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Abstract: Volcanic lava habitats breed unique soil microbial communities. Soil bacterial diversity, community structure,
and key factors influencing volcanic ecosystems were explored using soil microorganisms in new volcano soils and old volcano
soils in Wudalianchi, Heilongjiang Provice. Non-volcano soils were used as the control. Using the Illumina high-throughput
sequencing method, we analyzed soil bacterial community structure and diversity at three sampling sites. Combined with soil
physical and chemical characteristics, environmental factors affecting the diversity of soil bacterial community in a volcanic
ecosystem were analyzed. Results showed that the operational taxonomic units (OTUs) and the diversity index (the Ace

index, the Chao 1 index, and the Simpson index) of bacteria presented the same trends and followed the order

BE&TE : B AARAIEE (31770497) 5 BETLAEF#BEITH (YY2019ZR01, CXJQ2021ZR01, KY2021ZR03)
s B #7:2020-09-28 % F H#A:2021-08-05
# MIRVEH Corresponding author.E-mail : nihongwei2000@ 163.com

http ://www.ecologica.cn



20 4] BRPH A5 TR K L AR TR 2 R SRR 454 8277

Non-volcano>new volcano>old volcano. The number of OTUs unique to new volcano soils, old volcano soils and Non-
volcano soils were 852, 820, and 879 respectively, as well as the number of their common OTUs was 713. The three plots
soils contained same 16 kinds of bacterial groups, and Proteobacteria, Acidobacteria, Actinobacteria, and Chloroflexi were
the most dominant bacteria groups. Acidobacteria, Verrucomicrobia, and Rokubacteria had the highest relative abundances,
whereas Patescibacteria had the lowest in the old volcanic soils. In the three plots, the soil bacterial communities had
obvious spatial relationships, and their similarity in community structure varies greatly, It did not conform to the model of
beta diversity, which similarity in bacterial composition gradually decreased with increasing geographical distance. We think
it could be related to the volcanic eruption characteristics or magma composition. The obtained soil physicochemical
properties indicated that soil pH, Soil organic matter (SOM) , total nitrogen ( TN) , total phosphorus ( TP), ammonium
nitrogen ( AN) , and nitrate nitrogen (NN) in old volcanic soils were significantly higher than those in the new volcanic
soils and non-volcanic soils, while water content and available phosphorus in the new volcanic soils were significantly lower
than those in the old volcanic soils and non-volcanic soils. Volcanic eruption is a form of violent large-scale disturbance, the
volcanic characteristics of eruption time and igneous rock led to differences among volcanic soils at different stages, and
further led to differences among soil bacterial diversity and community structure. Pearson correlation analysis showed that
soil pH significantly affected the Simpson index, the Ace index and the Chao 1 index of soil bacteria. The redundancy
analysis (RDA) showed that soil nitrogen, soil pH, and SOM were the crucial factors affecting the bacterial community

structure of the Wudalianchi volcanic ecosystem.

Key Words: Wudalianchi; volcanic ash soil; bacterial diversity; community structure; soil pH
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1 #MRERFE

L1 AR5 XA

TR T E R VAR 258K 300 4F 22 200 T3 4R H], JE 1 AN [R] N [] 04 [E]A% Jay ) 14 88 1L, 4045 2
JEFTIA S (224 300 48, DRAFE MG 1) (12 JBEE 3 il (17 T 4E—200 T3 48) | J& h B R A7 e o S8 i
i LB 7 R b Ly T A T B KLU R A AR RS, A P SR T L 2 ol D B LA AE B
OB el R b b X IR KR T VS, AR KR -0.5°C AR 3 B K i 473 mm, 4F:
TCRH 121 d, Hoafy P - eSS A ) K ke Bk i T R I TR S M (R A T TR T A X sk
TR A PR AR T DX B 3 o0 v, SR B B MY A 1L ( Populus davidiana) | FARE ( Betula platyphylla) 22 HE
( Betula dahurica) 5% 158k ( Quercus mongolica) .74 ( Populus koreana) FI¥&E W ( Larix gmelinii) %5 .
1.2 HHEREah R S AL BT

2019 4F 7 AAE AR HHTI AL (NV) EHAK AL (OV) FLL T B 20 e (IE K&, Non-V) (% 1),
PRI — IR T TR R AR | KOG 6 AR, 3R 530 10 em 247 LA 0—10 em 32
HPE A EBOREXT 522 FERE I REHB IR 5 4~ 20 mx20 m RS , B bR 2R 1 V& W R B 2 MR 5 sk
KA 0—10 em JEERY T3, /MR G5 2 mm JE I8 3 0, — 1 —80°C L-AF 1 T A fa I o 5 — 1y
T4 A AR T R S SRR — 0y R 4°C ORAE T RIS K G pH GBS A AE A AR
BB AE | 2 NS T 2019 4F 8 H 58 .

F1 HRBEHPERER

Table 1 General characteristic of the study areas

Pl Al (NV) AREEAI (OV) L A BE (Non-V)
Plots New volcano Old volcano Non-volcano
HUERT E Location 48°42'32"N | 126°07'06"E 48°39'13"N, 126°16"30"E 48°28'20"N, 126°30"30"E
A ] Eruption time 300 4F i 170 000—190 000 47 W

AR Sl e AUETE RN WRIGR RN

MR Altitude/m 328 375 306

Wera Slope Hib Hib G

H 25 Vegetation L% - A e 17— A HER Ll — A HEAR
M4 Dominant undergrowth HIME AR DUTE £ R MR EEL NI 2
fiBHTBE Crown density/% 30—50 60—80 60—80

Hi# Foreat age/a 45+8.2 28+2.1 43£2.4

B 5 Height/m 3—55 7—11 10—16

Jf44% Diameter at breast height DBH/cm  2.6—6.8 6.8—8.5 12—13.5

1.3 e BN E

-4 pH AN SR T HL AR LAV 5 49 K B SR HTE T2 A LT (Soil Organic Matter, SOM) 14 A
(Total Nitrogen, TN) R F CN JTCZE 4 M %€ ; £ &5 & ( Ammonia Nitrogen, AN) F1il§ 45 & ( Nitrate Nitrogen,
NN) K 8l AT A %2 ; 2% ( Total phosphorus, TP) FIA 208k ( Available Phosphorous, AP) K FHAHEHPT A
HME
1.4 LIEANG DNA SR Ab 3 K EHLRE

I FH 38R £ (MoBio PowerSoil, USA ) $2 I+ 3 & DNA, 4H I 16S tRNA §" 8 5|¥ R FA: 5519
(515F/806R) , ¥1Fh 5325 K silval28/16s_bacteria [ 40 B8 KU HE B HEA T Lo X AN ol e U P 22 46 1 ifg 5
T AW BE 2R BR S 7 8 1, A E B2 BT R R UAE ) 261 V4.0 = B8, MAEM ZHEEUE E
22 3] 32 H FE Z AP H AR5 B A0 (National Center for Biotechnology Information, NCBI) £4f J& | #1550 5
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PRINA716727,
1.5 Bdlagiitotr

Yl Z FEPER A Shannon $8%%  Simpson 841 . Chao 1 ¥8EUH1 Ace $8%URAE, FIIFH SPSS 19.0 #E17HA[FI %
725307 (One—way ANOVA) , >R e/ 35 25 5775 ( Least Significant Difference, LSD) HoA K4 4H 7] ) 22 57
K HAEE 5 Z 4k R 43 B ( Non-metric Multidimensional Scaling Analysis, NMDS) FIdE SRR ( Analysis of
similarities, Anosim ) WFEREAS[AITE 7 2H U AR B3 28 St o T B R AR AH 56 22 280 ( Pearson ) 35 A [ K 5[]
BRI, R R B S T 23X N 70T ( Detrended Correspondence Analysis, DCA) , #3546 B (B #f 22 7C
A ( Redundancy Analysis, RDA) , ] ggplot YEH .

2 ERE5S

2.1 IR

B WL AEE SOl IR BUEAT W 25 5 (R 2) , R L4 pH R SR Il 3
pH K AE KL 38 pH /iy = AMFEHh HIEA DL 2R 2SS AMMEARA BEER Bl
FATE], B0 30 >R A >HT0 I B L 398 53 R A soms o 2 T30 Jalfndk el

F2 F.EHALFEEADLR T ERAER

Table 2 Soil physical and chemical characteristics in new volcano, old volcano and non-volcano

Sl Tk AL £ B A BASA HAA
Samples pH wC/ SOM/ TN/ TP/ AP/ AN/ NN/

% (&/kg) (g/kg) (g&/kg) (mg/kg) (mg/kg) (mg/kg)
B L NV 5.08+0.02b  8.50+0.21b 74.05+2.67¢ 1.38+0.05¢ 0.36+0.01c 10.20+0.96b 4.17£0.09¢  6.45+0.22¢
Wk ov 5.45+0.02a 50.38+1.0la 363.12+2.03a 13.29+0.10a 0.95+0.0l1a 19.30£3.10a 70.30+2.46a  104.45+0.98a
ik 1l Non-V 4.68+0.01c  51.96+1.65a 183.59+1.45b 6.74+0.16b 0.81x0.01b 20.67+0.81a 35.29+1.70b  15.37+0.44b

TR NI E bR v 22, WK RN iR R Ab 3R] 2% 57 8 3 (P<0.05) ; WC: +3E & 7K it Soil water content; SOM: £ #ILJ5 Soil
organic matter; TN . 4%, Total nitrogen; TP 41 Total phosphorus; AP . AU Available phosphorus; AN A% Ammonia nitrogen; NN A

Nitrate nitrogen

2.2 MRS 2 R R R VR B E

SR i A Al AR T A S AR B SO S B R 430240, RIS 410—440 bp, =AMFRL+
AN TR R B 2 2 (1), H R8T Y Coverage F8 83 KT 0.994 (£ 2) , L IAREFHUHE A
L, E 2 Rei e et IR S A IR TR 2

£ 97% FAIE T 4T OTUs RIS, =AFEHE T340 ILA5 2] 941 4> OTUs (1 2) , 4547 OTUs 240k 713
A, 2915 4588 OTUs 14 75.77% , #Hr GEJOLAIEAE K LB 340 OTUs S50 511°0 852,820 F1 879 4>, K BH
Ak > H kL > 2 L
2.3 TIEMERE 2

T SR RE S5 RN T Ace $8% . Chaol F84UHI Simpson 550 HA B 25, A —BE I NIE K l>
Bl > Jal, = AR EIEANE Shannon FEEUTC B 25 (£ 3) .

®3 FEHALMIEALSHEEREY

Table 3 Diversity index analysis of new volcano, old volcano and non-volcano

Kl AY Coverage 5% Ace 85 Chao 1 8% Shannon F8%% Simpson T84
Samples Coverage index Ace index Chao 1 index Shannon index Simpson index
FiJal NV 0.9967+0.0002a 815.26+2.04ab 825.64+6.92ab 5.46+0.01a 0.0188+0.0009ab
2kl ov 0.9963+0.0001a 779.46+2.17b 795.70+5.71b 5.50+0.02a 0.0122+0.0010b
4k Ll Non-V 0.9946+0.0001a 842.82+30.55a 867.75+33.63a 5.29+0.16a 0.0263+0.0093a
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Fig.2 OTUs comparison of bacteria in new volcano, old volcano

BEl1 MBS 0.97 HHT& L EFRNHREME &
Fig.1 Rarefation curves of each soil sample at similarity of 0.97
NV #1111 New volcano; OV #3111 Old volcano; Non-V ; i
1l Non volcano

and non-volcano

OTUs . PAES S8R0 Operational taxonomic units

B ZHEME A AT 2R IR R A= 15 v A A ATV AR DL 22 S A (181 3) o b i B0 Ll Al kL Ay 48 B R
22 5t/ Rl R) 22 S EUR 0.43 535 91 1L RIS 3 L i) 48 TR RE 9 F AR ARUPE R 2, 1 T 22 R AR IO
0.56; 2 H L AR K L A8 41 B R 75 25 5 de o, AR 1 22 SR 550K 0.59
2.4 HIEAMEEER S ST

FETTEAKT B BRIl R R o
TRUNTE RUENTES RSN ST ST
I RGIEA— B, S N 16 SR, Hoh AT = "
1% ) & BEA 10 4> (B 4), 8§ 28 W I s EMl
( Proteobacteria) (41.64% ,32.64% ,43.35%) , i & B ] o
( Actinobacteria) (29.29% ,40.09% ,29.80% ) , FR #T 1% ] ol —
(Acidobacteria) (13.67%,7.84% ,11.43%) , 575 [ ] Lo
( Chloroflexi ) (6.23%, 9. 69%, 3. 84%) , 40 ¥F T I'] WAL skl ek

(Bacteroidetes) (3.14% ,2.09% ,3.20% ) , Patescibacteria
(2.72%,0.29%,2.79%) , P ] ( Verrucomicrobia )
(0.58%,3.29% ,1.32%) , Rokubacteria (0.10% ,2.41%,
0.10%) , #F 5. i 5§ 1] ( Gemmatimonadetes ) (1. 07%,
0.69% ,0.97%) , ¥ % & [ ] ( Planctomycetes) (0.73%,0.23% ,1.50%) . H:A7ZE I B I MIBRAT 3 1172 = HE b £
AT FEEEY R T 10.0% , W35 m T AW, A T e e

=AEERD I EEFT R T (P<0.05) | Patescibacteria ( P<0.05) JEMLE T(P<0.01) F1 Rokubacteria ( P<
0.05) BA 1 25 22 5 Ul 1 35 22 5 b 28 0] Jl - ERR AT T ] PRI ] . Rokubacteria FAT i KA 5 17 2 1]
K1 13 Patescibacteria AT =F )& /N,
2.5 HEREIE LA 22 AR T

H AR B2 2 45 )R 1 (NMDS ) 73 B 38 40 T E 7 Y0 Rh 4l b iy 22 5k, 25 51 7 W5 2R 5 Stress 4
0.025, AT LAAERM S AE i 2L B A 22 S R BE (&1 5) o =M - B4 TRV I 2 53 T, B AN [ B 2, 25 1]
Z5FBE(R=0.684,P=0.001) A% Fiz K FHANES
2.6 THEANR S N TR

T AN Ace 84X, Chaol FEE(FN Simpson $8405 13 pH £ W3 A (P<0.05) , HAb ZAHEMEFE S +
PR T IR EMLNE(P>0.05) (£4),

B3 #H.ZHALFEgENL T EAE beta ZEMES T
Fig.3 Analysis of beta diversity of soil bacteria in new volcano,

old volcano and non-volcano
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Fig.4 Soil bacteria relative abundance of the phylum level in new volcano, old volcano and non-volcano
ARRIING FhEA] #8225 .3 (P<0.05) ;Proteobacteria; 28X B[] ; Actinobacteria; HEZKH 5 Acidobacteria: BREFFET]; Chloroflexi: %75
[]; Bacteroidetes: fLFT T8 [T; Verrucomicrobia: JEf# 7 I'T; Gemmatimonadetes: 2 ¥ ffl B4 []; Planctomycetes; 1% % B | 1;ns: JG 8 & 1

No significant

o kil o EHIKL  a dEkid
: 120
02 . W3R R 0.025 R=0.684
o3 2 10| P=0.001
0.1 X g
X .g 80 |
2 E
E 01 g 60
B 40|
-0.2 A 4 bicd
B A éﬁt 20
-0.3 i |
= = B
_0V4 1 1 i Il Il 0 I
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NGO OX X
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Fig.5 Analysis of nonmetric multidimensional scaling and similarity at the OTUs level of bacterial communities

NMDS: JEJE i 2 4 R /M1 Non-metric multidimensional scaling analysis ; Between : 2882 [1]

x4 WEEESHENSTEEAMRL Pearson HHX ST
Table 4 Pearson correlation coefficients between soil bacteria a-diversity indices and soil physicochemical properties
SRR ke AL £ N AR AR AL
Diversity index pH wC SOM TN TP AN NN AP
Shannon F§%X Shannon index 0.550 -0.238 0.169 0.137 -0.072 0.086 0.325 -0.196
Simpson 54X Simpson index -0.741" 0.070 -0.425 -0.387 -0.141 -0.340 -0.584 0.071
Ace 621 Ace index -0.701 " -0.049 -0.484 -0.429 -0.208 -0.442 -0.618 0.044
Chaol #§%X Chaol index -0.703 " 0.081 -0.387 -0.326 -0.089 -0.333 -0.549 0.172

* P<0.05

FET DK BT PRI F2 25 pH FAH A S B35 TG (P<0.05) s TEK AT ]S pH 12 18 35 IE AT
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X (P<0.05) , 5HME 2 SRS R SN F IEAE(P<0.01) ;5 H 15 pH 28 & 1IEAHK (P<
0.05) ; #UFFEA T THI Patescibacteria 5 pH A HLET 2% EEA R I E UAHIC(P<0.05) , 5S-SR E2M R % 71
FHIE(P<0.01) ;Rokubacteria 5 pH A HLET A% B RAIN A A R 0 25 IEAHC (P<0.01) ; 2R T TS
HHLT AR A A AS R R EF A (P<0.05) , 7] WL, 13 pH AHLT AR S EAMEARNT]
IR0 B B TE AR RS AR FE IR (R 5)

®5 MBBHALBFSLBERFEESHN

Table 5 Correlation coefficients between dominant bacteria groups and edaphic factors

gl i K hEE AL A, Ex0 AR [ESY PR
Bacteria group pH WC SOM TN TP AN NN AP

ZSIE B T] Proteobacteria -0.707 " -0.229 -0.652 -0.627 -0.440 -0.594 -0.741" -0.259
LT 1T Actinobacteria 0.738" 0.466 0.835"" 0.802** 0.628 0.804 ** 0.884 " 0.319
BRI 1] Acidobacteria -0.316 -0.455 -0.555 -0.548 -0.497 -0.568 -0.529 -0.346
LEB T[] Chloroflexi 0.735* 0.031 0.515 0.477 0.252 0.464 0.656 0.017
HUFFEE ] Bacteroidetes -0.736" -0.365 -0.773* -0.737" -0.549 -0.739" -0.840** -0.322
Patescibacteria -0.750* -0.387 -0.784" -0.751" -0.573 -0.746 -0.850 ** -0.266
PERLEE T Verrucomicrobia 0.418 0.388 0.594 0.599 0.515 0.568 0.597 0.562
Rokubacteria 0.842** 0.458 0.905 ** 0.873** 0.664 0.850 0.975** 0.413
ZEHNE ] Gemmatimonadetes  —0.547 -0.487 -0.761 " -0.757" -0.651 -0.732" -0.765" -0.482
TRAEB T Planctomycetes -0.644 0.071 -0.344 -0.288 -0.069 -0.304 -0.494 0.180

FAFAXS I 73T (DCA ) 26 —HEFF Sl A B B I B2 /N T

3, RIUTCAIHT (RDA) ff B 40 BEAL AR 5 + 5 R 7 S
KRR W AP BT 5 22 R L 88.60% , RER :
Sy R MRS (] 6) .+ F 5 —HE S
AR CE A C R (L) B R/ AR SpH (> g | Plncomieelss ooy
R > 2R o A5 > Al > B K i :
§ Patescibacteria
3 e < :
2y L, Buterideies pi
ABFSTHR T L+ R LR 4 AL SRR\
BRSO A BB BB R T 0 L, 3 :
KI5 B OER I IE 1T, MR 0 i i T, i Proteobacteri}  Actinobacteria
Al e N N BEEAEAC R B W, 3 & BRI, 1.0 05 0 05 1.0 15
FHUT TR 220 5% S 9 L 25 T 0 RDA 1 (56.52%)

FH BRER RS AN By AR T, VR T A S B 6 KT E A AR S R B F A SR % 4 AT
/\ii% qjﬁm%??%ﬂﬂﬁmé\%ﬂz[ﬂ ° 5' '3 J( [J_I-IJ_I | {ﬁﬂ Fig.6 Canonical correlation analysis of soil bacteria community
i‘m}ﬁ//_} E/‘J j:ig E"Jﬁ *ﬂ,})ﬁ \é% \é@; \ﬁ% 7&% ﬂ]@ﬂ/j&/ﬁ compositions of the phylum level and soil factor

S WL A 2 B T AR 4y RDA: JUA/MHT Redundancy analysis; WC: 35 7Kt Soil water
LB AR WAL ki L
s JCULVRE RIS A P RCHI R 11 5 DU 22 KL 3 iR 75 Ammonia nitrogen; NN fi§Z&S %, Nitrate nitrogen

PR B LR, AR -t F 3 5 A e

1 E 4 AL B 2 AT A, Wang ™ DA O FER 4 5 -39 Bl I 3 A 1 b B o, R [l AR AR AR 25 R 4 v i - 303
e B —E 22 5, PR, TR s A L 338 P S 52 1 A 9 W Rt R A Ll 25 I 8] | 2 i B o
SRR AL [R) S
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B AR TT LA R 8l RS AL W S5 T TR W P AL R PR B B 1 A AR AR ) Bray-Curtis B B3 40#7 fik
AR L G2 DO S AR IO AR RE AR 22 SR AB S5 ROF ARG AR RE B 20 P Bl 3R 2 1Y
W RAR AR AL 0T AT B 5 A& IR B S AT G BT AN KA b K L g A e
B —4% E-W J7 [ A 24017 12 9 L AR J A AR L B B 1L AR 24 SR 1 30 43 Sy R it i I ) ) 1 BT, 538K
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