL FEIEY § B AT EE SR EA(T)

il I = Ay LR b b w R LT
sl s2 sl Ss2 sl s2 sl s2
1 23.2+0.1 31.36%0.0 10.9+0.2 7.29+0.1 18.9+0.2 33.40+0.3 15.6+0.3 19.63+0.5
2 26.1+0.2 29.70+0.1 29.2+0.3 14.88+0.2 34.740.4 25.70+0.1 24.4+0.0 21.15+0.1
3 24.2+0.1 29.38+0.0 18.8+0.2 19.76+0.3 31.24#0.1 29.10+0.2 29.0+0.1 8.04+0.3
4 19.3x15 10.44+0.1 15.9+0.3 24.96+04 17.0+0.2 18.82+0.0 18.1+0.2 12.84+0.1
5 135+0.2 27.16£0.0 31.7+0.4 9.96+0.1 23.9+05 13.27£0.4 17.6£0.1 19.39+0.2

sl : seasonl ; s2 : season 2

w3 R

P Lieef f 344 3 pH B 289 0 % - £ 23 /420 0.83-2.365 % - F 4 3 4% 0.88-2.27 (% 4) >
AEPOPHAEP L B FRnpH EEm A A7 8 Plervg § 34 % B ek 3 IEAp o plkk B A (T
32 3.06)(E/Li® & - 2013) o 2 F H &8 L Livg f 3L ARt S Tgwuﬁ 0 & FEANFIB N BB B I F
3t (4.4-4.5) (Schmidtet al., 2018) 2 i+*t » & v § 4 (6.7-7.4) (Bendia et al., 2018) -

L4 A B F IR R

;’L

R

Y

~ B

< b P

iR

O b~ wWwPN PR

sl
1.37+0.01
1.36+0.01
1.88+0.01
1.40+0.00
1.41+0.00

s2
0.95+£0.00
1.09+£0.01
1.18+0.01
1.14+0.01
0.99+0.01

sl
1.22+0.00
1.29+0.01
1.83+0.01
1.08+0.01
0.83+£0.01

s2
1.74+0.00
1.61+0.00
1.54+0.00
1.57+0.01
1.60+0.00

sl
1.29+0.01
1.65+0.00
1.04+£0.01
1.10+£0.01
2.36x£0.00

s2
1.03+0.00
2.27+£0.01
1.08+0.00
2.15+£0.01
0.88+0.00

sl
1.58+0.01
1.05+0.01
0.96+£0.01
1.08+0.01
1.32+0.03

s2
1.38+0.01
1.44+0.03
2.05+£0.00
1.85+0.01
1.37+0.01

sl : seasonl ; s2 : season 2

Iy

SR F A AT F R

R Livf 4 303 e § R 60 0.05-1.87% (4 5) 0 2 11 & %% 4 s R iplepfp b Bh g § 3

¥ ek 4 P g

o] B ﬁ”{x’_ﬁ_iﬁﬂ ket g (0.05-0.06%) o | byl Ak 4 IEE A AT

IR E 1.01% > v Asf § 342 gk hF oF 5 (FEimie 0 2007) o 271 A i $4(5824m) ek Livf 3t >
§ 24000 Bk e 37 £ (0.014-0.03%) -

305 A Ff f B 2 F R %)
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iRk = A = b B | ¥ L
sl s2 sl s2 sl s2 sl s2
1 0.13+0.02 0.09+0.00 0.20+0.04 1.87£0.47 0.19+0.02 0.05+0.01 0.28+0.03 0.25+0.02
2 0.09+0.02 0.11+0.02 0.09+0.00 0.09£0.00 0.07+£0.02 0.07+£0.02 0.11+0.03 0.19%£0.02
3 0.13+0.02 0.11+0.02 0.16x0.02 0.07£0.00 0.12£0.01 0.09+£0.03 0.08+0.02 0.52+0.05
4 0.09+£0.02 0.16+0.04 0.28+0.03 0.07£0.02 0.13£0.03 0.07+£0.00 0.15+0.00 0.27%£0.03
5 0.13+0.03 0.05+0.00 0.10+0.01 0.17£0.04 0.15+£0.02 0.20+0.00 0.13+0.03 0.25+0.02

sl :seasonl ; s2 : season 2

L SR IR & BT Ul

B Lo F it S - 2 aEent B E A 238-1165% : %o F ot B R 4

0.35-8.18% (% 6) « 4 (4 Bher1 5 Ak § 34 AR B 2 £ 5 - 2 405 1 > Japl 7 A LA kiR 3

AP A SRR 2 B 3 i AR i T e R

(0.21-1.14%) (377 - 2007) > & F et $ 5 7 7 £ 545 5 % 5 488(%) 9 42 021-6.76% (% 7)
f j

HU R F B En 3 B F Aot 1% T e B RAeAr 1 B % 42 (5824m) e b Lo § At

(0.13-0.36%) 4p +*

L% % (Schmidt et al., 2018) -

%06 3 FF IR ET BT E%)

Rk < B < B IR T AT
sl s2 sl Ss2 sl s2 sl s2
1 6.27£0.09 3.64+0.46 6.52+0.16 5.91+0.38 7.33x0.53 2.51+0.20 7.18+0.26 8.18+0.65
2 5.63+0.30 4.06+0.36 4.39£0.14 5.10+0.38 2.38+0.19 3.28+0.02 11.59+0.46 3.73z0.11
3 4.24+0.37 1.53+0.11 7.74+0.56 1.21+0.24 3.52+0.09 3.27+0.37 5.97+0.02 7.38+0.28
4 5.79+0.42 4.35:+0.11 4.40+0.26 0.35+0.24 11.65+0.34 2.56+0.17 7.69+0.17 6.22+0.15
5 6.53+0.46 4.46+0.64 4.12+0.12 3.65+0.24 4.99+0.59 1.89+0.26 9.10+0.53 6.36+0.46
sl : seasonl ; s2 : season 2
307 BB FICE RS T R (%)
Rk < A < P RE py s s
sl S2 sl s2 sl s2 sl S2
1 3.64+0.05 2.11+0.26 3.78+0.09 3.43+0.22 4.25+0.30 1.45+0.12 4.17+0.15 4.75+0.38
2 3.27£0.17 2.35+0.21 2.55+0.08 2.96+0.22 1.38+0.11 1.90+0.01 6.72+0.27 2.16+0.06
3 2.46+£0.22 0.89+0.06 4.49+0.32 0.70£0.14 2.04+0.05 1.90+0.22 4.06£0.92 4.28+0.16
4 3.36£0.25 2.53+0.06 2.55+0.15 0.20+0.01 6.76+0.20 1.49+0.10 5.30+0.39 3.61+0.08
5 3.79+£0.27 2.59+0.37 2.39x0.07 2.11+0.14 2.89+0.34 1.10+0.15 5.28£0.31 3.69+0.26
sl : seasonl ; s2 : season 2

ST ELE I s
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B L f it A B R R S AR EL R B PR F I D

FRE B RARRRBEFF I L2 B B M IRk w B B A Uk § T
FEERBOFIESFHAC LG A B AACER PR B 5 R HE(>100%)(% 8) o H = A A B (T

LL].,I—/«

5 48.530) ~ m A KL (T 15 44.T4%) % -] b BT ¥ 29.85%) -
Bu MRS o AR R A of § I R RS 0 bR L 2
5B T4 452900 mg kgt (AR5 > 6 0.20%); B oA ¢ M- Al LS G

mg kg™ (4 0.06-0.1%) (Tanikawa et al., 2013) -

FAERAEHRRTIONG
fi R T R ehd 3 S
$ T35+ ¥ 626-1086

308 8 B F IR B R (%)

A it 4 b ik > f T
sl s2 sl s2 sl S2 sl s2

1 66.64+3.84 40.41+1.25 - - 40.14+1.68 6.56+0.68 28.06+0.94 89.39+0.48

2 45.29+2.04 31.76+0.56 23.31+0.50 - 4,02+0.47 19.23+0.87 74.16+3.87 28.32+0.93

3 11.48+0.07 7.89+0.07 - 4.35+0.00 5.97+0.18 27.01+1.39 26.49+0.72 34.52+0.48

4  52.60+1.43 77.44+1.63 21.69+0.63 0.24+0.00 86.84+1.51 13.18+0.58 44.80+1.03 29.33+0.27

S5  66.64+2.32 42.31+0.56 10.11+0.62 29.36+0.96 12.27+0.29 13.54+0.59 5019+0.50 35.64+0.86

sl @ seasonl ; s2 : season 2

- AR BB R

N F At EaERE TR
% - Vfﬁqmuﬁiﬁgé{g{%_ﬁ 026157pp ZFpA <“069209ppm’?§ 7 HRB D
AR (A Q) IR F - #EF"-””{%’“(I\ 10) - ? Ty e g B 2 A ERR
Bz ETEF0CE A J\Fso
309 A Fof FaEtREd A i 5 £ (ppm)
i IR * BE X b e w FY AT
sl s2 sl s2 sl s2 sl s2
1 0.67+£0.12 .2.04+0.24 1.57+0.09 0.86+0.10 1.55+0.26 0.84+0.12 0.50+0.10 2.09+0.10
2 0.88+0.23 1.73+0.18 0.26+0.07 0.88+0.22 0.71+0.19 0.75+0.19 1.42+0.16 1.12+0.06
3 0.68+0.06 1.59+0.11 0.63+0.11 1.10+0.12 0.75+0.18 1.05+0.17 0.66+0.07 1.01+0.13
4 0.52+0.10 1.35+0.14 1.22+0.06 0.75+0.11 0.90+0.06 0.69+0.10 1.42+0.06 1.18+0.14
5 0.70£0.14 1.09+0.13 0.68+0.18 0.73+0.05 0.80+0.12 0.75+0.19 0.74+0.06 1.91+0.20
sl : seasonl ; s2 : season 2

10 & Fof § iRt gend A L F 7 £ (ppm)
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iR Kk < B SRR LR Py
sl S2 sl s2 sl S2 sl s2
1 0.43£0.03 6.50+0.00 3.73+0.03 1.07x0.03 0.83+0.03 4.03£0.03 31.73+0.09 14.67%0.19
2 6.10+0.00 7.63+0.03 1.53+0.07 0.97+0.03 3.13+0.09 3.17£0.07 16.63+0.03 13.50+0.21
3 20.07£0.03 7.20+0.00 2.40+0.06 2.70+0.00 2.50+0.00 3.63+0.03 1.57+0.07 45.17+0.03
4 1.07+0.07 3.10£0.00 2.17+0.03 0.63+0.03 15.33+0.3 13.43%#0.03 87.63+0.49 36.53+0.09
5 1.40+0.00 1.13+0.03 0.87+0.07 2.80+0.06 15.80+0.00 23.47+0.03 69.17+0.33 44.70+0.06

sl :seasonl ; s2 : season 2

1~ w B B At end T

R R B - R R AR o A e d

-z
v

= A5)
EARUHARALTERMFLE(E 1) B 050 BT E S

ZR A Hu pHE P 2§ 2 ms E0apP gL E(£12)-
2011 - FH IR ERO BT R
e 5 -4 < &Lk &
¥ T 5ok pHiE LS BT i p Aﬂjﬁ% <meA)“ p
(%) (%) (%) 5 ¥ AL L ¥

B 21.23+2.23% 1.48+0.10* 0.11+0.01* 5.69+0.40% 48.53+3.37% 0.69+0.14% 5.81+3.35°
< FL 21.29+43.96° 1.25+0.16% 0.17+0.03% 5.44+0.72% 18.37+1.49% 0.87+1.01% 2.14+0.87°
I FL 25.1443.43%  1.49+0.24°  0.13+0.02° 5.97+1.64% 29.85+17.45% 0.94+0.41% 7.52+4.18%
A 20.095+2.49°  1.20+40.11% 0.15+0.03% 8.31+0.96° 44.74+2.25% 0.95+0.37% 41.35+8.84°

£012 ¥ o FAa e BT R

1 % 5ok oHE | FTREE L G BT wr _ ﬁjé&a? (p‘pmk)w _
(%) (%) (%) i F | MRS
~ A%  2561+3.85% 1.07£0.09° 0.10+0.02* 3.61+0.54% 39.96+4.44% 1.56+0.27° 5.11+1.03
XL 1537£3.21°  1.61+0.06° 0.45+0.35° 3.24+1.08% 11.31+9.10° 0.86+0.16" 1.63+1.05%
¥ 24.06£3.60° 1.48+0.45° 0.10+0.03% 2.70+0.26° 15.90+1.75° 0.82+0.16° 9.55+4.99%
A 16.2142.49°  1.62+0.26° 0.29+0.06° 6.38+0.75° 43.44+4.86° 1.46+0.47% 30.91+4.29"
AE- LR FEFIIENCFPFEEPH PN F CF BT 2T P ELE (P
0.05)(% 13)-# ¥ »pH &3 FFEHFF A 7

R FRMOR R e FEREERES - F 2
i1 1
T

WHe > BEREEEZ LR PN RO B S FRFRFFS -

013 5 Fof § IR BN ML B
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- 31 1 A &4 § (ppn)

w0
-
L

pHi&

%) (%) ®) il a3 ]

sl s2 sl Y sl Y sl Y sl s2 sl s2 sl Y

CRA[212362.23% 25.61+3.85° | 1.48£0.10° 1.07+0.09°| 0.11#0.01* 0.10£0.02%|5.69+0.40° 3.61+054°| 48.53+3.37° 30.96+4.44° | 0.69+0.14° 156+0.27"| 581335 5.11+1.03°
“ib e |21.29+3.96% 15373.21%| 1.25£0.16° 1.61#0.06°| 0.17+0.03° 045035 |544+0.72% 3.24+1.08°| 18.37+1.49° 11.31+9.10° | 0.87+1.01* 0.86+0.16°| 2.14+0.87" 163+1.05°
b 25148343 24.06+3.60° | 1.49£0.24° 1.48+0.45°| 0.13£0.02° 0.10£0.03° [ 5.97+1.64° 2.70+0.26" | 20.85+17.45° 1590175 | 0.94+0.41° 0.82+0.16°| 7.52¢4.18° 955+4.99°
wAE [ 20956249° 16.21+2.49° | 1.20+0.10° 162+0.26°| 0.15:0.03% 0.29:0.06°|8.31£0.96° 6.38+0.75°| 44.74+2.25" 4344+486% | 095£0.37° 146+047%|41.35:8.84° 30.91¢4.29°

sl :seasonl; s2 : season 2
FHApR A4 mEFE LR (P>0.05)

S E B &

B L fatd 2 EmA A4 ERPEBCBEORFFER P ET LI RTE BOT &
AF T REHEZEEIEPRELAFEEEEFOR BT BF (2 )2 f4 %ﬁ%wwwﬁiﬁ
ZARBIERLEEINF RAPIEFTE (R DM HFRIAETHL - 52 F0ivA 25
St S @‘Fﬁ—éﬁiﬁ?%iﬁéw’ﬂﬁﬁﬁ%@ﬁw;J~wl%@’ﬂiﬂﬁﬁi
By i -

.-\

~

% 14 vf F 3 end R JT b

e T R AT < 8 P o F * B

FFT ion saien | oaed | ik snied e | it | seied | boaed | maed | deaed | Bied
1 71 9 20 89 4 7 75 5 20 82 8 10
2 712 4 24 65 10 25 64 19 17 83 5 12
3 86 7 7 80 3 17 58 9 33 63 8 29
4 68 6 26 80 3 17 82 7 11 84 5 11
5 72 7 21 68 10 22 61 5 34 80 4 16

% 15 *f F 3t end S

i R s B Wb ARWH
1 )RR 4 7y 2 EER) EER) 2
2 BERY BTEY BT OBETRZ
3 BHR Y ETR FTEI RFES
4 FIF¥ES BT BT ETR
5 BHr Y mEFEI RTEY BT

L R ket BT A 49

P JUNE A K R ¢ B TA R v R S L 0,45 um ATE R 2 TR R
Fooori@ gk dod 160 4B Akt A ST RPIAER (RIS A B AL B > 85 2w g
b FE b do pH B 2 M- R ARRE 0 430 1.26-2.67 0 11 b FuEGE A KRR S F L 2
K SOL F BEB o ol HokiE SO 5 B A H # 3 BoRHERIRIL o % b HLE ] BUE A K
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B 5 ;R»i'i‘m_}i J\m.)i /?'J/?\' Pl

SOF 7 B4z £ &2 2000 # - F &R Rz £ REF (4 0H: 3096—3388 mg L' ¥ 48Img

LY(2€ %2009 2% & (NEEEF ERWNO )R 8553 % FEA-kpHiE& ~ %
22 oNENEZEL " ¥ - iiml"ﬂ RGOl RmBE-IEZEFR mi%}‘t o w Buf Ak SO 7 B
A4 A 2 B RFEPREER -5 - FHRRFPEACKPREEHN F BT ETAREE
%1ea$¢&LmW%ﬁ?9ﬁmwbD
= A LG ] ¥ T A
sl s2 sl s2 sl s2 sl s2
Temp. 97.5 90.1 87.8 78.0 75.1 70.0 92.8 98.0
N 51 1.9 1.1 04 1.9 0.6 2.6 0.6
NO; 2.8 1.8 1.6 1.6 0.5 34 1.5 0.7
NO, 0.53 0.11 0.57 0.57 0.23 0.80 0.33 0.56
NH," 0.14 0.00 0.06 0.54 0.03 0.09 0.21 0.22

pH  2.14+0.01 1.86£0.01 1.26+0.06 1.42+0.02 2.67+0.02 1.38+0.01 1.96+0.01 1.62+0.01
8042' 28071106 3233+107 4725137 4044+402 1200+50 2052+17 1840+34 3126%7
BcEy ML AT F %A T3 £4F; sl seasonl; s2 : season 2
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- SR ARk EAP RS2 PCR
'/F.ﬁ;’]('ﬁég%fykwﬁﬂ 7}1—\ 5@12_2']3@@?;@,}‘% 10 “m /ﬁgﬁ‘f?érﬁ,ﬁ,&:}%%}g ‘éfirg é}p‘.mﬁ:
1?](12000g, 40 ~4B) o FiE R E-20C B IR ARRED o B AR 5 5 VEVS
P BRI A (B 6, B7) & FHhAed® Vo k o

<

M: 100bp marker

D Rh H

NS Bo

: kﬁﬁ-%"ﬁ'i‘

: k;‘eb 70

AR

7R

8 m /5;!; 32

9: positive control
10: negative control

1000 bp
500 bp

Bl 6 %4k AR A F VOVB 2~ 8 ehlg %

M: 100bp marker
B & |
10 11 12 13 14 15 16 17 18 19 20 21 22 2 R#H2
= _ S : 3:RARE3
4: K g4
5:RERES
6:19 5531
7.9 5 FR2
8w A 33
9:v9 % 14
10:vg 55 35
113850l
12:0]v i 3.2
130833
14:/] i 34
15:/N i 35
16: K3l
17: K2
18: K33
19: K d 34
20: KIS
21:Positive control
22:negative control

1000 bp
500 bp

Bl 7 204 F 3t 3 M VOVE 4B e & 15 chib b
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FoFER o EF v N LI R AR PR

Fo FHRAREEN 290,621 153 & F ORI j 97%: /5 7| 4p 02 B £ 5 & 5 B {8 & {8 T] 3968
BOTU> RAIFHEHELEF 41 B ~121 B% ~238 B P ~411 B2 702 B/ - 12 F'Uv\iiir’-"
& = % 7 - Proteobacteria & # % ~Firmicutes =x 2. £ % &_Actinobacteria (&) 8)- 1 4 » 5 & &k 7 »
Gammaproteobacteria % #- ig%* - Betaproteobacteria = 2. £ % £_Alphaproteobacteria (& 9) = ™ e4
%% sk 5 - Pseudomonas & # %"~ Delftia =t 2. £ % &_Sulfobacillus (] 10) - 14 fh s 85k & k5 >
Pseudomonas sp. 5 B g%t ~ Delftia sp,=t 2. £ % &_Sulfobacillus sp. (@] 11) -

S EFHRAREEDE 5200686 iR & F ] 0 S 9T%A AR R P A HEE (S K 7T

9887 I OTU > B A FALE 12 £ @3 35 @™ ~106 B ~221 B p ~415 BfL2 994 B/ o U
& 35 % =k 5 - Proteobacteria & g% ~ Firmicutes = 2. % &_Actinobacteria (] 12) o 14 % & 7
s % » Gammaproteobacteria % # %' - Betaproteobacteria =t 2. £ & & Bacilli (B 13) - 12 eh4 5§
& = %5 » Pseudomonas & & g% ~ Delftia =t 2 £ % &_Methylobacteriacese:NA (%] 14) - & % % o &
B sprt o ek T ORG AR REBRORESRLME

é N ﬁﬂfz@‘zﬁiﬁrkl—'—"liﬁ; ’E\J\m%ﬁ%ﬁféw)iﬁk’ﬂ’tﬂ)i

Es{? 2 RIFIDOTI 2 LB RIS F 5 - F ki ox B 0T Ky - F /%
86-1784 % = & /% 1443-2059(# 17); ~ m o OTU % — & 4 172-466 % = % 4 »> 920-1883( %
18);w & 2 OTU #&% - £ /i * 332-626 % =% /> 1136-1601(% 19); -] 3= OTU #<% - Z‘; Uy
86-168 % = F 4+ 1350-2086(# 20) « Ak F - F R[5 B OTU HA e~ b 5= F 7
BE(F 2D BA KA ZTPERZHLERBIRELRT K45 T2 F’“mpﬂﬁﬁi 7o

100% puy = v o BE= Bl BE = = — = =
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%

& %\ 3

&

o >
& 4*' 4*‘ 4“" 4*‘ <<°a <<° <§5 «”ﬁ .
$*

~.

SR

W
m Proteobacteria ® Fimicutes m Actinobacteria Chloroflexi m Acidobacteria
m Cyanobacteria 1 Bacteroidetes ® Verrucomicrobia WAD3 B Gemmatimonadetes
= WPS-2 Thermi mPlanctomycetes m Others (<1%)
Bl 8 A4k s s Parffatd A B A Kim sy S
DYKs: + i #urf § 34 2 i,%" LFGs: ~ # ivf 4 3¢ 4 4 SHPs: w & 52 of f 3% 2 3
XYKs: -] b g f 3 ; DYKw, LFGw, SHPw, XYKW: 4 &] & v i 3 Zheng A& -k
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= o =
90%
80%
||
0% g
60% [l
50%
40%
30%
20%
10%
0%
oF 55 57 07 w57 5F gF oF ui’\‘,?\\?\;}?\«,?‘&?\ 9\?\& s o T B F
EEEE T EEE R STSS R PTG M AN
S T T T I F IS E S
®m Gammaproteobacteria @ Betaproteobacteria ™ Alphaproteobacteria ™ Clostridia m Bacilli
u Actinobacteria m Ktedonobacteria Acidimicrobiia m Bacteroidia mDAO052
Acidobacteriia m Deltaproteobacteria W Verruco-5 m Solibacteres ® Thermoleophilia
WPS-2:NA mABS-6 Epsilonproteobacteria mDeinococci ® Gemmatimonadetes
m Pedosphaerae ® Rubrobacteria = Anaerolineae ®Gemm-1 = Acidobacteria-6
mTK10 Others (<1%)

B 9 A5k & ,;‘.;;w%v;’
aRLEa ]
ORLEZ P I

DYKs:
XYKs:

100%

——
90%
80%
70%
—
A |
50%
40%
30%
20%
10%
0%
P
\/ &7 b‘/ P2
o @ &
[ ] Pseudomouas
W Lactobacillus
® Thermogemmatisporaceae:NA
® Rhodospirillaceae:NA

)

DYKs:

mElin6513:NA

® Comamonadaceae:NA
= Sinobacteraceae:NA

B Acinetobacter

m Corynebacterium

= Methylobacterium

= Clostridium
mRikenellaceae:NA

“ Moraxellaceae:NA

= Acidithiobacillus

= Rubrobacter
®mGemm-1:NA
mKtedonobacteraceae:NA
= Bacteroidales:NA

10 » 3k B 5
AR R 1
XYKs: -] i yug f 3

v 4 3 LFGs:

1 3E; DYKw,

AR ACRwAFEE S

~ R F 34 2 3E; SHPs:
LFGw, SHPw, XYKw: & %] %

F S S s\*“&j#‘“ﬁf A
m Delftia = Sulfobacillus m Methylobacteriaceae:NA
B Propionibacterium W Acidimicrobiales NA B Streptophyta:NA
m Actinomycetales:NA m Alicyclobacillaceae:NA m Xanthomonadaceae:NA
® Alcaligenaceae:NA ® Bacillaceae:NA Ruminococcaceae:NA
m Enterobacteriaceae:NA ®m Sphingomonas ®m Bradyrhizobium
® Enhydrobacter ® Burkholderia ® Streptomycetaceae:NA
= JG30-KF-AS9:NA " RFP12:NA Rhodoplanes
HRF16:NA m Koribacteraceae:NA W Bacteroidaceae:NA
mWPS-2:NA m Leptothrix mABS-6:NA
m Syntrophobacteraceae:NA m Helicobacter Candidatus Solibacter
= Acidisphaera = GammaproteobacteriaNA = Bosea
m Clostridiales:NA m Pseudomonadaceae:NA m Stenotrophomonas

" Staphylococcus Oxalobacteraceae:NA Salinispora
= Solibacterales:NA = Actinospicaceae:NA m YNPFFP6
¥ Yaniella B Mycobacterium B Acidobacteriaceae:NA
W Acetobacteraceae:NA m Planococcaceae:NA W Gaiellaceae:NA
W Myxococcales:NA ® Rhizobiales:NA ® Rhodocyclaceae:NA
= Micrococcus m Others (<1%)

RS I A N S ok
3t 4 3 LFGs: g

1 3, DYKw,

g
SRR 34 2 3, SHPs: w g iTeg £ 3L

EE: &
LFGW, SHPW, XYKW: A %] % = {3 & BLeFE A -

K
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100%

90%
80%
70%
60%
50%
40%
30%
20%
10%
0%
PES R S G .
‘%5" 4‘1:*' **’ *E? C} A‘J’
Q
m Pseudomonas sp. m Delftia sp. m Methylobacteriaceae:NA = Sulfobacillus sp.
m Lactobacillus sp. m Methylobacteriaceae:NA m Sulfobacillus sp. m Propionibacterium acnes
m Sulfobacillus sp. = Streptophyta:NA m Acidimicrobiales:NA W Alcaligenaceae:NA
= Actinomycetales:NA = Enhydrobacter sp. = Streptomycetaceae:NA Sphingomonas sp.
® Bacillaceae:NA = Alicyclobacillaceae:NA m Sulfobacillus sp. ERFP12:NA
= Pseudomonas sp. = Xanthomonadaceae:NA ® Thermogemmatisporaceae:NA M Pseudomonas sp.
= Thermogemmatisporaceae:NA ™ Comamonadaceae:NA Bradyrhizobium sp. Acidimicrobiales:NA
mRF16:NA = Bacteroidaceae:NA m Delftia sp. ®m Pseudomonas veronii
m Alicyclobacillaceae:NA m Delftia sp. m Helicobacter pylori m Bradyrhizobium elkanii
m Acidisphaera sp. m Enterobacteriaceae:NA = Sulfobacillus sp. Actinomycetales:NA
= Enterobacteriaceae:NA = Clostridium sp. mJG30-KF-AS9:NA m Leptothrix sp.
m Pseudomonas sp. mEllin6513:NA m Pseudomonas sp. m Delftia sp.
m Sinobacteraceae N A = Burkholderia sp. Ruminococcaceae:NA Bosea geno
m Lactobacillus sp. = Rhodoplanes sp. m Koribacteraceae:NA m Acidithiobacillus caldus
= Burkholderia sp. ® JG30-KF-AS9:NA m YNPFFP6 sp. ®m Gammaproteobacteria:NA
m Alcaligenaceae:NA m Methylobacterium sp. m Planococcaceae:NA ®m Acinetobacter sp.
V ® Salinispora sp. m Alicyclobacillaceae:NA ® Burkholderia sp. = Others(<1%)

Bl 11 A8k s 3 B2k § 7 4 2 8 A K im R SR S
Fu

DYKs: = i ¥uef ,* 23 LFGs: ~ mAErp f 34 2 3 SHPs: w g dTef 5 34 43
XYKs: -] b g f 3 23 DYKw, LEGW, SHPw, XYKw: 4 %] % w i 3 BEeg A oK
100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%
v%%l?%@%@%%%qQ?lb%@bl%%%?
0404040451&Q@QQ¢¢@§~Q~¢¢¢¢+ ST S
B Proteobacteria MFimicutes M Actinobacteria ® Thermi
y W Bacteroidetes M Acidobacteria M Cyanobacteria B Others (<1%)
Bl 12 Ak i Porg it s 2 -;;;1:@ km EE T S e
DYKs: + b 3urf § 34 4 3, LFGs: <~ Ao vf # 34 2 3, SHPs: w g 3Tef 5 34 4 3,
XYKs: -] b g f 34 2 3 DYKw, LFGw, SHPw, XYKw: 4 %] % w i 3 BEeg A oK
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100%

90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

&

-2 IR TSN
/ e 7 e e e 7 e 7 e e 7 e 7 s
«9’ 4—"@’@0"0&0@@ FFEFEFEFEITEE &
FELLEEEE s FIFFFE TS

m Gammaproteobacteria m Betaproteobacteria ~ mBacilli = Alphaproteobacteria

m Actinobacteria m Clostridia m Deinococcei m Rubrobacteria

mBacteroidia m Acidobacteriia m Others (<1%)

Bl 13 ~8pk e mLrf g3tz iﬂi’k.zm%ﬁp"gé—fi&‘a;k
DYKs: =i ¥uef 5 34 2 3, LFGs: < g elef § 343 3%, SHPs: w g 22w 5 34 2 3E;
XYKs: -] i g § 34 2 3 DYKw, LFGw, SHPw, XYKw: % %] % 2 i 3+ BLervg A -

100% - - - - - = !
= -
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%
& & o

K

=
5

=
G

=
o

=
i

5 **50** S EEEES S a:s* %\*“%\M;\*‘ ‘* F I EFEEE
= Pseudomonas = Delftia = Methylobacteriaceae:NA m Bacillaceae:NA ® Propionibacterium
m Acinetobacter m Enterobacteriaceae:NA  m Pseudomonadaceae:NA  m Yaniella Nocardiopsaceae:NA
m Alcaligenaceae:NA m Corynebacterium m Xanthomonadaceae:NA  m Achromobacter w Staphylococcus

Comamonadaceae:NA  mPlanococcaceae:NA m Bradyrhizobium = Actinomycetales:NA m Leptothrix

m Lysinibacillus m Kocuria m Virgibacillus u Lactobacillus # Burkholderia
m Anoxybacillus Rubrobacter Oxalobacteraceae:NA  m Mycobacterium u Micrococcus
m Deinococcus m Bacillus m Sphingomonas m Jeotgalicoccus u Alicyclobacillus
m Ruminococcaceae:NA W Streptophyta:NA w Streptococcus » Thermus Methylobacterium
m Bosea ® Acetobacteraceae:NA W Microbacteniaceae:NA @ Microbacterium ® Rhodospinillaceae:NA
m Others (<1%)

Bl 14 A%k sd Bad § 902 2Rk K FET S e S
DYKs: + b 3urf § 34 4 3, LFGs: <~ Ao vf # 34 2 3, SHPs: w g 3Tef 5 34 4 3,
XYKs: -] i yug § 34 2 3 DYKw, LFGw, SHPw, XYKw: 4 %] Z v i 3+ BLervg A -

\

K
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217 5-FES - FAR P Fiti B2 R koFARRAYRASE R

DYKsl_ sl DYKs2_s1 DYKs3_ sl DYKs4 s1 DYKs5_ sl DYKs1l s2 DYKs2_s2 DYKs3_s2 DYKs4_s2 DYKs5_s2

oTuU 1784 95 86 102 112 1522 1443 2059 1637 1617
Chaol 4304+223 490+159  204+45 321+81 355+86  2693+127 2657+143 34961138 2887+134 3091+158
ACE 473647 528+5 259+9 344+11 404+12  2690+30 2357427 339332 270529 2999+32
Shannon-Wiener 5.53 1.49 2.56 1.35 1.52 2.59 2.61 2.70 2.58 2.71
Simpson 0.97 0.58 0.82 0.53 0.60 0.81 0.82 0.79 0.79 0.82
Simpson_inv 37.75 2.36 5.48 2.12 2.51 521 5.47 4.77 4.81 5.64

2 18 5-FES - FAREgfI iR eRRRAYRAERER
LFGsl sl LFGs2 s1 LFGs3 sl LFGs4 s1 LFGs5 sl LFGsl s2 LFGs2 s2 LFGs3 s2 LFGs4 s2 LFGs5 s2

oTuU 175 175 466 172 254 1045 920 1675 1833 1166
Chaol 50390 725+170 1103112 598+121 828+137 2251+141 21374152 3169+149 3430+153 1915+92
ACE 606+16 807+18  1156x21 84319 891+17  2635+35 2465+34 3124+34 335334 1919+25
Shannon-Wiener 2.17 1.28 1.81 127 1.92 1.74 1.58 2.15 2.19 1.62
Simpson 0.67 0.55 0.62 0.50 0.67 0.64 0.54 0.72 0.73 0.60
Simpson_inv 2.99 2.23 2.65 1.98 2.99 2.74 2.18 3.60 3.71 2.52

2019 F-FH 5 - FAREF Il BmAABLYR SR DA

SHPs1 s1 SHPs2_sl1 SHPs3 sl SHPs4 sl SHPs5 sl SHPsl s2 SHPs2_s2 SHPs3 _s2 SHPs4 s2 SHPs5 s2

oTuU 332 567 573 584 626 1136 1452 1449 1601 1525
Chaol 1114+164 1405+132 1432+138 1323+122 1181+91  1868+97 2760+145 25144127 2794+133 2907+153
ACE 1223+21 1409+25 1519+25 1222+22 1120+20 @ 1713+22 2538+29 2264+26 2844+32 277831
Shannon-Wiener 1.73 1.53 2.67 1.23 1.44 2.04 2.00 2.21 3.45 2.27
Simpson 0.65 0.50 0.85 0.41 0.53 0.72 0.72 0.71 0.88 0.74
Simpson_inv 2.86 2.01 6.78 1.70 2.12 3.52 3.51 3.43 8.24 3.85

302 B-FRE-F i ReAARAYREL R

XYKsl sl XYKs2_sl XYKs3 s1 XYK5 sl XYKsl s2 XYKs2_s2 XYKs3 s2 XYKs4_s2 XYK5_s2

OTU 86 115 119 168 2086 1949 1502 1350 1753
Chaol 212+46 822+287  516+142 458480 3659+144 3314+123 27631137 2368+124 3062+128
ACE 335+14 1129+16 574+13 568+14 3720+36 3434+36 2622+29 2176+25 3200+34
Shannon-Wiener 1.93 2.12 2.15 1.68 2.65 2.08 2.20 2.57 2.34
Simpson 0.69 0.70 0.74 0.64 0.81 0.68 0.74 0.81 0.77
Simpson_inv 322 . 3.37 3.86 2.76 5.13 3.16 3.82 5.27 4.37
% - FE S ERAKwERHBYRAELDR
DYKw sl LFGw sl SHPw sl XYKw sl DYKw_ s2 LFGw_s2 SHPw_s2 XYKw_s2
OoTuU 408 270 379 352 1253 892 1507 1128
Chaol 926196 670+87 1131+143 866+99 2555+149 1778+112 3188+174 1926+95
ACE 1059+22 73617 1231+21 1135424 2466+30 1984+29 3016+33 2002+28
Shannon-Wiener 1.46 1.50 2.02 1.67 1.64 1.36 1.81 1.61
Simposon 0.48 0.57 0.62 0.61 0.67 0.55 0.62 0.63
Simpson_inv 1.93 2.34 2.65 2.56 3.06 2.25 2.63 2.72
S ERELIA FLHRER wEFEE S e g i
$o B F A REE AR AET B LS 0 0TU 08 R S R AR T LR T AR T g
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FALHEERARFFEFSHRES LG ARG AL NE BRFE T BLHEYF I wEEE S
e g Ap v e & NMDS Bl & fF 2R - A2 % 0 wﬁ%ﬂi KL G - B F A2 B (R
15) o & = Fefef f 3¢ 2 2R AR im FE I iR S R A iR s kAR (B 16) 0 4 1 e i
o FERNL AR DE BT B F IR AL BRE- AT e R AR L -
fl}gé:,f}df’} ! o
DYKs4_s1
g 7 DYKsZ
2
]
= 1
< DYKs3_s1
T T T T T
-0.6 -0.4 -0.2 0.0 0.2 0.4 0.6
NMDS1
Bl I5NMDS » 15 % - £ £ % B w3 % SHa s op 12 (0TU e sk o i 5 & >1%)

0.2

SHPs1 sZ

SHPs5

0.0

HPs3 s2

NMDS2
-0.2

-0.4

SHPs4 s2

0.4

0.2

0.0

NMDS1

Bl 16 NMDS » 47 % - £ & 5% B 3% Siple & endp (B ena 8 4 50 it
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I ~ERF v VLR R ACKFFEFR b g0

w :AF“*F*S?:’" PR R }xﬁmpﬂiim p’fﬁ‘ﬁ SRR KRR BRBARL T BRI A ?E—hp}?%’;jbi
BERAKoFAHEES e FPHLE -3 ZHALNMDS Bt 2 5 2 RS FH(H 17) o &- H
FERRAER BP0 AFAMALES TR LR (B 18) 77 A& BFDHMA Pseudomonas sp.
% Delftia sp. » =t z_ &_Sulfobacillus sp. ~ Methylobacteriaceae:NA - Propionibacterium acnes > # ¢ Delftia
Sp. X BF AN IR A S Fod fE7 e Pseudomonas sp. Bl 4 % g ) IR & 528 & o Sulfobacillus sp. B
BEINRAFCIRRIAZTOPHEFTR]RE - AF LA T I 2 E LI B A kIR LT #

N
7 A o

LFGs2 s2

0.5

0.5

NMDS2
-1.0

-1.5

SHPs3 s1

-2.0

stress=0.0000

-2.5
|

-1.5 -1.0 -0.5 0.0 0.5 1.0

Bl 17 NMDS 4 53 % & 8 % [ B#6 15 S5 e % endp 01 (JB.en A &1 5 0 Ap 312 5 & >1%)
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Psewudomonas sp.

|:l D_‘_-D('[}"?ia sSp.
Yamiella sp.
Bacillaceae: N A
Pscudomonas sp.
Sphingomonas sp.
Alcalicernaceae: INA
Enhvdrobacrer sp.
Sulfobacillius sp.
Alicvelobacillacecae: N A
Bacillaceae: INA
Bacillaceae: N A
Nocardiopsaceae:™N A
Achromobacier sp.
Erterobacreriaeeae:™NA
Alcaligernaceae: N A
Delfric sp.
Pscudomornas sp.
Ernterobacreriaoceac:INA
Bradvirfiizobiun elkcrnii
Srrepromyvoeracecae: NA
Actinomyoeelfales:INA
Streptophivica:NA

— Frnrerobacreriadoeceae: N A

Frnrterobacreriadoeae: INA

Lvsinibacillus boronitolerans

0.7 Comamornadaceae: N A

Sraphyviococcus sp.

0.6
0.5

Acinetobacter sp.
Burkholderia sp.
Leprorfiric sp.
Planococcaceae: N A
RIFPTIZ2Z:NNA

Delfric sp.
Xanthomornadaceae: INA

0.4
0.3
0.2
0.1

Acinerobacrier sp.
Pscudomonas sp.
Pscudomonas veronii
Pscudomornas sp.

Pscudomonadaceae: INA

{ Acidimicrobicales: N A
Swulfobacillus sp.

H Merhyviobacieriaceae:NA

H Lacrobacillies sp.

E 171 | [ | [ | I | | Bacillaceae: N A

Bacterial community composition

Propionibacierivum acrnes
Methyviobacieriaceae:INA
Sulfobacillus sp.
Sulfobeacillus sp.

— | Pseuvudomoras sp.
= i ;

B 18 #ELW A 475 F & 46 F B A B % 50 fm E3E 5E b L 1 (FR oA TR B AR E G R >1%)
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BERFC
(precipitation) = * 3 f&
I

20) (# 23)(F’<0.05) |

28, Lactobacillus sp.R| % ¥

(B

oy
B

20
Ll

i,%’m‘m F]ii/p ‘p *#_qu {E <1 -m

% #4 Pseudomonas sp. %= #

|35 % 1@ 45 2 5 4 F (soil organic matter) ~ & fé_

i (soil pH) =32 B (® 19) (% 22)(P <0.05) - Delftia sp.22 Pseudomonas sp
TR F, Leptothrlx sp ~ Deinococcus geothermalis 2 Micrococcus luteus B = 3|+ 3 &

LA

zarg £ ?/Efk J\mlmma_i;‘;“é-*%‘._ﬂ Flg%p < 7
<P ELRE -

ET’NH4 ,ﬁz’/

=~

)si

!
= Actinomycetales:NA|
Bradyrhizobium sp.
Methylobactenaceae NA
(o] SHPs4 s$HPs5_s1
d | Thermogem\r;;t\se race: é\l l&FGSZ o
P | Ks4 nterobacteri MGomonas sp:
lale'ilhylogacterl\um sp’n Méosea S g?ﬁl\aycobacht:eGr?JmssZp
Lactobacillus sp. 2. Bradyrhizobium elkanii
(?l) o 39" organlc maMethylonsaet g ftia so.precipitation
a 5! ) = r x\, Ks1 s1 s KsS s
S e i Eﬁ&ﬁﬁlgmmmmawNAP““%$ﬁ§%m SR
z Enterobactenafe s:NA Rubrobactér sp. 10Mo) ac%?§cez;e NA
Thermogemmatsgy2gas N LSt b, DpmEeaus eoemaik e %
2 _Sulfobacxllus sPSU'mbac'””S Sp. 2 3 si LSZI;W”ﬁEb%CII%Js Lestsan%‘glerns?
L SCII cl,rl%crI sﬁes NA L5Cad . BSﬁER‘?c?Quyéas'ﬁ‘A P Lg;;’gtﬁr&liusspKocuna sp
UAIchyié; uceg la)éaelgg NA Alcahgenaceae ‘NA Xanthomonadaceae:NA
Sulfobacillus sp.
Alicyclobacillaceae:NA Sphi
o phingomonas sp.
e AlicyclobacillaceaeNA
-2.5 -2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0
NMDS1
W19 5 ERBAFA B Fr d MmEET S REDE PH G
1022 BB E T BB A KR SRR D o M
NMDS1 NMDS2 r2 Pr(>r)
precipitation 0.99852 0.05433 0.88 0.001***
elevation 0.94174 0.33633 0.007 0.868
Temp -0.25249 -0.9676 0.0547 0.378
soil_moisture -0.55141 083423 0.1066 0.15
soil_pH 0.15151 -0.98846 0.2404 0.01**
soil_N 0.70598 -0.70823 0.0406 0.504
soil_organic_matter -0.98351 0.18085 02022 0.023*
S -0.75433 -0.6565 0.008 0.859
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NMDS2

0.0 0.5 1.0

-0.5

-1.0

-1.5

-2.0

Bacillaceae:NA

Delftia sp. . .
Bacillaceae:NA Bacillaceas:NA

Pseudomonas sp. Bacillaceae:NA

Methylobacteriaceae:NA Propiogit)l?qterium acnes
Sulfobacillus sp. | elftia sp. Pseudomonas sp.

Pseudomonas sp.-FCY-S&SHpw_s2Delftia sp.
Delftia sp. Bacillaceae:NA
Delftia sp.XYKw_s2

Pseudomonas sp.
Sulfobacillus sp.

DYKw_s1
Pseudomonas sp. XYKw_s1

Lact ill . Sulfobacillus|sp.
Lactob:glﬁjtzsascpl.ussp LFGw_s1 Pseudomonas sp.

SHPw_s1 Pseudonjonas sp.
Pseudomonas sp. MetHylobacteriaceae:NA Pseudomonas sp.

Pseudomponas sp.DYKw_s2
Pseudomonas sp.

Alicyclobacillaceae:NA
Rathayibacter sp.
Pseudomonas sp.

Pseudomonas sp.

NH4+

-
N

-2 -1 0

NMDS1

B 20 3£ %8 4474 Fi ko n FE T RS R B R N

R T Pt e e S e

NMDS1 NMDS2 r2 Pr(>r)
Temp  -0.27459 0.96156 0.162 0.638
N -0.97049 -0.24115 0.3089 0.404

NO3- 0.17572 -0.98444 0.0763 0.798
NO2- 0.21798 -0.97595 0.1346 0.678
NH4+  0.09973 -0.99501 0.7397 0.036 *
pH -0.66159 0.74986 0.1283 0.716
SO042- 0.37897 -0.92541 0.0058 0.991
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ERPFN1IIEE 0002 1 8 PBS#3 R £ 51 ik & B % 43 RA agar 2 hot-spring base
agar» T~ FEE e 2 E@ LY R FETEP SR AT RES PRE 60 R A 1R (F
23) o B ACKREFEWF RS HHAFTHRFE S MERE YO % #(12,000g, 3Omin)'*,4rt—i X 1200
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AVFIBEHFFN ABEE AP AR BRI e LB F I VLR R AREFA
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Bzt 24 N )REFLSEBP LR RO A R b S (5F)5 BB (RE) o F I ER
fho B A e g Rlanr F 3V R ey 2o R H B VL Fatapyt o Rlig BIOP R Mo 2R
PRVRTEI BT BRI EC R o kB ARV R R e TR -
FAOREE FEZSFG PR B’:‘K«wbﬁwk« spimrs’ﬁf#hﬁﬂgiﬁi?l b - B AR
FAFZEFeHEPHE PR 25 23 RFTIPH oM R ACRIVEES G oo pH &E23E - 4k
ERARpE 0 42 1.26-2.67 22 F > 1< @ i‘a}%@g’_& KA > F] L HokdR SOS F B AR 0 e
K SOSF Bt A W SBOKBERRE S - FAEN P FEPRERNEE Y R RPRERS - F
4EHE S MO R E o pH B R AR S R B R ERREIPE G LB -

B T C SER RS R RS A B iR A3 A4 B o0 > Proteobacteria i & g4
Firmicutes = 2. £ % &_Actinobacteria - 14 ch4 3 & % % 5 » Pseudomonas 32 5 . g% 744 - Delftia
T2 o FAEAF2Z B e BRER I FIVIHEEER J\‘-'mpqii,‘, SHPET LRS- o
ERESLBRFVF - FhhF oA FHA R NMDS Bl 4 5 ZRAF > - % UREERRARKE
F 50 BFEMEAS Tk LR 0 F I FFEOPHE R R BICRT G P RS E o ATy A
Delftia sp. %= F35% & RH P@FfMA > 3 A7 F o Pseudomonas sp.pl 4 & f4 el R A5z /RE -
Sulfobacillus sp. Pl BF IR AF TR FI A TP EFRAP T & «c FAF L Faomg 4
BERAKDYEEFFCDYE-A T2 T F I R oFAHETSHOREPEL IR DG BT -
A2 43 pH BPP <005)a A F2 FR A KmpFEE SRR AL ] NHS§ P &R 8P
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