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Soil properties affect bacterial community assembly and
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Abstract: [Objective] To understand the contribution of microbial community assembly in
plant rhizosphere to the stability of farmland ecosystem. [Methods] High-throughput
sequencing and bioinformatics tools were employed to explore the relationship between the
bacterial community in tobacco rhizosphere and soil properties in the eight major
tobacco-planting ecotopes in China. [Results] The most abundant bacterial classes were
Actinobacteria, Alphaproteobacteria, Gammaproteobacteria, and Thermoleophilia. The
composition of bacterial community presented a clustering pattern according to ecotopes, and
the similarity of bacterial community among samples had a significantly negative correlation
with spatial distance. The co-occurrence network of bacterial interactions indicated a higher
proportion of positive links than that of negative links between bacteria. The network of
Wuling-Qinba mountains (WQM), Huanghuai plain (HHP), Nanling hills (NLH), and Yimeng
hills (YMH) presented high modularity. Micromonospora as the network hub in NLH and HHP
contributed to the stability of microbial network. Bryobacter and Arenimonas were identified as
module hubs in NLH and their characteristics rather than relative abundance determined their
role in stabilizing bacterial co-occurrence network. The results of redundancy analysis showed
that pH, available iron (availFe), exchangeable magnesium (exchMg), and available manganese
(availMn) remarkably affected the bacterial community assembly in tobacco rhizosphere.
[Conclusion] The homogenization and habitat specificity of bacterial community assembly in
tobacco rhizosphere were affected by soil pH, availFe, exchMg, and availMn.
Micromonospora, Bryobacter, and Arenimonas played an important role in the bacterial
community of tobacco rhizosphere.

Keywords: bacterial community assembly; co-occurrence network; tobacco; rhizosphere; habitat
specificity
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Figure 1 Characteristics of bacterial community structure and diversity of eight different tobacco-planted
ecology districts in China. A: Chaol index. B: Shannon-Wiener index. C: Bacterial compositions of different
microhabitats at the phylum. D: Bacterial compositions of different microhabitats at the class level.
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Figure 3 Co-occurrence network of bacterial communities of eight different tobacco-planted ecology
districts in China. The nodes of co-occurrence network were coloured by phylum with modularity index<0.40
or by phylum (left) and modules (right) with modularity index>0.40. A connection between two nodes stands
for a significant correlation (#>0.6, P<0.05). Positive correlations are in red, whereas negative correlations in
green edges. Nodes marked MH1 and MH2 represented the identified module hubs (Z>2.50, P;<0.62), and
nodes marked NHI1 represented the identified network hubs (Z>2.50, P;>0.62), and nodes marked *
represented the identified network connectors (Z;<2.50, Pi>0.62).
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Figure 4 Characteristics of co-occurrence network of bacterial communities of eight different tobacco-planted
ecology districts in China. A: The proportion of phylum in each network. B: The proportion of correlations in
each network. C: Modularity index of each network.
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Table 1

STt A 2 DX TR I 285 v 284 Y I 4% v B A £
(Z>2.50, P>0.62), Bryobacter FI'3 H.Jifl 1% &
(Arenimonas) 73 ) 2 FE W - B A= 25 DX 4 B ) 2%
B 1 AR 3 it (Z22.50, P<0.62),
J& T WPS-2 4T [ ] 1) A 28 %€ A I )& Genus90 7
AR 1Ly b A 2 XA P 46 o LA I 6% v 19 1
A, BAERICEEA SR BA SO mMER,
M/ R . SR B A1 Genus90 1 & 7E
P 265 v LA 20 TR R 2 BRI R SC R (GR 1). [
B, PR e ARSI B A R
ZEASK ., HEVPRASK ., Mk ERAES
DX T 52 Fr B A 25 DX A4 T e B P ) 2% v i 422 1
R(Z:<2.50, P=0.62)43 51| 5 BT A 1 A 13.64%
12.42%. 0.71%. 5.30%. 3.00%F1 2.92%, A5
P A 4 T D A 25 X i 3R e e A 25 X 4 B T
KT RSB 3, 26 82, BdRE 1A i
HEYIREEE L, 5 . NMDCX0000137).
24 FSWERMGMEERZHEHN LIEE
L1 R #r

1 A R AL R A BRI 5 | Vg 22
LR T A M S R BN, AN RS A
DL S5 A AR F1 e BP0 20 5 B 2 1 W 2 T A
K(P<0.05), Sk 22 T0 i AHCHE, RAES
X 22 5 55 41 DA BEVR A7 A6 B A DGR (BT SA). i
— X 6 A BN A A X A R
PEATRE I A #r, 25 SR NER 2 i . SRA M

Network Hubs Phylum Hubs type Modular  Degree  Positive Z; P;
correlations

NLH Micromonospora  Proteobacteria Network hub 1 12 10 274  0.70
Bryobacter Acidobacteriota Module hub 1 9 1 2.53 043
Arenimonas Gammaproteobacteria Module hub 3 7 4 398 0.48

HHP Micromonospora  Actinobacteriota Network hub 2 2 3.16 0.73

QGM Genus 90 WPS-2 Network hub - 16 12 294 0.74

NEP Genus 90 WPS-2 Module hub - 96 62 2.72  0.46

—: Modularity index of the co-occurrence networks <0.40, the co-occurrence networks were not modularized.
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Figure 5 RDA of bacterial communities and soil physicochemical properties of tobacco-planted ecology
districts. A: The effects of geographical distance, altitude, latitude and longitude on the similarity of soil
bacterial community. B: RDA analysis of soil physical and chemical factors and bacterial community
structure. C: Correlation analysis of available iron and soil siderophores secretion related bacterial groups
and functions. D: Correlation analysis of soil physical and chemical properties and dominant bacterial groups.
Environmental variables significantly impacting on bacterial communities were marked with one (P<0.05) or
two stars (P<0.01) respectively.
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Table 2  Soil physicochemical properties of tobacco-planted ecology districts

Soil properties SWA QGM WQM NLH WYH

pH 5.37+0.09a 5.40+0.15a 5.63+0.31a 5.34+0.25a 4.90+0.10a
OM (g/kg) 30.44+2.13a 32.79+1.81a 33.25+2.84a 24.56+1.52a 32.54+3.37a
TN (g/kg) 1.5540.11a 1.81140.11a 1.73+0.10a 1.4240.11a 1.754+0.13a
TK (g/kg) 15.85+2.90a 12.54£1.97a 17.94+2.70a 17.85+3.19a 36.38+6.00b
TP (mg/kg) 1.07+0.10a 1.04+0.09a 1.07+0.11a 0.66+0.05a 1.20+0.15a

AvailN (mg/kg)
AvailK (mg/kg)

129.30+10.76ab
566.36+£69.49a

143.83+8.74ab
428.00+43.02a

AvailP (mg/kg) 67.92+6.44ab 48.08+4.81a
ExchCa (g/kg) 1.154+0.09ab 1.83+0.22b
ExchMg (g/kg) 0.13+0.02a 0.23+0.03a
AvailFe (mg/kg) 23.39+5.88a 16.97+5.34a

AvailMn (mg/kg)
AvailCl (mg/kg)
AvailCu (mg/kg)

57.37+8.70ab
56.90+3.77a
1.38+0.20a

101.87+11.47bc

53.01+4.10a
2.03+0.20ab

147.14+10.34ab
484.55+52.44a

117.43+7.28a
378.18+£36.53a

163.79+8.33b
460.00+34.85a

75.35+14.80ab 50.08+7.17ab 97.82+6.50b
1.50+0.18ab 1.384+0.45ab 0.68+0.09a
0.19+0.04a 0.14+0.03a 0.13+0.03a
8.20+1.59a 99.89+18.35b 122.47422.20b
132.12+18.98¢ 71.14£17.25ab 40.93+7.65a
52.63+6.89a 71.68+4.45a 63.44+6.04a
1.61+0.38ab 1.07+0.28a 2.71£0.56b

Number: Mean+SD. Label followed numbers (a, b) represented the significance of difference between groups. Different label

represented significant difference between groups (P<0.05).

3 #T (principal component analysis, PCA)X} 7S K
PR A 25 X - S Bk I 25 S EA 7400, 45
TR 6 AN AL S X ) - S BRAR P JR A
#7 5(ANOSIM, R=0.101 9, P<0.05, [&l S3A,
iE R FR AR SR PO, ST
NMDCX0000137) 35 B 4= 25 X - 5 A &L
B (availFe) 7 1 It 35 5 T A A= A X (P<0.05), 1M
A S A pH B BAR T A A 2
X RATCARIHT(RDAYFENT T AR A A X -4
FRALPE O AN B RIS (52, 25 5L AN 4B iR o
RDA1 Fl RDA2 435l T 11.94%F0 6.69%HH)
WA i, HA 3% (availFe) . pH., 284
£ (exchMg) . 3445 (exchCa) Al 48 (TK) &4}
25 R R 20 B R TR AR P R R P (P<0.01), X
R SRR RETE 23 3R 61.23% . 36.54% .
35.85%. 19.28%F1 17.25%, TiA %% (availCl).,
A %L (avialMn) Fl R (avialK) X 20 7 19 #F
T LA AT 1 252 W (P<0.05).

- e T A TR 22 R M R EOR R O
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ST R R W (RS2, Bl C I F K A B
SRR, 45 . NMDCX0000137), 4HE R
A - BN ZAEPEFEROM Chaol 5 TR %0+
pH {225 IEAISC(P<0.05), 5A %S % Tk
(P<0.05). +3EHALPE TS5 A EEHEA AT 10
HIANTE LA R HEA T 30 (20 B4 & R S 1 4y
PrafREW, ARk, pH., S P BE IS b
5 SRR S AN TR ] LA ER A 3 A v i
FHIG(P<0.05), Hor A s 5 2 s MO ad 1] L 384
2 I 5 it & & (Sphingomonas) Fll 43 32 T TH &
(Mycobacterium) i F FAHIG, 5 ERER ]I 5%
WA pH S5E% H & (Streptomyces) i 3 71 4
5, 55 M e P T e R ST R ) S A
K5 AR BE RN A Pk 45 5 JEERE TR T | i 2 B
IEL R R3S B i 3 A OG , SRR R
W] 55 25 A E ARG (B 5D AZ O AN -5 - e AP
AIAHSCHE P BT A R R (R S3, BRI CH A
MEE IR E R L, 4% . NMDCX0000137),
pH . S5 A A Ha 6 5 /N PR L T U B I
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FHOG(P<0.05), 2841 46 55 <A R 1T s i 25 1 AH
F(P<0.01), HZEY Bryobacter FI'< H I &
5B ENAEP<0.01), [FBF, ARkt
R K 38 A A 0 A BT RE LA R 3 S 43 0 41 1 ) 4
X F AR ARG, E— R IR A
JB 5 Wi MR R AR s A R ARV U ZH B (18] 5C, 18] S3B,
ol O 322 E R MU E R R L, S
NMDCX0000137).

3 W54 %

ARHIF ST 48 78 T T IR AR s 20 B AEAS TR A
B A BCHL ] B IR B VR 7, T B 40 R R
Z IR EAE R R, X TR A Y7+
e R AL L AEBERE R DSOS e AR
e A EE R X, Rl b A S ke
WHAERM T EE S,

WFFTIERA, HRER?T | AT Al )8R
e i 2% J POV 0 AR R R AR BB - 38 v AR T
1L CRTET T SOAF AT TRIBRFF A ] ol =40
HHE, T Xu SRR T AERERRE T A
BT BT T] . PRAFEA T IR B T T A AR
PRI FE ALY, Delgado-Baquerizo 2/ 5%
SRR, v AR TR — LA K
RS 11 200 TR AE 4 BR M - A S b S PR S A
PO AR R B, R E AR A A A AR B
HTRZSHEAED ] 49N H KK b B 20 e R v 2H Rl L
A ERBS A 1, B ST, BiERE L EE
A Y RL2E B L, 45 . NMDCX0000137),
[ LR XA T AR T (-2 TR T TR a2 B
HA) . IR SR T T T AR B 134 g
TR AR, Hrp, BIREITER AR
S A A AN HA 7 A A XA s H
WE, 20 23%42%, X5 Spain 5T 45
Re—3 AT RE A R R AR T B ) AR R
P B B i AT 2 R R Y ) R e

ETA TR ) LA

W AH ST W R 235 # A o B H A 4
FR A SR SR P2 AR PR A 4 o 5 32 3
RAETE T BRI R AR R im0, R A
WFFE I 1 0 B s 240 T FE B O AL O TR LA
AL, (B, 225 AR o s R
M SRAE R T FR AR AR R A TR VR 4 Y AR R
FeSetk . — 0T, MHERRBRAN R i AR R X
RIS X 43 HoA0PH #EIE I AR B 5 AR S X 2 (R BE
B ENMOC, J—Jrm, HMEiEE Chaol 45
BN AR - AN AR B 70 B 235 R, S s AN [m] AR 28
XANTE Z AR e e R & 25, H, )’
F bR MRS e AR S X Y E 2R E
FEX Rt i, TR e AR A X AR R e AR A
X AAAE RV E R B CER (3R ST, Bl iR A
E R L, S5 NMDCX0000137),
Shen %U5¢F /K FFfe VEA H - HEf A= 4 i) iF
FAERFW, M TFARKREREE L%, KREf
VE LA YRS R E Y B E AT
A 3, Fit, RE m RIS R
b DX AN TR T RN 2 R AT AR S A
R A IR ) BEAEAE B ) OB

LI X 2% 43 AT 3 2o X B 22 A I RE AR T
A= )3 ST 5 B TR G SR AN R AR P 26
MZHMEAERR, IFNE RN EAECR DR
Il s =, RN R 2 [ AR (S E
B, VRS EURIBCST IR B8 P (R S0 8
e S MBI G R, DRI VR AL
BALHLEIN8 Sl M 25 25 P L
S RPN 1@ ZAE, AT UG % ) 45 rhus
TS PR RO Y R 2 T R
Yy, VAR A BIEASS TR aE =Y,
B IRIR, FE AR AR r 20 TR RV 45
FEAE R RAFAE B AR S . r s B
ARX RE RS X AR AKX
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HAESMAHEZSHEEMETE, RICPRAE
AT Fr b A A DA TR BT 1Y BAE R
HRE BB S TR AR, HRARIT
ARSI AR 3 e B A A X AN HL A B S5 0 4 B
WL RIEAL | A% A TR T I 4 R T L, 3R
W R e B PR LY D A 2 - B A0 TR 22 (8] 19 A
VEXR R AT RE 2 FEALAY , AN HA TR E MR T St
AEXTT S, FE W Fr b A A DX A AR A0 T RV 1)
T AERREE RIS R R, (BA R EAERIE
BT LA e AR Ak P 40 TR A DO 245 DA R 493
P 28 HhLC 1 RSUFH 28  U AR T s , AR TH:
TE R AL E H 98 — 5 1Y 45 1 A1 2 RE AR €
PE, TSl AR TS AN R DA PR R
YRR S A RE R R e s FIRT, X 8 N
FRIRA S XA 44 A2 R LB ME X 25 1
IIRTEE SR KB, A ) A0 i AN ) A 2 XA R
MRPR I AR R WAL 5 22 5w (K] S4, ] S5,
Bl O 9 H R WE R AR PG, S
NMDCX0000137), tf— 2011k B A BE e 5 1 X ik
A A SRR AR PRZE BC B 52 e, i HE P AE 1Y)
v A FCHL A it — 2P0 5R
AT R IL,  HE NAEA A= 2 X2 R
KL EREZ T Rm &R, RUTEREEAR PR
A PR S ] T LA Db R] BAE R A, H 8 A
AR A 2 DX g U e g A 2 DX TR ] 1) B [ 8
N f o, X AR — 2P IE T H M 48 S5 4 T 2 RE
SRR E ME . [ I, AR K B/ B TR
(Micromonospora) 1E 4t F7 55 14 Fr b5 A= 25 X 41 T8
FETE h A HEE SR RT, T /)N 5 M BT 8 A AR P
> BRBHME I A R B0, T IR AR s
FEYIRE A, 20 BA RO TS PR
FHRY R T g H N 4 b i)
FIINRES B ¢, AR RENE, TE KA
A DX /)N B TR R A AE G S B S e 0 B AR
AIX 5.85 (K S3, ¥ L EHEMAYE
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SRR, 45 NMDCX0000137), K,
% U AR W AT AN 56 4 B AR X = B 1Y
I, TR T A2 31 I 28 v At i A 4 TR
DL F IR . 34N, ABFSE K B RS
W Fr B AR 2 X0 T R 2% B R B A 41 TR
Bryobacter F1H T J& 78 - HEAE A AH O
WFFR IR D, T o E P AE T A P X 4%
b VR AL IS A e i — 255

HEA) 5 3 K A S AR W — A LB
T, —Jria, AV REE A K AR B ¥ i
HAMYIFRAE PR IS, SR
(A s —JrE, R TS Bh %
1) -+ HE LA S AN G A VR I PR
FERM, BARAY 3 pH . AZ Bk s RIS otk i
SRBEEMAEY S TR,
B A B YRV 25 I R E PERR DY,
Wi AR ) A P P T AR 9 S 1 pH (H
A2 e 5 R 5 4 M B AR I S R ) AN TR R R 2
¥, I H 5 SRR i 2461 . FEE .
F B AN B 8 LA S S O A0 8 A AR X
JER W E A, #2001 v
R A SRE P ES/EM . Fik, Xt
158 pH {EARAL . ACHEES A A BE B = 1Y
HH HH s A R G, AT S iR 7 1 Sk RN
GRS AT, LRSS R A 1 R
YRR, e EEERMUE S R EN:, A E
IR e o A0 2 A A A A 2 A K P s R I
WOLR, TP G = sUE L A X )
FREERRIFE W, 3 VP R e AR R R A
fia) 2230 {H R 56 T B 0 I R R R
R H DG REVE . ARG R BN,
FE X AR SRS, B
EHE T 40 mg/kg, REHEOADX ARG
SN (132.12418.98) mg/kg, EAE LIRS X
J9(101.87£11.17) mg/kg, T4 %G5 40 H
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TEVE AR 328 B DL R 34 i R 8 S
HHUC A TR S AE X B A R AR OG, R
S TR A R O T REAS R T IR
FAFBEIE e . FBY, AR AM, RHE
B AEASIX . BARE LD A A XOR P e g SR AR A X
A O R A B A A ORI 3 B
A IKAK 76%VA 1, AH I m R R AR 43 1 40 B 2
MR AR . #EF B M Duganella)® M
SEEHEERBES 33%, F—HIEHT -
SR IRAR A S5 e B 3 A ) T ) AR
(¥l 5C, [ S3B, #udsCiRsc FRMA YR
Ba L, 5. NMDCX0000137).
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