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Characteristics of Rhizosphere Microbial Communities in a Disease-
suppressive Soil of Tomato Bacterial Wilt and Its Disease-suppressive
Transmission Mechanism

LIU Hong" 2, DONG Yuanhua'?, SHEN Minchong" %, SUN Feifei’, WANG Xia*, LIU Jinping®, LI Jiangang" >

(1. CAS Key Laboratory of Soil Environment and Pollution Remediation, Institute of Soil Science, Chinese Academy of Sciences, Nanjing
210008, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China; 3. Nanjing Agricultural Technique Extension Station,
Nanjing 210036, China; 4. Nanjing Vegetables Scientific Institute, Nanjing 210042, China)

Abstract:  Objective Microorganisms in the rhizosphere play an important role in the process of plants resistance to soil-borne
diseases. This study investigated the characteristics of rhizosphere microbial community and the mechanism of microbial
community assembly in disease-conductive soil and disease-suppressive soil in a tomato-cultivated field. = Method Real-time
quantitative PCR was applied to detect the pathogen density in disease-conductive rhizosphere soil and disease-suppressive
rhizosphere soil. Also, the distinction of tomato rhizosphere soil microbial community diversity, composition, structure, and
assembly processes based on zero model were analyzed through high-throughput sequencing of 16S rRNA gene amplicon.
Result Results show that, compared to disease-conductive soil, there was a significantly lower disease index of tomato bacterial
wilt in disease-suppressive soils (disease index in disease-conductive soil and disease-suppressive soil were 47.5 and 22.5,
respectively). The rhizosphere bacterial communities in disease-suppressive soils were characterized with higher alpha diversity,
more abundant beneficial microorganisms, such as Actinobacteria, Firmicutes, Bacillaceae, and Streptomycetaceae, lower
abundance of Ralstonia solanacearum (abundance of pathogenic bacteria decreased by 12.22 times) and accompanied with more
stochastic processes. This shows that the adaptability of disease-suppressive soil to pathogenic disease stress was stronger than
that of disease-conductive soil. The disease-conductive soil and disease-suppressive soil were mixed in a certain proportion to
form three treatments; disease-conductive soil alone (D10HO0), a mixture of disease-conductive soil and disease-suppressive soil
with a mass ratio of 1 : 1 (D5HS), and disease-suppressive soil alone (DOH10) to test the transmitability of inhibition properties
of disease-suppressive soil. It was observed that with the increase in the proportion of disease-suppressive soil, the disease index
of tomato bacterial wilt gradually decreased (the disease index in D10HO, D5HS, and DOH10 were 41.67, 29.17, and 16.67,
respectively). While the diversity of bacterial alpha gradually increases, the abundance of Firmicutes, Streptomyces, and
Bacillaceae increase significantly. Also, the dominant role of the stochastic and random processes is strengthened. ~ Conclusion
Disease stress had a significant effect on the alpha diversity, composition, structure, and community assembly process of the
tomato rhizosphere microbial community. The disease-suppressive soil can recruit more beneficial microorganisms through plant

roots to resist pathogenic disease stress.

Key words: Disease-suppressive soil; Tomato bacterial wilt; Rhizosphere microorganism; Community assembly processes
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e, gl AR E KUK, LI
5 ML X AR X g 2B TR E A AR TR R R T
PR, I — ) A i B

B A1 2 3 R AR A R A B iR
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WSO R T AR UL R, B
e SN DR AR S ) A A AR B A A 0 R i
ARAL, XS TR A A 0 5 4 A A AL AR A 2
=

T WA v A A 2 5t - SR E W eV S M T
TP EE AR AT, R 3 A R e v e
R SE BEALIE A E M R W) £, b Al 1
RS E YN R O AR ) SAEEWINER (&
AL . BRAL SR S 2 ) R, e e
et FEAERE— 4R E PR AR AF R AT B Y Bl A W
PRAEH; RSN R A AR R PR B, AR
FRE A L ATl A A AR AR R T LU,
BEHLIE S R 3T O IR AR L X SR A P 3l
HAT YR A E NV . WUE R S i S AW
FM R WA Z IR, ST A W REE
HEIRVS W T 1S P AR BRI PRV X A0
£ 0 J57 PR AT 100 - 4 v A T A e A AL
il A IA IR

M IR AE S HIEBUEYI X R AL, A
TIERCE Y A YRR Z AR LA AP A, AR
FEA /E FIALERN B A KSR, Bl RS LRy
HERBMAMERA G, HREA BN RF
388 7 R 0 9 R ) B 2 B A TR G
i, HEA WY SRR VL XA 2 i
At e A ek, HLAE AT R R e A i g A
% BT A I R = 2 . R, R TS A
95 - 9 A 2 DX R AR T B A 7 ARG 1) R A
DA 38 5 ol A W VR 7 A ) K R R R
ABIFTE LI R TR 5, W58 IX A
o L R £ AR PR RS AR S5 2
FEVE A R A v i i R A 22 57, [ IRk R o %
T R B R, R R R L BEA T BRAIE
DA 715 4000955 - HE m 38 50 AR B ol A 0 R s A g 3 )
B

1 MRSk

1.1 AR 5 Rt

A £ (3 i 55 Al R Y B ) R 3R
18.85% ) MG £ (7 Jii 7 Al g 19 % R R
84.09% ) T 2019 4 3 AR A VLN /5L 1 B 2 Ak

FERFEWFGE T (118°46'E, 31°43'N ) K HFP4H % i
BIHEZ (0~20cm) 38, PI/AESAHEE 5 m A2
i, ZHWHE T 55 % Exposito F0P, A 11
PR BT a2 1,

FER TS T Rk A B g e R S iR =
AT BHR TR 5 mm TR PR, A
1.5 kg o IR AL FE 2 A0 B (9 £ AR £ ),
RAAEEE 10 ANER . FmfhT (A 4E 903 M) K
B E O WIEE, BERCE KR B A
AP ATAEAR, B4 1 BRI, AR, Fh
F R 45 d, RERX TR T K I AR R i AR K
TG T AR DI GE 113 755 7 it s 1) 2 0 S5 4 S
PRy, B RRE R AR (BR A&
W), SRIGEEECAE PRI 7 &, SRAEHMRER L+, 7
£ ZE-20°CUKFEH THRE 58 DNA, M bric (&
95 I A SR PR 1+ DRS00 58 P A T AR
Fr+ HRS ).

SR B UEA £ I e A A i R e, 15 d JE X
iR H DRS AT HRS 19 7 A+ (4 1.5kg )
PP i 5 mm 0 R HE TR IR AL, AR 1.0 kg
T, ZRMTEEBERRHITBIR, RERA,
B 1 kg +, REIEA 3 MAEFE . JEH% + DI0OHO
BiR+ D5SH5 ., #%5+ DOH10, H:4M4b3 6 & .
O B XK A G T 4l AT R,
FE1RRET, AR, FOEE 45 d, R
KM LKA . T IFAE I G135 i 5 A
I R S R, B R R A,
BRI 4 4, REHMR L, RFEZE-20CHK
6T 11 DNA fU3REL.

1.2 TEEAERNE

- RS HA I TR B R X8 S i P2
oo HHE pH RALKFIEL 1 2.5 24, H pH
it ( SevenMulti Mettler Toledo, Fi-t ) ME; F*H
R IR A A LK RIS Ak
M 2% RAEARR-KAREAE, HiklE
P B JOEE BT AN R e R
FH 2 mol- L' KC1 i H—e iy 5 Fb () 52 4 e 245
A AE; KA 0.5 mol-'L ' NaHCO; $2HL, 4k
Lo A E A 200 R 10% HNO; 5 1% &
IR . PR B A B TR R S I 1 g
FRLER
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Table 1 Physico-chemical properties of the soils in the study

. EERIIR S A X Exil IERAT A S A EER I A

) pH Organic C Total N Total P Total K NO; -N NH,*-N Available P Available K

soi /(gkg') [(gkg') /(gkg') /(gkg') /(mgkg') /(mgkg') /(mgkg') /(mgkg")
mwE" 549 9.08 1.77 1.56 16.94 914.5 61.04 162.5 397.5
B 1 5.39 9.91 1.79 1.67 16.87 909.4 60.16 187.3 342.5

(D Disease-suppresive soil; @ Disease-condutive soil.

1.3 11EDNARENS 16S rRNA EEF EFHiB
=F

HERIFRIL 0.5 g + 4, RHI+% DNA 42 Bt
& (FastDNA™ SPIN Kit for Soil, MP Biomedicals )
HEAT AR PR 148 DNA P2 HC . $2HCSE 5 )5 4l A
NanoDrop 2000( Thermo Scientific, 32 [E )il ;& DNA
MIWREE, JF & T-20CrKFE IR AE -

I FH A B R S5 199 ( 341F : 5'-CCTACGGGRB
GCASCAG-3'#l1 806R: 5'-GGACTACNNGGGTATCT
AAT-3' )X AHTE 168 rRNA L 1Y V3~V4 RJAE [X 1
#47 PCR Y 14 .PCR Wi 1A F 4 50 pL, 4% Premix
Tap DNA B4 (5UuL™") 25 uL, 1. I3
(20 mg'L™" )% 0.5 uL, DNA iz (20 mg'L™" )1 uL,
J7K#hZE 50 pL. PCR RN P G &40 R . 94<C
WAEME 5 min, 35 MEH (94°C 30s, 55°C 30,
72°C 45s), fixJi 72°C 10 min. A7 PCR =4 3438
it 1% BIEHEEE I AT S5 R A I . B —
ARE5 1Y hAa XA Barcode FH T (#4745, PCR
FEHI%: Qubit {2 ( Qubit 2.0, Thermo Scientific, 3
[l ) 0 v B S A IR G T b, e (R
77 & ( TruSeq® DNA PCR-Free Sample Preparation
Kit) #A7SCER EE, M SCE G A8 e, i
Illumina MiSeq - & ZEA71 % .

16S rRNA FEH 74 fd ] Quantitative Insights
Into Microbial Ecology ( QIIME version 1.9.1) #k{f
X DR IF HEA TR g, Aok pE LI T R R 2 Y
Fed (kT 20, KRE/NT 200 bp), FFARIE
Barcode J¥ 4 5 s A7 L C . ffi ] cutadapt
trimmomatic 535l R HG 5 W FdE kP A, A
Usearch ( Version 2.13.2 ) 3 {F4% /8 97% 8 AH LI XT
JENHE T RITE AT BRI LB, B AR5
AFEF OTU, Hh A~ OTU wh=F B 5 ()5 51 b

AR FRITH] . %75 MUSCLE ( Version
3.8.31) BAFHEAT A X, M EITA OTU (1
RGN, PR REERE SILVA 1.19 database
( http: //www.arb-silva.de/download/archive/qiime/ )X
oI, e DA 5408 it fe/ N P REAS S o X i A
FEAR) OTU B AR #1745 — b Ab Hi
14 TEFESHENESRN

SR F 5 8 PCR Jy 35 A6 26 81 AR P+ 18 b 35 A 7
FIERE, DAt A B IR AY flic FEH MR
PRGN AR R 514k . 5-GAACGCCAAC
GGTGCGAACT-3", 5% : 5-GGCGGCCTTC
AGGGAGGTC-3', :EH+ PCR 43H1R 135 E Applied
Biosystems 7 A ) 7500 Real-Time PCR &%t, K
SYBR Green 1 %63 kH#EAT, PCR RRNAR H 20
uL, fI% SYBR® Premix Ex TaqTM (2x) 10 uL,
ROX Reference Dye ( 50x ) 0.4 uL, DNA 54 2 uL,
1E. K514 (10 mmol- L) #5°4 0.4 uL, f/KANE
25 Lo RMEPFEHN: 95C 30 s, 95C 5 s, 60C
30s, 72°C 30, 40 NMEM . %7 RAE 95°C T #kT
15 Bk R i 4 Hr, 60°C N #E4T 1 min 387, &
J& 95C R HEAT 15 s 4307 o AR ERR 715 206 i it
2, JEHITF PCR P=HIRHE I % .
1.5 HIERESSHITHHT

AR TR AT FE R 155 ( Version 3.5.2) H158
Woo FEIEEYFEEE ( between-community mean
nearest taxon distance, PMNTD ) Flfg it ¥)Fhis %L
( between community nearest taxon index, PNTI) #%
KT ERES P R G A T 2R it R
AR “picante” FLHY “comdistnt” PRELCK SE A
BNTI 78 BMNTD F WL I i 1L T~ A AU 1153 Y i
PUEZ B 255, BNTI BIMEAE-2~2 Z A 3R Bl
P FR i BNTI AR < —2 B> 2 N F R i & i 72
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HE—, FRATIEH) H FLAE Bray-Curtis [ 25 000 (& A1
Fe T RBIA P BEHLE Z 8] 22 5/ Bray-Curtis-based
Raup-Crick ( RCypy ) {H R TR T4 8O i 19 T A
YIRETE T RO s M A A R TR R
(HS, BNTI<-2) MISFMERES (VS, BNTI>2) 4
G, BEALPE AR R $ ( DL, [BNTI| <2, RCpray
>0.95). [ H(HD, |BNTI| < 2, RCpray<—0.95)
FIAEZS AR (UD, |BNTI| <2, RCpy<0.95 ),
1 QIME 1 ( Version 1.9.1 ) THEFEAR L
FEMEFREL, TR AR 35 B (richness ).
Chao 1. FlJET RGLiHE K & KV 815 Z ek
( Faith’s Phylogenetic diversity, Faith PD ) FHF 31k
BEVK alpha ZHEME . i “vegan” LX) 3 T
Bray-Curtis 5% (OTUs 7K ) #47 I A brih o4
(PCoA ) HILARE R E MR VR 45t nY 22 57, JEAIH
Bt £ o6 7 2% 43 A ( permutational multivariate
analysis of variance, PERMANOVA ) Kk 5 4= 9
g 45 M 22 5 1 2 k. I SPSS (' Version 20.0 )
BAFHEAT T 225001 ( ANOVA ),

2 4 R
Wim L IEM R T IEPERMNRE SIRERS
HEZEETWK
TR 48 v T 00 RG99 T i A s T
5 33 (I L R e i o T R B Bk
47.5 F122.5) (& la), KRB L1035 E A e
() % AR B S A B 5 A% . qPCR 25 522 1, J8 43 Al
995 1 v A A AR R P X REAG I B T A B
s 1 b D B E S IE TR g, Ho
B 50 BOR AR PR 5 logyo (f1iC) L DUECH
7.29~8.56, M HIEFNI 6.79~6.94, 5K+
FHEL, TR AR B it v A9 D A 1 = BE RS T 12.22
5 CE 1b)o BEAk, 495 = rb i) fl 5 7 it 1 Ak 25
Em TR (F 1e).
2.2 HR IR EYR T IER PR B B S AR AT L
0995 - HE FE - HEAR PR E AR A e
MBKF LR BE. fFEITKF L, ZBIRET

2.1

1003 ¢ 8 b)
* £ 85t
=
g
|2
£ 3
- 3 —_—
e S % 8.0F
2 S .2
= s o
o S 9
2 s 2
> “ O
2 501 _ S5
A 5
?iﬁ S 75¢
P o o
= Be
=251 #
"
iz
# 70
0 - . " R 5
DRS HRS
AbFE Treatment

= P c) 5 _
351
£ 30f
= _
B
L
=
5 25
(=
i -
X
R
= 20r
== 15
DRS HRS DRS HRS
Ab3E Treatment Ab3E Treatment

TE: DRS: E L3RI FMMRPR L, HRS: M L3R FMMRbR L. TR, ZHILBMEHREHRAK-RFH (Kruskal-Wallis )
K58, T e FH Wilcoxon 656 o “*” 3 7R Ab B 1] 22 57t 3 ( P<0.05 ), n=7.Note: DRS: rhizosphere soil of tomato in disease-conductive

soil, HRS: rhizosphere soil of tomato in disease-suppressive soil. The same below.Kruskal-Wallis test was used for multi-group comparison

and Wilcoxon test for paired comparison. “*”

1
Fig. 1

indicates significant differences at the 0.05 level, n=7.

T L SR A TS AR BRI RR R (a). MRERLSEE MR R (b)), Fhlitkm (c)

The disease index of tomato wilt (a ), Ralstonia solanacearum abundance of rhizospheric soil (b ), and plant height (¢ ) in

disease-conductive soil and disease-suppressive soil
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e ] ( Actinobacteria ), JEEBE
1] ( Firmicutes ) MIFUFTH ] ( Bacteroidetes ) 7E
MR - 9 240 A1 G A= P R v v o 32 e iAo '3uﬁij:
SEAH LG, PR AR BRAE SR R R ] L R R
TR 2 B I s TR L, TR %%Hﬁﬁﬁ@ﬂ
R FEBENL T EY% 1+ (B 2a). WBHPKER, s
TP EE TR M AR BEEEAE,
T R AR T A G A v LG R R R TR A
(Kl 2b),
2.3 4w AN BE T AR PR AE H B % B A AN

HEHNTH

T AN REVS Y alpha ZEEMEE i EE E
(richness ), Chao 1 VI A isifs Z#EME ( Faith PD ) 2k
TAE W05 - P ARPRA AR VR M F B . 2

WA SRS R E S T RN L (£ 2), ET

OTU 1Y F A prfh 4341 (PCoA) AR (K 2¢),
S IR PR AT R IR S5 = R (P =

( Proteobacteria ).

2
0.002, R* = 0.544 7), fel & il — W R 1X 73 (35.8% ),
M e Y
HLEE 225531 (PERMANOVA ) W18 + R
< 100 F
;: Others
- [ Nitrospirae
, § s Planctomycetes
=3 « [l Cyanobacteria
e Chloroflexi
By 50 | Gemmatimonadetes
Es B Acidobacteria
= é %  Firmicutes
ﬁ'g 25 F % I Bacteroidetes
~3 % . Actinobacteria
< * [l Proteobacteria
°
z Of
=
T
F AbF# Treatment
0.4 =
c) p
e ;. HRs
£ o2f ... DRS o *
o ] TSaa \ e®
g 00 g e
3 R ; \ ]
o N )
£ -02f o -
@
.
~0.4F P=0.002,R=0.5447 :
-0.50 -0.25 0.00 0.25

PCoA axis1:35.8%

TE: 7 RN HE 22 R B, “ns

indicates there is no significance at the 0.05 level, n=4.

& 2

P9 AR PR e VR 22 S i 3 (& 2d ),
Fz2 AEIER alpha MR

Table 2 The alpha diversity indices in different treatments

puseil FEERE  Chao | #8EL BEZHMARE
Treatment Richness index  Chao 1 index  Faith PD index
DRS 1949+ 84b 2929+93b 90.9+3.1b
HRS 2458+51a 3431+80a 110+3a
D10HO 2288+78b 3271+£102b 103+3b
D5HS 2512+34a 3501+48a 110+ 2ab
DOH10 2472+51ab 3 431+34ab 112+3a
7E: DIOHO: KAk +, DSHS: Btk (B L : 9%

d) =1:1, DOH10: HAHp L. TR, FHH bR,
Z Y1 B TS W R R -IRAIT (Kruskal-Wallis ) A2 5, AL
Feicd - Wilcoxon A 45. AN R FREFRRACHE] 255 B3 (P <
0.05 ). Note: D10HO: only disease-conductive soil, DSH5: the mass
ratio ( disease-conductive soil/disease-suppressive soil ) =1 : 1,
DOH10: only disease-suppressive soil. The same below. Means =+
standard deviation. Kruskal-Wallis test was used for multi-group
comparison and Wilcoxon test for paired comparison. Different
letters indicate significant differences at the 0.05 level.

=)
S

Fo)
Others

*l Chloroplast_norank
Micrococcaceae

*[ Chitinophagaceae

* Bacillaceae

*[ Rhizobiaceae

*M Rhodanobacteraceae
Sphingomonadaceae

*M Streptomycetaceae
Xanthomonadaceae

*M Burkholderiaceae

=
Q
T

[
=)
T

PRAABIHIN = FE
Relative Abundance of dominant family/%

=]
T

)
S
T

DRS HRS
Qb ¥4 Treatment

=]
o0

=]
o

T 2% 5+ Bray-Curtis dissimilarity
o
S

e
[~
T

4b ¥ Treatment

ARACHER2Z 5 R B E (P<0.05), n=4, Note: “*” indicates significant differences and “ns”

SR S P RS A R EAEAE T TKF (o) FIRHKF (b)) b A = B2 DL A B v 1) 5 A bl 20 A

(PCoA, c) FIfFEZERMSIr (d)

Fig. 2 Relative abundance of dominant bacterial groups at the phylum (a), family (b) level,

and Principal coordinate analysis

(PCoA, c¢) and its community dissimilarity analysis ( d ) in disease-conductive soil and disease-suppressive soil
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24 T ES R TIEREERRESE TR

48 3¢ STk

9K By 8% T A A T A A A S R R
PR ST (52% ) P, R BT e R A AR AR TR AR
RS 34% M 14%; MZEIE L, P EbR il
B 61%, TP R EsES b 19%F 9%.
PN 3o w1 il Pt e M il s SR 2 N@IN
34%% % 19% ), P EBRGI SRR 52% B E 62%
(£3) L RM, BNTIEE ETHEH, (H
FEARBRN B (E 3a): B P R 5T
Bk (34% ) B THAEIR - py 5Tik (28% ).
SE T R i A e T, Oz BRI
T s I REAL AT R B DAY HOR i A 5 32

H LA A m (181 3b),
2.5 Hl9m R LRI RIBR M IGIE

Bl T - LA A G N, A6 BT 2 o 1 1
BT R, HOREIREU 0 41, 67, 29.17 5 16.67
(Bl 4a). 3 Fab B R AR BRAE S X #0 aE A I 21 7 Al
P, L B B i S A Y 1 o S S
Feftr s (B 4b), 5896 ERERAHEL, BiRL
A A AR PR b i A TR Y B R A i b T
251 %A1 5.37 fif. BbAh, 3 Ffih B b 3 0 A4 A v
R, (A RBREEE (K 4c).

5BYR L AHE, ZIETETT ( Proteobacteria ) #il
A3 v D TR A = B WD Sl Jlidef BE I (1l 5a), TR
BETR] . B2 BRI ZF AT TR Y =F B2 I 3

®3 TELEMEMREMEZOBEDE. BIEIR

Table 3 Deterministic and stochastic processes influencing community assembly under different treatment

b3 Sk Ivi o ik WE VS P H R IFil e # A A FEAL P AR
Treatment A HS Deterministic DL HD UD Stochastic

DRS 0 0.34 0.34 0.52 0 0.14 0.66

HRS 0.09 0.19 0.28 0.62 0 0.1 0.72
DI10HO 0 0.67 0.67 0 0.17 0.16 0.33
D5H5 0.17 0.17 0.34 0.16 0 0.5 0.66
DOH10 0 0 0 0 0 1 1

. DL: ¥ #RGl; HD: [ H; HS: FBES:; VS: FHiks:; UD: A&/ EAS, Note: DL: dispersal limitation; HD:

homogeneous dispersal; HS: homogeneous selection; VS: variable selection; UD: undominated processes.

a)

ZIETeet

HRS
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